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INTRODUCTION

This Annual Report covers the period from April 1980 to April 1981 and
includes all work done in the Nuclear Physics Laboratory and research performed
at other institutions by our staff. The majority of these projects are support-—
ed 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.

We continue to maintain a strong laboratory-based research program while
celcrator emergy cap-
We first proposed such an upgrading nearly 4 years ago. We were
ave achieved top priority (along with Yale University)
DOE for an 18 MV folded tan-
he outgoing administration's
tar

pleased last year to h
from NSAC for funding in FY 82 of our proposal to
dem accelerator. Our pleasure at being included in t
budget in late 1980 for "startup” money in FY 82

turned to dismay in early 1981 when our project was omitted from the new admin-
istration's budget recomendation. We believe that a new accelerator in our

Laboratory is in the national interest, and ve will continue to strive to obtain

the means necessary to achieve this goal.

Our Laboratory has thrived this past year under the directorship of Prof.
Robert Vandenbosch. Our new magnetic momentum filter project is well undervay.
Optics design was completed a year ago.
were delivered several months ago.
chanber and support structure is completed and con:
ber of technical improvements to the tandem accelerator and beam handling are
underway or 4 to the tandem voltmeter,

and computer control of the high energy beam tramsport.

Our new PDB-11/60 (on-line) and VAX 11/780 (off-line) computer system is
working well; particularly notevorthy is our multiparameter coincidence capabil-
ity using a version of the program "Multi" which has been improved locally. DOE
has approved funding of a new high-intensity polarized fon source in FY 82. The
qualitative improvement in polarized beam intensities that will be available
from this source will have a big impact on our light-ion research.

m remains centered on the use of our FN
includes a significant amount of research

parity mixing experiment.
year are given below.
nucleosynthesis of °Al is currently a topic of great interest in
o While cross sections have been measured for the major
L production mechanism, the 2Mg(p,y) reaction, cross sections for the “°AL
destruction reactions have not been measured due to the lack of an “"Al target.
Al(n,a) destruction reactions can be

!
nuclear astrophysics.

Hovever, infornation on the “°Al(n,p) and




deduced from measurements of the “OMg(p,n) and “Na(a,n) reactions along with
the principle of detailed balance. During the past year we have measured the
cross sections for the (p,n) and (a,n) reactions using a large neutron detector
array and we have calculated the corresponding cross sections for the astrophys-
ically interesting (n,p) and (n,a) reactions.

Recently we have helped to place the interpretation of parity mixing in
1ight nuclei on a firmer, cxperimental foundation. Haxton, Gibson and Henley and
rown, Richter and Godwin have previgusly analyzed the results of our parity
mixing experiments in 108, 1%, and 2'Ne. Both groups assumed a parity noncon-
serving (PNC) mucleon-nucieon (NN) force given by Desplangues, Donoghue, and
Holatein and used large-basis shell model calculations to compute the PNC matrix
elencnts.  These calculated results had to be reduced by roughly a factor of 3

in the shell model wavefunctions? We have shown that the shell model wavefunc-
:gons are_deficient by measuring first forbidden * transitions in the decays of
;Bne and,Ne. These transitions are isospin analogs of the parity mixing in

F and 1P, In both cases our measured f-decay rates are roughly a factor of
10 smaller than calculations using the wavefunctions employed in the parity mix-
ing calculations. This strongly suggests that the above mentioned factor of 3 is
due to deficiencies in the shell model analysis and not in the assumed PNC NN
force.

Hardware for the new Mark II hydrogen parity-violation experiment has been
completed. This equipment includes a precision two-RF-cavity assembly, a hydrau-
lic system for remote positioning of the cavities inside the vacuum vessel, an
RF source for the double cavity assembly with two coherent outputs and both dig-
ital and analog control of the relative phase, an NMR stabilizer for the static
magnetic field, a precision tape-wound aluminum solenoid, a high-gain phase-
space stabilizer for the metastable beam, and a precision voltage source for gen-
erating static fields in the RF cavities. These various units have been in—
stalled and tested, and the expected a > e » B Tesonant transitions have been
generated. Studies have mow begun on the nature of systematic errors encountered
with the new apparatus at a level several orders of magnitude smaller than the
Mark T system.

and

We have measured 27A1(’He,d) and *7Al(p,y) to the stretched 6,

28,
1-1 states at 11.58 and 14.36 MeV in - Si, which have strong parentage to the

“‘s/z’l- £,),) particle-hole configuration. Fronm an analysis of our experiments
and other results, ve find a’ = 0.5 for the (d5/, ", £,/,) intensity in both
285y ground state). This indicates that (p,p') and

levels (relative to the ;-
state anomalously weakly relative to the 67,

(n,n') reactions excite the 6=, T
=1 state.

A good-resolution study of the “‘Mg(a,y,)?%s1 reaction in the glant reso
nance region has been completed, with detailed information on E2 strength in good
agreenent in magnitude and energy dependence with “Si(a,a's ) results. This
confirms the inelastic scattering extraction of E2 strength, and provides inter-

esting information on the phase coherence of the giant EL and E2 resonances.

i




built

We have begun studies of " " glant dipole

on highly exeited states, with measurements of the >/AL(p,y) and *'Al(p,Yp) Te-
actions. Our singles results near the bombarding emergy expected for the peak
of the second-harmonic giant resonance provide the first clear evidence that the
capture process preferentially populates hw particle-hole final states.
supports the general concept of the existence of second-harmonic giant resonances.
B " 1 1z

A search for "quasi-molecular” gamma rays in the ¢ system, 1.e.,
enhanced gamma ray emission from a presumed intermediate-lifetime dinuclear state
ith a large quadrupole moment, has resulted in an upper limit which is smaller
than the simplest estimate from a quasi-molecular model. The sensitivity achieved
was not sufficient to see the gamma emission rate predicted by Blair and Sherif
on the basis of a_direct reaction model. The fusion cross section excitation
function for the “’C + ““si system has been measured by two tcchniques. The
excitation function is rather smooth and does not show evidence of structure
correlated with structure observed in the back-angle elastic and inelastic chan-
nels. The absolute values of the cross sections are appreciably larger than re-
ported previously and are in good agreement with current theoretical expectations

160 system in which Tine-Dependent~

e have completed a study of the “°
lest

v
Hartree-Fock calculations predict the presence of non-fusion for the sma
partial waves. We find no experimental evidence for this prediction. Several
other systems have been studied to date with negative results. These results
provide a constraint that TDHF will have to satisfy if it is to be a successful
model for reaction mechanisms in the energy range of 2-10 MeV/A.

Our studies of reactions induced by very heavy projectiles, employing the
LBL SuperHILAC, have addressed the questions of fluctuations in deeply inelastic
collisions, and the role of nucleon exchange in energy dissipation and angular
momentum transfer. On the question of the magnitude of the fluctuations in the
dependence of the scattering angle, energy loss and angular momentum transfer on
initial orbital angular momentum, we have shown from gamma ray angular correla-
tion measurements for a wide range of scattering angles that there are strong
correlations between the scattering angle and the initial orbital angular momen-
tun. A Monte Carlo approach is being used to explore various correlations aris-
ing from a nucleon exchange model for energy dissipation and angular momentum
transfer. Spin-spin and N-Z correlations are being explored. Ve have also shown
from evaporation model calculations that correlations are expected in the final
observables such as the isobaric charge variances which arise from post-reaction
evaporative mechanisms as well as from the deeply inelastic collision itself.

As in the past we welcome applications from scientists at other institu-
tions who may wish to use our facilities. At present outside users are active
on both the tandem and the cyclotron. Our tandem runs very well, with experi-
ments performed from 0.5 to 9 MV. Other saliemt characteristics of these ma-
chines are listed on a following page. Anyone interested in using the facil-
ities should consult with a potential collaborator from the University of
Willian G. Weitkamp, Technical Director, Nuclear Physics

of

el e
Seattle, WA 98195 or telephone

~10,

(206) 543~ G060




Let me remind the reader that the articles in this report describe work in
progress and are not to be regarded as publications nor quoted without permission
£ the investigators. The names of the investigators on each article have been

listed alphabetically but where appropriate the name of the person primarily
responsible for the report has been underlined.

I would like to thank Bill Weitkamp for editorial assistance. My special
thanks go to Ms. Judith Nyman-Schaaf for her excellent typing and manageria:

ﬁmﬁ/)ﬁmﬁ/

Kurt A. Snover
Editor, 1981 Annual Report




THREE STAGE TANDEM VAN DE GRAAFF ACCELERATOR
(A High Voltage Engineering Corp. Model FN)

Completed: 1967
Funding: Purchased with NSF funds; maintained by DOE funds and some funds
from the State of Washington.

Beams currently available: (See also W.G. Weitkamp and F.H. Schmidt, "The
iversity of Washington Three Stnge Van de Graaff Accelerator"
Nucl. Inst. and Meth. 122, 65 (1974)

Max. Practical Max. Practical
Max. Current Energy 2 Stage Max. Current Energy 3 Stage

Ion 2 Stage (uA) (Mev) 3 Stage (uA) (Mev)
p.d 20 18 5 25
polarized p,d 0.1 18
3sbge 3 27
62711 0.5 36
c 2 63 o 70
N 2 72 1 79
0 10 & 3 88
s1 0.2 90
a 0.2 17 0.2 124
N 0.5 17
Br 0.1 125
g 0.01 125

CYCLOTRON
(A 60-inch fixed energy machine)
Completed: 1952
Funding: Constructed primarily with State funds and subsequencly supported
by AEC funds. Now sustained by funds from outside users

Beams currently available:

Maximum Practical
(MeV)

Ton Maximum Current (uA) Ener,
P 100 11
d 150 22

“He 30 42
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1. ASTROPHYSICS AND COSMOLOGY

1.1 The Nucleosynthesis of “°A1
I. Chupp, P. Grant, K. Lesko, E. Norman, and P. Schwalbach

Ve have continued our investigations of the nucleosynthesis of “°Al. Our
interest in this nucleus stems from the recent discovery in inclusions e
Allende meteorite of excess isotopic abundances of Mg relative to “'Ng. We have
studied mechanisms by which “°AL may be destroyed as well as produced. We have

studied tuo reactions, 2oMg(p,m?°AL and 2 Na(a,m) AL, which populate both the
ground state (75", /7.2 % 10° years) and the isomeric level at 228 keV

(3=0%, €, /,76.3 seconds).

In last year's Annual Kepnr(; we described measurements of the gamma ray
production cross sections for the “Mg(p,n) °Al reaction. The data from our
cascades to both the O' and 5* states were combined

measurements of gamma ray
e to

with previously ublished data of direct meutron emission to the ground stat
obtain the total ground state cross sections.” Using these results and the prin-
ciple of detailed balance, ve have calculatgd cross sections for the (n.p,) re-
action on the three lowest-lying states in “"Al. These calculations, 1110strated
in Fig. 1.1-1 show the importance of the excited states in the destruction of
this nucleus. The (n,p) reaction will populate excited states as well as the

ground state of 20Mg. However, to measure the cross sections for these resc—

s 0.50) Moy

Fig. 1.1-1: cross sections for the (n,p,) reaction
on the 2541 ground state, 228 keV isomeric
level and the 417 keV 3% level. Cross sections
for these reactions have been calculated using
measured (p,n) cross sections and the princi-
ple of detailed balance.

o tmb)
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tions, the difficult problem of producing a “0AL target must be overcome.

To gin further information on the low energy behavior of the
iéAl(n.y )2 Mg reaction, we have also begun measurements of the total
Euig(p,n§ “°A1 cross sections. These measurements are perforned with the large
graphite pile "long counter” described elsevhere.

our program of investigation of the “oNa(a,n)’®Al reaction Iacindss,thcse
different experiments which measure (a) gamma ray production cross sect:
(b) isomer production cross sections, and (c) total meutron production cro:
sections. The gamma ray experiment independently determines the lower Linit of
ground state and isomer production while the total neutron and isomex production
data are combined to determine the ground state and isomer cross sections.

The gamma rays Erwg alpha particle bombardment of a 730 ugm/cm HaF target
were observed in a 50 cm’ coaxial Ge(Li) detector. Angular distributions were
measured at 10 angles between 30° and 145° relative to the beam in order to cor-
rect the 90° measurements for anisotropy in gamma ray emission. Production was
measured at 36 energies from threshold at E=3.97 MeV up to 26 MeV.

The isomer production cross sections were determined with an activation
technique. In this measurement, the NaF target was a:tivazed for 20 seconds and

then counted in place with a pair of 3 in. x 3 in. Nal detectors at 90° and 270°.
Gamna ray spectra were routed into 8 successive Fine bing. The 511 keV gama
rays from the annihilation of the positrons emitted in the “"Al decay were count-

ed in coincidence. The efﬂcxency o e ghe amnihilacion radiation was
determined in a separate activation by producing “°AL which decays to the 1611 keV
state of “°Mg. By measuring the efficiency for detecting 1611 keV gamma rays and
by measuring the number of 511 keV gamma rays detected per 1611 keV gamma ray,
ve determined the efficiency to be 0.011 for detecting annihilation radiation.
Data were taken from E=4 MeV up to E=15 MeV. These cross sections are shown in
Fig. 1.1-2.

e toal neutron production cross sections were messured with the large
graphite pile with Nal and PbI, targets at energies from 3.5 to 10.5 MeV
Sodine contribution to the NaI yield was subtracted and the resulting sodium
yield was differentiated to determine the total ~~Na(a,n) Al cross section. The
isomer cross sections were them subtracted from the total to give the ground
state cross sections. These results are also shown in Fig. 1.1-2.

Reference:

i Nuclear Physics Laboratory Annual Report, University of Washington (1980),

9 B Bosaantie: v Lesko, T. E. Chupp, and P. Schwalbach, Nucl. Phys. A357,
728 (1980) -

3. Nuclear Physics Laboratory Annual Report, University of Washington (1979),
p. 131
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y Fig. 1.1-2: Cross sections for the production
5 of 261%™ from the “Na(a,n) reaction.

1.2 The Half-Life of lBD’l‘a

E. B. Norman
180, .
Ta 1s an interesting naturally occurring odd-odd nucleus. It is known

g have a half-life of >2 x 101 years and an abundance relative o that of

L1a of 1.2 x 107°.1 In addition to this long-lived state, there is a J)
level which B~ and electron-capture decays with a half-1ife of 8.1 hours.
cently, it has been shown that this short-lived state is actually the ground
state of the nucleus and that the long-Jived level is an excited state approxi-
mately 80 keV above the ground state.’> As a result of the renewed interest in
this nucleus, a new experiment was performed in an attempt to determine the half-
life of the long-lived ®0ra.

The long-lived ®0Ta state is unstable with respect to both electron-cap-
ture and §~ decay with decay energies of 935 and 799 keV respectively.” Thus,
this 9~ level would be expected to decay to the 6% state at 641 keV i
and/or to the (6)* level in ‘20 at 688 keV. The electron capture decay of the

1807, 4ould produce a cascade of y-rays with emergies of 332.3, 215.3,

Re-

HE

Long-1ived
and 93.3 kev.! The 8- decay would produce a similar cascade with y-rays of en-
ergies 350.4, 234.3, and 103.6 keV.. In the present work a y-ray singles experi-
ment was performed for a total of 14 days and a y-y coincidence experiment was
perforned for a total of 11 days to search for these Yxays. For these experi-
nents, a 30.5 ng sample of Ta,0; enriched to 5.1% in 8015 was acquired on loan

from Oak Ridge National Laboratory.




The low energy portion of the y-ray spectrum observed during 4.5 days of
singles counting is shown in Fig. 1.2-1. Arrous indicate the expected positions
of the 180Ta decay y-rays. Except for a strong lime at 93 keV, nonme of the ex-
pected “8%a decay y-rays are seen. Background measurements show that all of
Yoray peaks observed including the 93 keV line, can be attributed to the decay
o U and Th isotopes probably contained in the shielding material. The y-y co-
incidence spectra also showed no evidence of any of the expected °*Ta decgy v~
rays. From these null results, lower limits on the partial half-lives of = Ta
against electron capture and ¢ decay have been determined £o be 23.3 x 101
years and 2.9 x 10'* years respectively.

References

1. C. M. Lederer and V. S. Shirley, Table of Isotopes, 7th edition (John Wiley
+ Sons, New York, 1978), p. 11

2. E. Warde, Thesis, Univ. Louis Pasteur de Strasbourg (1979), unpublished.

3. K. S. Sharma, et al., Phys. Lett. 91B (1980), 211.
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18018™ prom the *%nf(p,n) Reaction

1.3 Yields of
P. J. Grant", E. B. Norman, and T. R. Remner
As was discussed in last year's Ammual Beport,’ we have o conducced a series
9f neasurements of the cross sections for the production of 8™ from the

8046 (p,n) reaction over the emergy range 6.5 < E, < 10.0 MeV. b
been auggeated as one of the possible " aetrophyaichl production mechanisms for

Ta. As is discussed in Sec. 1.2 of this report, it has been recently shown
that the ground state of 1°0Ta 1s the J" = 1% 8.1 hour level and that the long-
lived naturally-occurring level is an excited state at approximately 80 keV. We
have measured the cross sections for the production of the 8.1 hour state by
bombarding both natural HE and enriched 1CHE targets with a proton beam. The
targets were then removed to an off-line location and were counted using a
Ge(L4) detector. In a separate experiment, a thick 'CUHE target was boubarded
wich protons and the total neutgon yield fron the (p,n) reaction was measured
using a spherical A yield i in
order to obtatn the total (p. ) crosa secions. The crose sections fo, che pro-
duction of the long lived ‘°'Ta™ were determined by subtracting the = Ta
cross sections from the total (p,n) cross sections. Fig. 1.3-1 shows our pre-
Lininary results for the total 180gf (p,n) cross sections and the cross sections

for the short-lived '~ 'Ta ground state.

Circles represent total

5»
SRR

59 .
‘Fig. 1.3-1:
o . 1806 (p,n) cross secttons, X's
{mb), " represent Cros ions for the
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IBOTa ground state.
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1.4 Investigations of Wheeler-Feynman Absorber Theory

J. G. Cramer

Over the past several years, we have embarked upon a program aimed at

testing and lizing the ideas of absorber theory.’> The
approach to is to regard the emission and sub-
sequent of radiation as a betueen emit-

tariend AHaThaE CHroULH £hia MELUMNUD advanded and irethrded electromagratic
waves. The theory has important implications for the origins of the electro-
magnetic time asymmetry, i.e., the complete dominance of retarded potentials and
radiation in electromagnetic processes, and also possible implications for cos-
mology.

We have shown in a recent paper’ that a generalized form of the Wheeler-
Feynman transaction can be used to explain a number of quantum mechanical para-
doxes, ©.g., the Einstein-Podolsky-Rosen paradox, the Schrodinger's cat paradox,
Wheeler's delayed choice experiments, etc. A second paper dealing with the

electronagnetic time asymetry’ has just been submitted to Physical Review D.

Experimental tests of absorber theory are very difficult to design, be-
cause the Wheeler-Feynman protocol is an alternative to conventional electrody-
namics which leads to the same observables. However, the concepts embodied in
absorber theory do lead to the possibility that there could exist anisotropies in
the emission of radiation, particularly when the radiation has a low probability
of ultimate absorption, as is the case with neutrinos and certain frequencies of
radio waves. Two experiments involving a search for anisotropies in the emis-
sion of radio waves have been performed, the first by Partridge’ and the second by
Schmidt and Newnan.® Both of these experiments have set rather low upper limits
on possible emission anisotropies for radio waves.

We have designed two experiments to search for anisotropies in neutrino
emission. The first of these uses a radioactive source and employs the angular
correlation betveen neutrino and beta emission which is present in a pure Gamou-
Teller beta decay. In such a process, a given anisotropy in neutrino emission
should be reflected in an isotropy in beta emission 1/9 as large. Beta asymetry
measurements with a "*’Ru source are made in a search for sidereal correlations
associated with the Earth's rotation with respect to the fixed stars. These




of 1 part in 10'. A stabilized light-pulser system is now b
the apparatus to remove this effect (see S of this report) and a new se
of measurements will be made in the next few mon

This beta decay experiment is complicated by the rather weak angular cor-

relation between beta and neutrino directions arising from the 3-body nature of
Ve have, in collaboration with groups at LAMPF and the Uni-

the decay process.
£ Texas, designed a second absorber-theory experiment which involves the
2-body emission of mu-neutrinos and therefore is mot troubled by this problem
e

measurements are presently troubled by 24-hour instrumental effects at the level
eing installed in

c. 11.2

versity of

e u
This is accomplished by observing the direction of muons produced in the decay of
a well-collimated pion beam. are presently seeking approval for this exper:
ment at a meson facility.
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Cross Sections Relevant to Gamma Ray Astronom

L5

D. Bodansky, P. Dyer, D. Leach, E. B. Norman, and A. G. Seamster
As described in previous Anual Reports, we have measured gamna-ray produc-

iénn ;rnss sections for proton and alpha-particle induced reactions on -C, “'N,
Ove, Zug, 51, and *Fe. These cross sections are required in order to

e e e S e e b

and energies of the interacting muclei. The analysis of the proton data has been

&
completed, and a paper based on this work has been accepted for publication
have concentrated on the analysis of the alpha-particle

dat
ticle bombardments are currently in progress.
?? have recently measured the gamma-ray production cross sections for alphas
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2. NUCLEAR TESTS OF FUNDAMENTAL SYMMETRIES

2.1 Test of Time Reversal Invariance with P-A Comparisons in the “Be(’He,?)''n
Reaction

J. G. Cramer, M. Doss, D. W. Storm, T. A. Trainor, and W. G. Weitkamp

At the 5th International Symposium on Polarization Phenomena in Nuclear
Physics (Santa Fe)' this past sumer, the results of a collaboration between
groups at Laval University and LBL were presented, showing very large difference
betugen the proton polarization (P) measured in the reactions “BeCHe,5)''s,, and

11 (’He,B) Bs_, and the proton analyzing power (A) as measured in the inverse re-

actions. This result is very difficult to understand, because time-reversal in-

the decay of the K,° meson. Therefore, followup experiments are very important
to determine whether the results should be taken seriously.

The P measurements are quite a bit more difficult and subject to error
than are the A measurements because the former involve double-scattering measure-
ments of nuclear reactions with fairly small cross sections (about 100 mb/sr).
Further, the Laval/LBL measurements were performed with a polarimeter employing
a silicon analyzer/detector, and the proton analyzing power of silicon is rather
small and has a rather strong energy dependence. Thereforg, ve decided to
attempt to reproduce these measurements of P in the “He + Be system using a
heliun polarimeter designed by Prof. Weitkamp, which has been in use at this
Laboratory for some time in depolarizati in the

It vas first necessary to modify the polarimeter for improved energy reso-
lution to permit resolution of the ground state of the L'B residual nucleus from
its first excited state. This vas accomplished by modifying the two dE/dx gas
counters in each polarimeter arm so that they would serve as position sensitive
drife chambers, a of the horizontal entrance angle of
the reaction-produced protons which was used for correction of the detected
proton energy and improved resolution. This modification is described in

Sec. 11.9 of this report. This system has worked very well, permitting an im-
provement in energy resolution by a factor of 2-3 and pernitting the resolution

of the two states of ' B.

The results of the two accelerator runs on the “Be + He system have been
inconclusive, the first because of excessive neutron background in the polarin-
eter counter nearest the beam and the second because of a malfunction in the
PDP 11/60 data collection computer on the last day of the run. We expect &
have another run in the near future and to determine whether the polarization
value agrees with that determined by the Laval/LBL group.

8
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2.2 0; + 0" 8" Decay of 'BNe and the Interpretation of the Parity Mixing in
i

E. G. Adelberger, C. D. Hoyle, H. E. Swanson, and R. D. Von Lintig
s been recognized for several years that pion exchange should play a
large and calculzhle role in A, the time component of the nuclear axi
current.1r? The etfacts will be espectally lerge in O 0 8 decays where the
one-body (lmpulse) being ional
o*v/c and o°rk. Both v (the nucleon Valctxty) and k (the momentum tmnsfcrred
o che leptons) are small in B decay. Cu the other hand the 7 exchange contri-
bution to A_ s not sinilarly suppressed since the 7 carries off the same quan-
tun numbers (AJ ;ML= 075 1) that A, brings in. Unfortnately, very little is
\nown experinentally about OF % 0~ B decay. The § decay> of '°N" is the only
example in a light, well understood nucleus.
1a7 anigeineg
We have measured the decay rate of ' °Ne (3" = 0", T
@" =07, I =0) level of This decay is particularly interesting because:
(A) It is one of the rare cases of a 0 - 0 transition in a theoretical-
1y tractable nuclear system. Shell model wave functions (see Ref. 4) predict
that pion exchange currencs increase the § decay rate by a factor of approxi-
ompared to the impulse current a
important, knowledge of this

To the extent that exchange st gl
of the nuclear structure uncertainties in extracting

1) to the 1081 keV

mately 2.5 c

+
8" decay rate removes most
F_, the weak parity nonconserving (PNC) TNN verte
is pure AL = 1. The most

The 7+ exchange component of the PNC NN force
sensitive probe of this force is our measurement 1gf the pari(y mixing of the.
= 1) and 1081 keV levels of The 0" » 0 decay Ne

e e P anse

1042 kev (3" = 01, I =

connects these same levels (assuning Lsospin symme(ry)

contribution to the §' decay rate and the 7 exchange contribytfon to the panty
The 0' > O

on the nuclear

mixing have identica
decay exchange current operator is

@)
LR (a) i zy 5” [ty

while the 7 exchange parity mixing operator is

2

W B i
Bone = @) 7z 4 [ ©%5ho




(See Ref. 4). In these expressions

—i"‘ a+

(r“)- L mr.

13
g is the strong wNN cnupling constant and ¥, = ~1.23

F, (the strength of the PNC 7 exchange NN interaction) is poorly deter-
mined by existing data and analyses. The measured’ circular polarization of the
1081 keV y-ray P = (-0.7 + 2.0) x 10 yields a value |<0™ [, [0">] =

(.13 £ .36) ev. |1= | has been inferred from this measured matrix element by
relying on shell-mo: <§§ A of the nuclear However, the
extent that a = /M, (the ratio of the 2 body to the 1 body B-decay matrix
elements) is known, |r" can be obtained from P_ and the B decay rate w in a way
uhich 1o othervise completely indspendent of the nuclear wave functions = i.c.

= K[(«+1)/a]P_ /G where K is a constant containing kinematic factors and known
quantities such as F, and g. We return to this point below.

We produced *Bye aczlvity by bombarding natural 0, gas with 12 MeV “He
dons. The irradiated gas d from the cell to a lucite
cliaer placed /s ‘awy (17 Va S RANNSinc A gRaEUELE MY barayA1aysd yezayssvere
counted for 1.70 sec. beginning 0.10 sec. after each bombardment ended. y-rays
were detected in Ge(Li) detectors equipped with pileup rejection circuitry. The
y-ray spectrun was "hatdened" by 1.27 cm thick Pb absorbers placed in front of
the detector. The gas transfer systea, ¥hich opersted on a 2,00 sec. cycls, i
sinilar to those described in Refs. 6 and 7 and is described in Sec. 11,1
Contaminant activities, principally 1°F, '/F, and %0 produced by the 160(3He 2,
160(ke,a) and ®0(*He,a) reactions respectively, were largely removed by three
liquid N, traps, one of which vas filled with a molecular sieve material. By
multiscaling the y-rays we determined that the dominant background activity was

U produceg by *“Ne decays within the counting chamber. In addition, a small
amount of 1°0 was transmitted through the traps.

A composite spectrum of y-rays taken with two different detectors is
shom in Fig. 2.2-1. Previously observed y-rays of SIL, 650, 1042, and 1700 key
axe proninent. ‘Low incensity peaks (see Fig. 2.2-2, also), present in da
taken with each detector separately, are observed at (1080.6 * 0.3
357 boviTand 14060vANE1: S pu eck sPecrealzblbd sut uny BoscibiiFepenar
the 1081 keV peak was due to differential nonlinearity in the ADC. Ve ascribe
the 1357 keV peak to decays of 1°0 produced in the 1°0(’He, 2p) reaction
bl R S B U el U’ acientl4ve a5 Eoduinaton 03100 wac, cyele,
ve deternined ‘that the 1357 keV peak had a decay half-life of approximately
26 sec. in good agreement with the 1°0 value of 26.8 sec. The 1461 keV peak
arises from “°Kk room background. We conclude that the 1081 keV peak is from
18

Ne decay since its measured emergy is in excellent agreement with the accepted
value of 1080.5 + 0.1 keV for the corresponding ~ F transition
10




10 659
L‘}\_‘ 511+ 511
10/ — keS|

H

10 i f L | L i
N 200 300 400 500 600 700 800 900 1000
£4x10 T T T T T T T T =
: o 1700

a0
1461
| sieiosz |

7100 1200 1300 1400 1500 1600 1700 1900

channel

1800

; + g

Fig. 2.2-1: Spectrum of y-rays following ‘e 8% decays. This is a sum of
data taken with two different detectors in order to improve
statistics.

The relative efficiengies gf our Gefld) detectors plus "hardeners” were
measured using known decays’ of “0Co and C/Bi sources. Relative intensities

of the 659, 1042, 1081 and 1700 keV y-rays are 1.75 £ 0.05, 100.0,

(1.92 £ 0.32) x 1072 and 0.680 + 0.011 respectively. These intensities (:xcepr
for the previously unobserved 1081 keV y-ray) are in good agreement with t
lover-statistics results of Refs. 8 and 10. In addition our value for

R = I(1700 + g.s)/T(1700 + all) = 0.280 + 0.007 is in good agreement with the
value R = 0.298 + 0.013 presented in Ref. 11. The weak 1081 keV y-ray cannot be
due to deexcitation of the 1700 keV leyel via the 1081 keV level since

I(1700 > 1080) /T (1700 + all) < 2 x 10 °. Therefore §' feeding of the 1700 keV
level can account for at most 546 of the observed 2156 + 355 counts in the

1081 keV peak. We assume that 273 + 273 of the 2156 counts arise from decays of
the 1700 keV level and ascribe the remaining 1883 + 488 counts to direct feeding
Of the 1081 keV level in ‘N decay.
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The resulting 'te decay branching ratios (normalized to 100 for the super-

alloved transition to the 1042 keV level) are 100.0, (1.71 + 0.41) x 102 and
2.47 £ 0.05 for tramsitions to the 1041, 1081, and 1700 keV levels respectively.
Assuning that the superallowed Fermi transition has a partial half-life of
22.00 * 0.61 sec. and an ft value of 2977 + 87 sec.’ we obtain a partial half-
life of (1.29 + 0.31) x 10° sec. and ft = (1.60 * 0.39) x 10/ sec. for the

0% » 0 transition. We have computed f assuming an allowed B spectrum shape,
which is reasonable since the matrix elements of the m exthm’\ge and the

o + v/c one body currents are both of the moment to
the leptons. In what follows we neglect all terms (they are small) which are
momentum transfer dependent. For a more complete discussion including the k
dependence see Ref. 4.

Now turn to some implications of our result. Haxton® has calculated the

g" decay rate expected using the wavefunctions employed in a recent analysgs'? o

the PNC circular polarization in '°F. His predicted rate, w, = 7.5 x 10 sec
ol

1s appreciably faster than our measured value, by, = (5.4 1.3) x 10°° sec &

Similar disagreement would occur with other calculations'” of the parity mixing

8

. Reasons for this deficiency are given in Fef. 4

1

along with a more

realistic shell model calculation, G, = 4.8 x 107 sec™, which 1s in much

12

°1

£




To what extent should one expect similar
problems in the calculation of parity mixing in - 0, ~~F and ~ Ne? Our result
indicates that the predictions in these other systems must be re-examined and,
whenever possible, subjected to independent experimental tests such as the one

better agreement with experiment.

we report here.
18y, oty o
Haxton’ :\r%ues that, although the absolute ' 'Ne O° > 0 §' decay rate

gy =, @ )12 Jo sensitive to the shell-model configurations of the
N @, D= 10.67 15 not. 1If s0, we can deduce
@ avove yie
from u,,_ . The expressions for Hy o and M () given above yleld

exp

Bl i
iy

o
28, \Fegtgt

: - 5
Tnserting the values for |<0”[Hyyo[0™>| and fej+ | - obtained from Ref. 5
and this work respectively and assuming that o * 0.67 we find that
o This is quite consistent with the "best value"

= of hyperon decays using the
Veinberg-Salam model of the weak interaction, and SU(6) and the quark model of
If we "correct” the prediction'” for P (1081) by the factor
3. Therefore a modest improvement

= 0.5 1.3) x 10
F = 1.08 x 10°° deduced from an analysis

hadron structure.
foJu_ we obtain =T =

exp/ obta: \PW (1081)| = 1.6 0
in the ex\mr)mcn[ul error of P, (1081) may produce a detectable effect and pernit

us to measure F, in a manner rimarkably free of uncertainties due to nuclear

structure.
Bemnetc and M. M. Lowry for pointing out the similaricy
@) jie are grateful to W. C. Haxton for discussions of the

We thank C.

between Hyy . and M,
physics and for his calculations of the decay rate.
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2.3 1/2) > 1/2" Beta Decay of %Ne and the Interpretation of the Parity Mixing

in

E. G. Adelberger, M. M. Hindi, C. D. Hoyle, H. E. Swanson, and
R. D. Von Lintig

Recently Desplanques, Donoghue and Holstein have related the ENC emission

Their "best values" are in good quantitative agreement with the measured helicity
dependence”>? 1n p + p scattering. However, the p + p results are not sensitive
to PNC 7 exchange (which is pure AT = 1). At present s exchange is best
probed by the parity mixed doublets in ‘°F,® 2F> and *!Ne®. Haxton, Gibson and
Henley’ and Brown, Richter and Godwin® have used large basis shell model wave-
functions to compute the parity mixing in these doublets expected from the "best
value" parameters of Desplanques, Donoghue and Holstein. These calculations
ottt e e e s o
® agd the observation of a mch larger parity mixing macrix clement in 1F
than in “'Ne. However the predicted effects in ' 'F and *°F are roughly 3 times
larger than the experimental results. Is this due to a deficiency in the nuclear
wavefunctions, or because the "best values"
Holstein are foo large by a factor of 437

of Desplanques, Donoghue and

e possibilities! Consider

Vi e o eoosdtatey dcdys and which connect (assum)ng 1sospin

symetry) the same levels involved in the parity mixing in ' F and "°F. These

forbidden 8 transitions are dominated by the 43" axial charge operator which

has a close similarity to the AJ" = O  parity mixing operator. Hence these

forbidden § decay rates form an excellent test of the wavefunctions used to
185 anda M

analyze the parity mixing in

14




18,

1=0 level of = 7.

Ve recently measured’ the § decay rate of 'Ne to J"=0"
The observed rate was roughly 10 times smaller than that predicted by the wave
function of Ref. 7! Hence the predicted’ parity mixing in ' °F should be r
duced by /10 which removes any discrepancy between the experimental upper
on the parity mixing and the "best value" PNC n° exchange coupling given in
Ref. 1. Haxton'" has shown that the failure of the vavefunctions vas due to
Ne ground state; when these are included
Could a related phenomenon ex-

Limit

neglect of 2 hw excitations on the
he obtains a result in accord with experiment.
plain the discrepancy between experiment and theory in the parity mixing in
We have measured the decay rate of L Ne to the 110 keV 1/2” level. Our resul
indicates that the answer to the above question is yes.

F?

Ve produced “Ne activity by bombarding SFg gas with 6.4 MeV protons. The
UW gas transport system operating on a 20 sec. cycle transferred the irradiated
gas to a lueite chamber with 9.5 m wall thickness placed in a vell-shielded
B anting station. We ebserved triple coincidences between 511 keV annihilation
Quanta detected in two back-to-back 7.6 cm x 7.6 cm Nal counters and y-rays
Tegistered in a 15% Ge(Li) detector equipped with pileup rejection circuitry
A Eine-to-amplitude converter was started on fast 2-fold coincidences betueen
511 kev ovents in the Nal detectors and stopped by fast triggers from the Ge(Li)
detector,  Scalers recorded the start and stop pulse rates along with the 3-fold
Coincidence rate and a rate which gave the pileup losses. From the absence o
contaminant lines in the Ge(Li) singles spectra and the observed decay time of
Gctivity we conclude that any contaminant activities are negligible for our

i e £
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Fig. 2.3-1:  Spectrum of events in the Ge(Li) counter in coincidence with

511 keV photons detected in two Nal detectors. Random coinci-
dences have been subtracted. The anomaly around channel 800 is
due to the subtraction of random 511 keV events.
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A spectrum of y-rays in the Ge(Li) detector in coincidence with two
511 keV quanta is shown in Fig. 2.3-1.

A smooth bremsstrahlung continuun is
prominent along with a sharp peak at 110.0 * 0.3 keV which contains 531 + 88
counts. We deduced the absolute branching ratio for “Ne decays to ‘°F(110) by
dividing the area of the 110 keV peak in the coincidence spectrum by the product
of the absolute efficiency of the Ge(Li) detector for 110 keV y-rays tines the
nunber of 2-fold coincidences in the Nal detector. An 430X correction for pile-
up losses in the Ge(L1) The absolute p effice
of the Ge(Li) detector and its fast trigger was obtained using calibrated radio-
active sources. Th

dency

ese sources were placed in the center of the counting cell
and singles pulse-height spectra gated by the fast trigger were accumulated and
corrected for pileup losses. The measured point source efficiency is shown in
Fig. 2.3-2. The ~Ne decay measurement involves an extended source.

in the detection efficiency as the radioactive sources were moved around within
the counting cell. From these results we obtain a branching ratio of
(1.20 + 0.20) x 107 for the *Ne » F(110) decay.

We checked our method by using the same apparatus and procedure to
measure_the known 8% branching ratios for ‘°Ne + ‘°r(1042) and

s » 22Ne(1275). The former activity was made by 100(He,n) as described in
Ref. 9; the latter vas a commercial radioactive source.

Both of our checks re-
quired corrections to the 2-fold coincidence rate which were not needed in the
“*Ne case. The ““Na data required a -13.8% correction to account for summing of
the 1275 keV and 511 keV photons in the NaI detectors. The '°Ne data required
a -10% correction to account for the escape from the gas cell of some
energy § 's associated with the ground state branch. The fraction of 2-fold
coincidences due to ~Ne was inferred by multiscaling the 2-fold rate. Our

18
measured branching ratios for the 1042 keV y-ray in ‘Ne decay and the 1275 kev
y-ray in “'Na 6" decay are 0.0819 + 0.0047 and 0.956 * 0.044 respectively.
These are in reasonable agreement with the accepted values of 0.0783 & 0.0021
and 0.999 respectively and give us confidence in our method.

© absolute meosurements
4 relotive meosurements

Fig. 2.3-2: Point source y-ray
detection efficiency of
the Ge(Li) counter. Un—
certainties (v 3%) are

smaller than the symbols.

~ 7000 1200
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0.02 sec'? half 1ife of
0.19) x 10 7 sec for the

4 £ assuning an allowed spectrum shape which
is reasonable since the dominant axial charge operator is independent of the
momentun transfer to the leptons.

Our branching ratio when combined with the 17.22 &
Ne corresponds to an £t value of (1.13 +

¥
1/2" + 1/2 decay. We have computed

1o Now we turn to some implications of oup result. The 1/2%1/27 8 decay of

9Ne and the corresponding parity mixing in |°F differ in sopg respects from the

+ 0" B decays of SN and the analogous parity mixing in °F which ve have
discussed previously’. The Ne decay proceeds by both the vector and axial
vector weak currents while the ' Ne decay is purely axial vever it is easy
to show that the vector weak current makes a megligible contribution to the

Ne » 18(110) decay rate. CVC relates the vector weak current to the isovec-
tor electromagnetic current if isospin is a good quangym number for the nuclear
states. Thus the vector current contribution to the 110) § decay can
be inferred from the El lifetimes of the corresponding 1/2° levels in F and
1%Ne (see Fig. 2.3-3). Using Siegert's theorem to remove trivial q dependence

of the matrix elements we obtain

25 3
an [Pt « L (2 A (R R (e
he + e - e
Y Y

+ 2
where T, and t_ refer to the lifetimes and E " to the energles of the
corresponding El transitions in “Ne and '°F respectively,vhile E;° is the ener-
gy release in the analogous §' decay. In computing the §' decay rate, the rank 1
vector matrix element does not interfere with the dominant rank O contribution
from the time component of the axial current. Since the El decays are retarded
3 W.u.) the vector current makes only a small contribution to the measured
It is reassuring that the El lifetimes are
e wavefunctions —- the observed

(10”
decay rate and can be neglected.
consistent with the assumed isospin purity of t
isoscaler El matrix element is only 3% of the observed isovector matrix element.

A second difference between the mass 18 and mass 19 systems {s that the
parity mixing in L°F is a mixture of AI=0 and AT-1 while that in °F is purely
AI=1. It is only the AT=1 component of the parity admixture in '°F which can be
related straightforsardly to the axial § decay operator as discussed in Refs. 9
9F one cannot find a simple expression relating che parity

and 10. Hence for -
B,

mixing matrix element to the forbidden § decay as was possible in

Nevertheless our “Ne § decay results are a crucial test of wavefunctions
used to interpret the parity mixing in
6, = (4.8 % 0.8) x 107 sec™! is roughly 10 times smaller than the rates
Gy = 413 x 10 sec™? and 10.4 x 107 sec”! using the vavefunctions

F. Our measured decay rate

predicted

1




Fig. 2.3-3: Analogue § and v trans-
itions in *% and oNe.

of Refs. 7 and 13 respectively. A similar situation occurred for LoNe where the
measured 0" + 0" decay rate was approxinately 10 times slover than the rate pre-
életed uaing the vavefunctions of Ref. 7. In that case the discrepancy vas re-
moved by incorporating 2w excitations into the wavefunctions of the O

level'®. Unfortunately a similar calculation for 1°F involving Sp-3h configura-

SronBIbIaT Eor overpredicting the § decay amplitude by roughy a factor of 3 also
cause the 3-fold overprediction of the parity violation in 1°F. If so, the "best
value" estimates of Desplanques, Donoghue and Holstein would be in remarkable
agreement with experiment.

We are grateful to W. C. Haxton for ¥ illuatnating remarks and for alloving
us to quote his u..pubushed calculations
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2.4 Calibration of Polarimeters For the Mark IT “Ne Parity Violation Expe
ment

E. G. Adelberger, H. E. Swanson, and R. D. Von Lintig

We have been measuring the analyzing power of the large-solid-angle, trans-
nission-mode polarimeters constructed by our Chalk River colleagues for the
Mark T1 “lNe parity violation experiment. The procedure used is identical to
that used to measure the efficiency of the smaller polarimeters of the Mark I
experiment. The polarimeters are arranged so that gma ray Na source
(produced by irradtacion of NaF in the Universicy of Washington Nuclear Reactor)
pass through them in series before reaching a 5 in. by 6 in. sodium iodide de-
tector. In this way the first polarimeter, “hich has steady magnetization,
circularly polarizes the gamma rays while the second one, whose magnetic field
is reversed each 3 seconds, analyzes the polarization. The measured effect is

the square of the analyzing power. Two runs have been completed and we antici-
pate at least two more will be meeded for an accurate measurement of the
efficiency.

The results to this point indicate the mew polarimeters have about the
same efficiency as the smaller ones, but a reduced efficiency per unit length.
Equal amounts of data are obtained with either polarity of the steady magnet.
The results for each steady maguet polarity and each run are listed below:

Field Reversed Combined

G.05+.15)7 (3374107




The data agree reasonably well with the expected efficiency but the effi-
clency per unit length is .34 percent per centimeter compared to .41 percent per
centimeter for the Mark I polarimeters. A significant difference in the effi-
clency exists for the two directions of steady magnet polarization. We hope to
Tesolve this in the remaining data runs. Completion of this project has been
suspended until bureaucratic difficulties involving the use of radioactive
sources throughout the University have been resolved.

The Mark II experiment, to be run this April at Chalk River, will employ
4 of these polarimeters. We expect to achieve a sensitivity of 1 x 10 in the
circular This to a sensitivity of 0.012 eV in the
parity non-conserving matrix element connecting the 1/2" and 1/27 levels.
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N THE HYDROGEN ATOM

PARITY MIXING

3.1 Introd x
E. G. Adelberger and T. A. Trainor
During the last year we have made major revisions to our experiment to
detect neutral-current-induced parity mixing between the 2, and 2p,, levels
of the hydrogen atom. The principles of our new experiment were discussed in
last year's Annual Report and have recently been published.” Most of our

effort during the preceeding year has been devoted to designing and fabricating
the new apparatus (cavities, electronics, and solenoid coils) required for the
Mark II scheme. Almost all of this construction is now complete. We have
tested the components electrically and have recently begun studies using the
ydrogen beam. Preliminary results of the beam studies are
ugh much work remains to understand, align and refine the

Nevertheless it is already clear that the new apparatus has much
stematic errors than the old. The major projects undertaken in the
last year are discussed below.
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3.2 Design, Construction, and RF P of Dual 1608 Mz Cavities

E. G. Adelberger, D. Holmgren, M. Z. Iqbal, H. E. Simons and T. A. Trainor

last year's Annual Report’ we described studies of prototype 1608 Miz
cavities needed to drive 2s2p transitions in the Mark II apparatus. Two cavi-
ties are required, each of which must have uniforn static and RF E fields along
the 2 axis. In order to minimize spurious effects in our experiment each cavity
must have precise cylindrical symetry and the axes of the two cavities must
coincide. Our prototype studies produced a design concept for a cylindrical
cavity operating in the TMO10 mode. The static E field was generated by split-
ting the cavity into cylindrical slices each of which was held at a different
static potential. Good RF per was mai by ting the differ-
ent segments with radial A/4 chokes (see Ref. 1).

During the last year we have designed, fabricated and tested Mark IT cav-
ities based on the concept of Ref. 1. RF performance of the cavities has met
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or exceeded our expectations in all respects. The copper cavities are divided

nto 2 in. long segments with 1 in. long end caps. The shorter cavity (cavity
S, ok o ek e segments. The longer cavity (cavity IT)
is 16 in. long and contains 9 segments. The spacing between the fess

the alignment is maintained by 3 Macor pins in each gap. The entire 2 c
structure is kept under alignment by an external framework which compresses the
segments together. The mechanical alignment of the entire structure is exceed-
ingly good. For example, the outside ends of cavities I and II, separated by
12 segments, are parallel to an accuracy of 0.1 mil. A photograph of the par—
tially assembled structure is shown in Fig. 3.2-1.

The RF performance of the cavities is excellent. We measured a Q of

15,900 for cavity IT when it was coupled moderately to the RF generator and a
power meter. The theoretical value for the unloaded Q of a perfect copper cav-
ity of these dimensions is 34,200.° Since our cavity was loaded by the gener-
ator and the detector our results indicate that a very small amount of RF power
is radiated by the choke s conclusion is buttressed by the observation

that one cannot apprectably perturb the cavity resonances by shorting the ends
of the chokes,

For our parity violation measurement the cavities must be excited co-
herently but with an adjustable phase between the two cavities. Hence it is
very important that any coupling between the two cavities (which, after all,

Fig. 3.2-1: Photograph of the Mark II cavity assembly.
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are tuned to the same frequency) be very small. By exciting one cavity at max-
imum power and looking for a detected signal in the second cavity we have de-
termined that any such coupling is below the limit (10 ) of our RF power meter.

Fig. 3.2-2 we dlsplay the tuning curves for cavity II mounted in place
bt eopacaciit oyt r cavity is tightly coupled to the generator and d
tector to give good phase stability. The Q has therefore dropped to 5025. The
sharp dip at resonance in the power reflected back toward the generator shows
how tight the coupling is. We cannot directly measure the uniformity of the
static E in the cavity. Numerical solutions to Laplace's equation indicate that
the uniformity is satisfactory for our purposes.
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3.3 Comstruction of an RF Generator Having Two Independently Phased Coherent
Outputs at 1608 Mz

Trainor

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

For the Mark IT version of the hydrogen parity-violation experiment it is
required to generate two coherent but independently phased and power leveled RF
signals at 1608 MHz used to excite the two-cavity assembly discussed elsewhere
in this section. In order to prevent introduction of systematic errors into
the experimental result we must control the RF electric field amplitudes (power
level) in the cavities with great accuracy (1/10° or better) especially at cer-
tain phase modulation frequencies in a range important to the experiment (DC to
1 kHz). To do this is difficult because of certain limitations of system com-
ponents. But ve have devised a scheme which satisfies our needs as discussed
below.

A simplified block diagram of the RF control circuitry is shown in
Fig. 3.3-1. The 1608 Miz oscillator produces about 800 mwatts of RF power which
are split about evenly between two legs.

to cavity I (Stark amplitude generator)
generator) contains, in addition, two phase
Microwave Corp. One (¢,) 1s a digital four-quadrant device controlled by two
TTL lines in a binary format. Phase shifts of 90° and/or 180° can be inserted
with this device. The second (5,) is an analog phase shifter with a range o
about 180° monotonically dependent on a bias voltage (0-60V). With this combin-
ation the relative phase of the two coherent 1608 MHz outputs can be arbitrarily
set over 2m, and the phase can also be rapidly changed by 180° for asymmetry
measurements.
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Fig. 3.3-1: Block diagram of RF control circuitry.

One limitation of these devices is an effective phase-dependent attenua-
tion of transmitted RF power. This is a serious problem, because pover-level
changes correlated with phase reversals would appear in the measured a > §
transition rate to have the same effect as a genuine PV interference. It is
therefore very important that the noise reduction gain in the power leveling
circuit have sufficient magnitude (v 10°) in the frequency range of interest
(DC-1 Kliz). To achieve this is difficult because of the properties of the PIN
diodes.

The PIN diodes are used in this system as variable attenuators with the
1og attenuation proportional to current injected into the intrinsic (I) region.
The frequency response of a PIN is flat to about 200 kHz, where it starts to
roll off at 20 db/decade (one RC stage).

,The situation is clearer in Fig. 3.3-2. We require a noise reduction gain
of 10* up to 1 kHz. This means the leveling loop must have a gain-bandwidth
product of 10 Miz. Typically the loop frequency response rolls off at 20
db/decade (one stage of integration) until unity gain is reached (v 10 Miz).
However, with the additional equivalent RC stage (and added 90° phase shift)
produced by the PIN modulator above about 200 kiiz the system so configured
(curve A) would oscillate just above 200 KHz. To prevent this the gain at

200 Kiz must be reduced to unity, but in a manner that preserves the 10 MHz G-B
product at 1 kHz. A simple additional stage of integration (curve B) would only
move the oscillation frequency down to 1 kHz. What is required is a careful
shaping of the frequency response curve so that the rolloff from 1 kiiz to

200 kHz is less than 40 db/decade (-180°) but fast enough to achieve unity gain
at 200 kiiz (curve C).
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Fig. 3.3-2: Frequency response curves for
RF power leveling loop.

log { (re)

This tailored rolloff was achieved with the introduction of double passive
lag filters. A lag filter is a low-pass-high-pass filter combination which pro-

slope of about 15 db/decade midway between corners. sev-

eral such lag filters are cascaded (about 1-1/2 decades apart) this 15 db/dec—
For our purpose two
Kz to 300 kHz. The double lag rolloff

(15 db/decade) added to the single RC stage equivalent of the high gain stage
(20 db/decade) produced an overall rolloff of 35 db/decade (-150°) from 1 kilz
(10) €0 200 Kz (1). The circuit used to achleve the desired open-loop gatn
is shown in Fig. 3.303,

In order to check the performance of this circuit a special measurement
technique was developed which depends on a lockin amplifier with very good com-
mon mode rejection ratio (CMRR) and a differential input (in this case a
PARC 186A). The principle is shown in Fig. 3.3-4. Differential inputs (A and
B) of the lockin are used to measure the differential inputs of the leveling
circuit gain stage under closed-loop operation. An audio signal is added to

nd also supplied as the lockin reference.

gain.
open loop configuration is almost impossible due to the high levels of amplifi-
-9 Detector
100k 200K 1ok
RE0, ok i
" oK 16K 5100 3103
100
w 16K3 16K:
Lever
Olut 33001 L
PN

Fig. 3.3-3: RF power leveling circuit.
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Fig. 3.3-4: Closed-loop measurement of open-loop gain

cation often involved (e.g. 10° here) requiring el i e B than
1 mV and confusion as to the true input signal level. In this technique the
loop is closed. The system is alvays in the linear overatlng region and the
only scale changing required is on the lockin, providing a direct reading of
the gain.

The result of this procedure for the design circuit is shown in
Fig. 3.3-5. It can be seen that G is >10  at DC, about 8 x ]()3 at 1 kHz and
rolls cff smoothly to unity at ZDD kHz. We observe unleveled phase-dependent
power modulations of order 5% at 1 kHz. This leveling circuit reduces these
e e PR A e P A B

g . Fig. 3.3-5: Frequency response curve
ZHO; for leveling circuit of Fig. 3.3-3.
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3.4 Design and of a Precision Voltage Generator

E. Swanson

The logitudinal D.C. fields in the two cavities are produced using insu-
lated cavity sections, each at a specified potential. A voltage sowsce was
built to provide these

various potentials, and to reverse their signs at modula-
tion rates up to 1 kHz. The two

ered by an individual op-amp whose gain
Teledyne-Philbrick model 1022 op-amps capable of
plus and minus 150 volt operation were used for cavity I and we are presently
gvaluating both National LM-11's and Teledyne Philbrick 1322's for cavity IT,
The power supplies for both the high and low voltage op-amps float with respect
to chassis ground, hence the commo

n on one supply may be connected to a cavity
section of the other for series operation.

Each cavity's set of op-amps is driven from an adjustable refere:
source. In the case of cavity II, where

800d zener diode). The reference is inverted, and FET switches select whether

the plus or minus polarity is used. An optically isolated TTL signal selects
the state.

The panel shows the cavity 1y and rovides
jacks for measuring potentials.

i of a New Solenoid for the Mark II Apparatus

T. E. Chupp

In last year's Annual Report’ ve described the design and construction
status of

the new solenoid for'the H-atom apparatus.
coil elements have been wound and individually tested
of the necessary pieces for adapting to the existi
In the near future, we will install and trim this

for internal shorts. All
ng system have been built.
new solenoid.

Reference:
1 Nuclear
'S

Physics Laboratory Annual Report, University of Washington (1980),




3.6 Feedback Stabilization of the Atomic Beam Position

D. W. Holmgren, and T. A. Trainor

A significant systematic error in the hydrogen atom PNC measurement
arises from the motional field v x B.. Therefore, it is essential that the beam
axis be maintained colinear with B to a high degree of precision. Moreover,
continuous correction of the beam steering is required to compensate for slow
(thermal) drift as well as for ac fluctuations in the beam position due to
electronie noise in che fon source and variations in the degree of space-charge
neutralization provided by cesium vapor in the charge-exchange c

Feedback stabilization of the beam position is obtained with the system
illustrated in Fig. 3.6-1. A secondary electron neutral beam detector yields a
current proportional to the atomic beam incident on each of four sectors. De-
tector currents are converted to voltages by special fast logarithmic preampli-
fiers.” The difference between the log outputs for the left and right sectors
is (I - T)/(I, + T) = &;. The currents in the top and bottom sectors like-
e Ratunaie) shee curais 5, in the vertical chamnel. In either chamnel
the difference § is added to a dc offset § , and the result is amplified
(0-60db de gain, 100 Hz corner). This correction signal G(&+§ ) controls the
current delivered to the magnetic beam steerers in the ion source.

The atomic beam can be steered by a deflecting field applied to the
charged proton beam between the duoplasmatron and the cesium cell. An electric
field in this region would remove the space-charge neutralizing electrons from
the beam, resulting in beam blow-up. Magnetic deflection of the protons is
successfully achieved with fields of a few tens of gauss applied over 5 cm.
The fields are produced by a compact picture-frame magnet consisting of four
6 mm x 6mm x 25 m ferrite blocks> enclosing a 19 mm square aperture. Two
coils, each 20 tumns of #24 enameled copper wire, are wound in series on oppo-
site sides of the frame to produce opposing fields in the magnetic material,
yielding a uniforn field in the aperture.

An identical system provides
stabilization in the vertical
plane.




Q

The steering magnets are driven by fast bipolar power amplifiers (see
Fig. 3.6-2), which are in turn controlled by the correction signal G(6+5 ).

The system may be Tun open-loop to provide beam steering of + 20 mr. =
(he oot 1ot Rl eeh et e eE o0 L e TeR e A Efom0-100 T
d -6 db at 10 kiiz.

The deflecting magnets are designed and placed to minimize eddy currents,
providing a magnetic field proportional to driven current at all frequencies of
interest. A 5 ampere square wave current driving a prototype steering magnet

has been used successfully as a neutral-beam chopper. The detector signal rise

Fig. 3.6-2: Fast bipolar pover ampli-
fier. The load L represents the
steering magnet.
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3.7 Remote Positioning Device for the RF Cavities

M. 7. Iqbal, and T. A. Trainor

In hydrogen parity experiment all the unwanted amplitudes would vanish in
the ideal situation where the applied field directions are perfectly aligned
along the beam direction. The magnetic field direction could be considered
fixed, so one needs to align independently the beam direction and the cavity
axis, of which the latter defines the direction of both RF and static electric
field. This report describes a scheme for aligning the cavity along the mag-
netic field using a hydraulic system.

Tnside the solenoid the cavity sits on four stainless steel bellows which
are supported on four wheels inside the solenoid. The bellows can move t
cavity up or down by expanding or contracting depending on the hydraulic pres-
sure. The pressure is exerted from outside the ultra-high vacuum syst
through 1/8 in. copper tubing. For coarse movement a piston and cylinder is
used which is comon to all four bellows. For finer movements each bellous can
be isolated and a piston in cylinder system of smaller cross section can be
used separately. The movement of pistons are moted as the number of rotations
in rotation counters.

Pumping 0il is chosen as the hydraulic fluid for its low vapor pressure.
To £111 the hydraulic system with oil it is pumped down carefully and then is
exposed to an oil reservoir. Special care is taken to expell the air dissolved
in the oil as a small air bubble could make the whole system look much less
incompressible.

© each bellows the displacement and the pressure of hydraulic fluid
inside the bellows is then plotted as the function of the position of piston
which is given in terms of mumber of turns in rotation counters (see
Figs. 3.7-1 and 3.7-2). The graphs are of hysterisis nature and are reproduc—
ible within a few thousandths of an inch. It is possible to predict the posi-
tion of cavity inside the ultra high vacuum from the same hysterisis graphs.
However, the final position would be adjusted by minimizing an atomic signal.




.

R T e
- displocement At « displocement

P e o o

B omem adi i :

& % 3 o

o s oS

i ;

] e H

g £ s £

= e A 2

2 g 2o e Rog

£ b2 $

0 20 £
number of rofotions

Fig. 3.7-2: Hysteresis curve for a
down stream bellows which works at
lover pressure because the down

tation) for an upstream bellows. strean bellows supports less weight.

3.8 Improved Cryopump for Mark IT Apparatus

E. G. Adelberger, M. Z. Igbal, and T. A. Trainor

A new cryopump has been constructed for use in the upstream region of the
hydrogen parity experiment. The helium expansion module is about 2 feet away
from the pumping surface located inside the solenoid. Moreover, the pump con-
tains the ion deflector and a set of beta quench plates so it must have the
same complicated shape as before.  The new pump is made as light as possible
to reduce the cooling time. The OFHC copper along with indium in the joints
still ensures good conductivity although the mass is reduced by half. The
improved design reduced the surface area by more than 40%. A1l the exposed

over. thal|SEAGIEATIE TERoRTaVaea L 285" BalE b\ atays t 15° K. at about

2 x 107 torr pressure.
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3.9 Frequency Stabilization of the RF Generator-Cavity System

E. Swanson

with frequency as on
sign of the correlation tells whetl
or below Thu:

s, mi e oscillator
to have the same frequency as the cavity.

her the nominal oscillator frequency is above
ing the ins the

As seen in the phasor representation, both frequency and phase modulation
affect the angle of the vector representing the oscillator's output, and thus

similar properties are expected from phase modulation. This can be seen by
dal phase modulati The output of an ideal phase

first a i
shifter (one having no attenuation which varies at the modulation frequency) is
given by

RE(t) = Acos[w t + Bsin(w t)]

w_ and A_are the nominal RF frequency and amplitude, 8 is one half of the total
phase shift, and w_ is the frequency of the phase modulation. The instantaneous
frequency w_ can be obtained by differentiating the argument of the cos function
with respect to time.

w,! = v+ Bu cos( ©)
The frequency deviation about w_ is proportional to both the modulation frequen-
cy and the total phase shift and is 90° out of phase with the modulation.

In the experiment, the P.V. signal results from modulating the phase of
the RF in cavity IT with respect to cavity I. This provides a "ready made"
phase modulation for locking the oscillator to the frequency of the second cav-
ity. The modulation wave-form in this case is a square wave having zero and
180° as its two states. The instantaneous frequency shift now occurs only in
the immediate vicinity of the transition but the phase relationship to the mod-
ulation is the same as the sinusoidal case.

A signal inversly proportional to the power in the cavity is obtained us-
ing the pover reflected from the input coupling loop. A directional coupler is
placed in the line allowing a Shottkey Barrier detector to measure only the
reflected power. This power is a minimum at resonance, and tends toward zero if

£ the transmission line. Presently this is fed to a
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oscLLATon
Fig. 3.9-1: Frequency
control loop.

The above analysis assumes an ideal phase shifter which in practice was
not the case. The attenuation of the shifter was found to vary with the amount
of shift provided. Thus as the power in the cavity is constrained to be con-
stant, the oscillator is required to provide more or less power in the different
phase shifted states and this leads to a shift in frequemcy correlated to the
phase. The frequency stabilization scheme operates in this mannmer; however,

the frequency shift is now in phase with the modulation. Ve plan to reduce
this dependence by isolating the oscillator with a buffer amplifer.

3.10 of Effects in the Mark IT Apparatus

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

Systematic errors are suppressed by several features of the Mark II appa-
ratus. The most important of these is the choice of field geometry. ALl ap-
plied fields are predominantly axial. This means that unwanted amplitudes

order. The contributions from transverse fields are further reduced by care-
fully maintaining all fields coaxial with the average beam momentun. This is
done by on-line adjustments of the solenoid and RF-cavity orientations and by
stabilization of the metastable beam phase space distribution.

urther suppression of systematic errors is achieved with the phase-
severiameniae i s T R R SR e
this figure. A fourth reversal (of the 570G magnetic field) is not shown. The
parity violating part of the o > 8 transition rate built up in cavity II is odd
under reversal of E;, ¢, and the 570G B-field. The reversal frequencies are

£,(+1 Kiz), £(v 100 Hz) and £,(v .1 Ha).
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Block diagram of phase-reversal system.

Fig. 3.10-1:

to the a » B ition amplitude is

2 100y + 8
pe2e e +e O W R E 4.

Because of their relative phase E, cannot interfere with Vo . Eyy is used here

to monitor the beam average relative phase between cavities I and II. This

phase can be determined from the asymmetry in the -state yield correlated with
is chosen to make this asymmetry zero, s

a periodic reversal of E ;.
in cavity I interferes maximally with

that the Stark amplitude RiE; build up
R; ¥, in cavity IT and, uhat is most important, interferes nininally with £
and other stray axial static fields in cavity II that might mimic V . This
relative phase is in fact controlled by a servo loop in which the E;  correlated
asymetry is fed back with gain to the analog phase shifter (3)). In this way
the asymmetry can be made very small and the overall phase very accurately con-

trolled.
This phase control loop has been implemented, but with a lockin having an
18 db/octave rolloff inherent in the phase-sensitive detector. This means that
the maximun stable gain was limited to unity, and the unvanted Eq asymmetry
noise was only reduced by 50%Z. A new lockin with the proper 6 db/octave roll-
ff has been purchased and should permit substantial improvement in this control
loop.
B resonant transitions by each of the two cavities sep-
The cavity 1 resonance is 16 FWIM and the
consistent with the relative lengths

Generation of a
arately can be seen in Fig.
cavity I resonance is four times narrower,
of the two cavities. The structure on the narrower cavity II resonance
thought to be due to B-field inhomogeneities produced by our original solenoid.
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Fig. 3.10-2: o+8 resonant transitions.

8- state yield

magnetic field

Asymetries correlated with reversal of ¢, are shown in Fig. 3.10-3.
this figure fields E.
500 Hz.

For
By are static and ¢, changes by T at a rate of

An additional phase of /2 has been added to ¢ between one scan and
another, and ¢, has been adjusted so that the overall relative phase was close
o 0° or 90°.

This figure shows the shapes of asymetries associated with E.
0dd) and V,
[¢

v (even) under proper experimental conditions. The E;; asymmetry

passes through zero near the resonance center, and this signal is fed back with
the proper sign to ¢, to maintain the asymmetry at zero.

f, =500Hz

3 1uda1 Pvieven)

asymmetry

~correlated asymmetries.
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One effect currently under study has to do with what we believe is elec-
tron trappin Jongitudinal magnetic field and static electric fields used
in the experiment form Penning traps. The metastable beam, incident on defin-
ing apertures, is a copious source of electrons. We observe periodic fluctua-
tions in the metastable intensity (not particle intensity) with periods of
order 10-1000 ms. We attribute this to space-charge quenching caused by elec-
trons which periodically £i11 Penning traps and then rapidly discharge. It is
also possible that the trapped electrons are absorbing power from the RF cav-
ities, but this is a resonant phenomenon which occurs several gauss from the
Tegion of interest. The trapping only occurs for field polarities which are
attractive for electrons. We are working on biasing schemes which will exclude
electrons from the trapping regions.

Our developmental program in the near future will consist of closing and
optimizing the several control loops meeded for the experiment, examining more
closely the instrumental effects associated with each phase reversal, and fin-
ally looking at the nominal PV asymmetry with design field intensities and long
integration times.
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4. NUCLEAR STRUCTURE AND REACTIONS

41 3" psstgments 10 ** and A1 and the Glant G-T Resonance in the 5" Decay
of ®% ana Pss

e e WU S alhiae a8 an 900101 +i0
E. C. Adelberger, C. D. Hoyle, . G. Ikossi, A. Ray, and K. A. Snover

Ve have concinued gur {nvestigation of the Glant Gamow-Teller resonance in
the’" decay’oE By By o RS R g o investigation
vas reported in detail in previous Aunual Reports.'*’ Briefly, delayed proton
spectra for these decays were obtained in a series of experiments at Laveooee
Berkeley Laboratory.>** In order to infer the

Proton spectra, one needs to know the spins
of the states in the daughter mucleus.  We
of the §* daughters 2A1 and 2%. Ve obtained thin tazget excitation functions
for the polarized proton reactions “‘Mg(p,p) Mg and Zsi(p,p) 2551 at 1ab an
gles ranging from 55° to 155°. Our experimental method is described 1n rog. 1.

+

8" decay scheme from the delayed
» parities and proton branching ratios
have been studying the spectroscopy

A large amount of data was taken for both the Mg and 2851 scattering re-
actions. For both targets we have cross section and analyzing povers at sie
angles and approximately one thousand energies between 2.3 and 7.9 MeV. We have
performed a phase shift analysis of the 2551 data to obtain the resonggce ener-
gles, widths and branching ratios of the resonances in the 20Si(p,p) 2°Si reac-
‘lon. The results of this analysis are sumarized in Table 4.1-1. An example
of the calculated fit and data at 70° lab angle are plotted together for compar-
ison in Fig. 4.1-1 and Fig. 4.1-2. The phase shifts fit the resonances beloy
Ep(1ap)  6-2 MeV; however,

above that energy no reasonable fits vere obtained.
To do a better job of analyzing the 2351 dat.

a an R matrix analysis of the data
has begun at Los Alamos Scientific Laboratory.

- We have no results from this
analysis yet, but we hope the R matrix code can do a better anal:

s yais than the
phase shift code. If the R matrix works for the 23

Si data we hope to perform a

sinilar analysis of our “‘Mg data.

References:

1. Muclear Physics Laboratory Annual Report, University of Washington (1979),
p. 47.

2. Muclear Physics Laboratory Annual Report, University of Washington (1980),
. 39.

3. D.J. Vieira, R. A. Gough and J. Cerny, Phys. Rev. C19, 177 (1979).

4 R. G. Sextro, Ph.D. Thesis, University of California, Berkeley, 1973
(unpublished).
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4.2 Beta Decay of %A1 and 24p™

E. G. Adelberger, C. D. Hoyle, and A. Ray
We have re-examined the §' decays of 2‘A1 and 2441™ to search for weak
branches

to states at high excitation energies Mg. The motivation is to
search for transitions which may have large i matrix elements but have
small branching ratios due to small phase space.

Al was produced in the reaction Zivtg (p,m)24A1 using 18 MeV protons.
Aaner system was used to shuttle a natural Mg target from bombardment station
in Cave 1 to Cave 2 where the counting was done. The counting cycle was as
£ollows:

(0 > 4 sec) bombard

nt
(10.1 > 10.6 sec) transfer

In order to stop positrons emanating from target and to suppress low energy y
rays and X-rays, a piece of lead ( in. thick) vas inserted between Al source
and a 15% Ge(L1) detector. Five time-gated Ge(Li) spectra were obtained. The
time bins were as follows

(0 > 0.167 sec) spectrum-1
(0.167 > 0.333 sec) spectrum-2

(3.00 > 5.667 sec) spectrum-4
(5.667 > 8.333 sec) spectrum-5

The spectra 1 and 3 are shown in Fig. 4.2-1. Both isomer decay and ground state
decay vere seen in spectra 1 and 2. Due to quick decay of the lsomer (c,

0.130 sec compared to 2.066 sec for ground state) essentially only y-rays coming
from ground state decay were observed in spectra a

and 4. Spectrum 5 was a back-
The background counting rate in spectrum 5 was negligible compared to

those in spectra 1-4. Gamma rays from ~n, “Car, Pyg, 26

Mg, and ““Mg were de-
tected in the background.

The Ge(Li) energy calibration was gcne using centroids of peaks and ener-
gles of known y-rays emitted in 24A1(g")2%

quadrat-
Using this energy

In all cases effect of recoil was
included.

The efficiency calibration for the Ge(Li),: de(ect%z was done using known

intensities of y-rays emitted in the reaction - Al Mg. The y-ray intensi-
ties as measured by Decraz” were uged in the calibration.
tensities from the 8 decay of the
areas from spectra 3 and 4.

Relative y-ray in-
“Al ground state vere calculated using peak
Then the intensities and corresponding errors were
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Fig. 4.2-1: Spectrum 1 of y-rays from the decay of ~'Al.
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combined statistically and another 10% error was added to the resulting error to
take into account error in the efficiency and absorption coefficient. A 20%
error in efficiency was taken for the weak 9945 keV y-ray.

y-ray intensities from the isomer decay were calculated from peak areas
in spectrun 1. Then they were normalized assuming that the absolute intensity
of the strongest transition (9966 » 0) is=(1.6+0.2)% as measured by Honkanen.>

e B-yield to a given level of ‘Mg was taken to be the difference be-
tween observed y-yields to and from that level. Since we do not have Ge(Li)
efficiency calibration at low energy, relative y-ray intensities for peak #1
(1079.6:2) ke, peak #2 (1370.7:2.5) keV, peak #3 (1772.8+1.5) keV, peak #4
(190041.5) keV, peak #5 (275311.4) keV and peak #6 (2428+1) keV were taken from
Refs. 2 and 3 and used in the calculation of §% intemsity. A program which con-
siders a "point nucleus” and ignores electron screening was used to calculate
the F-value. Using best previous values for half-lives 1)/, = 2.066:0.010 sec
for ground state and 1, = 0.130:0.004 sec for the isomeric state log ft
values vere calculated. The Gamow-Teller matrix elements were calculated from
log fc values. From the strength of transitions to the 11318 keV and 10824
keV levels, we can infer that they must have J' = (3,4,5)". Since these states
do not decay by a-emission, their J" is probably (1,5)*. We have seen the £
transition to the 10578 keV level also. Although we could not measure the total
strength of the transition due to our inability to measure weak low energy y-
transitions from this level, we have set a lover limit on the strength of trans-
ition and so we can infer that this level must have 3" = (3,4,5)". Recently
Warburton, et al.” measured 6" decays of **Al very accurately using an anti-
compton Ge(L4) apectromecer.  Their remults have better precision than out re-

Ve have compared our results with their results in Table 4.2-1 and

of 9945 keV y ray (11318 » 1369). In Table 4.2-3 and Table 4.2-4, our results
concerning tfe decay of “‘AL" have been sumarized and compared to the results

of Honkanen.>

Our log £t and GT matrix elements may be compared with shell model pre-
dictions obtained from Ref. 5. Since the spins of the 10578, 10824 and 11318
keV levels are mot known the correspondence to shell model states was suggested
solely on the basis of the beta decay strength for these levels. Measured and
predicted Gamow-Teller matrix elements are shown in Figs. 4.2-2 and 4.2-3. The
measured values are from this work, Ref. 4, and from beta delayed a-emission
work (Ref. 3). In Fig. 4.2-3, measured and predicted Gamow-Teller matrix ele-
ments are summed over 0.5 MeV wide excitation enmergy bins and plotted against
excitation energy. Since we did not measure the total 8% tramsition strength
to 10578 keV level, which involves a number of weak Y-rays below our detection

Teller strength to that level obtained from Ref. 4. From the clustering of
beta strength at v 11 MeV excitation energy, ome can see evidence for the GT
glant resonance.




Table 4.2-1),
Gamma Transitions from ~ AL(B") Mg
Intensity (%)

Peak Energy Brookhaven
No (kev) Assignment (our work) work (Ref 4)
7 28682 4238+1368.6 1.097+.028
8 32021 8437+5236.1 3.085+.066
5 350541 95156010
10 38671 5236+1368.6
1% 42011 843744238
12 42381 4238+0
13 4280+2 9515+5236
14 4317:2 843744123
15 464242 6010+1368.6
16 51782 9298+4123
17 5339+2 105785236
18 5395+2 951544123
19 6248:1.5 7616+1368.6
20 7069+2 8437+1368.6
21 734742 734950
22 761542 7616
23 7928+2 9298+1368.6
26 945143 10824+1368.6
28 99453 11318+1369 0. 027‘-006
L e L
06 Theory (Ref 5) o
04
w o
02 o
5} o ——0—0—0 o %,
€ % Experiment (Ref3) o

o6l o B deloyed y-rays
_ & Bdeloyed a-rays

°

o ot

ol Bt iy Svugani ‘s’?.‘lA.eA
L) 8 s 0 1

E(**Mg)  (Mev)
Fig. 4.2-2: 67 decay strength | (g,/8,)Mey|? of individual transitions for 24Al

decays as a function of excitation energy in ° Mg. Top: Theoretical result
(Ref. 5). Bottom: Experimental result from this work, Ref. 3 and Ref. 4.
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Table 4.2-3
2
4y gty 24

~Transitions F
eTcanateiona)Eron & Yivg A
lative* Intensity (%)
Peak Energy Intensity (%) ‘Honkanen's
No (keV) (our work)  work (Ref 3)
2 859343 9966+1368..6 0.462.08 0.6:.1
25 868713 10059+1368.6 0.18+0.10 0.240.1
27 982513 98270 0.29+.10 0.2:0.1
29 9965:2 9966+0 1.6+0.2 1.60.2
*Peak 29 is normalized to that of Ref. 3
Table 4.2-4
+ 2%,m
6" Decay of *“A1™ to y-ray Decaying Levels
EXPERTMENT =
i Intensity (2) log ft TEROKL,B),
. (*Mg) Intensity (1) Honkamen  log ft Honkanen | Ex
J" (keV) (our work) (Ref 3) (our work)  (Ref 3) |J" (keV) log ft
1% 9824 0.20+0.10  0.2:0.1  4.48+.15  4.620.3
1* 9966 2.06£0.22  2.2:0.2  3.55:0.05  3.51:.06 | 1% 10220 3.387
2" 10059  0.1840.1  0.260.1  4.55:0.24  4.5:0.3
References:

1. P. M. Endt and C. Van der Leun, Nucl. Phys. A310, 113 (1978).

2. C. Detraz, Nucl. Phys. Al88, 513 (1972).

3. J. Homkanen, M. Kortelanti, J. Aysto, K. Eskola, and A. Hautojarrei,
Physica Scripta 19, 239 (1979).

4. E. K. Warburton, C. J. Lister, D. E. Alburger, and J. Wolness, Phys. Rev.
€23, 1242 (1981).

5.  B. H. Wildenthal, private communication.
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o
os) +
ol Fig. 4.2-3: ' decay strength
o 2
o) 1(8,/8yy luin 0.5 MeV wide
2 bins 'AL decays as a
So. 3 function of excitation energy in
S Experiment 'Mg. Top: Theoretical result
=1 (Ref. 5). Bottom: Experimental

result from this work, Ref. 3 and

anolog -+ Ref. 4.
e

4.3 By Circular
E. G. Adelberger, C. D. Hoyle, K. A. Snover, H. E. Swanson and
R. D. Von Lintig

The most rigorous way to measure isospin mixing is to measure the Ferni
sospin forbidden decay. In ~'Al the ground state has
In the analog state occurs at an excitation energy of 9.315

Besides the analog state, there are three low-lying 4, T=0 states in ' Mg
Ve are attempting to measure the Fermi matrix

matrix element for,gn i
"= 4ty e Mg

ev.

at 4.123, 6.010, and 8.437 MeV.

elements for the isospin forbidden decays to each of these 4", T=0 states and

“map out" the anti-analog distribution as a function of excitation enmergy in
¥g.

o do this one needs, in addition to the £t values, to deternine a quan-
tity that depends on Y = [Gy/G, [Mp/Mcy, where Gy = vector coupling ca:stam:,
G, = axial vector coupling constant, = Fermi matrix element = <f|T" |i>, and
Mgy - Gamow-Teller matrix element = <£|¢ S|, rrasly ¥
transition, the f-y circular polarization correlation function is given by
W(8,7) = 1 + T v/c A cosO, where © = angle between B and y, T = *1 for right/
(left) handed circular polarization, v/c = ratio of B speed to the speed of

light, and
o % 12 flont 1) S (i“) 2 ol ronanry
1ty AT A

where F is an angular correlation coupling coefficient.
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A single multipole radiation is assumed for the y radiation. For the
+ g+ +

4 B Y e L e e ot h Sl A (c0.085 & 0.74547) /147%) .
Hence by measuring A, one can determine the Fermi matrix element.

Our experimental arrangement to measure A utilizes the rabbit to make the
Tadioactive sample (the rabbit is described in Ref. 1).

Fig. 4.3-1) consist of a plastic-surface barrier telescope for detecting f's
nd a Compton transmission polarimeter and Nal
particular circular polarization. The plastic scintillator is a cylinder
12.7 cm in diameter and 5 cm deep;

the surface barrier detector has an active
area of 300 m" and a depth of 700 microns.

Our detectors (see

1
G
I
E
&
=

The NaI is a 5 in..x 6 in. crystal.
The polarimeter (developed at Chalk River for the Mark IT “'Ne parity mixing
experiment) has a he

The polarimeter preferentially
transmits right handed or left handed y's depending on the direction of the
in the core. The polarimeter magnetization is synchronized with the rabbit.
The direction of B 1s reversed every rabbit cycle just after the rabbit leaves
the counting station.

Therefore alternate counting cycles of the rabbit pref-
erentially transmit y's of opposite handedness.

The electronics for taking data is shown schematically in Fig. 4.3-1. We

We then require a coincidence between the plastic-
surface barrier coincidence and the y ray signal. When this 3-fold coincidence

condition is satisfied (i.e., §-AB-y) the output of the coincidence circuitry is
used to start a TAC and gate the computer. The TAC is stopped by the Nal signal
with an appropriate delay.

ach event generating a 3-fold coincidence output, we record the ener-
gy signal from the plastic, the surface barrier, the NaI and the TAC signals as
well as a voltage to the fon o lari Thi

E . This
infornation for each event is written on tape event-by-event using MULTI. In
order to obtain a coincidence rate that will allow us to do the
about one week of running cine, the singles
rier detectors must be approximately 10° sec™ . The singles rate in the Nal is
on the order of 25 KHz and the TAC rate, which is the same as the coincidence
rate is about 325 Hz. i

AL decays in
rate in the plastic and surface bar-
1

standard slow linear signals from the Nal and TAC to digital form in the Tracor-
Northern ADC's. The TAC signal is also routed according to the state of the
polarimeter. This keeps track of the polarimeter state for each event.

singles rates in the plastic and surface barrier detectors are so high
that standard slow linear signals would be severely piled up. Therefore we have
interfaced a LeCroy Model 2249A ADC with our computer to convert the plastic and
surface barrier signals. The LeCroy 2249A is a charge sensitive ADC that inte-
grates fast negative signals of 100 ns or less. The plastic signal is only

50




w28t
FANOUT

AdC
(ROUTE SET BY
POLARIMETER)

Fig. 4.3-1: Schematic diagram of detectors and electronics. Number in blocks
refer to LeCroy module mumber. All routes are synchronmized with
the polarimeter.
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" 20 ns long and the surface barrier signal is only © 40 ns long; there!
singles rates of several MH;

fore
are not appreciably piled up and the LeCroy 22494
can convert the plastic and surface barrier signals that are in coincidence
with the y's.

addition to the above spectra, we also route and scale the plastic,

surface barrier and Nal singles, the plastic-surface barrier coincidences, the
plastic-surface barrier - Nal coincidences and a SCA signal. The SCA has its
window on the photopeak of a prominent y in the Nal spectrum. The routing of
these scalers is synchronized with the state of the polarimeter.

scalers we can check for systematic asymetries, normalize both routes to the
same charge and make relative dead time corrections for both routes.

With this experimental arrangement A is given by
e
P

i
W+ D <cos0> <vlc>

where N' = number of Photopeak events in the route that preferentially trans-
_  mits right handed y's.
N7 = number of photopeak events in the route that preferentially trans-
mits left handed y
n

= polarimeter efficienty
<cos®> = average value of cosO
<v/c> = average value of v/c

The routed TAC spectrum is utilized to correct N' and N for random coinci-
dences. The SCA scalers are used to normalize N' and N and the plastic-sur-
face barrier make

~ NaI coincidences scalers and spectrun sums are used to
relative dead time correction:

2851 + y transition
This 3" > 2" 0"
(83 = 1), (2) the
y ray is pure E2, (3) the asymmetry is large (A = - 1/3), and there is only a
single 8 branch and single y ray. Typical spectra for the decays are
shown in Figs. 4.3-2 through 4.3-5. The polarimeter efficiency has been meas-
sured by the same method as described in Ref. 2. For the 1.78 MeV y ray of the
2841 decay the polarimeter efficiency is found to be N = .0300:.0014, After
1-1/2 days of ruming the “°AL decay we measuced & = - 3262035, constatent with
the expected yalue of -1/3. Ve alsg megeured the pure Fermi decay of
Mg, Ly 4y produced via 2cCHe, 1% reaction. Por this transi-
cran 4 sepaeein i e R AL Lt s e e
this data gives A = .0015:.0049. These values of A agree very vell with the
expected values of ~1/3 and 0. ALl the routed stalarg, except for the -Af-y
coincidence scalers where there is an asymetry for
tries of .001 or less.

We have tested our apparatus using the 2CAL » 285i*

produced by bombarding thin Al rabbits with 6.0 MeV deuterons
transition forms an excellent calibration since (1)

Al decays, had asymme-
With these results, we are confident that we have a
very good apparatus for measuring the Fermi matrix elements in mixed Fermi-
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Fig. 4.3-2: Nal spectrum of the 1.78 MeV y ray emitted in the “"Al decay.
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Fig. 4.3-3: Surface barrier spectrum of the 8's enitted in the Al decay.
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Fig. 4.3-4: Plastic spectrum of the B's emitted in the 23A1 decay
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Fig. 4.3-5: TAC spectrun. The TAC is started by a f-aB-y coincidence and

stopped by the y signal with an appropriate delay
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Gamow-Teller decays and that the ““Al measurement will be relatively straight-
We are considering a number of other applications for this powerful

t_'oruard.

instrunent.

Reference:

1. Nuclear Physics Laboratory Annual Report, University of Washington (1980),
e i Physics Laboratory Annual Report, University of Washington (1979),

D% 3%

4.6 Low Lylng Vibrational States in %'z
J.S. Blair, K. J. Davis, and D. W. Storm

£ alpha particles can be used to investigate the
excitation energy in
vibrational states

e angular distribution

Inelastic scattering o

nature of the 0' - 2 - 4

Zn. The triplet is thought to be a set of “two-phono:
which may be excited by a two-step reaction process
of alpha particles in a two-step process is predicted to be out of phase with
that of a single-step process.. This has been verified in a previous experi-
ment which measured the angulgr distribution of the 2" and 4" states.” The
angular distribution of the O' state is more sensitive to the details of the
reaction mechanism, yet that state has not been observed in inelastic alpha
scattering uncil recently’ since it is so weakly excited. The principal goal
of our experiment is to obtain an angular distribution of inelastically sca
tered 27 MeV alpha particles for the O% state and to compare it with coupled
which allow for direct two-step as well as one-step col-

triplet of states mear 1.9 MeV

channel calculations
lective excitations.
i + 3
After our initial success in resolving the O' state,” we encountered a
number of experimental problems which make it difficult to observe this state
over a wide range of angles. The ?6 5tate R obscured by the kinematically
broadened elastic peaks from ' C, contaminants at the angles near
29 and 58° respectively. Ina g a"gu]nr range centered around 50°, the
0" state is obscured by an inelastic peak from a heavy contaminant
basis of the kinematics of the contaminant elastic peak and the identification
of several inelastic peaks associated with it the contaminant was identified as
isotopically enriched 100Cd.

A broad peak is observed at v 2 MeV Jower in energy than the *“zn elastic
peak. This peak is due to excitation of 'Si nuclei in the detector to the
irst excited state at 1.78 MeV followed by the emission of a gamma-ray wh:
escapes from the detector. This peak is difficult to resolve from the OF
and is particularly serious at angles less than 35° where the ° Zn elastic

ich
e
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peak 1s 2 10° times bigger than the 0% state.

Qur recent efforts have been directed towards solving these problems and
improving the overall counting rate.

The use of rolled targets with a thickness of 500 ug/cn® increased the
counting rate by a factor of five without significantly degrading the resolu-
o

The C and Si contaminants are most likely due to the cracking of vacuum
Puth il and can be mininized by taking the data near 37° and 58° first and by
using a cold finger to improve the vacuum in the vicinity of the target.

The source of the '°%c contaminant was identified by making targets by

the direct evaporation of *zn0 onto a carbon backing.

The targets made by this
method showed no evidence of contamination so we concluded that the con-
faninant vas introduced during the target preparation. We are in the process
of having new targets made.

A factor of four increase in counting rate was obtained with a variable
width nickel detector aperture with rounded edges of 1/8 in. radius which sub-
tends a larger solid angle without worsening the slit scattering.

are currently investi;

e gating techniques for rejecting events associated
with nuclear reactions in th

the SINGLES data acquistion program. The viability of this technique will dev
pend upon the obtainable energy resolut
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4.5 Elastic and Inelastic Polarized-Proton Scattering via Isobaric Analog

Resonances in 20751 and 20951

M. 7. 'BaEKF MG Bhangy ToHC. CrameryiD. ' D iLeacky Pet A-f Tratnoky and

R. D. Von Lintig
cross sections and analyzing poyers have been
t5ed ‘protons fron 207D mid 2 ¥b,

As reported previously,
¢ 2" and 3 states of “%Pb and the

measured for the elastic scattering of polar
and for the inelastic scattering to the loves
lowest 37 state of . The energy region over which these measurements were
o formed (14.25 to 18 Mev) includes the isobaric analog resonapces (IARS) cor
responding to the low-lying single-neutron states in 075t ana “pb.

o care was taken in determining the normalization of the cross-section
different series of runs; each of these

The data were taken during four
for each target,
ch target. The 4 Me!
Five detectors at 35° (monitor), 120°, 135°,
ometric solid angles had to be adjusted by
The error in the relative normaliza-
tions are all Rutherford at 4 MeV.

polarized runs at 13.75 MeV for ea
the relative normalization of the
150°, and 165°. 1In most cases, the ge

tion is 0.25%, assuming that the cross secf

cause of the large smount ofemulciple scatteriog.dn the,tarsat at, g Ja¥,
dotermine the absolute normalization at that energy.
Bovever, opticalomedel calculations showed that the monitor cross sectlon wab
BT withon 0.5% of Rutherford at energies as high as 10 MeV. Therefore, the
o Lure momalization vas determined by comparing the monitor yields at 8§ and
67Ny (ror each target) with the optical-nodel predictions. Typically, the
product of charge x target thick
12% higher than the independently—
integrator, solid angle from geometry,
aration of the carbon (and oxygen) contaminants on the fro:
Bt tha tazeat]l | Bacauss of posbibleuacicactes dx fhe optloalowodel predic
S forh and mossible variations of the/BIC with scale and beam current, the sb-
solute normalization is assigned an error of

once the overall normalization was determined for one series of runs, the
e

it was not possible to

2%

to it by comparing the yields at 13.75 MeV.
in which the (unpolarized) monitor

cross section for each target was m
Gteps of 0.25 MeV or less. Since the momitor cross sections vary smo
this region, with only smal this calibration
e sben to deternine the normalization for all of the polarized runs. This
T necessary because the multiple scattering at higher energies, though negligi-
e for unpolarized runs, was significant vhen the polarimeter was placed be-
tween the target and the Faraday cup for the polarized runs, so that the BIC
Fueded to understate the charge passing through the target. The errors used in
tho data analysis include the charge-normalization error, which comes from the
atistical error in the monitor yield for a particular run and from the statis-
Jioal errors in the nearest monitor calibration points; they do mot include the
abealute or relative normalization errors discussed earlier.
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The 2%%p} elastic-scattertng exeitstion functio
the progran IAR4.

ns have been analyzed with
functions of the energy. The "spin-flip"
order Taylor series expansion about the mi
est; the same i3 true for the "non-g in-fllp
multiplied by E = to take out the E

-mnp]ltude is represented by a third-
f the emergy region of inter-
amplitude, except that it is

ing phase ¢,). The
program performs a non-linear least- Eriazaajeioi a11 four of the cFoss-sec~
tion and/or anal ng and reso-
nance parameters simultancously.

e 4.5-1 shows the results of this procedure for 2°pb. The only res-
onsncerparanstazatubichyecs Lot Floh e e Leaiel v Thy energy for the
weak i,,/, and §, /) resonances. The errors quoted for the parameters reflect

11/2
only the statistical errors in the data, including the charge-normalization
In particular, the errors in E, do not include an

errors mentioned above.
error in the analyzing-magnet calibration  Constant, which would move all of the
values of Ep up or down by the same factor. The numbers in Table 4.5-1 are in
good agreement with the values of I found by Baker, et al

and with the
values of T and E; found by Wharton, et al.

In Table 4.5-2 is a comparison of the level structure of 20%
in this work with that found in the literature.>’" In each case, the g, ,, en-

ergy is taken as zero; the error is simply the sum (in quadrature) of the errors
in By for the £; and gy, resonances. Note that the values of Ey for the 1)/,

'Pb as found

Te' 4 514800 16 ciny
Resonance Parameters for IARs in 0%’
5y (keV) I (keW) Ep (MeV-c.m.) (deg)®
89/ 21.59£0.21 260.542.3 14.85270.0012 1.10£0.26
1”/2 1.828+0.071 224 15.632 ~4.27%2.14
le/Z 0.850+0.089 201 16.276 -8.1744.54
49.03£0.42 304.5%2.3 16.4136+0.0012 =-0.29:0.18
51.0] .96 323.6%4.7 16.8867+0.0026 ~0.2740.34
32.77+0.57 281.313.5 17.3409+0.0016 +9810.23
46.3210.74 298.2:3.9 17.3922:0.0022 ~1.8940.25

comes from RESFIT; T , T, and Ey come from IAR4.
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Table 4.5-2
209y, Level Scheme Comparison
(Excitation Energies in MeV)

i o Table of,
i This Work Wharton, et al.” Isotopes
29/2 0 o 0
1172 0.7793£.0012 0.794£.012 0.779
i1s/2 1.4233:.0012 1.411+.016 1.423
dg)y 1.5609+.0017 1.570%.010 1.567
212 2.0340%.0029 2.037+.015 2.032
/2 2.4882+.0020 2.500+.012 2.491
q 2.5395%.0025 2.546%.012 2.537
3/2
PRef. 3 Pret. 4

and §);, resonances given in Table 4.5-1 were chosen so as to make the excita-
tion energies of these levels agree with those given in Ref. 4.
nalysis of the inelastic-scattering data,
it 1s necessary to obtain a good optical-model description of the elastic scat~
tering. Tnis is done using two additional programs: (1) GENOAB, which perforns
e R on che opticalomodel parameters to obtain the best fit to the anguler

ergies, and (2) RESFIT, which uses a fixed
Set of opticalomodel parameters and obtains the best fit to the four excitacion
fenctions by varying the resonance parameters. In each case, the cross sections
and analyzing povers are calculated by adding the resonance amplitudes to the
optical-model amplitudes, i.e.,

In order to proceed with the as

(5,0 = |aE0)|% + |50 |

P(E,0) = 2Re [AGE,0)B"(E,0)1/a(E,0),
where A(E,0) = AOM(E,O) & 5 ARES i (E,0)

and = 4
B(E,0) = Boy(E,0) + I B ; (E.0)
208, & i 5 5
bb, GENOAB used five energies far from the major resonances (13.75, 14.25,
fitting only to the four back angles. We started
2, the values of I, T, and Ep
By varying the optical-model

For
15.5, 16.0, and 18.0 MeV),
with the optical-model parameters given in Ref.
given by ARG, and the ¢ps all set equal to zero.
paraneters in GENOAB, then varying the ¢;s in RESFIT, then going back to GENOAB,

and so on, we were able to obtain a consistent set of parameters. The values of
¢y are shown in Table 4.5-1; the optical-nodel parameters are given in Table
4.5-3.
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Table 4.5-3
Optical-Model Parameters for “Cpbip

Parameter Value Error

U (eV) 57.78-.0725E, (.97, .087)*
Hv (Mev) o not varied
W, (Mev) 2.07+.794%E, (2.47, .156)%
Us'n' (MeV) 6.99 0.54

R (fm) 1.24 0.01

T (fm) 1.23 0.02

L 5 (£m) 1.07 0.02

T (fm) 1.19 not varied

ap (fm) 0.71 0.01

ap (fm) 0.57 0.02

ag . () 0.53 0.06

he two numbers are the errors in the intercept and the slope,
respectively.

The data for ome of the four angles (165°) are shown
with the best-fit calculations from IAR4 (solid curve) and
curve).

in Fig. 4.5-1, along
RESFIT (dashed
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(p, p,) at 165°. The solid curve is a fit using seven IARs and a

pavansterized background. The dashed curve is a fit using the

Pane TARG and an optical-nodel background.
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4.6 Analysing Pover of Proton ing to the Continuum

H. C. Bhang, 1. Halpern, and T. Trainor
years ago® ve initiated a program to study analyzing powers in the
continuum with polarized protons of the highest energy (18 MeV) available at
our accelerator. Since then there have appeared  the results of a similar in-
Vestigation at Osaka at the higher energy of 65 MeV.
Since we have reported the details of our measurements and data analysis

{n earlier reports, we will confine the present account to matters related to
the interpretation of results. Both our results and those of Osaka show simple
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patterns for the analyzing power. For example, the sign of the analyzing power
does mot oscillate back and forth with angle as it typically does
ing to individual residual states of definite spin and parity. For our results,
at 18 MeV, the analyzing pover for all targets stays negative between 30° and
90° and becomes slightly positive in the backward hemisphere.

They

for scatt:

The Osaka re-

The magnitudes of the
analyzing powers decrease with increasing excitation energy from values as high
as +0.20 (at 14 MeV excitation), but the shape of the curves for Ay vs. © re-
main essentially unchanged as the residual excitation changes. The simplicity
of the observed patterns is presumably due to the averaging of the oscillatory
contributions to different residual angular momentum states. We describe in
this report some of the results of our efforts to understand these simple

patterns.
For this purpose we carried out DVBA calculations for both sets of data
using the code of Sherif and Blair.® In carrying out

necessary to supply (a) parameters for the optical potentials for incoming and
outgoing protons, (b) parameters for the interaction used for the inelastic
scattering and (c) relative strengths for the nuclear multipoles being excited
The first two sets of parameters were handled more or less conventionally. It
turned out that the main features of the patterns were mot very sensitive to
reasonable changes of these parameters. The third set of input numbers, the
multipole (L) strength disgribution is generally characterized by values of th
defornation parameters 8. We were able to argue on the basis of sum rules
and the expected excitatfon energy dependence of individual multipolgs that
this distribution should be represented roughly by the form L exp(-L°/2y). The
details of these arguments as well as other details of the analysis are to be
found in the recent Ph.p. thesis of one of us (H.C.B.)." The best value for
the single parameter, Y*, which governs the strength distribution as a function
of L was determined for each target by fitting the computed analyzing powers to
the measured ones. These fitted y* values turned out to be quil
the basis of crude mi ic e he

¥ te reasonable on
stinates of ti

level density
spectrun as a function of L and excitation energy. With these fitted values for
Y%, it was found that the DWBA

of the measured analyzing powers rather well, especiall
higher incident energies.

the angular
y for heavier targets and
The latter point is presumably due to the increased

validity of taking smooth averages over L for distributions containing a larger
number of L's.

In general the DWBA was in better quantitative accord with the 65 MeV data
than with the 18 MeV data, and we therefore began by trying to understand the
st conspicuous feature of the higher emergy data, namely the sizeable and
rather uniform back-angle positive analyzing power. This feature was a persist-
ent result of the calculations in the sense that any reasonable excursions of
SHn it

ntact. is feature, ve
mean identifying those elements in the DWBA calculation that are responsible
for it.
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we made cuts on crit-
ring from the region

the nuclear radius, R, with that from the
lyzing pover and the outer

To study the inner workings of the DWBA calculation
jcal input parameters. For example we compared the scatte!
in radial space r=0 to r=0.8 times

Tegion r>0.8 R. The imner region gave a megative ana
resion a positive one. Although making such cuts is sometimes misleading,
effects, our 1 involved

since it tampers with
nunbers of independent terms so
of interference terms remained negligible.
according to incident angular momentum, %.
analyzing powers come from the range 6.

ative. These results point to glancing co:
positive analyzing pover. Finally ve made cuts on the angular momentun Erans’
Ber, L, and a typical sef of results is shown in Fig. 4.6-1. Clearly the posi-
tive analyzing povers ave associated with small angular momentun transfer.

that one could safely assume that the averages
The DWBA calculation was also cut
Here it was found that the positive
For 2<6 the analyzing power was neg-

11isions as the source of the observed

ome would expect. that backvard scattered_grazing particles would corre-
anond U s SHRER L SRR ST S rorast il o sy,
this would be roughly L=10 or more. The results in Fig. 4.6-1 make us wonder

Fig. 4.6-1: The calculated analyz-

ing pover and differential
cross-section for (p,p’) on
nickel, a typical backward
angle, as a function of angu-
lar momentun transfer, L.
The incident angular momen-
tum, £, was divided into two
groups, one with <6 and the
other with 2>6.

Snidp.p)
120 Dearass

Soiip b7
120 Deoress

s

(¢%o/dEdQ)e_(arbi trary uni ts)
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how backward scattering could instead be dominated by scatterings with L less
than four or five. A mechanism which suggests itself is that somehow the par-
ticles responsible for the positive analyzing power manage to orbit around to
the opposite side of the nucleus before being emitted into the backward hemis—
here. This picture is not unlike that recently discussed in connection with
elastic deuteron scattering at comparable energies.’ The idea is that the back-
vard yield at the Osaka energy is dominated by events due to the particle flux
orbiting around the nuclear periphery. There will not be very many such orbit-
ing particles but when they scatter, it is their forward rather than backward
which to the backs " Since the
forward scattering probability far exceeds that for back scattering, a relative-

1y small flux of orbiting projectiles can dominate the observed backward
emission.

ight asymmetry?

But why would these orbiting particles show a left-r-
t is easy to appreciate

Clearly it must arise from the spin-orbit forces.

that these forces essentially increase the radius of the effective optical po-

tential for particles incident on one side of the nucleus and decrease it for
£ one computes the maximum classical de-

ssumed potential, including the spin-orbit force, one finds a
30° difference for Ni at 65 MeV!

Now these classical deflection angles are actually not very large, being
typically ~ 50°, and what one is seeing in the back hemisphere is the

tail of the cluster of maximum deflection classical trajectories.
angular width is associated with quantum mechanics (A2A6 v 1) and
comes from the spread in angle due to the inelastic collisions. The overall
angular distribution falls off exponentially with angle and indeed if one dis-
places two identical curves of the observed slope by 30°, the difference in
classical deflections, left and right, and takes the ratio of the resulting
cross sections, one finds a roughly constant analyzing power throughout the
back hemisphere of about the observed magnitude. The details of such compari-

can reproduce quantitatively the observation, which we have mot yet mentioned
here, that the analyzing powers increase with the target mass. Ref. 4 also
discusses a number of additional supporting evidences for the correctness of
the interpretation of the DWBA results as they are being described here. For
example, the fact that (p,a) and (B,d) analyzing power patterns resemble those
for (B,p”) fits nicely with the picture that the orbiting of the entrance chan-
nel p's is responsible for all of the patterns. The dependence of the patterns
on incident emergy also seems to be qualitatively in accord with the orbiting
interpretation.

There is clearly much more to be understood about the patterns that

Osaka and we have observed, for example the quantitative dependence of the back—
ward patterns on residual excitation energy, as well as the more complex fea-
tures of the patterns at forward angles. We are, however, encouraged by the
results of our analysis so far. They apparently show that at the higher ener—
that none of them dominates the analyzing power patterns. One can therefore hope
to learn in sharper detail about aspects of the reaction mechanisms than is

possible at the more commonly studied low-lying excitation emergies. The use
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a sorely needed

s to study reactions in which there is substan-
lar distributions of such reactions

of polarization at_continuum
addition to the available tool:

tial energy loss, since the spectra and angu
tend to carry very little information.
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4.7 Tnelastic Scattering of Protons from Nuclei with 46 < A < 102

*
2. Liu, R. M. Tromp , T. A. Trainor, and W. G. Weitkamp

to the

+
S. Laubach®,
larization in inelastic
continuum of 1,2 1¢ 45 desirable to extend these
S turements to other nuclei, to look for variations of the depolarization as a
Tometion of 7 and A. Because depolarization measurements involve the double

Senttering of a polarized beam, measurements are only feasible on nuclel giving
2 large yield of inelastic protons. Consequently, we have measured spectra for
3 Versety of mediun weight nuclei, looking for inelastic cross sectiong,at ex-
ew MeV comparable or larger than those for ° Cu.

of the proton d
630y were reported previously.

citation energies above a fi
which vere made at 4 angles at an inci-
dent proton energy of 18 MeV, are given in Table 4.7-l. Inelastic spectra are
generally rather complicated, but for ease of comparison, we have characterized
the spectra by tuo quantities. One is the cross section at the maximum of the
evaporation peak. This maximum corresponds to an excitation energy of approxi-
mately 15 MeV. This cross section is nearly constant at all angles, so the
average value is given in the table, The second quantity is the cross section
in the pre-equilibrium region, at an excitation energy just below the evapora-
tion peak, but well above the excitation energy where inelastic scattering to
discrete states is observed. i

for consistency we quote the measurement at 90°.
the evaporation peak value. Target thicknesses for these measurements were
determined with an alpha particle gauge. The results in the table show that
%re and *Pyi are larly fon and
several other nuclei may be feasible.

The results of our measurements,

for depolarizat

The cross section for inelastic proton scattering, especially for proton
should be related to the proton excess in a nucleus. Proton ex-

evaporation,
tween the Z of the nucleus and the most stable

cess is the difference be
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(non-integer) value of Z calculated from the semi-empirical mass formula.

Pro-
ton excesses for each of the nuclei are given in the table. However, the cor-
relation is small.
Table 4.7-1
Inelastic Proton Scattering (E, = 18 Mev)
Maximum Evaporation 90° Pre-equilibrium Proton
Target Nucleus Cross Section (mb/sr-MeV) Cross Section (mb/sr-MeV) Excess
46q 10 0.13 0.8
4Spy 10 0.09 0
3y 5 - -0.3
pe 17 0.17 1.4
56,
Fe 4 0.06 0.6
By 18 0.18 17
60,
N 9 0.15 0.9
Sou 10 0.19 0.6
6870 3 - 0.5
ge 4 & 0.2
9o 8 0.07 1.8
102py 4 0.08 1.8
Referenc
+  Present address: University of Darmstadt, West Germany
% Department of Physics, University of Washington
i
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iStiel1 Ionisation Effects in'p = 1oC Elastic

R. Anholt" and J. S. Blair

In an experiment similar to one~ performed several years ago in our lab-
oratory, Duinker, et al. have observed a substantial change in the probability
for K_ehell ionisation as the incident proton energy is varied over the broad

N which occurs at an incident energy of 0.461 MeV. Unlike

s,/ Tesonance in
the_situation in our earlier experiment’ (3.15 MeV protons op ""Ni), no appre-
ciable variation due to "time delay" is expected in the p - ~C experiment.
the width of the resonance, 38 keV, is much larger than the K-shell ion-
o the corresponding nuclear time delay, H/T,
dicts from semi-classi-

Here,
ization energy, 284 eV; thus, sinc
is far less than the characteristic atomic time, one pre
cal considerations® that the probability for K-shell ionization will be nearly
the same as what would be found were there no nuclear resonance.

Duinker, et al.” have recognized that "time-delay’
their observations but have advanced the hypothesis that th

" cannot account for
e variation is due

K-shell electron is excited into
must then transfer one unit of angular momentum to the electron.
ar

keptical of this hypothesis. Exchange of angul
i i deri-

We have been rather sl
it in the fully q
jonization probability quoted in Ref. 1.

momentun was
y be written

vation of the formula for the K-shell
With somewhat altered notation, that formula ma:
o 2
P = [Tae.] |a [£(0,E-AE)/£(8,E)] + b, (@]
i g o e A
projectile with

@)

Here, P, is the probability for ionizing the electron when a

incident energy E is scattered to center-of-mass angle 0; £(0,E) is the corre-
sponding muclear elastic scattering amplitude; cg,),u are the final electron

angular momentun, and projection of angular momentym; a and b are equiv-
—classical theory” for ionizing on the

Juding the monopole contributions when

he relatively small energy tramsfer,
the

energy,
alent to the atomic ampliudes of the semi

"y in" and "way out", respectively, inc:
the projectile is inside the nucleus.

4E, involved in carbon ionization there will be only a small change in
scattering amplitudes, even at resonance; thus one expects the ionization prob-
bility to show the slow energy variation of the semi-classical prediction in
the limit where the "time delay" approaches zero.

2
e observations of Duinker, et al.” had also caught the attention of

R. Auholt of Stanford. Correspondence has led to a collaboration, in which we
have looked for possible weak links in the arguments leading to ed. 1.

e have formulated the problem of joint ionization
om the approach

For t

In this investigation w
and nuclear ionization in a fashion somewhat different fr
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originally! considered; specifically, ve have assuned that the muclear seatter-
ing could be described by a spherically symetric potential, Vy(R), rather than
through an S-matrix description, which abjured knoledge of the nuclear wave
functions in the nuclear interior. Such a potential description does not suf-
fice to describe most nuclear resonances, but for the case at hand, it is a rather
g00d approxination to consider the 461 keV s, Tesonance as a slightly unbound
2s single particle state. The virtue of the potential model is that the nuclear
wave function is then presumably calculable over all values of the internuclear
coordinate and thus one can use the standard methods of DWBA theory.

s is not the place to give a detailed account of the DWBA calculation
but we dc wish to indicate the-main physical considerations and our conclusions.

ucial to making a useful calculation is the recognition of the various
Lesgths which clacarFRRIER A LIt nuclear system. The most important
parameters governing the electronic excitation are the radius of the K-shell
orbit and the inverse minimum momentum uansfer, (g = 1/ (K-K')= hv/AE. The
nuclear is by thre e distance of closest
approach for a head-on Coulomb collision, i wsvaleng(h Foept
motion, (1/K), and some radius parameter for the specifically nuclear potential.

For the p - 'C experiment, the electronic lengths are of _the order of

cm or larger while the nuclear lengths are of the order 1 cm or less.
Thus one can introduce a "matching" radius, R , intermediate be[w&en electronic

and nuclear lengths, which cleanly separates the radial space into an exterior
and an interior region.

We have gone on to show that the exterior contributions to the DVBA ampli-
tude yield Eq. 1 with the qualification that the monopole sticking e
is absent now from a and b. In particular, since we are permitted

asymptotic radial wave functions in the exterior region, ve find that there is

1o angular momentum exchange effect which alters Eq. 1 when the angular momen-
tun transfer is non-ze

Further, ve have found that for £ > 1 the interior contributions are neg-
ligibly small. The interior momopole contribution, however, may be appreciable
but again does not modify the form of Eq. 1; rather, it restores the monopole

sticking contributions to the atomic amplitudes, a_ (. ‘and b_ /. The presence
of those terms does cause a change in the iomzanon prcbabili(y in the vicini-
ty of the 0.461 MeV resonance in N but the effect is small; a calculation re-
taining only monopole excitations shows a 4% dip in P_ at the minimum of the

scattering cross section, an effect smaller by an oxder of magnitude and oppo-
site in sign to the deviation observed in Ref

summary, a DWBA calculation of the probability for K-shell ionization
does not account for the results claimed by Duinker and collaborators.
particular their suggestion that the variation be attributed to angular momen-
tum transfer is not supported by detailed calculation.
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2741 34, 0)2851 to the 14.36 MeV (67,1) and the 11.58 MeV (6,0) Levels

. + ++
Y. Fujita’, M. Fujiwara’, M. N. Harakeh , K. Hosono', M. Noumachi'’,

M. Ssson, and K. A. Snover

The so-called "stretched" particle-hole excitations, which have the maxi-
mum possible total J for a 1 particle-1 hole Thu excitation, are particularly
Interesting due to their simplicity. In particular, in a particle-hole model
only one configuration may contribute. These states have been studied in a
nunber of different nuclei, in inelastic electron, proton and pion scattering.
In this report, we discuss 2051, where the 67, T=0 and T=1 levels at 11.58 MeV
and 14.36 MeV have been previ 1y stretched

(5, £5);) configuration.
excites the 6,1 level with comparable intrinsic strength,
o the 67,0 level suggests that it is much less pure (dg/, =,
our (’He,d) results show com—

levels, indicating

1y tdentified as
Inelastic electron’ and proton
while proton and

»3 scattering

pion’ scattering t
£5,) than the 67,1 level, by a factor of 2-3.
arable cross section for population of the 6 , T=1 and T=
comparable spectroscopic strength for these levels.

the 271 (%He,d) 2851 reaction vas studied in the region of the 67, T=0 and
£ £(He) = 39.72 and 60.06 MeV. The e

Center for Nuclear Physics (RONP) cyclotron
e focal plane

T=1 states, at bombarding energies of
beam was obtained from the Research
at Osaka, and the deuterons were detected in a position-sensitiv
detector® in the magnetic spectrograph RAIDEN. Elastic scattering was measured
at forvard angles 6_ % 10° - 40° and the absolute cross section was deter-
minded by normalizing the elastic scattering results to optical model calcula-
tions. This normalization (the same at both energies) is consistent within 107
with absolute elastic scattering cross sections previously deduced at 60 MeV,
and with cross sections deduced using a weighed target thickness and the mominal
spectrometer acceptance.

Results for the 67, T=0 level at 11.58 MeV and the 6 , T=1 level at
14.36 MeV are shown in Fig. 4.9-1. The measured cross sections are similar in
magnitude and shape over the measured angular range. The 67, T=0 state is
bound by = 9 keV and hence poses no problem for DWBA analysis. The 67
level is, however, unbound and hence must be treated as such in order to obtain
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a1 (%He, )i

bound form foctor
— unbound form foctor

Fig4276.9—1: Cross sections for the
AL(’He,d)“°s1 reaction to the 6, T=0
(11.58 MeV) and 6~, T=1 (14.36 MeV) levels,
measured at two different bombarding ener-
gies. Solid curves are calculated with a

proton, and dashed curves with an unbound
form factor.

Bem.

accurate spectroscopic strengths. A wide variety of optical model parameters
were tried for the “He and d channel, and for the transferred proton. For the
best fit potentials, the results of Table 4.9-1 were obtained using the expres-
siof 9/ = i 9) /(25 = 4.42.

n do/da/ = NC'S [(23H) /(23 41 ) oy, d0)/2+1) where N = 4.42

The extracted spectroscopic factors showed little variation as a function
of optical model parameters - from extensive parameter variations in the DWBA
analysis and from the absolute cross section uncertainty, we estimate the over-
all uncertainty in these spectroscopic factors to be < 20%. These results do
show a substantial difference in S;_; depending on whether a bound or unbound
form factor is used, illustrating the necessity for the latter. Our adopted
spectroscopic factors are § = 0.41 and 0.35 for the T=0 and T-1 states, re-

Table 4.9-1

8,

Spectroscopic Factors for the 6 , T=0 and T=1 States in 285y

£CHe) Qtev) Sr=0
39.72 .43
60.06 .38

3The first value shown was obtained with an unbound form factor for the trans-
ferred proton. The value in parenthesis was obtained using a bound form factor.
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bom-

, obtained from the average of the results at the two different

spectively.
barding energies.
The results for the 6 , T=1 spectroscopic factor may be compared to our
neasured decay width T = 3.78'% 0.17 MeV. for this level (see Sec: 5.3 of this
= 1.325 fm and a = 0.5 fm for the

report). From the form factor parameters I,
e width T, 13.4 keV. Our
s.p-

transferred proton, we calculate a single particl
stripping results then predict
r = cPsr. . = 1/2 (0.35)(13.4 keV) = 2.35 keV,
Po s.p-
which 1s substantially less than the measured value quoted above. The sensitiv-
ity of the calculated T o/ to form factor parameters was tested by doing calcula-
tions with different values of i and a The result of choosing values of 24
and o vhich lead to larger T, . lead also to larger values of do/dQ(DWUCK)
and correspondingly smaller values of § such that the product C'ST, , 1s stable
Similar results obtain for adjustments leading to smaller
lanation for this disagreement. 1f we use the
= 13.4 keV to solve

within a few percent.
T At present ve have no exp
and the calculated single particle width T
0.56. Thus ve find S;_; lies betveen
. -1
¢ from which the (dg/»™ > £7/5)
ed is the measured electron scatter-
This value is

5.p.
measured T
0.35 and 0.56.

for S, we obtain § =
Perhaps the most reliable measuremen
strength in the 6 , T=1 state may be extract

ing strength, which corresponds to S, = 0.56/1.87 = 0.30.
reduced from unity in part because the dS/Z orbital has a nucleon occugdncy
1In fact, mass-27 has about 68% of the full d5/2 pinkupzstl‘ength from

This means that a T=1i 0.30/0.68 =

2
851 deduced from single nucleon transfer.
particle-hole intensity relative to the

is the (dm' s E779)
5i. In order to compare the measured Che,d

one should note that the mass-27 ground state
Thus we may conclude that
and

0.44 where a

physical ground state of

strength to the (ee') strength,

78% of the total d, pickup strength.

from stripping data is that it lies between S;_,
2

of values for a’y,, deduced from

gets only =
our best estimate of a’
From above, we see that the range
44 deduced from (e,e').

Spq/0-78+
stripping brackets the value of 0.

our best estimate for the 67,0 (45, £;/;) intensity is -
- 0.41/0.35 = 1.17 as deduced from stripping, and for

5'5:0/51:1 where Sp_o/S1_; 5
aZ_ ve use 0.4 deduced from (e,e'). The result is a’ .o = 0-52. Furcher
ticle-hole intensities is given in Sec. 5.3 of this report,
for the (67, T=1) > (67, T=0)

support for these par
where it is shown that the measured M1 strength
values given above, assuming a

transition is in good agreement with the &
reasonable value for Ml core polarization.
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Finally, it is interesting to note that, although proton inelastic scat-
tering” has been shown® to lead to a 6 , T=1 spectroscopic strength close to
that obtained from (e,e'), the 6-, T=0 level is excited much more weakly. In
fact, § ,(r-n)/spp,(r 1) = 0.34! The large disagreement between this (p,p')
2o 12 4
ratio and the value 1.17 obtained from a”y_o/a® ) (or, equivalently, Sy_./S
from proton stripping) suggests that the effective interaction for inelastic
in

scattering of intermediate energy 135 MeV protons is not well understood.
sinilar problem exists

A

in the relatively weak degree to which inelastically
scattered 162 MeV pions excite the 67, T=0 level relative to the 6,

T=1 level.
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RADIATIVE CAPTURE

5.1 Search for "Second Harmonic' Giant Resonances in the 21 (pyy) and

7A1(p,yp) Reactions

Snover

D. Dowell, G. Feldman, and K. A-
oworkers® has shoun the existence of strong
ates in the radiative capture of intermedi-
hey have observed capture gamma Tays to
ton energy which

Recent work by Kovash and c
transitions to isolated high-lying st
ate energy protons. In particular, t
states near E_=19.2 MeV in “'B(p,y) with a dependence on pro
shovs a broad resonarice mesr E .42 MeV. It has been speculated that these trans-
1t of "second harmonic" glant resonances, i.e., collective exci-
Sucleon configurations. This is in analogy to the
well known giant resonance figurations. While the

fcient to resolve the final states of
The copture, 1t has been conjactured that the transitions are to negative parity
states of high spin. The gamma ray emergies agree well with decays to lp-1h Tho
excitations. The population of the states may be emhanced
because of the 27+l multiplicity of magnetic substates.

to look for similar effects in a some-
4 in a case where one might be able to
1h 1hw residual states are preferen—

a general
the

It would be extremely interesting
what heavier nucleus. We ate intereste:
prove experimentally that the hij
Piolly populaced,’ In addition, a true collective resonance should be
ghenonenon observajle in other uclel - We have chosen to investigate

7 41(pyy) and the 2'AL(p,yp) reactions, as illustrated in Fig. 5.1-1.
2
mediate energy proton (E:25 NeV) may be captured by the 2’AL nucleus

An inter-
to form a

}second harmonic”
Casonance

e
y

b Fig. 5.1-1: Radiative capture

reaction for producing the

“second harmonic" reso-
(t2p) e
Q=1158
Mev  Al+p k4
zog (1d2s)
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" resonance at approximately 3hu excitation emergy. This reso-
nance may then photon decay to states which are excited by lhw relative to the

"second harmoni.

ground state. Our objective is to make singles measurements with good gamma ray
energy resolution

T
nd to measure the proton decays of the lfw "final" states that
are coincident with the populating gamma rays.

Fig. 5.1-2 shows our spectra of capture gamma rays from 2/Al(p,y) at E=17
and 23.5 MeV. The 10 in. x 10 in. Nal spectrometer was placed at 90° to the.
direction and beam currents of 50 to 100 nA

commercial aluminum foil.

bean
target of
The ground state and first few excited state transi-
tions are clearly seem, as well as transitions to higher excited states. The
E,=23.5 MeV spectrum is taken near the expected maximum of the second harmonic

p -1
glant resonance. The positions of some of the known high spin lhw (1£).(1d)
final states are indicated in the figure.

were used on a 0.7 mg/cn

The correlation of structure in our
E =23.5 MeV spectrum and the location of these lp-lh states suggests that they

indeed are preferentially populated.

Also shown in Fig. 5.1-2 is the neutron background present in these spec-
tra. At E =17 MeV this background was directly measured using pulsed beam time-
Of-flight techniques. At E =23.5 MeV where a pulsed beam is not available, this
background was estimated from measurements with a thick Pb absorber placed be-
tween the detector and the target. This eliminates all gamma rays produced at
the target. Neutron attenuation in the Pb absorber was measured at lower bom-

t
barding energies using pulsed beams, and extrapolated to higher bombarding en-
ergies.

We have also made exploratory measurements of the 2/AL(p,yp) reaction.
The protons were detected in an energy telescope consisting of a 150 micron AE
detector and a 2 mm E detector. We have collected limited statistics in about
10-12 hours of beam time with an average beam current of 200 nA. We observe y-p
coincidences corresponding to states populated from E.

4.36 to 22 MeV. We plan
to measure such spectra at incident proton emergies on and off. the "second har-
monic" resonance to observe which of these states resonate.

Referenc:

1. M. A. Kovash, et al., Phys. Rev. Lett. 42, 700 (1979).

5.2 2B(p,y) % to the Ground and First Excited 2* State for E_ = 2.5 to
5.4 MeV K

D. Do

1, G. Feldman, M. M

Hindi, and K. A. Snover
Using the 10 in. x 10 in. Nal photon spectrometer and a bare 5 x 6 in.

Nal crystal, we measured the yield of capture gamma rays to the ground state and

first excited state in *'B(p,y)

C from E_=2.4 to 5.4 MeV.

We originally
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Al (p,y)

Ep =17 MeV
14366 _
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14.36,6”

13.25,5 i

% 11.58,6”
Giain

channel
Fig. 5.1-2: Nal spectra for E =17 and 23.5 MeV. The neutron background in the
was determined by pulsed beam time-of-flight tech-
.5'NeV spectrum background was estimated from a

17 MeV spectrun
niques. The 2
thick lead absorber measurement.

75



R —EE——————————. &

intended to study "stretched" 4~ state at 19.2 MeV in %c. This state
and/or group of states in this energy region have been observed to form the re-
sidual states populated by the y-ray decay of "second harmonic" resonances.l We

had set out to measure the gamma ray decay of the 4 to the 3  state at 9.64
MeV; however, background and target contaminants obscured the T3 yield. Angular

distribution data were taken over this reglon of excitation for vy and v, decays.
The v, yield is observed to be small at all energies measured. It is about 10%
of the v, yield and we see no evidence for strong resonance structure.

The Yo and v, yield as measured by the 10 in. x 10 in. NaI at 125° is
shown in Fig. 5.2-1. The proton energles are from 2.5 to 5.4 MeV taken in 50 to
100 keV steps. The positions of known resonances are indicated in the spectra.
These data agree well with previous measurements.>’

The ratio of the difference of the two detector yields to their sum is
shoun in Fig. 5.2-2. This ratio is proportional to a linear combination of a;
and a, where

(o)

4
o[+ Z a P (cos0)]
=1

chan-

Again the positions of known resonances are indicated. The dip in the
nel is due to interference between a 2' resonance and the tail of the giant di-
pole resonance, as previously observed.’ The y, channel is also shown in

Fig. 5.2-2 and is much more structured. It appears that in this case there is
interference between more than two overlapping levels. Of particular interest
is whether one can observe y-decays of higher 1' levels. We have looked for the
-05 MeV, E _=19.71 MeV 1" resonance.’ We see no structure

Y-decay of the E_=
which can be unambiguously attributed to this 1" resonance in either the v or
v, channel. This resonance has been observed in the n, and P decay channels.

1. M. A. Kovash, et al., Phys. Rev. Lett. 42, 700 (1979).
2. R. G. Allas, et al., Nucl. Phys. 58, 122 (1964).
3. R. E. Segel, et al., Phys. Rev. 139, 818 (1965).
4. F. Ajzenberg-Selove and C. L. Busch, Nucl. Phys. A336, 77 (1980).
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Fig. 5.2-1: v, and vy ylelds ‘
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125° relative to the
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5.3 The Stretched 67, T=1 Resonance in the 2/l (p,y)2®si Reaction

G. Feldman, M. Hindi, E. Kuhlmann, and K. A. Snover

As part of our effort to understand the character of stretched particle-
hole 1 hu excitations in light nuclei, we have remeasured the E_ = 2.876 MeV
(Ex = 14.356 1eV) 67, T-1 resonance in the 2/AL(p,y)°0st reactibn [see Sec. 4.9
of this report for a discussion of (*He,d) stripping to the 6 states and a
comparison with other experiments]. Previous studies of this resonancel? show
that it has a 100% y-decay branch to the 6, T=0 (11.577 MeV) state, which in
turn decays 100% to the 57, T=0 (9.702 MeV) state. The 6,1 6-,0 transition
was found” to be pure Ml. Now these states are believed to have a strong
(dSIZ- » £7/,) component; however, the pure "single particle" value for a

-1 S -1 - AR o
[CHP f7/2>(§' 1) (g5 "> £7/5)(67,0) transition is 8.0 W.u. The ob:
served strength corresponds to B(ML)/B(ML)s.p. = 0.09, which is considerably
smaller than unity. Our interest in measuring the (p,y) reaction is motivated
by the desire to better understand the character of these stretched 6- states.
We remeasured the 6=, T=1 resonance with sufficiently good energy resolution to
deduce the total width of the resonance and the absolute y-decay strength. We
also looked for possible resonance strength in reaction y-ray (p,xy) channels
and for weak y-decay branches.

Our experimental results on the total width are shown in Figs. 5.3-1 and
5.3-2. Fig. 5.3-1 shows our results for a marrow (I<230 eV) "ecalibration"
at E = 3670 keV, for which the decay y-rays were observed in our
large Nal spectrometer. These measurements show that our beam energy spread
(assumed Gaussian) lies in the range 450-800 eV. Fig. 5.3-2 shows our results
for the E_ = 2876 keV 67, resonance. Here we have plotted the sum of the
67,1 > 6750 (2779 keV) and 67,0 > 57,0 (1875 keV) yields observed in a 157
Ge(Li) detector at 0 =90°. These data clearly show the effect of finite natural
resonance width. Thé curves shown in these figures are calculated resonance
yields using a discontinuous energy loss code, with the parameters
Table 5.3-1. Our best fit results for the 67,1 resonance are I -
for the thin target and 4250£500 eV for the thick target, from which we derive
a total level width (center of mass) of 3780:170 eV.

resonance

Fron the absence of any resonance structure in the a;y and pyy - py chan-
I - ranging from 0.1 eV to 25 eV

> Py Py
0.54 eV - see below). Since I' = II and I <<T_ we find from

(assuning T Ji
these linits that I /1>0.987. Thus we take I = 37804170 &.  This result

2 » f775) purity of this level (see

nels we may set 1o upper limits on I

provides important information on the (dg
Sec. 4.9 of this report). We have also searched for weak y-decay branches of
this resonance. For example, we find that the y-branching ratio for the

6,1 > 57,0 (9.70 MeV) transition is <3% of the 6 ,1 - 67,0 decay, corresponding
to a ratio of reduced ML strengths of <0.6%. It is surprising that this trans-

ition is so strongly hindered.
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From our measured resonance strengths and the angular distributions of
Ref. 1, ve deduce a preliminary value of I T /I = 0.5420.11 eV. This is to be
compared to 0.32  0.07 eV’ and 0.23 + 0.08 eV? deduced previously. One possi-
ble explanation for the difference between our strength and the previous values
is that the earlier authors may not have accounted properly for the rather sub-
stantial natural width of this resonance. An unveighted average of these re-

sults gives 0.36 + 0.09 eV, or 0.80 + 0.20 W.u., corresponding to
B(ML)/B(ML)s.p. = 0.10 * 0.02.

We may make a simple argument which explains most of the observed reduc-
tion of this decay strength relative to the pure (dslz- it f”Z)(s’,l > 6,0)
transition strength. To the extent that the Ml transition is dominated by the
(dS/Z > f7/2) configuration, we may write

B(ML)/B(ML)s.p

where ac- ;. is the amplitude for the (d

-1
5/5 _» £7/,) configuration (relative to
the physical ground state of

1) in the 6 ,T level and f_ is a core-polariza-
tlon factor which accounts_for adnixtures in these states of the glant ML reso-
nance. 1In fact the (/)" f;/,) (671> 67,0) single particle Ml strength is
just proportional to the sum of the isovector magnetic moments of a d,

5/, and an
£/ Mucleon. Hence we may estimate £ = [ujy/u;y (Schmide)]® where iy, is the
measured isovector magnetic moment of the mass-27 5/2% ground state. This

ne 67)% = 0.45. Taking a’¢- | = 0.44 and -0 = 052 (see
Sec. 4.9 of this report) gives a Calculated value of 0.10 fur B(M1)/B(ML)s.p.,
fnated A TR
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of the Giant Quadrupole Resonance in the

5.4 A High Resolution Study
3

agg(a,v,) Ot

. Feldman, M. M. Hindi, E. Kuhlmann, and K. A. Snover

our motivation for continued study of (a,y) reactions in the glant quad-
rupole resonance (GQR) region is primarily 2-fold: () most previous (a,Y)
studies have been made in insufficient for a clear under-
standing of the E2 structure, and (b) d comparisons of analogous
(a,Yy) and Kﬂ,a'ﬂo) measurements are ne er understand the
limitationg involved in the inelastic a-
'si is an ideal case to study since previous measurements of this
2) are quite old, in coarse energy steps, arj\d[‘
Also high quality 'Si(a,a”)”"

more detaile
cessary in order to bett
scattering studies of the GOR.

“Hs(a,vn)
reaction (Ref. 1; see also Ref.
indicate anomalously large E2 cross sections.
and (a,a’a)”*® data are available for comparisons.
We measured n 50 S-point angular distributions for z“ug(c.,yu)”ss from
e 4.1 - 14.0 MeV (E, 13.5 - 22.0 MeV) and extracted E1 and E2 cross sec-
tions and the rglative phase factor cos 5. Targets of 242 + 19, 524 * 34 and
1250 + 90 pg/cm” rolled “'Mg (>99%) were used, with thicknesses deduced from a
narrow Zug(p,pry) resonance. Absolute cross sections were deduced to * 10%
(& 37 Mc(p,y) resonance strength to calibrate the y-detector
he energy loss in the target and

x

using the known

efficiency. Energy step size was equal to I

Sericd From AR = 130 near ‘the lowdst emergies to 290/keV mear the highest en-
the

ergies. Results are shown in Fig. 5.4-1, where we plot cross sections and
relative E1-E2 phase factor cos § for tl ‘Mg reaction ob-

tained ‘using detailed balance.

he inverse 2051(1,a.)

Several interesting features of Fig. 5.4-1 are immediately apparent:
both EL and E2 cross sections show a lot of structure, (b) cos § shows strong
B ations from zero. The El structure is known from an autocorrelation anal-
ysis of higher resolution datal to have a strong (I v 65 kev) "compound nucleus”
Yomponent and perhaps also a weaker I % 300 keV intermediate structure Compo”
e our E2 results show strong variations with energy indicating semi-iso-
lated Cor 1 diat . At lower energies sharp structure
1o apparent with widthT s AE (target) % 130 keV, while at higher energies most
2 e tructure is broader. The fact that cos & shows substantial deviacions
e es ahows that substantial phase information remains in both the El and

Hence neither channel can be dominated

E2 chamnels averaged over AE (target).
by fluctuations arising from very narrow overlapping resonances.

our E1 and E2 cross sections are (on the average) lower by a factor of 2
and 3, respectively, than the corresponding cross sections measured at
argonnel’2. In particular, our E2 cross sectigns do not show a strong peak near
the center of the GQR, as previously observed.’ The difference in E1 cross

e ome 1o related to the overall absolute cross section normalization, while
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Fig. 5.4-1: El and E2 cross sections, and the phase factor cos § for the
b
851 (y,a,) g reaction obtained from the measured inverse cross

sections using detailed balance.

the additional discrepancy in E2 cross sections must be related to differences
in angular distribution shapes. Our Nal spectrometer, with good energy resolu-
tion, v 4% FWHM (and correspondingly good separation of y_ and y,) and excellent
cosmic ray suppression produced clean spectra at all energies and angles. Our
confidence in our results is supported by the number of energies at which ve
extract a value of zero for oy, (within errors). The Argonne spectra, taken
with poorer resolution and no cosmic ray suppression, would have been much
harder to use to obtain IS with a systematic uncertainty of less than several
percent. Such precision is necessary for the reliable extraction of E2 cross
sections which are of the order of 10% (or less) of the El cross sections.

In Fig. 5.4-2 our results are compared with the Heidelberg decay-coinci-
dence 2%51(a,a%a,) neasurements.” One may express,che E2 energy-veighted sun
rule (EWSR) equivalently in terms of [ccz(y,x)di/t and I E-B(E2). Making the
approximation in the inelastic u-scattering that the sum rule fraction E-B(E2)
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Fig. 5.4-2: (Top Part): op, (Y6, )/E? |
(Bottom Parts): E-o(a,a’a) where 0(a,a"a,)= % (@,5-0,)/ |

For 0= e+ 180°, the vertical scale |

4aa ,dﬂuodE, from Ref. 5. i
is chosen to give the same ZEWSR per MeV as in the (y,a ) plot. i

contained in an interval AE at energy E is proportional to E:d cL(uM'oo)/

d9_.40,dE, ve arrive at the niddle plot for the antirecotl (0, =6 + 180°) spec=
tram, normalized to an overall stremgth e of 3.7 + 0.9% of the EWSR for

E - 15.4 - 24.8 MaV (we use K, (= 9,61 fa' in the sum rule). The similarity
in total strength and shape of ;(y,n )/E? and Ero(a,a’s,) is impressive
(see also Table 5.4-1) and confirms %he detsiled accuracy,of the. inelastic
scattering technique for extracting B2 strength, The bottom of Fig. 5.4-2
dhoie ol e for 6 =16, (i then-azbitrary vertical scale).. Tats

which is known to contain quasi-free scattering contributions (in

spectrum,
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Table 5.4-1
Percent of E2 EWSR Observed in 2851(,,.‘0) and "sua,u‘uo)

2 R
Energy Interval Jogp(roe)ae/e [5G
13.45 - 22.0 Mev 3.8+ 0.4%

15.4 - 24.8 3.7 £ 0.9%
14.1 - 22.0 3.8 + 0.4% 4.2 +1.02
14.1 - 17.9 2.4% 2.5%

17.9 - 22.0 0.9% 1.72

*
Caleulated from the B, = 155 MeV, O . = 6.5°,

assuming a total (a,a”) E2 strength of 34 +
0.11 * 0.02 for E = 15.4 - 24.8

o = O + 180° spectrun,”
6% and an o branching ratio® of

addition to the giant resonance contribution) shows substantial differences
compared to the other spect:

ra.

A comparison of our (v,a)) E2 strength with singles (a,a”) E2 strength’
shows a branching ratio l‘m /T which falls rapidly with increasing energy above
E = 16 MeV. This branching ratio shows an energy dependence similar to that
obtained in a Hauser-Feshbach calculation with a strength approximately twic
the HF prediction, assuming 100% compound decay of the GQR. The (approximate) em-

¥y 1 of this F is It may arise from
the doorway (particle-hole) GQR configuration, which would produce an energy
dependence similar to HF in the limit where the total nonstatistical decay prob-
ability of the GQR into all channels is small compared to the compound part.
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e of Fast

The E2 Isovector Giant Resonance as Seen Through the Captur
*

Neutron:

K. Aniol, I. Halpern, and D. Storm

The electric quadrupole (E2) isovector glant resonance is not nearly so
well establiched experimentally as the electric dipole resonance and the elect
5’| dncucatar TesoHamEEEY upiivo) 3,0 This ds becaupe 18aVaTtor TEEOTARosE S
not 2o casily excited as isoscalar resonances in inelastic scattering of
he common projectiles and because, in reactions involving photons, the E2 tends
e Dveranadoved by tha muH ELrongEy HI: Fiovavold tidalorereudaCyingion
typically looks for the isovector E2 in radiative capture reactions by searching
e onepicuous effect in the EI-E2 interference; namely, a front-to-back
asymmetry in the angular distribution of the emigged photons. —Some,yesrs 20
an asymetry of this kind was studied using the “ Pb(p,y) reaction as func-
L Eliryy s WoA2aT NV’ e eXcltAtion functfon fvr thR SV

E2 isovector resonance.
of the critical parameters of the E
bservations.  The main difficulties were (a) that the resonance bump sat on a
large background presunably associated with direct (rather than resonant) E2
capture, and (b) model calculations of the expected shape of the resonance did
for reosnble the shape of the residusl bump after background subtraction.

We report here the first observation of the E2 isovector resonance in 4
heavy nucleus, using the (n,y): cepture reaction., (This reaction has been used
earlier successfully to survey E2 strengths belou the isovector resonance.)
sourements are not crisp enough to allow the extrac—
they are qualitatively

clear and very encouraging.
questionably more difficult experimentally than
easier to interpret. As we have pointed
ect capture E2 background at all when neu-
front-to-back asymmetry is due to
d there is not the uncertain

The (n,y) reaction is un
(p,y) but it _is expected to be much
there is almost no dir
Thus for neutrons the
E2 excitation exclusively an

out earlier,
rons are captured.
resonant (collective)
subtraction problem that occurs in (p,Y)-
It is easy to provide a rough framework for the interpretation of the
(nyy) measurement. 1t shows what one should expect to see in an asymetry
measurement and what this expectation depends on. The amplitude F(0), for dipole
s to a particular residual state depends on
the angle © at which the capture P Aside from factors common
to F(6) and F(1-0), this amplitude can be represented as the sum of two terms
FO) = ————— + R___ coso
E-E +i2D Wy
SEg+
D 2 E EQ i3
Here ED, EQ' Ty and TQ are the dipole and quadrupole resonance energies and
widths; E is the energy of the emitted photon and the factor cos © reflects the
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fact that classically (i.e., for high J states) the quadrupole capture distri-

bution goes as sin”Gcos”® while the dipole distribution goes as sin
constant R can be complex. It basically gives the ratio of
amplitude. In simple models in the high energy limit, R is expected to be real
and positive. Its expected magnitude can be crudely estimated from sum rules,
A value R = 0.2 is not unreasonable.

What one typically measures is the asymmetry

Aoy = O - Y(r-0)

b4
Y(0) + Y(1-6)

where the yields Y are proportional to the absolute squares of F(0).
in the amplitude other than those shown in ) drop out in the ratio
A(0). It is customary to use O 55° (and therefore 7-0 = 125°). [These angles
are close to where Pz[cos ©)=0.] The asymmetry A(55°) can then be expressed as
a function of the various parameters which appear in the expression for F.

Fig. 5.5-1 shows a series of curves for A(55%) in “%%pb (n,y) in the energy
region where the E2 isovector resonance is expected to be. For all curves in
the figure, |R| was taken to be 0.2 exp(i6) with various choices for 8. When 5=0,
the curve goes through a minimum with negative values for A and then rises
sharply to a maximum well over 1/2 in magnitude. This rise takes place in an
energy interval which matches the assumed quadrupole resonance width. £6

Factors

os
o(55°) - (1257

(55 +olizsn |

oat WA b

3:0804 0 -0f

24 26 7g
E, (Mev)
‘ossumed location

of
E2 resonance

Fig. 5.5-1: Calculated curves for the expected asymetry of photon yields for
“™Pb according to the simple interference model. The E2 isovector
glant resonance was d to lie at 23 MeV and the magnitude of
the E2 amplitudes was taken to be 1/5 that of the El amplitude.
Various assumptions were made about the phase & (in radians) of

the E2 amplitude with respect to that of the El amplitude.
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curves change their shapes as shown in the fig-
Increased the minima deepen and the maxima grow

differs from zero the expected
ure. If the magnitude of R is
larger.
208,

o ithe e boal ferpactationsifonuk (O nimstue wib hayeyheen stidted n
and their collaborators.’ They have done
_called direct-semi-direct model for nucleon
‘model parameters for the incoming projec-
T he A(0)'s they Find all Tesemble thoseishown in Fig. 5.3-1. Longo and
Saporetti also find that if one includes a third amplitude 1o the E2 isovector
e onsnce eglonsineneiydone) for itha tall of jthe 1scscalft EZ reschires) the
curves tend to lose their negative undershoot below resonance -
e i oo of fpubitiva abiieiahl £ 1 BAEVEAGES o (I T sReCESEE LRSS what
i Loif axcecc yhen.one sqdsfoltheitvo terss dn F(6) an E2 amplitude from a
S & enerdy wnch loyer than the E2° iadvector”energy.)

great detail by Longo and Saporetti
extensive calculations using the so
capture with carefully chosen optical

also investigated how the curves for A(0) are
and parity of the residual state in “ Pb. They
iduals, A(6) resembles the

& seems to grow. The

Longo and Saporetti have
expected to depend on the spin
find that for the very highest

It 1s becauge one can expect such a huge and characteristic effect that

ve have persisted” in trylng to measure
bected counting rates in (n,y) experime
to be quite high.

these asymmetries even though the ex—
nts are very low and the backgrounds tend

The measurements were performed
tandem accelerator at Los Alamos.

of 18 MeV deuterons hitting a 3 cm long gas cell

T the (d,t) reaction despite the higher neutron

the neutron production is five times higher for
£ the neutrons made it mecessary to im-
hielding around the Nal detector system. In the

with the (n,y) detection system at the
e neutrons were produced by a % lua beam

high singles counting rates.

inder of 2%pb with axis perpendicular to the
n axis to minimize neutron and photon attenua—
The attenuation calcu-
Tiofons were checked by observing the 2.6 MeV inelastic scattering line (and in

As expected these inelastic lines showed
from Doppler and attenuation corrections).

The target was a 350 gm cyl.

symnetry fore and aft (aside

use of fast coincidences between the Nal detector and the surround-
it was possible to supplement the normal photopeak

Making
ing (NaI) annular shield,




R —S————————

events with one-escape events, thus doubling the counting rate (to v 2.5 counts/
hour in the v, peak). The beam was pulsed with 400 ns between pulses. Good
events were accepted within a 2.5 ns interval and were corrected for random
events by  using a displaced time gate.

The pulse height spectra P(0) seen at 55° and 125° are plotted in
Fig. 5.5-2 where we have also plotted the asymmetry for these spectra

o« B(55%) = P(1258)

SEP(E5E) I HRB(125T)

It is seen that the spectra cut off crisply beyond the highest photon energy
expected, showing that there is no significant pileup in the measurements

The quantity A plotted in the figure is not the asymmetry A of the earlier
discussion. It is determined from the pulse height spectra whereas A must be
determined from the cross section spectra - i.e., from the spectra after they
have been unfolded with the help of the measured response function for the
detector. It is seen that in the neighborhood of y , the asymmetry. is quite
substantial (and therefore so must Part of Phe observed asymmetry ingA
at energies just below y, must be associated with the tail of the y_ line.

Thus A must have an even sharper dependence on energy than the sharp dependence

%) (n,y)

00} Fig. 5.5-2: The pulse height distri
butions from high energy y's in

the bombardment of “ °Pb with

_ 200] 20 MeV meutrons observed at 55°
0] and 125°. It is necessary to
s correct these raw spectra for
] total beam charge and attenua-
Sk tion in the lead sample. The
e ratio A of the difference to the
S 4 fine shape for o) sum of the corrected spectra is
(239Mev) plotted at the bottom of the
] figure. The plot shows a dra-
£ 20f e macie rise ind at pulse heights
E - eIMev corresponding to % 23 MeV indi-
3 EREIIEr L atos cbanatatta et rons
Bl s E2 resonance. Shown at the top

i of the figure is the line shape

o Gounilnigeaiolas ’1[ of a monochromatic photon Jme
as seen in the detector.

e Ldt necessary to unfold the ubserv€d

o 1;1LLL:I'.'TTL‘LU_LL spectra using this line shape to

% 0005 obtain the asymetry as a fun

hnaniel tion of photon energy instead of

pulse height.




ons we can tentatively say that
he asymmetry lies within an MeV
he Figure that below ~ 21 MeV, the average A falls

to v 0.1 or less, consistent wi
terval.> During the present run we were
step of raising the incident neutron enmergy about
N oRChth the result that'the eiergy y bas entered the F2EeSsoeiih region. We
s schemes for the approximate unfolding of the

be actual photon spectra at 55° and 125°. From
yumetry function A which characterizes the E2

are currently examining variol
pulse height spectra to obtain tl
these we hope to construct the as:
isovector resonance in Lead
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6. MEDIUM ENERGY

6.1 Survey of Continuum Inelastic Scattering with 50 to 100 MeV Positive
Pions

K. Aniol, K. Doss, L. Halpern, J. Julien', M. Khandaker, and D. Storm

We have been engaged in a broad survey of the inelastic scattering of pos-
itive pions between 50 and 100 MeV. The gemeral thrust of our measurements is
to learn about the probabilities of the different possible interactions of pions
with nuclear constituents as the pion passes through nuclear matter. These in-
clude absorption and scattering from neutrons, protons and larger aggregates.
It is our hope that one can deduce a fairly definite picture of the elementary
interaction probabilities as a function of energy by a consistent examination
the full spectral shapes in inelastic of their energy
their dependence on target mass.

of
and

The specific energy range we have investigated was set, at the bottom end,
F.

by the properties of the LEP channel at
the channel pion flux is too low and the background too high to permit the ef
ficient collection of data. The maximum incident energy was set by the proper-
ties of the intrinsic germanium telescope used to detect the scattered pions.
This detector belongs to our collaborators in this measurement, the Carnegie-
Mellon University Intermediate Energy Group.

to positive pions because the stars made by negative pions at the end of their
range make difficult their identification and the determination of their energy
in a telescope.

This past summer we had our last run on this survey (LAMPF Experiment 191)
and we are now busy analyzing and interpreting the extensive collection of data.
The 1980 run was devoted to filling in significant gaps in earlier runs and to
the extension of the earlier measurements to 100 MeV.

The measurements sparined targets from carbon to lead and the angular range
from 40° to 150°. It was not possible to take useful data forward of 40° be-

ca £ the intense muon background from pion decays in flight. Even at 40° it
was necessary to examine, in detail, two-dimensional scatter plots of Particle-
Identification-Signal vs. Energy in order to properly subtract the muon back-
ground. It was not possible to measure outgoing pions with energies below 20
MeV, the low energy cutoff of the telescope. To estimate total inelastic cross-
sections, it was therefore necessary to slightly extrapolate measured spectra
downward in pion energy and to extrapolate angular distributions to 0° and 180°.
The uncertainties of the latter extrapolation are eased substantially by the
sin0 factor in the integration over solid angle.

A plot of our preliminary results for the integrated inelastic cross-
sections as a function of incident pion emergy is shown in Fig. 6.1-1 for four
targets (C, Ca, Sn and Pb). The curves drawn through the data are just to guide
the eye. Among the most significant features of these curves is their slope.

If the curves are compared with locally tangent straight lines, i.e. with curves

9
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Fig. 6.1-1: The dependence of the inte-
grated pion inelastic scattering
Sross-section on target mass number,
A(Cs, Cad, Snx, Pbo). The
curves have been drawn in to guide
the eye. They are reasonably linear
at large A (i.e., do/da=k A") and
have n values close to 0.4.

inelastic cross-section (mb/sr)

moss number, A

of the form ©
all of the incident
The high A behavior is in contrast to that
tions which go very nearly as A" - in this emergy range.

UQA“, the values of n between Ca and Pb are very nearly 1/3 for

energies. (Between C and Ca the slope is close to n = 2/3.)
for the pion absorption cross-sec—

The fact thet ha Alope i dawer.for the scattering then for the abeqrps
tors. One of the main factors comes about

cause low energy positive pions
o he mucleus. If the scattering were equally probable from all nucleons
would expect an integrated scatteri that goes roughly as A .
i s ataust DAL of the scattering is backward for plons in this cnorgy
range. The overall scattering cross-section would then be expected to be some-
. 2 1
ing 14l SN e w oot
thing Like oy ) = u X « 7R = 1/2 ugfu, 7R vhere U, is the absorption coef
fient for inelastic scattering events an
free path, 1/u,, for pion absorption in nuclear matter.
on the reasonable assumption that single scattering dominates over multiple
ceactering.) Since u_ and u, presumably do not depend on nucjear size, the

scattering cross-section in this picture would go simpl:

ng cross-section

4 0X 1s half the density-veighted mean
(This relation is based

y as A°°.

r from protons with strong preference,

owever since positive pions scattel
he other hand, is rela-

B
u_ will be proportional to Z/A. The coefficient L0 on tl
tively insensitive to the mix of neutrons and protons as long as they are
roughly comparable in number. Thus the total positive pion scattering cross-
section should go roughly as Z/A A Now, betveen C and Ca, Z/A remains very
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close to 1/2. One therefore expects the total scattering in this reglon to go
as A”'> as it apparently does (Fig. 6.1-1). Between Ca and Pb on the other hand
2/A behaves more like a constant times A U'Y. This reduces the expected slope
to close to A””. Other factors that play a role in further reducing the ex-
ponent to the measured value include (1) the effect on the incident trajectories
of the Coulomb field and (2) the larger ratio of mean free path to nuclear rad-
ius for smaller nuclei than for larger ones.

According to this picture the total inelastic cross-section for 7 scat-
tering would have an exponent n at least 0.30 larger than that for m+ scattering.
It wo:ld be of interest to carry out a m survey comparable to the present one
for t.

In order to study in detail the sensitivity of the spectra, angular dis-
tributions etc. in the inelastic scattering to the rates of the elementar:
interaction processes, we have undertaken a program of Monte Carlo calculations
in which many individual pions are followed through a nucleus until they emerge
or are absorbed. We are not far enough along with this program to comment ser-
iously on spectra and angular distributions. We can say however that the shapes
of the curves in Fig. 6.1-1 are well reproduced by the calculations. These
shapes are not very sensitive to the values of assumed interaction parameters
nor to the exact shape of the assumed nuclear matter distribution. This is
what one might expect on the basis of our earlier rough account of the shape of
these curves.

+ Permanent address: CEA Saclay, Gif-sur-Yvette, France

6.2 Devel ¢ of for Studying Giant Monopole with Pions'

K. G. R. Doss, M. Khandaker, I. Halpern, and D. W. Storm

The observation of the Giant Isoscalar Mogopole excitation with inelastical
1y scattered alpha particles has been reported.” It is difficult in alpha parti-

pions. Since pions are 28 times lighter than alpha particles, it is possible
that the excitation of the giant monopole resonance may be cleaner. In particu-
lar, with alpha particles of 120 MeV, the momentum transfer at 0° for 15 MeV

excitation is about .35 F , so excitation of multipoles of L less than 3 for

heavy nuclei is not suppressed. With 67 MeV pions, however, the momentum trans—
fer at 0° is less than 0.1 F ~, while at 10° it is 0.15 F °, so one would expect
L-1 excitations to become important (for lead) only beyond about 10°. Thus if it
were possible to measure inelastic pion scattering cross sections at 10° and for-
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sonance relatively free
excitation due to quasi-
low at forward angles.
dies of inelastic scattering at larger
-nucleon cross section is backward
y Pauli blocking.

ward, one might expect to observe the glant monopole e
from contributions of higher multipoles. Furthermore,
eluatic seattering of pions is expected to be relatively

angles, and is expected bel
peaked, and because forwar
Distorted wave Bovn approximation calculations support the view ue hove Just
argued that the monopole might forvard angles. (See Fig. 6.2-1.)
The main competition to the is he giant dipole
indicate that the dipole cross s

excitation,

3 not much is known about the best parameterization

we have used the free pion-nucleon parame-
The DWBA calculations

especially for the dipole
us potential is involved, an
for this part. In our calculations,
tors in a Kisslinger model for the isovector ptoential.
are discussed in more detail in David Chiang's thesis.
£ the Los Alamos Laboratory, we carried out
) in order to develop
The main problem

attering around 10°.

test, we determined that the counte:
intense flux, but that the muon events

Predicted differential cross

Fig. 6.2-1:
for excitation of Giant

2 | Wonooote sections
s Monopole and Giant Dipole resonances,
3 using fitted parameters for all but
5 the Lsovector excitation, as des-
o e cribed in Ref. 2.
- “
s %o, 67 v |




tain a reasonable computer trigger rate. The muons at the focal plane of the
spectrometer are fairly well localized by energy, so it is possible to differen-
tiate between muons and pions by range, although it is necessary to use an ab-
sorber whose thickness varies with position along the focal plane. By installing
and adjusting such an absorber, it was possible to veto from 95 to 98% of al
muons, while losing only about 10% of the pions. The rate of non-vetoed muons
was then comparable to the pion rate, and they could be identified by computing

the mass associated with the measured time of flight from the spectrometer en-
trance and particle trajectory.

When the muons were satisfactorily eliminated, it became possible to study
the pion spectra at forward angles.

We found a large background resulting from
degraded elastically scattered pions. It appears that about 0.2% of the £lux of
elastically scattered pions which enter the spectrometer is degraded by hitting

flanges or walls of the vacuum system in the quadrupole triplet at the entrance
to the spectrometer. Because of the focusing in the quadrupole, combined with
multiple scattering in the timing scintillation counter immediately after the
triplet, it is impossible to project the trajectories backward to the site of the
scattering in the quadrupoles. Thus it will be necessary to use veto counters at
the flanges to eliminate this background. Since the 10° elastic scattering cross
section is around 20 barns/sr (for lead) whereas the giant monopole resonance
cross section is expected to be only about 1 mb/sr, a reduction of this back-
ground by about two orders of magnitude will be required.

1though measurements at 10° are not possible with the present setup of
EPICS, we were able to demonstrate the feasibility of measurements on C and Pb at
20°. We plan to continue these studies in the summer, in order to determine how
large the dipole excitation really is at forward angles and to extend the range
of our previous inmelastic scattering studies on the LEP channel to the more for-
ward angles already available at EPICS.

References
* In this experiment we are collaborating with the med:
Carnegie-Mellon University and with Dr. J. Amann of
1.k blood, Topical on Giant Multipole Oak
Ridge, TN, F. E. Bertrand, ed., Harwood Acad. Pub., 1980, p. 113.
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7. HEAVY TON REACTIONS

0 4 Eherayopepenténcatosidfe # 285, pysion Cross Reactions by Gamma Ray
Measurement

A, Lagzarind, K.,Lesko, D.-K. Lock, and R. Vandenbosch

e detetatad the energy dependence of the fusion cross sectlon for
major fusion products as

Ve

1

the e+ 851 reaction by summing the yields of the
wasurements. Although this method does

determined by in-beam gamma-ray yield m

e iove s high an absolute accuracy as does the method of direct observation
it is a more efficient way of studying

Ve were particularly

e e nec 17 e fuston cross section exhibits structue siuflar £o that
hrorecd at back angles in the elastic and inelastic chamels.”’

851 evaporated onto a thick Ta
re electrically connected but
A 50 ce Ge(Li) detector

The target consisted of 100 ygfen? of 2 back-

ing. The target and small scattering chamber we

differences between these cross
The absolute yields are

ties due to target uniformity, beam focusing, etc.
Table 7.1-1

Strong y-Transitions Observed in the lzC + 2551 Reaction

Nucleus Transitions (3,"-3,") E (keV)
ey @+ 3h 2230
gy @ > 3 2ues

/2" + 312 1763
/2" » 312" 2646

3501
351 (1127 » 3124 3163
3ar @ > 0" 2168

35 @t o a2

3p 312" > 1/2%) 1266
35, szt > 324 1ss
ar @12 » 312 1611
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believed to be good to only 20% due to uncertainties in the target thickness and

to missed yield to products whose cross section could not be measured (e.g. -USi,
S). A considerable uncertainty also arises from the integration of the >

line, which is not well resolved from other structures.

the sequential series of measurements are believed to have a precision of 3-5%.

No evidence for structure correlated with that in other channels is observed.

n order to estimate the yield to unobserved channels, we have performed
evaporation calculations and compared the resulting individual product yields
with our experimental observations. We have used two evaporation codes, LPACE
and LILITA." We find that the evaporation calculations have a consisgent tenden-
¢y to overestimate the yields of channels involving a emission, e.g. 'S

, as
compared to channels involving nucleon emission, e.g. SCAr. The results of a

calculation with LPACE using its standard parameter set are compared with exper-
iment in Fig. 7.1-2.

We have made a number of attempts to improve the fits by
changing various parameters. Ve first tried using a different optical potential
for alpha emission, as these channels were poorly predicted. We tried several
potentials from Chang, et al.” Some channel yields improved but others deterio-
rated and the overall improvement was modest. We tried lowering the yrast line
by changing the r_ parameter in the moment of inertia expression from 1.225 to
to 4 MeV since this
ert and Cameron level
None of these changes gave

-4 fm. We also tried adding the known levels of “CAr up
channel was poorly predicted. We tried replacing the Gilb
density parameters with those of Dilg, et al. dra-
atic to the fits. Calculations with the LILITA code with various
level density parameter sets also failed to give a consistently significant im-
provement to the fit. We conclude that it is not possible to use evaporation

alculations to make quantitative predictions of individual product yields in
this mass region.
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Residue Fusion Cross Sections

H. Doubre”, A. Lazzarini, K. Lesko, D. Leach, A. Seamster, and

R. Vandenbosch

e are continuing our investigation in the 2C + 2851 system this year.
Our original interest in this system was stimulated by the observation of struc-
ture in the elastic and inelastic cross sections for this system,' > whereas
presently the heaviest system to exhibit structure in the fusion excitation func-
tion is the 70 + "°0 system. The statistics in our original measurement
inadequate to resolve the structure suggested by the elastic crgss sections. An
additional was the Of a geport” that the fusion
cross sections were anomalously low for this system. A -°C target was bombarded
with a “'si beam. The evaporation residues were observed in a position sensitive
8as AE-solid state E telescope. The AE detector was masked with four vertical
slits, subtending = 0.32° and separated from the next by = 0.85° in tl
tory.

The data were recorded on magnetic tape in event mode by the PDP 11/60 computer,
and later analyzed off-line on the VAX 11/780.
the four angles and the subsequent AE-E scatter plots were gated to extract the
elastic and evaporation residue yields for each angle and beam energy.

were

At each of nine energies chosen to correspond with maxima or minima of the
elastic cross sections, 22 point angular distributions wer

The angular distributions were integrated and the results are shown in
Fig. 7.2-1. The errors indicated are the sum of statistical errors and errors
introduced by the integration. Also included in the figure are the results of
several calculations.

B Tl ot e
ol :
t s Fig. 7.2-1: Evaporation residue
[ 3 fusion excitation function.
3 GRS U Data are shown with stat-
gl B il istical and integration
g \\ errors. The results of
)00 2 clossical rajectory SSveraD nodelstars show
s s (see discussion in the text):
A + this measurement
s 2 Jordan, et .
[a ]
o bt et )
20 25 30
Ecp (MeV)
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code® obtained last year, we have ob-
tained both the differential and integra tions for the evaporation
d agreement with the differential cross

Using the Monte Carlo evaporation
These calculations are in goo:
4 with the exception that they over-predict
which results in a shoulder on the pre=
to reapportion the alpha emission

residues.
sections for all energies measure
alpha emission from the compound nucleus,
dicted differential cross sections. Attempts
strength into the other channels (proton,

e dion) vere oliccessgul My rauseing Ebie ‘sBoul dex Fromifie differential
lowered the differentia

of the calculations.
esults of a classical trajectory model incorporating nuclear proximity
potential and one-body promimity friction are shoun 1% the figure.’ The Bass
Podel predictions, which are obtained from the Monte Carlo code, also show qual-
Ytative agreement with the experimental results.

While all the models agree qualitatively with the measured excitation func- |
t1on, and the classical trajectory model is in good sgreesent with the data,
Chore 5¢411 exists some structure in the excitation function which is not repro=
dyced by the R de1s. A monresonant interpretation of the inelastic scattering of
12; 4 285y yas supported by another measuremen The evaporation res-
idue cross sections obtained from tl ment do not have structure of great
enough regularity or magnitude to support a
Tute magnitude of gur cross sections are considerably levger than t
B s IS et ShTax1y| b7 Low energies i Tuelaip! we chserys
Veoms to correlate, however, with a dip observed in the previous measurement.

The

at = 26 MeV
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7.3 A Search for Non-Fusion in the *° + %0 system

B
A. lazzarini, H. Doubre’, K. Lesko, V. Metag", A. Seamster, and
R. Vandenbosch

Ve have studied the *%0 + 20 system at =34 MeV to determine whether
the fusion L-windoy predicted by tine dependent Harcree-Fock calculations '’ ex-
ists. At E =34 MeV Koonin and Flanders” have calculated that the partial
waves 1=0-6 0 not lead to the formation of a compound nucleus, Instead the two
heavy ions separate with a kinetic energy determined by their Coulomb barrier.
Unlike symetric fission, the - dis[rihution does mot increase towards
s angles. if such a process
Ghes Lecticmn e SUiRE E St artifact of the model or
of the approximations used therein. Several attempts to infer the presence of &
fusion L-window from the behavior of the enefgy dependence of the fusion-evapora-
tion cross section have not been conclusive. The magnitude of the effect for
the %0 +

0 system is predicted to be 132 mb - an effect that should be direct-
1y, if not easily, observable

We have scanned a large portion (roughly 30-40%) of the entire phase space
(a]] angles and Q-values) available to the O + O exit channel, centered at 90°
is covers the domain where the contribution to deep inelastic scat-
o tng xR e expected to be focused.
presents the Wilczynski plot for the system.

o
the reaction, V, is the Coulomb barrier for the '

in

Fig. 7.3-1
energy for
0 + 10, and the 'X' marks in-
dicate the TDHF trajectory for the non-fusing low partial waves. Our data in-
dicate that the bulk of the two body final state is dominated by inelastic scat-
tering via single and double excitation of the (0%,37) and (2%,17) doublets at
6.1 and 7 MeV in *°0. The single excitation has a yield of 35.9 mb and the
double excitation contributes 19.8 mb; the elastic scattering cross section over
its limited range is 4.6 mb. By comparison the total inelastic yield for
Q < -15.0 MeV is only 5.9 mb.

Fig. 7.3-2a presents the angle-integrated yield
of the Wilczinski plot while Fig. 7.3-2b presents angular distributions for the

most deeply inelastic events. The observation of such a small inelastic cross
section for the Q-value range predicted for the deep imelastic scattering follow-
ing non-fusion is significantly different from the theoretical expectations of
132 mb. We have looked very briefly at transfer channels which might be expected

to compete with the 0 + 0 final state for the non-fusion cross section and vhich

cause of the mean field approxima-
R e S e S e
deep inelastic yield over several two body final states can account for 132 mb
of cross section. It is also improbable that the missing cross section lies at
angles forvard of © £ this vere the case the differential cross sec-
tion would have to increase by a large factor (: 500-1000) in the range not ex-
perimentally observed. Another possibility is that a dispersion in the parti-
tion of excitation between the two oxygen ions would affect the two-body yield
since then it becomes increasingly more probable that ome of the ions a-decays
in flight. TDHF calculations themselves predict a negligible and unreasonably
small dispersion. Independent estimates for the dispersion using level density
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Fig. 7.3-2: Projections of Wilczynski plot for (a) angle integrated yield for
211 Qvalues and (b) differential cross section for selected Q-
windovs.
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argunents indicate that for -Q = 18 MeV, <E > = 9+4.5 MeV. Although not negligi-
ble, the effect still allows for = 27 mb of cross section to appear in the

0 final state. We see only a small fraction of even this lower estimate.
Our data are consistent with a lower L-value cutoff to fusion of L < 2.

ing the time of our work several authors have indicated>’* that certain
refinenents to TDHF approximations can suppress the probability of non-fusion for

head-on collisions. Our work supports these never results
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7.4 A Search for Quasi-Molecular E2 Transitions in the '2c + 12¢ System

+
V. Metag , A. Lazzarini, K. Lesko and R. Vandenbosch

The observation of energy dependent structure in elastic and inelastic
scattering as well as various reaction chammels in the '2C + 1%C system has been
interpreted with two opposing hypotheses. The structures are explaimed in a
simple direct reaction model as arising from the dominance of the grazing par-
tial waves; in other models, they are attributed to the population of quasi-
molecular configuratigns corresponding to strongly deformed rotational states in

=3
the composite system 'Mg.’

A crucial test for the latter explanation would be the observation of col-
lective y-transitions between two quasibound states of the 24
The absolute value of the radiative width will be determined by the quadrupole
moment of the dinuclear system. Even with the expected enhancement for a strong-
1y deformed configuration (= 150 W.u.), the branching ratio for gamma decay to
charged particle decay of the resonances is estimated to be only on the order of

2470077
= 25.2 MeV, at which energy has been

The experiment was performed at E
“Ti# member of the quastmolecular band

reported the presence of the postulated
- 39 MeV). Fig. 7.4-1 presents a schematic of the experimental
x

in ““ug




10"x 10" NaJ

Pig. 7.4-1: Experiment arrangement for
1204 12, 204 Yo v,

C-targét BEEXY
telescope
30°- 5

configuration.

A collective E2 transition of y-Tay energ
the lower lyisg 12" member-of the sase band (E_ « 33 MeV) would be experimental
evidence for the presence of suck’a rotational band dn’ Mg (sse Fig. 7.4-2).
te Gaetos for-auilianTavant (E+.C + ¥)LEtERpCEeN by ne 627 WeV; 1f Lhe eubs
X

sequently populated 12° state vere to decay via the ~°C+ 12 (4543 vey) chan-
nel, then the total Q-value would be = 10.43 MeV; similarly the “C' +
final state would havg 3 Q-valye of = 14.86 NeV. 1In three separate experiments
& CotalloE 105 % 100 120 + 1 + y tripl8 Eotpclibies vee accumilaced.  Most
othe coincidences obsefyed came fron the single and double exciration of the

3F otate at 4,43 MeV in 12C. Events of interest are expected to lie within the
 eiions maxked T, 11, and TiL'in Fig. 7.4-3 depending on the excitations of the
120 nuclet in the final state.

We find no events within these regions.
that occur with E_x 7-9 MeV and -Q = 12.7 and

y = 6-7 MeV, populating

1y

Events
12.1 are observed both on reso-

nance (E_  =25.2) and equally as strongly in a run performed off resonance at
B o q2lleV. yaartcioare these events to y decays of the 1

in C via the 2

state at 12.7 MeV
g
MeV also decays w:

state at4.43 MeV to the ground state; the O  state at 7.65
ith a small probability via a y cascade of 3.21 and 4.43 MeV.

he simultaneous excitation of the 4.43 MeV
state in one nucleus and the ; detection of 2 of the

3 wayé prodicedxtinis TeaibicniaLotall yray ‘enerEy 0f 759 MeV, The icluster f
3 12,12 11,(%),13,(%)

of events near —Q » 15 MeV arises from the ~C("C,"C °) "C

yield at this Q value in

traints placed on events

reaction. The
Fig. 7.4-3 is suppressed because of the kinematic con-
that appear in this plot.

our observation of
(141 event) allows us to
this systen,

yetemy
(TP

tot:

no events identifiable as quasi-molecular y decays
place an upper limit on the y-decay branching ratio for
We obtain, at the level of three standard deviations, a value
7 %107,

——
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204120, 20,120 120% 1208

separation distance

Fig. 7.4-2: Schematic representation of an electric quadrupole transition in
the quasimolecular configuration.

Strutinsky-type calculations by Chandra and Mosel’ have predicted a quad-
xupole moment of 1.8 b (to be compared with 0.64 b for,the ground state) for
the molecular configuration of two touching spheroidal 12C nuclei, This is in
800d agreement from estinates which can be made from experimentally determined
spacings betveen the ‘2 + ¢ resonances. The resonance width from the {nter-
mediate structure is I ': 300 keV. From this information one estimates a
B(E2, 1+1-2)=2.3x10>. Our upper limit quoted above is three times smaller than
this expected value. The gpsunptions made in this calculation should hold if
quasi-molecular states in Mg do indeed exist.

Blair and Sherif® have recently calculated the yield of E2 muclear
brensstrahlung emitted in the collision of two 120 nuclei with angular momenta
L =14t in the entrance channel and L = 12 h in the exit channel, They ealcu
late a branching ratio for the production of y-rays to elastic scatterisg at
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o om,=90° of 1 x 107 for y-rays of energy 6:1 MeV. Ve see our present experi-
mental upper limit is consistent with this direct reaction mechanism associated
with the shape resonances of the ion-ion potential.
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7.5 Resonant in Heavy Ton

. S. Blair and H. Sherif

1, Spurred by the experiment searching for y-rays from a quasi-molecular

© + 1% systen (see Sec. 7.4 of this report), we have set wp a cajculation of
the quadrupol produced by the acceleration of the 12C ions in
their spherically symetric nuclear and Coulomb potentials.

It is familiar that many of the "resonant” phenomena observed in heavy
fon reactions have been described in terms of direct interaction theorics. Fo
cxample, the gross structue in the enersy dependence of total inelastic cross

4 160 collisions has been duplicated by calculations making use

3

sections in 100 +
of the Austern-Blair approximation.’ Crucial for the appearance of "resonant"
structure in a direct interaction description is the large role assumed by the
grazing angular momenta and by the relatively small absorption in such partial
waves.

Thus, while the prinary motivation for the 2
been the hope that quasi-molecular states in ‘Mg would thereby be revealed, it
has also seemed worthwhile to investigate the alternative direct interaction de-

1

scription. The formulation of a quant;
is straight-forvard;’ the angular momentum structure of the reaction amplitudes
is the same as that found in DWBA calculations of inelastic scattering and thus
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much of the requized computer code could be "lifted" from the DRBA progran

"HELMY'

An obvious point of concern has ben the radial dependence of the quadru-
pole moment operator, proportional to T ¥® (§)*. Clearly, matrix elements of
this operator bebueed continuun vave Tunctlons are ot well behaved. Fortunste~
19, through repeatad commtation of v with the raiisl Hamiltonies, tte radial
cperator! vas transforned into s ssries of terms which fell off at lsge ¥ ot

We are still concerned about the numerical reliability
ng with energies, fu, less than 4 MeV, but
for ho > 4 MeV, which is the

least as fast as T .
of our calculations for bremsstrahlu:
the calculations do appear reasonably stable
range of present experimental interest.
peen performed using the "Reilly" poten-
potential which enjoys only modest success |
in matching the gross energy dependence of elastic and inelastic’ scattering.
The calculoted bremsstrahlung cross sections do display some resonant features: |
For an incident emergy, .725-2 HeV, there is a pronounced peak in the

bremsatzahlung cross sectis averaged over final B . between 707 and 110° at
ho = 7 MeV vhose width (EWEM) v 3-4 MeVs vhen E . is lowered to 23.2 MeV,
this peak also shifts down by about 2 MeV. Inspection of the radial integrals
indicates that the emhancement is primarily due to the transition between the
grazing particle wave in the entrance channel, & 14, and the grazing partial
wave in the exit channmel, 2” = 12

4ALL computations to date have
tial,” a shallow, weakly absorbing

Similarly, there is a peak in the angular average:
section at 4w = 6 MeV for an incident energy, E_ , =19
buted to the enhancement of the transition between the grazing &

% =10, partial wavess <At 'GSE ‘resopence” energles what structure in the brems-
etrahlung cross section that does appear seems less pronounced and rather washed

d bremsstrahlung cross
42, This is attri-

But although the caleulated cross sections do exhibit resonant behavior,
theix magnitudes are small. Even at pesks in the bremsstrahlung spectra, che

e meotnc angle-averaged bremsstrahlung cross section, integrated over final
tion, angle-averaged over the same

bremsstrahlung.
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7.6

Search for High Spin States in >2S Using an Alpha Transfer Reaction

S. Gil, M. Hindi, A. Lazzarini, K. Lesko, D.-K. Lock, and R. Vandenbosch

The location of high spin states in the s-d shell nuclei is of interest
for a variety of reasons. Of particular interest to us is the determination of
the yrast line. It is needed in order to understand the angular momentum limit-
ations imposed on the fusion cross sections of light nuclei at emergies above
the Coulomb barrier. The yrast line is also of importance regarding possible

explanations for the nature of postulated quasi-molecular st:

in these nuclei. These high spin states in s-d shell nuclei are also important

for testing several theoretical models such as the shell, cluster and rotation-
al models.

ates or resonances

Expcnmen(zl)y‘ very few states of spin highex than J=4 are known in this
mass region. This is particularly true for > States with spin greater
Chanil~ 4€/Gce ‘WRGA11 9 labovs, t1ie (paveicLa raatsgion Shmdatiogs o these light
systems, making them difficult to observe electromagnetically. Although =S is
a midshell nucleus, its low-lying states exhibit vibrational rather than rota-
tional character. Predictions ~ for yrast states in S are presented in
Table 7.6-1.

able 7.6~ 32
Predictions of the Excitation Energies (in MeV) for the Yrast Line in

s
s + + + + #  Threshold for
o G Z‘ 2 S po part. emission
Source a

Goerke et al.! A e R LT T

Schmid et al,? R e a5 )

Arima et al.3 (2.23) (4.46) 7.0 10.0 12.5

experimental®>S 2.0 4.46

The experimental method we chose for beginning this study was to use the
855 (160, 120y 32

Hevl 3t 260 . ravibua btidiasiot thil!Eranaentsiacctininl it
d shell have shown a

4 s reaction to populate high spin states in the region E_ = 6-12
reglon of the
high degree of selectivity for populating states of high

spin le-y coincidences were measured using an E-AE solid state tele-
scope with both a Ge(Li) and a NaI(T1) y-ray detector. In this manner, it was
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possible to correlate reaction Q@
ions detected in the telescope, with y-
could, in principle, be determined.

_value as deternined by the energy of the %
ray energy, from which the decay scheme

hices experingscal cins vere performed. 'The earlier runsivers surveys £o |
deternine optinal operating conditions for the experiment (i.e. angles,
energy, geometry and rates). It vas dete;

vere the most favorable conditions.
subsequent off-line analysis.

beam
rmined that Eq =65 MeV and O =20

Data were event-mode-recorded on tape for

‘The, particle enargy Tesolutionisutfered {fron pooz-detector pertarnands. |
Nevertheless, the coincidence Y-

ray spectrun has been very useful in determin-—
ing our results. Preliminary indications are thaf ve see a strong enhancement
of the a transfer to the 37 state at 5.0 MeV in °7S. However, the bulk of the
transfer yield occurs at energies in > between 5 and 16 MeV of excitation.

Surprisingly, we have not seen any evidence for an enhancement of transfer to
higher spin states. A more careful smalysis must be performed, howev

er. Fur-
thermore, we are consids

ering other possible reactions with which the 22

s 1s a more attrgctive systen in some vay
rays de-exciting the first 2 and 4
happen to coincide in energy in ~S-

'S system
s because the gamma
states differ in emergy, whereas they

can be studied.
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il M&

D. H. Dowell, M. . A. Snover

In a recent publication Hindi et al 1 guggested the extgtence of a new
rotational Hatd dn 2N which has ‘a large component)of _TC =
&

Be cluster struc-
ure. The band was based on three states

(see Table 7.7-1) all of which have
very small reduced widths for decay to &% 0g.5.0 while they have large
reducedswidth for a-decay [to 4p-4h states in, "0-and/or to the
The moment of inertia of this K" =
rotational bands in °
inertia o

c_+ Be

A g.5. g.5.

} band is the largest of all the

200, and is approximately equal to the classical moment of
- 2

¢ two touching spheres with the masses and radii of

channel.

¢ and ®Be. The
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proposed K Og band would serve as a gauge for new extended cluster model ;alcu-

Jgtiops” apd as a Link hecueenﬁhe simple a cluster bands in light nuclei (‘se,
€, 770, “Ne) and the ““c - **c quasi-molecular bands® in Zixg.

To put the proposed K"=0; band on a firmer experinental basis, hovever,
appropriate 2* and 4* members will have to be found. These are expected to be
at : 12.7 and 13.9 MevV, respectively. We have conducted a preliminary experi-
ment to search for o decays of the known states at 12.84 MeV and 13.343 MeV to
the 6.05 NeV(0") and 6.92 eV(*) 4p-4h states 1n 100, The 4% (13.343 Hew)
state in NE(T 0+5 keV) has a reduced width’ for decay to the a + U
changel of 0. 003, "and hence vas a likely candidate for the 4* member of the®
K 06 band; the spin of the state at 12.84 MeV (69
if its spin were Z

=55 keV) is not known, but
it would have a maximum reduced width to o + 60 of

0.011, which is also small and would make it a likely candidate for the 2" mem-
ber. If these two states had reduced widths of order unity for decay to the

6.05 MeV(0") and 6.92 MeV(2") 4p-th states of 260 (which should be the case for
e sought-atter Bp—4h states) then they would have branching ratios of - 1
to %0(6.95 Mev) and 9% to L0(s. 92 Mev) for the “e(13. 343 vev, %) st
= 20% to 0(6.05 MeV) and 0.5% to ~"0(6.92 MeV) for the -Ne[12.83, (2)]
state. Hence the decay of both states to the 6.05 MeV(0") level should be

readily observable, and in addition the decay of the 13.343 MeV state to the
6.92 MeV level should also be observable.

tate, and

With the above branches in mind we sought to measure the excitation func-
tion of gamma rays from the “"0(a,a’y) reaction. A relatively thin & 16 keV at
10.8 MeV) Ta,O; target was bombarded with an o beam from the University of

table 7.7-1
Experimental Properties of States

Belonging <o. the Proposed K'~G! Band £ e ©7P

I By T (keV) o o? o?
M e g Wl LY

o 12.436 23.2 0.0033 0.5

6" 15.159 60 <Bx10~4 05 0.91
8 18.538 125 0.0029

0308, 10222 e 136
bata taken from Hindi, et al.l and references therein.
PThe reduced width for a level A to a chamnel c was calculated as

o ],
(kR )+, 2k 7 )
evaluated at R=5.134 fn for the a + 16
1z

C + “Be channel.

0 channel and R=6.005 fm for the




The 10 4n. x 10 in. Nal spectrometer was
4 to observe the 6-7 MeV y-rays from
d at = 17 cm and 90° and was

the annihilation of positrons
A cylindrical
anni-

Washington FN-tandem accelerator.
‘)’éaced at 48 cm and © = 135° and was use«

0, while a 5 in. X 6 in. Nal detector was place
used to observe the 511 keV y-rays produced from
y of the 6.05 MeV(0Y) state of 0.

associated with the pair deca
ounded the target ladder to imsure the

sleeve of 1.91 cm thick lucite surk
hilation of positrons near the target.

y of half-life 2.50 minutes,
p, the phosphorus being formed
raction of the beam halo with the

The 511 keV y-rays showed a delayed activit:
which most prnhab]g comes from the § decay of
from the 2/Al(a,n)CP reaction due to the inte
i vty el S R e walls of the tar-
get chamber. Since the delayed activity consituted = 20-30% of the prompt
Yield of 511 keV y-rays, the interpretation 'of that yield was very difficult
J:d was not pursued any further in this preliminary experiment .

MeV(3™) and 6.92 MeV(2") states of 169
nd 7.7-2. For the 13.343 MeV
(taking into accougt. the

The yields of y-rays from the 6.13
at the two resonances are shown in Figs. 7.7-1 at
extracted from the data

.
(&%) state the ratio Tgy/Tap
two y-rays) was less than 2 x 10 ~.

different angular distributions of the
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Fig. 7.7-1: Relative yields of 6.13 Fig. 7.7-2: Relative yields of 6.13
MeV y-rays (upper panel) and 6.92 MeV y-rays (upper pamel) and 6.92
MeV y-rays (lower panel) in the MeV y-rays (lover panel) in the
vicinity of the E =13.343 MeV virénizy of the E =12.84 MeV state

in “ONe.

(") state in “He.




Using the value T,=6:3 kev® an il o 0T e e ol i
duced width of the 13.343 HEV(5 ) state for a-decay to the 6.92 MEV(Z ) 4p=4h
state in 0,1 Hence unless the reduced width of the 13.343 MeV state for a-
decay to the 100(6.05 Mev,0%) 4p-4h state is = 2 orders of magnitude larger
than the above reduced width for decay to the 6.92 HEV(Z ) state, which is un-
likely since the 6.05 MeV and 6.92 MeV states are members of the same 4p-4h
band in 0 and hence have the same intrinsic structure, the above result would
indicate that the 13,343 MeV(4") state is not the sought-after 4" member of the
K'=0¢ 8p-4h band in “Ne.

cursory inspection of the angular distribution of the 6.13 MeV y-rays at
the E =12.84 MeV resonance was made and was found to be consistent with that
aatel e tniaial Sauonaiteel MHWVeE Behserintomaoribe, uniquely determined
from the singles angula! distribution.

We are currently planning a more systematic search for low spin 8p-4h
states in the excitation region 12.5 - 14.5 MeV and a measurement of o-y angu-
lar correlations to get rid of delayed activities and to determine the spins
uniquely.
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