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INTRODUCTION

This Annual Report covers the period from April 1979 to April 1980 and
includes all work done in the Nuclear Physics Laboratory. The majority of these
projects are supported by our Department of Energy contract, but experiments and
therapy performed by the Medical School and problems of applied physics pursued
by investigators from the College of Engineering and by outside users are also
included.

Ve have asked Bob Vandenbosch to
Laboratory and he has accepted.
me to be editor of the Anaual
proposal to DOE for an 18 MV folded tandem accelerator was

This very good mnews

This last year has been an eventful one.
serve as Director of the Nuclear Physics

Report again. Our
revieved by NUSAC and was recommended for funding in FY 82.
is unfortunately tempered by a dismal outlook for federal support for nuclear
physics in the mext few years. We hope that the financial picture will improve
and that our proposed facility, which would be a powerful addition to the
national accelerator complement, can become a reality. The 18 MV tandem would
provide 1intense, high quality, DC beams of polarized protons and deuterons, as
well as the variety of light and heavy dons one can obtain from tandem
accelerators. We believe that ancillary nd computer faciliti
recently developed or under construction will make it possible to attack a broad
range of interesting types with the new machine.

Puring this last year a number of interesting discoveries have been made on
our tandem accelerator which continued to run very well indeed. Some highlights
of the last year’s research follow.
strength built on the

Following last year’s discovery of substantial M1
this year we have detected

ground state of the doubly magic 160 nucleus,
substantial M1 decays to the excited Oy (6.05 MeV) state from the 16.22 and
17.14 Mev 1*, Tl states in 1%. We have also found decays of the 1+, T=1 (10.32
MeV) level in 40ca to the Op* and 2;* final states, with reduced strengths
(relative to the ground-state decay) very similar to those found in 160, and a
ground-state strength compatible with electron scattering results and much
smaller than previously believed. We have completed our study of the ML J-decay
of the 4=, T=1 (18.98 MeV) "stretched particle-hole state” and its neighboring
- (18.03) MeV state, with results for the 4 state in agreement with

-1 hole shell model calculations. We have used the well-known MI1/E2
12¢(p,J,) reaction to make the first unique amplitude and
GDR region, with the result that

i
1 particle:
T=3/2 resonance in the
phase determination for EL capture in the
d-vave capture dominates, as expected by the shell model. Finally, our new
results for the E2 cross section in the J“Fe(x,)o)°®Ni reaction remove an
outstanding discrepancy with E2 strength inferred from a ONi(,of o) 4Fe

decay-coincidence experinent.




The excitation function for the total
(Ex = 1.78 MeV) state in the 12¢ 4+ 28g;
vary smoothly with energy,
differential cross section.
interpretations of

angle-integrated yield of the 2851 2+

reaction has been measured and found to
in contrast to the behavior of the
This result is inconsistent with previous

resonance
the back-angle differential cross sections.

The 160 + 169
from low impact

Systen has been studied to deternine 1f - collisions ' arising
channel 16o% + 1i

pajameters contribute to the deep inelastic scattering exit
0%, experiment was motivated by time dependent
which predict that at elevated

Previously no direct experimental
to test this aspect  of TDHEI. theory. .. Our preliminary
npevimental  results indicate a sizable cross section for large energy losses
vhich peaks at Ocy = 909, an sngle much larger. than the grazing angle of 20°.
She pilarsess datilection s dnognedatns with, asdnter o anr o ot observed
ylelds arise from the outer partial waves, but is qualitatively consistent with
Shieategions Sifon il ow (|tves) anierediarad) by, (IV. g Burthor st o o
these results and to extend’ the Tange of observable inelasticities is in
Progress.

Several long=tern projects have either been completed or  launched

e aeneuyur, teom i g letactl1hiy\vuls | moy, Slmat salasss sThe EOR 13160 dors
eollection systen is in routine use and the  singles. .oni coincidence programs
have 'been extensively developadiiiihis inaw ieyeten b i possible experiments
yhich were mot feasible onlour old SDS systea--one example being the search for
E2 transitions between the hypothesized molecular states in 12¢ + 12¢ which
Teduired the recording of 11 parameter data. The VAX 11/780 system  fhas become
Sych an “excellent | lanalysi Qe ApIec e §o0ayihotand ti s without
Le- Design work on the 'momentun filter” has been completed aud bids will he
e ahoutlyuailoR,; inirecagililon ot thiakWSAG izacomendabion, for (the 16 Mev
tanden has provided sufficient funds to upgrade the "momentum Eiieorr a
mass energy product of 44 MeV-AMU.

in the

We have requested that DOE fund a high-intensity (colliding bean) polarized
£o aodrcemaEYA6 140 ILF ebhimfiroposalad decelvad iavorably e con Los forvard
£o having a very powerful and precise tool for radistive capture, parity
violation and reaction studies.

We continue to welcome a

Pplications from scientists at other institutions
who may wish

to use any of our facilities. At present outside users are active
Gnspothishe tapdem end ithadcyglabron. oo iThe et ilan s bcharac tariation o oo chars
uachinessiareqslisted onoythe | followingyspasateihayone dntesontod o using the
facilities ahquldyyycontaces e potentialycollaborapts fro in University of
Washington or Dr. Willlam Weitkamp, Technical Director, Nuciser Physics

Laboratory GL-10, University of Washington, Seattle, WA 98195 or telephone (206)
543-4080.




Let me close by reminding the reader that the articles in this report
describe work in progress and are mot to be regarded as publications nor quoted
without permission of the investigators. The names of the investigators on each
article have been 1listed alphabetically but where appropriate the name of the
person primarily responsible for the report has been underlined.

Eric G. Adelberger
Editor, 1980 Annual Report
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1.  ASTROPHYSICS AND COSMOLOGY

Nucleosynthesis of 2641

T.E. Chupp, K.T. Lesko, E Norman, and P. Schwalbach

261g/24g 1sotopic abundance excesses that are correlated with the Al/Mg
elemental abundance ratios have been observed in inclusions from the Allende
meteorite. This has been interpreted to indicate that 20A1 was present at the
time of formation of the inclusions and later decayed in situ to produce the
observed 26Mg excess.l Depending on the conditions at which the nucleosynthesis

261 occurs, several different nuclear reactions may play significant roles.
It is believed that in stars the 2%Mg(p,J) reaction is the major production
mechanign.  Our analysis of this reaction was disgyssed in last year;g annual
report.2 In other astrophysical environments, the 20Mg(p,n) and/or 23Na(ax,n)
reactions may also be important production mechapisms. We have, therefore,
measured the 26A1 production cross sections from the 20Mg(p,n) reaction and have

begun a study of the 23Na(ax,n) reaction.

The 26A1 [5*] ground-state, 20A18, has a half-life of 7.2 x 105 es
Hovever, the first excited state, 26A1%, is a O* level which B* decays to 26mg
to the 26A1 ground-state.

with a half-life of 6.3 seconds and does not decay
Thus any 26Al formed 1in this isomeric level will not survive long enough to
becone incorporated into a meteoritic inclusion as 2CAl.

To distinguish between yields to the ground-state and isomer, we have
studied J-ray transitions in 26A1 that occur following the neutron evaporation
from the (p,n) and (x,n) reactions. We have measured j-ray cross sections from
threshold to Ep = 14 MeV (Eq = 26 MeV) using a 50 cm3 coaxial Ge(Li) detector.
By sumiing the ylelds of knows ground-state (isomer) transitions, we obtain
lower limits to the total ground-state (isomer) yields. This technique is
obviously insensitive to direct neutron evaporation to the ground-state or

mer.  Hovever, in the case of the (p,n) reaction, cross sections for these
Processes have been measured over a limited energy range.

Figure 1.1-1 shous the results of our study of the 26Mg(p,n) reaction. The
closed circles are our ground-state J-ray cross sections only, while the open
squares are the sum of our ground-state j-ray cross sections and the cros
sections for direct evaporation to the ground state as measured by Wong et al.
e energies where the data overlap, our results are in reasonable agreement
with the 26418 cross section measurements of Furukawa et al.

Analysis of the J-ray data from the 23Na(x,n) reaction is currently in
progress. To obtain the total ground-state yield from this reaction we plan two
further experiments. We will measure the total neutron yield from this reaction
using a neutron detector, and we will measure the total isomer yield using a
radioactivity technique.
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Fig. 1.1-1: Cross sections for the 102
production of 26418 from the
%Mg(p,n)  reaction. Closed =
circles represent only ground- £
state J-ray cross sections. Open =
squares are the sun of our
ground-state J-ray cross sections
and the cross sections for direct
neutron evaporation to ‘the ground 100
state as measured by Wong et al.3
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2. Half-Lives of 1761y anq 1807,

E.B. Norman

The analysis of the 176Lu half-]ife experiment described jn last year's
annual report has been completed.l The final value for the 176Lu half-13te as
deternined in this experfment is t1/, = (4.08 % 0.24) x 1010 years. 4 paper
based on this experiment has been published.2

Another low-level counting experiment has begun in an attempt to measure
the half-life of Ta. A ng sample enriched to 5.1% in 180Ta has been
borroued fron Oak Ridge National Laboratory for this experiment. The sample oo
been counted’ using a Ce(Li) detector, and In a separate rus, the sample was
gggnted using two Ge(Li) detectors in coincidence. To date, mno gyidence of
1807, g has been observed and a lower 1limit of t1/2 > 2 x 1013 yearg hag
been established. | Further' work is planned  to ‘ralss the J-ray detection
efficiency and to lower the level of background counts.

References
1. Nuclear Physics Laboratory Annual Report, University of Washington
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Relative Yields of 180748,m From the 180Hf(p,n) Reaction

P.J. Grant,* E.B. Norman, and T.R. Rennmer*

18013 is an Lnte(csting odd-odd nucleus from both astrophysical and nuclear
physics viewpoint: camiot 'be Peynchedized by fhe convertional glav=rox
Pt d<aauedonhedpt ine yorodd safa oot p-process. One proposed
production resctions is the 180HE(p,n) reaction. We have therefore contined a
study of this reaction that was begun at Argonne National Laboratory.

1807a 15 known to have a 1* state that electron-capture decays to '8%f and
p" decays to U RAUIE e el Afistv.EdodiNion i
long-lived 1801a level. 4s ribed in Qecﬁan 1.2 of this the
half-life of the long-lived gt Ta 1s > 2 x years. To distinguish belween
the yields to these two levels we have performed two separate experiments.
have measured the cross sections for production of the 8.1 hour state by
bombarding either natural Hf or enriched !80Hf targets with a proton beam. The
targets were then removed to i TR SR il TR
Ge(Li) detector. 1In a separate experiment, a thick LOOHE ta was bombarded
with protons and the total meutron yleld from the (p,n) resction was measired
using a spherical long-counter.l The yield of the long-lived 80Ta state will be
deternined by subtracting the yield of the 8.1 hour level from the total (p,n)
yield. Analysis of the data from these experiments is currently in progress.

References
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4. Liquid Xenon Gamma Ray Detectors

o

Cramer, C.R. Gruhn,* and R. Loveman

In the past year we have
polarization semsitivity
argon filled fon chambers.
the

completed the investigation of the linear
to X-rays and gamma rays of liquid xenon and liquid
The effect investigated is based on the fact that
electrons ejected by a photoelectric event of an X-ray or gamma ray tend to
Lie in the plane defined by the electric field of the photon and its forward
momentum vector, i.e., the plane of linear polarization, and thus form a "sheet”
of ionization in the detection volume. If this sheet is oriented parallel to
the collection plate the resulting pulse will have a short rise-time, while if
the sheet is perpm’ldicular to the collection electrode a slow-rising pulse will
resu the pulse rise-time can, in principle, be used to tag the linear
polarization direction andfor the forvard monentun direction of the. dececced
X-ray or gamma ray.




tonte Carlo calculations have been performed to investigate the stremgth of
this effect and its effective analyzing pover for linearly polarized photons.
These Monte Carlo calculations indicate that while the expected  linear
polecleation isenalcluley, dap present,,, the affect is.probably, teo small st the
energies considered (30 to 80 keV) to mak 1qui

filled detector when the noise contributi
considered. On the other hand
energies (which were not cons
effect) and particularly when

ampliticaticniile) (amnloyediabIEL) should alsd be.ypotateducats ithat the con

aerBies; 1t Paver on this was presened at the Knoxville DNP Divisional Meeting
last Fall,! and a publication

onoghe past year we have, in collaboration with Dr. C.R. Gruhn of LBL,
" a liquid argon filled
non. The expectation was that
this might enhance the ion,production of charged particles by promoting energy
transport through ultraviolet production. However,
that this 1is not the

system, and in any case is mot understood at present. When xenon-purificatiog
techniques are better in hand these measurements may be repeated.

We have also collaborated,with Dr. Gruhn i ,the, inyestigation, of fonic
recombination in 11quid_jargon,of the fonization of energetic heavy dons. The
prelininary results of this investigation indicate that the recombination dependy

linearly on the range (as opposed to the energy or veloeity) of the sons
studied.

The measurements of gamma ray line shapes in liquid-xenon filled fon
chambers under good neasurement conditions has been slowed by the high sost of
onasas and the unavailability of funds st the 'University of Washington ' to

i However, this problen has been solved for
che monent by the decision of LBL to comnit significant funding to this project.
For this reason, the focus of our efforts has shifted to LBL and ome of us
(Lovenan) is in residence at LBL working full time on  thi project. The
xenon-detector cryostat has been assembled, and the xenon purchased. The
possible

with liquid argon. Recent results of such measurements are wn ig.
1.4-1.  Conversion electrons with an energy of 976 keV from a 20781 source ave
detected in a liquid argon filled ion chamber. The overall resolution




In the coming year, we expect to pursue our investigations of argon and
xenon filled ion chambers and in particular to a set of definitive
measurements Of the gamma ray detection characteristics of  xenon-filled
detectors. The developuent of a liquid-xenon filled detector with an active
volune on the order of 1 liter is one of the goals of this project

References

*  Lawrence Berkeley Laboratory, Berkeley, Califo{nia.
1. R.A. Loveman and J.G. Cramer, Bull. Am. . Soc. 24, 823 (1979).

Fig. 1.4-1: Pulse height spectrum of
conversion electrons from 207p1
detected 1in liquid argon filled
ion chamber. The peaks labelled

ex and ey,
correspond to K and L convers ke o
ion electrons, respectively. The £
broad peaks labelled C.E. are H .
the compton edges of the Soney| | |
corresponding gamma rays. The 1000 N % V‘
FWEM of the 976 keV electron line \ |
is 40 keV and the FWHM of the ! b
pulser peak is 28 keV. |

O Teialive channel number

Absorber-Theory Experiment

i Cramer, D. Leach, and A. Seamster

We are presently perforning an experiment to look for possible spatial
anisotropies in the emission of neutrinos which are predicted by Wheeler-Feyman
absorber theoryl as it applies to the emission of neutrinos, for the
circunstance where there 1is a deficiency of future absorption of mewtrinos,
This measurement is to some extent the meutrino analog of the absorber theory
experiments performed by Partridge and by Schmidt and Newman,3 both of which
have employed about 10 GHz microwaves in a search for emission anisotropies or
other advanced-vave effects.
for a spatial anisotropy in the emission of neutrinos, as reflected by
somewhat smaller anisotropy in the emission of angle-correlated beta particles
in a pure Gamow-Teller beta decay.

he exgeriment which has been designed for these anisotropy measurements
ewvloys Ru, a pure Gamow-Teller beta source as the emitter of neutrinos,
while recording the direction-correlated beta particles
decay with symmetrically placed scintillation counters.

from the radicactive
Since last year a new




high precision sidereal clock has been incorporated fn the data recording
apparatus. Over a thousand asymmetry spectra have been measured at half hour
intervals and recorded on magnetic tape. Analysis of these data has shown
systematic variations in the relative counting rates of the two scintillation
counters having a 24 hour period and properties indicating a systematic error.

“background” error would correspond to an asymmetry of about 0.05%. It is
presunably due to effects arising from daily room temperature variations,
poverline fluctuations, commercial radio broadcasts, etc. The experimental
setup has been moved from the Nuclear Physics Laboratory to Physics Hall where
the ambient environment can be more carefully controlled.

This seems to have
eliminated some, but not all

» of the systematic error problems.

Our principal problem in the coming year will be to eliminate the

serious
systematic errors mentioned above

» 80 that an asymmetry on the order of 0.01% or
less could be observed if it were present. This is about the level at which
optimistic models might predict an effect. Our first steps in this direction
will be more careful attention to power 1isolation, control of ambient
temperature, and electrical shielding of the apparatus.

References
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FUNDAMENTAL SYMMETRIES

1. An Improved Test of Nucleon Charge Conservation

E.B. Norman and A.G. Seamster

As described in last year’s annual reportl we have searched for
charge-non-conserving (CNC) decays of the type

n -> p+ neutrals [¢b)

using the nuclei 87Rb and 87Sr. A 400 gn sample of RbyCO3 vas dissolved in 200

The

A known amount of Sr*' carrier was then added to the solution.

the CNC decay of  87Rb)
The separated SrC03
search was

al of Hy0.
non-radioactive St and any 87sr® (produced by
precipitated as SrCO3 and were filtered out of solution.
was then placed on the front of a well-shielded Ge(Li) detector and a
made for the 388.4 keV J-ray that is emitted by the decay of the 2.8 hour B/srm.

No excess

This procedure was repeated five times during a five-day period.
Fron this

of counts above background was observed in the vicinity of 388.4 keV.
experiment a lower limit of tj/p > 1.9 x 1018 years has been established for
This represents a one-hundred fold

this charge-non-conserving decay. ¢
A paper based on this

improvement over the only other measurement of its type.
experiment has been published.
References
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2. Parity Mixing in the 2.8 MeV Doublet of 2lye
G. Adelberger, A.B. McDonald*, H.E. Swanson, and R.D. VonLintig

The parity mixing in the 2.8 MeV J = 1/2 doublet of the odd-neutron nucleus
21Ne has become an g system for of the
relative magnitudes of the AI=0 and AI=1 parity nonconserving N-N forces.
Because of the very small energy splitting between the J = 1/2% and J = 1/2~
states (AE = 7.6 keV), and the combination of a highly retarded El
(Tg) ~ 69 + Slps) and a fast ML transition (Tyy 6.2 * 1.0 £s)! the circlar
polarization of the 2.789 MeV J-ray provides an extremely sensitive probe of the
parity violating matrix element.  Recent calculations the  2INe




nonconserving
for the small

wavefunctions2,3 combined with SUC6),, calcnlations of the parity
=N amplitudes have been ve

circular polarization [Pf(ﬂ 14 £ 0.29) x 10’21 observed in the measurement
presented in last year’s Annual Report.’ The small effect arises from a near
cancellation of the AT=0 and AI=1 matrix elements which consistent with a
neucral current contribution described by the Weinberg-Salan mons

Because of the inherent importance of the 2lNe system we have concentrated
our efforts on improving the experimental results in 2lye, During the past year
ve have designed an improved version of the circular polarization experiment
(Mark II) and remeasured the efficiency of the Mark I circular polarimeters.

T Mark 1 experiment was count-rate limited. The Mark II experiment
Al el counting rate by roughly an order-of-magnitude. This
increase results from using  four polarimeters with 5" x 6" NaI  detectors
instead of two polarimeterswith3" x 3" detectors, use of 4 rather than 2
polarimeters also reduces :ys(ema(ic errors due to bean "steering’ in the

stray
flelds from the are being e Chalk
River and are similar in coneept to lite Mark I version. The 5" x ctors

have been delivered to Chalk River, and have been tested ot 7.5% wesosorior at
1333 keV. A new constant-current svitching circuit for driving the polarineters
(described in 9.10 of this report) has been constructed in Seattle. We
plon’to BAgiadits faking this sumer.

1ofl pulse;
137 275
Loty |
Fig. 2,2-1: Spectrum of y-rays from £ 2
2“Na transmitted through two .
Compton polarimeters. S
100kt b pitiain .
100 200 300 400 500

channel number




We have remeasured the efficiency of our Mark I polarimeters at Ej = 2.754
MeV using 2%Na sources produced by 23Na(n,)) at the University of Washington
reactor. The technique was described in last year’s Annual Report.% However the
data shown in last year’s report displayed non-statistical deviations. He have
redone the efficiency measurement with results which are now conmsistent with
Poisson statistics.

A spectrum of J-rays from a 24Na source as transmitted by the two
polarimeters in series is shown in Fig. 2.2-1. A "randon’ pulser was used to
make suall dead time corrections. The efficiencies measured with a series of
24Na sources along with the average value is shown in Fig. 2.2-2. The final
result

Fig. 2.2-2: Circular polarimeter
efficiency measurements for
series of *'Na sources.

& magnt polarity ormat
© polarity re
D sernpae |

individual sourc averaae

12.754 = (3.35 £ 0.18) x 1072

is in excellent agreement with the value f 754 = (3.40 # 0.10) x 10-2 obtained

by scaling the efficiency measured by Lowry at Caltech® with a 60Co source.

Combining the results of this work and Ref. 5 we find that the analyzing power
Ey = 2.789 MeV as

12.789 = (3.39 + 0.08) x 1072
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Parity Mixing of the 2s.
Deuteriun Atoms

1/2 aud 2py/, States in Hydrogen and

A.  Introduction

E.G. Adelberger

© 8a° 8yP, 8y® gP, gy

and gy® gy whose strengths (following Ref. 1) we denote by €1P, C5P, €)™ and

7. Measurements of the parity mixing between specific hyperfine cocponerts of
e 251/ and 2py/, levels of hydrogen and deuter

th 2
yield all four-of the PNC coupling constants with essentially no  uncercaincy
from atomic theory. Note that for deuterium ve have

€1 = ¢1P + ¢n and cd = cpP + cpn
If experiments in H and D achieve sufficient accuracy one can resolve some

fundamental  issues. the Weinberg-Salam (WS) model the
expressions for the coupling constants are:

very.
lowest order

1P = 1/2(1-4 sin’ay) ¢ =-1/2

CoP = 1/2 g5(1-4 sin2y)  cp0 = - 1/2 8a(1-4 sinZey)

It would be clearly interesting to measure all four of these constants and check
vhether, they agree with the WS predictions, Existing experinents in heawy
atons?,3,455 and high-energy electron scattering® determine only certain 1linear
combinations of constants and significant uncertainties occur in the

- 11y in the heavy atoms. Perhaps even more
[nteresting than checking the lowest order WS predictions are the higher order
effects. 1In the US model the coefficient Cpd vanishes identically in lowest
order. However, the radfative corrections do mot vanish—-in fact the secqnd
order terms are expected to contribute to at the 0.01-0.05 level.
experimental determination of Cpd thus directly measures the weak radiative
corrections in any model in which the axial wveak neutral current is  purely
isovector! There may also be a contribution to C;d from induced isoscalar axial
currents due to virtual ss quark excitations in the nucleon.

The relevant N=2 levels of hydrogen are shown in Fig. 2.3.A-1 to establish
our notation. The PNC interaction can mix the following levels: T T
% o2 Po €0 Po fo, ad p- £-. Due to the 1/r Coulomb potentialy g o Bo—eo
aixing in hydrogen is sensitive only fo C,P and in deuteriun to &pd. 110 F2neg
measurements ~of o-eo mixings' in fiydrogen and deuterium provide a
fundanental test of electroweak interaction theory.




Fig. 2.3.A-1: n=2,J=1/2
levels of hydrogen
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n this article we describe a new technique (demoted Mark II) for measuring
the PRC mixing with a_sensitivity much greater than that of a method (Mark I) we
described previously.? The new scheme was developed after studies of systematic
errors on the Mark I apparatus showed that spurious effects were much too large
to allow a meaningful measurement of Cp. The Mark II scheme 1is such a large
improvement over Mark I that we have abandoned the Mark I approach and are
putting all our emphasis on designing and constructing the mew apparatus. The
remainder of this section discusses the principles of the Mark IT scheme,
measurements made with the Mark I apparatus and progress on building the Mark IT
apparat

B. General Principles of the Mark II Experiment

E.G. Adelberger, T.E. Chupp, E.N. Fortson, D. Holmgren, M.Z. Igbal,
H.E. Svanson, and T.A. Trainor

Several groups9,10,11 have proposed microwave schemes for measuring Bo-eo
and p£ PNC mixing at level crossings using 500 eV beams of metastable hydrogen.
Our Mark IT scheme, in common with those proposed in Refs. 9 and 10 detects the
PNC of,—e, mixing by driving x, > P, electric-dipole transitions in a uniform
nagnetic field of ~570 gauss near the p-e crossings. The transition proceeds
predoninantly via intermediate e states and we detect the interference between
veak interaction and Stark effect fo-e E nixing. Hovever, in the Mark IT scheme
the PNC amplitude Apyc(oty o2 eo ' B 50) Pﬁoduceg 18 el RN by g aret fhres
vith a parity conserving amplitude ot e
cavity. S e BV transiuon rate when the
P phase of Apc and Apyc is changed by 7S L S A e by
changing the relative phase of the RF in the two cavities by 1809, by reversing
the direction of E, and by reversing B. In our notation R = <e [eR*¥/2h |o> is




Fig. 2.3.B-1: Schematic diagram of the T

experimental configuration. 1508 Mk 2iasue

egerac
sthédry

the matrix e]emellt ef a m!crownve electric field (R)
2n - 1608 + 106 s, ,
veak matrix element <efea N

oscillating at  wpp
<Po| (Hpyc/M) [eg> = =0.161C,P sec™l is the

the matrix element of a static electric
field (E), z is the magnetic field axis. (In this paper all frequencies are
angular freqnencles measured in radians/sec.) At our RF frequency the
unperturbed oy => resonance occurs at 569.4 gauss. The transition rate is
Rl e B T e
redatfs

ng the relative sign of Apc and Apyc, is AR = 4Re Apc|Apyc|

The experimental geometry is shown in Fig. 2.3.B-1. 500 eV protons from a
duoplasmatron, converted by charge exchange in Cs vapor into a beam of H(2s),
eater a 570 gauss solenoid. The beam passes through a transverse, static F
fleld to quench the P levels. The resulting beam of atoms in the a; and
fuates then enters two successive cylindrical RF cavities oscillating coherently
101% pode.  In each cavity there are RF and static B fields along 2.
Since. the RY'§ fiolq vanishes on the cavity axes we shall temporarily neglect M1
transitions betueen the 2s states. The first, shorter, cadtep)devasidge? It
contains wegk RF ond sgrons static elecric  flelds nd matrix
element. respectively. « Therefore the RF quinching of thbis
staces is smn a0 the? ch nixing can be neglected in comparison to  che. Sterk
mixing induced by the static B figld. _The second, longer, cavity drives Apyc.
The RF in this cavity is strong ( ¥/tp) and is shifted in phase with
respect to that in the Ffirst cavily4 The weak static E field along 2 (with
patrix elenent  EII) drives a probe tramsition, Ap(x, ¥ eo 7 Po)-  The
purpose of A, will be discussed belov. The beam then'passes through a cavity
containing a perpendicular RF E field oscillating at 2w + 2143 - 106 gec-! which
depopulates the and &, levels by o-f mixing. The Sisiniogip scacpsare
detected by passing the beam through a static perpendicular feld.  We

deternine the o => P, transition rate by detecting the Lyman radiation from
this p-e mixing.

The,main features of our scheme can be understood by treating E,I, E,II,
RI, RIL and Ve 28 perturbations and states.” ue
assume R < £l <y, EN <R L land BoLi<GiESL, wheteq Ji daiythe
200> 1on% by haert TR &, o Tesonance, an atom initially in the o,

nd 2, respectively, has g
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and ve have ignored any drift space between the two cavities. The
n the tug cavitigs has been {ncluded by defining R,L

phase of the oscillations i

to be real and setting R,II = R,ITel? where ¢ is the relative phas

The phase ¢ is set to make the interference of Apyc and Apc as large as
Chpyg and Agc relatively real). This can be achieved by requiring the
p to vanish (since Ap and Apyc are 90° out of phase).

The weak static E field in the second

to detect

possible
intarfz(ence of Ap W
The ot st e
S R A frequenicy u and lock-in techniques are used
any component of the state signal which occurs at a frequency w.
component arises from Apc, Ap iEarticdncateTesverinhiad 15 has been set
correctly and is used to control an electronic phase-shifter in a feedback loop.

Vpyc can be measured by detecting the change in the counting rate of fo

the independent reversal of the solenoid field (R,D 28 -R,L,

R, IT —> -KZH E,l -> -E,I), the Stark mixing field (E;! -> -E,T) or the “RF
5% 4 1800.” his change 1s

p‘mse

o3 71'1:
8|B|° = 4Re —
il




Fig. 2.3.B-2: Calculated signal for the
case where the front and rear
cavities have lengths of 12 cm and

cm, respectively. Electric
fields are assumed to turn on and
Off abruptly and are roughly opti-
mum if there is a negligible back-
ground in the Ly detectors. Lower
part:  the aoB, resonance  yield.
Upper part: the modulation of the
oBo yield when the relative phases
of Apg and Apye are reversed.
assume Cp = 0.5,

563 s70
B (Gauss)

In Section 2.

€ ve discuss an additional subtraction involving §.

The results of a numerical calculation modelling our experiment are
dieplayed in Fig. 2.3.B-2. The lengths of the first and second canicioe are 12
and 36 cm, respectively. For simplicity the fields B, I, 2,11, and X, and %,
are assumed to turn on and off abr

“state detector with a total efficiency of 1/8. With thig intensity a
gratteticaliercor 4nidyPiof 2016 dan Tbe iredched iiiondtddy of running time.
C.  Analysis of Systematic Errors in the Mark IT Scheme

E-G. Adelberger, T.E. Chupp, M.Z. Iqbal, and T.A. Trainor

The various schemes®s10,11 yhich have been suggested to study PNC

effects
natacze) are Toughly equivalent as regards statistical errors since for a glvc
Detascable aton flux and counting time, the signal/noise ratio s  proportioncy

he beam spends on the interaction region.
scheme is a little more favorable than that of Ref.
effect (Apc and Apyc, are relatively
quenched by transverse E fields.

Our
10 since ve have a larger
real) and p°s produced by Vpyc are mot
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Hovever, the different schemes have quite different sensitivities to
systematic errors. These are dominated, in decreasing order of importance, by:
1) motional E fields E, = ¥/c x B; 2) misalignment and non-uniformity of the
applied fields; 3) stray electric fields; and 4) M1 tramsitions.

products of

t is convenient to express the o, _y o amplitudes as scalar
the external fields acting on the H(2s) atohs. In this notation

Apyc = 051 Vpyc Vo(RII+B)ey/D,

Ap = 0.055 V,2(RIL + § #11-§)cp/D,

= 0.055 V,2(RT-B BL.8)/ty/D,
where D, = (J/2 - im% e))

One must realize that the states o, and P, can also be comnected by the
anplitudes

Ay = 0.055 UG(MIT.B) 5

Ay = -0.0275V2(RIT x B)-(EIT x B)/ep/0y

and
Agy = -0.02751 Vo2(RIL x EL-B)e/ny

uhere if is the RF magnetic field with ma\:rxx element M = <plp-M/2njo>, B s a

unit vector alon and by = (J/2 - dug o). The constants Vo and U have

nunerical values Vo/3 eag/h = 13.93 x m6 2 7»(cm 1) and Up = po/ = 879 x

106 sec™l/gauss. We el Rt oete o o amplitudes 19 the second:eavity

since the sun of all oy - go SRl aics o R HEAE | ety o el e

into an overall amplitude' Ap which then interferes with the various amplitudes
in the second cavity (this is strictly correct only if the various amplitudes in
the final cavity are constant over the cross section of the beam). Let us
decompose all the E and B fields into applied, fringing, motional and stray
conponents. For exanple in an obvious notation £ = E, + £ + B

¥/c x B. The matrix elements involving the fields are lxsted in Table 2.3.B-1.

¥
<
o E
P

In our geometry the applied external flelds, E,, E,I, R, aad R,Il are
ideally parallel to B and the symetry axis of the atomic beam also lies along

is is possible in an apparatus which is perfectly aligned but which
contains fringing fields and a finite emittance of the atomic beam. If the
alignment were ideal in this sense all the spurious amplitudes listed in Table
e e e I R B
Band §. However, the alignment cammot be perfect. following
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discussion we make a first order
fields are co

approxination--i.e
nstant but not colinear.
betveen EIT and B pe Og.

5 assune
Let the angle between RII ang
is easy to gee that

the various
B be Oy and
Ay and A are
small quantitids. In addition
n Tojp mode and Rl to B. Furthermore the induced
motional H seen in the My = - ¥/c x R 1s also small
since V lies along K. As ve shall see later the M1 contributions are small for
other reasons as well. This favorable situation should fe contrasted with those
ooeyrring in the schemes discussed in Refs. 9, 10, and 11 g1] b which 1involve

appcied Jmanklerss frfeids Handiflence contatn systenstic acrer which are first
order in misalignment angles.

The most important systematic error involvi
a H(2s) atom travelling at milliradian to a 570 gauss B field
experiences a field E; ~ 0.18 V/cm, while for C3 = 0.05 (the value predicted by
the WS theory with' sinZg, = 0.33) the weak matrix element is equivalent to a

fleld of 5 x 107 v/cm. The motional field contribution to the amplitudes Az
and AJZ are

es the motional field. At 500 eV

- g
Ayp = -8.25 V2 Re(v/e) x B ta/Dy
and

AY, = ~18.25 v;2[¥/e - B® - ) - [8]® - ¥e)

/Dy
Under reversal of the direction of B

A3, > -43, while A3, > AF,.
Therefore the AT tern 1s greatly reduced by the subtraction associated with the
reversal of B, while A5, 1s not affected.

Since A7 1s responsible for the most
geheme it 15 worth considering in some detail. If R were ales
%) yould vanish identically. ~However becauss of fringing fiel
of ‘the cavity an atom travelling parallel to § g d
cavity experiences an unavoidab

serlous systematic errors in our
ys parallel to B,
ds at the ends

istance T from the axis of the

le Ry from each end given by JRudt/ SR dt = v/2L
e L, eitRTLedRen Of Bha clyicy. BT cialktoats beda vare ‘nof coenthcd by RF
encring Anil S0 Son Sl bous SRt 5l Bokdtent fvhite r. fhe. o
resonance, the effects

of the two ends would cancel on an atom by atom basig.
Bur (Since’ dedther ofl these drohdifiony e isdciatios o cancellation 1is
ineffective. On the other hand, if R, %, and the atomic beam have cylindrical
symmetry around a common axis Ay‘l does vanish on an atom by atom basis.

To reduceithe sputiols amplttudds such'ss A)y to.'s sefficlently  small
jevel one muse align R and the atomic beam with B and minimise che effects of
[ringlng flelds. The average value of R, and Vy can be efficiently miniegoe
as follows. Set § to the sonance at 603.8 gauss. The
£ r

o » P re
amplitude for this resonance is Aogp_ = =0.5 V2[R, | [Ey[tyD_ where D = (J/2 <




g o ). Vary the direction of the gtomic beam so as to minimi A«E
provides a sensitive way to align B with the eTmmeL | axis of the alomic baam
Then align the RF cavity with B by returning to HE => B
Deliberately apply a strong transverse electric ciena
alignment of the cavity vith respect mininize the amplitude Ay,
=0.0275 V 2|R| |Ei| T/Dy. This procedure greatly magnifies the effects of
any misalignment and allovs one to measure and correct the misaligument

The effects of the fringing fields at the cavity ends can be
sides of the o resonance (§
&, => P, auplitude depends upon z, the position inside cavity where
transition occurs. Therefore the phases of amplitudes generated in the

beginning and end of cavity (e.g., from fringing fields) are different from
phase of an amplitude

cancelled by
. Off resonmance ' the

the

which is generated throughout the cavity (e.g., Apyc)
One can alvays choose § in such a way that

& => =§ the amplitude driven by
fringing fields does not change its phase relative to some constant interfering
amplitude (e.g., Apc) while the amplitude driven by the applied field will
change sign. For simplicity consider an ideal situation where the fringing
flelds have negligible width, the applied fields are small and the phase is
chosen to be zero if the transition occurs in the beginning of cavity. Then the
phases of the S8plicudes wiging fron fringlng clelds ac the begiuning andgad/of
the cavity are 0 a 2 respen(ively while the phase of Apyc i

So if §t) is chosen Syt 47 then as 6 -> -3, the amplitudes driven by fringing
fields do not change their phase but Apyc changes its sign. This can be used to
cancel the effects of the fringing fields. The cancellation is limited by an
unavoidable variation in times t, due to a spread in the velocities of the
atomic beam. A duoplasmatron produces a velocity spread Av/v. 1072,  This
ultimately limits the cancellation to a factor of (At/t)2 = (/\v/v)2 ~ 107 even
if the frequency shift § could be chosen exactly.

There is, in principle, a fifth subtraction which can be very useful in
further reducing systematic errors. This subtraction is based on the imaginary
Time reversal invariance requires
amplitudes which contain an odd number of T-odd factors (
also contain a factor of
factor

that
“s and ¥”s) must
a

Anplitude
with this factor of i wil states are

reversed (x, > P, is changed to P, -> &), while (hose vithout this factor of 1
o not. 100 Somars /ile @5fects b} the Cesngforastin ->-B and of > pox
K11 auplAEniE R I ot contita PUNHL Hiac, o basa, velocity behave
similarly under the two transformations. Hovever those amplitudes which do
cantau\ a_ factor of the beam velocity will transform oppositely under B -> -B
and of -> fox.  Hence e
suhtrac(lan B -> -] ~> px. This behavior is shown more clearly in Table
2.3.5-1. The subtraction &b 2>

can be implemented by alternating between RF
and static E field quenching before the main RF cavity and the Ly detector.




achieved 1if one

factor of 10Mthe"magnetic * field must'be uniforn and stable co Lertes thor g
parts in 105.

subtraction. It seems 1ikely
that predicted by the WS theory.

with a large number of colleagues. Wi
Hinds for introducing us to attractive £

of this type.

weak interactions.

for a given length of ti;
the parity nonconserving amplitude
amplitude.14 1 ',
optimize the parity

It is obvious that further reduction of the

systematic errors would be
could reduce the velocity v of the atomic bean.
beams of H(2s) are beins

FiaTd Sreccaly slRREox i) VG0 MP TH e 1169 B woting B1sb. Thcrence ot ol
effect by a factor of VT = 1//¥ ~ 10.

Intense thermal
8 developed.13 4 thermal beam would reduce all motional

However to obtain full benefit of this

Numerical estimates of the vari

ous amplitudesdiscussed above are presented
Table 2.3.B-1 for the

Oof a 500 eV atomic beam without the of -> for
that a  thermal atomic beam of the
subtraction will be necessary to reach a sensitivity in C, as small as

We gratefully ack

bout this experiment
e are particularly indebted to Prof. E.A

eatures of two cavity experiments and
helping to clarify some issug errors 1

Considerations Involving

'8 a Possible Hydrogen Atom Parity Mixing Experiment
in Zero Magnetic Field

E-G. Adelberger, E.N. Fortson, and M.z. Iqbal

In hydrogen atom the S states have small admixture of P states because of

and is independent of

magnetic field one can always

ur that for a give
nonconserving amplitude by adjusting the RF electric fies)

If a transition is driven to state

<e_|H,../nlB_ >
18>+ [8> ,,ﬂTo
630 i 1

ley>




from state |x,> near 570 G applying an RF electric fleld (Re™HUWE 4 preilt) then
on resonance (u = up -wp,) the Tp> anplitude is given b;

e J 15,8, [1—;“]
o o

The notation for the states involved is established in Figure 2.3.A-1. To
geneﬁglize for arbitrary magnetic field we also have to include the B, amplitude
(x, E eq "BNC p.) and sinilar amplitudes generated through intermediate f
states. © Tn calculating .the optimum RF strength we will neglect these other
anplitudes since they do not have a large effect. The condition for optimum g
with respect to R (in a magnetic field for a given time t) is found from °Fo/ R

= 0 which gives rise to the condition
eplEh Gk lane) s Lo s

One can see that Tt = 1.25 and &2 = [(J/2)2 + (up ¢ -mﬁoeg)zl(g/z)t- This

shows that optimum B is same (ot any magnenc fleld (1.,

can always find a R to optimize Bo any magnetic ﬁeld. ear 570
(g eg = OV R 5202 106 sec™l a11y Rt & sabo eiera (Wpge, > ¥12), R = 560 x
0co 2y oo

108%58c: for t = 1 ps-

In zero magnetic field F and mp are good quantum numbers (F =1 + J) and
one can calculate the Hpyc matrix elements in the basis |F,mp>




<F'imp

F'ml-‘ R 161-‘17' GmFm;_VPNC(Cl 3" CZ) Esdyd

Boxe
[sz"n V2s

fone

<F',mg,2p 25,F,m> = 1§,

FE &mﬁ.’ Vonc(€y + 3C,) F=0

The useful relation between th

e stark (Hg) and magnetic (Hp = —p-B) matrix
element is

<F'm§,2p\nE(B)123(2p),?,m.5> = IF'm‘;,Zs‘HE(B)'ZD(ZS),F,

The exact matrix elements are shown in Fig. 2.3.D-1.

26,

Fig. 2.3.D-1: Tramsition to f, state from ay, Gy, and B_ states (through the
intermediate ey, ey, f_, and f, states) due to RF electric and magnetic
fields in static magnetic field.




In zero magnetic field, the parity nonconserving amplitude vanishes
F=1. For example the 25|1,mp> % 25|0
such as 25|1,mp> Z 25|1,mp> vanish.

unless
,0> occurs while all other amplitudes,
For example, on resonance

c

<1,m, Zs

c 2s|1,m> 2 2s|1,mp>

"
<1,mp,2s
L Shmpsly

The Hipyc mateix elements are completely {maginary and the first
negative sign relative to the second.

both terms so that the amplitude vanishes.

tern has
Hp matrix elements are the same in

g the matrix elements riven in hg 2.3.0-1 one can easily find the
25|1, n> -> 250,0> amplitudes, ven by resonating (U = Wg) = Wgo) RF
magnetic field and resonating RF i b

1K) [T
oL
-t - R W,
e Afj‘ BEE AT
e Ll e
) ,
& 5 -Ly|e
V2 Bo vz

W, Wpy, Upo are the angular frequencies corresponding

whe: 51, to the
Sanrsnt SRL’sts0ts BE(rai00) and 2P(F1,0), respectively.
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A little inspection of this expression she

can be divided in two classes: 1) without i
geeudoacalar H-B); 2) with dnicia
‘n, unit vector n determined by tl

0ws that the zero field experiment
nitial state selection (observabl,
1 state selection (observable pseudoscalar .
he state selected.)

e

1) One can design an experinent without choosing any paréicular state in
yarious ways, but! from ithe systematic point ‘of| view’ they are ail
equivalent. We consider the sin|
electric field, N and R, in
and R will generate paricy

plest case with coherent RF magnetic
two separate regions, I and II respectively. M
nonconserving amplitude respectively.  The
dinun interference

> state is given by

relative phase $ between § and & could be adjusted for mey
between the amplitudes.

The total production of |,
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where T is a stray electric field, |f|is the bean radius and A = c/u.
Snaller terms are neglected in the expression. The signal is the charge in
the « -> B, transition rate when § -> p+h. The dominant systematic error
arises from Ml transitions due to the RF magnetic field in region II
induced by the time variation of R. This places a severe limit on the
sensitivity of the experiment. This zero field scheme not more
favorable than the 575 gauss Mark II experiment discussed above.

i

2.3.D-2: The scheme of a zero magnetic field experiment using a definite
initial state.

In this scheme one needs to choose a icular state (say o,>) with
e T S G e, parpendlcula( to the beam direction
£). The direction can be tilted by a sgall amount in one direction (say y)
by applying a localized magnetic field B(B = B, &, + AB &y) before the beam
eaters the transition region. The tramsition region contains an RF
electric field R along 2 direction and an RF magnetic field M =
i¥XR/300X as shown in Fig. 2.3.D-2. T is the radius vector measured from
the center of tramsition region along the beam. There are no static
electric or magnetic fields in the function region. The small component of




Y along B will generate a n
H reverses its direction a
lo> state. The Parity nonconserving amplit:
total production of |By> is completely given b

onzero parity conserving amplitude although the
long the paths, because of the decay of initial

ude will be driven by R. The
y

b s

2 & Z2NKC T, (DR)

18,°1 -:zuz-zzmn~ne‘°A-l+A—z o — =
457

el
r (MxR)e’
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where L 1s theltofal Tengeh'of transition 'vagton’and e is irslated to the
hount of the decay of'bean. Reversing the sign of AB changes tne sign of
the parity conserving amplitude. This produces a detectapls
faking (/) suall one can in principle Teduce the only systosirss error
from stray electric fields. The accuracy in the state  selnctim puts a

Mmic on this experfment. Anslysts  of the systenatic effects 1n his
scheme 1s continuing.

E.

H-Aton Atomic Beam Studies

E.G. Adelberger, T.E. Chupp, D. Holmgren, M.z. Igbal, and
T.A. Trainor

Since our last report several systems in the hydrogen parity apparatus have
been greatly improved, including:

1) Double detector and mirror system (30X increase in solid angle)

2)  Cryopunp systen installed (two orders of magnitude decreane i systen
operating pressure; (4 X 10~7 -> 4 X 10~9 torr)

3) Installation of Heimholtz coils required to genorate %y~ and o-p_
resonances

4)  Reduction of acoustical noise contributions to the detector signal by
installing low noise coaxial cables.

With these and other improvements in the system (described in
Report) we have been able to meet our first major goal of observi,
and ay-P_ resonances at a level of ~1076 of the incident metastable flux. This
Ls ishown.:in.the upperiscale of'Figi: 12:3.E-1, vherestherdizact 31414  fron the
Lyaantox detector preamp 18 plotted vs. -axial magnetic  fleld: atrength.
thck7in amplifier vas used for.these scans.  The vertical scale is ditforent foe
the "alloved” oy~p, and «,~p_ resonances.

this Annual
ng the o,
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Fig. 2.3.E-1: B-state yield vs. axial magnetic field

Subsequent to this achievement we have studied the existing limitations of
our apparatus, including the effects of "resonance distortions” in asymmetry
measurements over the narrow resonances and the various sources of background
light intensity seen by the L-x detectors. These and other sources of
systematic error have to be understood and pushed down well below the
anticipated level of the parity-violating asymmetry (~1076). The results of the
past year's studies are reported below and have resulted in a major redesign of
the main solenoid and RF cavities in the apparatus, described elsewhere in this
Annual Report.

Backgrounds:

Presently about 50% of the detected Lynan-ox 1ightwith all metastable atoms
quenched far upstream 1is due to direct L-x light from the duoplasnatron arc.
This is light that remains when the beam at the fon source is steered in such a
way that it doesn’t enter the solenoid. It is presumably multiply scattered
1ight which has found its way to the detectors in spite of various ~apertures.
The remaining signal (-407) is associated with ground state atoms passing
through the detector system. This signal is independent of upstream quenching
fields and detector quench field and is most probably due to scattered atoms
which hit a metal surface in_ view of the detector in spite of the beam
collimation. Collimation of any beam with finite emittance is a delicate
matter.




Fig. 2.3.E-2: Resonance distortion from o
B-field variation. @
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transitions induced by gas
is reduced by operating the op
dgher than optinum, indicating that the  prineiple
is upstream where (1) the o-

(2) the pressure is about twice as high.
processes (e.g., arclight-beam or beanm-
the squared beam intensity,
in a rising B-field upstream

We also see clear evidence of direct op
b

Thi
transition fields somewhat h.

bean scattering) which would depend on
of decay of higher g-states, since Stark quenching
does not change the background intensity.

The present background intensity is about 700 fA with

unity gain detectors.
By comparison the oay=f, and ay~p_ peaks (with Vy) are about

100" fA maximun.
Resonance Distortion:

This is a significant problem which we have
involves the dependence a r
electromagnetic field intensities al

recently encountered. It
esonance shape on the variation of the
ong the path of the atom.




As an example consider the o,-P, resonance in Fig. 2.3.E-l. This
resonance is asymetric--it has a series of fringes on one side. The
explanation for this resonance distortion can be seen in Fig. 2.3.E-2. The
axial R fisld R, Flses and falls quickly and is uniform throughout the
transition region. By (and therefore Ry-) rises and falls slowly and is uniform
smaller ugm\. The total magnetic field Byoe,) now includes a ~0.75 G
" due to the addition of By. The total electric field Vy includes an
applied field shaped very much like By plus a motional field contTibution at the
ends due to a slight mismatch of B, and Vy strengths there.

As the solenoid current is increased region I (defined in Fig. 2.3.E-2) is
the first to pass through the resonance. In this region the fields are all
uniforn and continuous. A resonance with a dominant central peak and width
corresponding to the length of region I results.

As the solenoid field is further increased region II passes through the
resonance. However, this has two separate parts with highly structured field
intensities. The result, as in a separated-cavity device, is a fragmented
resonance with fringe widths corresponding to the separation between the two
parts of region II. These two contributions are superposed in the observed
&y-Bo resonance of Fig. 2.3.E-l.

This effect could be removed by trimming B, S0 that Byoe,) is uniform over
the entire cavity when By is on and by improving the By Vy intemsity match along
the beam axis. It should be noted that with By Off ~resonance shapes are
“reasonable” (ay~Pos O-P-). The effect is not present in the Mark II scheme
since all fields are parallel to B.

The second effect which we have encountered is potentially much more
serious. In brief, motional fields due to imperfections in the main solenoid
B-field induce changes in the resonance centroid, width, skewness and higher
noments which are correlated with field reversals. The result is an observed
asymetry which is highly structured across the resonance.

In Fig. 2.3.E-3 is shown a simplified example. Suppose the solenoid
B-field has a tramsverse component which spirals about the axis along the
solenoid length. The component in one plane might be as shown at the top of the
figure. To the resulting motional E-field is added or subtracted a transverse
static field V in the same plane. The resulting total field has quite different
shapes depending on the polarity (). In_ case (+) there are two separate
regions, resulting in a fragmented resonance. In case (-) there is a single,
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Fig. 2.3.E-3: Resonance distortion:
Motional field variation.
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412 =, B5 Zids now, calculated the result is
of Fig. 2.3.E%3.
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3 In this case the magnitudes of vy

as shown at the bottom

and V_ have been separately
adjusted to glve zero asymetry "on resonance.” However, any B-field drift will
result in g non-zero asymetry measurement. Such an asymmersy cos easily be of
order B 2.

In general, any field reversal which involves
intensity variation along the beam path will produce a resoman
resulting complicated false asymmetry.

a field must be reversed without chang
beam path. This puts a much more stringent
{onoBenedties than ve had anticipated. The problem is reduced if the resonsuec
1s broadened, by shortening the transition region and/or by power broadening.

In general we have found that much can be
20ing to one of the large resonance (o plest interpretation) and
Seeing what happens when the static electric field is reversed. Iseally o sare
asynmetry should result, independent of B.

a change in that field"s

ing its magnitude at any point
requirement on various field

learned about systematics

by
_ has the sim

These studies of resonance distortion effects
the main solenoid to reduce
transverse magnetic fields
much less significant

have prompted us to

greatly the variation in magnitude and dire
along the beam path (a uniform transverse fie.
problen and can be cancelled

redesign
ction of
1d is

report), and (2) all applied EM fields are axial in the
effects discussed here and related to
problem in second order.

tuo cavities so that
unwanted transverse fields enter the
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Measurement of the Efficiency of a Lynan-x Detection System for the
Hydrogen Parity Experiment

K.J. Davis, D. Holmgren, and T.A. Trainor

In two pxevxous annual reports (1978, p. 20 and 1979, p. 36) we discussed
the design of a pair of spherical mirrors used to emhance the detection of
e p-state quenching in the hydrogen parity
experiment. The metastable hydrogen beam is quenched between two detectors, and
the mirrors act to focus the light onto the detectors. Here we report on t
performance of the detection system.

n order to determine the effectiveness of the mirrors, we removed ome of
them so that only one of the detectors received reflected, as vell as direct,
Lynan-x radiation. Assuming that the detectors have equal efficiency, any
deviation from unity in the ratio of detector currents can be attributed to the
presence of the mirrors and does not depend on the beam current. This
nmeasurement is insensitive to light that would enter the detector after multiple
reflections within the mirror pair, but this is likely to be a small effect.

The ratio of currents of the detector plus mirror combination to the other
detector was foun Stnce the solid angle subtended by 2 single
detector 15 0,020 X 2n er this inplies an effective solid angle of 0.31 X 2n
(after for a

we include a detector quantum

for the
screen in front of the lone detector).
efficiency of 42% (manufacturer’s estimate) we obtain an overall efficiency for
the system of 12.6%.

order to understand this result it is useful to extract the effective

angle subtended by a mirror (Om) and compare it with a calculated result.

Our measurement indicates that Om = 0.29 X 21 The deviation of this number
from 2n 1is presumably attrihutable to loss of photons by obstructing objects
(e.g., wires) and holes ors, absorption during reflection
(reflectivity < 1), and beam qnenching D Eaiin 4 shelon 0% seaaitigity,oigthe

=

mirrors.
can be calculated in a

The solid angle lost to ubsnucdol\s and holes
ner The net

fairly straight-forward and 1s expected to be ~0.113 X zn st.
reflectivity of the mirrors should, on the average, 0.70, he resulting
corrected value of Om = 3 X 2n or suggests that about 1/2 R e teHIE
quenched outside the region of sensmvny of the mirrors, which is considerably
larger than we had anticipated. This issue could be investigated more
thoroughly by using a small bean-defining aperture to determine the dependence
of detector efficiency on distance from the beam ax

G. A New Solenoid for the Hydrogen Atom Experiment

T.E. Chupp

Studies of atomic transition rates in_the present H-parity apparatus
(described in last year“s annual report)!> have shown that the the 570 Gauss

axial magnetic field is not sufficiently uniform for the sensitive measurements
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of parity mixing {n hydrogen. We have measured a transverse field (magnitude <
1 Gauss) which has a complicated shape and therefore cannot be canceylos in any
simple fashion. This field giv

field in the atoms”
instrunental
a more uniform field, in direction and

o magnitude, than the
produces.

present solenoid
We have therefore decided to design and construc

ct a new magnet.
This section will describe th
h

The current will flow through 20 pairs of 62 turn
aluninun ribbon 0.031" thick and 1.205" wide.
wound in opposite directions so that current
inside in ome coil,

“pancakes” of anodized
The two pancakes in each pair are
flows from the outside to the

The magnetic field will be trimmed by controlling the current to certain
pancake pairs. two end pairs of pancakes which carry a greater current,
will be driven by a separate pover supply which will be in the “slave" mode
vwhile the remaining 18 pair of pancakes will be driven by a "master"
Shunting of individual pancake pairs will provide the fine trim. The main
windings will require 23 amps while the upstream and downstream end coils will
require 30.5 and 28.17 amps, respectively.

The radial currents which give rise to transverse field

nearly cancel for each pair since current flows in one and

pancake. The axial currents, however do not cancel since they flow at both the

inside and at the outside of the coil. 1In order to approximately cancel these

currents a loop of current is introduced, adjacent to but in the opposite

direction of unvanted axial current. Calculations show that the net transverse
s,

components, very

field are well below the specified level of 0.005 Gaus

At the time of this writing the

following progress has been made on
construction of this new solenoid. The

aluninum ribbon has been delivered from
the mill and is in the process of being conditioned and anodized. The design of
the coil winding assembly as well as the necessary adaptors to our present
systen has been completed and their construction has begun.

H. Design and Testing of Prototype RF Cavities for the New Apparatus

Adelberger, D. Holugren, and H.E. Swanson

The Mark II scheme requires two cavities each of which produces uniform
static and RF (1608 mHz) electric fields along the B field (3) axis.
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Fig. 2.3.E-1: Calculated axial electrostatic field in

a 14 cm diameter cavity with S cm long segments;

S cm diameter end caps are used to keep the static

%161a uniform in the region of fringing RF fields.

thin apertures 2.5 cm in from the ends
terninate the RF fields.

Colindrica PR cios Tobetac iy 1h "¥he Vgig de were chosen  siges &
cylindrically symmetric apparatus suppresses false effects (see Section 2.36).
s takes care of the EF'fielis. | The static field along the = axis can be
generated by dividing the cavity into short (-5 ca long) cylindrical tubes a
Slacing each section at a different static potential. This produces a ve
P ors field E, along  the cavity axis (see Fig. 2.3.H-1 for the calculated
lelds). The difficulty arises in maintaining the RF oscillations inside a
cegnented cavity since the gaps betueen the segments interrupt the flow of the
Peeurrents. We comstructed two prototype cavities to test two different ideas
for maintaining the RF currents.

nd
T

1) cavity A with coaxial )/4 chokes
2) cavity B with radial )/4 chokes

The cavities are indicated schematically in Fig. 2.3.H-2 where we show the
three-segment front cavity. We experienced great difficulties with RF power
“leaking out” of cavity A in spite of measures taken to " the parasitic
TEo1, TEo, and TEy modes which can propagate in the coaxial chokes.

On the other hand, cavity B works extremely well and radiates so little

lem. The concept has been S0 successful that
are designing the Mark II cavities using the scheme proven in the prototype
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Fig. 2.3.H-2: Schematic drawings of two
for segmenting the cavities
cavity with coaxial )\/4 chokes
2)  cavity withradial \/4 chokes
in these cavities R = 2.405 (c/2mv)
L = \/4 = c/4y when v = 1608 mHz
T = 3.832 (c/2nv)

different schemes

I. Programable NMR B Field Regulator with IEEE Interface

D.A. Peterson and H

Suanson

A proton MR B field regulator is under conmstruction for the H-Atom
golenold. When in operation the control computer directs the microprocesser
based B field controller to a new field and senses when it has been  sehicees
The MR consists of a water sample placed in the coil of a tuned circuit. This

tank circuit is weakly coupled to a sustaining RF oscillator.  The sample i




placed in an external B field whose direction is perpendicular to the RF B field

of the coil. When external B is such that the proton Larmour precision
frequency is equal to the RF frequency transitions between the spin states
occur. Since the lover emergy states have the greater population at room

temperature, energy is taken from the fleld. This has the effect of lovering
the  tank circuit Q at the proton resonance and can be observed as a decrease in
the RF amplitude measured across the coil. Gemerally the B field 1is swept
across the resonance using Helmholtz coils placed about the sample and the
Tesulting RF amplitude dips correlated with the modulation to obtain a B field
error signal.

To some extent however, this perturbs the external field in the vicinity of
the sample. Since it is desirable to have the probe close to the beam position,
we chose to sweep the RF frequency about the resonance avoiding the Helmholtz
coils.

T L HE

Fig. 2.3.I-1: MMR B field regulator

A block diagram of the regulator circuit is shown in Fig. 2.3.I-1.  There
are two control loops; one which locks the frequency to a multiple of a stable
rystal reference and another which locks the B field to the phase of the MR
Giye with respect to the modulation. The sustaining oscillator is a Motorola MC
1658 VCO typically used in phase locked loop applications. The tuned circuit
S iaists of a coil wound on the sample vial and shunt capacitors including two
S tase variable capacitors (varicaps) for frequency control. A signiffcant
oount of the capacitance comes from the coax cable used to separate the sample
2om the rest of the circuit parts, some of which are magnetic and therefore
cannot be mear the probe.




Discussing first the frequency loop, the Ve
scaler chips T1oron ond outputting a pulsc when this occurs. Similarly
e 1lator output is divided by 105, typically
n can be obtained in the
Both outputs go to a
UEPUL 1s applied to one of the varicaps. The
¢ireult seeks the frequency £ such that the  average phase error of the two
wo. The VCO's frequency is thus stabilized to M/105 Hz. M is

loaded by the microprocessor and 1s calculated from the doroes B field.

the MC 1648 includes an RF

The
control circuit to

spectral purit:
AGC signal 15" brought out o
power required to sustain the
across the proton resonance,
signal. The frequency is mod
other varicap. A disadvanta
that the fundamental
proportional to

e circuitry within detector and automatic gain

(acc) plitude below saturation (for
frequency.  Fortunately, this
£ the package and can be used as a measure of the
oscillation.  Thus as the frequency 1is swopt
the dip in the tuned circuit Q is reflected in this
ulated by applying a 20 Hz sinusoidal signal to th

¢ in frequency as opposed to B field modulation is
appears on the AGC

signal. The tank circuit Q is
for small modulations, a change C makes a proportional
change in Q and a corresponding change in the AGC sigany

To remove this fundamental, the amplified AGC signal is passed through a
noteh filter tuned to 20 Hz. 'The filtered NIR dips are phase correlated with
the modulation signal to obtain the B fisld error signal, e.g., if the NIR dips
oo puhen the modulation signal was passing  throwgh zero, the B field
corresponds to the oscillator frequency and The phase detector
signals that the B field the capture range of the system by the
B eoetce,of MR dips.. The function of the lntegrator is bast expiatacd with a
description of system operation.

o begta, the smevollen doadq M Foleroraine the frequency. 1t phen sets
e, paencr  eurrest iy 1duilie) fue Eallohiatnd B4g watuc Tato 10 regiirn: wet
thie 1s chosenitoibe o1l }iTosni chivhthal yartie dicarvent: At hos point the
integrator 1is isolated

to the DAC reference.

of MR dips indicates capture can be achieved. The integration capacitor is
unshorted and the integrator output s comnected fo the sumning junction.
Neglecting 1leakage across the svitch, the output of the integratec secpc zero
Sverage b feld erfor which is the desired result. Transtent loss of Ieip
merely returis the pover supply reference to the DAC fo begin a hew sewrch for
capture.

presence




RF Phase Shift Electronics

T.E. Chupp, D.A. Peterson, and H.E. Svanson

The 1608 MHz microwave source described in last year’s progress report has
been modified to drive two cavities with a relative phase variable between 0 and
360 degrees. Power from the oscillator feeds a “two-way splitter” whose outputs
forn phase correlated sources each with approximately 50% of the oscillators”
pover. These are isolated using ferrite isolators and independently pover
leveled in the manner previously discussed. Included in one of the channels are
two phase shifters purchased from Vectronics Microwave Corporation. Ome of
these 1is a four quadrant shifter requiring two logic signals to select 00, 90°,
1800, and 2700 shift. The other is an analog device which translates a voltage
signal into a phase shift in the range O to 100°. The combination of the two
units allows us to set the relative phase anywhere within 2 radius and

accurately modulate the phase by n radians.
K. H-Atom Signal Normalizer

H.E. Svanson
An analog signal normalizer was designed and built. It has two signal
A and B and removes beam fluctuations, common to both imputs, from the B

inputs
signal. The unit has the following transfer function
hes 48 KA - KB
out KA

where the gains K, K, and K3 are individually adjustable. It isassumed that B
is the desired signal, such as the amplified outputs of the Lymany detectors,
which measure the o=> P transition rate, and the signal is an  independent
monitor of the metastable beam current.

Discriminators monitor the input signal levels and switch to default values
previously set nominal signal values. Thus saturation of the data
acquisition system is prevented in the event of an ion source spark or other

bean interruption.
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3.  NUCLEAR STRUCTURE AND REACTIONS

Gamow-Teller Giant Resonances in the j* Decay of T = T3 = 3/2 Nuclel

Introduction
E.G. Adelberger

t present very little is known about the strength function for spin flip
transitions. ~ The simplest such zunemms are those induced by the
Gamow-Teller (GT) operator. Evidence for giant GT resonances has been inferred
om a number of sources including the hindrance of low lying beta transitions,
bumps in (p,n) spectra, and in the strength function of delayed neutron and
proton emission. The beta-plus decays of proton rich higher isospin states in
Tight and medium mass nuclei can provide unambiguous measurements of the GT
strength over a range of excitation energies wide enough to include the expected
1ocauon of the GT giant resonance. Consider for example the decays of a
= (z-N)/2 = 3/2 nucleus. The Coulomb displacement emergy increases the
mass of the parent so that p* decays are energetically alloved up to
which lies considerably above the analog state. One expects that the p* decays
will primarily feed the T¢ glant GT resonance built upon the analog state. This
1s expected to lde at roughly the energy of the analog state (the T¢ GT
resonance has its energy depressed by the isospin splitting).

The p* decays of T3 = 3/2 nuclei have been studied in a beautiful series of
experiments at Berkeley. The LBL researchers obtain proton spectra fc]loulng
the decay of the T = T3 = 3/2 parent to proton unstable states in t! =12
daughter. To infer a p* decay scheme from the delayed proton spec{ra one needs
to know the spins, parities and proton branching ratios of states in the
daughter nucleus. This is_ illustrated in Fig. ~3.1-1, where we shov the
situation for the decays of 2%Si

5]

Fig. 3.1-1: The g*-decay of st
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A given proton group may result from sever:
251 daughter to the ground state or to excit:
delayed proton group with a given intensity corresponds g much, larger GT
patrix element if it arises from decays feeding exeited states of 2%Mg than if
iF frises from ground istate dacays.'lAlso note thatione expects flaveln . fol i
the decays to emit protoms to excited states of Z‘ng since allowed p*
trensitions can have = 0 proton decays to excited states of Mg but only ( =
2 or { = 4 proton decays to the 24g ground state.

al possibilities--decays of the
ed states of 2%Mg + p." Clearly a

We have begun careful study of the spectroscopy of the P daughters
beginning with 2541 and 29p. We obtained thin target excitation functions for
polarized proton scattering at lab angles ranging betwegn 55° and 155°. The
method has been described in last years annual report.
B. Spectruscogy Of 29 and the Giant Gamow-Teller Resonance in the p*

Decay of 295

E.G. Adelberger, C.D. Hoyle, P.G. Tkossi, and K.A.

Snover

We have continued our investigationl of the spectroscopy of 29 in order to
interpret the In

spectra’ from the p* decay of 29s.

state or an excited state of 285i. ye
used the 285i(p,p,) and 2851(p,py) reactions to identify the spins, parities,
excitation energies and partial widths of states in 29p covering a region from

b>.3. €0 By /= 10.1 MeV (p = 2.6 to By /= 7.9 MeV). | We searchied sgor lesqye
which can be fed in ti 295--1.c., levels with JU = 3/3+

results. Hovever we found that in several cases proton groups, assumed in
2 to arise from ground state decays, in fact arise from decays to excited states
of 2851, - This makes a pronounced change in the shape of the Bt strength

function--clustering the Gamow-Teller strength in a compact region as discussed
below.

Thin target excitation functions for 2851 + p were obtained at a number
angles at bombarding energies between 2.6 and 7.9 MeV. An e
is shown in Fig. 3.1-2. In the following paragraphs we discuss those
where our results are inconsistent with the decay scheme of Ref.
resolution of the inconsistencies.

of
n example of this data

cases
2 and our
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1) The 6.33 and 8.11 MeV Levels

\roups 13.80d.25 of Ref. 2 veve assigned to theipy and P, decays of the
8.24 MeV state (B, ='5.67 HeV) ylelding a log ft of g.0}. Group 24 vas assigned
Do the po decays of a state ar E = 8.11 Mev (. 5.50 MeV) with a
foijeerondingiion £t s 4.83. Towever. wa:,FindiiChar. tie resonance in the
thensstic cross-section corresponding to the B.11 MoV seare s nuch
than the one corresponding to the 8.24 Mev state. (Prelininary analysis of our
piehan, 598 dndicateni Ty /T, 1.4 or the B.11 Het arabe oo oo for the 8.24
MeV state.) S

Peak 14 was assigned in Ref.

2 to the p, decay of the Ey 33 MeV  state
bul candidate for the Tp) decay was proposed athough the 6.33 MeV level
decays 80T of .the time3 to the first excited ctace . While peak 4
(assigned in ef. 2

0, ohe Py decay of a postulated new state at 6,36 Hev)
could correspond to the p) branch of the 6.33 MeV state it 1o
hus group 14 was misassigned in

y data and our scattering data
decay of the 8.11 MeV state.
£y the log ft values for both the 6.33 and 8.11
» Tespectively.

gned to the p;
branches of Ref. 2 we then modi
MeV states to 5.74 and 4.49

2)  The 6.65 and 8.43 States

Croup 17 was assigned in Ref. 2 to the p,
Ex = 6:653 MeV. Ve searched for this state'u,

8.43 (1.78 MeV higher) we find a narrow state with J1 o
both the p, and p; channels.
py decay of this state.

decay of a proposed new state at

pased on the intensity of group 17 we then estimate log ft < 4.68 for the 8.43
MeV state.

3) The 7.08 aud 8.86 Mev States

Croup 19 uas assigned in the Berkeley work to a "mew" state'at 7,083 Mev.
o uere inable to locate this state as a resonance. A better candidate for this
8roup 1s the p) idecay of the state at 8.862 NeV wich ve see oo o Po and py
e ihe T |measurements indicate JV = 3/2% for the 8.862 Mev biate which
overrides the previous 1/2* assignment. Then log ft = 4.91 for this state.

With these modifications we can reconcile our scattering data 'with the
Berkeleyidata at excltation energies above 7.5 MeVi At lover energics oaf data,
itself, does not account for all the levels inferred from the

data. The only previously unobserved state postulated
oy confirm LBERGTE, (76.505 MV level where ' narruw rasoiduseiis Hike
2851(p,p) excitation function can be seen. We searched and were unable to
observe as resonances the states at E, = 5.293 MeV (groups 1 and 7), 5.826 Mev
(10, 3), 6-074 MeV (12), 7.148 MeV (8), and 7.384 MeV (21). The presence. ot




Table 3.1-1:

Ref. 3 Present Work
Ep (MeV) Eyx (MeV) an all
4.228 6.828 ib/z% 3/2+
4.688 7.272 5/2%
4.579 7.456 7425 arn)”
4.948 7.523 a/20) 3/2
5.188 7.755 3/2% s/t
5.550 8.204 3/2,5/2)* s/2*
5.670 8.220 (3/2,5/2)* 5/2%
5.750 8.297 /2,3/2)" /2)”
5.890% 8.432 5/2+
5.990 8.529 (3/2,5/2y*% 3/2*
6.160 8.693 1/2% 3/2%
6.340 8.867 1/2+ 37t
6.390 8.915 (3/2,5/2y* s5/2*
6.480 9.002 /20
6.880 9.388 ) 3/2%

*The excitation energy of this state is from our work.

S (R)TP
Fig. 3.1-3: . Energy-distribution of
the GR strength for the ¥ decay {
of 2951,  Dotted lines areused

to indicate the LBL interpreta-—
tion when different from the
results of this study.

20T OF H8TE ) i
Ex (MeV)



the £Irst two of these stites is well established (see Ref. 2 and references
therein). Our inability to observe then merely indicates that the tocal sideh
of the resonance is less than 1 find

keV. At this time we no alternative
candidates for groups 12, 8 and 21.

In Fig. 3.1-3 we show the distribution of the Gamow-Tel
function of energy.

ler strength as a
The dotted line represents the Berkeley interpretation and
£he 80l1d Line the same strength corrected on the basis of the arguenty. shoye.
Further resonance analysis of our data, now in progress, will provide more
accurate values . of the branching ratios to the ground and ‘irst excited state
and thusset Furthar quantitative restrictions ‘on the interpretation. of  the
Berkeley éxperiment. This analysis will also yleld spin and paritics for the
stronger of the p, resonances. In Table 3.1-1 we summarize some rentative  spin
assignments and compare with the values listed in the latest compilation.3
making these assig

J1 Assignmengs in 25A1 and the Giant Gamow-Teller Resonance in the
P* Decay of 2351

E-G. Adelberger, C.D. Hoyle, P.G. Ikossi, and K.A. Snover
D order to study the Gamow-Teller Giant Resomance in the P* decay of 2551,

one needs a decay scheme for 2351 and the JM values of the states in 25A1 fed by

the B* decay. Previous decay schemes and JW assignments3:4 contain some

gpblguities. ~To resolve these ambiguities, we have begun a study of the
Mg(p,p) reaction induced by polarized protons.

We have measured cross sections and analyzing powers with good energy
resolution for the 24Mg(p,p,) reaction at lab angles of 539, 68°, 889, 1130,
1380, and 153°. TIncident proton lab energies ranged from approximately 2.3 Me
to 7.3 Me most of these energies we also obtained cross section and
a1al£zing pover data for the 2%ug(p,p;) reaction (see Fig. 3.1-4). The targets
had 2%g contents ranging from about 10 ps/cn? to about 30 pg/cm?. Targets were
prepared by evaporating 1 pg/cm of gold onto pg/cm carbon backings. Then
without breaking the bell jar vacuum natural magnesium was evaporated onto the
gold. The gold was used since Mg adheres to gold much better than it does to
carbon. The gold also provided a convenient method for obtaining the relative
normalization of the different detectors since the scattering from the
Rutherford. The absolute

distribution at 2.60 MeV. operated 1in the fast
spin flip mode with a beam current of ~40 nA and polarization of ~0.75. The
counting time for each point was ~5 minutes.

gold is

normalization was obtained from an angular

The polarized ion source was




The off line analysis of the data was done with the program DMULTS. DMULTS
is a peak summing program written for the PDP 11/60 which uses kinematics to

obtain an energy calibration of each spectrum. This calibration is then used to
shift the peak windows in each spectrum automatically with each energy change.
This permits a large number of runs to be sumed with a minimum of operator
effort. Background subtraction was done fitting a straight line to the
peak-free region of each spectrum and then subtracting the appropriate area from
each peak.

A resonance analysis of the data has mot yet been performed, but by
comparing the elastic scattering data to theoretically calculated shapes, ! it
appears that some of the previous JU assiguments are incorrect and some
tentative new assignments can be made (see Table 3.1-2). A preliminary look at
the inelastic data indicate probable errors in preyious decay schemes. The new
data indicates, that in some of the PF decays of 2351, the 23
a higher excitation energy than was previously assigned (see
Reassigning the decays to higher states in 2’Al puts more of the decay stremgth
in the region of the expected Gamow-Teller resonance. more careful
analysis of the data, we will be able to make more definitive statements about
new JT values and new decay schemes.

Table 3.1-2: Previous J" values and J" values from our data

E, (V) Ey (MeV) Previous JW 3 This work
2.410 4.584 5/2+ 5/2%
3.140 5.285 /2% 1/2*
3.664 5.787 /2= 7/2)F Nl
4.020 6.129 5/2% izt
4.300 6.398 3/2” 3/2”
References
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k3 pn..v. Vieira, R.A. Gough, and J. Cerny, Phys. Rev. Cl9, 177 (1979).
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2. -y cireular Polarization Correlation in the p* Decay of 24Al

E.G. Adelberger, C.D. Hoyle, and K.A. Snover

Fig. 3.2-1: Decay scheme for isospin
forbidden Fermi tramsitions.

720,320

Decay
transitions.

1f isospin is a good quantum number, Fermi transitions between
different isospin are forbidden. We haye
polarization correlation in the p* decay of 2
the isospin forbidden Fermi matrix elements connecting the lowest &
in 2%Mg with several 4% T = 0 levels. Since we expect large
isospin mixing matrix elements in selfconjugate
measured isospin mixing matrix elements to probe the
the anti-analog configuration.

where

K

2l 2)
s 4

<
o

scheme for isospin forbidden

states

begun a study of the p-J circular
Al which will permit us to measure

= 1 state

analog-anti-analog
nucleil ve hope to use the
strength distribution of

Consider the simple situation in Fig. 3.2-1 with the {initial state
|4> = I, T=1, T3=1> and final state |£> =|J7 , T3=0> + oup |IW, >.
Using the well known relations

[¢5)




I

Gy = weak interaction vector coupling constant
Gy = weak interaction

axial vector coupling constant
Mp = <E[3 efD 1> = <g|, |1
Mep = <d§ £33 & 5>

<T=0, T3=0|Ty|T=

1, T3=0|1y|T=1, T3=-1>
“op VI

ve See that, in order to measure the Ferni matrix elements M and the isospin
mixing amplitude o, we need to measur

a quantity that depends on the relative
slze and phase of the Fermi and Gamow-Teller matrix elements. If we define y =
Gy Mp/Gy Mgr, equation (1) becomes

£t KO
einla?
VIR R

Then y, along with the known ft values will yield the Fermi matrix element.
For decays of the type JV B JW 4 377", the p-J correlation measured with &
detector that 1s sensitive to s with a specific circular polarization has  the
form

0(We,8) = 1+ v/c Acos® (63}
where

2
/TG

+ 4y

FLQOLA,37,3) + 26 BJO,M41,37,0) + 62 F, (b, 041,9,4%)

© = the angle between the

T = +1 for right circular polarization and -1 for left circular
polarization

mixing ratio for the J transition

angular correlation F coefficients




The situation in the P+ decay of 24Al is similar to the one Jyge descrived.
The 26A1 ground state has JV = 4%, T=l. The pF decays of 2%Al feed four
different JT = 4F T=0 levels in 2%Mg. This allows
matrix elements instead of just ome. In this vay we ho
anti-analog strength distribution as a function of excitation emergy.

sure A consists of a plastic
for detecting the p*”s and a polarimeter
particular circular polarization.
the surface

=)

experimental arrangement to
scintillator surface barrier telescope
and Nal detector for detecting the J’s of a
The plastic scintillator is a cylinder 5" in diameter and 2" deep;
barrier detector is an Ortec model TB-18-300-700 with an active area of 3
and a sensitive depth of 700 microns. The Nal and polarimeter are described in
Ref. 3. The detectors are posifioned so that the angle 6 is 180°. fhe 261 1
made by the reaction 24Mg(p,n)2%Al induced by 18 MeV protons. The “Al is made
in the 0° beam line then shuttled to cave 2 by the rapbit (the rabhit is
described in Section 9.3 of this report). The 24Mg(p,n)2¢Al makes both 2%Al in
the ground state and the first excited state. The ground state has a half life
of 2.07 sec and the first excited state has a half-life of 130 ms. Therefore,
the transit time for the rabbit is set at 400 ms so that essentially all of the
excited state has decayed away before counting is begun in cave 2.

The polarimeter will then be flipped prior to each counting period of the
rabbit so that the polarimeter will respond alternately to right circular
polarization (+) and left circular polarizations (-). Then using equation (2)

N, - N

o=
N N

where
Ny = # of coincidences with the polarimeter in the + mode
N_ = # of coincidences with the polarimeter in the - mode
We have measured betas in coincidence with gammas transmitted through the
polarimeter and achieved a time resolution of about 3 ns for these coincidences.
jever our counting rate (limited by pileup of the slow linear signals from the
scintillator) was too low for a practical measurement of A. At present we are
improving our experimental arrangement by installing a fast-gated integrating
ADC to process the P* energy signal. This will greatly increase our counting
rate and permit us to measure A in approximately one week of running time.
References
1. A.B. McDonald and E.G. Adelberger, Phys. Rev. Lett. 40, 1692 (1978).
2. S. Raman et al., Atomic and Nuclear Data Tables, 16, 451 (1975).
3. Nuclear Physics Laboratory Annual Report, University of Washington (1979),
p. 13,
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3. Blastic and Inelastic Polarized Proton Seattering Via Isobaric
Analog Resonances in 207pj ang 209p4 e
N-L. _Back, H.C. Bhang, J.G. Cramer, D. Leach, T.A.
R. Von Lintig

Trainor, and

We have extended our measurements of the elastic and inelastic
of polarized protons from 296pb and 208pb. L Crossosection gnq analyzing power
Sacooidon functions have now been measured for both targets between 14 55 oy
18.00 MeV, f.e., in the region of the single-particle 1soparie analog resonances
(ukh) o, 2095 Wideriage (it o le et icle elastic scattering and
fhee-scatecuing 6o 'flia rifae 3= tate fh eadh tdvget, did 1f tHo scattering to
the first 2+ state in 206pp,

scattering

A number of changes have been made in the
polarized fon source was operated in the fast-flip racher than the spin-filter
fode, with the spin flipped every 100 msec. The energy sighale werg routed into
spincup and spin-down bins by the computer. Thus, systemetic effects resulting

Atom the passage of time between spin-up and spinidown runs were  cliniisrii:
Also, the background in the spectra was

experimental technique. The

reduced by placing permanent magnets
Pb206(p,p) Theta=150
|
2
a 4 \
Fig. 3.3-1: Cross-section and
analyzing-power excitation e — e T NI S S
| functions for 206pb(,p,), oy
The curves are a Fit using T
I nine IARs and a parameter- &
ized background. g
Eior il o
c
5
8 - 4
i
a W
{3
8
2
5 A B b o P o0
VNI G R T S
Ep (MeV)
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Pb206(p,p*) 2+(0.803 MeV) Theta=150

2
a

Fig. 3.3-2: Cross-section and
analyzing-power excitation
functions for 206Pb(3,p')
to the 23 (0.8033 Mev)

state. ¥
C
3
o
Py
£
c
S
o
®
13
v
0
@
o
&
[}
14.8 15.6 16.4 17.2 18.0
Ep (MeV) |

between the detectors and their forvard apertures, so that any electrons
produced by the target were first collimated by the apertures (located
approximately halfuay between the target and the detectors) and then deflected
by the magnets. |

In addition to the excitation functions, runs were taken at
12, and 13.75 MeV with unpolarized beam to aid in the Bt it e L
cross-section data. The data cannot simply be normalized to Rutherford I
scattering at 4 MeV; because of multiple scattering in the target at this |
energy, as much as 15% of the bean passing through the target hits the chamber
walls rather than being collected by the Faraday cup. However: (a) the ratios
of the solid angles of the detectors can be obtained from the 4 MeV data; and ‘
(b) the indicated ratio to Rutherford for the monitor is constant (within 1%)
from 6 to 10 MeV, and so the 8 MeV monitor data were used for the
normalization.

absolute

Angular distributions were also measured for each target at 13.75, 15.50, |
and 18.00 MeV. These will be used to find the best optical-model parameters for
the analysis of the excitation-function data. |
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Pb206(p,p') 3-(2.647 Mev)

Fig. 3.3-3:  Cross-section and §
analyzing-power excitation 3
functions for 206pp(p,p1) 5
o the 317 (2,647 Mev)
state. 3
5
H
" .
0 ottt
@ {
8
i
&
O S e
EP (MeV)

The data for 206py 5t 1500
smooth curves shown
parameterized-backg;

is expressed as a T

are shown in Figs. 3.3-1
in Fig. '3.3-1
round approach.

through 3.3-3. The
Tepresent a fit to the data using a
In this approach, each background amplitude
terms up to second order in (E -
lovest energies being considered’. (except
contains a term proportional to E-l). The

e are alloved to vary
simultaneously to fit the data. This procedure is followed for ‘euch angle
separately, and then the results are compared for consistency. It should b
pointed out that

background coefficients and

The results obtained so far for 20%i* are
Baker et al.? The resonances observed are

identical to those found by
single-neutron states in 209pb,

the isobaric analogs of the low-lying
although the j15/p IAR is too weak to be seen.

The resonance structure in 207p1* is con:
there is considerable mixing between sing
ground-state core and those on a

siderably more complicated. fere
1etparticle states built on a 206py

built ore. As a result, the
single-particle strength for each ((,J) is split among several TARs. This
mixing is also the reason for the appearance of IARs in the scattering to the 2%
state of 206pp,
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Preliminary results for 207Bi* are listed in Table 3.3-1. The resonance
energies (relative to the gg/p IAR) vere determined by identifying the IARs with
some of the states observed in the 206pb (d,p) reaction.3 IARs corresponding to
many of the weaker states have not yet been identified, but some of them will be
required to improve the fit to the data. The column labeled “Previous Spin
Assignment” contains the spin-parity assignments given in Ref. 3. Where the

numbers are in parentheses, the assignments are uncertain.

When the analysis of the elastic scattering is completed, it will be
possible to determine the partial widths for decay of the TARs to the 2% and 3°
will be

states. For this purpose, the "best” set of optical-model parameters
us enerate the DWBA amplitudes, which interfere with the resonance

ed
amplitudes to produce the observed excitation functions.

References

1. Nuclear Physics Laboratory Annual Report, University of Washington (1979),
B0 53

2.  Nuclear Physics Laboratory Annual Report, University of Washington (1974),

p. 85
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Table 3.3-1: Resonance Parameters for TaRs in 2Bt (preltntnary)

Previous

Assi:r!x:l;ent Ty (keV) I (keV)
89/2 89/2 19.7 191
172 (11/2) i) 338
d5/2 ds/2 5.0 229 15.757
ds/2 s/2) 8.7 269 16.442
ds/2 ds/p 32.5 269 16.510
o ] s1/2 44.7 275 16.750
87/2 (87/2) 15.6 288 17.304
d3/2 (d3/2) 43.2 279 17.342
87/2 (s/2, 87/2) 8.3 288 17.551

Low Lying Vibrational States in 6%zn

=+ __—ov Lying Vibrational States in 64zn

J:8. Blair, K.J. Davis, D.V. Storm, and T.A. Trainor

The 6420 nucleus exhibits OF - 2+ - 4+ triplet of states near 1.91 Mev
Sredtat lon s eneray MWLISHEH A\ thoyght  Yeo) ela atos Srvomplionca v hosoren oy
Scacds |DuLltRONNORE onSl honon 2 atatelatiILONEY, Vel aad At e s
this triplet have been seen in a previous experiment using inelastically
scattered alpha particles.l In that experiment the oscillations in the angular
distributions of the 2* and 4* states were found to be out of phase with those
predicted for a one-step excitation process. Such an angular distribution  1e
gualitatively consistent with a two-step excitation model. Our experimemt s oo
attempt to resolve the relatively weak O* peak, along with the 2% and 4%
and make an angular distribution measurement.

paaks,




In order to maxinize the yleld in
27 Mev,
elastic’ peak is much greater than
(Gelastic/Oinelagtic - 10° at 6 =

5 to avoid
peak.

this reaction we use alpha particles of
the highest energy available from our accelerator. The yield from the

the 0f inelastic  peak
1 169). Consequently, special care must be
slit scattering which can produce a lomg tail on the elastic

Elastic peaks from contaminant 160 and 12C are also a problem, since ~they
are in the vicinity of the two-phonon triplet for angles between 25° and 45°.
In our first run we found the contaminant peaks to be about two orders of
magnitude larger than the O* peak at 50°. Kinematic broadening is also fairly

serious (~ 40 keV/deg at @ = 50°) so it is necessary to use small beam defining
and detector apertures.

In our first run ve were able to get an overall resolution of about 55 keV.
This was sufficient for us to resolve the O* and 2% peaks (at 50°) which are
separated by 111 keV. Hovever, the counting rate in that experiment was quite
low (300 counts in the O% peak after 8 hours of counting with a 200 nA beam on a
100 pg/cm? 647n target). Our efforts since then have been directed towards
increasing the counting rate. We feel that a factor of 10 increase can be
achieved by increasing the detector aperture width, increasing the target
thickness and increasing the hbeam current. The last can be achieved only by
enhancing target cooling since the target has a low melting point. This can be

accomplished by making a smaller hole in the target frame in order to improve
heat conduction.

Our future work will include, in addition to a measurement of angular
distributions, an investigation of the excitation functions to check for the
possible presence of energy fluctuations.

Granted that such fluctuations are absent, we will relate the measured
angular distributions to coupled channel calculations which allow for direct
two-step_as well as one-step collective excitations, using either code JUPITOR?
or ECIS.3

References

1. N. Alpert et al., Phys. Rev. C2, 974 (1970).
2. T. Tamura, Rev. Mod. Phys. 37, 679 (1965).
3. J. Raynal, Saclay Report No. DPh-T/71-48, 1971 (unpublished).




ring of Protons from Copper

H. Bhang, S.K. Lamoreaux, s. Laubach,* I. Halpern, T1.a. Trainor,
and W.G. Weitkamp

e are continuing an ex; depolarization parameter
in inelastic scatteri, s in medium weight nuclei
Y s intended to provide additional inforeation cn

nuclei, especially 1light nuclei
measurements of anal! ering to the continuum,l but
the measurements reported here constitute the first measurements of the
depolarization in inelastic scattering to the continuum that we are aware of.

The depolarization parameter D (or K,¥
incident beam

it is given by

is approximately the ratio of
polarization to outgoing particle polarization.’. Mere precisely,

D= [py~(1 + pydy) = BY7)/p, ,

where py and py- ate the polarizations of the incident
xespectively, “Ay is the analyzing power, and Py
from an unpolarized incident beam.

nuclel, both Ay and PY are essentially zero,
probability s:

and emitted protons

s = (1-D)/2.

The depolarization parameter has a vilue of unity whes no change in the
polarization occurs, and en the spins of all the protons are
If the protons are completely depolarized,

Experimental Technique

7o measure the depolarization, ve need a beam of polarized protons, which
our tandem produces in intensities up 50 nA a

t 18 MeV. The beam
Polarization is measured with a polarimeter described in. Sec. 9.11 of this
report.

To measure the polarization of the protons leaving the nucleus, e use a
helium polarimeter, which has been described previously.? The polarimeter has
been designed to maximize the counting rate and minimise the background.  To
Eofc® the counting rate ve make the target thick, 14 atmosphere op heliun,
S memetagiareend Durse s doads'to tachur imoor cabainti L ot to
1.7 MeV FVEM. To minimize background, we use a counter telescope consisting of
Cxeiesrortlonal countereland o ailicon datedtorl| imhet i angite s s anrania st
Bade of iron to reduce the flux of mneutrons from the target striking the
detectors. There 1s a door in front of the polarimeter that can be  claccs i
exclude charged particles for measurement of neutron-induced backgrounds.
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The heliun polarimeter works quite well. The peak-to-background ratio
observed when measuring protons entering the polarimeter after scattering from
£01d is about 50:1 so that we need not i Gl degraded protons

with the nergy calibration of pulses from the
§ Fiuon 3etectont s o gl mioter 16 deteruingd nIth 'pideedy. ‘ececterd rrom
carbon, leaving the carbon in the ground, 4.439 or 9.632 MeV states.

The analyzing power calibration of this polarimeter is described in Sec.
10.8 of this report. The computer programs used to process data from the
polarimeter and calculate values of the depolarization parameter as a function
of excitation energy are described in Sec. 10.9 of this report.

Data

Figure 3.5-1

shows some of the data we have taken. At the low excitation
energy end

of the spectrum, the depolarization parameter is essentially unity,
indicating that spin flip is not a significant factor in exciting the majority
of states here. Note that the resolution of our polarimeter completely wipes
out any structure; we average over about 1.7 Mev at low

At the high excitation
indicating that the outcoming protons are essentially unpolarized.
the depolarization drops fairly smoothly with increasing excitation energy.

data show essentially the same shape at all angles. is surprising, since
the inelastic cross sections show somewhat different shapes at 45° and 1350

excitation energies.

10|
°os
Fig. 3.5-L: Depolarizacion in
pioton  scattering
3cu
10
00s|
%52 Yo 8
Interpretation

2
excitation energy  (Mev)

For reference, the proton spectrum resulting from bombarding 63cu
MeV protons is shown in Fig. 3.5-2, pl
It is convenient to divide the excitation energy into three
on the reaction mechanism

with 18
otted as a function of excitation energ:

regions  (depending
involved in the inelastic scattering): the direct
reaction region from 0 to about 6 MeV excitation, the evaporation region above
12 MeV, and the pre-equilibrium region from about 6 to 12 MeV. e
depolarization parameter is expected to show rather different behavior in these
three regions.




Cu(p,p) ey
18 MoV, 819 <900
Fig. 3.5-2: Cross section fof proton

scattering from 63cy

[ 88 T ity
wxcitation energy (Mev)

Dizect Reaction Region.  In the region of lowes

t excitation, the yield 1is
dominaCedu)by,si8gateeulio e i ioc rate uratase o mentioned above, it is clear
from the data that spin £1ip 1s not an important process in  exciting
states. . .This.ids §to! el expected nince

in those cases where spin flip in
Tete states has been measured, it
ely unity.3

inelastic scattering to dise,
small, i.e., D is approximat.

The Evaporation Region. At excitation energles from 12 to 16 Mev, the
highest energles at. which a proton can  cegly escape from the nucleus, the
3peccrim 18 a continuum as a' function of energy and the cross section 1is well
described by statistical theory.4

e poon Dake a simple minded prediction for the depolarizat
the evaporation region. A ‘e nunber of protons in the target nueleus
vhich} can-evaporateandtiiirifiona  assumes’ 'that  tre incident proton s not
depolarized, the depolarization paremeter should me approximately 1/(z, + 1),
$ince half of the protons which can evaporate have thet. spins pointing in the
darection ioppositetitod the  inc1dent fprotony “Aoce sach give a hint that the
depolarization parameter doesnt quite go to zero at high excitation energies.

don parameter in

The Pre-equilibrium Region. The reaction mechanisa in  the Pre-equilibrun
B S veeeiiEoR 0ol Wevitsinot ivel1 vndezgtood) s Phi e are theoretical
calculations predicting the ut no  predictions

cross section,
depolarization parameter.

the




In the pre-equilibri region, the depolarizati
excitation enmergy. This i

decreases with increasing
due to the increasing admixture of
evaporated protons (presumnhly unpolarized) with directly scattered protons
(presunably polarized). One can use statistical theory to "correct” D for the
effects of these evaporated protons. A preliminary calculation shows that D so
corrected still falls toward zero with increasing excitation energy. The

“corrected” D, for example, is about 0.2 higher at 6 MeV excitation than the
uncorrected value.

are several possible explanations for the observed decrease in D with
excitation energy. One is that the depolarization results from spin flip in the
nucleon-nucleon interaction. It may be possible to relate available 5

data
the scattering process involved in the nucleus and calculate

to

A second explanation is based on conventional theories

of pre-equilibriun
proton

emission.6 It is hypothesized that an incident proton gives up energy to
the nucleons in the nucleus by exciting particle-hole states. The more energy
the proton loses, the larger the mumber of states which can be excited.
point in the process, states,will be excited in which one of the protons in
nucleus is above the separation energy, so that the nucleus can decay by proton
emission. Even if we assume that the incident proton experiences no spin flip,
we can understand the depolarization falling off uniformly with increasing
excitation energy by realizing that any proton leaving the nucleus, other than
the incident proton, will have its spin in an arbitrary direction. Thus the
outgoing protons will be less highly polarized than would have been the case 1f
oaly the incident proton had left the nucleus.

n the near future, we e extend the measurement

I to nuclei with
somewhat higher and lower Z. We

o hope to be able to develop a quantitative
B AR G
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Analyzing Pouer in_the Continuum Portions of Particle Spectra

H.C. Bhang, Halpern, and T.A. Trainor

In earlier Annual Reportsl we have described the method and the results of
Por etuddensntanalys ingioveral o £ B MeVi polatiredi protics. of various targets.
Very briefly, our findings for the (p,p)  resciron to residual excitation
energies between 5-10 MeV is that the mean analyzing power in this interval is
t

is smaller and positive. These patterns apply to each of the nuclei
studied in detail, 63cu, 64zn, ang L03gy,

he fact that the analyzing power does mot fluctuate rapidly with angle or

the averaging over spins and parities of the nany
n any event, the uniformity of results with

therefore that they would hopefully shed
eactions being studied.

During the past year we have worked on the understanding of

the observed
analyzing powers. Recently there

have appeared some results? from Osaka on

o1 this subject and we have examined both, in
origin of the analyzing povers. The higher e
with respect to target, and sim

nergy data have the same stability
kY
however are not exactly the sam

plicity of pattern as ours do. patterns
e.

We are currently in the midst of our studies of these patterns. The
general program is thig:  Cross sections and analyzing powers are calculated
with the DVBA code HIIMY.3 This code uses a collective form factor for (p,p’)

their full Thomas form. The analyz:

«
ing pover at
erent sun over momentum tramsfers L.

2
ZL B 0.(0) A (8)

where

2 0,0

Values of o1(8) and Ay(6) are computed using the DVBA code and then A (9) values
12,

are conputed under various assunptions about the L dependence of the




Figure 3.6-1:

(a): Analyzing power for two strength
distributions, (82), of the re-
action S8Ni(p,p it Qf22ier.
Solid line, By constant.

Dotted line, f2 (2L + 1) for

L = 0~6.

e o iseis aise bhimse [
i .(b)
(b): Solid line includes even L's only =
and dotted line in%ludes odd L's
only. Constant B ° was used for g
both. s Buiep,p)
AT W e e i

: Q-value dependence of solid

line for Q = 14 MeV, fine dotted o
Q = 22 MeV and dot-dash line Q =
30 Mev. e

DEGREE

We should say at the outset that when reasonable values are used for
various parameters in the calculation, the results reproduce the qualitative
features of the experimental observations. In order to determine which physical
parameters are critical for agreement with observations, we are engaged in
exercises in which ve change various parameters to see how they affect the
computed analyzing powers. At the same time wve considering some
quasi-classical models and hopefully we will include in these conceptually
simple models all of the physical elements which the DHBA exercises show are
required to reproduce the observed analyzing power patterns.




3:6-1 ve have illustrated some of the res: s of the;
vhlch were carried out with paramaters to maten cig ka data on Nickel. We
s Hex than our own for firat compar..ons becsuoe they cover
calcalbery [iuge Of excitation euergy and a bigger srcay in L values. The
qualitatively similar to the obser:-! ones., Figure 3.6-la

the value (solid line) and

: The point to be made is

exercises

the actual B2 distribution
includes enough L°s.
even L's vere used in
(dotted line).
those in Fig. 3.6-1a

transfer
1 states of definite spin

Figure 3.6-1c shows the calculated analyzing pover
proton energy lost in the scattering. Again the
the analyzing pover falling off slowly with
measured analyzing

the calculated ones. Some of this may be  due

to contributions of
processes which are neglected in our calculation.

two-step
It must be pointed out that altl

hough the calculated patterns
Power resemble those

of analyzing
observed, there

gnitude. The

ti-step scattering in the caleu
collective forn factor for the scattering.
T.  Tanura® has also been looking at this problen and
scatterings. Tamura and his co-workers fing
Little effect on Ay.
does reduce the

Since the analyzing powers are rathes
and since the angular distri
0(8) = o, exp(=8/8,) where 6, = 250 for che Osaka
angle andlyzing povers in tetms of a
the left and right scattering distri
example, corresponds to an an

T flat with angle at these b.

ack angles,
bution in (p,p°) falls rather ex;

ponentially, i.e.,
data, one can express the back
n angular displacement, A® = 20, A, between
butions. An analyzing power of §.20, gor
Bular shift of 10° between left and right curveq.
T the analyzing power; it is . often easiest.. co
discuss the observation in terms of such an angle shift.

These considerations call attention to the point that a plot of 4
displays analyzing povers in regions of very small cross.
those in regions of large cross-section.
average analyzing povers, a mor
to plot oA vs. 6.

vs.. g

Yy to display analyzing power s
is replotted in thig

The calculation shown in Fig. 3.6-1c
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Fig. 3.63:
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Fig. 3.6-2: Q-value dependence of Ay solid lme for Q =
22 MeV and dot-dash line Q = 30

Analyzing powers calculated
th DWBA for 5 different incoming

es from the top

8 Mev), 24 MeV (Q =

), and 50 MeV (Q

For 40 and 50 MeV the optical po-

1 adopted was that

14 MeV, fine dotted

= 18 MeV

and

Flobal potential® wvas used for the domey/
18, 24, and 30 MeV calculations.

of Menet ~30MeV
ti's B /L




vay in Fig. 3.6-2.
increases, the
and that the rela
features can
scattering, but
to the physt

It 15 seen that as ‘the inelasticfty of the
oL 8la WiChioA goas itron minus it plusfaoves o 1a
ELve #momtiofiirositive analysing ipoveh farle, oo hese
be reproduced by some very simple oclassical models for the
vwe have yet to establish that these modely properly correspond
cal content of the DBA calculations which leq ¢, Fig. '3.6-2.

scattering
rger angle
£

It has not been as straightforward to deal with o
the Osaka daj

ur own 18 MeV data as with
ta because with 1

the analyzing power is ve
ok potmeable four \observationa, ‘which look somewhat

In any event the 18 MeV data differs fro
a longer angular region of nega

calculations reproduce this tre

Ty oscillatory and does

more like those calculated

m the 65 MeV data in having

tive analyzing pover at forvard angles. The DBy

nd as one decreases the incident energy.

The fact that our (p,p-)
o

and  (p,&) data show simi
patterns and that the

lar analyzing pover
« patterns like their (p,p”)
ance channel effects, rather than exit: chammel. op
Snteraccdon | R Edctd MIuHy b4 cofitrol 1nsltins  (Eepacns analyzing power in this
ng our calculational exercises to study the
relacive imporEdicel ST CpBiSThe: *etvasEs et BRE et stages of the
reaction. Our overall goal is to
reasonable assumptions a decent account of analyzing
Slacnastons picat-Lumns e e besn Hilbed, famcasungiis, 1o ctooe ip by
dtscuasions il thill.5* GBlate oWk AL MITOE Cand N, Seh I
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7.  Higher

/2 States in 29 and 251

E.G. Adelberger, C.D.

Hoyle, and P.G. Tkossi

The reduced elastic proton widths of the
States in 4n + 1T, =
mass number.l The inform

ground state analogs of T=3/2
ple dependence on the
2 states is limited.

~1/2 nuelei follow a strikingly sim
ation on the widths of excited T=3/:




T-% STATES IN "

1000
3 ™
100~ i
=
K] A
Fig. 3.7-1: Reduced elastic proton  ws %’
widths of T=3/2 states in L7F a
a function of excitation energies. ot il
Data taken from Ref. 2. "
%
[}
oy i b e
12 14
Ey (MeV)

In the case of 17F where several T=3/2 excited states have been located the
available evidence indicates that the reduced widths increase exponentially with
the excitation energy of the states (Fig. 3.7-1).2,3 Whether this behavior is
universal (perha of isospin with the level
denaity of To1/2 levels) or accldental necds to be ‘tested in other muclei.
Another interesting question that may be ansvered by a systematic study of
excited T=3/2 states is the unexplained A=8 periodicity observed in the reduced
CLOEE D T me A R D R T TR
ground state of the target nuclei one may expect that on the average it wi
persist in the elastic proton widths of the excited T=3/2 states. Systema:ic
studies of higher T=3/2 states may thus provide useful information on
mechanism responsible for the isospin forbidden widths.

s an extension of our proton scattering experiments we have searched for
excited T=3/2 states in 25A1 and 29P. Ve have located resonances which are good
candidates for the second excited T=3/2 states in both nuclei

A.  The Second Excited T=3/2 State in 2%l

This state is the analog of the JW = 1/2% E,
2 Ne, In 2551 the corresponding state occurs at an excitation energy of 0.82
MeV.4 Based on these excitation energies and the location of the lower T=3/2
states in we expect the T=3/2, 1/2* state in 2Al to be located at ~8.9
MeV. We have searched in 1.4 keV steps using a 10 pg/cm? thick target in the
incident proton range of 6.8 to 7.3 MeV (Ey = 8.8-9.3 MeV).

resonance consistent with J7 - l/z* observed occurs at Ej
3.7-2) which corresponds to Ey =(8.853 + 0.005) MeV.

= 1.07 MeV excited state of

The only narrow
= 6.857 MeV (see Fig.
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Fig. 3.7-2: Excitation functions for the 24Mg(p,po) and 24mg (p,p1) reaction in
2551,

the region of the second excited T=3/2 state in
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Fig. 3.7-3: Fine step excitation function over the 8.853 MeV state.

the presence

Note that

resonance effect at all angles indicating J7=1/2%.
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Fig. 3.7-4: Cross section excitation functions for the 2851 (p,p) reaction in
the energy region of the second excited T=3/2 state,
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Fig. 3.7-5: Selected excitation functions over the 10.19 MeV state.



We measured excitation functions in ~0.5 ey Steps over this resonance
(Fig.  3.7-3).  The observed width is ~4 keV, a major part of which may be due
+2,the bean ensrgy, aildEAT QRN bE &l 0l e Yo dca Do R s P, and pp
branch. Mo resonance effects were observed in the energetically available py
and py channels.

The ratios of Ao/Vo is approximately constant at all angles, indicating
9N = 1/2*.  Analysis of these data using procedures similar to those of Ref.
will be undertaken soon.

/2 State in 29p

B.  The Second Excited T=:

a spin of 7/2% and lies 1.75 Mev above
the grownd state. Thus in 29 we expect the 7/2* 103/ analog to occur around
Ex = 10.13 MeV. In a proton the resonance
iy coxpected abiEpiSi].65 MeV. Waimeasured excitation funciins oo ics Lo steps

D=L 7:0 andik, = 7.8 Mavi(pig. | 3.750) % THaskvarger for
these measurements was 30 pe/cn? thick in 2851, We find that the resonance at
Ep = 7.701 MeV (E, = 10.19 MeV) could be the analog of the T=3/2 7/2* state.
faconance effEcts ward Wobsarved dfn|dil|che lpraton cHathels seworel at angles
Iinging batyaenlsa endTsOWCRIBIONS 70n) | mhaintut sk tirence. Soiol in the
clastic scattering data at 909 indicates positive parity. The absence of a

P4) and the abrupt change in resonance
Shape between 1150 and 140° 15 conststent with (o4, Nevertheless, cross section
data with betteriienersy resolution ;s (thimmer| targat) | oot analyzing pover
chasrred mgen ol oceatariin IEEders €0} maka. n |\ fira mpin seotima s o
ebserved width of 4 keV could be due mainly to the experimenres resolution.

The analog of this state in 2941 pas

Ve will be repeating our messurements of excitation funetion | over this
derisy ich thimer ‘BrgetsMlliordiel to | tnyedtigate this resonhoce ik nore
detail. Since the level structure of 2941 up to excitation $geraies of 3.6 Mev
s vell known the study of even higher T=3/2 states 1 D3 Cood prove very
frufeful in establishing the systematics of 1sospin forbidden wigite.

References
Phys. A274, 1 (1976), Phys. Rev. Letr. 36,

1. P.G. Tkossi et al., Nucl.
1357 (1976).

2. B.M. Skwiersky, C.H.

3. F. Hinterberger et al., Nucl. Phys.

4 P " Van |

Baglin and D.P. Parker, Phys. Rev. C9, 91 (1974).
A263, 460 (1976).
Endt and G." Van Der Leun, Nucl. Phys. A310, 1 (1978).




Gamna Ray Spectrum of the 3* pecat

of 24a1

E.G. Adelberger and C.D. Hoyle

We have remeasured th p* decay of 24Al to search for weak branches to high
excitation energies in 24yg. The motivation is to search for transitions which
may have large Gamow-Teller matrix elements but have too small branching
(due to small phase space) to have been detected in previous work.
produced in the reaction 2%Mg(p,n)2%Al using 18 MeV protons. A
was used to shuttle a natural Mg target from a bombardment station in cave 1
cave 2 where the counting was dome. Since the half-l1ife of the 241
state is 2.07 sec, the irradiation time of

counting time was ~5.5 se
detected with

ground
the target was ~4 sec and the
of the rabbit. The gamma rays were
an ORTEC Model 8101-1521W Ge(Li) detector. Between the 2°Al and
the Ge(Li) detector was a 1-7/8" lucite absorber to stop the positrons with a
minimun of bremsstrahlung due to the low Z of lucite. A lead absorber 3/16"
thick was positioned between the Ge(Li) and the lucite to attenuate low energy
gamnas.

The high energy portions of two gamma ray spectra are shown in Fig.
Spectrun accumulated with 0.5 second delay between the end of the
irradiation of the target and the beginning of each counting period. Therefore,
this spectrum does contain significant yield of gamma ray lines from the
decay of the 24A1M isomer (half life = 129 ms) at 0.44 MeV. For spectrum 2, the
counting began as soon as the rabbit was in the counting position (~100 ms after
irradiation stopped). This spectrum contains the lines from the decay of the
isomer. Identification of the lines is summarized in Table 3.8-1.

19 were previously identified, and are in

3.8-1.

good agreement with this work. Peaks
21 and 22 result fromapreviously identified decay of the isomer. Peak 20 is
new with this work.

Table 3.8-1.

Gamma ray lines from the B+ decay of 2%A1. An * indicates
a line that results from the decay of the 24A1® isomer.

Peak No. Ej (keV) Assignment § yield from
Ej - Eg in 2%4g 2481 decay (%)

18 7068 8436 -> 1368.6 a
19 7930 9298 -> 1368.6 1.14
20 9442 10824 -> 1368.6 0.16
21% 8598 9966 -> 1368.6
20+ 9958 9966 -> 0

Reference

1

Detraz, C., Nuclear Physics, Al88, 513 (1972).




Spectrum  No. |

Spectrum  No. 2

Channel Number
Fig. 3.8-1: Gamma ray spectrum of the g* decay of 24A1. The primed and double
prined peaks are single and double escape peaks, Tespectively. r
lines are identified in Table 3.8-1.
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RADIATIVE CAPTURE

1. The 126(p,#,)13N Reaction

Unique Determination of the Amplitude and Phase for the Population
of the Giant-Dipole Resonance in the Reaction 12C(ppo1,Jo) ! N |

nover

E.C. Adelberger, P.G. Tkossi, K.T. Lesko, and K.
capture 1is dominated by the giant
angular distributions in

At low energles radiative nucleon
the structure .of

electric-dipole resonance (GDR). Measurements of
polarized-proton-capture reactions provide a useful probe of
the GDR. However, existing polarized-proton-capture studies do not uniquely ]
deternine the reaction amplitudes. Even for the most favorable spin sequences,
there is an inherent two-fold ambiguity!™ which arises from the quadratic

nature of the equations relating the amplitudes to the data. We have, for

first time, resolved the two-fold ambiguity in radiative capture by studying the
interference between the EI "background” and a known M1 resonance. Our results

ave in agreement with reaction-model calculations and with simple arguments

based on the shell model.

The two-fold s AE e LD reaction®,5 ‘Zc(ppﬂ IO 1s
illustrated in Fig. 4.1.A-1. The GDR region extends from E, ~ 8 to 30 MeV.
(Ppo1sJo) angular T A R AR Ep = 1B-17" sev. o
the simple spin sequence this reaction, only incoming s- and d-wave
amplitudes (with j = 1/2 and 3/2, resp&ttlvely) contzabata o B1 'cagricasmia
shell model predicts that d-waves should dominate. Angular distribution
measurements can be fitted equally well with two solutions (Fig. &4.1.A-1), one
of which is predominantly d-vave (dy) and the other predominantly s-wave (sy)

We studied the interference between the Ej = 14.23 MeV MI(E2) T = 3/2
resonance and the EL GDR. This T = 3/2 resonance’is ideal for our purpose since
all its smponant properties (J", width, strength, mixing ratio, etc.) are well
kaown. dominant MI-El interference effects should appear in the
R Aj and B) in the Legendre expansions of the cross section and
analyzing pover, respectively. Hejce we chgse to measure excitation curves at
90° with a polarized beam, and at 55° and 125° with an unpolarized beam, where

1/2[0(55°) + 6(125°)] = A - 0-39 Ay Oporay /41 4

1/2(0(55%) - 0(125°)] = 0.57 Ay - 0.3945

and
OA(90°) = [04(90°) - 6+(90°)]/2P = By - 1.5 By .
Excitation-function data were measured using a
target. larized-bean data were taken with
(® ~ 0.7) from the

spectrometer at 90° and ~50 nA of polarized proton beam
7
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Fig. 4.1.A-1:  Upper part: Oegegy

for MC(ppo1,Y) for E, = ‘5
MeV (Refs. 4 and 5). Lober part:
The d-s phase difference and the
relative d-wave intensity for
Ep = 10-17 MeV (Ref. 5 plus the
present work for 14 < E, < 15
MeV). The points and 'crosses
correspond to the two different
solutions.  The solid lines are
DSD calculations described in
Ref. 5.
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Fig. 4.1.A-2: On-resonance Y-ray
spectra for the large Nal
spectrometer at 55° (bottom) |
and the 7.5 ecm x 7.5 NaI




BEs . oc panineton oo van oo GrasccacSlerst ol e it etet el
(taken with ~350 nA of beam) were measured simultaneously at 55° and 125° in
B i rsods fitraets from small accelerator energy shifts. The large
Nal spectrometer was placed at 55° and a 7.5-cm x 7.5-cm Nal detector at 125°.
Representative on-resonance spectra are shown in  Fig. 1.A2.  The
efficiencies of the two detectors were determined from thick-target
Tesonance-yield measurements.

Our resonance measurements for the sum of the cross sections 550
125%, the 90° analyzing power GA(90°), and the difference of the cross sections
at 55° and 125° are shown in Fig. 4.1.A-3. We fitted these results with a
Breit-Wigner resonance (whose width, strength, and E2/ML mixing ratio are given

1in Ref. 6) with El and E2 amplitud £roi
model-independent  analysis of r  off-resonance polarized-beam angular
distributions. The (asymetric) energy-resolu\:)on function and the resonance

energy were determined from the shapes of o(90%) and o(55°) + 0(125°). 0A(90°%)
vas then fitted with the only free parameter being the phase of the M1/E2
resonance relative to the El background. The two bands in Fig. 4.1.A-3
indicate the range of dy and s, solutions consistent with the off-resonance
angular distributions at E = 14.00, 14.17, 14.39, and 14.49 MeV. Then the
corresponding bands for the dlfference of the cross sections at 55° and 1250
Vera, calculated with no free pevamstards . These bands are iaiensivive ro the E2
parame(ers, uhich serve only to deternine the off-resonance values for oA(90°)
and 5°) - 0(125°). The results clearly select and dy solution as the
p‘\ysically ccrrec[ one.

Our_experiment has proven that the dy El solution is the correct ome at
E, = 14.23 MeV. Furthermore, it is very prohable that d-wave capture dominates
over the entire region from E, = 10 to 17 MeV because the two solutions are well
separated and nearly indepehdent of energy in this region (see Fig. 4.1.A-1).
Although (ppoq.J) results are not available for ‘the region 17 <, <30 Mev

the El absorption strength ues, the neasuredk az(= Az/AO)
suggests e e capture amplitudes here are similar to those in
lover-energy region.

More importantly the 12C(pyo1,)o) data are very similar to other lp-shell
capture results such as 14C(ppo1,Jo) (Ref. 7) and 13N(pyo1,),) (Refs. 1 and 3)
over similar ranges of E, (enompassing the GDR in these'latter cases). Thus it
is reasomable to infef that d-wave dominance is a common feature of (p,Jo)
reactions in the upper 1p shell.

These results provide a basic test of reaction-model calculations such as
the direct-semidirect (DSD) model3»7 (see Fig. 4.1.A-1) and the doorway-state
model® which predict in the above cases that d-wave capture should dominate over
s-vave capture, in agreement with our experiment. However, one does not need a
detailed calculation to understand the observed d-wave dominance. It follows
from the basic argument that dipole matrix elements are largest when the
initial- and final-state wavefunctions have the same number of nodes. Hence the
GDR is expected? to be dominated by nucleon excitations of the form nf -> n(-
where nf and n"(” are occupied and unoccupied shell-model orbits, respectively
(n is the principal quantun number, ( is the orbital angular momentum) and
n” =nand (* = ( + 1. The same argument leads one to expect that the GDR
amplitudes in the p, channel should be dominated by (< o (4 1 (and a = ) vies
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the target nucleus is related to the final nucleus by the removal of a
from orbital nf.

capture should dominate in the GDR.

nucleon

Since n = 1 and ( = 1 for lp-shell nuclei, d-wave radiative

Our results also provide restrictions on the E2 contributions to the
reaction 12C(pyo1,Jo)- In Ref. 5 it is shown that 1f one can meglect
background M1 contributions, then small E2 cross sections S 0.5 b (roughly
consistent with calculated direct E2 capture) are derived from fits to the
angular distribution data. However, at some energies much larger E2 cross
sections are also compatible with the data. These solutions with large E2 cross
sections have El amplitudes with large s/d ratios (~0.7). If the El amplitudes
are roughly emergy independent, then our resonance data reject these large E2
solutions.

More extensive measurements could
determination of the

Also, this technique can (and should) be applied to
Tesonances with known multipolarity occur at sufficiently high excitation
energies to be used for unique of gi and
phases.

d, in principle, to a unique
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Measurement of 0(900) ang 4y(90%) for the 12c(p,¥,) Reaction From
Ep = 9-14 Mev

E.G. Adelberger, P.G. Ikossi, K.T.

Lesko, and K.A. Snover
We measured 90° cross sections a
reaction in 100 keV steps in the excitation energy range
The Barsartwasifont 1370% fg/en? Gt s Ve g foil. The pu
measurements was to search for E2 and M1 strength by looking for
the 90° analyzing power.

nd analyzing powers for the 120(p,Jq)13N
e of 10.3 to 14.9 MeV.

rpose of the
resonances in

In 13¢, the mirror n 11.1 MeV, 1/2 state and the E, = 11.8
MeV 3/2° state are kn the ground state of 13¢ via M1
transitions. One would expect the mirror states in L3N to decay in a similar
manner . e same in 13N, states which could decay to the
ground state via an M1 tramsition = 10.83;  (1/27), E, = 11.74 MeV;
3/27, T = (530 + 80) keV and E (3/27) > = (380 + 50) kev.l

Our analyzing pover excitation function (Fig. 4.1.5-1) shows no pronounced
structure which would unambiguously establish the
resonance. However, nea; =

presence of an M1 or E2
x = 111 and 11.8 MeV the analyzing powers show  some
evidence of structure which should ba further tuvestipotey.  cor broad states of
the sort listed above, a measurement of Ay(90°) as a function of energy may not
be sufficient to demonstrate ti Tesence of M1/E2 strength. Detailed
measurements of polarized beam angular distributi

is instructive to note the absence of resonance
structure in Ag(%") near the minima in 6(900) af nd 13.1 MeV. The
of

t Ep = 10.6 and 13.

cocructive luterference effects in §(90) fudicates clearly that
these two resonances are due to j-decays with the same parity as the dominant
nultipole in the background, i.e., El.

» a strong resonance effect
In Ay(90) is not possible. This 1s consistent with our duts.
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Snover

2. Further Studies of M1 ang E2 Resonances in the 13N(p, #4160 Reaction
P. Tkossi, T. Lesko, and K.

Following our discoveryl of ground-state 1 1
Sesousnces atREL = 161> 70405 ~18.8 MeV in 160, ghel1 godel calculations
yere performed? which are consistent Mo mseulca landl radice subscantiii
fragnented M1 strength at energles up to ~28 ey, Consequently ve have extended
our search for ground-state M) strength in the 15y(p J0)'% “reaction to both
higher and lower bonbardlng energies.

decays from 1+, T =

Ve have measured A(900) and (900

) in 100 keV steps from Ep o~ 19716 Mey
using a gas cell with 3 75 Pinch Ni entrance foil and 10" of 13y, pressure.
Delatively snall analyzing powerp were founy in this energy region: ar no
energies was  A(900) > 0.7

> 2nd at most emergies  A(90°) was less than 0.05.
P e etont o2 B st el canc ) magit e o
consistent with
tions were measured at Ej = 11.3, 11.10, 9.73, 9.40,
> for which good fits (Y2 .

Thus our measurements failed
structure in A(900),

1) could be obtained assuming a
and E2 amplitudes. Hence our

known

ances < 1 MeV. More importantly, we find no evidence for a

e R T S s L , in agreement with an

earlier electron scattering experiment.4 The data shown nesr this energy for

S0 1n Flg Mz i e e e T Proton energy resolution (target
thickness) of 20 and 40 We obtain T

<1 eV for a'resonance near this
°(p,),) experinentd vhich obtained
e . Felarized (p,J;) angular distribution
meaSured with 20% of 15N, gas pressure, corresponding to 170-3:
{8, fhe target. These data points are plosteq oo o -

er8Y, compared to a previous poor statistich

50 keV energy loss
- A (entrance foil) -

onset of interesting structure
MeV region, most likely due to
effect in a3). A clear understanding of

In the odd Legendre coefficients in the B = |

energy dependence of Ehe
hich is in progress.
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3. Gamma Decay of the

21 MeV 1%, T = 1 Level 1n 40g,

Adelberger, p.G. Ikossi, W. Rosch, and K.a Snover
Until recently very little vas known about M1
nuclei. Following =

£ 16

decays in doubly magic N = 2z
our discovery!
state

°f substantial Wl decay strength to cre ground
0 a definitive M1 assigment?:3 vas mage o the well-knoun

10:32L =>0.0' MeV )-transicion 1n Doy using inelastic

This transition 1s v

ery strong: 1y
is stronger than tfe
to the ground state of

electron scattering.
» corresponding to B(M1) =
own M1 transition strengths

0-37 po2, uhich
of > 0.24 p2

Gois leveLis & vallVknown resonance dn' th
Ep = 2.063 Mev, with a quoted capture strength Toly/T ="10.3% 1.7 ev.4 This
Iésonance strength has been  used ?paccandard upon which other strength
Sasurenence) MnERIS ‘mass regibu dre based,4 anq 14 clearly incompatible with
the radiative width quoted above. We have reneasured this resonance strength
along with the relative J-decay branches i excited final states of 40ca,

3%(p, 1)4%a reaction at

We used a target of

140 pg/cn? of natural potassium iodide KI evaporated
e (ST IR pTabinun baklngs Cnoa” hics a thi;
evaporated. Ganma rays were detecte

layer of gold had been
Ce(Li) detector located at 4 900 .
currents were < 200 nA.

in a thin plece of
39K(p, o) obtained in the Nof.
Tesponse, a flat top along with some
overshoot. The top half of Fig.
for Jo, uhich yields a, = 0.09% g, g.
Ey = 15.1 MeV from an earlier 1263y, kraonancs yield meas
ol aiho1tes strength of Ref. 5

15.1 MeV was ta

4.3-1 shows

ency between 4.4 an
1vity to obtain the stopping

» e obtain from the
the  capture strength

-4 and 10.3 MeV vere deter
Nal yields in the 15y(

efficiencies determined f; C(p,)) measurement
discussed “above’ ‘The small anisotropy obeerved o the Jo transition indicates
that the 1% substates are nearly equally populated, expected  for
predominantly s-wave capture.  Hence the branching ratios ‘for excited state

rom
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decays may be reliably estinated from our 900 data. Decays were observed from
e Eeeonaa eIRE N OMNEY RV ke o8 lo0s MeV. and 3.905 MeV -> 0.0
MeV, from which we deduced dec, 1 ative to the R -> 0.0 Mev J,
intensity) of 0.038 + 0.004 a, + 0.009 for R -> 3.352 (05%) and
R -> 3.905 (2%) respectively. Th Strengths — correspond to  B(MI,
1* - 0*)/B(MI, 1+ -3 o *) = 0.45 £ 0.03 and BOML, 1% > 2, %y/pu1, 1+ -3 0+
= 0.16 +0.02, respectively (we assume E2/M1 = 0 for 1t -y 2

It is remarkable that
excited 0%

the reduced B(H1) branching ratios for decays to  the
the three I+
i

state relative to the 0;* ground state are equal within errors for
states studied in doubly magic N = z guclei (the 16.22 and 17.14
» Listateskinii0o anditha 1013201t 1\ ctare. 1o i ca).

References

1. K.A. Ssnover, P.G.
117 (1979).

W. Gross, D. Meuer, A. Richter, E. Spamer, 0.

Knupfer, Phys. Letc. 848, 296 (1979).

3. P. Burt et al.

et al., contributed paper to Internat.
Physics with EL

[roAsl and TA. gretuor;Pus: eyl fere. 43,
2.

Titze, and .

Conf. on Nuclear
ectromagnetic Interactions, Mainz, Gerr

many, June 1979.
4. See, e.g., PM. Ende, Atomie and Neclear Data Tables 23, 3 (1979)
and references therein. i
+  R.E. Marrs, E.G.

Adelberger, and K.A.

61 (1977).

6-  RE. Marrs, Ph.D. Thests, University of Washington, unpublished.
t

- C.F. Willlamson, J.P. Boujot and J. Picard, Rapport CEA-R3042,
Comnissariat e 1”energie atomic.

Snover, Phys. Rev. Cl6,

S S dots

Proton Capture to Excited States in 16o
—:Proton Capture to Excited States in 6o

We have measured excitation functions of the
bombardnent of protons in the

J-rays resulting from
N by
identifying M1 decays to the first (0F)

energy range 2.5-9.5 MeV with emphasis on
and second (37) excited states in 160,
8 ML - Decay) off the i TINpart LT rala orace 't 15,98 Hor ) the 3=

State at 18.03 Mev

E.G. Adelberger, P.G. Tkossi, and K

Snover

The 4= 7=1 state in 160 ac 18.98 Mev is
wavefunction is believed to be predominantl
the stremgth of its J-decay to the 3-
information on the purity of the 4=, T =
studied this state as well a: 3 state at 18.03 Mev

+ b entrance channel. Both of these states vere
resonances.1,2 Ina (p,yy) coincidence experiment

particularly interesting since its
¥ (payail, dsgn)s idimeasuranaar of
(6.13 MeV) state yields valuable
We have
s resonances in the
previously seen as (p,J;2)

it was “shown that = the
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lecay to the 3= state. Using the (d,t) reaction
to the 18.98 MeV state and JV = 3™ to the 18.03
using coincidence techniques, ‘measured the

observed resonance is due to a
Mairle et
MeV state. Th

particle decays of these states.

In Fig. 4.4.A-1 ve present excitation functions measured at 90° usige
polarized protons. The data below 7.4 MeV in this figure were taken with a Loy
(99.9% purity) gas target (0.3 mg/cm2) with Ni entrance (0.6 /en?) and  exit
foils. At higher energies a thicker LN target (0.64 mg/cn®) and thicker N
foils (0.9 mg/cm?) were used. high emergy J-rays following the proton
capture were detected with the 26 x 24 cm Nal spectrometer with anticoincidence
shield. These spectra were used to obtain information of the Jo and Jip decays.
The J3; transitions occur in an emergy range where there were also J-rays from
the Nifoil. Additional data on the E, = 18.98 MeV and E. = 18.03 MeV
resonances were later taken using an lN-emriched (99%) melamine target
(C3HgloNg ~ 0.29 mg/cu?). The spectra obtained with the melamine targets
alloved the Jy4 . The lover emergy part of the
spectrun prescaled by a factor of ten and without the anticoincidence
requirement was digitized at the same time as the mormal high energy portion.
This provided information on the J-rays from the &y, pyp, and py exit chanmels.

The areas were extracted by performing lineshape fits to the data. The
lineshapes vere empirically deduced from the data. No background subtraction

was mecessary for the capture j-rays. For the reaction J-ray spectra an
empirical a nergies below the P12
shown in

threshold was used.
Fig. 4.4.A-2.

In all the fits the relative separation of the observed lines was fixed by
the known enmergy differences of the final states. The width of the lineshape
for the capture J-rays was assumed to increase linearly with energy whereas for
the reaction J-rays the width was kept constant. The absolute normalization (
10%) of the data was deduced by normalizing the Jo, yields to our previously
measured> absolute cross-section 7.3 MeV. A 3% per MeV correction to the
data vas performed to account for the change in the accept efficlency as a
function of energy. The agreement between our present Jo data and those of Ref.
o ieivery dood |- ThatJsmandyji2-ata are also in good agleement with those of
Refs. ] 83047 2." 18 “Obtain the normalization of the reaction J-rays we used
infornation on the relative efficiency of the Nal at 4.4 and 15.1 MeV for the
reject spectra extracted from Ref. 6. This procedure vas followed

and melamine target data. The resulting
-~ 6.3 and Ep ~ 7.3 are
C(p.p)) s small at

t
Typical spectra with the corresponding fits are

accept and
independently for the gas—cell
cross-section for the 4.4 MeV J-rays thus obtained at E,
in good agreement indicating that the contribution from 2
these energies. However the off resonance cross-sections obtained for the 5.3
MeV J-rays for Ep ~ 7.3 MeV differ in the melamine and the gas cell data by
~20%. Resonance strengths deduced from the melamine and the gas cell data are
consistent, indicating the higher yield of 5.3 MeV J-rays in the gas cell data
is due to some contaminant background near 5.3 MeV which is present in the
gas-cell data and absent in the melamine data. All data used to determine
resonance strengths were internally consistent, and have a + 10% uncertainty in
absolute normalization.
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Fig. 4.4.A-1: Excitation functions for the ”N(p,Yv)"U, 15N(p,12) %0
(Ex = 6.05, 6.13 MeV), '*N(p,a1Y)2C, *N(p,p17)L°N, and 1N (p, 1) ! oN

measured using a gas target.
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Fig. 4.4.A-2:  Typical spectra ob-

tained with a melamine target.
The solid lines are the result
of a line shape fit used in the
area extraction.
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Our more detailed excitation function over the 18.95 Mev and 18.03
SLasse axe stovnilin (Ffss. 4.4 fghia ~4, respectively.
Eneaduce | ovenuliviens) redgiane v little
900 mance-background interference. Although uhe Presence
90° would be a definite indicatign that these states deca
ranaitions, fits absencaidoes not excs e this possibility.
uncertalnty in the nature of the background crdss-section. T on,

the (off-resonance )1, cross-gectics fo,Jus,Primarily to Bl decays to the.3-
state then it may contain Sontributions|erom gt Wigh TL0 B initi,
Ths ' for ' a aiiitava: teis ey by ds/p and g7/, entrance partial
obtains 10 terms contributing to b1, so that strong cancellations age

Mev
The J1, analyzing
evidence ~‘of  MI-E1
£ analyzing povers at

wvaves, one
possible.
Our angular distribution measurements for J12 mear the 18.03 ey

(Fig.  4.4.a-5) yie1q 82 (resomance) = 0.55 4 0.05 ang

state
vith zero. This 1s consiseent

above suggests the presence
d5/2/87/2 ~ 0.9

;1. The measured a, given
d5/2 and g7/, entrance channels, with

identification of this
level populated in the direct reactigy studies of Refs. 3
nd 4. Similarly, for the E, = 18.98 Moy ue find a = -0.284 + 0.114 and agatn
1301083;,0 comalstent wibh Zovo, indicating pere dipole decay. The theoretical
Linite for the dipole decay of a'J o 4 resonance are -0.304 < ay < =-0.357 and
for Jui=l 2Cot0TrRRENE O 0Vt nce our measurement favors a J =
assignnent, in agreement with Ref. 1. Agaln the negative parity sseignment
follows from Ref.

results are sumsrized 1in Table 44,401 T
strength measurements
5 the uncertainty in the absolute widthe 1s
branching ratios.
A shell model calculation of Millener assuming a 1p-lh basis for ¢ E
gcates gives Iy, =10 eV for the 4-, 1

he
g > 3,0 decay strength, in agreement with
the measured vaife.
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Table 4.4-1: Properties

E = 6.3140.00
z +

@

(1.105 £ 0.26) kev

= (4.25 £1.00) kev

(196 +0.27) o

(0.31 4 0.13) ov

E = 7.3140.01
»

@
»">,
b

o,
iy

< (0066 0.021) kev.

rr
oy,

0.85 010 ev.

T
Y34
oo e

(a) Present results
Ref. 3

ules
(@ From cosbining (a) and (b)

1
of High Spin "Particle-Hole" States in 160

I Jr = 0.41 £ 0.15
it

T, /T = 0.46 £0.15
%
©

a, (1)) = 0.5 £ 0.06

a, () = 083 % 0.01

a, (a)) = 041 £ 0.15

B -18.98 I -4
®
T, /T =0.63£0.08
12

»

T /T =012 £0.05
®

©

) = ~0.284 £ 0.114

o

. = 0.729 + 0.001
, (py) = 0719 £ 0.0

@

cmal e

I=(9.223.7) keV

r= 27 £1.2) kev
Py

- (10.6 £ 4.5) kev

= (48£1.9) eV
N2

T, = (076 £0.39) &v
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(8.2£3.8) kev

L= (aE30) e
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ry <03 e

T 5.2£2.3) kev
P12

T, % (0.5 £0.26) kev
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M1 J-Decay of the 1+

16:22 and 17.14 T=1 States to ¢  Exeited o+ (6.05
MeV) Final State in 169
E-G. Adelberger, P.G. Tkosst, and K.A. Snover

With the use of LN-enriched so11d melamine targets as described in the
previous section, we were able to obtain reliable measurements of the J1p and
Y34 cross-sections from the 1on(p, s reaction down to E, = 4 MeV. These results
e iE: | 4.4.B-1. ‘Below this energy the J-rays qu
secondary decays involving the 8
n

the spectra and
the cross-sect: for the data described in
Section 4.4.A.

Our data overlap those of Ba
energy region above 6 MeV is r
lower energy data.

relative ours demonstrates that the data of Ref,
background contributions below 6 Mev.

rnett et al.l Although the agreement in the
easonable ve observe very poor agreement in the
Recenergies loffthe fiBREE 1. cross sections
1 suffer from strong

The most interesting feature of the
4.4.B-1 1is the observed deca;
6.05 0% first excited state of
e 90° over these two re;
measured angular distribution

excitation functions shown in Fig.
Yo the 1* states at 16.22 and 17.14 Mev2 to tre
©0. We have measured excitation functions at
sonances in ~ 5 keV steps (Fig 4.4.3-2).
S on and off the

resonance angular distributions,

%o, quite large (a; ~ 0.2 +
0-3 for the 17.14 resonance and ~0.5'+ 0.3 for the 16 53 ‘.

resonance strength of the J;j decays rules out a significant c
J, which would be M2 or E3. In extractin

ay coefficient The present data combined with
those of Ref. 2 result in improved value§ for the:

0.061 and 0.30 + 0.

761 +
-14 eV resonances, respectively.
e ioheolute sornalization of these dsta was deternined by matching  the
yields at eV, taken at the same time, to the absolute cross-sections o3
EeE D Eron thia | Yoionance | avess Fig.  4.4.B2 we obtain
So§THoT 51277 % 034 and Tyly /T = 0.34 £ 0.05 keV for the 16,22 Hev sens
and rﬁ"‘ﬁ/r = 4.12 % 0.58 eV and T
state.

Fr’ /T =0.60 £ 0.08 eV for the 17.14 Mey
le ratio of radfative widehE 'ty /Ty 'is extracted more accurately fro
the ratio of the 90° resonance crnss—sec[!bn& For the 16.22 MeV state we get
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r B rs‘u = 0.110 # 0.007 correspondlnz to a ratio of B(MI, 11)/5(\-41 Jp) = 0.45 &
0. ‘The same ratios for the 17.14 MeV state are 0. 2017 and 0.55 +
0. Thue we observe that the ratio of reduced su‘eng[hs of the

04, respectively.
decay to the st excited O* state relative to the decay to the ground state is
aproximately the same for the 16.22 and 17.14 MeV initial states. It will be

interesting to see if theoretical calculations can reproduce this result.
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The S4Fe(x, o) 38Ni Reaction
K.J. Davis, P.G. Tkossi, and K.A. Snover

Introduction and Motivation

This experiment investigates the multipolarities of the gamma rays from the
Ni to the ground state. This is
accomplished by measyring the angular distribution of gamma rays produced in the

reaction S4Fe(a,),)OPNi for various alpha particle energies (8.9-12.3 MeV)
ce region. Our experiment

at Argonne National

a repeat of one performed by Meyer-Schutzmeister et
Laboratory.l

Our experiment s motivaced by an outstanding diserepancy, beteen the E2
cross. sections deduced by Meyer-Schutzmefster et al.l for the >'Pe(),xp) Ni and
the E2 strength observed in the 58Ni(ar,o ,05,) 7Fe reaction by Collins et al.?
(of the University ef Mzry):md). The Argonne group found that for excitation
energies between 13.5 a V'3.923 of the BISR is exhausted by this
reaction. The Mar: yldnd 1nvestizancn examines coincidences in the reaction
5831 (o, ,00) S4Fe _from which they deduce the E2 cross section that would be
observed in the 58Ni(J,o,)3“Fe reaction. They find that in the giant resonance
e the E2 contribution in the o, channel accounts for only ~1% of the

SR assuming both the resonance and the underlying continuum background decay
in the -x? channel with the same probability. Furthermore, they s an
of 3% of the BISR for x, decay of the giant E2 resonance by Worudtugi
contribution from the ackzround. In light of this discrepancy, we have
undertaken a remeasurement of the >4Fe(cx, 10)5% reaction.

B.  Experimental Methods and Results

Our measurements were made using a target of 97% isotopically pure SiFe.
The target thickness vas determined by measuring the energy loss of alpha
particles from an 25lam source passing through the target foil. The average
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The uncertaint in this

bean spot was found to be 1,27 4
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stopping power data
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Fig. 4.5-4: The E2 cross-section for

the' $°Mi(y,05)5*Fe . reaction as
determined from our data. The
dotted lines are based on the

data to larger energy ranges.
The energy regions 1-3 corres-
pond to our experiment,  the

and  the Maryland experiment
(Ref. 2), respectively.




C. Comparison with other Experiments

A comparison of the differential
results of Meyer-Schutzmeister et al.
experiments the resonances are Centere
of 0(90°) are somevhat different.

The average value of the rati
data is 0.066 & 0.006 compared vl
determined from the data of Meyer
Qifferences in angular distribut

problems with absolute normalization.

peak area extraction
resolution and lower ba

The dotted lines is
wider energy

our analysis resul!

ckground .

n Fig.

cross section at

are ~30% higher th
d at about the same e

o and error for og2/%El
%1 0.10 £ 0.05 (over the same energy w3
chutzmeister et al. Thi

T infornation and should be indel
This difference may be due
ting from better gamsa-ray enersy

This allows us to compare Our

*
Yhose of Meyer-Schutzmeister et al:
value of Sg2 = JE G(E)JE/EZ of the

We note that our value
is ~2% which is only

for the E2 con!
half of the va

3% result is somewhat larger than the
2 well below the 3% upper limit set by them.
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5. MEDIUM ENERGY

1. Continum Structure Studies and Total Inelastic Cross Sections for Low
Energy n* Nucleus Scattering
K. Aniol, D. Chiang, I. Halpern, and D. Storm*
Last yearl ve reported results of an an

Mev nt

gular distribution measurement of 67

scattering on calciun. This year we h

The emphasis last year was on understanding the location and strength of a
bump in the u spectrun of lighter elenents that appears at the by giant
Tosonance excitationhansrgyl SIbivesifound that.the angulerdistributiomor. the
M and Ca (where it was most clearly seen) required a considerable
admixture of glant dipole excitation. ' The description of these data.. and. . chel
analysis is given in the Ph.D. thesis of David Chiang.2
The more recent runs have emphasized the gross features
spectra, their angular distributions,
grosssections. It s hoped that such information at a nusber of energies. and
for a number of targets will allow us to deduce the relative probabilitics far
Scattering events and meson absorptions in nuclear matter as a function of  pion
energy.

of the inelastic
their general shapes and the integrated

Our data taking rate was improved in last s
fast PID requirement in the
electrons from clogging the data
confirmed that these harduare gates vere not cutting into the pion spectrun
data-sorting and analysis routine vas written for newly acquired . DEC-VAX
computer (see Sec. 10.12). It allows us to make various cuts and corrections
that are required to obtain pure, clean pion spectra (see also Ref.

unmer“s run by the addition of a
hardvare strobe

acquisition system.

)5
Figure 5.1-1 shous total inelastic cross sections as a function of angle
for a few targets. At both of the incident energies displayed in the flgure (67
and 85 MeV) the observed spectra were integrated

» for each point, from -23 ey
(the detector cutoff) to an energy 6 MeV below the elastic line. It was mot
possible, because of muon background, to measure forward of 400,

It may be true
nevertheless, that we have not missed much of the total inelastic cross section
since the angular distributions are so strongly backward peaked. There are a
nunber of factors that contribute to the backward peaking. First, the free
plon-nucleon cross section at these energies is backvard peaked. ~ Further,
because the pion is light one does mot get the large forward folding that one
gets vhen transforning p-nucleon collisions in a nucleus into the laboratory
frame. Finally the absorption of pions tends to make it less likely for forward
than for backward scattered pions to escape following nuclear collisions with
inpact parameters appreciably smaller than the radius.
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Fig. 5.1-1: Total +"  inelastic

mb/sr

eattering cross sections at
67 and 85 MeV. Only relative
errors are shown. There is an
overall normalization error of
about 7%.

s
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A

s g

mb/sr

Fig. 5.1-2: Total differencisl cross section for inelastic scattering
for 67 and 85 MeV

101



Ve are currently making estimates of expected cross-sections and angular
distributions on the basis of fiodels which consider all of the forementioned
factors as well as the effects of the nucleon momentum distribution and of Pauli
blocking. Some of the observable features of the cross-sections which we would
like to explain with a consistent model include the more conspicuous leveling
Off or saturation of cross-sections with large A at 85 MeV than at 67 MeV (Fig.
5.1-2) and the apparent backvard drift of the minimum in the angular
distributions with increasing A.

In a preliminary analysis of the 67 MeV data,? we find that the A
dependence of the total 1" inelastic cross-sections can be accounted for if, on
the average, it is twice as likely for a pion to be absorbed in interactions

for the pion to be simply scattered. This analysis is based on a comparison of
the enmergy and angle integrated imelastic cross-section and the total reaction
cross-section.

Figure 5.1-3a shows some typical spectra in a heavier target. It is
interesting to note that at forward angles the spectra are rather flat with
energy whereas at backvard angles, the spectrun has a positive slope as
function of outgoing pion emergy. This is not how the inelastic spectra of
protons, o particles and other well-studied strongly interacting projectiles
behave. They have a negative slope. A good part of this negative slope is
generally attributed to the effects of multiple scattering. In (p,p') and
(,x') ome expects a larger ratio of multiple to single scattering events at
backward than at forward angles and multiply-scattered projectiles tend to
emerge with less energy than those that are singly scattered. This raises the
possibility that the opposite spectral shape differences, fore and aft, which

e observes for the pions are also due in part to multiple scattering. Because
of the strong backvard tendency in w-nucleon scattering, it would be at the
forward angles that the multiple/single ratio would be higher than average and
where one would therefore expect relatively more scatterings with large energy

A curious feature of the backward spectra is their striking similarity in
shape and magnitude (Figure 5.1-3b) at 67 and 85 MeV when d20/d0 dE is expressed
in terms of outgoing pion energy.
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2 Multiplicities at Medium Energies

I. Halpern
reasonable values for photon  absorption
cross-sections at medium emergies have become available. The reason that it has
been difficult to measure so fundamental a quantity is that the machines which
produced high emergy photons, generally made them with continuous
(bremsstrahlung) spectra. This feature requires subtractive techniques to
determine cross-sections at a given energy. These techniques are unfortunately
limited by the fact that medium energy photon cross-sections are significantly
smaller than those in the lower-lying giant resonance region.

It is only recemtly that

With the advent of monochromator techniques, it has become possible to
measure some cross-sections up to 140 MeV with substantial precision.l This work
is leading to a revival of interest in the processes by which medium energy
photons are absorbed, a field that has been somewhat dormant for lack of useful
experimental material.

The recent measurements at Saclayl identify absorptions as events where one
or more neutrons are detected from a nuclear interaction. One makes the very
reasonable assumption that, for the heavier nuclei for which the method applies,

ot fieis: Sonabiu F e e ) S hxgh energy photon absorbed. In the
course of counting the events whs one more neutrons are emitted to
determine an absorption cross-: sec(ion. one obtains a neutron multiplicity

information

We have been looking into the problem of extracting

distribution.
measurements of these measured

bout the absorption process from the
nultiplicity distributions

This is a brief status report on this problem. The most reliable feature
of the measured neutron multiplicity distribution at any energy is its mean
The

value, T, where the subscript stands for “measured.” e true mean
multiplicity, Ay is 1/e m, where ¢ is the mean neutron detection efficiency,
The maximum possible

typically 60 to 70% for the 4% geometry used at Saclay.
multiplicity at any energy is given by the maximum number of neutrons that can
be evaporated from the target when it absorbs the photon. The ratio of the
observed mean multiplicity to this maximum multiplicity can be used to deduce
the fraction of the input energy which is carried off by fast particles in the
initial direct interaction. For example for Pb at E = 70 MeV one finds that
about 45% of the energy is carried off by fast nucleons. This number, deduced
from the measured multiplicity, dis in excellent accord with the fast meutron
d the cross-section at this emergy measured many years ago by a
difference method.2 The energy dependence of this mean multiplicity tells us
about the energy dependence of the energy loss through fast nucleon emission,
following photoabsorption. The interpretation of this emergy dependence will
depend on the nature of the primary interaction, e.g-, on how many nucleons are
involved. It will also depend on secondary interactlons uhich deternine the
chances for escape of the fast nucleons from the nucleus. There is no £
theoretical model for the primary interaction and the relevant nucleon mean e
paths at medium emergies can only be roughly estimated at this time.

spectrun ar
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of the absorption ©of photons at ‘medium
deuteron model. It sugsests & smooth energy
ften characterized bY
parameters, a damping parameter vl s the shape of the cross-section
 which controls its magnitude.

e and an "effective number Of quasi-deuterons
kmown with useful precision from theoretical

The most popular description
energles 1is. the, socalled quasic

considerations .

parameters referring to the
o common framevork, many
s dependence of T

To use the data to evaluate these oF other
photon absorption process, one wants to handle, in
P es of the observations——e-g., the energy and target mas

The multiplicity data can also provide useful values for the second moment

of the distribution, namely

b o B =
nper {nm -a —E)nm]

but it 1s unlikely that, with present Techpiqued, stillobigher SaOMCES (eLT
D sured. vith'adequate certainty: This Second momsiitiisivery 1aberdSiiy since
It provides a measure Of the width of the multiplicity aistribution-
ostentontjie,, thiBiiutathil elch D e 10fs measuredso fast " PHOLORHERTC and
Shotoproton spectra can be used to deduce informatio
B Sors et aeiohaniid Thatiisit(sublec b corrections for intranuc
Sne. cani Lean something of ‘the enersy ¥
in turn this can
imary interactions. Ouly by treating mat
- hope. /to - disentangle’ i secondsry
fron primary concerns. We are
of photoneutron multiplicity aistributions
e autficiently important constralnts to

o fudBEiBEY of B of aud' K will pror
Stion of medium energy PhotonS with

s
o e siarpen our picture OF the’ 1nters

nuclei.
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HEAVY ION REACTIONS

1. Angular Momentum Dependent Level Density Limitati o Fusion

A.J. Lazzarini and R. Vandenbosch

Recent results on the fusion cross sections for several pairs of reactions

leading to the same compound nuclei indicate
If all ( values up to a sharp cutoff (. are
assuned to be responsible for the fusion cross section, the values deduced
from the experimental cross sections for different entrance chamnels leading to
the same compound nucleus are the same for a given excita 1o Wngcey.
behavior for the 160 + 160 and 12¢ + 20Ne entrance channels to the 25 compound
system is illustrated in Fig. 6.1-1. The horizontal barsl-2 and open circles
repr&sent (. values for the 160 + 160 entrance channel, while the triangles® are
12¢°+ 20Ne system. A similar behavior is exhibited by the 641 compound
ivstem as arcbipd Fig. 6.1-2. The open circles5,6 represent f,
4N entrance channel, while the crosses are for the 108 + 160 system.

We have previously suggested’ that a plausible necessary condition for
fusion to occur is that the compound nucleus have overlapping levels for all
angular momenta which can lead to fusion. It has been shown that this criterion
can account in a natural way for both the absolute magnitude and gross structure
of the fusion excitation function of the 12c + 12 system. This same criterion,
expressed in sharp-cutoff form by I/Dy = 1, accounts nicely for the { Va]ues
observed for forming the 26A1 an 315 cnmpounﬂ nuclei. The full curves in
figures give the J = T, assuning a Ferni gas level density
expression and taking I' from fluctuation studjes. The 1level density
parameters, a and A, vere  used, and the oment
of inertia was i 6 fi The
resulting Jo values i e pu i bt
at intermediate energies, especially considering the uncertainties in the
level density parameters. low energies the entrance channel limits
fusion cross sections, as shown in Fig. 6.1-1 by the (, values from optical
model calculations. At the very highest bombarding emergies the fusion cross
sections may be linited by the maximum angular momentum for which the rotating
liquid drop model predicts a finite fission barrier. This limit is included by

the vertical line in Fig.

appears from the most recent calculations that the yrast line itself
cannot be playing a role in limiting fusion cross sections. The loger full
curve in Fig. 6.1-1 shows the results of a calculation by Diebel et al.

References

1. D.C. Kovar et al., Phys.

Rev. €20, 1305 (1979).
2. I. Tserruya et al., Phys. Rev. CL

CI8, 1688 (1978).

106



Phys. A306, 259 (1978)
Physt-A327, 517 (1979)
Te 43, 26 (1979)-

3. B. Fernandez et al., Nucl.
% F. Saint Laurent et al., Nucl.

3 R Comer, dall GampoEE Lo ERYS e ENS t. 43,

6., M, Col\_‘,e;\ud, s. Gary, Tovar, and J.B. Wieleczko, Mucl- Phys. A209,
515 (197

T Vandenbns:h Phys. lete. 878, 183,01979)-

3 5. 43, 1446 (1965)-
Phys. (1979)

800 e T nart and k-G s CaRRORyCRYR] 43,
NMosel, and H. Chandra, Nucl-

9. M. Diebel, D. Glas, U

Te5 %0
Saim Lourent eal.
o tal, Tserturo.
Fermands:
12¢.+20Ne
S Laureat et

ebel - Mosel yrast

0
Leord

Fig. 6.1-2:
derived from experxmen(al fusion
cross sections are compared with

a\\gulat momenta

the criterion

Fig. 6.1-1: Critical angular momencd
derived from experimental fusion

derived ' from ~the criterion

T/py = 1.

o SO SR
107




Search for J-rays from the Quasi-molecular '2c + 12¢ System

A. lazzarini, K. Lesko, V. Metag, K. Snover, and R. Vandenbosch
Pronounced structures in the excitation functions for the 12¢ + 12¢ elastic
and inmelastic scattering and various reaction channels have been interpreted
using tvo opposing hypotheses. In the ome case the observed structures are
explaine simple direct reaction modell as arising from the dominance of
certain par[!ul uaves, in the other case thege structures are related to
existence of ti 53 to strongly deformed

toEstiuaThara uakit 2hyg.

would be the observation of
states of the 24 nucleon
expected

A crucial test for the latter hypothesis
collective J-transitions between two qua ‘bound
system. Even if the J-transitions are strongly enhanced (=150 Wu) as
for very deformed nuclear states the branching ratio for gamma to particle decay
of the resonances is estimated to be only of the order of 107°. Consequently,
the observation of these rare events of interest requires an experimental
arrangement with an optimized detection efficiency which allows a kinematically
complete and redundant identification of all reaction products in order to
eliminate various sources of background.

The chnge and energy of the reaction products, as well as their position
in 0 and ¢, measured in coincidence with two position semsitive gas AE,
solid state E telescopes (see Sec. 9.1) subtending angles laboratory
system between 30° and 50°. Coincident J-rays are detected in a 10" x 10
Nal-crystal positioned 10 cm away from the target. A 3-fold coincident event is
characterized by 11 parameters. Singles, 2-fold, and 3-fold coincidences have
been stored on magnetic tape event by event using the on-line data collection
system described in Sec. 10.4. In the off-line analysis, in addition to the
usual time and AE/E constraints, all events have been checked for coplanarity
and momentum conservation utilizing the position and energy information provided
by the particle detectors.

In three separate experiments a total of 1.5 x 107 carbon-carbon 2-fold
coincidences and 1.05 x 106 ¢ + C + J triple coincidences have been accumulated.

The distribution of the C + C + J coincidences is shown in Fig. 6.2-1 in a
events as a function of J-ray energy and the summed energy of

scatter plot of
the two carbon ions, which is directly related to the reaction Q-value. Two
events with = - MeV and Q = -8.86 MeV are apparent,

4

o .43
iorrgsponding to the excitation of onme or both 12C ions to the 2% state at 4
MeV in the decay of the state at Egy = 25.2 MeV. Due to Compton scattering and
pair production the registered j-ray energles are spread over a large energy
range. e strong intemsity at 4.43 MeV for eV corresponds to the
g on of only oue of the two emitted 4.43 eV J-rays. {Bvaats Har whih fule
observed enmergy in particle and J-ray detectors is within the particle energy
and photopeak resolution of (including Doppler shift and single escape peak) 300
eV and 900 keV, respectively, will fall between the two straight lines shown in
Fig. 6.2-1. Events beyond this limit are attributed to pile up or chance
cofncidences. In the O-value range between —5.7 and 7.3 MeV 16 events are
observed which fulfill the total energy constraint.
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Q-value (MeV)

Fig. 542—1: Seacter plot. of jocay energy versus . the resction’Q-value for
at a bonbarding cnersy of 40.4 Mev. Small squares correspond to
i squares to o ers. e w0 jatraightiodines . Lints the
region of even or ~which " he total energy observed in the J-ray and
particle L aerea vithin the Fesolution with the boubarding enersy-

To check whether these events aight be due to background effects an "off
e has basn perforned at 54.0 eV, The corresponding distribution
T ¢ J eoincidences is shown in Fig. ~6.2-2. For a total of 300,000
O loie eoincidences mo event ueeting the totsl eRergy constraint is observed
with By > 6 MeV in the Q-value range betueen 5.7 and -7.3 MeV.

To exn)w:)e background from rearnuns on 13c, a separate run using an
enriche c target | has been performed at a bombarding energy of 50.4 MeV. The
dislrlbntion of C+C + J co nsidences displayed in Fig shows 2 even
in the region of interest. Since the ahundance of ‘3c in na[utal carbon targets
is 1.1% this hnckgrnund 1eve1 observed for 0,000 C + C coincidences is

qnivalen[ to +Cc+ co)nc‘dences taken with a natural carbon
Hence the bnckgxound in Figs. 6.2-1 and -2 due to 13C in the target is

tai
neglxgxhle.
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Fig. 6,2-2: Scatter plot of J-ray emergy versus the reaction Q-value for
12¢ 4+ 12¢ at a bombaring energy of 54.0 MeV. Small squares correspond to

1 event, big squares to > 2 events. The two straight lines limit the
for which the total emergy observed in the

region of

particle detectors agree within the resolution with the bombarding energy.

Spectra of J-rays for particle Q-values between -5.7 and -7.3 MeV and for
events fulfilling the total emergy constraint are shown in Fig. 6.2-4a, b, and
¢ for the on-, off-resonance and 13C runs. The contribution of chance
coincidences and pile up is indicated by dashed lines. It is not important for
B> v.

6.2-1 and 6.2-4a are consequently considered
however, that another 15 events are observed
which exceed the total energy limit but
They must be due to a

The 16 events shown in Figs.
real events. It should be noted,
(Fig. 6.2-1) for =5.7 > Q > -7.3 Me
cannot be explained as chance coincidences or pile up.
background effect whose origin is not understood at present.




Figs 6.2-35) Bcatter plotof Jorey energy versus the reaction Q-value for
12 + 13¢ at a bombaring energy of 50.4 Mev. small squares correspond to 1
event, big squares to > 2 events. The tuo straight lines limit the region
Sf events for which the total energy observed in the J-ray and particle
O ectore sgree within the Tesolution with che bombarding energy-

Assuming that To/Teor 18 the same for the 12+ and 14% states the ratio of
che 16 events of interest to the total T ember of C + C + J coincidences would
Tuply a branching ratio of (Ty/Teot)ygt - % 10-5. With a total width of
T por - 590 kev the observed J-ray 116F Ciey corvesponds toa B(E2) value of 160

oY 5 15 deduced within the rotationsl
el for the ‘charge distribution of the 4-nucleon system. In a Strutinsky
ype calculstion of the potential enexgy Surface using a twocenter shell jmodel
R eRiiiouel” predict & quattupgje moseRh of 1.8 for the molecular
e figuration of two touching spheroidal 12¢ nuclei.

In view of the background of unknown origin mentioned above, however, we
constdec the present experimental result rather s upper linit on the J-ray
transition probability between the postulated 14% and 12+ quasi-molecular
rotational states.
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12 + 2851 Fusion Cross Section

& Doubra,d A lagmarini, K.I. Leske. D eschr A Seamster, and
R. Vandembosch

& oie sectionof Ehod i 208 T isyaten SISH
e 10 4R ~ha | 28.2, (aVE S
% structure in the elastic and
2,3 presently the heaviest
fusion excitation

A measurement for the fusion
center-of-mass energies
ecent observation o
tions for this system.l:
of structure in the

progress  for
measurement vas motivated by r
inelastic back angle cross sec
systen exhibiting convipcing evidence
function is the 160 + 160 system.

281 beam. The evaporation residues
Cira Sotescved inja-posteiciieSttive gas AR Solid sCACE E telescope. The gas

proportional counter AE detector was casked with four vertical slits, each
by ~ 0.85 degrees in the
o the 60

A carbon target was bombarded with &

Pbtending ~ 0.32 degrees and separated from the ne¥s
lab. The detector telescope was mounted on & movable arm i inch
o faace of the gas counter alloued the

scattering chamber. Masking the
S faultancous measurement’ of four separate’anglest

4 on ‘agelstic tape in an event by event  mode of the
-1ine on the PP 11/60 computer. The
the resulting AE-E scatter
on ylelds for each angle and

The data vere recorde
sps 930 computer, and later analyzed o
O eve sortad to separate the four angles  and
iegaanreisgane goad exvriey EROAICHEL ARl S
bean energy-

We have recently obtained a Monte Catlo code which i1l generate both the
differential and total fusfon cross sectioss for this system.* We are in the
process of fitting our data to these Fedictious’ 1" oFder' to  bbeeln Ts
P abtutmofurtiiony!? The sprediuinary Tesulth S0 indicated in Table 6.3-1

S iows A more complete analysis of the daca 18 in progress.
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Table 4.3-1: 2851 + 12¢ excitation function

E.C.M.  (MeV) Cross Section (mb)
18.42 612 (23)
21.21 930 (46)
22.62 886 (43)
23.07 1020 (41)
23.52 870 (35)
24.36 1164 (44)
25.20 1034 (43)
26.34 1070 (43)
28.20 1100 (43)

Fission in the 208pp + 238y system

4. Search for

H. Doubre, A. Lazzarini, V. Metag, E.B. Norman, R.J. Puigh, A.G.

Seamster, and R. Vandenbosc]

Experimental studies of heavy ion induced fission have so far provided
evidence consistent with a sequential fission process.l»2 For small impact
parameters, however, Deubler and Dietrich3 predict an instantaneous fission
process in which fission is supposed to occur during the collision time so that
angular distributions and kinetic energies of the emerging fission fragments are
strongly affected by the Coulomb and muclear forces exerted by the projectile.
The experimental signature of this reaction mechanism is that-—in contrast to
sequential fission--the heavy fission fragment is alvays emitted in the forward
direction close to the beam.

We have studied the Pb + U system, for which a detailed calculation3 has
been performed, at the SuperHILAC of the Lawrence Berkeley Laboratory. The
experimental arrangement is shown in Fig. =

Fission fragments close to the beam direction are registered in an annular
Si-surface barrier detector subtending 3°-9° in the laboratory system. A 45
ng/cn? thick Ta foil in front of the detector stops elastically scattered Pb
oms at a bombarding emergy of 1400 MeV whereas it can be penetrated by heavy
fission fraguents (e.g., 190Xe) with energies 1000 Mev and light fission
fragments (e.g., 98Sr) with energies > 700 MeV. The charge gnd energy of the
second fission fragment, as well as its position in both @ and measured
with a position sensitive gas AE, solid state E telescope subtending angles in
the laboratory between 200-40° in the reaction plane. Recoiling projectiles are
recorded in a position sensitive solid state detector subtending angles of
360-840 in the laboratory, corresponding to 70°-160° in the CM system.




7o FOIL. |T ANNULAR DETECTOR
Pb 60 MeV 45mg/cm® 1 30-8°
Gl (i SR B TV

TARGE’ H1200 MeV
Il

AEExY
TELESCOPE
20°-40°
Fig. 6.4-1: The experimental arrangement. Angles and energies of reaction
products expected for instantaneous ficeion at an impact paremecer O

p at
BT are indicated (H: heavy fission fragments 1+ light fission fragment).

S Ty TR

8

ENERGY LOSS_(MeV)

S5 1000 1500

ENERGY (MeV)

Fig. 6.4-2: Contoui plot of energy loss versus residual cnere) of particles
Gutected in the gas AE, solid state E telescope. Solid and dashed lines

et opaced by an increase in intensity of 3 and 1000 counts, respectively.

i1 dots indicate events recorded in triple coincidence.
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If a projectile-like reaction product is registered in the position
sensitive detector the detection efficiency for a triple coincidence--determined
with a Monte Carlo calculation--is 90% in case of an instantaneous fission event
for which all 3 reaction products are coplanar and 0.3% in case of a sequential
fission event. The particle identification spectrum taken with the telescope is
shown in Fig. 6.4-2. Apart from the two groups of fission fragments emitted
forvard and backward in the system of the moving U nucleus, respectively,
elastically scattered Pb and U nuclel are also observed. Three triple
coincidences with events in the position sensitive detector at Oy = 63°, 71°,
and 720 are indicated.

None of these events has the characteristics of instantaneous fission since
the heavy fragment is registered in all cases in the telescope and not in the
annular detector. Considering the three events as an upper limit, a cross
section of less than 0.5 ub is deduced for instantaneous fission with the heavy
fragment going to forward angles with high energy as predicted. This limit ig
two orders of magnitude smaller than the theoretically predicted cross sectiond
of 50 mb.
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5. Measurement of the Non-Fusion Yield in 160 + 160 at E.y = 34 MeV

A._lazzarini, H. Doubre,* K. Lesko, V. Metag,*+ A. Seamster, and
Vandenbosch

Time dependent Hartree-Fock calculationsl;2 predict that at sufficiently
high bombarding energies collisions between two heavy ions for small impact
lead to compound nucleus formation, but rather proceed to

parameters do not
e in the final state
M

deeply inelastic scattering with a total
characteristic of the Coulomb barrier for the two nulce: AP ERENES
Koonm and Flanders have calculated that for the ‘60 + "160 system the partial
waves L = 0-6 do not lead to fusion. We have performed an experiment to measure
the cross section for the ‘50(”’0 160%)160% reaction to determine whether the
predictions of TDHF calculations are, in fact, borne out. Figure 6.5-1 presents
the results of the TDHF calculations schematically.

position sensitive
In this manner, the final state was deternined
Angular distributions were measured
= 100-40°.

Particle-particle coincidences were measured using two
gas AE-solid state E telescopes.
in a kinematically complete measurement.
for the inelastic yield from 8)ap
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160+'60  Eop34 MeV w00

TKE (MeV)
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-Q(MeV)

Fig. 6,5-1: TDHF calculations for Fig. 6.5.2: Q-value spectra for
$63 + 160 at Ecn = 34 MeV per- &-5*i60" 1on for 160 + 100
formed by Koonin and Flanders. coincidences at several

laboratory angles. Enersy
scales are not linear be
cause spectra are in labo-
ratory frame.  The hashed
Tegions represent kinematic
coincidence cutoffs.




Figure 6.5-2 presents energy spectra for one reaction partner of the 160
+ 160 coincidences. Because of the kimematic coincidence requirement | the
spectra contain limits in the reaction Q-values which could be measured. ese
ate denoted by the disgonal hash-marks in each of the spectra A fes
inelastic bump which shifts with angle is apparent in the spe An
eahancement of the inelastic yield in the region -22 MeV < Q < =20 Hev unich 18
predicted by the TDHF calculations as arising from the non-fusion of the inmer
partial waves is mot observed here. This result is in agreement with what ve
deternined in an earlier, less complete measurement that has been reported.
Figure 6.5-3 shous the Wilczynski plot for this system. The dashed curve
bounding the upper part of the contours represents the kinematic coincidence
window. The entrance channel center of mass energy is marked by the dotted
line. The 160 + 160 Coulomb barrier is indicated by the dashed line labelled
V. Several features are immediately obviou ) The inelastic cross section
for this reaction peaks at 8oy = 90°. The symetry about 90° is imposed by the
{dentical boson entrance chammel. 2) A peak in the inelastic yleld occurs for Q
14 MeV. Even though the coincidence window closes rapidly for more positiv
Q-values, it is clear that the maximum cross section for Q > ~14 MeV e

significantly less than for Q = -14 MeV.

Although the data are mot in quantitative agreement with the theoretical
predictions, they are qualitatively consistent. The agreement would be
considerably improved 1f one assumed that the collison is not yet fully damped
for the partial wave L = 6. We note that the direction of this disagreement is
opposite to that Roich il iy reported in heavier systems where TDHF
calculations have underpredicted [he degree of damping.3>* The TDHF trajectory
for the non-fusing partial waves 34

2, 4, 6 is marked by the symbols “x
Fig. 6.5-3 (the impact parameter assoclated with L = 0 scatters to 8.y = 0° and
6 scatters to O, = 87°). The increase of the inelastic yield

0 is consistent with the fact that the partial wave L = 6, which
is predictéd to scatter to Oon = 87 carries the bulk of the deeply imelastic,
nonofusing cross section.  Assuming as usual a direct relationship for deep
inelastic scattering between reaction Q-value and partial wave, L, the fact that
we see a drop in the inelastic yield for Q > -14 MeV implies that the partial
waves L > 6 are proceeding to fusion.

The magnitude of the effect is in agreement with the IDHF predictions
oppiip = 132 mb for L = 0-6, and we observe an experimental cross section, Gexp
200§ 50 mb. As a reference, the expected total reaction cross section is gp =
1450 mb and the measured fusion-evaporation cross section is of = 1100 mb. 5 The
peaking of the inelastic cross section at 8cp is a novel result when one
Somsiders that for this light system the grazing angle is 8, = 20°. The angular
dependence we observe is inconsistent with an interpretation that the deep
inelastic yield arises from partial waves beyond the fusion limit 3

The Wilczynski plot provides us with a tantalizing, yet still incomplete

overview of the 160 + 160 reaction. We hope to uncover more of this plane in an

upcoming experiment .
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Fusion Excitation Function for 10p + l4y

E#
R.

Doubre,* A. Lazzarini, K. Lesko, E. Norman, A. Seamster, and
Vandenbosch

The maximum fusion cross sections for the two systems 10 + 160 and 12c +
have been reported to differ by 20% even though the entrance chamnmels |

produce the same compound nucleus, 26a1.l Similar, although L dramatic,
differences have been reported more recently for the pair oi systems 160 + 160 |
and 12¢ + 20N producing the compound nucleus 325.2 If one calculates the

maximum angular momentum which contributes to fusion in a sharp cutoff
approximation for the 20A1 system, it is found that the curves defining the
dependence of this maximum partial wave, f., with excitation energy of the

compound system, EX, are similar for both entrance channels. This behavior
would indicate that the physics of the fusion process is determined by the
compound nucleus rather than by the entrance chanmel. In this case, them, the

fact that the maximum fusion cross section varies with entrance channel would
reflect dynamic and/or kinematic effects.

We have measured the fusion-evaporation excitation function for the system |
108 + 14N from Ej,, = 28-62 MeV. The compound nucleus, 2%Mg, has been much
studied in this energy range via the entrance chammel 12¢ + 12c. We intend to |
make a direct comparison of the maximum fusion cross sections for the two |
systems. Furthermore, since the 12¢ + 12¢ gystem exhibits pronounced energy
dependent structure 1in the excitation functinn it is interesting to determine
if any similar behavior occurs for th B 1hy system. We are currently
analyzing the data.

o experiment was performed using a position sensitive gas AE solid state
E proportional telescope based on the Markham design.3 Using the position
information together with a mask comprising of four aperatures, four different
angles could be measured simultaneously for each counter position. Figure 6.6-1
shows a typical AE-E spectrum.
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261(160,12cx)27A1 Coincidence Study at 65 MeV

and R. Vandenbosch

W.G. Lynch, R.J. Puigh, A.G. Seamster, M.B. Tsang,

Introduction

A conprehensive study on the coincidence reaction 27A1(160,12cx)27A1 has
been carried out in recent years. Both in-plane and out-of-plane C-ox angular
correlation data were taken at 8. = 300 and -400. The experimental method used
and some preliminary data were described in previous annual reports.l We will
report on the progress on the data amalysis obtained in the past year. All the
data shown here were analyzed with the off-line analysis program RSORTZ on the |
new VAX/VMS computer.

The following assumptions were used in the data analysis:

Three-Body Final States:

2751 + 160 > 12¢ + o + 2741 + @ [eH)

Only data with Q value = =7.16 MeV is discussed. In this case, all the
reaction products 12C, o and 27Al are in their ground states.

2.  Sequential Break-up Process:

The majority of the events from the present work are consistent with the
assumption that the alpha particles are emitted from the intermediate nuclei
1p* if the reaction is assumed to proceed as follows:

2741 + 160 -> 12¢ + 31p* (@)
31p* 5> x + 271 3)
The C-oc correlation data shown later are plotted in the 31p* (E, = 14.5

MeV) center of mass frame. The recoil direction of 31p* s defined to be zero
degree.  The out-of-plane plane is perpendicular to the reaction plane and
contains the 31P¥ recoil direction.

One of the goals of this work is to understand the nature of the

| pre-equilibrium alpha emission process. In order to extract out the
s that contribute to the alpha

| pre-equilibrium component, all other proce
emission should be identified and subtracted.

B. Break Up Events from 160*

cussed briefly in last year's annual report.l Such

This process has been di
a mechanism can be represented as follows:




)

160 + 27A1 -> 27A1 + 160
160% > o+ 12C )
In the present work, the 160* preak up process is observed at two angles
170 and G = ~43° with 8¢ = ~30°-

citation energy of oxygen Eo for 8¢ = -30° and 6 =
it is found to be between 9.5 to 11 MeV. The lowest
by alpha emission is the ome at 9.63 MeV.
b the alpha decay above 12.1 MeV.

Using kinematics, the e
-17° can be deduced and
160 that can decay

b
energy state in
s to compete Wit

Proton decay start

Equilibrium Coatribution

Eetcaon dnd| SEESEiniEy3 sirec showed that evaporation a rotating
n be treated classically-
cal rotating Maxvell gas. If 2
jcular to the reaction plane,

icles to

assumed to rotate aroun
e Would expect the angular distribution of evaporated part:
$al Slane. Owing to the centrifugal foree, the yield is

isotropic in the equator
concentrated in the equal
If the rotating axis is norma
is the reaction plane.

torial plane and decreases as
P cascideal plass, then TRFEANAccEIst R

The yield of evaporation particles as a function of polar angle ¥ defined
«ith Taspack tolithe: dit# of TotaEion s E1Ver by Halpern:
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where I = pR2 i5 the moment of inertia.

The C-x correlation function plotted in the 31p*
a slight backward angle rise.
axis is not perfectly aligned along the z axis which is normal to the reaction
plane. Simple argument suggests that the angular momentum of the 31p* is
expected to lie in the plane perpendicular to the reaction plane and the
momentun transfer direction. The momentum transfer direction is assumed to be
the recoil direction of 31p*. The angle between the rotational axis and the z
axis is defined to be ). In order to estimate the contribution of the
evaporation component in a simple way, J is assumed to be gaussian distributed.
The coordinate. system used is shown in Fig. 6.7-1. It is chosen to simplify
the evaporation analysis and differs from that often used.

center of mass frame shows
This leads to the conclusion that the rotating

From Equation 6.7-3, the angular distribution is

2 2. 2
we,9) = [ dvexp[—v /uo]\x(w a0
o

where ¥ is related to the angles J, 6, and ¢ as shown in Fig. 6.7-1 by the
cosine law:

cos¥ = cosjcos + sinfsindsing an

The angular distribution W(®,$) used in equation 6.7-10 is the same as the
experinental quantity (d26/d0.d0n)C™, the double differential,cross-section of
the coincidence C-cx events. In order to emphasize the ® and ¢ dependence of
this quantity, the more convenient notation W(8,$) is adopted.

Both the out-of-plane data and the in-plane data are used to determine the
two parameters J, and X. The dependence of Y, the normalization constant of
Equation 6.7-6, is eliminated by actually fitting the calculated ratio

@a2)

2m 2
exp® [ ayexp(- L5
o P

to the same ratio obtained experimentally.
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Fig. 6.7-1: Coordinate system ysed Fig. 6.7-2 In-plane - angyjar
in describing a rotating 3lpx correlation function in

center of mass system, r- ® one
The solid line is the best fit of
Equation (6).

nucleus emitting an  alpha
particle.

-2 and 6.7-3 are the best fit of the in-plane
aad out-of-] planE the 31p* center of mass frame
for 8, = —400. Best X2 values for Jo and X are found to be 280 and 3.1,
respectively. The 1 2 relatively fealurelcss and would have been
o evaporative origin if not for the large rise at backward

consistent with a
Soales. It 1s unfortunste that more data is not availah]e at these angles-
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6.7-4: In-plane C=a correlation
function in the 31Pk center of
mass system 0, = -30°. Open tri-
angles are data taken with the
two-telescope method and circles

Fig. 6.7-3: Out-of-plane C-a angular are data taken with the time-of-
correlation function in the 3lpx £1ight method. ALl the data are
center of mass system, 8o =-40°. normalized with respect to each
The solid line is the best fit other uding the single events de-

of Equation (6). tected by the carbon telescope.

Figures 6.7-4 and 6.7-5 are the in-plane and out-of-plane C-x angular
correlation for 8, =300 plotted in the 31p* center of mass frame, The solid
triangle with large error bars at 6§U= -90° is obtained after the 460% break
up contribution 1is subtracted. The solid lines are the best fit obtained by
using only backward angles (8" > 90°) in-plame data along with the
out-of-plane data since the evaporative component is expected to dominate at
\nckward angles. The J, and X values obtained are very close to those obtained

= -400 data, J, = 28° and X = 2.6. Only the in-plane data from -300 <
e&ﬂ < 60 are not fitted by this purely evaporative model. All other sng]es are
seen to be fitted very well by the simple evaporative angular correlation
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Fig. 6.7-5: Out-of-plane C-o angular
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correlation function in the cen-
£

ter of mass system O
Z30°, 8, = 43°. The iP*

direction in the reaction plane
® The

is defined to be ¢ = 0°-

o
line is the best fit of

solid
Fquation (6).

From the values obtained for Jo and X,
aucleus to be J = 71 using Equations 6:7-7,

D. Pre-equilibrium Contribution

since the in-plane and out=of-pi
are consistent with evaporation,

thislsedeion vdu taken se’0g =)-307 unless ot

180°

lane C-x angular correlation at ©c =
it ‘can be assumed that the data discussed in

Fig. 6.7-6: Extracted pre-equilibrium
aipha double differential cross=
3 eption plotted as a funccion of
alpha angles in the

¢ mass system. The correspond=

Ing 1ab angles are also given-
me can'@stimate the spin of the
6.7-8 and 6.7-9.

400

herwise specified.




Fig. 6.7-7: Mean a ene!gy plotted as

> (MeV)

function of o angle in the 3lpx
e

s\:xa)ght line denotes <EC™> =
5.2 M

&

& (0£6)

As explained in the last section, the evaporative component was extracted
by fitting Equation 6.7-10 to the back angle data. The best fit is shown as a
solid line in Fig. 6.7-4. The dotted lines above and below the solid line
represent upper and lower limits for the evaporative component by adjusting the
normalization factor Y, in Equation 6.7-6. The pre-equilibrium alpha emission
contribution is operationally defined here to be the experimental yield minus
tiefyiala tronlevsineabtint IR oot S0 Tiee plotted in the
center of mass frame of 3lp* in Fig. 6.7-6. The corresponding lab angles are
given on the top axis. Since the value A e K change very
much over this range, the pre-equilibriun component would show very similar
features in the lab frame.

The mean alpha emergy in the center of mass frame of 3lp* <CESE> is
plotted as a function of alpha angle in Fig. 6.7-7. The data points at the
most backward alpha angles were excluded since they suffer from low alpha emergy
cutoff problem. Over most angles, <ESE is constant as expected if the alpha
particles come from the evaporation of 3.P*. For the forward angles where the
pre-equilibriun alpha emission is important, <ES®> is much Righer at zhese
angles than the <ESR> obtainmed at the back angles. The mean alpha energ
the pre-equilibrium component for each alpha angle can be P st s

following way:

cn cn e
o 5 Y (1 i < 13
£© S e a3
where f is the fraction of pre-equilibrium alpha particles emitted. <ES™> eq

fe the average energy for the equilibriun component and can be determined ffom
Fig. 6.7-7 to be 5.2 # 0.5 MeV. Then <E§™pre is the average energy for the
pre-equilibrium alpha and can be determined from Equation 6.7-13 and is found to
be 8 £ 2 M. <E§®pre is found within the uncertainties to be angle
independent at all 'alpha angles (8" = 150, 200, 250, 309) where the
pre-equilibrium component is present. The large error in <Eg®>pre is mainly
due to the uncertainty in determining f-
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Sumnary
The results from the present vork can be summarized as follows:
pha particles are detected in coincidence

1)  Very few if sny pre-equilibriun al
ngular correlation

T e eanipastialen feectid iat (8¢ =095 e 1oy
function is consistent with that of eSaporation from S
2)  At.6, = =309, the majority of C=k conicidence events come from evaporgtion
8% "S1p*. A small amount of alpha particles Svon the break up of L60% are
e aa! Lu1angieniaropodptheascarbonl datactors From the in-plane C—
e sortalatiem showasisoRigii6 1205 OPC ECC estimate that less than
et thealphaparticles detected dn-plane 478 of pre-equilibrium origin.
D et LandiuthasoCsms(anguldry coTreleriss obtained at O, = -30° arg
Sigeificantly different from the earlier results obtained by Harris et al.”

3) The pre-equilibrium alpha particle dlstribution extratted de forward-pesked
on the opposite side of the bean difectioniss the carbon detector:

4) The average energy of the pre-equilibrium alpha particles are higher than

that of the equilibrium alphas:
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6. Deviation from Rutherford Scattering for Heavy Tons at Energies Far Below
the Coulomb Barrier
.. Bertram, H.. Bhang, J. Cremer, D- Leach, W. Lynch, R-J-
M.B. Tsang

o ity smmteslont

Puigh and

1 ye reported on an investigation of deviatiohs from Rutherford
scattering for heavy ions at energies far below the Coulomb barrier. We pointed
e that deviations from Rutherford scattering eo8 be caused by_several sources:
35 the use of a relativistic wave equation 1 stead of the Schrodinger equation,
2) alteration of the Coulomb potentisl ngasithe icreationt of! vivtusl
2) ectron-positron pairs, and 3) polarization of the nuclear charge distributions
by the repulsive Coulomb potential.

Last year




In the same report we presented preliminary data on the systems 12c + 208pb
and 160 + 208pb. These experiments were performed with detectors fixed at +30°,
£1409, #1500, £160°, and +170°. The data were presented in the form of the
sum of the eight backward angle peak areas divided by the sum of

ratio of the
an

the peak areas at #30°. (This experimental ratio is for most purposes
unnornalized measurement of the ratio o(1500)/5(30°).) The absolute magnitude of
this ratio has no significance; what is significant is the emergy dependence of
the ratio. For Rutherford scattering, this ratio should be energy independent.
Instead the ratio obtained experimentally decreased with increasing energy. The
data 1is presented in Fig. 6.8-1. Each excitation function has an arbitrary
overall normalization, which has been adjusted to make the excitation functions
coincide. The abscissa of the plot is the classical turning point of the 30°
trajectory:

Z2ee?

it Lkt cae 308/21)

where z_, z, are the charges of the projectile, target respectively. Ecy 1is the
energy In the center of mass system.

Tnis year similar excitation functions have been measured for the systems
169 + 208pp, 14N + 208pb, and 1°N + 208pb. These three excitation functions
were taken with the same experimental setup so their relative normalizations are
arbitrary but can be determined from kinematics. These data are plotted in

not
6.8-2 where the overall normalization has been adjusted to agree with Fig.

Fig-
6.8-1.

It is clear that there is an unambiguous projectile independent tremd to
the data. We are doing more detailed studies of the systematic errors which can
alter the slope of the excitation function. With the exception of multiple
scattering, the systematic errors appear to be insignificant. For multiple
scattering, hovever, the systematic corrections may end up increasing the
magnitude of the low energy data points as much as a few tenths of a percent,
thereby increasing the slope slightly.

Through numerical studies comparing classical mechanical cross section
calculations with quantun mechanical calculations ve have seen that the
classical approach is sufficiently accurate to predict the deviations from
Rutherford scattering for heavy dion scattering.
progran based on classical mechanics to calculate the deviation from Rutherford
Pattering where all the perturbing potentials are treated simultaneously.

The effects of: 1) use of a relativistic wave equation; = 2) vacuum
polarization potential, and 3) nuclear polarization are shown by the dashed
Pive im Fig. 6.8-2. It is clear that these three effects are mot adequate to
explain the data; particularly the deviation from Rutherford scattering at

large Ty, i-e., low-energies.
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T round the target nucleus, the agreement
6.8-1 and 6.8-2 shows the
Timilsr to that described shove in which the elect
% 65612 anior ‘Ln, et als"ihave besn included.

It 4s clear that qualitative agreement between theory and experiment have
peen - achieveds’ We are working £o incorporate all small systematic corrections
to the data in order to enable o omake quantitative comparisons Detveet
theory and experiment at the S evel of our statistical accuracy. It 19 hoped
Shoe when this is accomplished 1t will be: possible! to focus on the) ety due
o uclear polarization and those due to the use o
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9.  K-Shell Ionization in Heavy-Ton Collisi

J.S. Blair

Two proposals to measure reaction times in heavy-ion collisions have
recently been put forward extending the earlier work of Ciocchetti and
Molinari.l In these the reaction time is !Elated to oscillatory structure either
in the energy spectrum of G§-electrons® or in the probability for producing
K-shell vacancies as a function of impact parameter.3 The crucial ingredient in
both proposals is the interference between ionization amplitudes for incoming
and outgoing trajectories. Specifically, the probability for exciting an
electron in the lowest orbital into a continuum state with kinetic energy € is
derived, in all three references, to have the form

|a e-iut + p|2 [¢V)

Here a and b are sem»cussscal approximations to the amplitudes for ionizing an
electron on the “way and on the “way respectively, and
Tw = I+ € where I is the binding energy of a K-shell electron of the united
aton. The derivations leading to this result have a crucial deficiency, houever
in that their treatment of reaction times and the relative motion of the heavy-

ions is purely classical.

This deficiency was encountered previously when we considered testing the
proposals of Ciogchetti and Molinari through the scattering of low energy
protons by nuclei.’ Here we found a number of paradoxes and puzzles  as
attempted to apply the semi-classical theory. ALl of these arose from employing
a theory in which the notion of nuclear "time delay” was not related to any
quantun-mechanical descrip:ien of the nuclear reaction. To avoid these
pitfalls, we q 14
e rort Thact SR le and
derived4,5 the following expression for the prabability for ionizing a K-shell
slectron of, the carger nucleus while elastically scattering the proton into
angl

| [£(E-hw)/£(E)] a + b|2 . @)

Here £(E) is the amplitude for elastically scattering a proton into angle 6 and

nd b are the same ionization amplitudes which appear in the semi-classical
theory of Ref. 1. This result is strikingly similar to the semi-classical
expression, eq. it is seen that the phase factor of the semi-classical
theory is replaced by the ratio of scattering amplitudes evaluated at differing
bombarding energies.

A fully quantum-mechanical, time-independent description of ionization can
also be constructed for a model of a heavy-ion collision. Two spin zero nuclei
collide and are assumed to produce binary fragments with charges, angular
momenta, and enmergies, Zy, Zy, I, I3, El, Ej, respectively. We consider only
monopole excitation of an electron in the lowest molecular orbital to an ionized
For nuclear separations less than a matching radius Ry,

state with emergy .
tom. For nuclear

we assume the electron wave functions to be those of a united af
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separations larger than R we assume that therelare noimucleariintaracElonss
this implies neglect of the lomg range S ulomb excitafioniof,, fhey puclels
Keeplug > ouly ¥ 16tcordar, «ontributions, 2o The ionization, using the WKB
approxination for the relative radial S otion of the separated nuclel,
antehing inside and outside solutions at fn o derive the following formula for
the joint differential cross section for Poducing the binary fragmeats and
simultaneously lonizing the electron

/i e 2%
1L (u(mst,xxz— w) + b(L')St,I,(E)l T /AL (L oY )
1t |L, L

Here SPips 15 an element of the S-matrix; L and L are the incident and final
B ok ingular nomenta while the chamel spin ' 18 the vector sum of Ij and
13; E and K are the . of m. energy and wave number of the incident heavy
T VB e K Ikt T de the electronic anergy d1fterelcy for the united atom;
1205 aad b(L) are equivalent to the inconing and outgoing lonization amplitudes
) he semi-classical theory with impact parsactcl Toand  L'. If ve assume
O at the nuelear partial vave amplitudes ste T centrated around L and L',
e factor ;out the tonization suplitudes and find that the joint cross section
equals

5 |a@eg g @t + D@ Eg 1 @ % doy (O]
oW / |

here £ is the reaction amplitude for producing the indicated binary fragments
DL * (el gpin LY, (MY et anyengled. Bhis final expression differs from
equation (2) only in the interpretation of a and b, which here refer to
excitation of molecular orbitals, and through the increased subscripting and
Somacions. This extra subscripting is {mportant, though: Even when the final
ATy Y du sharp, the cross saction muit be e ovaRTy T S EY
kinetic” caaiB) B eeiaent!there will be a further smmation o7er JI8 S ot
E', 2j and 2 appropriate to the detectors. Thus the observed coincidence
eross section involves the incoherent sum, over many quantun numbers, of the
Cuate of nterfering amplitudes.

The probability for producing an electron ulth efcrel ¢ is the joint cross
section above, suitably sumsed, divided by the sunmed nuclear cross section 26.
Consequently, the phase factor of the coni-classical theory, exp(-wt), 1is
replaced by £ (E-hw)f*(E), suitably summed, divided by 36+

The similarity between the semi-classical and quantum-mechanica]
expressions  for the probability of electron excitation 1is mot without
consequence. Through first order in u, the semi-classical phase factor equals
Q- 1gr) while its quantum-mechanical replacement becomes (1 = 1v < qv>) when
one uses the proper quar\(\m’mebhzm’ta) expression or the reaction time,
T % d/dE 1n £(E)|g, and weights these by the relevant cross sections.
T35 correspondence s quite general and does not require that any assumptions
be made about the form of the reaction amplitudes.
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There are three features of this correspondence, hovever, which prevent us
from going on to claim that the quantum-mechanical derivation, without e
assumptions, justifies use of the semi-classical phase fact

quantum-mechanical time delay T(.(E) which enters our expressions for the
excitation probability is in general a complex quantity, in contrast to the real
T of semi-classical description. For reaction amplitudes typical of low
energy, light-ion reactlons, the complex nature of Toy(E) is very important and
leads to ignificantly different from
those obtained using the semi-classical phase factor with real T. (b) The
quantun mechanical time dela a function of energy. For the example of
light-ion resonance reactions, there can be large changes in Tgy even for
changes in energy less than the total width of a level. (c) Only to first order
in © can the correlation function f*(E - Ru)f(E), without further restrictioms,
be related to Ty. For arbitrary values of w , the correlation function cannot
be constructed by exponentiation of (-iu< Tqy >) unless £(E) has a very special
dependence on energy. A sufficient copgifign uld be that all essencial

G R Tqu/h) ]

devendence is contained in a phase factor

With all these points in mind we now inquire how realistic it is to
anticipate oscillatory behavior in the probabl]xty for producing
K-shell vacancies. It appears to us that for this to occur the reaction
amplitudes for emergetic heavy-ion collisions must have rather special
characteristics: (1) The essent1?h_e$erﬂ)dapendence should be contained in the
phase factor suggested above gy effectively independent of
energy. (2) The imaginary part of the parameter gy ohoutd e iteoncequential
i.e., the magnitude of partial cross section should not change
significantly for changes in the incident energy of the order of Moy . (3)
Finally, the values of tgy for all states significantly contributing to a
measured differential cross section should be sufficiently so that the
oscillations are not washed out in taking the incoherent sum of the correlation
functions to the many final states. Whether the actual nuclear amplitudes for
deeply inelastic heavy-ion reactions satisfy these criteria is an open question.

6-electrons or
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10. Elastic Scattering of Light

3.6 Cramer, R.M.  Devries,* D:A: coldberg,t M. Watson,X and

M.S. Zisman

The understanding of elastic seattering, the simplest muclear reaction, 1
central to the study of nuclear reactioy B hamiems. The broadipirpose of BIL
Srogram in elastic scattering studies iTlight: hesvy lon ieystems o8 collect
Ghough ' data,’ for . thd Savestigation' of  systematics, B develop global
Shenomenological deseriptions of Ehese data and data from othe laboratories,
Pd o investigate phemomena which &re e emd to be deviations from such global
descriptions.

We have continued the program of favestigating light hesvy don elastic
SBLpeTE 5 1v1a° Ehid “redfon of boubaEling “nergy where nuclear rainboy scattering
Tnfluences the elastic scattering eross section. Data on the 9pe + 2851 system
it bombarding energies of 121.0 Mel o £ 201.6 Mev, which uas obtained using the
LBL 88" cyclotron and was reported last year,! has now been analyzed, and a3
xtensive paper_on the vork has been - rapted for publication in FhYS: Rev. C.2
SHETRALATSN £he?7I +726851 elabtic scattering at 140 MeV obtained at LBL has
T analysed and a paper on the results 1s in preparation.

Sititd the @'¥ 2851 'systea had never been studied in the rainbow scatteping
region, ve obtained new elastic s on this system and the & + 2ip
Systen at a boubarding energy of %42 Mev, using the University of Maryland
cyclotron. These data are presently being avalyzed, and should be useful in
Tighlighting the transition from ° e ahiavior of jprojectilles suckeg he
and 6Li to "heavy fon" behavior of projectiles such as 12¢ and
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11. Total Reaction Cross Section Heasureaents at 35 to 200 MeV/A

0 i R, pevciect 3o RO C.R. Gruhnt, R. Loveman
chlzo s s ,
S onalens’ . sunter®, end BiES wienen

. fotal cross. sactlon | for . the nucleon-nucleon ~ system becomes
progressively smaller with energy if this energy region, presunably because of
B e affects/and the fact that the STusve phase shift changes sign in this
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reglon. ~The result is that reaction cross sections for the nucleus + nucleus
systen should also be decreased and the very strong absorption which is a
predoninant characteristic of heavy ion reactions at lover energles should be
reduced.

It is important to verify experimentally that such a reduction in the total

reaction cross section does, in fact, exist, if it does, the "transparency”

which it gives to elastic scattering at energies ne:

detailed investigation of nuclear processes and more semsitivity to mew and
phenomena than would be the case in region dominated by

ener;
strong absorption. As a first step to investigating the behavior of the
reaction cross section in this energy

the analyses of these data used to infer a set of total reaction cross
sections. These inferred total reaction cross sections are found: (1) to be in
800d agreement with the few measured total reaction cross sections available for
these ~systems; (2) to be in good agreement with simple Glauber-model
caleulations? based on measured electron-scattering distributions for the target
and projectile and on measured nucleon-nucleon total cross sections; and (3) to
show a clear tendency toward a significant decrease in the total reaction cross
section in the region where the nucleon-nucleon total cross section becomes
small. The next step in this program verify by direct experimental
measurement that the expected reduction in reaction cross section is present.

In the past year this program has gone through a development
the e beam of the LBL 88" cyclotron, and has had one beam

aad two data runs on the LBL Bevalac, all using the "local” 4He beam. The first
data-collection run, which occurred in December, 1979, was successful in
obtaining measured values for the total reaction cross section for o + C 65
MeV/A (cu) to about 8% and for & + Pb at 85 MeV/A (cm) to about 13%. The second
run, which was in March, 1980, collected data for 135 MeV/A & on targets of
carbon, nickel, zirconium, and lead. These data are presently being analyzed.
However, preliminary analysis indicates that the total reaction cross sectien in
this energy region is indeed considerably smaller than “geometric”, and in fact

appears to be significantly smaller than the Glauber-model predictions described
above.

phase, using
line development run
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12. The Elastic Scattering Cross Section of 160 + 40ca and the
Proximity Potentia

Gil and R. Vandenbosch

The motivation of this study vas to investigate a concern, expressed in a
recent report,! that oximity potential? was too diffuse to reproduce the

the pr
elastic scattering for 160 + 40Ca
For this purpose we have modified the code BOP II3 to include the proximity

potential as an option for the real part of the potential. For the ‘imaginary
part ve have ysed a Woods-Saxon-like function. The data used were obtained

Vigdor et al.

The cross section shows a great semsitivity to the radius of the real part.
We have observed that the prescription suggested by Blocki et al.2 for the
e lculation of the "Central Radii” (C) underestimate their value for [U0,and
Oca, this is also observed by N. Von Sea et al. % for the case of 20Ne + 4Oca.
b o ar® urprising as the masses involved ate nearly outside the range of
masses for which the prescription is expected to be valid.

Por this reaon we have.used the value of the Tadii obtained from electron

scattering, i.e.,
c(49%a) = 3.75 fn and c(160) = 2.61 fm

(Taken from Ref. 5). With such a choice the real part of the potential was
held fixed.

The values of the parameter of the imaginary part were varied so as to
minimize ehicsquare for the case of Epyg = 556 MeV data. The variation of
these parameters vas seen to produce changes in the differential cross section
Gimilar to the omes observed in the case of a pure Woods-Saxon potential. In
Fable 6.12-1 we show the values obtained for chi-square and Ogpag for both the
proxinity and the Woods-Saxon real potentials, as well as the parameters used in
each case.

It can be seen that the values of Gpgac are very close for both potentials,
especially 1f we take into account the fact that there is a spread in the values
of oggpc, when other parameters are used in the potentials that equally well
could fit the data.

It is also imstructive to see the graph of the real potential for both
cases analyzed, which clearly depicts the well kaown fact that the elastic
Geattering uith heavy-ions is sensitive only to the narrow part of the potential
tail around the strong absorption radius (Fig. 6.12-1).

r
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Table 6.12-1

Woods-Saxon

Proximity

(tev) (ab) g (ab) A

B, S5F° %reac ™ X IREAC %
55.6 1160.0 9.00 1169.3
744 1528.0 1.27 1531.0
103.6 1811.5 10.80 1810.0
139.6 1979.7 6.30 1970.0
214.1 2118.4 6.20 2094.0

Woods-Saxon Parametera Proximity Parameterd

Vo = 10.0 MeV W, = 20.0 Mey 150) = 2.61 fa
Rgv = 379 fu RS, = 1 JJA e E‘ﬁc)) 3.75 fa
8, = 0.605 fa ‘= 0.

W ='10.0 Mev

Roy = 1.330 fm
2, 0.550 fm
The radius parameters are to be

multiplied by (413 + a,1/3),
Coulomb radius parameter was held fixed

for all potentials at 1.25 fm.

The
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6.12-1:  Comparison of the real
potential used in our calculation
with the Woods-Saxon potential of
Vigdor et al. The parameters are

given in Table 6.12-1.

60° 100° 140°

Elastic scattering angular
for 160 + 40ca

6.12-1. The experimental data were
measured by Vigdor et al. (Ref. 1).




Finally, it is interesting - to
proximity potential (Fig. 6.12-2)
Woods-Saxon ones, former case there are no
adjustable parameters in the real part.

see that the fits obtained
are nearly as
with the difference that in the

using this
g0od descriptions as the

References

S-E. Vigdor, D.G. Kovar, P. Sperr, J.

Olmer, and M.S. Zisman, Phys. Rev.- 20, 2147 (19979)).

2. J. Blocki, J. Randrup, W.J. Swiatecki, and C.F. Tsang, Amn. of Phys.

(NY), 105, 427 (1977).

3. Noclear Physics Laboratory Annual Report, University of Washington (1978),
p- 133.

4 Nguyen Van Sea, R. Darves-Blane, J.C. Gondrand, and F. Merchez, Phys.
Rev. €20, 959 (1979).

CM. da Jager, H. deVries, and C. devries,

Tables, 14, 479 (1974).

Mahoney, A.  Menchaca-Rocha, C.

Atomic and Nuclear Data

e S a8 ) 0

Noa-Resonant Behavior of the Yield of the 2851 2+ state in 12 + 2851

A.J. Lagzatini, K. Lesko, D.—K. Lock,iVu« Metagy.and R'-Vaddenbosch
Recent studies of back-angle elastic and inelastic

Siperiods v " tle 1%C £ 2851 rasceion (have! revealed energy-dependest gross
structure with a periodicity of about 3 MeV. This structure is remtniscent ot
the behavior observed in the lighter systems, 120 4 120 gng 12 4 160 but was
not expected for such heavy systems. Varlous explanations “for the ' structure
nave qooen offered.Cf iThey's can 'roughlyiobuidivideds intoitwo classess thove
ldentifying the structures as resonances related to the fon-ion  potential or
band crossings, and those attributing the structure in the differential crogs
section to interference effects among different surface partial waves. Thoss
tuo Slasses of explanations should be distinguishable by measuring the
angle-integrated strength for the inelastic scattering.

scattering excitation

We have used a gamma ray technique to measure the
ssction for producing the first excited (JV = 2¥, E = 1.78 MeV) state of 2857
A 113 pg/cn? target mounted on a thick Ta backing was bombarded by 12C ions.
T9o el 1), datactors were placed at 900 and 1440 with respect to the beam. The

b

angle-integrated cross

ratio of the 1440 cross section to the 99 cross section was fomnd to
independent of bombarding energy. The angle integrated
e---ucd by assuming a distribution of the
deternining the coefficients from the fit to a 3-point angular distribution.
This leads to an angle-integrated cross section which is (1.07 x 4n)  tines
larger than the 900 differential cross section.

cross section was
form a+b cos?8 +c cos4® and




The gamna ray determination of the total inelastic cross section to the 2
state of 285i varies smoothly with energy and does mot exhibit the structure
seen in the inelastic differential cross section at back angles.

no structure in the emergy dependence of -the total inelastic scattering
strength. This behavior, which is different from that exhibited by lighter
systems such as 12C + 12C, 1s inconsistent with a resonance interpretation. It
1s more consistent with an interpretation such as that given by Kubono et al.3
who interpret the 1800 structure as arising from an iuterference effect due to
an effective potential which is parity dependent. They were led to this
conclusion by an examination of the elastic scattering excitation function at
90°, which was found to be out of phase with that at 180°.

Thus there is
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7. RESEARCH BY OUTSIDE USERS

1. Alpha-N Yield Neutron of

to Reactors*

®.

P:J. Grant,* p.L. Johnson, ™+

and G.L. Woodrufft

The neutron yields produced by (x,n) reactions of importance to  reactors
are fo be measured with incident alpha energies ranging from 4 MeV to 8 Mev.
Initial experiments will focus on 180 targets followed by others as

interests
dictate.

wp, Alarge (~1.5 m) graphite assembly has bgen constructed as a cylindrical
long counter’ on the zerodegree besa ine.l Th asseably contains oy aoerr ot

ten He detectors perpendicular to and at varying angles with
incoming o-particle beam. The t 1
surrounded by a 15.2 cm diameter spherical shell of either Re or Fe in order
flatten the detection efficiency at high energies.

A preliminary set of results for 180 is shown in Fig. 7.1-1 together with
those reported by Bair and Gomez del Campo? and West and Sherwood.
has not yet been completely calibrated; therefore the results  im
are normalized to the Bair volume at 7 MeV.
fairly good agreement.

3 The assembly
Fig.  7.1-1
The relative values appear to be in
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*
Fast Neutron Beam Radiation Therapy Clinical Program

G.E. Laramoret

Early in 1979 fast neutron beam radiotherapy clinical studies were
using the University of cyclotron. The majority of
patients were treated according to randomized prospective protocols developed
here and at other neutron radiotherapy institutions. In these studies patients
were randonly assigned either meutrons alone, neutrons and photons as part of a
mixed beam regime (neutrons twice a week and photons three times a week), or
photons alone. A total of 109 patients vas entered on these studies with
total of 65 patients receiving meutrons as all or a part of their treatment. In
addition 38 other patients received mon-protocol meutron irradiation either to
obtain information for future protocol development or in
felt that the benefits of neutron

radiation outveighed any potential side
effects. Including data m the other institutions participating in neutron
radiotherapy, the following information has been obtained for various tumor
sites.

1)

Squamous Cell Carcinomas of the Head and Neck (Inoperable)

This study randomizes patients between the mixed beam regime and photon
radiation alone. Preliminary results indicate about a 15-20% greater local
control rate for the mixed beam group. In fact, patients are now surviving
Tong enough to develop problems with distant metastases which will lead to
new study protocols involving chemotherapy as well as neutron radiation.

2) Malignant Gliomas

In this study patients initially receive 5000 rady whole brain photon
irradiation and then are randomized to either a 1500 rady photon boost or a
430 rad,y neutron boost to the primary tumor volume. The uncorrected data
ehow a M-week median survival for the group receiving the photon boost and
a 39-ueek median survival for the group receiving the neutron boost. In
the subgroup of patients surviving more than one year, 3 come from the
photon boost group and 7 come from the meutron boost group, which may
indicate substantially different tails on the respective survival curves.

3)  Advanced Prostate Cancer
In this study patients are randomized to either mixed beam or photon
irradiation. Follow-up time is short but thus far local control has been
achieved in 75% of the patients treated with photons alone and in 94% of
the patients treated with mixed beam regime.

4)

Inoperable Non-Oat Cell Lung Cancer

In this study patients are randomized among three treatment arms:
alone, mixed beam or photons alone. It appears that the group treated
with neutrons alone shows a significantly more rapid and greater degree of
tumor regression than patients in the other treatment

neutrons

arms.
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Follow-up time is too short to s
survival.

ay anything about any difference in patient

Other tumors under study include

carcinomas of the esophagus, uterine
cervix,

bladder, salivary glands, and malignant melanomas

o eRe pasEleard algnt A{tant hroblca s | hean. dassr nt . tecetnens itins
becauss Of cyclotron malfunction. This has caused considerable. pacions anxiety
o e iAol fGile o R ha " b Tannadh sbrotpeol ; Chaatsites il
S W 5 aTiow Nonday mominge forasintonence. sag o nie ey
alleviate this problem during the coming year.
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Total Body Cal,

ium by Neutron Activat

n

Baylink,* C.H. Chesnut,* T.K. Lewellen,* R. Murano,* and
felpt

The Division of Nuclear Medicine is continui
disease.l Total body

counting. The cyclotron
ray of 8.7 minute 4

ng its studies of bone wasting
caleiun is measured by neutron activation and whole-body
1s used ag the neutron source, and the 3.1 MeV ganma
Ca is counted.

The drug Winstral (Vinthrop Laboratories) has been tested for the control
of Post-menopausal osteoporosis. Twenty-three (23) treated individusls showed
a3 aversge increase of 4.2% in total body calcium over 27 monthsy. disteibuted
vith a standard deviation of 6.9%. Mineteen (19) control individuals ghowed wo
change in total body calcium. While a minority of treated individuale showed o
improvement, the' average 1increase of 4.2% 1s highly significant, the ntandsnd
error of the mean being 6.9%/ 23 = 1.4 Both groups were maintained on  high
calcium diets.

A similar study using the hormone calcitonin shoved an 1increase of 2.2%
overs: 27, months' compafed to a decrease of 1.6 for the control groups. The
difference from the other control group, 1f it is significant, may.be due to. the
dietary calciun supplement.

A pilot study of the drug Dichloromethane Diphosphonate (Proctor & Gamble)
vas undertaken in cooperation with R.R. Recker of Creighton University. The
results on this small group of patients (16) were positive enough to justify s
more extensive investigation with a larger number of patients.
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4. Blgem production for Respiratory Physiology

M.M. Graham,* H.I. Modell,** and R. Murano* I

4.7 br BlRb is produced by the a—bombardment of NaBr at the University of

Vashington cyclotron.l The target is dissolved in water and adsgrbed on 2
column. Air or mitrogen flowing through the colum carries 13 second lge™ into
a respirator fron which an experimental animal breathes.

animal’s lungs.

A gamma camera is used to create an image of the
portional to I

Experiments to date have shown that the total lung activity is proj
the ventilation, or fractional volume exchanged per unit time.
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5. Cyclotron Production of '094g

3. Arzigian,* G. Depasquali,* and D. Lazarus®

AgyRbI5 1s an fonic material vith unusually large valueg for the diffusion
coefficdent’ of silver fons near room temperature (D = 10~> cu’/sec). AggRbI5
od other “superionic” materials show great promise as materials for high energy
Gemsity solid state batteries. To understand the transport mechanism involved,
we are making isotope effect measurements for diffusion using commercially
available 110mAg and 105ag produced in the reaction 103gn(ox,2n) 1054g with
eyclotron alpha particles.
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6.

Light Ioa Irradiation Creep
=81t Ton Irradiation Creep

C.H. Henager,* R.G. Stang,*+ E.P. Simonen,* J.L. Brimhall*

Materials placed under stress and subjected to the
of both breeder and fusion reactors exhibit a form o
termed {rradiation creep. Due to the difficulty, cost and time required in
naking precise in-reactor creep measurements, there is a world-wide intercst in
sinulating in-reactor creep by hombarding materials of interest with energetic
lght ions under well controlled conditions. Such experiments enhomie o
understanding of the operating creep mechanisms and  permit screening of
B rial [eactor alloya. ' IThdlRadiat{on Bffedrs jan Hletals progranssipported by
the Division of Basic Energy Sciences, Department of Energy at Bactelln. pacifis
torthuest Lsboratories is conducting an irradiation creep experiment using the
tanden Van de Graaff accelerator at the Nuclear Physics Laboratory.l

elevated neutron fluxes
accelerated deformation

farly experiments compared the creep response of high purity Ni under
conditions of continuous and cyclic 1irradiation with 17 Mey deuterons.. ric
cyelic irradiation approximated the expected duty cycle of a tokamak  fusion
power plant. . The significant| resultiof this serfes'of expériments was thar

gyelie irradiation sopcepiilsnsgzeatons thanuthat Lumxpscted. 10forsiIeont snton
irradiation.2,

At the present time a series of
dependency of irradiation creep 4n Ni. is mear  completion.

irradiations with 17 MeV deuterons have been performed at 2009¢
ranging from 250 to 132 MPa.

experiments to determine the stress
Continuous
with stresses
To date, 9 irradiations at 6 different stress
levels have been completed. Preliminary analysis using earlier = results
indicates that the stress exponent for the continuous irradiations is shoe

Including this later data gives a stress exponent of about 1.5,
Theoretical modelling of the irradiation creep process is being pursued at PNL.>

Several significant changes in ex
during the past year. An
facilitate beam tuning without
assembly was installed just

perimental instrumentation have been ma

in-chamber movable beam stop has been added to
irradiating the specimen. A quadrant plate
upstrean of this new beam stop for tuning and
steering purposes. Using the quadrant output, the accelerator operator can
deternine beam location relative to the creep specimen. The most significau
change was the addition of a PDP-11/03 computer and a NEFF System 620 24 chamuel
A/D converter as the new data acquisition systen.6 This new system has greatly
increased data accuracy and has sufficient flexibility to accommodate a  greater
degree of sophistication in the future, e.g., computer based parameter comtrol .
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7. A Comparison of the Ti Eff of BCNU Administered
Concurrently with Neutron or Photon Exposures and with BCNU Administered
One Day Following Neutron or Photon Exposures to a Rat Brain Tumor Model

J.P. Geraci* and A.M. Spencett
at the University of
1iomas with whole-brain

a

Between 1973 and 1977 the radiation oncologists
Washington treated 22 cases of high grade astrocytic g
fast neutron beam irradiation. Patients receiving meutron treatment did have
olightly longer mean survival time than an historical control group of
photon-treated patients at the University of Washington. Of particular interest
were the neuropathological analyses Of 15 patients who came to autopsy. The
autopsies revealed that the destructive effect of neutrons on glioblastoma was
compared to conventional photon irradiation. However, diffused

ation were found in regions far removed from
the tumor which vere in excess of those found with equivalent doses of photon
exposure. These results suggest that a possible refinement in neutron therapy

using lower neutron doses to avoid excessive normal tissue damage combined with
timm tumor

non-toxic levels of chemotherapeutic agents may still achieve an optim

response. ascertain whether this so we have studied the effects of

cyelotron neutrons, 13/Cs gamma rays, and BCNU (the leading chemotherapeutic

agent for the treatment of human gliomas) or combinations thereof on a
lantabl e i

The effects of administering BCNU either one hour before or one day after
.7-1. For aninals treated with BCNU one day
results show approximately a constant 50%
displacement of the percent survival curve as compared to the response of
animals receiving photons alone, except at the highest radiation dose used.
Since a 50% increase in survival time is also observed in animals receiving no
radiation, these results indicated that the effects of BCNU and radiation are
additive when drug is administered one day after radiotherapy. In contrast,
when BCNU therapy precedes photon irradiation by one hour the drugs appear to
a greater than additive effect in emhancing the survival of tumor bearing
At high radiation doses coupled with BCNU therapy (2000 rad) there is
a significant reduction in survival of animals, presumably due to the combined
insults of radiation, drug, and tunor growth.

irradiation are shown in
after photon irradiation, the
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00 Gamma rays + BCNU [he.befors irradiation
-0 Gamma rays + BCNU | day after irradiation
-4 Gamma rays

-0 Neutrons + BCNU | hr. before irradiation
O-0 Neutrons + BCNU | day after irradiation

Percent Increase in Survival

Percent Increase In Survival

560 1000
Dose (rad)

000
Dose(rad)

Fig. 7.7-1: Effects of adninistering Fig. 7.7-2: Effects of administering
BCNU before or after gamma r
irradiation

BCNU before or afte:
neutron irradiation

animals are

ditive effect in prolonging the
Hovever, this super-additive effect appears to be
I less than that observed for photon treated animals. As was the cave with photon
I treated animals, large neutron doses (1000 rad) coupled with BCNU therapy
resulted in reduced survival time as compared to animals receiving lower
radiation doses.
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8. libration of the Proton Registration Properties of CR-39 Polymer

F.H. Ruddy,* c.C. Preston," R. Gold,* E.V. Benton*t and J.H.

Roberts*

elopment for the Magnetic Fusion Energy Program,

In support of materials dev
ing an intense neytron source

the United States Department of Energy is construct
known as the Fusion Materials Irradiation Test (FMIT) Facility.l The FMIT
Facility will gemerate high enmergy neutrons for the systematic study,
evaluation, and development of fusion reactor materials, A prototype linear
accelerator will provide a high current deuteron beam (~100 ma, 20 and 35 MeV)
that will impinge on a target of floving liquid lithium, producing neucrons
through the LL(d,n) reaction. Flux intensities of 1015 neutrons/(em®-sec) with
a most probable energy of 14 MeV are anticipated. Current plans call for bean
9!

on target in 1984.

No irradiation facility yet built the irradiation
planned in PMIT. Full exploitation of this unique facility requires the
Hevelopnent and testing of dosimetry techniques applicable in intense high
energy meutron fields. One of the potential methods being developed is the use

of solid state track recorders.

Stnce the discovery2:3 of the track recording properties of CR-39 polymer
in 1978, this plastic has been shown to have a mumber of properties advantageous
o neutron dosimetry applications. Among the most important of these are
ewcellent optical quality (even after extensive chemical etching), uith
resistance to p-J radiation,’ and sensitivity to protons over a wide energy
range.5 Calibration experiments carried out using University of Washington

in the energy range
from 0.2-18
been shown to vary smoothly with emergy allowing the use of
proton  spectroscopy (see Fig. 7.8-1). Plans for neutron dosimetry involve the
bae of CR.39 for meutron induced proton recoil spectrometry,’;8 relying on
H(n,p) cross section which is accurately known over the entire energy range of
FHIT (0-40 MeV).
ciency of CR-39 polymer as a function of angle
librated at two energies and present plans call
of the track

The proton registration effi
of incidence has recently been ca
for continued angular response calibrations as well as extension
diameter versus proton emergy curve to higher emergies.
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9. Measurement of Calcium Target Contamination

L.E. Antonuk,* and P. Kitching®

A 50.88 mg/em? 40ca target used in a previous “°Ca(p,2p) 200 MeV experiment
at TRIUMF was suspected to be heavily contaminated by oxygen. The analysis of
these data required s knouledge of the anount of oxygen relative to calcium in
this target measure this quantity, a singles experiment was performed in
the large 5czttenng chamber using 18 MeV protons.  Elastically and
inelastically scattered protons vere measured with a solid state silicon
detector capable of 50 keV resolution. Besides the Ca target, emergy spectra
were taken for a 0.400 mg/cu? 12Ca target and a 1.8 ng/cm M0, target to assist
Tn seak idencification. The detector angle vas chosen as order to
maximize the separation of the 160 elastic peak (15,174 nav) fmm the elastic
(16.811 MeV) and first excited state (13.572 Mev) of 40ca. The ratio of I
40Ca atoms in the Ca target was determined to be 1/1.9. In addition, the
anounte of 14§ and 12¢ relative to Wca were deternined to be less than 1/14 and
1/7.4, respectively.
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10. Pulsed Radioluminescence Studies*

M.L. West* and J.H. Miller*

Pulsed radioluminescence techniques were wused to investigate the
fluorescence response of dilute solutions of benzeme in cyclohexane for proton
and alpha particle excitation. For both protons and alpha particle excitations,
the initial rate of decay of benzeme fluorescence is emergy dependent and is
aluays greater than the rate of decay observed with ultra violet excitation.
diffusion kinetic model based on intra track quenching from radicals created
along individual particle tracks has been formulated to explain  these
observations. The intra track quenching is observed to be proportional to the
mean stopping power of the incident ion. However, for protons and alpha
particles of the same mean stopping pover, the amount of quenching for alpha
particles is about 60 per cent of that observed for protons. These results
establish  a radiation quality effect 1in the characterization = of
radioluninescence that is consistent with our model predictions.
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8.  ACCELERATORS AND ION SOURCES

1. Accelerator Radiochronoloy
—__—tce erator Radiochronology

GW. Farwell, P.M. Grootes,* y.A. Saunders, F.H. Schmidt, and
M.-Y'B. Tsang

The use of the tandem Van de Graaff as an ultrasensitive mass spectrometer
for neasurement of minute isotopic ratios, with particular strention to
applications in radiochmno]agy (such as l“c dating), was begun in 1977 and has
continued at a somewhat accelerated pace.

During 1979 ve have concentrated on the following problems:
1)  Inmprovement in general stability of the tandem accelerator and the
sputter-type ion so

) Study of the background of unvanted fons generated in the sputter fon
source and in the Van de Graaff accelerator tubes.

3)  Studies of preparation of sputter source material for carbon ion and

berylliun fon production.

) Ion-opties studies of the low energy, or ion injection, ponxon of the

source and tandem, prinarily to find a solution to the import,

problen of normalizati

At the time of writing this report, we believe we have found adequate
3, but the last--the normalization problem—-is still mot
Apparatus is now under construction, and is soon to
tested, which will enable us to monitor continuously a mormalizing~ beam (as,
for example, 12c™). simultaneous measurements must be made of the normalizing
beam in the low-energy section (1.e., prior to high-voltage acceleration) anq of
the desired radioisotope beam (as, for example, the dion counting rate)
folloving acceleration and subsequent momentun selection or otper . ion
discrinination. This avoids a serious problem: if both (say) 14C and 12¢ were
sinultaneously accelerated,
background of ions which could masquerade as 14
additional separation techniques, would mask or seriously distort the

solutions to 1, 2, and
satisfactorily solved.

avoids a serious ion background problem,
it opens the possibility of erroneous !%C measurements because the Van du Grasfs
accelerator transmission is not constant in time. To eliminate the effects of
variable transmission, we intend to compare the unknown source with a standard
source. The two sources must be alternated many times for each measurement in
order to. reduce the effects of variable transmission to a level commensurate
Vith statistical counting errors.

While this method of normalization
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Equipnent for a definitive test of this normalization scheme is under

construction and will be tried soon.

Our source preparation studies have led to several mew interesting results:

1) Large negative C beans can be made only from ~graphitized” source material.
Amorphous C gives 1/5 to 1/10 as much beam.

2)  The negative C beam magnitude is independent of the relative orientation
of the graphite crystal planes. This latter conclusion was
reached by using sources made of Grafoill carbon material (a graphite foil
material in which the crystals are aligned parallel to the foil surface).

3)  Very pure C source material can be successfully prepared and deposited on a
01 a sputter source disc by converting CO. quantitatively into CO an

cracking the CO in a glow discharge. While good negative C ion yields have

been obtained with sources containing only 1 to 2 mg of C deposited
directly in this way, higher ylelds and greater durability are achieved by
molding the carbon under high pressure, followed by graphitizing the

deposited C.

Hotaliic! PRV ¥bHis Siving e’ ton) yields (Be” or Be0) 48 lavgs ae those
e ercial Be metal have been prepared from Be0. This 15
accomplished by heating the BeO with Mg pouder to reduce the BeO (800-9000
) and subsequently evaporating the Be onto a Sputter source
(1300-140000).  The required amount of Be is 10 to
reduction).

disc
20 mg (before

We have successfully made comparisons of 14g/12¢ ratios for several carbon
samples from woods of different origins and of 10ge/9Be ratios for beryllium
samples of various origins. The counting rates varied from about 40
counte/min/pA 12c- for 1964 wood to <0.3 counts/min/ph 12¢- for graphite.
Although in our comparison the measured relative values of the léc/12c ratios
A A efous; sanples, esreed, withthe; expacted relative valuss, withiln the
e S TIMie,. the fact that | thess. wnceitalnties (counting
in.the range of + 5% to + 157 indicates the need for a
AL L eochdura aa discussed, above, ., Somewhat, more, consiecent
were obtained for 10Be/%Be ratios, for which normalization was
em and the high-energy magnetic
analgsis system, so that the 10ge counting rates could be normalized to analyzed
Be™3 1on beams. Normalization studies of this method are continuing.

e Fesuits on cacbon and beryllium, together with a description of
present. radlometric dating system and further details in regard to source
preparation and ion yields, were presented in two papers2,3 given at the Teath
I:;:rna:im\a] o aohas’Conference held at Bern and Heldelberg, August 19-26,
1979.




Work is continuin,
alternation of samples

8 foward an automated fon source that will allow rapid

vithout cross-contamination; an fon injection system

to work with heavier radioisotopes such

L 1, and n; .20 don velocity filter to reduce the background of

gnvented fons ‘fx ‘ths Tadiol§otope ‘bedus; 'and 4 Highir codtottin g detector
system for use with all elements heavier than carbon.
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2. Van de Graaff

and
Staff

The following major projects have been carried out during the past year to
improve the Van de Graaff accelerator. ALl are described 1 ofner sections of
this report as indicated.

1)  reconstruction of the terminal voltay
2)  improvements
3)  improvements
4)  installation
5)  study of low

ge regulator (9.7),
to the polarized ion source (8.4

e
to the sputter sources (8.1 and 8.5),
of a gamma radiation monitor system (8.7), and
energy optics (8.6).
In addition, we have made the following modifications to the accelerator:

1) improved the television readout of the i

njector terminal source parameters,
2)  added a voltage regulator to stabilize low energy optical element pover
supplies,
2) Installed an improved high energy bean stop, the so-called “flap”, and
4 rebuilt the vacuum control system on the 10 fuch scattering chamber.
During the year from April 16, 1979 to April 15, 1980, the tandem was
operated 5612 hours, and the injector was operated 60 hours. Other statistieq
of the accelerator operation are given in Table 8.2-1.




Table 8.2-1: Tandem Accelerator Operations
April 16, 1979 to April 15, 1980

Activity Percent
A.  Muclear Physics Research
1) Light Tons 3 10
‘ 2)  Polarized Ions 86 23
3)  Heavy Ions 95 26
4)  Radiochronology 28 8
Total 245 67
B. Outside Users
1) Battelle Northwest Laboratories 19 5
2) Hanford Engineering Development
Laboratory (Westinghouse) 4 1
3)  University of Washington Nuclear
Engineering B <
4 University of Alberta i <1
Total 26 T
c. Other
1) Accelerator Development 8 2
2)  Accelerator Maintenance 35 10
3)  Unscheduled Time 51 14
Total 95 26
GRAND TOTAL 366 100




8y

2)
3)
4)
5)

operating conventional cyclotron in the world
cancer therapy and other applications described in Sec.

current would fail catastrophically during the year,
state power supply. Transformers and rectifiers for
error sensing amplifiers, the series pass transistor

vere built in-house. A rough regulator to drive the
also

more than nine months.

controlling the vacuum and safety interlocks. Work on both these
been slowed by the current high demand for cyclotron beanm time

1980.

Cyclotron 0

perations and Development
———J"_otron Operations and Development

S o et fneting, B0 uotovelly. o dioky
and W.G. Weitkamp

e 60iRipugyctotoon, now after 30 years of continuwous use  theyioldest
; continues to provide beans for
7 of this report.
Fearful that the 30 year old motor-generator set providing the main magnet

we replaced it with a solid
this supply were purchased;
bank and transistor drivers
primary power variac was
hon eiucted and installed. The mew system has operated satisfactorily for

In addition, we have:

replaced antique power supplies on the up-down and focus magnets,
replaced the duct diffusion pump,

replaced the heaters in the main diffusion pump,

overhauled the oscillator frequency control cireuit, and

solved sparking problems around the main oscillator tube.

4t Present, ve are working on an MR based regulator for the main magnet,
installing a TI 550 controller to replace the old banks of relays
projects has

The cyclotron operated 1019 hours between April 16, 1979 and April i5
Other statistics of cyclotron operations are given in Table 8.3.1.




Table 8.3-1: Statistics of Cyclotron Operations
April 16, 1979 to April 15, 1980

Activity Days

Division of Medical Radiation Physics 135 68
(Cancer Therapy)

Division of Nuclear Medicine 15 8
(Total Body Calcium)

Division of Nuclear Medicine 10 5
(Isotope Production)
Department of Environmental Health 5 2
Oregon State University 1 a
University of Illinois 3 2
Scheduled Maintenance 10 5
Unscheduled Maintenance 20 10
TOTALS 199 100




Polarized Ion Source Developments
————=-arzzed Ton Source Developments

W.B. Ingalls and T.A.

Trainor

The fallure of the high voltage insulation beneath the duoplasmatron region
resulted Lo ek shutdown ‘of 'the fon source this year, i original
1nsulation consisted of a 3.2 mm thick sheet of PVC laminated to a lower PVC
sheet 9.5 mn thick.

the
to accomplish an expe The removable flooring around
the lon source was modified to.  accommodats . the es insulation, which was
purposely made approximately 3.8 cm wider than the o1g to provide a longer
breakdown path length.

Internittent leaks {n the forevacuun of the ion source have been eliminated
by the installation of a new forevacuum manifold.
securely to the fon sourc

3-8 cm ID reinforced PVC hoge.l
joins the manifold to the forepumps.
gorresponding ID thick-valled rubber tubing and the vibratiopa) coupling of the
forepunp with the remainder of the fon

A spiraled 75 cm lom

A low-volune stainless steel sowrce gas manifold of hard
CoMpression fAtting: construction was installed to eliminate recurring leak
and/or contanination effects observed in the duopiasemsmi operation. The
St Lol Lo commec Rl R oA KaEInIct of Ehaiduoriasneiion. it stainless
steel bellovs and & 5 cm plece of thick-valled pyrex tubing.

solder and

In conjunction with the
simplified vacuum interlock
incorporates a Varian model 810 thermocouple
monitoring and interlock protection and

© 20 mm Hg Hastings-Raydist2
thermocouple gauge for duoplasmatron source gas monitoring.

nev forevacuum and source gas manifolds a
controller was installed.

A major source of difficulty with the wicking cesium ecanald has
leakage of cesium into the duoplasmatron vacuug Th
evidently travels by capillary action along the

to isolate the oven from the canal and then drips to the optical besch below the
oven.

The oven-valve assembly was replaced by a new one
stainless steel bellows
seal between the valve stem

which incorporates the
assembly from a Hoke model 425INGY valve to provide s
and the surrounding vacuum system.

We have continued to upgrade the electronics portion of
well-regulated commercial pover supplies.
amp supply4 to replace tl
regulated supply> for th

the fon source with
This year we have added a 40 volt, 5
he duoplasmatron magnetic field supply and a 40 kv RE
e first gap of the acceleration tube.
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Sputter Ion Source Development

5. Sputter Ion Source Development

i Amsbaugh, D. Storn, and W.G. Weitkamp

Ol Intention at thelbsginning of. this year was) o complste the workionitlie
development sputter sourcel and imstall it on the tandem. We have been delayed
In this plan, because we found that optimizing the source geometry by trisl and
a0t productive. Consequently, ve spent a considerable effort in
rmrating the trajectories for both the cesium ions and the megative fons from
e ae*"uith| ‘these!l conputations iue havejcarriedjoutis ssties of
R stvementa to verify the calculations and to deternine optimum geometries for
the cesioa beam, How that we have made this progress in obfaining a deeper
\nderstanding of the source optics, ve expect to be successful in finishing
developnent work in the near future. Already,
beam intensity produced by the development source.

Along with the vork spent studying the details of the source optics, 1t was
100 Fiachsseeiiic s alaiivarious electromechanical) dmprovenents in the
evolort e talifsobcatn saElsfactoryArliapilicy ot opsrstion. A Rumber of
high veltage feed throughs were replaced with sturdier versions, and a mumber of
S 1octyoAeiSUpRGEES were moaified to shield chair insulators from the cesim.
Finally, the cesium steering pover supplies vere modified so they could both
Supply and sink current. Now the source operates reliably over the entire range
of the focusing and accelerating voltages.

A photograph of the ion source electrodes is shown in Fig 8.5-1. Our first
calculational effort, when we found that carbon besms were limited to 5-6 pA for
S hambor of trial configurations, dealt with the optics for the jnegative ilon
beams. The calculations were carried out using the program cysyM.2 This program
as medified extensively to include the reflection of the cesium beam and to
ool with the small scale structure in the vicinity of the cesium ionizer and
the negative fon source pellet. The program solves Laplace’s equation for the
axially symetric electrode geometry, and then carries out a numerical
Integration to deternine particle trajectories. Another modification, done to
make. efficient use of the mew VAX computer, involved storing the results of the
olectric potential calculation in a disc file, and then using these for a number
of trajectory computations.

From these calculations we determined that for the various electrode
configurations ve had tried, the system should be operating with a narrow
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SPUTTER TARGET ELECTRODE

EXTRACT ION BEAM EXTRACTION
Q ELECTRODE

|

.

Cs

BEAM EINZEL
ELECTRODE

GROUND EXIT
ELECTRODE

RIS
7 IONIZER GROUND Cs" FOCUS & STEERING e

ELECTRODE ELECTRODE

| Table 8.5-1: Sputter Ton Source Electrodes




aberrations, and there should be no problem
intercepted in the ion source. Furthermore, we
S sputter source used on the tandem

The result vas

negative ion beam with negligible
with any of the beam being
carried out a set of computations for the UNL
to determine the emittance figure of the beam from that source.
that the particles occupy the phase space illustrated in Fig. 8.5-2.
e urements on the low energy beam of the tandem gave Tesults consistent
with this prediction.
n beam seemed to be satisfactory, we
Most of our tests used an Off
ion

Since the optics for the negative ior
investigated the situation of the cesium bean.
e hmnel to transmit the cesiun past the sputter target; the rnegative
Seceloratingn alactrode was biased:to geflect the cesimiback onto the spitien
target. Other tests with six holes symetrically placed about the pellet, as in
B e hestendamsrgel@éinilar beam igtefisitics. The itention with fthe
Single channel geometry was:to use the cesium transport system, shich includes a
B ftn steering capability, to focds and\steer the cesium beam chrough the
RiihLl. tsnilueins chevarlablsizefledilon 'oitsge, ot jwouldy foct® LR
oo uat mhan wtouacamall apatsy slnceithelireflectiod poteatisl shouldysse
as a concave mirror.
ure the intensity of the cesium beam striking
the sputter target, because there are much higher currents of electrons due to
Socondary emission and field emission, ve approached the cesiun problem fron
e yrections.  First, ve measured the cesun bean passing through the
el ar tha buucter target. Thisiwis done by puttingja”'Earadsy eup (yith
appropriate biased electrodes down stream of the chamnel, as indicated in Fig.
S detaraisid that, st a Cs oven [temperature of 2900, we could projuce
R AN rhiici béss whichicould jbe focused throush( 1.53mm sperture at|the
it of the chatnel. HNormally the source operates with s range of oven
temperatures betveen 275°C and 340°C.

Since it is difficult to meas:

reflected cesium ions and

determined what values of r
cesium channel exit in order to hi
results of these calculations in
aberrations, but that the cesium fons in a parti;
space will hit the target. Similar calculations
geometry indicate that the holes through which the cesium passes
near the optimum position for that system.

cular 35 ma-nr area of the phase
for the UNIS reflection
were located

hird, we carried out.a series of .calculations o the cesiun transport
aysten to see how ve could match the cesiun bean to the phase space that would
e flected back onto the sputter target. The conclusion of these calculations
e that the matching required changes in the geometry of the cesium ionizer.
By moving the grounded electrode near the ionizer tip we can make large changes
B ke strength of the lens associated with 'the cesium acceleration gap.
Consequently, we have made a mechanism that permits us to move that electrode
hem the source is rumning. According to the calculations, the adjustment of
this electrode, along with the focusing and steering of the cesium einzel lens,
W11 emeble us to produce a cesium beam that will pass through the channel and
e reflected to a small spot. As a test of this scheme, we have measured the
emittance of the cesium beam by focusing it through a pair of holes at the
channel position. These apertures were 17.8 mm apart, and we found that with
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voltage,

appropriate settings of the ground electrode position and the focusing
This

the entire cesium beam (0.4 mA) would go through a pair of 1.5 mm holes.
corresponds to an emittance of 126 ma-mr.

tests in which the cesium is reflected back onto
the sputter pellet. We plan to determine the optimm cesium beam optics to
produce the maximum negative ion bean and will measure the emittance of that
beam. . Various configurations will be studied, including the single cesiua
channel and the six boles for the cesium, as, well ss a conventional cone
geometry, in which there is no cesiun reflection. Although the tests have just
begun, we have already obtained a 20 pA beam with good emittance from the single
cesiun channel geometry.

At present we have resumed
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6. Low Energy Optics Studies

J.F. Amsbaugh, F.H. Schmidt, D.H. Storm, and W.G. Weitkamp

e low energy optical system for the tandem
The optical elements include the inflection
magnet, which performs a weak focusing, the five inch einzel lems, and the tuo
Jach bore quadrupole triplet. The locations of these elements have been
determined by various physical constraints. They are intended to function as a
telescopic system, to produce a waist of appropriate size at the location
appropriate to the terminal voltage. This system can prepare beams from the
Aivect extraction ion source to yield nearly 100% transmission through the
terminal. For the polarized ion source, the transmission can be as high as 907
at some terminal voltages, but it is poor at low voltage. The transmission for
the sputter fon source can be over 30% at terminal voltages of 7 MV, but is less
at other voltages. We have undertaken a series of measurements and calculations
%o determine the emittance of the sputter ion source and to determine how to
improve the transmission of the sputter source. As a result of these studies,
we are presently planning to replace the quadrupole doublet with a triplet, and
to add a gridded lens to the end of the low emergy beam tube.

The present configuration for the
is 1illustrated in Fig. 8.6-1.

T S0GRE e e b

Fig. 8.6-1: Layout of the present

7 low energy beam optical system.
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Calculations of the emittance of the sputter ion source were
are presented in Section 8.5 of
indicate that the emittance of the source is determined by the size of the
source spot for the lons and by the typical sputter energy of 10 eV.
Aberrations in the source optics are not important, and nearly all the ion beam
will pass through the magnet apertures. The calculations predict that the
maximun transmission through the magnet will occur at the same values for the
source parameters for which the maximum is observed. In addition, the spot

size measured at a point 35 cm from the source exit is consistent with the
predicted value.

carried out,
this annual report. The calculations

The acceptance of the accelerator is determined by the stripper aperture
and by the entrance of the low energy beam tube, in conjunction with the
immersion lens at the beginning of the acceleration tube. At all but the lowest
terminal voltages, the entrance lens of the beam tube is strong, and the area of
the acceptance figure is substantially larger than the emittance of the ion
sources. For example, at 25 keV ion emergy, the sputter source produces a 12
mr-cm emittance area, while the acceptance of the accelerator is
that figure for terminal voltages above 0.7 MV
The size and location of the entrance pupil has been calculated previously as a
function of terminal voltage and ion energy, and is indicated in Fig. 8.6-2.
The same calculations were used to determine the acceptance. These calculations
predict that the entrance pupil will be located at the slits on the beam line
just at the tank entrance for 25 keV ions and with 2.0 MV on the terminal. a
check, this result was confirmed experimentally by measuring the opening at
which beam began to hit the slits, as a function of terminal voltage, when the
low energy optical system was focused for maximum transmission.

E1on =100 keV

{os

Fig. 8.6-2:  In the top part the
foe position of the entrance pupil
without the gridded lems is

plotted vs. terminal voltage

e with solid lines for three ion
energies.  Also, the size of
the pupil is plotted vs. posi-
tion with the dashed line. In
the bottom part, the position
vs. terminal voltage is indi-
cated for 25 keV ions with the
gridded lens for a number of
- 8rid biases.  The pupil size
is shown with dashed lines

aperture | for two limiting terminal
~size MV voltages.
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e focusing results from the field gradient at the end
e ratio of terminal
pupil

Since nearly all the
of the beam tube, and since this lems strength depends on th:
neral result that the entrance

e stripper aperture and fairly near the

voltage to ion emergy, it is a quite ge
the tube

will: first, be much smaller than th
tube entrance at high terminal voltage, and second, move avay from
(toward the ion source) and get larger as tl

the initial fon energy is increased). Thus the task of the present low
optical system is to produce a vaist at the appropriate point, dependent on

terminal voltage.

For high terninal voltage this waist is small and far from the guadrupole
doublet.  Under these conditions the bore of the doublet limits the convergence
ngles associated uith the uaist, so it is impossible to put the entire bean
Eheough the quadrupole and into the entrance pupil. At lover terminal voltages,
the waist is larger and nearer the quadrupole lens. Thus one might expect that
at. some low terminal voltage, one could match the ion beam emittance to the
acceptance of the accelerator. However, since the principal planes of the
Guadrupole doublet with short focal length are shifted outside the lens on the
converging side (see Fig. 8.6-3), the result is that in one plane the waist 15
Gmall, but the converging angles are too big, while in the other plane the wvaist

1s still too big.
en, ve are building a quadrupole triplet lens
to replace the doublet. In addition, ve are preparing to install a gridded lens
Using the gridded lens, we will be able to maintain

tion for all terminal voltages so that
the triplet (with a three inch bore) will be able to focus all the beam from any
of the fon sources into the accelerator acceptance, for terminal voltages above
Shout 1 MV for the sputter ion source and above about 2 MV for the polarized
alternate approach would be to float the source at a variable
For maximum terminal voltage (9 MV) a sputter source voltage of 25
W (ylelding dons of 50 keV, since the source rums with 25 kV accelerating
voltage) vould be required to match the source emittance figure to the
accelerator acceptance figure, assuning the quadrupole triplet vere to be filled
%o the 3 inch diameter. At this voltage the source emittance vould be reduced
%o 8.5 cm mr, and the beam convergence angle, determined by the triplet bore and
entrance pupil location would S mr. The radius of the entrance pupil would
be 1 um.  For lower terminal voltages the source voltage would be lowered, to
nce pupil from getting too close to the quadrupole triplet. We
have decided to~ pursue the use of the gridded lens in order to avoid the
technical difficulty of floating the entire sputter source at high voltage.
Consequently we have calculated the position of the entrance pupil as a function
of terminal voltage and grid voltage. part

of Fig. B8.6-2.

In order to rectify this probl

source.  An
potential.

prevent the entra:
The results are shown in the lower

of the pupil is nearly independent of
terminal voltage with a gridded lens. It is also clear that the pupil can be
Jocated at any desirable location by applying a modest voltage to the grid. For
example, with a bias of about 10 kV, the entrance pupil will be near the tank
entrance, and about 3 mm in diameter. The maximum convergence angle permitted
by the guadrupole triplet will be 35 mr, while the 12 cn-nr emittance of the

ter source will be focused into a 4 m spot with convergence angles around

t is clear that the position

sput
20 mr.
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Fig. 8.6-3: The principal planes of

a quadrupole doublet are located

]:[ D outside of the converging side

gt when the lens is focusing to a

£ orin nearby point. Thus the focal

length in the  converging-
diverging plane is much longer
than that in the diverging-
converging plane, and the
magnifications and convergence
angles are quite different in
the two planes.

Installation of a gridded lens does not increase the acceptance of a beam
tube; on the contrary some bean is lost to the wires of the grid. But it fs
expected to enable us to match the source emittance figure to the accelerator
acceptance quite well over the full range of terminal voltage.
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Gamna_Radiation Monitor System

Lamoreaux and W.G. Weitkamp

In the past the tandem radiation system protection has been based on
neutron monitors. These monitors give three readouts: (1) a meter reading
directly in mr/hr on a logarithmic scale, (2) a system of interlocks which  turs
off the beam if shielding doors are opened improperly, and (3) an audible
elicking sound-~the frequency of the clicks in Hz is equal te the radiation dose
rate in mr/hr. For many accelerated beams, neutron flux is a reliable indicator
of total radiation hazard. However, heavy ion beams can produce high gama ray
fluxes without producing significant neutron fluxes. Consequently ve have
designed and installed a gamma ray monitoring system to complement the neutron
systen.

The gamma radiation intensity is measured with ion chambers salvaged from
old "Cutle Pie" portable detectors, with all voltages provided by regulated
pover supplies instead of batteries. The chamber current is measured by a MoS
op-amp electrometer circuit. The output is fed into a 741 op-amp with a
germaniun diode in the feedback loop to provide a logarithmic respomse. Tha
output voltage is displayed in the accelerator control room on a O-1 ma meter
with a logarithmic scale.




The meter signal is compared to two different voltages corresponding to 10
mr/he and 100 me/hc. The comparators consist of 741 op amps with the signal fed
to one input and a settable voltage at the other. Using the 74l%s in this
monner gives a sharp transition at the threshold point. The outputs of the
comparators are fed into a logic circuit which lights different colored LED's
corresponding to different radiation levels, and triggers a relay when the
fadiation goss above the preset value (100 mr/hr). The relay activates the
accelerator door interlocks.

An optional audlo alarm circuit has also been designed. The meter signal
s fed into @ voltage-to-frequency converter. The converter consists of an
1 e , and a multivibrator. The voltage is fed
Inte” the integrator. After a time interval proportional to the imput voltage,
will go above the threshold voltage of the

comparator.  The comparator then triggers the monostable multivibrator which
gemerates a square pulse of precise width and height. The pulse discharges the
fntegracing capacitor.  Thus, the circuit forus an oscillator with frequency

broportional to the input voltage. The multivibrator pulses provide the output
of converter. The pulses generated are fed into a pulse shaper, amplifier
and loudspeaker identical to those used in the meutron monitors.

The drift of the electrometer circult is less than 0.5 mr/hr/month, and
ceens to be tolerable. The entire system has given satisfactory performance for
e batoutiall fradton|OF the yest, and is GuOwiSbalfis’ Gxpended .fo .provide
monitoring in the experimental areas of the Laboratory.
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8 1S Ton Source Improvements

J.F. Amsbaugh, F.H. Schmidt, DH. Storm, and W.G. Weitkamp
re made with the Extrion UNIS (Universal Negative Ion
Previously the source had a high failure rate, with a
maintenance. As a result of the improvements, it has
T ver 600 hours, at which time the cesiun supply vas exhausted. Wore cesium
T e, nht the sntire lsource wes ' mot  dismantled and clefned.

e bsequently run another 225 hours, and hes not failed yet. The main failure
Se previously resulted when an insulating standoff supporting the decel
eciode (ses Fig. 8.8-1) short circulted, becawe sputtered metal vas
Sioceited on it. When this electrode vas shorted to the extraction voltage,
depative fons would strike the cesiun lonizer, spuctering a hole in it. Then
e eource would be flooded vith cesiun. To correct this problem, a shield vas
el to protect the insulator from direct bombardment by sputtered material.

A number of changes we
Source) on the tandem.
record 210 hours between

167




Fig. 8.8-1: Schematic diagram of the UNIS source showing the electrodes




Abther veason for the long tima batween fatlucesiialpEobeblyiNbecsraciiics

six hole reflection geometry, rather than the cone
strikes the upstream side of the
am is extracted through a hole
antial material sputtered into
With the six hole
source holder

the extensive use of the
geometry. In the latter, the cesium beam
material to be sputtered, and the megative fon be:
through the material. In addition, there is subst:
the part of the source upstream of the sputter cone.
reflection geometry, on the other hand, the upstream side of the
To tantalu, which has a low sputter yield. The cesium passing through the oix
L o Teficcted ontp thelsputter]pellet  JCSERoCARCHeixs At R
Brodliced ate|| acealersted.. ' Neutrall sputterad (mrerialliicsniiaes various
e ias. but the ingulators are shislded alongithe ({neios HlzhElifEom SHEES
sputter pellet.

A final improvement relating operation of the
the installation of a spark suppressor on the reflection electrode.
Originally this electrode vas at ground potential, and the -23 KV potential
) e veen 1t andthe sputer)targetiproduced (chefaccelarationlofithe
negative fona. With the reflection geometry, the reflection electrode is biased
B ey himiroi'volta poaitive, tolreflectithejcesim {ona, ShiclioEIEns S
ground potential, back onto the -25 KV sputter target. The spark arrestor
S events demage fo the Teflection supply in the event of a discharge betueen the

reflection electrode and the sputter target electrode.

to the reliability of the

source was

B -ios s iaprove the easaiotioperationand Hsrapility fobithel UMIS | b
built a feedback controlled cesium oven. The control is an Omega temperature
controller, which uses a thermocouple for a sensing element, and produces o
proportional error signal, which is used to drive an SCR controller which
supplies the heater current. The thermocouple vell is positioned between the
heater and the oven, to stability of the system and the temperature

regulation is presently + 2°C.

insure

Finally, the freon cooling pump was replaced with a mew, sturdier version,
after the original pump failed.
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9. INSTRUMENTATION AND EXPERIMENTAL TECHNIQUES

L. Development of a large Area Position Sensitive Proportional Teles,

Lazzarin:

and V. Metag

ur interests in coincidence heavy fon experiments has prompted us to
produce several gas AE-golid state E position sensitive proportional telcseqpes.
Markham,! we have modir this
The solid state detectors we use
» 100 pm and provide us with an active area of 12 mm x 26 mn for  the
resolution is adequate to resolve lighter elements in
The limiting factor in the charge resolution arises from the
hovever for the experiments in which these counters have
e e e =gl Uy T Mies N2 uote {mportdut’ consideration.  rafin
experinent enploying 1.4 GaV 208ph + 238y, for example, the devices provided mot
only kinematic infornation (E,6,8), but sise coury distinguish light and heavy
flsslon fragments from inelastically scattered target and bean partieles. The
photograph inFig. 9.1 shows the counters disassembled.
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Fig. 9.1-1: Photograph of disassembled
counters. Metal scale is 15 cm
long.




t of Cracked Ethylene Stripper Foils for the Tandem

2. Devel
Hinn, and W. Lynch

Bertram, G.
Radiation shrinkage is a major cause of stripper foil failure and, with
problem, cracked ethylene foils have been reported to last as

1 since it

is possible to produce these foils
the procedures and equipment for doing so was undertaken.

The foils are produced in a glow discharge, which is a stable gaseous
electrical discharge in a gas at low pressure. The electrodes which maintain
the reaction have a parallel plate configuration and are contained, along with
the gas, in a vacuum chamber. For a particular gas, the relevant glow discharge
(1) the geometry and separation of the electrodes, (2) the

the electrodes, and (3) the pressure of the gas.
the gas,

parameters ar
potential difference between
It is believed that electrons emitted from the cathode surface ionize
and the plasma set up by the ion pairs leads to plasma (atomic) polymerization.
The observed film deposit on the cathode is thought to be the collective
accunulation of the polymer.2 Foils may thus be obtained by retrieving this
film, the thickness of which is determined by the amount of material deposited.
Thus the foil thickness will depend on the reaction time as well as the other
parameters mentioned.
The gas used for producing cracked ethylene foils 1is a mixture of 90%
ethylene and 10% argon, the polymerization in this case being the cracking of the
ethylene. The electrodes are parallel discs 6 inches in diameter; both
aluminum and stainless steel electrodes have been used. Before the reaction,
the cathode has a thin layer (20 pg/cm?) of sodiumchloride evaporated onto it to
rve as a release agent. (The film is retrieved by floating.) The glow
discharge parameters have been restricted to the following values:

1) electrode separation: 2.5"
2) anode potential: ground
fal: -2.3> -3.0 kv

cathode potentia >
3) gas pressure: 55 pHg - 65 piig

These values were chosen since they are comparable to those used at Chalk
River.3 (Cracked ethylene foils have been produced at Chalk River and are
currently in use there as accelerator stripper foils.) The remaining parameter
of interest 1is the reaction time; the main emphasis of the project thus rests
n determining the variation of foil thickness with reaction time. Once this
relation 4s known, foils of desired thickness may be produced in a
straightforvard and reproducible manner.
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The stripper foils used at NPL have areal demsiti of 10pg/cm? or less.
With jour present apparatus we have produced foll. ith daholiiss between 7
/cn? and 27 pg/cn?: (Densities vera determined by pr  on oyneiil scattering
B hieh? Hleb8 Tt together with foils of know. densities, were used as
e e SN e loce 1S icsita var 1 1 (batvass” S0 act 1oy
seconds. > however, cannot be correlated ith foil thicknesses due
to an instability in the r W
densities measured 10 pg/cm? or less have been placed
accelerator terminal, and the in-beam lifetimes of the .oils are currently being
measured.

The reaction instability mentioned above is th
discharge to develoj

e tendency of the glow
P into an arc discharge. The arc is quite destructive, as it
perforates the film deposit and leaves a pitted  cathess

interrupts the

surface. It also
steady accumulation of material to such an extent that the time
dependence of the deposit thickness can not be measured.

to several factors:

e Lo cEroaNa uE PR RAAT SR oS B NP L AT (oo N T Jon ien o
confined to region between electrodes)

) flaws in the electrode surfaces producing high voltage gradients

3)  chemical reaction involving the release agent.

The arcing may be due

Thus @ new glow discharge apparatus has been designed and 1s wnder construction.
It features insulated ele

ctrodes, only the inner faces of which are exposed to
the gas. In addition, these inner faces are chromé plated. This - ney design
sddresses factoral (1)'and™(2)"directly; it addreshes (3) 5 the extons cpos a
S aucherieubRtiavetireliireh asbMiei ehte™ syen, ™0 i RIon S gt inan S
modifications will eliminate the srcing problem and hence alloy a detemminemins
of the foil thickness/reaction time relationship.
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ol to the Rabbit Target Transport System

C.D. Hoyle

The rabbit is a

pneumatic system for
bombarding site

shuttling a target between a
in the 0° beam line and a counting site in cave 2. The rabbit
vas previously used on the 00 bean line, but had been dismantled several years
ago. The rabbit was improved and reinstalled on the 0° beam line this year)




4" beam tube with a 1/2" square
tube inserted through the beam tube perpendicular to the beam
that the beam can

the rabbit tube, hit the target and exit the rabbit tube into a
1/4 mil Havar foil
The targets, mounted on

back and forth through the rabbit tube by

The rabbit consists of a section
aluninun  rabbit
tube axis. The rabbit tube has entrance and exit holes so
travel through
Faraday cup. The entrance and exit holes are covered with
since the beam is in vacuum and the target is mot.
balsa wood, carry that shuttle
applying compressed air or suction to the rabbit tube.
clude a new carbon aperture and a new system

The new carbon
in

Inprovements to the rabbit in
for applying the compressed air or suction to the rabbit tube.
aperture is a disc of carbon 1/8" thick, 2-1/2" in diameter with a 1/4" hole
the center for the beam. Before this aperture vas installed it vas possible to
hit the Faraday cup without the beam passing through the target. It is now
impossible to hit the Faraday cup without hitting the target. The carbon
aperture also has a current readout which aids in tuning the beam through the
rabbit.

The new compressed air system utilizes shop air (100 psi) which is fed
through a pressure regulator and a needle valve to a section of 2" beam tube.
The beam tube is used as a reservoir for the compressed air. Betueen the
reservoir and the rabbit tube is a solenoid operator valve which is opened and
closed by a timer.

The new vacuum system is similar to the compressed air system. A vacuum
cleaner provides suction that is regulated by a needle valve and another 2" beam
tube reservoir. Between the reservoir and the rabbit tube is another solenoid
operated valve which is open and closed by the timer.The timer allows the
opening and closing times of both valves to be ~independently adjusted. With
this arrangement the compressed air blows the target from the bombarding site to
the counting site and the suction pulls the target back from the counting site
to the bombarding site.

By adjusting the regulator and needle valves the transit times for the
targets can be adjusted. The time for the rabbit to return from the counting
site to bombardment site is about 1 second. This relatively slow time was
chosen to extend the 1life of the balsa wood carriers. The fastest practical
transit time for the trip from the bombaring site to the counting site is 80 ms.
For the 2bug(p,n)2%A1 p-J circular polarization correlation experiment, the
transit time is set at 400 ms.



Dual Carbon Foil Tim light System
~+~—pual Carbon Foil Time-of-Flight System

D. Leach and A.G. Seamster

A second fast timin;
incorporates a stack of two microchannel

These devices, based on
ochronous transport of secondary
2 charged particle passes through a thin carbon foil

The transport is accomplished by crossed electric and magnetic fields.
Fast preamplifiers have been built using

recently available high speed
hybrid circuits that allow retention of r.

ise times down to 1 nsec.

PR PR L T TR e S R e L alpha
b b L s e e e R et R

% 18 psec for each unit. This value should improve with moce energetic, heavier
ions.
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- Th-228 Alpha Source Gemerator System
== Th7228 Blpha Source Gemerator System
K.T. Lesko and A.GC. Seamster

4 new 10 mC Th-228 alpha source generating system has been installed in the
radiocheaistry lab. Alpha sources are produced by the deposition of Pb.212 onto
needles or folls. The resultant sources produce alpha pareieles with principal
eaergies of 6.051 MeV, 6.090 MeV, and 8.785 Mev.

Ine Th-228 bearing compound is housed in a spectally designed, nornally

ealed, stalnless steel and lead pig, which .is. enclosed fn an air-tight
fiberglass glove box equipped with an air lock.

6. Design of a Large-Solid-Angle Isochronous Momentun Filter

K.J. Davis, R.A. Loveman and D.

orn

The design for the momentun filter/spectrograph that was reported
year’s annual report!l has been changed substantially.
same, namely to build a mirror symetric system so that

in last
The design goals are the
at the final image there
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will be an achromatic, isochromous focus of small emough size to use a solid
state detector for energy determination. At the mirror symetric plane there
should be a focus with enough dispersion to give momentum resolution of  several
times 10-3. Finally, the acceptance solid angle of the device should be
reasonably large over a reasonably large emergy range. After detailed studies,
we determined that the energy range Of the device described previously was
Consequently ve have spent a major design effort this year to find
a systen that vould meet all the design goals, including that relating to energy
range. The effort was successful, and the new system will be described below.
As it is somevhat more expensive than the original, there has been some delay in
ordering components. As this report goes to press the additional funds have
been granted, and we can commence the construction phase.

inadequate.

While the previously described system consisted of a quadrupole magnet, a
and another large bore quadrupole magnet before thg symmetry
quadrypole, then has a 45" bending

in the other direction. In each

60° bending magnet,
plane, the new system retains the first
magnet, followed by another magnet bending 45
case there is a mirror symetric duplication of the first three magnets after
the symetry plane. The new configuration is shown in Fig. 9.6-1. In both
cases there is a double focus at the symmetry plane, which must be perpendicular
to the central ray, and the elements are chosen so that central Tays of momentum
differing from the central momentum are parallel to the central momentum ray at
the symmetry plane. These four requirements are necessary to obtain mirror
symetry, which, in turn, aticity and isochronism at the final
focus. In both systems second order corrections are required in the third
element in order to make the focal plane perpendicular to the cemtral ray.

The new configuration is described in Table 9.6-1. In the previous system,
the second quadrupole magnet was used to make central rays of all momenta
parallel. Thus it vas horizontally focusing. In the present system, the
reverse bending of the second dipole magnet accomplishes that task, and so it
need not be horizontally focusing. In fact it was found that the best vertical
acceptance was obtained if that magnet was vertically focusing and vas neither
focusing nor defocusing in the horizontal plane. In either system, the
achromaticity applies to the horizontal plane, but mot the vertical plane. It
would be possible in principle to make the vertical focus achromatic, but we
found that the second order corrections required to achieve vertical
achromaticity tend to counteract those that are mecessary to make the mirror
symmetric focal plame perpendicular. In order to achieve both these
requirements, several huge second order corrections were required in various
magnets.  The net result vas that the system could be made doubly achromatic to
first order, but higher order chromaticity was then enormous, and the focusing
aberrations were also very big. Consequently we did mot pursue the attempts to
achieve double achromaticity further.




Table 9.6-1: Magnets for momentum filter
Quadrupole

Logs =20.0 en

radius = 5.0 cm

gradient = 1.3 kg/cm for 25 MeV-Amu

Dipole 1 Dipole 2 Dipole 2
UEontl OpE Lonied
bend radius 60 cnm 60 cn 60 cm
bend angle 45 deg 45 deg 45 deg
edge rotation
entrance -30  deg -22.5 deg -27.47 deg
1 -21.6 deg -22.5 deg ~29.60 deg
gap height 5 5 cm 5 em
field index 0 0.272 0
second order
corrections none quadratic curved
fleld term edges
3(x/R)2 r=28cn

NOTE: Negative rotation angles for Dipole 2 correspond to vertical

focusing, since the magnet bends opposite the conventional
direction.

NIFORM FIELD
oiPoLe
pre0em

Fig. 9.6-1: Scale layout of the first rancer O
half of the mirror symmetric sys- = leld corrction
tem. The magnet effective field B cptn: it g i
areas, but not the yokes are 5 St
shown. Three rays are illus- o7

FOANE
trated: the central ray, a cen- 1

tral angle ray with 102 higher
momentum, and a large angle cen-

tral momentum ray.

Semoss

o —




Hovever, we found that by combining the vertical focusing of the second
dipole with that of the first quadrupole, we had the vertical focusing
distributed along the system well enough that the vertical acceptance was gquite
independent of momentum.  Basically what happens is that ‘even though
off-momentun particles will be focused to an image quite far from the mirror
symetry plane, as soon as they get very far from the central axis they
encounter strong vertical focusing and are forced back towards the axis. In the
previous system, nearly all the vertical focusing vas in the first quadrupole,
and there was met vertical defocusing in the other magnets. Consequently
off-momentum particles followed trajectories that vere bent too much or too
litcle in the first magnet and then drifted a long distance. Thus small
Variations from the correct angle of the first bend (corresponding to small
variations in momentum from the central momentum) eventually placed the particle
far from the system axis.

two systems are listed in Table 9.6-2.
first order resolution, for large solid
Since most applications

The optical properties of the
Although the new system has poorer
angles the resolutions of the two systems are similar.
of the device will use a solid state detector to determine energy, resolution is
not particularly critical. The other major difference in the two sysgems is in
expense.  Although we are replacing a 60° bending magnet with a 45 one, that
saving is not sufficient to cover the additional cost of the second dipole over
the second quadrupole, even though that quadrupole was to have a large bore.
Thus the magnets of the nev system cost somevhat more than those for the
previous system.

We have done a number of ray-tracing calculations to determine the
properties of the system for various solid angles and for central and
non-central momenta. The main results of these calculations are presented in
terms of the spot size at the final focus, the resolution as a function of solid
angle; and the solid angle acceptance as a function of momentun. These
quantities are 4llustrated in Figs. 9.6-2 through -h. ~The ray-trace

shape of the fringe field and the
polynonial expansion of the mid
have used correspond to clamped fringe fi
the second dipole are done either with curved edges or with a midplane field
expansion that has a second order term in the x cooordinate (perpendicular to
the beam and in the bend plane). In addition, the focusing of that magnet can
be done either with rotated edges or with a field index. The first dipole
third order correction, which can be carried out by curving
The curve is a pure cubic, and its magnitude is such that
the deviation from a straight line is 1.4 um at a distance of 10 cn from the
entrance of the central ray. Enge has suggested that such a correction can be
built by building the magnet with a removable insert along the edge. Then by
cutting the insert the field can be weakened to give the same effect as that of

plane field (for dipole magnets).
elds. The second order corrections in

magnet requires a
the entrance edge-

a curved edge.




8

width or height (mm)

E/E,

Fig. 9.6-2: Final spot size dimensions [
as a function of E/E] for the full =450)
solid angle.

Fig. 9.6-3: Solid angle vs E/E, for
new system (dashed lines) and
compared to the system as de-
scribed last year.

Fig. 9.6-4: Resolution vs. AQ, at
the momentun central energy.

aP/P

2 4 6
AQ (msr)



Table 9.6-2: Comparison of optical properties of new and old system

Property New System o1d System
resolution

small solid angle 0.14% 0.09%

large solid angle jt3 12
magnification at mid plane

ks 6.1%

horizontal 0.9% 0.4%

disperson 0.66/cn/% 0.7 ca/%
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Tandem Energy Controller System
H. Fauska, T.A. Trainor, and C.

Wagner

During the past year construction of a new energy controller system! was
Sompleted. N I tha | proceB¥MOE Ihstallins 'this unit-we'clossly svemtned ol
Giuponents of the energy regulation system and made a number of modifieations as
discussed below. The result 1s.a bean energy spread less than 300 eV auec cooe
of the tanden voltage range of 1-9 MV and with a range of image..slit  currents
from less than 1 nA to 1 pA or more.

Fach major component of the regulation system 1s described in detail below.

Image Slits and Preamplifiers

cooling lines also permitted capacitive
coupling to the enviromment, and large AC noise currents were generated, (3)
nultiple ground points throughout the control system formed  further  ac
sources, (4) cables from slits to preamps
vibrations from mechanical pumps, (5) the log preamp frequency response st  low
currents was' poor’(0. 171 iSecHitue’ conetant For TC'L nh)) “and’ (5) tha alits wace
directly opposite one another and unsuppressed so that the relationship batween
beam position and slit

defined. In fact, ts vere actually opposite
in polarity to the primary beam current. This was tolerated by the log preamps
galy because the feedback path was reversed parallel diodes, which pecmitted
blpolar operation but - severely degraded the uniforadty of the log
characteristics.

noise
were microphonic and picked up

The remedies were as follows: (1) a
installed to cool the slits.
for air cooling and corresponds
system 1is turned on when

closed oil circulation system was
The noise generated by the oil is much less than
€o a noise current of ~50-100 pA. The coolin
pover deposited on each slit exeeds 10 vatts; (2}
shrouds were constructed to fit over the slit housings and greatly reduce the
effective aperture for couplng to external noise sources; (3) proper grounding
techniques vere applied to the whole regulation system. Optical isolatere  wers
used imediately after the log preamps; (4) low-noise cables (graphitecoated
dielectric) vere installed between slits and log preamps; (5) after firet
trylng some commercial hybrid log preamplifiers? which vere expensive, failed
often, and also had poor frequency response at low slit currents, ve adapted a
more sophisticated design3 which includes temperature compensation and, most
important, active on of the 1 in the log amp
feedback path. This compensation permits flat frequency response to 1 kiz for
slit currents less than 1 nA; and (6) the slits vere staggered (8" apart) and
eaclosed in separate suppression cages within the drift tube. The low energy
slit is further downstream.




The perfornance of the log preamps is excellent. In addition to the good

frequency  response mentioned above the log characteristic is very uniform (to
pA The output is 1

100
volt/decade, and a bias current of 30 pA is inserted to establish a zero volage

Generating Voltmeter (GVM)

The details of this device have been reported previously.4 The only
modification made recently has been removal of a low-pass filter in the output
Which was intended to attenuate a 280 Hz ripple associated with the rotor
Setion. = The filter had the undesirable effect of introducing an additional
Bhase shift over a useful range of frequencies, thus reducing the maximum stable
gain in the corona triode regulation loop when in GVM control.

Corona Triode Regulator

The corona triode (6BK4) was found to have an improper quiescent grid
voltage (-1.5 V) so that it almost alays clipped the error signal. It was
veset to ~3.5 V, which provides for a considerable margin over maximm error
signal variations (+ 2 V typically).

The frequency response of the triode regulator was measured over a
frequency range from L Hz to about 150 Hz. The response was consistent with a
single low-pass RC stage (terminal-to-tank C and column R) in conjunction with
the effect of an ion time-of-flight of ~30 ms, which produces a sharp cutoff in
the response at about 30 Hz. In addition, maxima and minima ac higher
frequencies were observed as expected.

Terminal Ripple Remover (TRR)

Details of this device have been reported previously.® Upon imspection

js found to be operating with a reduced voltage range of about 3 kV.

conditions, and clipping
resulted. It was extended to about 4.
modifying the phototransistor receiver circuit.
KV or greater.

The frequency respose of the TRR was measured and found to be equivalent to
two low-pass RC stages vith corner frequencies at 450 Hz and 2.5 kBz. This
response indicates that a maximum stable gain of only about 6 was permitted in
the' TRR loop. In addition, the lack of an effective high pass stage in the TRR
neant that this unit was "competing” with the corona loop to correct DC terminal
Grifts of hundreds of kilovolts, driving it into saturation periodically.

A filter was introduced into the TRR loop which moved the first low-pass
corner frequency from 450 Hz down to 30 Hz and added a high-pass stage with
corner at 2 Hz. This gave a response which peaks over the charging belt
fundamental (2.5 Hz) and lovest few harmonics and has a maximua stable gain of

about 100.




the
substantial phase margin to avold oscillation at 800 Hz. This is
principle noise source in the re;
gain in the TRR by a factor of 2-3.

References

Another limiting factor in the TRR is the presence of 800 Hz

ripple from
high-voltage power supply. This ripple is about 20 V P-]

and requires a
now  the
gulation system and reduces the maximum stable

Energy Controller

This unit is installed in the tandem control console. It contains the gain

adjustments for the two feedback loops (coroma triode and TRR), the quiescent
current adjustment for the TRR LED (this determines the DC voltage value on the
terminal stripper), the GVM voltage setpoint adjustment, and switching elements
vhich determine whether each of the two loops receives an emergy error signal

the image slits or from the GVM. Panel meters display separate slit

currents (log scale) for each of the object (horizontal and vertical) and image
(horizontal only) slits plus error signals from the image slits and GVM.

An auto mode is available in which the corona loop switches from image

slits to GVM automatically if the total image slit current drops below a
threshold set on the front panel. This is very desirable for quick recovery
fron tank sparks and beam interruptions, among other things.

Another feature connected with the auto mode which is planned but mot yet

implemented involves forcing the corona loop to remain in GVM control until the
GVM value is within a preset voltage window. The loop is then released to slit
control if sufficient beam is present. This will solve a problem which exists

slit control on nvanted, but more intense, charge state at lower terminal
voltage. This condition cannot be prevented with the slit current threshold
alone.

Criteria for adustment of the various conrols are fairly simple. Belt

charge is increased until the coroma current reaches 50-60 pA. Corona points
| position is adjusted so that the average difference signal from GVM or slits
| zero.
incipient in both loops (800 Hz for TRR, 30 Hz for coroma). This proces is
i iterated a few times until the system performance is peaked. The resulting
image slit error signal is usually 50-100 mV P-P, 800 Hz noise, which is about
three times the slit preamp noise with no beam.

is
gains of corona and TRR loops are raised until oscillation is

Nuclear Physics Laboratory Annual Report, University of Washington (1979),
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8. Design and Construction of Electronic Equipment
Van Wechel, and C.L. Wagner

M. Bizak, H. Fauska, R.E. Stovell, T.

gital have been to the
new computer (see Sec. 10.2, this report). The installation involved designing
and conetructing signal handling and conditioning equipment to provide singles
¢ coincidence operation as well as routing capabilities. The coupling
electronics is completed and functioning. Provision to start and stop data
accumulation was provided in coupler circuits.

The 200 megahertz anal

Sixteen of the new ten digit scalers have been installed and working with
the new computer. The interface electronics were designed and constructed (see

Sec. 10.2).
The electronics associated with the position sensing proportional counters

(see Sec. 9.1) were designed and constructed. The items are similar to

circuits used at Heidelberg and include the followins

to semse any voltage sparks and

1)  One four channel high voltage control
disconnect the common high voltage supply.
per double width NIM

2)  Two noninventing pre-amplfiers with six channels

module.
3)  Two preamplifier units similar to item 2) with fnverting outputs on four of
the six channels.
4) One six channel booster high frequency amplifier to provide the proper
Jevel signals for certain types of counter usage.
The design and construction of the energy control circuitry is described in
Sec. f

The megahertz analog-to-digital converters required considerable
maintenance during the transition from the old computer to the mew computer as
experimenters vould tend to change locations. The need to provide faster repair
prompted us to design and comstruct an exerciser to test them.

The need of only allowing very small deviations in energy on experiments
running with no readable image slit currents required the construction of a
circult to sense the digital voltmeter reading the generating voltmeter and if
it fell outside of a digital set window to automatically put in the high emergy
Faraday cup.

Work performed with cancer research funding to upgrade the cyclotron
reliability is described in Sec. 8.3.




. Target Preparation
G. Himn

The targets listed below have been
year. Of the 200 targets prepared
non-standard techniques will be briefly d

prepared in the target lab over the last
only a few of the more interesting and
escribed in detail.

Target Form Method of Preparation Backing Thickness
Be?, Bel0 petay Vac. Reduction Evap. source 10 mg/cn?

UF, UF, Vac. Evaporation 200 pg/c 400-600 pg/cm?
Rbe} RbCL Vac. Evaporation 200 pg/C 500 pg/cm:
Ccal4 calt Vac. Evaporation 340 pg/C 300 pg/cm?
K139, k40 gp Vac. Evaporation 20 pg/C 300 pg/en?
Rn103 metal Elec. Bombardment self supp. 1 ng/cn?

127 metal Vac. Evaporation s.5. 1 ng/cn?

Libo Li Vac. Evaporation .8, 400-600 pg/cn?
51280, 51280, Elec. Bombardment 5.5., 10 pg/c 5,50 pg/cu?
Mg24 metal Elec. Bombardment 10 pg/c 5, 50’ pg/cn?
Nichrome  metal Vac. Evaporation Polyethylene 400 pg/cn?
NaF, NaF Vac. Evaporation 20 pg/C 1 mg/cm?
Zab4 metal Vac. Evaporation collosion 200,600 P§/°“2
Hf180 metal Elec. Bombardment collodion 500 pg/em
Fe55 metal Vac. Evaporation 5.5. 00 pig/cm?
Lic metal Elec. Bombardment S.S. collodion 500 pg/cm?
w8 melanine  Vac. Evaporation 750 pg/gold 300 pg/en?
Se76 metal Vac. Evaporation 10 pg carbon 1.5 mg/cm?

sandwich

a)  Mitrogen

Solid natural and N3 melanine (C3HgNglS) targets were successfully made on
thick gold backings. N3 labelled melamine has been wnavellsbie commercially
over the last ten years but is now obtainable from a small suppiice (Isotope
Labeling Corp., 622-D Route 10, Whippany, NJ 07981). It has a higher nitrogen
content than Adenine (CgHsNs!®) and is easily resistamce evaporated, M.P. 1less
than 3000c.

b)  Beryllium
Successful beryllium source pellets were made in the berylliu
This is an evaporator enclosed in a glove box system.
using magnesium as the reductant in a small tantalum crueib
in a Westgaard and Bjornholm axial type electron gun

evaporator.
The oxide vas reduced
le which was heated
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The entire beryllium evaporator system is presently undergoing an upgrading
and expansion with the addition of a joining glove box vhere weighing and
sintering can take place. Most of the work in this system will be beryllium
accelerator dating oriented.

¢) Hafnium

Due to the difficulty of rolling hafniun metal, a method was devised
whereby an electron gun vas used to melt a hafnium pellet on a tungsten boat to
the desired thickness (10 mil). Thin (200-300 pg/cn?) hafnium 180 targets vere
made by evaporating the metal from a graphite crucible in a Westgaard and
Bjornholn axial type electron gun. To prevent curling upon floating in water,
the hafnium and potassium iodide substrate coated glass slide were first
fmmersed in a collodion solution (10% collodion and 90% amyl acetate).

d)  Stripper Foils

The tandem Van de Graaff 40 position foil wheel assembly has been replaced
o in the past year. Commercially prepared (Arizona Carbon Foil Co) 3-10
pe/cu? carbon foils were installed..

Currently, collodion (cellulose nitrate (CioHi7N30jg)x backed 3-10 pg/em
carbon foils are being tested. Collodion backing on thin carbon foils resulted
in a great savings in money and time in mounting the foils in the target wheel.
Normally a foil change without collodion requires 3 days, with collodion the
change takes 1-1/2 days with a financial savings of $200 per foil change.

Collodion has also been used as a backing for targets other than the
stripper foils with no interference since it burns off in the bean. One case
only has been reported where it did not burn off. In this case a 50 MeV, 40
nanoamp carbon beam was used on a collodion backed carbon-13 target.

it i i okt SO

10. Compton Polarimeter Switching Bridge Using High Power FETS

Peterson and H.E. Swanson

Operation of compton polarimeter requires magnitizing an iron absorber (or
scatterer) with one direction of flux, counting the transmitted J-rays for that
state, then reversing the flux direction and counting the J’s for the reversed
state i due to etc., are greatly
reduced if the two saturation fluxes are opposite but equal in magnitude. This
is leasily achieved if a unipolar current source is used to power the magnet
through a solid state switching bridge or reversing switch. The ecircuit
configuration is simply that of a bridge rectifier where the diodes are replaced
by switching elements, in this case mewly available high power FETS. The power
supply 15 connected to one pair of opposite nodes of the bridge and the magnet




coil to the other. By alternately energizing opposite p-irs of FETS the coil
current and thus the saturation flux can be reversed precisely.
source sees at most a slightly different resistance in e.ch ON

current regulation is uneffected.

The current
state and its

The FETS used in our design (IRF 331) were made by International Rectifier
Corporation, although other companies now make similar d-vices (e.g., Siliconix,
Inc.). These have ratings of 350 volts and 4 amps and as they ate operated
either turned on or off, and switch in nanoseconds, power dissipation is
othervise not a problem. FETS are easily paralleled for increased  cuvrent
capacity and require simpler drive electronics than do transistors,

The unit is used with an Op Amp pover supply such as the KEPCO OPS series,
for 1its current source. These have negligible output capacitance and can thus
rapidly respond to correct the current error
of the switching time is due to edd
These currents oppose the currents in the coils, and die away in a time
characteristic of the resistivity of the materfal. In an attempt to cancel
these currents and thus speed up the ‘switching time, an exponentially decaying
signal is added that coming from the current sense resistor. This causes the
current following a transition to remain higher than that required for steady
state saturation and then to fall off such as to compensate for the eddy
currents.

n integrator is included in the chassis, which is used along with a

A sense
coil would around the magnet core, to observe the magnetic flux in the iron

This circuit will be used to power a new 4-fold polarimeter using 5"

=
Nal detectors. The polarimeter is being constructed at Chalk River for use in a
new measurement of parity mixing in 2lNe.

11. A Polarimeter for Measuring Proton Beam Polarizati

H.C. Bhang, S. Laubach,* T.A. Trainor, and W.G. Weitkamp

For the measurements of depolarization in proton inelastic scattering from
copper described S 3.5 of this report, it is necessary to measure the
polarization of an 18 MeV incident beam. To accomplish this, we have
constructed a special beam polarimeter using elastic scattering from carbon as
the analyzer.

Previous measurements of the analyzing power for elastic scattering of
protons from carbon show that the largest analyzing power occurs at Oy, =
145°.1 our polarimeter holds two detectors at this angle, one left and one right
of the beam, clamped to the fixture in the 60" scattering chamber containing the
bean defining apertures, upstream from the copper target. Detector apertures
are 1.1 cm in diameter, 10.5 cm from the 20 pg/cm? carbon target. This carbon
thickness gives good statistical precision but interfers negligibly with bean
energy or angle spread.
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Fig. 9.11-1: Polarimeter analyzing power. i
Open circles are measurements of Ref. A08 { ey
cles are the present &0

measurements. o7

W7
proton energy  (MeV)

The polarimeter has been calibrated by comparing its analyzing pover with
ihat ofi: praton wscattered. | from helius at 1120.%The analysing power of the
polarimeter in the energy region where it is large is  shown 9.11-1.
The maximm value of A is 0.929 + 0.011 at 18.0 MeV.

e
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12. Resistive Film Position Sensitive Detector
Don Leach
ased on a design by Jared et al, a two-dimension position sgemsitive
o under construction. The detector is a parallel-plate gas detector
dth NICr windows on a polypropylene backing. Position is determined by charge
division of secondary electrons across a NiCr film.

The NiCr films are produced by evaporation onto polypropyleme. During the

evaporation the plastic is backed by a copper sheet cooled with liquid nitrogen.

Initial tests with 72 MeV 160 on the partially completed detector vere
encouraging but not conclusive.
References
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Unit for Chamber Cold Trap

D. Leach and A. Lazzarini

4 portable unit designed to replace liquid nitrogen to cool vapor traps in
vacuun systems has been constructed.

The unit uses a heat exchanger with a freon primary loop and a secondary
gooling 100p of a methanol/water solution. This secondary cooling solution can
be circulated in the vacuum chamber for whatever apparatus is desi ed.

The temperature sensing and control
described in "Designing with Operational
differential transistor pai
temperature sensing.

circuitry was based on a design
Amplifiers.”! This approach uses a
* biased with unbalanced currents as the method ~of

A zero load temperature of -239C is typical.

Under normal working loads
temperatures of -16 to ~189C are expected.
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10.  COMPUTERS AND COMPUTING

Systen for the PDP 11/60

A Data

H. Fauska, R. Seymour, and T.A. Trainor

our prinary input devices are Tracor Northern 200 Mz ADC"s. Their outpacs
Laboratory-designed and built routing box which also

are passed through a
ecaples a “format" pattern showing which ADC’s received data during 2
oM hdence event. The format pattern and routed ADC signals are passed to

octal

o irteen Kinetics 3420 imput modules. These and a pair of LeCroy 2228A
imeto-digital converters are mounted in a standard Kinetics CAMAC crate which
is connected to the PDP 11/60 by a BiRa MBDIL.

The MBDLL 1 actually another computer, built for the task of intelligently

the CAMAC system to a PDP 1l.
3 kw of Intel 2115A memory

uses less power than BiRa’s 934157s,

interfacing
memory, and an additional
Laboratory. The added memory
less-

and costs

the event information
11°s memory. The PDP
without being

The MBDL1 is loaded with programs which preprocess
into  a packet which is then directly written into the PDP
11 is therefore freer to analyze, record and display the data
Joaded down by having to handle high-frequecy interrupts.
ction services. One (QDA)

Three MBD programs provide most of the data colle
group. We have seen about

operates with the MULTI/QDA multiparameter analysis
50% overall deadtime at a 5 kiz data rate.

high data rate singles activity. One (7ADC's) uses the MEDLL
interrupt facility for fast handling of up to 7 ADC’s. The other (124DC's) useq
e uPE “ound-fobin status checking algorithm which services all 12 ADCs and
2he tws LeGroys. 7ADG"s services an ADC upon tecelpt of a “conversion done”
eignal fron the ADC. Since the interrupt hardware assigns priorities based on
S CANAGislotisignale, ‘aiihight datd®irate™"1u aiWifgh-priority’ ADC. could

theoretically block service to a lower-priority CAMAC slot. 7ADC’s can select,
fn 1 12ADC"s takes 3

10 microseconds to service it if

The algocithn also distributes the system dead time evenly among

o1l ADCs. The analysis software is discussed elsewhere in this report (see

Sec. 10.3).

of fifteen 75 MHz scalers and
These are comnected to

10.2).

Additional information is provided by a bank
frequency meter readout, all built at the Laboratory.
the PDP 11 via an IEEE-488 bus and interface (see Sec.

B




2

M.R.

computer

via the
be

Ous
interface:

computer,

purpose,

thus k

decoding

‘ include:

Microj
——————0PRocessor Based IEEE 488 Bus Interface for vent Scalar

An interface was constructed to allow the

previously been m
easily incorporated into our data acquisition system.
which handle the IEEE Bus
of a microprocessor system.

r design consists of a
and

s

section uses a Motorola MC 6802
support chips to run Motorola”s MIKBUG 2.0
developmental purposes and supplied in a ROM as
switch selects between
for the normal operation of the interfa.

In a typical development scenario, a program to,

| scalers fs written and assembled in

| and a terninal,

The desired code is then placed in a ROM

and operation of the 6802 is switehed to

associated support chips may now be removed for
keeping costs doun.

The scalers then.
| of BCD digits. The scaler

may be both uritten to and read from the
| bit. Thus one 16 bit bi-directional 1/0 port
| logic is all that is required
‘ of the interface as mentioned above.

Remote operation of the interface uses standard IEEE
scaler coatroller is assigned a primary address
controller are given various secondary

processor Based IEEE 488 Bus Interface for Event Scalar

Bizak, H.2. Swanson, and C.L.

Wagner

have been used for nuclear physics research.

IEEE 488 Bus, so that instruments equipped with the IEEE

core section general enough to b
section, specific in this case, to th

microprocessor with sufficient
firnware. This

part number MC
the firmvare and a ROM containing the rou

ce.

say, read

native 6802 code on the K-

and loaded into the RAM memory of the interface.
this program can be run and debugged until it is

2lves wvere organized around an 8 bit data bus

digit pairs, realizable in 3 bits.

write data to a specific
and (d) load or examine a program in the
was  included

re-iastalling

ctran "Encode” and "Decode” statemen

190

e scale

PDP 11/60 data acquisition
previously described in the Nuclear Physics
vears 1977 and 1978. These scalers

are now

The decision had
ade to have peripheral data communication of this type

proceed
488 Bus could

Controller chips exist
protocol but these are most conveniently used as part

for other
rs. The core

6846 Pl. A
tines written

the bank of
~Aton control

, using circuitry built for that
that ROM. ~The MIKBUG ROM and
use in other interface modules

, d.e., pairs

bank consists of 16 scalers requiring 4 bits for

In addition

scalers necessitating a direction
(Motorola MC 6821) and some
£ construct the scaler-specific section

Bus protocol. = The
and  functions within the

addresses.  Presently these
(a) read all scalers; (b)

scaler; (c)

interface RAM.

for the purpose of trying out new interface routines

I prior to putting them into a ROM without the need of
firmware and its associated components.

the MIKBUG

Numerical data are transmitted one digit at a time in ASCLL, and are easily
| converted to binary using the F

ts.



Functions (a) and (b) above are self explanatory. The abilicy to snapshot
(c) was included to make a simultaneous measurement of all peripheral devices.
O o crolier is first put into the snapshot mode, and then the "GET" command
2o oued on the interface bus. This causes all scalers and addressed devices
to lateh their present values to be later read by the read routines-
References
1. Nuclear Physics Laboratory Amnual Report, University of Washington (1979,
p- 39.
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3.  Progress on Singles Data Acquisition

K. Green, R. Seymour, and K.A. Snover

The new singles acquisition system has developed over the past year &
fully functional system vhich has replaced MULTSING and our aging SDS 930
The capabilities of the mew system far exceed those of MULTSING,
nany . experiments which could not ‘be performed before due to lack of
ADCs available. Summarizing in

computer .
eaabling
Gesolution, memory limits, speed or number of
brief:
1. Resolution. Ve can mow take spectra 8192 channels long. This is twice
the limit imposed by MULTSING.

2. Speed.. . The new singles 1s sble to put data away in 10 microseconds,
five times the speed of MULTSING.

S evestabata, arraymqare sdinited -'only by ‘avallable mssory. e
emeently use approximately 48 Kwords (24 Kchamnels). MULTSING could
address at most 6 Kchannels.

e e orogren canhandle up to ‘twelve 200 Mhz ADCs through the
CAMAC subsyotem. This linitation is imposed by the hardware available-

5. Flexibility. The program is highly modular, consisting of a mumber of
lacgely independent tasks. Improvements and sdditions can be made, in
many cases, while acquisition is in progress.

is controlled by typing mmemonic commands at a terminal,
e e "medifiers. 1If the modifiers are omitted, the user is
There is an extensive default capability
In many cases, responses are

The program
followed by co
prompted for any meeded information.
%o minimize the information the user must SUpPLy.
remenbered and become the defaults. For example:

>PLOT DELTA/LOG/CHANNEL : 20




produces a log plot of ch:

annels 200 to 400 of spectrum "DELTA". Subsequent plot
Soonands for spectrum "DELTA” will by default pe logarithmic plots of channels
200 to 400. The modifiers can usually be abbreviated to

Had no spectrum or modifiers be

a spectrun, plot mode and ranges.

a

& character.
en specified, the user would

single

have been asked for
42 meationed above, the program is highly modular.
comands is a separate program "known"

Modifications to a command o
can be accomplished while ac
a similar manner. The data the comn

Each of the

mnemonic
to the RSX-114

‘ands operate on resides in a global common.

sulting conversions in the PDP 11/60 vis

direct
acquisition

continues without furcher

We currently have two MBD programs for singles
version handles' 7 ADCs, with prioricy

acquisition. The fastest
priority; ADC 7 the lowest.

servicing.  ADC 1 has the highest
Service tine for the highest priority ADC i use
ed is

e round robin loop. This method

2ing the dead times in all the ADCo,

The 11/60°s main duty during acquisition is to
V'Ll ect. The display interacts with the
selection of spectra, scale factors, and peak ang background definitions. Peak
retoicaloplated | from \thessiudeSinttions - appearsxon Ghe printouts, as do the
readouts from a bank of 16 scalers.

produce a live display on a
user via a light pen, allowing

The Printouts are in the form of a high density histogram using the plot
chPebLLIEY: of.gour  ERINTRONIZ-300 o 4ne & fnintarss sihe neck is also printed
numerically next to the histogram. A rumning sum 28’ a1e printed to facilitate
Senual, saloelation Torlpeakiateds. | As plottrag may cobe o long time, runs are

dunped to an intermediary disc file from which the plot is generated by a
specialized spooling program.

Permanent storage of runs is on 9 track 1600 Bpr magaetic tapes.



4.  Progress in Multiparameter Acquisition
K. Green, R. Seymour, and R. Vandenbosch

multiparameter code from Everett
of Lawrence Berkeley Laboratories. It consists of the FermiLab MULTI
analysis progran and the QDA acquisition program which was written by Everect
Harvey. Our hardware configurations are sufficiently similar so that only ninor
modi f1cations were required to Tun the programs on our equipment. We have since
heavily modified both programs to tailor them for our experimental environment.

We obtained the initial version of our

MULTI 1s a very general and well developed event analysis code which is
supported on both the RSX-11M and RI-11 operating systems. It possesses 3
irbionary of user definable varisbles and is capable of performing arithmetic
and/or logleal operations on these variables by interpreting symbolic statements

in a language very similar to fortran or basic.

The results of amalysis are displayable as one-dimensional histograms oF
cuo-dinensional scatter plots on a TEKTRONIX 4006 storage scope. Hard copy of
Eho"TEKTRONIX images is produced directly on a PRINTRONIX-300 lineprimter by a
TRILOG printer adapter board.

MULTI was modified to store tvo-dimensional spectra in memory. Prior to
scatter plot could be accumulated on the storage scope. The

: this storage is currently limited to about 8.
cing the data in memory remote from the

amount of memory fo 5 Kvords. We

plan to expand this to 32 Kuords by pla

program.

e acquisition code (QDA). QDA
it

MULTI has been further modified to control the
As

1s no longer directly visible to, or of any concern of, the experimenter.
originally came, QDA required a separate terminal to control acquisition.

can take 2 parameter data and log
parameter data can be collected at 2
MULTI can analyze events at a

Tinings of the program indicate that it
it on tape at approximately 13 kiz. 12
KkHz. On-line analysis by MULTI is much slower.
rate of about 1100 Hz. At higher event rates on
Saalyzed. This is sufficient for guiding the user during the experiment.
Complete analysis of the data must be performed off line on the VAX 11/780.

o e e kb kel 3 BB




3. VAX 11/780 Off-Line Computer System
=————+r——==C"Line Computer System

. Seymour and T.A. Trainor

Last year we reported the planned purchase of a pEC
ey, dnstalled \ilnpJuly,1979 and hasubakensover the (2abr.
current configuration (1isted belo d
Simultancously. Each user 1is given 25 kilobytes ot memory to work i
_virtual® limit of 5 megabytes. When programs acosss something beyond their 25
kb linit, the VMS operating syst s

Trds allows each user to write programs as if they heg
available.

AX 11780 computer. It
number-crunching. Our

5 megabyte machine

When the PDP 11/60 was installed, we saw about
increase in computing "throughput” compared to the

an order of magnitude
factor of 2 to 10 times better than that of cthe 11/6

SDS 930°s.  The VAX shows a
0.

Anong the selection criteria for the VAX was compatibility with the 11/60.
This allows us to write and debug code on the VX whi

the 11/60 via magtape. Thi,

expectations. Executable files
(faster!), and ps
the 11/60 run
non-existent in-core areas.
the data collection software

excess
(tasks) created on the 11/60 run on the VAX
Ties and common areas in
g disk files instead of the

ALl editing, compiling and some initial testing of

1s nov done on the VAX

A second selection factor was
during data sorting and analysis.
by 128 channel data arrays in-pr
mentioned above

the need to randonly access ver
People are now rumnin
ogran (one megabyte).

can be increased, limited only by swapping s

y large arrays
g programs with ten 128
5 megabyte 1limit
pace on the system

We had intended to move a 67 me
VAX. It contained all of the genera
off-line computer.

gabyte DEC RMO2 disk from the 11/60
1 user files while the 11
puring our search for a softvare "driver” for the VAX  (ba
does not,, suppoxt. the, BMO2 On the VAX), welicame acrosafan (6fer WHIGH S didn"t
refuse. We traded in our RMO2, along with $8000, and received a. 300 megabyte
¢ Srive with a System Industries controller. This has been fnstalleq o the
vax (uhich revealed a defective VAX Unibus Adapter Board), and the  usc files
vere (selectively) moved to it. In the 3 months that the disk hee bess on-line,

the users have managed to occupy the equivalent of 2 RMO2"s, which decen s quite
use half of the available space on the new disk.

The Univers

ty’s Chemistry Department purchased a VAX and
them for a quantity discount on Trendata
half-megabyte of memory, thereby tripling our
us to double the allocated memory space
effective processing speed.

ve joined with
memory boards. We added a
physical user space. This allowed
per user, which should double the



Off-Line Data Analysis

DEC VAX 11/780 computer
8k byte cache memory
1024k byte main memory (Error-correcting MOS)
Two 28 megabyte RKO7 disks
One 300 megabyte CDC disk drive
Printronix 300 lpm printer/plotter

o 0 track 75 ips 1600 bpi tape drives (Pertec)
one 7 track 75 ips 800 bpi tape drive (Pertec)
16 terminal ports
1436 terminal
Qume 5/55 terminal
Ten Hazeltine 1500 terminals
One Tektronix 4010 graphic display terminal
One Tektronix 4006 graphic display terminal

e with Systems Industries controller

§.G. Lynch, M.B. Tsang, and R. Vandenbosch

The exit channel for coincidence experiments like the 27,1160, 1200271
systen: discussed " dn’ Sec.” 6.7 consists of an slps particle and two other
B ler residual fragnents. ‘A progran call 3FORCE has been writeen to study the
Soainics of these three particles in the combined Coulomb and nuclear fleld. In
e iaftial state, two of the three particles are in a bownd state of their
interparticle potentials.

A.  Description of the Present Three Body calculation

In general, the caleulation is divided into three parts:

1. At t=0, i.e. when the calculation starts, two heavy fragments, 27A1 and
160 are assumed.

2. At teto, the relative distance between 160 and 2751 4s 15 fm apart.
The 185 ‘nucleus 1is represented by a bound system consisting of 2 i2c
and an ‘o particle.

3. For t > t,, the trajectories of all three particles are calculated by
mumerically integrating Newton's equations of motions.

4. The three-body calculation is terninated when the carbon particle has
ed more than 100 fm from the point where the 160 was first described

move
as a 12¢, o bound system.




Tvo different forms of nuclear po

tential have been used: the
potential and the proximity potentiall

Woods-Saxon

Both linear and angular

momentun  are
independent of integration

conserved in the calculation

ation. Thus optimizing
P slze 15 a necessity in this type of caloulation.

The following feature is incor,
the computation. Before the
starts, a potential table
of nuclei in the region whe

porated into the program in order

to speed up
computation for

the motion of three particles
of distance r for each pair

This table is
P size Ar is small when the nuclear force
©f the Woods-Saxon potential, no computation of
the calculation during the trajectory calcalation.
Ar_ any iddstancely B withint the irangel 105 eabla thes porn term Fyy can be
computed by the following equation:

PO == U103 (0) )/ [ 43 (0+1)-r 4y (n) ] [¢8)
vhere 1 and k denote particles 1 and k, n is the index Of the table and ry (n+1)
< rip < pppan).

Computing the force term with ¢
to representing the force
chosen such that the tra

he procedure described above 1is
function with a step-like function.
jectory is alvays integrated from
then energy would be conserved rigorously. However, this Tequirement cannot be
garisfied. When three'particlesiare’ involved, thajexsot iaias o0 Atgy for any
o orticles L and kilsuchi \that the Erajsctory 1s somputed £t () to
Zik(m) dn a three body problen cannot be computed easily.  Ingtens the  progran
estinates Aty by the following formula:

Oy

equivalent
If At could be so
Ti(n) to ryy(ntl)

1A g1+ [Fye/mgy IAedc

At any instant, three different

Aty are derived. Since each of the Aty
is computed approximately, there is

7o guarantee that the force is computed
yithin one step, rik(n) o Iyi(n+). Whenever a step is skipped, slign energy
non-conservation is introduced. In order to minimize energy non-conservation

and at the same time keep the integration step
alvays chosen to be the minimum of ¢
step is skipped at any given

Tik(nHl) < ryp” < rgp(nt2)  where
obtained. For the re
order of 10724 ¢o 10™

at a reasonable size, At is
he three Atik“s such that no more than one
time  i.e. rg(n-l) < ry” < rye(n) or
Tik” s the new position computed from the At
jion where the nuclear force is important, At is of  the
26 e



When the force considered is outside the
Coulomb force contributes. In
determine At used 1
proportional to T

range of the table, only the
this region, a different criterion 18 used o
n the calculation. Since the Coulomb force Fe inversely
2 " At can be chosen to be proportional to T, the relative
o bty mblete sl oncat jetist micleltdare Sog
apart so that nuclear potential is no longer important, the calculation for the
oymptotic trajectories is accomplished very rapidly.

simulation Using Monte Carlo Method

To completely specify the initial conditions of ' the 160

nucleus in
trajectory, it is mecessary t

any
o know both the impact parameter b for the 160 and
5731 system and the internal coordinates of C-at bound states. These
coordinates can be described by the sign of re:
Shitialoparuetets; ‘rih: the relative
particles, the angular orientation of the C-ox with respect to the lab, specified
by the polar angle and the axial angle.

internal

distance between carbon and

The Monte Carlo method is used to generate an ensenble of N trajectories.
Ihis ensemble samples all alloved initial conditions with corresponding
probabilities. Initial values sre assigned oS00 of the

using the random
each of these parameters with a
within statistical errors. Rar
YN which generates undforaly distributed randon numbers in the interval (0,11,

) 1. In order to generate the correct ense

Zandon nusbers generated by RAN are manipulated o create initial trajectory
Parameters which follow the probability density functions of the parameters.

The new off-line computer VAX/VMS was used in this calculation. Even with
¢his high speed digital computer and modification in computing the force term,

1 minutes of computer CPU time to process one trajectory.
Tt ibereforéntakasiabost one dayoof CPU.timestolperfors 1000 trajectories!

In order to decrease th

o sample size needed before a three-body break-up
event  is observed, restrictions obtained through symmetries or through
Svperimental results were placed on the initial parameters that define a unigue
trajectory. For example, from the fusion and total reaction cross-section, bfu
and bugx FoF bey < b < bpay ate estimated to be 6.1 and 6.7 fm respectively
Soing" “the sharp cut-off model and

unitarity of cross-section.
veleulation, the range of b is relaxed to 4.5 <b <1

that only one in-plane C-cx relative angle is needed

position in the 160 nucleus if only the in-plane angular distribution dis
importance.




o angular distribution at

G using the
Woods-Saxon

o
potential parameter set I of Table 10.6o1.

C.  Results of Calculations

1. Woods-Saxon Potential:

Three difterent isets ofiiioods-Saxou paransters Idetd dn Table 10.6-1
used din the calculation. The results from
first. In this calculation, both in-plane and out-of-plane Cx angles were
varied ‘to 'get 'all: powsible’ C-xs orientattons ia/lbor 19
trajectories processed yielded three final particles, 27a1, 12¢ and « at
of the three-body calculation.
that yield Al-C, C-o or Al-ox bound s
trajectories, 41 trajectories have the asymptotic outgoing angle of the 12¢
Tarticlebatueas2396Es 3505 MM guran0 61 shovas sha: itn o1ane alpha angular
sorrelation: dn et daboratorylyaten!of tha evencs with the 12¢ angle between
2504061350000 Mmis! rigureicandabas conpardaiits sine pre-equilibrium angular
o6 g ion, AAOCORUNIukEBMabMNFEade | obtatnadigaxperinentally. oy siil in
Fg. 6.7-5.| The angle convention:used fn Fig. 10.6.1 s the. gans aar. o used
previously with angles on the same side of the beam as the 12 detector defined
roan megative. The angular corrélation is broken' up 46to *binsit of . 1o degree
ated by a + sign for positive angle
gative angle (orbiting) scattering
S eoeanoun WpkEicla: MWHBONCHE cvicet sl i niny weventsiace! scacrerad o Lo
opposite side of the beam axis from the carbon detector. Most  of I
trajectories with the alpha particles scattered to the same side of the heam g
she carbon particles correspond to events where the C particles orbit arousd the
27a1 nuclevs. The angular correlation peaks at 709 on either side of tho beam.
It is interesting to see that a “shadow region” similar to the one obtained in
the "hot spot” model calculation? is obtained along the beam axis.




In order to gain insight into the rgsults of the trajectory calculation, 2
alled 3BODYPLT vas uritten o plot out the projections onto the
e iea particles meia  function oS (LIRS
Tn this plot, the positions of the
@ and

program
Peaction plane of the positions of €l
Tin.10.6.2 1s an example of such a plot.

thece particles are plotted once about cvery 200 integration steps- > »
0 are the symbols for 2741, o and 12C respectively. 160 beam moves from
plane containing the

st eorcight favtne ploees ke XY place 13 the reaction
basa @xis: andct thewicarbong detector: e
elapsed time between the first and last plotted positions.
trajectory, the C- bound system oscillates until the a
e dear potential of the Al pucleus. The iecle is centered approximately at
he imitial position of theiAl micleus. The radius of the circle equals Ryj-oc
e | the alpha particle reaches the edge of the Al-x nuclear potential, its
 iEutiend changes ‘ands. ip e fdcortersd HOLL nore backvard angle. The alpha
particle then moves in the combined botential fields of Al-x and C along a
fairly straight line. The alpha par + more abrupt backward
foie scattering when it leaves the nucleat Sicld of Al-x. At this point, the
S UG sifne pareicies areSeoffar THGED th

This is analogous o an
e A Poatfers deflectign when it crosses From ofb medium to
et index of refraction. The trajectory shown 1s @

another one with a differ
t I.

typical one using parameter s
that the Al-x potential 1is
te of the three-body trajectory
ot II which fits the same 2y
was used. In 3000

Fron the above observation, it becomes clear
very important in determining the final resull
Y alation. 1In order to atpdy thff, parestier %
S iaiiastic ecatturing ,data but with B smaller Upl-oc
trajectories, however, mo_three body final states were
trajectories ended up with of the nuclei in a bound state.
tnderstood since the Al-nx potential of set TI 1 mot deep enough to break the
alpha particle avay from the carbon particle in the oxygen nucleus.
ocde auson pptentisl’ (get: IIT of Tebis
10.6-1) that Fits high energy & * 27p1 elastic scattering data was also used.

e aree-hody final states vere obtained after 3000

1In this case, the Al gutential is so deep that
%6 attracted by the 271, the 2751 and « form a bound
Y ationsw are very semsitive to the Al
Jotential. Since mo single unambiguious o odeSaxon potentials can be obtained
from the experimental data on elastic scattering of alpha particles on 2/Al, a
itferent form of nuclear potential, the proximity potential, vith minimum

adjustable parameters is used.

Another completely different

once the alpha particle
entity. The results ipf these
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The trajectories of the
d

thyee particles 2/AL, o, 8x
the reaction

function of time.
P arameter set I listed in Tsble
10.6-1 was used.

o -
e B
‘\, POTENTIAL.

Fig. 10.6-3; The trajectories of ghe Shorrc ol

three particles 2/Al, g, and 12¢,
The proximity potentials were
used.
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Proximity Potential:

In the case of the BRIy otentlal] MR rae oy
calculation above, the initia; positions and velocities of a1l th,
Me in' the readtion planet st be 3200 ]

fradeccortes “yleTued o e s o

trajectory yields a more
- Ome common feature of
the proximity potential is thap, ses carbon and alpha par
repulsive core.
Fomimity .potential 1s fespondthle” 'ty
complicated trajectory as seen in Fig. 10,5 3"

shape of the p

D.  Conclusion
jone of the four different potentials used
calculation reproduce

as discussed in Section 6.7, Furthermore, the results of the

The main disadvantage of the calculation described in ¢
amount of computer time needed to sample through a large number of t
This greatly restricts the freedom of testing different Potential
None of the four potentials used reproduces the exp
function as shown in Fig. 6.7-5, This
Potentials. It can also be that the assumptions used
be right. For example, the 120(2+)op contribution to the 160 config
be important or some orm o nergy dissipation mechanism ma;
incorporated into the calculation to account for core excitation

References.

220 Blocict sy S Han drap i Wb pyiatecklNand C.F." Taang, Am.
(1977) 427, i
Erh Gottachalk and M. Westrm, Nucl. Phys.
DeVries, Nucl. Phys. A212 (1973) 207,
loySllvelra and Ch. LeclerqWillain, Le Journal g
(1975) L-117.
Perey and F.C. Perey, Atomic Data and Nuclear Data Table,

e
more backward angles.  Tp. 15 (PR tBat R Ciner chiotces o Woode
Pareiciale vould cause the deflection to be tn the forvard direction.
particle trajectories f; the

optimize the

forward alpha

frajectories calculated using

in the  three-body grajectory
the experimental results of the 2741(160, 1205275

system

calculation are

his chapter 1s the

rajectories.

y need to be

Phys. 105

4314, (1979) 232.

Physique Lettres,

17 (1976)




7. Calculation of Multiple Using a Monte Carlo Method

Lynch and M.B. Tsang

To calculate the multiple scattering corrections to the sub-Coulomb elastic
was necessary to write the Monte Carlo code MULSCAT for
At present MULSCAT calculates the correction to
Rutherford scattering due to multiple scattering in the target for the

sed in the sub-Coulomb measurement of Sec. 6.8. In
fhis geometry, the target foil is perpendicular to the beam and mounted on and
downstrean of a carbon backing foil. modification of MULSCAT will
permit any arbitrary target angle but this has not been incorporated as yet into
MULSCAT. Generalization of MULSCAT to handle other direct reactions besides
elastic scattering would be more complicated but still feasible.

data of Sec. 6.8,
use on the VAX 11/780 computer.

ple scactering angles using the multiple

At present MULSCAT generates multi
which are suitable for low energy heavy

scattering distributions of L. Meyer
particles where § = Z)Zp/137p > 1. These distributions are read in as table
2od_ manipulated ' to obtain the functions needed to generate the multiple

random number ~gemerator RAN.

scattering distributions randonly using the DEC
After some investigation, it ha

match the multiple scattering distributions of Meyer
Rutherford cross-section in order to obtain the necessary accuracy but this has
not been done so far.

During the Monte Carlo calculation, MULSCAT generates randonly the multiple
scattering angle 6 caused by the carbon backing foil. A fraction f of the
thickness of the target material, e.g., 208Pb is calculated using RAN. The
multiple scattering angle ) is generated randomly corresponding to multiple
seattering through the fraction f of the target material at an energy loss
corrected energy. This angle 6] is added vectorially to Oc to obtain 65. Ina
Gimilar fashion, the multiple scattering angle O is calculated corresponding to
the particle leaving that target at the measured scattering angle O and with an
cnergy loss and kinematically corrected kinetic energy. O3 and Of are used with
the measured angle © to determine the two-body scattering angle 6. The lab
cross-section at 8 is calculated and added to a running cross-sections
caleulated during previous Monte Carlo trajectories for scattering at 6. This
Geternination of 6 fron Oy and O is not exact since there are random relative
aoimuthal angles §; and $¢. To hasten the convergence of the lMonte Carlo
Sinulation, the trajectories are calculated in pairs, one with gl, $; gencrated
randomly and the next with $; + +1 This has the effect of
rigorously eliminating multiple scattering corrections which are odd order in
the multiple scattering angle. These odd order corrections should mot be
present after an infinite number of Monte Carlo trajectories but would take a
great number of trajectories before they would converge to zero.

203




MULSCAT generates 3 paqqe
poostering cdistributions.  ape
backing fo11. pyg,
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9. Softvare for Analyzing Depolarization Data

Weitkanp

S.K. Lamoreaux and W.G.

The depolarization measurements described in Sec. 3.5 of this report have
produced a large quantity of data and require a relatively complicated amalysis.
We have developed a system of programs to extract depolarization values from the

data.

At each measurement angle, we take a set of spectra consisting of 4 carbon
calibration spectra, 8 copper foreground spectra and 8 background spectra. The
copper spectra are taken with incident spin up or down, first scattering angle
right, and second scattering angle either left or right. The analysis

left or
of the data consists of calibrating the emergy scales of the spectra, dividing

spectra into bins corresponding to steps in excitation emergy in the copper

the
nucleus, combining the binned data into values of the depolarization parameter D
n such a way as to minimize 1 ies, and calculating check

ratios to check the consistency of the data.
1. Ccalibration of Spectra Scales Using Carbén Spectra

Before and after taking each set of copper spectra, a carbon target vas put
in the beam to provide groups of protons entering the polarimeter with ko
energies. Since the protons pass through a considerable thickness of material
in traversing the heliun polarimeter, the calibration curves for the polarimeter
detectors were not linear, but were approximated with polynomials.

The data were taken with the new data acquisition program SINGLES!, and
written on tape. The primary program used in this part of the analysis vas
DEPOL. Subroutines include MAGTA, which read blocks of data from tapes
by SINGLES; READRUN, which made a list of run titles and numbers of a tape
TEST, which provided a visual check of the data read; aund PLOT, which

volune:
plotted the carbon data in a form which made it easy to establish peak channels
by eye. The program CALIB was used to calculate the energy of the protons

Peak channel numbers and the output

leaving the relatively thick carbon target.
of CALIB were inputs to DEPOL subroutine ENERGY, which calculated
for the calibration polynominals mentioned above.

coefficients

2.  Extraction of Binned Data from Copper Spectra

With calibrated detectors, it was possible to divide the copper spectra
into bins corresponding to excitation energy in copper. A total of 14 bins were
used, 1 MeV wide at low excitation energies and 0.5 MeV wide at high energies.
Program CALIB calculated proton emergies incident on the polarimeter
corresponding the excitation energy steps. DEPOL read appropriate spectra from
the SINGLES tape as in the calibration part of the analysis described above.
DEPOL subroutine ADD used the ouput of CALIB and ENERGY as input and summed the

counts in the bins. The output consisted of 14 mumbers for each spectrum, which

were printed for visual checking.
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Combination of Binned bata inco Values of p

In this section of the analysis, ve used a mo
SescribediininiiRari iy 2 i np number  of ' icounts. o1n tna Bia centered on given
excitation energy at a given 2ngle with incident beay polarization 1in tpe
Positivessdireceion  (+),. gavgt (CRyooTing angle'lefe(19)'ana saron scattering
angle right (R), is denoted NCH(R). In an double scattering experiment of the
©YPe considered here, N is giyes by

dification of the

procedure

N=1t) o,ryp1 + oPPyAy + BY(pY” 4 BPpD)A,]

OF proportional to the
bean

1)

where I ig a fact, passing through the
target when the 1s 1n a given direction, 0 1s the detector
Pp 1s the beam polarization, Ay 1s the analyzing power 1n tne first
polarization resules;

d A

number of protons

is the depolarization, 8 the analyzing power of - gpe heliun
Folacinater/is Than fdcobtaaty P, and J are equal to 41 (-

Polarization is positive (negative), fi t (right), and second
feattering left (right), respectiveiy.

The eight equations represented b e L ean be reduced to four by
Soubining those paivmiot fauuatrons vhich have the same signs on 511 terms on the
right side. We define four numbers, L+, - R*, and R~ gor each energy bin,

where, for example:

L= INCH L) G-, 2, m) 1 1/2
These are formed into two combinations:

et =LY -, 1 g ()

Lf + gF T dRTe

In these combinations, e assume that the ratios of (L) to O(R) and I(+) to
I(-) remain constant when the first scattering angle s changed so that the 1
and 0 factors cancel out. We also assume that that the eam  polarization
Completany, 18 inddpundinc ot plarizafion s, Lot This last condition ig por
completely satisfied since the change by as much as 10%
when the direction {g the averaging in the rest of the
uncertainties, Eqs.

D= (e /by + etayi2n, .

3)
In order to evaluate this equation we ust  have

foalyzing pover. Our data set contains ajl the infor
For each bin, we forn th,

value for A, the

e
mation we need to d3 this,
‘e combinations Mg and My, where

NCH(,L) + NG+ (,R)
i N, 08




Using = (M(/Mr)1/2, we can solve for A

Ay =

o
b ()

The computer program FINAL, using as input the output from DEPOL,
calibration data ~for the helium polarimeter, and results of separate
calculations of the average beam polarization, combined foreground and
background binned data, and evaluated eq. 3 to produce values of D. FINAL also

lculated both tic an jcal uncertainties in D, which were used
o combine D values measured in different runs, and which

in appropriate ways
were quoted in the final results.

4. Caleulation of Check Ratios

The program FINAL calculated four values of the form:

Q= NCLGL) NG L 12
N(=,x,R) -N(H,£,R)
which give ratios of the factors 0 and I in eq. 1 above. In this case, for
ide an independent check on the

example, Q) = O(L)/Q(R). These check ratios prov:
quality of the data, since any value which deviates from the
unity signals problems with the data collection system.
showed such deviations were discarded from the analysis.

average value near
Data points which
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10. A Text-Processing System for the Preparation of Scientific Documents
sten and the QUME Terminal

with the VAX Computer

J.G. Cramer

The VAX 11/780 copputer system, which has been in operation for about one
year, provides the for a relatively powerful word processing system for
the preparation of multiple-copy correspondence, scientific papers, theses, and
used with a high-quality terminal/typevriter such as the

year.

ts, for subscripts, and for special characters which
ic documents.

for ripts and
are an important part of most scientif:




In principle, this problem can be dealt with b
of the QUME terminal to one which

y changing the “daisy-wheel
contains Greek letters and mathematical
symbols and is available from the manufacturer.

unsatisfactory because of the time and
daisy-wheel" and the difficulty in positioning the

characters were properly located during the pass i shich they vere typed over
the normal type script.

care required in changing the
Paper so that the special

Therefore, we have devised a simple and relatively trouble-fre,
thie upicblen which has been in successful operation for the pes
The QUME terminal has a plot mode which,

e solution to

employed to position the carriage before and after the t
and subscripts, and for the production of
positioning and striking over the

special characters and
symbols generated by the QUME when operated in this mode.

The protocol for specifying these characters was devised so as to be
Jtransparent” to the DEC text preparation program Rumoff (RNO)..
acconplished by employing ASCII ‘control characters: to: dndicans
handling” for the character which they follow.
characters P, “D, “E, “F,
or the text-editing utilities) are used as flags indic
particular character, that the character i
should have a vector arrow ovi
F)

This was
“special
In particular, the control

ating, when following a
S a special character (°P), that it

below (“B) the preceeding
atiun e line. . ThnsPxeaddatolllfs weltfen 04238, while x-subprinted oo
vricten x'52°A with this protocol. The principal reason for employing  bomtros

the text justification process.

The mplementation of the actual QIME commands for constructing the
characters and positioning the carriage has been accomplished by means of a set
of procedure files stored in the library area of the VAX disc snd  wsed v
conjunction with the very powerful DEC editor utility TECO. A commsng £11s
called QUME.CHD is invoked (by typing GQUME)
the file name, the degree of vertical offset for superseripts and subscrists.
and whether the entire file or only selected pages are to be typed, and  rhen
submits the procedure to the VAX batch queue for typing on tha QUME when tht
device becomes available. The user sees very little of the actual

systen. A “help” file is available in the VAX HELP system to

provide
information describing the protocol for text preparation.




Table 10.10-1: Table of Qume Special Symbols

Superscripts: E=Mc” E=tc?
Subseripts: Rer SRS Rery4ry
Sharpes-s: s B
Umlauts AP & a“P

0" 6 o%p

ve uP
Vectors A™D s v'D 3
Squiggle: A'E x v'E v

AF K yephiks ey

AT & v'T 7

er o«

: 5P )

Gamma(le)* 7P ¥ Gamma (uc) ¢ e ZRORY A
Delta(lc): 27P 6 Delta(uc): i A
Fpsilon: eP €
Eta: Nape Likg
Lambda(le): 3P X Lambda(uc) : api A
M WE
Nu: T
Phi(le): PP Phi(uc): sp 8
Rho: i p
Pi(le): FoR Pi(uc): (Rl
Psi: (2 L
Tau: B i
Theta(lc): tP @ Theta(uc): O et )
signa(lc): ¢P O Signa(uc): i sy vl il i
Chi: P %
Xi(le): P 8§ Xi(ue 4P
Omepa(lc): WP U Omega(uc) 2P
H-bar: we  h Sertpe 1: e
+or- L Lpl
fregis 7w T

P > e
Del: QY. Gpl s
ldentity: =P % p =
2-greater: >P ¥ g i <
Pagger: sy s i s
Cent AR ¢ T §
idican: - Joee o 6 -
Rt-arrow: }P 7 Dl i
Up-arro B3 t [ap e
Tofinity: 0P




Experience with this system indicates that the protocol described above is
a simple and easily used extension of the normal RNO protocol for the
preparation of scientific documents, and has in some cases permitted the
preparacion of a manuscript for submission to a journal "untouched by human
hands”, i.e., which does not require further insertion of symbols, etc., before
malling. Several PhD theses have been prepared with this system, and several
advantages of the procedure have become apparent. It is very fast and easy to
correct, insert, and rearrange text including equations and special symbols. A
large fraction of the equations in a typical thesis can be produced without
further typing. Students have, in most cases, been able to type their own
theses, using the same text-editor system which they employed in preparing
programs for the VAX. Margins and other requirements imposed by the Graduate
School can be rigorously observed. Further, since the text is prepared in this
computer-readable format, it is available for other computer-based processing.
One example of this is the possibility of submitting the computer-prepared text
directly to an AIP journal over telephone lines. Another example of the power
of this arrangement is SPELL, a text verification system recently installed on
the VAX for checking the spelling of words in such text by direct comparison
with a "dictionary” which is resident on the VAX disc. Many of the articles in
this present Annual Report were prepared directly by the authors employing the
text-preparation system described above, and have been "proof-read” by the VAX,
using the SPELL text verification system.

11. A Computer Program to Analyze 191 Data from LAMPF

Konrad Aniol

Since we acquired a VAX 11/780 computer in Jume of 1979 we have the
facility for sorting and analyzing our (m,n”) data here at the Nuclear Physics
Laboratory. Previously the data tapes were analyzed either in Los Alamos or at
Carnegie-ifellon University in Pittsburgh, where a sorting routine (called DEUS
running under DEC-DOS was employed.

The data to be sorted consists of 16 linear signals from the QMU 8 crystal
gernaniun detector, 12 logic signals from 3 stacks of XY wire chambers and
several logic signals generated by plastic scintillators for strobe triggering
or veto purposes. In all we collect 36 parameters per event.

In the sorting routine written here at the Nuclear Physics Laboratory we
employ a range-energy table look up procedure for the particle identification.
The procedure used in DEUS is the standard one employing the approximate range
energy relation

R(E) = oEp

For the table look up technique we need only store the proton range-energy
table. The range-emergy relation for other particles can be easily obtained
from the proton table. Another difference between our sorting routine and DEUS
is the use of X2 cut on the PID. Once having obtained the PID, the PID
subroutine calculates the expected energy deposition in each of the crystals in
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the stack. A X2 sum of the measured and calculated energy differences is made
in the usual way. Explicitly,

1s7p-1 gmeas - geals?
= A1 jaste-1)

1=1 (0.10 * E5)

Here E; 1s the total energy lost up to detecter 1. The factor 0.10 multiply Ey
o C int “veighting factor is determined experimentally to give the observed full
R ittonalf maximum straggling for a monochromatic 1" beam the 8 stack
detector. The advantage :in using the X2 cut lies in the full use of all the
o a e haye, aboyt & particulsr event. Eraliminary Sociisg of the tapes
e Pt e Jthe.iX? .cut diminishas somsafs thestruoture ve observe in the
(m,n") spectra.
sorting routine. DEUS runs in
a single user DOS environment, an ther more general code. DEUS
typically sorts a tape in 100 minutes whereas the progran ¥e PS¢ here can sort a
pe b P evan, e, Jight! to; noderate’ usage mulEousey
P ronment. Most likely, the increase in sorting speed 1s attributable to the
performance of the VAX over the older DOS.

S e

12. ADJJ--A Program to Calculate Angular Distribution
Coefficients for (particle,)) Reactions
P.G. Tkossi

The angular distributions of the J-rays in a capture reaction is written as

‘max
o(E,8) = )  Ag(E)QgPx(cos®)
K=0

2ipax
o(E,8)Ay(E,8) = Y Bg(E)QgPg'(cs0)
k1

where Ag and By can be written
'3 3

= L pee” iorecse st




b FR(EE Dy Tn(s, S%e-)

Here St, St are the reaction matrix elements for the channels + and 4+

, and

FR(EET) = [I7(I7H1) + A1) - J(IH1) = A" (\"+1)] /K(R$1)

The angular momentun coupling factors D(tt”,k) have been tabulated for target
and residual spins < 5/2 by Carr and Baglen.l When higher spins are involved the
evaluation of these factors f tabulated valués of vector
coefficients becomes  tedious. Nevertheless they are necessary for the
interpretation of J-ray angular distributions.

The program ADIJ overcomes this difficulty. For given projectile, target
and final-state spins and parities and

program uses the appropriate
2 modified to agree with the phase conventisn
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