


Nuclear Physics Laboratory
University of Washington
April, 1984

Supported in part by the United States Department of Energy
under contract DE-ACO6-81ER40048




This report was prepared as an account of work sponsored in part by the
United States Government. Neither the Unitea States nor the United States
Department of Energy, nor any of their employees, makes any warranty,
express or implied, or assumes any laqal habllxty or responsibility for the
accuracy, or apparatus, product
or process disclosed, or !epreuentu G would not infringe
privately-owned rights.




INTRODUCTION

This Report summarizes all work during the year ending in April, 1984
done in the Nuclear Physics Laboratory or by our staff at other research

sources.

The big news this year is certainly the start of the booster LINAC
project. Money began to flow late in 1983. In April, 1984, after a little
suspense, our low-f prototype resonator was successfully tested at Stony Brook
ngmumg the start of full-scale production for the low-f portion of the

Construction noise, concrete dust and new staff members are
incnallnqu in evidence as production deadlines begin to loom on the
horizor

The saga of the new polarized ion source has entered another chapter
with receipt of existing hardware from Auckland in October. This followed
efforts over the summer, first to negotiate a new contract with ANAC (in
receivership), and when that failed, to legally secure our property and ship
it to Seattle. Remaining construction and assembly are now well underway.

In the field of nuclear astrophysics we note that recent measurements
as
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decays in order to test new shell-model codes which employ much larger bases
for calculation. When the accuracy of the calculation is not dominated by use
of a restricted basis, such decays provide very sensitive tests of the charge-
dependent interaction.

We have greatly expanded our program to understand giant dipole
resonances built on excited nuclear states (e.s.—GDR). We have confirmed in
detail in (p,y) reactions the simple one-step semidirect GDR excitation

oOur statistical GOR decay studies of C + C and C + O provide new information

und nuclear isospin mixing in light nuclei. Some of our statistical
studies in the mass-60 region have revealed a new puzzle-namely, that the
average e.s.—GDR decay strength required is only a fraction of the classical
dipole sum rule. And, we are very excited to observe splitting of the e.s
GDR in alpha plus samarium, providing indication of the persistence of nuclear
deformation at elevated temperature.

We have initiated a new program to look for isovector quadrupole and
higher multipolarity giant resonances with the (y,n) reaction. This
complements our previous (n,y) work and offers a particularly ClAa_n way to
observe the collective free of masking ects.




Development work continues on hardware for the “‘N nuclear parity mizig
experiment. This experiment is sensitive to AT=0 mixing between I=1, O

O levels in ‘N near E_ = 8.7 MeV. The longitudinal analyzing power A fot
glastic proton scatteridy is measured over the narrow 0° level. To dat¥ the

line hardware and electronic sSystems are complete.  Systematic
asyvlnetries with unpolarized beam are less than a statistical upper limit of
8 x 1 continuing to study systematice ine our beam

stabilization system while awaiting installation of the new polarized ion
source.

A new solenoid for the hydrogen atom parity experiment has required very
accurate physical measurements and careful assembly this year to insure our
required 1/10° field homogeneity. The new magnet plus better vacuum and gold—
plated rf cavities should, we expect, bring our systematic errors down by a
factor of 100.

It is generally accepted that inelastic pion scattering from nuclei
proceeds mainly via single em«:terlnq from constituent nucleons. In order to
study the from free caused by the nuclear
mediun we have compared spectra for the four lightest target nuclef and find
that, even in the simplest composite systems, there are some fairly
complicated medium effects.

LA new NMR-controlled isotope switching system has allowed us to measure
AnebdicRaistrinition scioes v single Sitka spruce tree ring and show a
definite with the *‘c abundance history of that year,
1963, when nuclear weapons testing was at its peak.

One of our biggest outside user programs was terminated in February.
The Fast Neutron Radiotherapy Program has moved to its own quarters in the
University Medical Center and is preparing to begin patient therapy with its

out this year has been a study of cosmic-ray induced integrated circuit bit
errors simulated by charge deposition by fast heavy ions passing through
integrated circuits.

ata acquisition and analysis systems continue to proliferate in
greed s flexibility, both because of creative in-house hardware and software
development and also Of extensive software exchange with other




thanks to ‘hardware tibility.

we close this xntxnduction with a reminder that the articles in this
report describe work in are not to be regarded as publications or
quoted without permission o the investigators. In each article the names of
the investigators have been listed 11y, but where the
names of those primarily responsible for the report have been underlined.

always, we welcome applications from outsiders for the use of our
facilities. As a convenient reference for potential users, the table on the
following page lists the vital statistics of our accelerators. For further
information please write or telephone Dr. W.G. Weitkamp, Technical Director,
Nuclear Physics of Seattle, WA 98195; (206)
543-4080

The editors are gr-teful to Barbara Fulton for keeping this project
together in the face of many new demands, and to Maria Ramirez who, among many
other things, made sure the ﬂgum figured.

Ollfgpns (i

Thomas A. Trainor
scientific Editor

William G. Weitkamp
Technical Editor
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ASTROPHYSICS AND COSMOLOGY

1.1  Alpha-particle Cross Sections Relevant to Gamma-Ray Astronomy

D. Bodansky, P. Dyer,” D.D. Leach, E.B. Norman, and A.G. Seamster

The analysis of gamma-ray production cross gections for alpha-particle
7 *2c, **, ana *°0) is nearing completion.
C is found to exceed 200 mb for incident emergies from E, = 10 Mev to the
energy studied, z = 27 Mev, and exceeds 400 mb at some points. These
cross sections are scmevist =t than those for producing the 4.44-MeV line
in (p,p') reactions on similarly the cross sections for the production
Of the 1.63-MeV and 2. e (a,a') reactions on ‘N slightly exceed
those for the corresponding (p,p') lines.

The analysis of the cross, sectigns for, alp'hu guncu induced reactions
on heavier abundant nuclei (*°Ne *ug, Pe) has been
completed

References

*  Los Alamos National Laboratory, Los Alamos, NM 87545.
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2. . Dyer, D. Bodansky, A.G. Seamster, E.B. Norman, and D.R. Maxson, Phys.
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3. A.G. Seamster, E.B. Norman, D.D. Leach, P. Dyer, and D. Bodansky, FPhys.
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1.2 Gamma-Ray Lines from 55433.
D. Bodansky and E.B. Norman

The interpretation of observed gama-ray lines from the astronomical
source 55433 was examined in the light of gamma-ray production cross sections
ured at the University of Washington® and elsewnere.’ It had been
initially suggested by Lamb et al.” that the observed lines were the S
red-shifted components of the 1.369-Mev line from the - ‘Mg(p,p')" Mg re
between ‘Mg nuclei in the jet of SS433, moving at a speed equivalent to 33

MeV per nucleon, and ambient protons. However, this .xp)lnution n:pn-a that
ne 24 I g

apparent absence of these lines argued against the original simple
interpretation.



It has subsequently proposed by Ramaty, Kozlovsky, and
ey e
the “‘Mg(p,p')* ‘Mg °si(p,px)®*Mg reactions taking place in collisions
between grains in e jet and ambient protons. The addition of the

51(p,pa)” ‘Mg somewhat relieves the constraint imposed by the upper limit on
the observed flux for the 1.64-MeV line but suggests the presence of the

#%si at slightly reduced intensity. A test of the model
et an in principle be provided by further examination of the
gamma-ray spectra from SS433. The uncertainties in this test would be reduced
Bt SRR oot e i T
nucleon, but at present it is still necessary to rely largely on
e o R e A
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1.3 searches for p's", p'/EC and EC/EC Decays

M.A. Nelson and E.B. Norman

As described in last year's Annual Report,’ we have begun a search for
5'6", B°/EC, and EC/EC decays using a 4m Nal detector system. In an attempt

large plastic scintillator veto paddle above the detector. However, this was
foumd to) profice. o chestvalle) decresse 13,48 egund rat.e, Thus 1€
appears that the origin of our e in
1R8,getanter SHSeLC ALY shielding e the immediate future,
in order to obtain greater sensitivity for detecting 8'8', §'/EC, and EC/EC
decays we simply plan to count for long periods of time.

Reference:
1. Nuclear Physics Laboratory Annual Report, University of Washington (1983)
36.




search for **Nb in Nature

E.B. Norman

Apt et al.’ have reported the observation of the t,,, = 3.5 x 107 year
%Nb in a sample of natural niobium. Althoush the phediel7 oy Abette di el
M5/° Nb 18 only 2 x 107>, it is far larger than can be accounted for by any
conventional nucleosynthetic process. Because of the difficulty in accounting
for the presence of °’Nb in terrestrial material, it was felt that a
remeasurement of °’Nb abundance should be performed. To do 80, two -1 kg
samples of Nb were acquired. Using the 4m Nal detector system at the UW
Laboratory for Radiation Ecology, searches are currently being made for the
561- and 935-keV y rays known to be emitted in the decay of 'Nb. To date, no
positive evidence of these two y rays has been observed.

Referenc

1. K.E. Apt et al., Geochim. Cosmochim. Acta 38, 1485 (1974).

1.5  Equilibration of *7°ru?™ under Stellar

T. Bertram, S. Gil, S.E. Kellogg,

Norman, and P. Wong

As aiscussed in previous Annual Reports, we are 23cipn presmamss, that
can occur in stellar environments by which *"°Lu’ and could ogme igto
thermal equilibriun. Prom our observation of the photoactivation oE 7

" using a large Co e e have found eme in st
which the alon thermal
equilibrium. By mclumng the et e pclicren»annmilatmn—mxtat1on ve
£ind that even at the canor\xcal s-process temperature of 3.5 x 10° °k *°Lu?’"
are in equilibrium. Thus ' °Lu is probably not a reliable ca-m.mm-:mr
but instead may be AU wbi - wteliarsttiecsonetors

Reference:

1. Nuclear Physics Laboratory Annual Report, University of Washington (1983)
p. 2; ibid. (1982) p. 3.

1.6 Nucleosynthesis of *°°ra™

E. Kellogg and E.B. Norman

our interest in the mechanism for the
production of the naturally occurring isomer, ‘°°Ta™ continues unabated. Beer
and ward® suggested that ‘°°ra" may in fact be produced in stars by the




standard s and/or x nautxcn Sets prssassh ot the Eracticuslal docarg
(a’ of 5.5 hr “*°re" airectly to As described in last year's Annual
Réport,* we have been unnq a VETO wchmq'ue e e e
= cll e Al e Al 04k encce o R
ve decays from

dnksstinton a0 ie e delay in the MBD code to allow an 18 usec ]

to y decay and be eligible for vetoing (see Sec. 12.1). Our new
limit, fﬁ SO S ndmolientt in: Ehpiaigcomeyilonatdntinniciiaiont by i fac kg
of 5 in Explaining the cbserved ‘abundanc

We also searched for @ decays to excited states above the long-lived
isomer by replacing our e detector with a high—zeso]utxon GeLi detector and
looking for single y events in our VETO arrangement. Our observation of a
100.8 kev v ray folloyingua:2ux 10 i ie-decay branch of “**ne”, thoush
small to be 1y &

oms Ericiiien, i Facigtt long-lived isomer in
considerations lead us to conclude that the nuclear structure of the HE isomer
is principally that of a broken proton pair (9/2 (514] + 7/2°(404]). Further,

we verify Naumann's’ objection to Warde's* placement of the low-lying 7  level

in **°ra,

20 vaxa Lgenticied the possibility of an gigeegs concrimeion
inroush tne. Fractionsl B daces, £ o 5.7 Bl 00 i,
our radiochemical separation of " Lu t'rom a m/clotron activated Hf sample

described in last year's Annual Report. We increased our sensitivity by using
*®'uf as a radiochemical tracer and have established a firm upper limit of £

< 0.06%. If we exclude the possible existence of a high-s sp;ruunon»nm
isomer in *°°Lu, less than 10% of the observed abundance

Pproduced through the r process.

©eo, il our work virtually closes the s~ and r-process paths through

uf"' recently Yokoli and Takahashi’ suggested that a tiny s-process branch

pzeceedlna throuqh ‘n ‘Ta may be the preferred route for the stellar production

e e s o ible

e e stablished limits on the

SR R e R R R *°ra® by exposing natural

Ta foils to kilocurie strength hospital sources of “>’Cs and °°Co y rays. A

Deper based on this work and describing the sffects of stellar temperatures

and densities on the destruction rates of ‘°'Ta’'" has been accepted for
publication.

1o,
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2. NUCLEAR STRUCTURE

>*ca ana *°x

The p’ Decays of Ar, cland %

2.1 The p' Decays of **
E.G. Adelberger, J.L. Osborne, H.E. Swanson, and V.J. Zeps

We have performed a series of preliminary experiments using the gas—
jromare; syuiam to, yvestigste B foasivility of measuring weak branches in
decays of “‘Ar, %. As in previous experiments,’ the
e an pmduc by bombarding a gas target and
‘Lransporting the gas to a well-shielded counting station where the decay y
rays were counted by a large GeLi detector. A 2.5-cm lead ‘hardener' was
placed in front of the detector to reduce the counting rate of annihilation
radiation relative to the more energetic beta-delayed y rays. The 0.8455 4
activity was produced by the *-S(’He,n) reaction on H,S gas at a bombarding
energy of 12.5 Mey, At tne same time, the 1.526g positron decay of ‘he
daughter nucleus, °‘Cl was also investigated. The 3° ground state of '°K and
Sts 0° isomer, the analogue of the ground state of '°Ar, were produced by the
reaction *°Cl(a,n) at a bombarding energy of 11 MeV, using Freon-1l (CFCl,) as
the target gas
decays are of interest for several . Recent Ohw shell

These
model calculations in a complgte (2e-1d4)” space pmm_—: ®ihe M(ar) values for
most of these decay branches.® In general, the theory does extremely well in

any strong Gamow-Teller transition in the 2o
‘Ar to the 3128 kev state in >'Cl, for which the measured branch is nearly
twice the calculated value. We therefore felt it would be interesting to
check the experimental branching ratio. In the short preliminary runs we were

other allowed decay channels.

n the *Ar ana *‘Cl decays and in the decay of the o' isomer in *°K,
(ot T A e chserving isospin-forbidden T-1 - T=l, 0'- O
Fermi transitions. Superalloed 0'- 0 decays in light nuclei have been used
to measure the vector coupling constant, but charge-dependent mixing alters
these analogue states and small The ©
M Ty ecspin-forhidden decays proceed only s Samteet
mixing and thereby provide a stringent test of the calculations of charge—
To date, the only decay of this type that has been
However, it is difficult to do a good shell model
caloulation of the expected effects in A = 42. B.A. Brown' has developed a
n the 20-14 shell using the

$4Ar snould have branchings ratio of <10 .
running time or decreases in y-ray background would be needed to detect such a




small branch.

Finally, in the decay of JK thers is a first-forbiaden 3°- 37
¢ransition to the 3610 kev state in °Ar. Using the prescription of Wilkinson
e Macerield® to calculate £(E), and asguming a log(ft) value similar to that
measured for the 0= O % we may roughly estimate a branching

or, the 0'~ © branch in “°Ne
Tatio of 10 * for this transition. This should be detectable.
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3.  GIANT RESONANCES

3.1 schematic Model Calculations of Nucleon Decay Strengths from Giant
Dipole Resonances Built on Excited States

J.A. Behr and K.A. Snover

A simple relation between experimental (p,y) giant dipole resonance

rengths and factors from proton stripping reactions
has been noted.” This relation has been explained within the context of an
independent-particle direct emission model; it also follows from the simple

decay branching ratios to various excited states following photoexcitation of
the GDR; the effects of Coulomb plus centrifugal barrier penetration have now
Dbeen explicitly included.

The schematic model, in the extreme limit in which we employ it, treats
the GDR as a sum of 1p-1h dipole excitations in a harmonic oscillator basis.
We identify residual configurations produced by nucleon decay of these lp-1h
excitations directly with excited states in the daughter nucleus. Escape
probabilities oOf the excited nucleons are treated using Coulomb
penetrabilities in an R-matrix formalism. Branching ratios are calculated by
integrating over the shape of the GDR.

anching ratios calculated for ground-state *°0 and *°si (y,nucleon)
reactions have'boen e *°, the relative branching
ratios to p, . . neutron and proton hole states are calculated
SEsdoray ikl Tuh R it Conede? 1) tta 7086, Vet ioe Yendbise

effects are essential; if they are not included, the model predicts far too

much p, strength. Fo 1, calculated decays to eight proton hole states
produce’fair agreement with exgeriment. r, the dominant branch, proton
decay to the ground state of ' Al, is calculated to Factor of two too

strong, independent of the details of the calculation. This over-predicted p
strength appears to be a clear indication of the need for a statistical

it Of the ground-state GDR in °°Si with a relative strength (spreading
width)/( total width) of about 50%.

The calculation is currently being extended to (nucleon,y) reactions
populating GDR's on excited states, where much more experimental data exist.
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Compound Nuclear Isospin Purity and the Statistical Decay of the GDR in
ght Nuclei

D.H. Dowell, G. Feldman, M.N. Harakeh, C.A. Gossett, R. Loveman,
Snover

T. Murakami, J.L. Osborne, and K.

In light self-conjugate nuclei the study of statistical excited-state
GDR decays can provide a sensitive measure of compound nuclear isospin purity
at moderate excitation energies. This follows from the well-known selection
rule for N=Z nuclei that El decays must change isospin; hence an El decay from
a T=0 state must go to a T=1 final state, and vice versa. Thus, if isospin is
good, one expects an inhibition for statistical GDR decays from a T=0 entrance
channel, since the density of T=1 final states at moderate excitation energies
is much less than the density of T=0 state: e sensitivity to the isospin
Purity in such an experiment scales as the final-state level density ratio
B(T=0y/p(me1>, vhich can easily be greater than a factor of 10, making this

two considerations: 1If the energy is too high, then 1) the level density
ratio p(T=0)/p(T=1), and hence the sensitivity, drops, and 2) high energy y-
ray decays from daughter nuclei become important, further washing out the
effect. This limits the sensitivity to E, (initial) < 30 MeV + E__ 50 Mev
in light nuclei.

We have made two different types of s o Chasslefrects i the
A = 24 - 28 mass region. The first is ‘°C 0 at excitation energies
similar to those studied in ‘Mg + ‘He (see Juc year's Annual Report®).
Here, one directly sees the effect of uosfm purity in the strong inhibition

Of high energy y-ray pzocucuon in 0 (T=0 entrance channel) relative
to “*Mg + “He (T=0 + T-1). spectrum shape and a preliminary analysis for
40 Mev **c + *% are shown in ngA 3.2-1.  PFor E > 13 MeV the yield comes

\o‘g

Pig. 3.2-1 Gamma rays from ‘*c + ‘o,
E("°0) = 40 Mev, E(*°six) = 34 Mev.

= 2,
s

= Cascade calculations: solid line -
5 completely mixed isospin; long dash - 3%
K isospin mixing; short dash - pure

hort.

isospin, all curves E1 + E2; long-
dash - E2 only.




mainly from the initial compound nucleus and is much less than the mixed
isospin limit. However, the measured yield is somewhat larger than the pure
isospin calculation, requiring about 3% isospin mixing in the initial compound
nucleus. This is about five times less than other experiments have indicated
for lower excitation energies.

Sk A S i st s Gt o
*%c ana *’c + *°C reaction yields. The latter two reactions lead to e
compound IR and, ) normal" y-ray yields, whereas high energy y-

ray yields from “C are again observed to be strongly mmmm
sgec:zum shape mlyus for all of these reactions, including ' 'C
'He, lead to similar GDR energies and widths. Quantitative maly- s ot‘

u.e C+cC aata is complicated by the presence of strong individual lines at

(E, - 4-7 MeV) gamma ray energy. Preliminary fits indicate somewhat less
holp). inhibition for ‘°C + ‘°C than for ‘’c + *°0, but this conclusion is
sensitive to details of the statistical analysis. Pinal analysis for the
T
densities, GOR parameters and isospin mixing in a proper, self-consistent
manner.
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3.3 Statistical GDR Decays over a Wide Range of Energy from the ®’cur

Compound Nucleus

E.F. Garman,  J. Gundlach, G. Feldman, M.N. Harakeh, J.A. Behr,
J.L. Osborne, and K.A. Snover

a follow-up investigation of statistical GDR emission from mqnly
oy R in medium mass nuclei,’ we have made a study of °Cur over
wide range of excitation energy. We have formed this compound nucleu- via o ¢

®co for a range of different initial excitation energies ! = 16.9 to 28.2
Mev, and via for E, = 34.7 to 52.3 MeV.

The experiments were performed using pulsed “He and *?C beams, which
permitted the direct measurement of the inclusive y-ray production cross
section. Neutron-induced events from the target were eliminated by time-of-
ELishs (fimadsamlueicn iias aaiesc) et il v-raredcaidebeckedlingtis Jurge
sl spectzometer. . XLL.spectra aye an. apperently statistical sape. i
exponentially falling intensity between a broad bump u- the
region of the GDR (E - 10-20 Hev).

a have been fitted to obtain the GDR strength function using a
mdi.ﬁed version of the statistical code Cascade. The excitation energy,




width and ltx'nqth Of the GDR were extracted, the GDR being parameterized as a
Lorentzian. Preliminary results indicate a confirmation of the small (-5-10%)
downward uhift 1n the resonance enmergy of the excited-state GDR decays, as
to ground-state GDR. Also apparent is the surprising feature
that the ewcseod state GDR strength is significantly less than one Energy
Weighted Sum Rule (EWSR). In this mass re S the ground state GDR is known
exhaust ne EWSR. The reduced strength for
the axcwad state GDR decays depends q'uintxtatxvely on knowledge of the
accuracy of the Cascade description of the statistical process. This is
confirmed in detail by the data of Parker et al.’ This puzzling strength
reduction is not understood. ik

g
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3.4 GDR Decays in “°0 + Ni for Various Ni Isotopes

E.F. Garman,  J. Gundlach,  G. Feldman, M.N. Harakeh, J.A. Behr,
J.L. Osborne, and K.A. Snover

In addition to studying °°cur decays over a wide excitation energy
range, as described in the preceeding section of this report, we are also
examining the inclusive y-ray production cross section for *°0 + *Ni - induced
reactions over a wide range of nickel isotope number (x = 58 to 64). Results

16y, ss,61,04

have been obtained to date for 60-Mev ‘°0 + 'Ni. Preliminary Cascade

fits to the ®'Ni and ®‘Ni data indicate similar GDR parameters: GDR resonance

energies E; * 15.5 MeV, widths [ = 5.5 MeV and strengths S,, & 0.33 in units

of the classical dipole sum rule. The resonance energies are similar to, and

the widths somewhat narrower than the '°0 + “Ni results previously reported.

This pulsed;beem singles experimant, in contrast to,the previous; coincidence
has a wel cross section, and thus is

sensitive to S, the averae, R utreng\:h built on excited states. These

o3,

results, as with the °’cur study (see Sec. 3.3), indicate a surprisingly small
value for S, : a typical value for ground-state GDR strength in this region

is = 1% e accuracy of essential aspects of the Cascade calculation
pertene to S Ee A\ Be, Wich S8k eascrable GuTied o0
fusion cross section, is substantiated by comparison with '°0 + Ni reaction

data in the literature.
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3.5 Study of Excited-State GDR's in the 1f-2p Shell Nuclei

J.A. Behr,  D.H. Dowell,  G. Feldman, E.F. Garman, C.A. Gossett,
J. Gundlach,  M.N. Harakeh,  R.A. Loveman, J.L. Osborne,  and
K.A. Snover

An earlier study of the *7Al(p,)*°si’ reaction revealed a series of

@R's bulle upon excited states in '8 up to ZL = 10.36 Hev.’" e are

of tne 3 ‘s by
studying (p,y) reactions in the £, nuclei (A = 45-60). Our emphasis is on
understanding how the (p,y) GDR capture, strength is related to the single-
Boton stripping spectroscopto factors © *s' for states in these nuclei up to

T o R e et
1.lllcn ramson- forming the same compound system to determine the extent to
Bl e mtre: (D1 s ot oot beatiCinl focay OF a thermally
equilibrated compound nucleus.

Several taxqetg in the £ shell were chosen to yield a combined system
with interesting c°s_ aistributdane below 10 MoV, including strong, rescivable
states. Data have already been obtained for the ‘’Sc(p,y)*°ri” ana
*!¥(p,7)**cz" reactions from E = 4-15 MeV (E, = 14-25 MeV) at 0 = 50°, in

addition to five-point angular distributions for E, = 7, 11, 15 MeV. The
statistical reaction ‘°Ti(« 7 “cr’ has also been stilied at E = 24 and 17.2
e 32 and 25 Mev). We plan to extend the (p.7) qxclt.xmon t‘\mctionl ue

€0 Ej = 24 MeV (E, = 34 Mev), and also possibly to study the 2°si(%,y)*"
statistical reaction and the *2cr(p,»)*’n” reaction.

Our results indicate that the y-ray strength distribution does in fact
correspond qualitatively with the proton stripping strength. An example is
shown in Fig. 3.5-1 for the case Of °'V(p,y)°'Cr at E = 8 and 15 MeV (E_=
18.4 and 25.2 Mev). For the higher bombarding energy ‘three distinct regidns
can be identified and compared to the plot of spectroscopic strength’ — a
low-lying #=3 (£,,,) region, an intermediate f=1 (P,,,) section, and a high-
lying (Ef > 7 MeV) mixed 1-1 and 1-3 (p,,, am £,,,) region. At lower proton
energies, statistical contributions are expected to be more apparent, as
evidenced by the smoothly rising part below E = 14 MeV in the E_ = 8 Mev




case. It is interesting to note that the observed strength in the region near
Ef - 3.54.5 MV is in excess of that expected from the spectroscopic

again strong statistical
contributions at low E_. Another feature present in this run is the
enhancement of the highest energy y rays near E = 18 Mev (close to the peak
of the ground state GDR).

Analysis is proceeding on the (p,7) data using a lineshape deconvolution
technique. The states used in the fitting are taken to be those populat
strongly in proton stripping. Excitation functions for the various states
Will be generated, and the integrated o(y,p,) Strengths obtained from these
excitation functions will serve to test microscopic schematic model
calculations of semi-direct decay strengths (see Sec. 3.1 of this Report).
The statistical y-ray spectra from the heavy-ion fusion reactions are being
analyzed with the compound nuclear evaporation code Cascade

Ve

2 a0 Tig. 3.5 Gamaoray specta from tne

: *v(p, y) Cr reaction at two different
i energies. Below is

spectroucopm stgongtn distribution for

B ; b Eg <10 MeV ained from the

HoTDaT:
Gamma Ray Energy (Mev)

VG

Che,ay proton stripping resction.’
Values shown are [(23,+1)/(20,+1)IC’S].

All three plots are shifted so as to
align excitation emergy in the vertical
airection.
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3.6 Effects in the 1 Decay of the Giant Dipole
Resonance

J.A. Behr, G. Feldman, C.A. Gossett, T. Murakami, J.L. Osborme, and
K.A. snover

Very little is known about the degree of persistence of nuclear
deformation at finite temperature. The effect of static deformation leading
to a splitting of the GDR in ground-state photo-induced reactions in deformed
rare earth nuclei is well-established. We have begun a study of the radiative
emission of y rays in complex particle collisions in several systems in the
deformed rare-earth region. A deformation of excited nuclear states is
expected to split or to broaden the GDR strength function required to account
for high energy (E > 10 MeV) statistical gamma-ray emission

A measure of the effects of deformation on qmcmad state GDR's is
obtained by comparing the gamma-ray yields from reactions in which the
compound nucleus has low-lying levels which are highly o o
which the compound nucleus has low lying levels which have little or no
geformation. 1In particular, we have studied °C + *°sm ana “°C + **‘sm for a
C incident energy of 63 MeV, in addition to « + **°sm and « + **‘sm for E_ =
24 and 27 Mev. A comparison of the oAy spectra measured at o = 90° for

the alpha induced reactions is shown in Fig. 3.6-1. The additional structure
S e s R S S B e
compared to o + **°sm provides evidence of the splitting of the GDR strength

funcnon due to nuclear deformation At sl fapnt A, Teels
for the spectral shapes from the *“*sm ana *‘sm reactions are
cuznntly being analyzed. statutxcal o e o code
Cascade will be compared with the data in order to extract the energy, width
and strength parameters for the GDR strength functior parameters will
then provide quantitative information about the average deformation of excited
states in the compound nucleus. Cu:tently, we are looking for the effects of
on the angular emitted y rays.




“Ho + 11e5m

Fig. 3.6-1 Gamaray spectra from the o +
sm and « + >‘sm reactions for E = 27
Mev. Neutron backgrounds were reduced using
pulsed beam techniques and the data have been

B
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-

oxygen contamination. The ar
energy locations of the ground state GDR'S.
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Giant observed in the >°(p,y)'’ca and

)**sc Reactions

.5, Dowell, C.A. Gossett, L. Ricken,” A.M. sandorfi,| and K.A. snover

me study of excited-state glant dipole resonances using the (P.)
ceaction has Dacome a new means of examining single-particle strength B Tigh
Ievitation. The nuclear configurations upon which s
energetic (p,y) reactions are those
ground state of the target nucleus.

fo the proton tramsfer spectroscopic factors, Pprovide
particle strength at excitation energies

roton stripping reactions.
o have 'Begin'’a " skudy “of | ‘exoited-state ‘giant ° resonances, in the
So(p,y)*°ca and *ca(p,)* sc reactions. The excited states WBoh which one
expects GDR'S to be built in these reactions are those of relatively simple

muclear configuration. In particular, the states populated in “°ca(p,v)**sc

are those which look like a single proton coupled to doubly magic ‘°ca, for
example the 1f, ., 2Py ZRyszr sz 1g,,, single-proton states.
cranple te 160 a3 MUy peilon coupiea U’ the 6, prokon hole in

3% are strongly populated in the *°k(p,y)*°ca reaction.

e have measured *’K(p,7)'°ca and *°ca(p,)*‘sc cross sections at o =
90° for B, = 10-36 Mev using 'the two-stage and three-stage tandem acceleratbrs




R L sample gamma-ray spectra for °K(p,)*°ca
at E_ = v and for *°Ca(p,y)*’sc at E_ = 25 MeV are shown in Fig. 3.7-1.
Also illustrated are the proton stripping spectroscopic factors,® c’s’.
Strong correlation between the stmum in the (p,y) cross section and the
aistribution of stripping strength observed. Evidence of

concentration of single-particle ltzength at E. = 9.6 Mev not previously
observed in proton stripping is seen in the K(p»‘/)WCi data. We also find a
broaa concentration of strength near Ef x 14.5 Mev in ‘°Ca. We observe
structure in the final-state

5 strength in the
°ca(p,)**sc reaction up to E. - 10 MeV, and evidence for excited-state GOR's

built upon broad distributions of single-particle strength in *!sc up to

£
E, " 23 Mev. E! (MeV)
Al 5 0
| o2
| 2
600 | 4
| 8
0 Fig. 3.7-1 Gamma-ray spectra
400 at ey - 90° from
é “oCa(p,y)*'Se *°k(p,)*°ca for E_ = 18 Mev
S (E, = 25.9 Mev) ana

*°ca(p,y)**sc for

o expactl to be at the peak

Q GDR for final lut:s
% near Ef - 5-6 Mev at these
€ proton  energies he

2 stripping

€ 29K(p,y)*°Ca strengths from Ref. 1 are
3 displayed in the insert

S above  each  gama-ray
200 spectrun.

o "
20

E, (MeV)




We are currently analyzing the *°K(p,¥)*°ca ana *°ca(p,y)*!sc sectza)in
terms of a line-shape decomposition in order to extract (p,y) strengths. We
B o UG Eis Culimeranii ctelya) n i Wil iys ¥ > A it
particle spectroscopic strengths in up to Ef = 20 Mev.
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3.8 Porward-to-Backward in the (y,n) Reactions around the E2
TIsovector Giant Resonance

P.T. Debevec,” D.H. Dowell, I. Halperp, L.J. Morford , T. Murakami,
D.W. Storm, D.R. Tieger, and S.A. Wender

Compared with our knowledge of the isovector El giant resonance, that of
the isovector E2 resonance is very limited. Most of the information about E2
has obta: from inelastic electron scattering data. Because of
uncertain backgrounds in the (e,e') spectra, it is desirable to Confirm the
suggested resonance parameters by using another method. The (y,n) and (n,y)
reactions are virtually background-free when used to locate the E2 resonance
through its interference with the tail of the El resonance. Recently Drake et
al. found striking evidence for existence and location of the isovector E2
giant regonance, namely a sharp rise in the (n,y,) asymmetry in angle seen at
223 Mev.® Since there are not so many accelerators which can produce neutron
beams above 20 MeV, we decided to use the inverse reaction, (¥,n), to Continue
the same to lighter, gy targets.

Experiments were performed by using the 39.4 MeV continuous electron
Dbeam from the University of Illinois microtron using a superconducting linac
(MUSL-2) and the tagged photon facility. The front—to-back asymmetries
[¥(55°)-¥(125°)1/(¥(55°)+¥(125°)] for the (y,n) reaction were measured in
three targets as a function of photon energy between 20 and 30 MeV. The
neutrons were measured by an NE-213 liquid scintillator which was 30 cm in
Qiameter and 5.1 cm thick. The energies Of neutrons were determined by
measuring the time interval between the signals from the post-bremsstrahlung
electron counters and the neutron detector. Applying a 6.5 MeV threshold for
the neutron detector, we were able to reduce the number of accidental
coincidences between electron and neutron counters. Possible rrasial
tries of the system were imeescigien ty measuring the known asymmetr:

Sk %
of the “°0(y,n,)* 0 reaction. They turned out to be negligible.

asymetry curves for *°°eb and "%b for resiaual excitations
between O and 4 MeV in the photon energy range of 20 to 26 MeV we:
within the experimental uncertainties. As seen in Fig. 3.6-1, the asymmetries




were about 0.2 for the lower photon energies apd made a transition near E,
75 Mev £o ~0.6 for the higher energies. For "cd the pattern was similar but
oy gransition resion var wrout 4 M bisher, consistent with the expected
/% gependence of the locations of giant resonances. The detailed analysis
o e of the using the mode,
is in progress.
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3.9 Determination of a Time Scale for the Emission of High Energy Photons
Heavy Ion Fusion Reactions

Henrwncx,' R. Kroth, A. Lazzarini, . Metag, and

D. Havs,”
J.schirmer
Recent observations of high energy y-rays emitted in (HI,Xn)

reactions® ° have been interpreted as evidence for the existence of highly

collective excitations. ral to this interpretation are several
assumptic that 1) the high energy photons originate from
electroma c transitions between unbound states. The high energy of the

photons (10-20 MeV) and their observed emission probability (%10 '/fusion)
both support this assumption. ii) the states of the compound system emitting
these photons are collective giant dipole resonance excitations built upon
rotational states of high spin. iii) The multipolarity of the gamma
transitions is E1. Although these assumptions seem reasonable, there has been
no direct experimental verification of their validity. The results of several

substantially shifted from its expected value deduced from the GDR of E =

17




79a"*/2.° It is not yet clear whether such a shift arises from a change in the
interaction leading to the GDR with increasing excitation in the nucleus.
High energy transitions in heavy ion reactions have, to date, defied any

Yet recent (p,y) studies’ have produced unambiguous
evidence that the collective of pa states
in nuclei in the s-4 shell do exist. It would be enlightening if similar
results were found in heavy ion reactions.

The measurement was performed with an 80 MeV 2%, pulsed beam from the
MPI Heidelberg Tandem Van de Graaff Facility, by bombarding a 400 ug/cm”
feotopically enriched °°Ni target. Coincidences were detected between the
MPI_GST 4 Crystal Ball Spectrometer and an array of 4 AE-E surface barrier
‘elescopes positioned at angles ©,, = 90°, 120°, 160°, each with typical
s011d angle A0 = 40 msr. 159 of the 162 NaI(T1) detectors of the Crystal Ball
vore employed. Once the Crystal Ball trigger was registered, all coincident
NaI(T1) detectors were accepted. Particle energy and angular distributions in
coincidence with y rays detected with the MPI-GSI 4r y-ray Spectrometer were
measured, along with y multiplicity and angular correlations.

From the particle energy spectra it is possible to estimate the time at
which high energy photons are emitted during the compound-nuclear decay. In

information from which details about the spin distribution in the compound
nucleus responsible for the energetic photons could be deduced. From the
various correlations we have learned the following:

1) The energy spectra of the coincident charged particles reflect the
energy lost to the energetic photons. is evidence for the time—order of
the emission process, indicating that the photons are being emitted promptly
from the compound system in the first or second step of the decay Cascade (see
Fig. 3.9-1).

1i) The proton-to-alpha multiplicity, which is a sensitive probe of
initial compound nucleus spin, Clearly indicates that the spins associated
with the emission Of energetic photons are about half the mean value of
angular momentum brought into the reaction.

jii) The y multiplicities corroborate our findings in point ii) above,

and further indicate that emission of energetic y rays produces a shift of 7 —

1o n in the mean spin of the population of compound nuclei producing them

to the overall mean for the fusion reaction (see Fig. 3.3-2).

Further it is possible to determine the y-multiplicity dependence of the

emission probability for emergetic photons. The results are presented in

Fig, 3.9-3. The integrated emission probability for E > 14 MeV is 8 X
10 */fusion. 4

jv) Particle (observed at 90°)-y angular correlations are isotropic

within error. The isotropy is an expected result arising from the fact that
transitions are not expected to be stretched for this case.




Fig. 3.9-1 Angle summed particle energy

spectra in coincidence with y rays. a)

Gate on all y. c) Gate on events for

wichE > 14 Mev was observed. Solid

curve i¥ Cascade calculation for entire
ed

yield & mb/se/MeV

funon cross section. Dashed curve
w:t'upondl to cade calculation
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expanmnul gate c) above.
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Fig. 3.9-2 y-ray multiplicity
distributions for this experiment
singles  distribution  shown  in

triangles, coincidence with E_ > 14 MeV
shown as circles
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4. HEAVY ION REACTIONS

4.1 Study of Spin-Spin in Deep Inelastic Collisions

W. Muller, o

A. Goliﬁ,' K Hilﬂgnbxlrd By, Kumns)u.,' A. Lazzarini,
A. olmi,* H. Steltzer,* ana J. Toke

The alignment of transferred angular momentum in a deeply inelastic
collision is perpendicular to the reaction plane and its magnitude has been
be a function of energy loss, scattering angle, and mass transfer.
The degree to which these variables are interrelated is still a subject of
much discussion and its answer may help to discriminate among several reaction
mechaniens for the collision process. In the nucleon exchange model of
Randrup and others the is and  the
conservation of linear and anqular momentum relates the transferred angular
‘momer

and accessible degrees of freedom has
experimental results.

also had some success in describing the

A detailed study of the nucleon exchange model indicates that not only
is the transferred angular momentum aligned in a deeply inelastic collision,
«

strongly co-aligned during the collision.
in many cases to be greater than the alignment of the spin of either fragment
relative to the reaction plane. These results can be traced to the
conservation of angular momentum, which applies not only to the orbital
component, but also to the randomly oriented component arising from the Fermi
motion,

We have performed a measurement from which we can infer the spin-spin
correlations in a deeply L collision. We have exploited the fact that
te eogular distribution of  fragments produced -inthe fission.of.a biacy
partner in a deeply inelastic ol is highly anisotropic,
anisotropy can be used as a tool to probe the alignment and magnitude i
spin of the fissioning system. Here we use a reaction in which both beam and
projectile are fissile nuclei. In this manner the bulk of the deep inelastic
yield results in final states in which both deeply inelastically scattered
fragments have fissioned. The angular correlations of this four-body final
state then contain information which may be related to the relative
orientation of the spins of the two fragments before they fissioned. We have
e °°pb + *>°y reaction at E_ = 945 Mev at the GSI Unilac to make our

One array consisted of two detectors on one side
axis. 1In this manner the two correlated fragments arising from the fission of
one nucleus could be observed, thus defining the mass transfer, energy loss
and reaction plane for the deep inelastic collision. In addition, we sampled
the mass distribution independently using three surface barrier detectors as
time-of-flight telescopes. These were arranged on the periphery of the active
area of one of the avalanche detectors. On the other side of the beam axis, a
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matrix of four position-sensitive avalanche detectors was used to detect the
pair of coincident fragments from the other nucleus. The angles of emission
of the four fission fragments can be deduced, and these are the relevant
to be compared with theoretical calculations. By

Selecting both in-plane and out-of-plane angles on one side of the beam it is
possible to observe the variations in the anisotropy of the other two
In this manner it is

nes
possible to determine the degree Of correlation of the spins of the two deeply
inelastic fragments.

Work is now in progress to analyze the experimental results.

Reference
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4.2 Nuclear Rainbow with Carbon Isotopes

Michachaka,” W. von Oertzen,

H.G. Bohlen, J. Cramer, B. Ge.bauary'

and Chen Xue-shix

The phenomenon of nuclear rainbow scattering or "far-side scattering
observed in elastic scattering with projectiles of Z = 1 - 3 has provided
Galusble insights into interaction potentials and light ion reaction
Mochanioms. Until recently there had been no evidence that projectiles with Z
S could exhibit such nuclear-rainbow/farside scattering effects. However
CERN' and at the Hahn-Meitner Institute

c + *2C scattering
ot Jaroratory bombarding energies above about 20 Mev/nucleon. It is therefore
2% congiderable interest to determine if heavier systems can also show nuclear
rainbow scattering effects.

Using the VICKSI accelerator system at the Hahn-Meitnex Institute we

have imvestigated this question for the systems °C + ‘%0, *'c + 2c, and

B3, Wi vith & **C beam at 22 and 25 Mev/nucleon and 3¢ beam at 10 and 22
. c sys!

Mev/nucleon. Preliminary analysis indicates that the 22z s
show clear nuclear-rainbow/farside effects while the *2c + *%0 system shows

little evidence of this phenomenon.
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4.3 Penetrability of the 1 Barrier and the Spin Distribution of the
Compound_ Nucleus

D. Abrxola,’ P. DeYoung, * s. Gil, A. Lazzarini, D.-K. Lock, R. McGrath,
A. Ray, and R. Vanderbosch

We have continued our studies of the penetrability of the centrifugal

barrier and its effect on the spin distribution of the compound nucleus in

heavy ion collisions.® This year we have performed a series of experiments to

measure the total fusion cross section and the first moment of the gama ray
M, utilizing an et

We used the syStems: o, ‘°C, *°0 and *°si on ***s

pasic motivation of this study is to test experimentally the
mpllcatlen that if cm observed broadening of the spin distribution of the
compound nucleus at near-barrier energies is due primarily to the
ot a1 sytiat Bt centrifugal barrier, then one would expect tnat this
broadening should increase as the reduced mass Of the entrance channel
increases. The underlying physics of this effect can easily be seen by
recalling that the effective potential V.. for the entrance channel can
written as the sum of nuclear, Coulomb, ‘and centrifugal potentials. At the
effective interaction distance R,, where V, . reaches its maximum, we have the
o ete
condition

v,
(LT N PSR G

2t 2 o
2uR)
28 the mass of the projectile changes, 4 and R, vary. For the cases of «,
c, *°0 ana on **'sm, the values of uR: are in the ratio of 1 : 3.5 1 5
19 zeapecnvuy. I the curvature of V .. for the ifferent systems does not

change drastically at the effective interaction distance R, the penetrability

T, should show a slower variation with # for heavier projectiles

ALl these experiments were performed using our local facilities, excel
for the system >°si + '°‘sm, which was measured using the superconducting
booster facility of SUNY at Stony Brook. The data analysis for this
experiment has not yet been completed.

The first moment of the spin distribution, the average angular momentum
I, is deduced from M, as discussed in Ref. 2. Since our experimental
technique only allows us’to measure the reaction cross section of (HI,xn) for
a single residue channel xn, we have used the relative yield predicted for
these reactions by the atatistical decay code CASCADE® to o e g
fusion cross section. This procedure was tested for the case of *%4sm,
where the yields are known experimentally’ and these results are n)eely
reproduced within a few percent.

In order to be able to compare the results of the different systems
studied on the same footing, we found it useful to introduce the concept of
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"
gus = j2lorsefore)

In the extreme sharp cut-off mdel, fo,,. would bo the number of partial
waves that are required to be removed e elastic channel in order to
obtain the experimental reaction cross Saotion?"t WIlin - EEsVROMeL Goe VEkIA

)

also have 2, ;. = 1.5 <,

In ?1:;. 4.3-1 we present our experimental results for the cases of o,

*2c ana ‘together with the fits obtained using a one dimensional parapolic

barrier penetrltxon mﬂel, including deformation as discussed by Wong.® The

error bars in <L include both the uncertainties in the measured

multiplicities as wel]. as the uncertainties in converting them to angular
momentum as described in Ref. 2.

Fig. 4.3-1 <> vs. 8.  Experimental

g

parrier  penetration  model

including deformation.  The full line
corresponds to “°0, dashed line to '°C and,
dotted line to «. For the sharp cut-off

model one expects <L> = 1.5 8 ...

our results clearly reproduce the expected results, namely that the
Jarger the mass of the projectile the larger the deviation from the extreme
Shatp Cutoff model for a given value of £_ .., and consequently the broader
= Spin aistribution. Also we see that as Ehé energy increases (and so does
. “the relation between <L» and #__ tends to approach that of the sharp
Eerie orit
SEESEE model.
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4.4 Search for High Spin States in >°s

K.J. Davis, S. Gil, M. Hindi, =

A. Lazzarini, K.T. Lesko, D.-K. Lock,
T. Murakami,

"A. Ray, and R. Vandenbosch.

Continuing our effort to locate the higher members of the yrast line in

*%s, this year we have performed a series of experiments in order to locate
the particle unbound members of the band by using a particle-particle
coincidence method.

have explored the possibility of using the following reactions for
papulat)ng the unbound states in °s:

a. e, 0
S (o

While the first of these reactions did not show the desired selectivity
for populating discrete states in the excitation energy region of interest, E
¥ 10-20 Mev, the second reaction did show a good selectivity, and therefors
this reaction was chosen for our subsequent experiments.

s of a preliminary run we found that the main decay mode of these
unbound stateu in *%s was through « emission. We also found that at least two
states in **s, at E_ = 11.0(20.4) MeV and 12.5(%0.4) MeV,

strongly decay to
the grouna state of °si.

the determination of the ipin- of these lt-!tu we

an angular
et me hod® which can yield a model-indey Tk alligrnnnt ==
the intermediate state in the reaction >°si(*®o,*’c %S («)"°si(g.8.).
“C is observed along the beam axis, then the anqu)ar s
n the ““c and

betweer « is proportional to the square of a Legendre polynomial
?,(0080)%, where £ is the angular momentum carried out by the a particle, and
18 equal fo the spin 7 of the excited state in ’°s.




e %C at small angles we used our momentum filter”

the elastically scattered '°0. For technical reason the

1In order to observe the
1ocked
o, = aof1.s° rather than at 0°. A Bragg curve

m.f. was placed at O

spectrometer’ was p! ‘st the end Of the m.f. for detecting the ' C and

operated in coincidence with a position sensitive detector (p.s.d.) for
Gotecting the a particle and its position. The p.s.d. covered an angular
ange between 95° and 140° (%40° range in the c.m. system), with an angular
e lution of 1°. This setup allowed us to detect states with spins 7 % 5.
Tor lower spin states the period of the angular oscillations is larger than
the angular range of the p.s.d.

states mentioned above
se results are consistent

angular structure, or that these state:
the period of the angu

our set-up. This last poss:
result that for these states,
%81 larger than
According to estimates obtail
optical model calculation, this is expected
states.

hility would also be consistent with the observed
the pranching ratio for the decay to the g.s. of
* (E_ = 1.78 MeV).
hed using transmission coeffifients from an
to be the case for low spin

325, through a particle-gamma
ave been able to detect the

Summarizing the results of our studies of
reported 1y* we
= 6.763, 7.46, 8.3 and 8.5 MeV.

po:
Gamma-decay properties of four levels at Eg
e £, = 6.763 Mey level vas assigned o7 5T, Ey = .46 MeV I = (142 )0 E
- 5.3%Mev J" = (67) and E = 8.508 eV I = (3 "5*). "Two o-unbound levels af
£, - 12.0(:0.4) Mev and 12.5(20.4) Mev are strongly populated with the
e ARE1 (100 £1c)®t sl mt, B e 70 ey IS appreciable branching
T 2or decay to *'si(g.s.), VUirjexperisent dia potiviall egeriiits spin
e ioment for them, but suggests overlapping levels or low spin values @,

s).
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A New Scheme for the Calibration of Sub-Coulomb Heavy Ion Proton
Transfer Reactions

K.J. Davis

A. Lazzarini, and T. Murakami

A triad of proton transfer reactions can be used to isolate the product
Of a spectroscopic factor and the square of the radial wave function for the
exchanged proton xn e and final configurations. Such a
reactions was descs in last year's Annual Report. only one of those
reactions proved iy be Eeuuble, 80 a new triad is being investigated and is
shown below.

AT YN e gy T

R i vt by g

+

In each case we are planning to use the heavier nucleus as the
projectile. We have performed beam development work with the sputter source
and have achieved an 80 nA beam of ‘’Al 6+ after energy analysis and a 52 mA
beam of ‘°ca 8+. We expect similar results when isotopically enriched ‘’ca is
used in the source.

The kinematics of these reactions is such that the sub-Coulomb transfer
reactions, which are backward peaked in the center-of-mass reference frame,
are forward peaked in the lab frame. We intend to use the momentum filter in
the vicinity of 10 deg to remove the elmxcauy u:attuved projectile

icles. The Bragg curve spectrometer can be mounted at the final focus of
the momentum filter and can be used for pazttcln id-ntlficathn as well as
energy determination. This technique has been used in preliminary experiments
to investl%ate reaction c) near the Coulomb barrier. Our results indicate

that the can be readily distinguished from other Ll
detector Al that the pesks corzesponding to the: fizat secona

states of can be well resolved.

Reference:
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4.6 Of Total Reaction Cross Sections at 15 to 35 MeV/A

J.G. Crame zarini, D.D. Leach, 4

x, Lazzar:
M.Y. Tsang# and J. Van der Plecht

A Loveman, W. Lynch,

have measured the angular distribution for elastic scattering with
the 12C bemm of the 1 Superconducting Cyclotron at 15, 25, and 35 MeV/A on




targets of *2c, 2°si, ana °°zr. About twenty points were taken for each

target energy in 0.25° to 0.5° steps starting at 1.5°. In addition, similar
angular distributions were taken for gold, primarily to monitor the
stability. From these measurements we will obtain total reaction cross
sections and optical model potentials valid for this region.

At low energies the total reaction cross section o for nucleus-nucleus
ucattering is determined primarily by average collective huclear behavior, and

is essentially geometrical. As the collision emergy is increased the
-venge nuclear behavior becomes less important and individual collisions of
nucleons in the target with those in the projectile assume more importance
At the same time, the total cross section for nucleon-nucleon (n-n) scattering
decreases dramatically. One can adopt the extreme view that the reaction
cross section arises exclusively from scatterings involving individual
nucleons in the target and projectile, and that for calculating o the overall
average effects can be neglected except as they modify the ‘energies and
trajectories of the nucleons in the interacting system.’ This is essentially
the optical limit of the Glauber model.”

The method which we have chosen to determine the total reaction cross
section 18 an indirect one: to measure a forvard angle portion of the angular
aistribution and to use these data to deduce o, and o,. The actual extraction
of the cross section can be done in several ways Dby using a Aiffraction
model generalization of the "quarter-point e =
parameterized S-matrix analysis of the data and calculating o, directly from
e resuiting S-matrix; and (3) by fitting the data with the optical model and

rom ¢
other groups® indicate that a combination of these methods should permit
absolute determination of o to better than 2.5%. This error is due to model
cepenatgcdiused ‘actual errcrs due to experimental systematics should be less

oN kil e lnctis values of g for different energies should
Rl S F

The precise angle of the beam relative to the apectmater u of
critical in these Absolute the
scattering angle was obtained by rotating the spectrometer into the beam with
a scintillator protecting the detectors at the end of the spectrometer. These

was about 0.05°. We monitored the position stability of the beam with pairs
= counters mounted symetrically right-left and above-below with respect to

beam. The monitor counters were also used for beam integration in
e R
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4.7 calculation of Critical Energies as a Function of Nuclear Size

J.G. Cramer and R.A. Loveman

are beginning a study of critical energies of different systems. For
this Btuﬂy we will be using folding model potentials calculated by the
method used by Satchler and Love.

There is a singularity in the classical deflection function of many
potentials. 1In particular, the potentials used to characterize scattering of
nuclei fall into thxs class. There is however a scattering energy above which
this the function This energy is the
critical energy.’ ity energy divides elastic scattering into two regimes.
Above the critical energy one might expect to see nuclear rainbows
negative angle scattering. Below it one would expect to see phenomena
associated with nuclear orbiting.

have started studying the critical energy as a function of the

tntetar system. For the calculations of the critical energies we are using

both real and complex potentials. Fo Gl pxrt of either potential we

are using folding model potentials. nary part of the complex
Woods-Saxo!

potential we are using G PEtatiats MR oot uaed SCOTE
data.

While the calculations are essentially classical there are quantum
mechanical analogs to these quantities. The quantum mechanical deflection
function is equal to twice the real part of the derivative with respect to 2
Of the phase shifts from the s-matrix. If one uses the single-turning-point
W.K.B. approximation to calculate the phase shifts, and then takes twice the
derivative with respect to #, one derives the same function as the classical
deflection function. There are several approximations used in going from
quantum mechanics to classical mechanics, but they all seem to hold up well
for heavy ion scattering.
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4.8 Projectile Breakup into Heavy Fragments

T. Auea,x S. Gil, M.N. Barakeh, M.J. Murphy, A. Ray, A.G. Seamster, and
R. Vandenbosch "

Projectile breakup is a type Of reaction mechanism which becomes
increasingly important as lab bombarding energies increase above the Coulomb
parrier, and ultimately evolves into the high-multiplicity, dissociative
reactions observed at relativistic emergies. It is a peripheral (large impact
parameter) reaction which occurs when the slight damping associated with
Quasielastic Collisions dissipates enough emergy in the projectile (or its
residue) to cause it to dissociate. The dissociation can take one of several
for the disintegration of the projectile at contact with the target, the
ejection of an excited projectile remnant which decays by particle emission,
or perhaps the fission of the projectile or remnant. Our recent
investigations have discovered a new version of breakup in which heavy
particles (Z > 3) are emitted by an excited projectile residue.

our experiment was inspired by the question; does the breakup of a
massive projectile ever produce multiple heavy fragments? By heavy we mean
Jarger than the protons, deuterons, and alphas characteristically emitted by

ited nuclei. To investigate, we designed a system of four solid-state
Gotector telescopes which was sensitive to coincident heavy ions with energies
in excess of several MeV/n. This system was used to observe projectile-like
particles emitted in the reaction of °'Cl + Ta at 18 MeV/n.

he measurement was made at the Holifield Facility at Oak Ridge National
1ab, and succeeded in detecting projectile breakups into coincident heavy
fragments. The results show a broad distribution Of coincident events,
representing all possible pairings of Z = 3 to % = B projectile fragments. We

the analysis employed Monte Carlo simulation of breakup scenarios as viewed by
he detector system. We found that the simulation of a sequential breakup
mochanism, in which the dissociation of the projectile remnant occurs far from
the target,

spectra distinctly different from the data, when the target was less than ~ 40
o from the fragments. We conclude that the heavy-particle coincidences are
produced by the sequential breakup of excited projectile remnants. This can
Do viewed as either the fission of the remmant, or its decay through the
emission of a heavy particle. The observation of such a phenomenon i8




surprising - the prevailing wisdom has been that the heavy projectile-like
products of sequential breakup are accompanied only by light particles and
target products. Our analysis of this experiment is complete, and a letter
reporting the result has been prepared and submitted for publication,

Reference:
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4.9 Reactions of *‘Mg witn *%0

5. Gil, M.A. Khandaker, D.D. Leach, D.—X. Lock, A. Ray, and
R. Vandenbosch

We have recently perforned an experiment to measure the angular

distribution of the oxygen and carbon particles from the ““o(*‘Mg,*%0)*‘mg ana
o(**ug, **c)*®s1 reactions at = 79.5 Mev at back angles. The

motivation® for this measurement is to find out whether the large inelastic
e =l e o il e (Sernh md il i

*si + **C reaction” are due to a compound nuclear process. We form

Mg + ‘%0 reaction at the same excitation gnergy and
St emmcaiy jualies fhogan mossatim (L SN as' cor | the BKE & e
reaction and compare the relative intensities of carbon and oxygen
BBl 1rivelBealnn e anal Tatnict timn’ ia back-angle yields
cannot be attributed to a compound nuclear process.
We used a 200 ug/cme A0, target and about 3 pna of ‘Mg be: used
Gonrdn; sc113 statu’ E Ealesometunt measared " SingiTer GLISIAETR CF
scattered carbon, nitrogen and oxygen particles from © . = 5.6° to 20° in
P Vet e CaT VAo £ e e Tascops o o
= 14° for normalization and to monitor carbon build-up on the target. We alse
took measurements at all the angles using a 200 ug/cme Al target and a 50

«

in the (-8.5 MeV € Q € 0.0 MeV) region. We Could not get
i itor o e T ey inelastically scattered oxygen
particles because of absorption and multiple scattering of oxygen particles by
the gas cell. The total subtraction due to aluminum and carbon background
from the raw counts is not more than 45% in the worst case. We show in
Fig. 4.9-1 our angular distribution for enezgy—mteqnud (-8.5MeV < @ < 0.0
MeV) oxygen and carbon particles. The smooth curves show a x/une

in the (-8.5 MeV < Q < 0.0 MeV) region. Considering the entire spectra also,
we f£ind more oxygen particles than carbon particles. So our results clearly




aemonstrate an entrance channel effect in the °si + *”C reaction and these
the

+
results are consistent with the qualitative picture of the formation of a
long-1ived orbiting complex in these reactions.

2

do/dw/DW (MB/SR)

120 140

6 (cm)

Pig. 4.9-1 Center of mass angular distribution for reaction yield at backward
angles. Smooth curves show 1/sin® dependence.
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4.10 How is the Excitation Energy Divided in Partiaily Damped Collisions?

A. Lazzarini, D.D. Leach, D.-K. Lock, A. Ray, A.G. Seamster, and
R. Vandenbosch

ne of the principal remaining questions concerning quasi- and deeply—
inelastic collisions is the division Of the excitation energy between the two

These two limiting possibilities lead to a distinguishable difference
only when there is a significant mass asymwetry in the exit channel. There
are nof xperimental observations which bear on this issue, but those
that exist tend to indicate that thermalization is reached more rapidly than
might have been expected. We have developed a new method for detemmining the
Qivision of excitation energy and applied it to the very mass asymmetric

entrance channel system “°Fe + 2°°U. We determine the total excitation energy
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from the kinetic emergy of the projectile-like fragment and the excitation
energy appearing in the heavy fragment from the fission mass asymmetry of the
coincident sequential fission f:m;mne- from the target-like partner. The
relative yields of symmetric asymmetric fission fragments is a very
sensitive function of energy for emxntum energies below about 60 MeV.

The experiment was performed using a 480-Mev beam of °°Fe produced
the Lawrence Berkeley Laboratory SuperHILAC. The beam was incident on a nlE—
supporting 0.8 mg/cm® 2°°U target, and the projectile-like fragments were
detected in a AE-E detector telescope located .n 45° where there is a good
yield over a broad range of mass of the
ﬁssxon fragments was determined by their time of Eliqht. The mass resolution

ry good, with peak-to-valley ratios of over 20 cbserved at the smallest

Lmluncxne-, We have restricted our analysis to those events with Z = 24,

and 26, corresponding to Pu, ug, and U complementary fragments. These are

fu xomnq systems for which we have good calibration data on the dependence
asymmetry on m:m.uen energy.

Our results for the ratio of the excitation energy in the heavy fragment
divided by the excitation energy in the light fragment are plotted
function of total kinetic energy loss in FPig. 4.10-1.  The upper horizontal

= ———
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Pig. 4.10-1 Dependence of the ratio of the

|
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o
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_ — Ronaup that of the light fragment as a function
the total excitation energy.
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line is tne for equal

e s i T ar RS e e

equal division of excitation energies. Our results are intermediate between
It is clear that the present

the temperature imbalance resulting from the initial nearly equal division of
excitation energy between the two fragments. It is seen that this driving
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force is insufficient to equilibrate the temperatures unless the fragments are
in intimate contact for an appreciable length of time.
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4.11 The Effect of Particle in the **°xe + *°re Reaction and a

angle of 55.5° using the cine-of-f1ight technique. From the measured

%o the correlation coefficients and the isobaric variances. These results
were with evaporation calculation based on the various complementary

be!
shows inot our data can be better described by the nucleon exchange model with
the xnclusion of the effect of particle evaporation. Our mass and neutron
variances are consistently smaller that those obtained by Schull et al. after
cotrection for particle evaporation.

e large emergy losses. We note however that this saturation omly
s at near and sub-barrier total kinetic energies in the exit channel and
likely reflect fluctuations in the scission deformation rather than quantal
effects.

pr:
dutn.butxonl of heavy fragments measured by Schull et al.’ but corrected for
were

neutrol
pruﬂazy distrmutxonl predicted by the nucleon exchange model.
tvee

The isol
at 39¢ in the laboratory using the time—of-flight technique, Our measured
variances are smaller than those obtained by Berlanger et al.

Tosses and are in agreement with the results from the nucleon exchange model.

See e.g., D. Burnett, UCRL 11006 (unpublished); Z. Frankel et Phys.
Rev. C 12, 1809 (1575), R.L. Perguson et al. . Rev. C 7, 2510
(1973); F. Plasil and H.W. Schmidt, Phys. Rev. C 5, 528 (1972).

of the *°kr + %Mo system

s. Gil, A. Lazzarini, D.D. Leach, K.T. Lesko,
R. Vanderbosch, and A.G. Seamster

The _puclide distributions of Fe-like reaction products from 5.5 Mev/n
364 on °Fe were measured as a function of excitation energy at a laboratory

aistributions of light fragments obtained by uging the secondary

n our data and the results of the evaporation calculation

baric variances were measured for the 430 Mev °°Kr + Mo system

We reproduce the saturation of the isobaric variances observed by Berlanger
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5.  FUNDAMENTAL SYMMETRIES IN NUCLEI: 0" ~ O  ISOSCALAR PARITY MIXING IN *‘N

5.1 Theory of the “*N Parity Mixing

E.G. Aelberger, B.A. Brown,” and P. Hoodbhoy,

The general pnncxpuu of our experiment to measure the AI = O parity
mixing between the I = 1 0" and O~ level.sat! -asumannw in *'n

were given in last year's Annual Report.' A paper,” to appear in Phys.
develops the formalism of longitudinal analyzing power (A;) measurements over

parity mixed resonances and applies this to the example of probing the parity

mixing in “‘N by detecting A_ over the narrow 0° resonance. The formalism

ueilisga tne single-level to Bloch's ion of reaction
eory” in cedes (ol rocione) st (paxtty-conserving)  resction
tne

e of ' the. twe opposite parity resonances. An example of e
conserving caloulation is ghown in Fig. 5.1-1 where we compare our calculation
Yo existing® unpolarized >c(p,p) data. In order to determine the widths and
separation of the O and O resonances we studied the ''C(P,¥,) reaction at
6,,,, = %0°. Results are shown in Fig. 5.1-2.

Because the PNC A is expected to sign between forward and
packward angles we have ‘Chosen to detect e A (back)-A;(front),
where A(back) is the longitudinal analysing power averaged over the angles
from 140°-170° while A (front) is that averaged over the interval from 33c-
370, Because our cbsétvable is a difference of A 's, effects due to beam
intensity modulation or of beam size modulation combined with target
nonuni formities cancel to first order.

We estimate the PNC matrix element connecting the 0" and O  levels uging
the "best value" PNC NN interaction of Desplanques, Donoghue, and Holstein® in

a shell model calculation® in the ZBM space and obtain Hy.. = -1.39 eV.

Haxton® has done a complete 2hw calculation and obtains a very similar value
Hoge = ~1:0% oV

When the —1.39 eV matrix element is inserted into our “L calculations,

we discover that an A has 1 pover (see
Pig. 5.1-3). The predicted effect is "2 x 10™° and counting rates are high
enaugh 5o that one can achieve a statistical error small enough to give a ~50
offoct with an integrated beam charge of 1 yA-day. The statistical power of
the _experine

F(0") and from the large size of low-energy elastic-scattering cross
sections.
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5.2 High Count-Rate Low-Energy Proton Detectors

E.G. Adelberger, M.J. Murphy, J.L. Osborne, H.E. Swanson, and V.J. Zeps

In order to measure a small parity nonunq ec:ae:, we need to count “1
MeV protons at high rates (-1 )

the proton detection scheme: a) a large wo1a a.nqu coverage with relative
insensitivity to small beam position and angle fluctuations, i.e.,
detectors at large distances, b) short pulse width, c) good energy resolution
and, d) low background noise.

The Chosen was to mount thin (50 um) scintillators on S-cm
Qiameter Pt pTia: cuies (rur sY. The detectors cover 32% of the solid
angle from 140° to 170°. The scintillators were prepared by Bicron on 3-mm
Chick, S-cm dlameter Tucite substrates with 0.4 ym of Al e
front surface. The aluminum maximizes the light collection from a proton
event, and shields the PMT from seeing the light from the other detectors.
The scintillator thickness was chosen to Stop the protons in the scintillator,
while minimizing background pulses from y rays and electrons
scintillators were glued to the PMI's using an optical coupling cement
ped by Nuclear Enterprises, Inc. Preliminary tests using some existing
RCA 8575(6) and RCA 8850(1) PMI's revealed a substantial amount of low e
noise. This problem was solved by wrapping the PMI's with an Al shield at
Photocathode potential. Running the PMT's near optimum high voltage, we were
able to attain proton pulses of -0.8 V with 10-nsec pulse widths. The energy
resolution varied from 18% to 30%, depending primarily on the photocathode
uniformity. This, however, is mot a critical factor, since we are interested
only in counting the protons, and thus need only to be able to separate the
proton peak from the low energy noise. To equalize the counting rate in the
front and back counters, the front counters have been further collimated,




exposing only a 1.3-cm diameter hole. This

reduces the effects of
photocathode nonuniformity, improving the front
the best

counter resolution to “13%
4 of 7 RCA PMI's, to
purchase 5 Hemamatsu R239-02 PMI's. The Hamamatsu tubes are equivalent to the

advantage of a built-in shield at photocathode
potential as standard, a better tube wrapping and a much lower price. The
P t's were placed in specially designed holders which mount in the scattering
Panbor.  In onder to hold a vacuum, an O-ring seals against the 3-m edge of
he Jucite substrate, with the aluminized surface of the scintillator exposed
to the target, while the PMP remains outside the vacuum system.

2mil Plostic Scinillator Specirum

s T

\

\

| Fig. 5.2-1 Typical energy spectrum

of 1.1 MeV protons on a fic target,
as detected in a front counter. The
energy resolution is 13%.

counts /1000

o bases wore built following a standard design.’ To achieve stability,
a large divider chain current (2.2 WA at -2000 V) vas employed and zener
& lodes were used to fix the photocathode to first dynode potential at 480 V.

Referenc

1. R.W. Engstrom, RCA Photomultiplier Handbook, (1980) p. 80.

5.3 **N Beam Position Stabilization System

**N Beam Position Stabilization SyStem

E.G. Adelberger, N. Hill, J.L. Osborne, H.E. Swanson, and V.J. Zeps

The incoming proton beam is stabilized to remove position fluctuation:
Using four independent control loops, the beam is dynemically steered to pass
through the center of both the upstream slits and the Faraday cup. The major
eloments of the beam sensing and steering system are shown in Fig. 5.6-1 (se¢
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Sec. 5.6). Beam current measured by pairs of slits (horizontal and
vertical) and a Faraday cup lpllt into four quadrants. The physical positions
oOf both slits and Faraday cup can be moved with micrometer adjusting screws.
When in operation, these systems serve to maintain the position of the beam
along the symmetry axis of the apparatus. Two parameters of the beam
controlled - position and angle at the target location. The upstream magnetic
steerer near to the exit of the quadrupole is used to center the beam on the
slits. These slits determine primarily the beam's position at the target but
bnm which was off the z-axis will have acquired an angle with respect to that
The steerer near the slit position is used to center the beam on the
ruaaay cup. This system assures the angle of the beam with respect to the z—
axis is minimized.

In order to minimize the loop response times, wide bandwith current
preamps were designed and built. These operate in the range of 10 to 1000
nanoamperes with a bandwidth of DC to 40 kHz. Additional operational
amplifier ircuitry provides sum and difference signals for metering and
control. These are displayed on meters to provide visual indication of the
beam's intensity and position for tuning diagnostics. These signals are also

sent to voltage to frequency converters (V/F's) which are scaled and routed
identically to the pulses from the photomultipliers themselves. This allovs
us to correlate in photomult: with the beam's

position, angle and intensity. mgm—un and up-down difference signals are
converted to the currents needed to drive the steerers using Kepco BOP
operational amplifier power supplies in the case of the upstream steerers, and
hybrid high current op-amps made by RCA in the case of the Faraday cup control
loops.

The magnetic steerers were constructed by winding coils on each of the

four legs of ferrite frames (rectangular toroids). These frames enclose a

section of beam tube. Coils on opposite legs of the frames are connected to

opposing B fields in the ferrite. This causes the field to leave the

ferrite and £ill the open area in the center of the frame with a very uniform
B field. Perrite has a high permeability and resistivity which allows
modulation at rates comparable to the 40 KHz bandwith of the current preamps.

Using a Hewlett Packard Spectrum analyzer, the power spectra of various
Qifference signals were measured. These give an indication of the beam's
fluctuations in different regions of frequency space. Over frequency
range of DC to 100 Hz, the szamnnnon system achieves a 30 dB overall
reduction in the power spectrum when compared with an unstabilized beam.
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5.4 ‘N pata collection Electronics

E.G. Adelberger, N. Hill, J.L. Osborne, H.E. Swanson, and V.J. Zeps

The data aquisition system uses a somewhat modified version of the

to routs the jactoy soalers. Due Lo the high data ates prodicsd by
photomultiplier tubes, ADC's cannot be used. All events exceeding a lower
Thvert iz auitsisce) cebEad iVt o) e soutarsl Narta Aee pooviae the ‘Tass:
sums used in the analysis. The Laboratory's polarized ion source controller
generates the equal period routing sequence and provides the capability of
synchronizing the starting and stopping of data aquisition with the transition
to a new routing state. In addition, aquisition is inhibited for a preset
time around the state transition to allow for transient effects to damp out.

CyiapIo erien Chi e G Pt Conals o Ol sl g
having initialized and cleared the CAMAC scalers, signals the external
electronice that all is ready thxouqh an ADC test output jack. Data
aquisition begins at the transition to the + route state. After a
predetermined amount of charge has been collected, aquisition is stopped but
only after equal time has been given to each route state. The PDP 11/60
computer is signaled through an ADC input, at which time the scalers are read,
cleared, and displayed. This sequence proceeds until the desired number of
readings has been acquired.

Presently two scaler banks are used, with the intent to expand to four.
Routing is accomplished by sending beam (V/F) and photomultiplier pulses to
n of scalers, but only gating one bank on at a time consistent with
the present ion source state. The assignment of which bank Corresponds to the
+ route state alternates with each sequential readout of the scalers. This
was found necessary as the dead times of the individual scalers in each bank
are all different. These differential dead times build in an asymmetry unless
the individual scaler dead times are averaged over both route states. The
analysis software then assumes sequential scaler readings have alternate route
assignments and these are unfolded when Computing the various asymetries.
tion system is thus very symmetric in its treatment of the two

normal and to the other bank when they are inverted. This has the effect of
accumulating counts in only one route state. Any counts in the other state
indicates a problem with the synchronization and the particular reading
sequence could be removed from the totals accumulation.




5.5 Data Acquisition and Analysis Programs

£.G. Adelberger and R.S. Peabody

The data acquisition program for the ‘N parity mixing experiment
provides the master control for the data taking cycle, writes all results on
tape and provides an on-line measure of the current and cumulative values of
all the and A single data acquisition
cycle consiste of:

a. starting the polarized ion source spin flipper, the Lecroy and NPL
scalers, and the ADC used for the 3 x 3 NaI

b. stopping the counting after a predetermined beam charge has
accumulated.

©. Reading the Lecroy scalers, and clearing them and displaying the
results.

4. starting a new "read cycle.”

e. After 40 read cycles the program writes the 40 sets of readings on
magnetic tape, and computes the current and cumulative asymmetries. The
counting rates and asymmetries are printed out and a new run is begun.

The program is based on the standard Laboratory singles package with the
AUTO feature, but it required a number of new programs. The 4 x 12 = 48
Lecroy scaler values for each reading are stored as counts in a spectrum which
can be displayed by the standard VT1l routines. Each scaler is labelled by a
code denoting its function (i.e., left front counter in the + route). Thus
all asymmetries can be based on the function code rather than the physical
scaler number. The on-line output of the individual and cumulative counting
rates and asymmetries provides an excellent diagnostic and will ultimately be
used to control the polarized ion source spin precessor.

The data analysis program computes the various asymmetries and

and makes a 1 m;y-u . the. indiwituml alees. . BT
allowing us to compare the observed fluctuations of the individual data points
with those expected from eountinq statistics we can determine whether our
system is performing as

Reference:

* Present Address: of . Uni of




5.6 Design and of the "'N parity Beamline
E.G. Adelberger, C.A. Gossett, M.Z. Igbal, J.L. Osborne, H.E. Swanson,
and V.J. zeps

shown_in the preceding sections of this report, the measurement of a
small (z x 10 &

ns N via the resonant elastic
scattering of protons on '°C requ:

s. The
n counters must cover a large solid angle, yet produce pulses fast enough
for the high counting rates. The beam transport System must provide fast

utomatic stabilization of beam position and angle. The beam line for this
experiment must accommodate all of these design considerations while at the
same time providing mechanical stability, to reduce asymmetries in the
particle counting rates due to translation or vibration of the target chamber,
and a clean high vacuum, to reduce carbon buildup on the target.

The final design for the beam line assembly is shown in Fig. 5.6-1. The
position of the slits and the target were chosen to provide the optimum focus
at the target position extent of the apparatus, more than 4 m from the
cave quadrupole to the split Faraday cup, precluded its construction on any of
the existing beam lines except for the L-30° leg, which is normally used only

SO e T e o Gmup for the production of
short-lived radionuclides (s 1 1913) rime consideration in the
design of the beam line was [ ¥inat) bt ot inter torwliwi hititin ipsaner i iy
usage, therefore removable 30-cm stainless steel bellows and 15-cm section of
‘tube were placed between the quadrupole and the isolation valve to allow their
Chamber to be re-attached in its usual position.

i) suts
auAORUPOLE .wmz
i,m STEERING MAG
ey [ [

\ 7

CSMALL STEERING
MAGNET

SPLIT FARADAY CUP-

CRYOPUMP
€ VALVE

ETECTORS

Fig. 5.6-1 A elevation view of the 1~30° beamline. There are also an
identical pairs of slits, forward-angle counters, back-angle Counters and
Paraday-cup segments in the horizontal dimension.

The construction of this beam line has now been completed. As shown in
Fig. 5.6-1, the beamline components are attached to a 1/2" steel plate
x 2" steel channels. se channels are attached at one

pole support and at the other end to a 12" diameter steel
pipe which extends through the cave floor to the floor of the basement. The
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pumping system chosen for this experiment is a CTI Cryotorr 7 Cryopump.

5.7 Studies of System Performances Using an Unpolarized Beam

E.G. Adelberger, C.A. Gossett, J.L. Osborne, H.E. Swanson, and

Zeps.

slit and Paraday cup stabilizing feedback loops reduce the error
signal by 30 a5 and 10 GB, respectively, at lov frequencies, while providing
Bz

feedback cor

installed at the target position. This s proved to be both an excellent
aiagnostic tool and a sensitive way for determining the best beam focus. The
best beam spots thus far have been 0.5 mm x 0.5 mm. Collimators have been
Put on the front counters in order to equalize the rate in the front and back
counters. This has allowed us to raise the beam current, increasing the rate
in the back counters, while maintaining a tolerable rate in the front
counters. Because the collimators expose only the central portion of the
scintillators to the scattered protons, the resolution in the front counters
has improved from ~25% to =13%. At present the back counters can see protons
scattered from further down the beamline, creating a continuum of noise that
accounts for ~10% of the total back detector counts. Plans for a cold shroud
which should eliminate this problem, are in the shop.

Before we attempt to make measurements using a polarized beam, we must
understand possible systematic errors caused by imperfections in our data

sources of systematic error can be with an unpolarized
Using the control circuit which normally flips the spin of the
polarized beam to route the scaler banks, we collect unpolarized beam data
exactly as ve intand to vhen fumning vith a polarized bews, Beceuse there is
no spin flipping, we expect all asymmetries to vanish. During our first runs,
we noticed asymmetries up to % Cimes larger than the statistical error. We
iscovered that the CAMAC scalers read differently, even when all scalers were
fed by the same photomultiplier signal. To correct this, we electronically
alternated the functions of the two scaler banks after each read, so that each
spin state was averaged over the two banks, eliminating the correlation
between "spin state" and scaler bank. This dramatically improved A (back—
£ront), bringing it to within statistical error. We still found there fo be a
3 3

short the positive route at the beginning of each amanct orieads. | Bis
SN Sl ottt negative A (back) and A (front). After we
Corrected these known problems in the progfam and electrohics, we cbserved,

a run with a total dhan;e of 0.25) A-days, that all asymmetries were

consistant with zero, A(front) = (4.945.0) x 10°°, and A (back) = (5.7+6.0) x
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107°, and A (back- front) = (0.97.8) x 10°°, with a total of =5 x 10

counts/detector. the present level of accuracy, we are able to

a null telult mh unpolarized beam. However more data must be taken
to verify the result at the 2 x 10 ° level. All-in-all the system seems to be
working extremely well, and we are ready to test our apparatus with polarized

beam.




. FUNDAMENTAL SYMMETRIES IN ATOMS: PARITY MIXING IN HYDROGEN AND DEUTERIUM
6.1 Introduction

T.A. Trainor

The object of this axpen—ntal program is to measure the weak
s coupling of n=2 8 p states in hydrogen and deuterium vxa
resonant two-photon s8-8 trinlxtiana induced in a fast atomic beam at 570 G.

The lensxtxvxty of the experiment remains, as it was reported last year, at
about 1000 times the Standard Model prediction. Our efforts in the
intervening period have been directed toward three of the four limitations of
the apparatus: magnetic field inhomogeneity, background pressure, and stray
electric fields. The fourth problem, motional electric fields due to the fast
atomic beam, is indirectly improved by better magnetic field homogeneity.

Although the electric fields which induce the s-s transition amplitudes
are generated by highly coaxial precision electrode systems, they
projected on a quantization axis referred to the axial magnetic field of tha
Sxperiment. This field presently wanders in direction by "1/10° over
length of the apparatus. The resultant unwanted transverse electnc b\em

the amplitudes and mimic
interaction. Relative field magnitude variations of the same ox\!er also serve
to distort the s-s resonance shape. The result is that various techniques
used to discriminate against false PNC effects which depend on geometric
ana lose their effectiveness below the

sensitivity level reported above.

Stray electric fields from various sources other than poor magnetic
f£ield geometry also serve to generate spurious amplitudes which make analysis
aifficult.

Finally, the non-zero residual gas pressure in the system produce:
collisional 1s-2s transitions which serve to dilute the data acquisition it
a non-resonant background yield and reduce the statistical accuracy/time.

or program has therefore been carried out, consisting of
Pﬁpaxatxen of a new tape-wound solenoid and control system for installation,
gold plating all electric field electrodes, and reconditioning the cryopump
system, in order to achieve a 100 times improvement in the sensitivity of the
apparatus. Progress with the solenoid system and gold plating are reported
below. The cryopump system now provides 3-4 times lower operating vacuum than
was available during last year's data acquisition runs




6.2 Cleaning and Plating of RF Cavities:

D.W. Holmgren

The sensitivity of the present H-PNC experiment is limited by the
ambient electric field in the RF cavities. As part of the effort to
understand and eliminate the stray fields, we Cleaned, polished and plated the
RP cavities

The copper cavity sections were cleaned and electropolished in a
Phosphoric acid solution.”

A commercial plater® performed further pmuan. including cleaning in
a caustic alkaline and an acidic bath. Cavity sections holding apertures
required a sulfuric acid etch to activate the exposed lead-tin solder for
plating.

To minimize cost, only those surfaces of the cavity "seen” by the beam
were plated. These surfaces, including the uoupunq loops, received 0.3-0.4 u
electroless nickel, followed by 2.5 4 gold plate

On return from the plater, the pieces needed further finishing. Stains
presumed to be plating salts were removed, and the rough edges of the plated
regions were finished with silicon carbide.

The cavities were reassembled and installed in the apparatus. We
not yet determined whether the ambient electric field has been na-uncanuy
altered.

References:
1. Buclear Physics Annual Report, of (2983)
p. 42.

2. N.V. Cherepnin, Treatment of Materials for Use in High Vacuum Equipment,
182

(Ordentlich, Holon, Israel) p.
3. Criton Rytek Finishes Co., Kent, WA 98032
4. American Chemical Refining uolutxon 258.

6.3 Alignment and Field sScans of the New Solenoid

A. Trainor and P. Wong

Several years ago we manufactured an aluminum Solenoid consisting of 20
tape-wound pancakes’ when it was realized that our wire-wound copper solenoid
did not produce a magnetic field of sufficient uniformity to permit an
experimental sensitivity to the parameter c,. Of order unity, our original
design goal. In principle it is possible more easily to produce a precision
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solenoid with tape-wound pancakes, since jigs can be used to precisely locate
the tape on cylindrical forms during the winding process, whereas the wire—
wound solenoid is subject to various winding errors as each new layer is wound
on the one below. However, in the course of routinely checking the new

uminum pancakes for major faults last year, preparatory to installation, we
observed that a number of construction defects were present which would make
the new solenoid not significantly better than the old. So we undertook a
careful measurement program which determined the mechanical, electrical and
magnetic properties of each pancake.

Mechanically, we found that the anodized aluminum cylinders used as
forms for the pancakes had become warped, either during the winding process
OF later when strains in the pancakes relaxed. The various tape layers also
were not perfectly lined up at the outer faces. Shifts of 10-20 mils were
observed. Each pancake consists of two layers, one wound inward and one wound
outward with an annulus of mylar between, both layers wound from one
continuous strip of anodized aluminum tape folded at the center. These halves
were observed to have different diameters, as a rule, due to variations in
tape thickness, as noted below.

In order to insure an important property of the pancakes, that the
windings be lined up and the two outer faces parallel, all the pancakes were
Pressed between dies with a ten ton press. This had the desired effect on the
pancakes, but the forms remained warped. It was decided therefore not to use
the forms for axial location of the pancakes as intended but to use insulating
Spacers which reference to the faces of the pancakes.

Electrically, we found that there were shorts in several of the pancakes
and that the aluminum tape varied in thickness in a step-like manner at
various points within the windings. These measurements were made with a
constant-current source and a 6-1/2 Aigit DVM to determine the IR drop as a
function of position along the tape. Changes in tape thickness, as noted,
mean that the effective radii of various pancake halves are different even if
‘the measured outside diameters are the same. Each pancake was therefore
surveyed for shorts and mean radii of both halves, as well as total
resistance.

Magnetic measurements were made with a Bell 3-axis Hall probe in which
the three Hall plates were mutually perpendicular to better than 1/2°. The
probe was carried on a precision track referenced to the main coil support
Jig. of field for each pancake were
Correlated with various physical measurements. Variation in axial magnetic
£ield strength per unit current were correlated with variations in mean radii
and known s

At the end of this measurement program the physical, electrical, and
magnetic data for each pancake were self consistent at a level of a few parts
in 10°. An assembly scheme was then devised which would produce the most
homogeneous magnetic field with the available pancakes r instance, the
SEfeCt of two pancake halves having different mean radii is that the effective
axial field maximum is displaced with respect to the physical pancake
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position. If the pancake is placed in the solenoid at its nommal axial
by pancake st be
shifted axially a small amount from its normal site by Idjult!nq Bhi® iy
spacers between pancakes in order to compensate for the radius variation.
The solenoid has been assembled according to the fmu scheme and awaits
letion of the new current control system so that currents will be
Bsufficiently stable to allow total field surveys at the 1/10 level.

Reference:

1. Nuclear Physics Annual Report, of (1981)
p. 28.

6.4 Control System for a New Solenoid

P. Wong

Progress is being made on assembling and testing the new solenoid® for
the H-atom project. The primary components of thxu solenoid system are 20
“pancakes” of wound aluminum tape, a 20 channel shunt board which determines
the relative amount of current flowing in each pancake and a high performance
dual current regulator.

One of the major advantages of the new solenoid is that the current
{hrough each pancake can be varied individually, allowing variations in B, to
be mininised. To accomplish tnis & large PVC board with 20 loops of Nichfome
wire has been constructed. The resistance of each loop is varied by means of

a copper slider. Each pancake field can be continuously varied over a range
©Of 0.5 gauss and can be set to £l milligau In addition to having very
little noise, the shunts have excellent time and temperature stability.
However, there are variations on the order of 20 milligauss/10° C if the
temperature of the solenoid changes. If the © pancakes are allowed to reach
operating temperature before adjustments are made there should be no problem.
The shunts will be trimmed using a Hall probe after the pancakes are installed
within the flux return.

Because the all-aluminum solenoid has a higher resistance than its
copper: a new power supply configuration capable of higher




The 80lenoid should be installed and tested in the next six months

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

2. Nuclear Physics Laboratory Annual Report, University of Washington (1983)
p. 38.




MEDIUM ENERGY PHYSICS

7.1 Inclusive of Pions from very Light Nuclei at 100 Mev

3.P. Anann,” Burger,’ K.G.R. Doss,* D.H. Dowell,  I. Halpern,
M.A. Khandaker, D.D. Leach, T. Murakami, D.W. Storm, and D.R. Tieger

Recently we performed an experiment on the inclusive wattennq of gl
fzom very light nuclei at 100 MeV. The experiment was motivated by

arlier finding'’® that although inclusive pion scattering fm lomects)
Tt s appears to be mostly due to quasi-elastic scattering from
nisTacns, haEd 45er scesHektires Thae cannot be accounted for in this way.
We decided to study these features in light elements to avoid multiple
scattering effects.

The present measurements were carried out using the Q0D spectrometer in
the M1 channel at TRIUMF (Experiment 224). Data were collected for m on °H,
’e, and ‘e at | savezal laboratory angles, ranging from 40° to 125°, and for
" on He, ana at 60°, 100°, and 125°. For mzmanu:xon (s dingnoetig
purposes some At also collected for ‘H, ‘N,

e target was a thin-walled 2 liter gas Cylinder. It was run at room

temperature and typical Pressures of 1500 pel. Data were collected in three
momentum bites of spect 60

e energy. We had a pxelmnazy run last summer and a final one this
Pebruary. We are currently in the process of analysing the data. A
preliminary set of energy spectra, relatively normalized, for m’ on ‘H, °H,
He, and “He at 60°, is shown in Fig. 7.1-1. The curves here are composites
of all three momentum bites.
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The main qualitative features of these spectra are as expected: the
deuteriun gpectrum shows a clear quasi-elastic peak in addition to the elastic

peak; the “He and ‘He spectra show additional yields at large energy loss, and
appropriate gaps next to the elastic line, reflecting the absence of excited
states below the particle breakup energy.

It is interesting to compare the ‘He and ‘He spectra. guasi-elastic
s ™ (from the two protons) is likely to be more suppressed in
B e e G R in pion absorption. A

pzel.mdnazy examination of the m data indicates that rward angles

(60°, 75°) the “He inelastic cross-section, integrated from 24 to 60 Mev
excitation energy, is slightly higher than that of °He, whereas at backward
angles (100°, 125°) the crops-section for ‘He is slightly lower.

We hope to account quantitatively for our findings in terms of simple models
for the absorption and scattering of pions.




The experiment was designed to allow us to compare ’H, ’He, and ‘He
directly. This should make it possible for us to interpret the observea
differences in yields and spectra in temms of the effects of number of nucleon
types and mean nucleon separations on the interactions of pions in nuclear

(s3un Kieaqie ) uonses-ssoin

Energy of outgoing pions (MeV)

e s
H, He, and ‘He at o, -

Fig. 7.1-1 Energy spectra for 100 MeV ' on |
60

2) No efficiency correction has yet been applied to the spectra.

D) The dashed lines show where the separate spectrometer momentum bites
have been joined.

©) The dip in spectra in the range 60-67 Mev is Possibly due to fall-off of
efficiency at the edges of the spectrometer's acceptance.

d) The small tail on the elastic spectrum has been subtracted using the
*u pectrum.

©) e arrow in the “H and ’He spectra shows the location of the quasi-
elastic peak.
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ACCELERATOR MASS SPECTROMETRY (AMS)*
8.1 AMS with Carbon and Berylli C-14 and Be-10

D. Balsley, G.W. Parwell, P.M. Grootes,’ G.M. Hinn, D.D. Leach, and
FH. Schmidt

Measurements of isotopic fractions in the range of 107! to 107** for

studies of the variations in *°Be and ‘C concentrations in environmental
samples have been continued during the past year, and a number of significant
technical improvements have been made.

The extremely rapid change in atmospheric *C concentration caused by
the injection of large amounts of ‘‘C, produced in the nuclear weapons tests
Of the early 1960's, provides an excellent tracer to study the photosynthesis
and deposition of carbohydrates as cellulose in tree rings. A better
understanding of these processes is important for the use of the isotopic
abundance ratios of carbon, oxygen, and hydrogen in cellulose in tree rings as
palecclimatic indicators. Measurements are in progress on ten sequential
segments per year for the years 1962 and 1964 of a Sitka spruce from the
Olympic Peninsula, Washington. Data for the year 1963, during which the

ic *‘c content increased dramatically and reached a peak at about

is gratifying to find the atmospheric '‘C trends clearly reflected in the
single-year tree-ring profile.’’* Fig. 8.1-1 shows a comparison of the two ‘c
profiles. Measurements on the 1962-1964 period are continuing and modelling
studies are under way.

A better of the i of ic beryllium is
needed for its n 1 processes and
their chronologies. A study of “°Be concentrations in rain water samples from
different northern latitudes in Washington and Alaska is in progress; these
measurements will provide information on the latitudinal and temporal
variations in natural '%Be deposition rates. We have also begun a series of
measurements of *°Be in surface layers of snow from the South Pole.
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8.2 AMS: Technical Improvements

Pig. 8.1-1  Comparisor ik

concentration in ssquentisl eegmenk:l of

a 1963 Sitka spruce tree ring (Olympic

ggnineula, Washington) with atmospheric

concentrations  (Norway  and

sllmr-, Ref. 2) for the same
od.

D. Balsley, G.W. Parwell, H. Pauska, P.M. Grcel’.es,’ D.D. Leach, and

P.H. Schmidt
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in the Quaternary Isotope Laboratory.)

Our low-energy (pre-accelerator) beam handling system has been revised
to accommodate the elevation of the sputter ion source to 60 kv accelerating
potential and a shift Of the ion injection angle from 30° to 45°. (30 kv is
the highest accelerating potential actually used to date.) The new sputter
ion source-low em=sy beam system, together with a new particle detector
telescope that a larger aperture and renders our particle counting rates
i ae R e e
to increased stability and higher counting rates for Be fjorer
example, we recently observed Counting rates as high as {5500 per
minute from a 1964 carbon sample; this is 50% greater than our mgnen i
abserved heretofore. )

The *c work has been greatly facilitated by the development of a method
of direct conversion of carbon to graphite by incapsulating carbon powder in
Ta"tubing, cospressing 1t to bout 14 Kilobars, and then hesting the capeuls
10 2,500°C. The capsule is pressed into an aluminum disk, and one end is
machined off in a lathe. The samples prepared by this method give beams of
the same magnitude as comercial graphite.

Purther details of these and related developments are reported
elsewnere. ">’
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8.3 Isotope ion System: Two-Level, led Rapid Switching

G.W. Parwell, H. Fauska, D.D. Leach, and F.H. Schmidt

In the method of i in AMS (Sec. 8.2,
above) the magnetic of the nust be between
their values for the lighter and the heavier isotopes with as little loss of
tire as possible. Rapid changing of these parameters has been effected
A combination Sticomptiteriontzol ‘and clesElRacretis resdnanca (oR)

 and lock contro!




In the current applications of the system to *‘C and *°Be, the abundant
ion (*’c or “Be) is monitored at the image Faraday cup (“flap") and the rare
ion (*c or *°se) at the 24-inch scattering chamber, which is located
downstream from the flap and some distance beyond the switching magnet
(Pig. 8.3-1). In changing isotopes, then, it is necessary to adjust the low-
energy injection magnet (“inflection magnet"), the high-energy 90° analyzing
magnet ("90° magnet”), and the high-energy quadrupole magnet, but not the
switching magnet. The magnet is lea®

to change appropriately as the 90° magnet changes, and it is necessary,
erefore, to control directly only the inflection and 90° magnets with the
rapid-switching system.
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Fig. 8.3-1 Block diagram of two-level led rapid
system.

The basic NMR magnet regulator system was described earlier.2’®

assure fast response in the two-level rapid-switching application, we
have constructed two NMR marginal oscillator controllers with search and I
features. The NMR regulator fine tuning makes- use of Varicaps (voltage

pacity diodes); the rapid switching circuit generates
two voltage levels to the R for the
lighter and heavier isotopes.

The rap: ing circuit is i with "in regulation” signals
from both the inflection magnet and the 90° magnet; these signals, together
with appropriate time delays, are used to protect the rare isotope particle
detector from the abundant isotope ion beam and to optimize the actual
particle counting interval




lled magnetic flux correction is
is accomplished through computer control, and a corresponding change is
imposed on the high-energy quadrupole magnet current.

The total response time for switching between isotopes is typically
seven to eight seconds.
Wnile at present the isotope switching control is manual the
operating console, we hope to institute computer-controlled isotope -mcmnq
data collection in the near future.

A block diagram of the system is shown in Fig. 8.3-1.
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9. RESEARCH BY OUTSIDE USERS

9.1 Lifetime and Magnetic Moments of States of ‘°N by the Recoil-into-Vacuum
Method

s.s. Hanna.,’ B. lleyer,' and J.L. Thornton,

The lifetimes and magnetic moments of some of the low lying states of
“°N have been measured by means of the recoil-into-vacuum technique.

In this technique the nuclear states under study are produced by a
nuclear reaction. The reaction causes the excited nucleus to recoil out of
the target at velocities that are several percent of the speed of light.
nucleus is stopped by a stopper (plunger), which can be set at a variable
distance from the target. ¥ rays that come from a nucleus that decays in
£light will be Doppler shifted, while those that come from a nucleus that has
stopped in the plunger will be unshifted. By determining the ratio of the
shifted to total number of y rays as a function of distance (and thus time),
the lifetime can be determined.

When the nucleus is recoiling in vacuum, its spin also experiences a
Larmor precession induced by the hyperfine field of the atomic electrons. For
light nuclei the hyperfine field can be calculated exactly, since it is

number of y rays detected at one angle with respect to the number measured at
3 different angle. The ratio of the number of counts in each detector will
undergo an oscillatory pattern as the distance is varied. Since the period of
the oscillations is proportional to the magnetic moment of the excited state,
the g factor can be extracted.

Lifetine and moment measurements were made on the 297 Xev, 3; state in
N and lifetime measurements were made on the 397 kev, 1, state in'‘°N, witn

Proton were made at a beam enersy of 34 MeV, while singles measurememts were
performed at 20 MeV. The preliminary results obtained are (see Fig. 9.1-1):
(1%8,297,57) = 121.243.5 peec
T(1N,397,17) = 6.46%0.20 psec
q(‘ N,297,3 ) = 0.499%0.025

References
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Fig. 9.1-1 Oscillation Curve of the 297
kev, 3° state of ‘°N. The ratio of total
counts at 0° to total counts at 90°, e
a function of stopper distance i
shown. The errors shown are ut-ltlntxcal
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9.2  Simultaneous Measurement of Nuclear Magnetic Moments by the Transient
Pield Method

- + *
S.S. Hanna,” B.T. Neyer,' and J.L. Thornton,

he past year we have completed measurements of the magnetic moments
o Hangs it FAMGRER MRS Hle ol el SO otk Tt o vas
not measured because of its small counting rate. The primary goal of these
experiments has been to determine deviations from the predictions of the
collective model, g = Z/A. Of particular interest was the exact dependence of
the magnetic et e e pisner ¥iand'ytsther (Lhis dapenience:agised
with ne (183)" and with some
previous data. Tl & SR AEeo AT ke Ta s Slhona o motity g
the usual transient field method in order to obtain much reduced systematic
errors. In this modified method several isotopes were measured at once,
instead of the usual one per target and the resulting y ray lines were
separated with Ge(Li) detectors instead of being observed in NaI detectors.
Due to the incroancd rosolution of the Ge(Li) detectors this procedure results
i ch Cleaner extraction of the angular rotations from the data. In
addition target dependent errors are virtually eliminated since now beam
damage or larget fabrication uncertainties will affect all the isotopes
1y.

of
20s0e

o renultn of this work are given in the table below where, following
the work of Brennan et al.® and Dunham,‘ we have taken g(°°Pd) = 0.40%0.02,
g(***re) = 0.3620.0Z, and g(**‘Te) = 0.2620.03 as our calibration points.
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These latter values represent averages over various Integral Perturbed Angular
Correlation (IPAC) measurements for the relevant magnetic moments. The final
g factors have then been determined by doing a least-squares fit to all of our
data plus the calibration data for a given isotopic sequence, in which the
scale factor relating observed angular rotations to g factors for each target
was allowed to vary. These results along with the Z/A and IBA predictions are
shown in Pig. 9.2-1.

Pig. 9.2-1 Measurements of the 2* state g
factor for palladium and tellurium
isotopes. Dashed line gives Z/A; solid
line gives these predictions of the
Interacting Boson Approximation.
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The results for the Pd isotopes are seen to be reduced somewhat from Z/A
and in good agreement with the IBA predictions. They are also in good

exposures to the beam. Thus while the traditional transient field method may
be satisfactory in the case of targets that stand up well in the beam, in the
case where they do not a simultaneous measurement would seem well warranted.




Table 9.2-1

G-Factors for Pd and Te Isotopes
Measured g-Factors for the First 2' States of even Pd and Te Isotopes.

Isotope G-Pactor
Pd 0.4020.05
pa 0.3820.04
'pa 0.4020.02
'pa 0.3320.03
pa 0.31#0.03
Te
Te
e
Te
Te

0.3520.03
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1. M. Sambataro and A.E.L. Dieperink, Phys. um B 107,

2. Brennan et al., Phys. Rev. C 21, 574 (1980).

3. Shu et al., Phys. Rev. C 24, 954 (1981).

4. J.s. Dunham, Ph.D. Thesis, Stanford University, 1981.

249 (1981).

9.3 Short-Li for Biomedical Research

P. Kremer,” K.A. Krohn,” and J. Link

This past year we have continued to develop short-lived radioisotopes
for biomedical research in the School of Medicine at the University of
Washington. *°F is being produced using the Tandem Van de Graaff accelerator
by bombarding gageous *°Ne with 15 Mev deuterons. Added P, (1%) reacts with
the nucleogenic “°F to produce F*°F, a uueful et fluorinating agent. We
are producing approximately 300 mCi of “°F 6 4A hours and can transfer 125
N e
effluent contains no detectable '°F.

Over the past year, most of the ‘°F has been used to synthesize 2-
£]sroteoxyglucose. siieREiEhesia) cotsistat IaEAUGELRR ks the  oseacus
F*°F into a solution of ammonium acetate. The as P is ionically
g Al Tk oo £ s mh Lo 'ruacctylgluca] (TAG) is added
to this mixture and the ( reacts ically
with the two position of TAG. i remaining acetic acid and ammonium fluoride
can be conveniently evaporated from the solution. HCl is added and the
mixture is heated for 12 minutes to effect hydrolysis of the protective acetyl




groups and yield (°F)-2-fluorodeoxyglucose. The compound is purified by a
combination of ion exchange and silica gel flash chromatography and taxen to
University Hospital for studies in animals. This past year, have
synthesized ‘P0G nine tines for use in animal studdes Dy tnree differemt
research groups. Synthesis yields are approximately 20% EOB of the fluorine
Temoved from the targe

Fluorodeoxyglucose is of biomedical interest because it functions in
an analog of glucose. The rate of cellular uptake of the
Fluorodeoxyglucose is essentially the same as that of glucose as is the rate
of intracellular phosphorylation, but the fluorine atom on the second carton
Of the hexose prevents further metabolism to fructose smaller end
Products. The phosphorylation adds charge to the molecule and Preverts ie
from exiting the cell. Thus the tracer is -metabolically trapped.- The 511
eV annihilation photons of °F to detect by
both conventional and positron s e e imaging devices.
°F)-~£luorodeoxyglucose has been used to study in vivo kinetics and uptake of
glucose in both normal and diseased animals by our biomedical collaborators.
The purpose of our research is to use this tracer for measurements of tumor
energy utilization in rats.

have made two attempts to

addition to the production of ('°F)FpG, we
°P. DMI is an antidepressant drug
alpha

it desmethylimipramine (DMI) using *
which interacts in vivo with

and h Because Of the DMI with
these receptors causes the injectsd DMI to be extracted from the blood and
bound to tissues, radiolabeled DMI is potentially useful as an in vivo tracer
for blood flow. Thus far, our attempts to label with “°P have produced an
unstable compound but work is continuing on this important class of
molecules.

In addition to the work with ‘°F, we are preparing to produce *C by the
reaction of protons on “N. *!c is of biomedical interest because carbon is a
mal component of biochemicals; Compounds which are both biologically active
S easy to detect quantitatively can be synthesized using this isotope.
Nucleogenic C will be heated with a catalyst to produce ('C)-cO, which will

*'c)-cH,0H, and then refluxed with HI to

'C)-deoxyuridine from
(°C)—CH,T for the study of DNA synthesis in tumors and surrounding tissues as
a functidn of cytoxic thera

Reference
*  Department of Radiology, University of Washington.




9.4 Irradiation of Optical Materials

and A.R. Tokuda,”

K.L. Ba).]nu,' C. Gulascik, G.M. Hes:

Samples of different optical glasses were irradiated with iodine ions
for the Boeing Company. The resulting damage tracks were then etched to form
a type of anti-reflecting surface. More work is planned to try to optimize
the process.

Reference:

*  Boeing Aerospace Company, Seattle, WA 98124.

9.5 Light Ton Irradiation Creep
E.R. Bradley,” C.H. Henager, Jr.,” E.P. Simonen,” and R.G. Stang'

The U.S. Department of Energy, Office of Basic Energy Sciences, supports
a Radiation Effects on Metals and Ceramics program at Battelle, Pacific
Northwest Laboratory (PNL). A light ion irradiation creep experiment, as part
Of the PNL research program, is being conducted at the Nuclear Physics
Laboratory. Irradiation creep is defined as the time-dependent deformation of

a material induced by stress during energetic particle irradiation in excess
Of that observed in the absence of irradiation. Pure nickel specimens were
led with deuterons, using the Van de Graaff accelexator, to further the

of low-dose

An irradiation creep model developed to explain irradiation creep of
nickel® has been able to rationalize all the irradiation creep data obtained
during this experiment. Specimens of pure nickel with three different
microstructures were irradiated at 473° K with 15 or 17 MeV deuterons.’’* The

stress increases during irradiation were B re was a significant

effect due to initial microstructure, predicted by the 1,

relationship of the applied stress to the yield stress of the particular
crostructures.® Recently, the irradiation creep e been used to

rationalize low fluence creep data for 316 stainless steel irradiated with
either charged particles or neutrons.® The model successfully predicted low
L aacions CraE ek LA Resly oA FAem Mok s e T o gt Nk T
steel. The experiments on pure nickel, therefore, produced results applicable
to more complex metal.
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9.6 of Cosmic-Ray Upset in Circuits

c.J. Halone,' L.S. Smlth,' and J.A. zoutendyk’

Cosmic rays are known to cause bit errors (cosmic-ray upset) in digital
integrated circuit chips. Heavy ions in the cosmic-ray spectrum are the worst
offenders due to their large stopping powers (de/dX). Tonized charge
(electron-hole pairs) created along an ion track in a silicon chip is

The tandem Van de Graaff accelerator was used to determine
experimentally the critical charge values characteristic of a bipolar random.
access memory chip. Bromine ions with kinetic energies ranging from 20 Mev to

theoretical model was cbserved by selecting twenty-two values of Br-ion energy
within the 20-117 MeV range. This experiment is the £irst one in which the
Physics governing the interaction of an ion track within a complex integrated
circuit has been examined in detail.

References:
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9.7

Past Neutron Beam Radiotherapy: Medical Radiation Pnysxcu'

Eermaa,’ 5. xuan,t ana 2. wiest!

The Medical Radiation Physics Division continued its routine support of
the treatment of cancer patients and neutron beam radicbiology studies. The
neutron beam facility has been described in detail in previous reports.” No
significant developmental or research activity took place during the year.

The facility for treatment of cancer patients was deactivated at the end
of February.
References:
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University of Washington.

1. Nuclear Physics Laboratory Annual Reports, University of Washington (1972-
1981).

9.8 Fast Neutron Beam Clinical Program*
+

G.E. Laramore

From 4/1/83 through 2/29/84, 26 patients have been placed on RTOG
neutron protocols, 5 patients have been entered on an NCI-approved study (SWOG
83-67) to test the feasibility of combining chemotherapy with large dose per
fraction neutron radiotherapy for non-small cell lung cancer, and an
e et studies. Of
the latter patients, 10 had sarcomas, 1 had a salivary gland tumor recurrent
i praviSumTy " e A e AR HarBe N o SRR T Ta TS 550

a malignant glioma which was treated with combined chemotherapy and
e PR T T el R protocol patients is given in Table
9.8-1.

Table 9.
Protocol Patient Distribution

Protocol Patient Number

RTOG 76-08 (cervix)
T G ate)

RT0G 79-07 (lung)

RTOG 79-21 (pancreas)

RTOG 80-01 (salivary gland)
RTOG 80-07 (glioma)

RTOG 81-10 (bladder)

RTOG 82-02 (head and neck)
SWOG 83-67 (lung)

TOTAL

LlonsEorarn
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Major New Findings

Lung: As of 6/1/83, protocol RTOG 79-07 had accrued a total of 110
patients. Patients are randomized to receive either conventional photon
irradiation, fast neutron irradiation, or mixed beam <muemn/pmmn)
irradiation. This study will likely be Closed at the next high LET committ

meeting to be held in June 1984. A preliminary analysis of tne data seems to
indicate a higher complete response rate for the neutron—treated patients but

improvement in median survival. The W00 BLIEE sty GEilisea
induction with two cyc of
ana vin.blalt:.ne/cia—platxnum o i e e address

this problem

Prostate: Frotocol RI0G 77-04 was closed to new patients entry in April
1983. “A tol £ 95 patients were entered. This study compared conventional
Fhoton 1oL S e (neutron/photon) irradiation for patients
with stage C adenocarcinoma of the prostate. A preliminary analysis xndxmbad
a

favor of the mj.xzd beam group (82% vs. 49%) but no obvious correlation with
clinically-assessed local control or time to the development of distant
metastases. The significance of these findings is under study.

A review of the world's literature on soft tissue s

fast neutrons than would be expected for conventional pmcon irradiation. A
total of 286 patients with large inoperable Soft ti sarcomas have been
tzeated B, Cm Tl h et cantazs Wilh an)ohesadiiioce control rate of

Two review articles of this material are in preparation. We antlcip\te
et sarcomas as well as salivary gland tumors are likely tumor systems
show improved local control with neutron irradiation in the next generation of
studies to be carried out on the new clinical treatment facilities.

References:

* Supported by NCI Grant CA-12441.
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9.9 Neutron in Support of

Rasey’

The Experimental Biology Division of The Department of Radiation
Oncology continues to perform radiobiology experiments in support of the
radiotherapy of human cancer with fast neutrons. Patient treatment with the
22 MeV dtBe neutron beam from the nuclear physics laboratory cyclotron ceased
in Pebruary, 1984. Patient treatment will begin shortly with the 48 Mev piBe
neutron beam from the Clinical Neutron Therapy System (CNTS) at the University
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Hospital. Our studies in the past year have been directed toward determining
the relative biological effectiveness (RBE) of the 22 MeV beam relative to the
48 MeV beam. The RBE for the 22 MeV dtBe neutron beam relative to >° Cs gamma
rays has been determined using cell survival in V79 cells in vitro and two in
vivo systems, acute response of mouse skin and survival of mouse intestinal
SEpticenis. myéifees iabiaoda it Clestincos iviens) fe ovatioid cose
levels are sumarized in Table 9.9-1. RBE is defined as dose of °'Cs gamma
e R ERATES oSt it SIS L7 s 2 FERee B\ 1530, B iaTiida ot
neutrons required to produce the same effect. A late responding normal
tissue, rat spinal cord, was added to the RBE comparison. It was deemed
important to ultimately determine the REE for 48 MeV p+Be neutrons relative to
22 Mev asBe neutrons for this dose limiting tissue because neutron RBES for
central nervous system damage have proven to be high.

9.9-1

abl
REEs for 22 MeV d+Be lleutmm Relative to **

7cs Gamma Rays

137,

cs 22 Mev a+Be
system Endpoint Gamma Ray Dose, Neutron Dose, REE
rads rads
V-79 cells 0.5 surviving 675 305 2.21
in vitro £raction
0.1 surviving 1240 5% 2.10
fraction
Mouse intestinal 50 surviving 1275 640 1.99
crypt cells cells per
circumference
10 surviving 1445 770 1.88
cells per
circumference
Mouse skin 0.75 average skin 2205 1140 1.97
response (7-35 days
post radiation)
1.0 average skin 3050 13%0 2.19
response (7-35 days
post irradiation)
1.25 average skin 3760 1600 2.34

response (7-35 days
post irradiation)

ideal way to determine RBEs between two neutron beams is to
i

.

However, the clinical neutron therapy system is not yet available for
biological testing. Our approach therefore is to do a gamma ray experiment at
ime each neutron irradiation, so that experiments with any

neutron beam can be normalized to a common photon control. This will
ultimately allow of relative




new high energy CNTS neutron beam relative to the neutron beam from the
Nuclear Physics Laboratory which had been used for patient treatment for over
ten years. These studies will facilitate tramsition of patient treatment from
the Nuclear Physics Laboratory cyclotron to the hospital based therapy unit.
References:

*  Supported by NIH Research Grant #1 ROl CA35478.
t Department of Radiation Oncology, University of Washington.

9.10 Normal Tissue Neutron Radicbiology”

P.A. Mahler™

‘The University of Washington is one of three institutions being funded
by the National Cancer Institute to examine the efficacy and feasibility of
new hospital-based cyclotrons for cancer therapy with neutrons.

t experience has indicated that central nervous .ynem tissue is the
most. llqnxflcint dose limiting normal tissue for neutron the:

are currently to gain about the
new therapy beam by using damage to rat npm: Cord as a measure of the beam's
relative biological effectiveness (RBE). Using '~ Cs gamma rays, 22 MeV d+Be

spinal cord damage. The ratios of the doses to produce equivalent effects

137Cs o diBe
= piBe
will give measures of the RBE of the new beam compared the two older

beams. The two older beams have a base of human clinical dat- upon which to
draw. Therefore it will be pouumlu to estimate tolerance doses for the new
neutron beam based on the experimental REE's and the human data bases.
Reference:

*  Division of Medical Radiation Physics, Department of Radiation Oncology,
University of Washington.




Effect of Antibiotic Decontamination of the GI Tract on Survival Time
after Neutron and Gamma Irradiation

¥ K.1. Jackson, '

t

J.P. Geraci, and M.S. Mariano

ana
irradiated with 8 MeV neutrons (1.5 to 13 Gy) or ’’Cs gamma radiation (9 to
20 Gy). The animals were checked for survival at four hour intervals from the
second to the seventh day postirradiation and at eight hour intervals on other
days. After doses greater than 7.5 Gy of neutrons and 15 Gy of photons median
survival time was relatively constant at 4.2 to 4.5 days, indicating death was
primarily due to intestinal injury. After doses in the range of 5 to 7 Gy of
neutrons and 10 to 14 Gy of photons median survival time was dose dependent
and varied from 12 days to 4.5 days, suggesting a changing distribution of
deaths due to intestinal injury as opposed to hematopoietic injury.

this range of dose dependenc], whereas the effect of decontamination was
negligible for doses that produced mostly intestinal death. These results
suggest that sepsis e endotoxin produced by bacteria from the intestinal
tract play little role in acute intestinal radiation death.

References:

* Research was conducted according to the principles enunciated in the
"Guide for Laboratory Animal Pacilities and Care," prepared by the
National Academy of Sciences-National Research Council. Work supported
Dby Defense Nuclear Agency contract #DNA0O1-83-C-0009.

t Radiological Sciences Division, Department of Environmental Health,
University of Washington.

9.12 of Total Body Calcium by Neutron

C.H. Chaanut,’ B.L. Lﬂw)len,. and R. Murano”

We have now completed 15 years using neutron activation to measure total
body calcium in patients with bone wasting disease.® In the past year we
performed 88 patient irradiations. Two therapeutic regimes were under test.

studies, an equal number of untreated control subjects were followed and many
other tests were performed as well as neutron activation. Since June, 1982 we
have also been measuring the bone mineral L T T R
photon absorbtion technique deve: f the University of Wisconsin
and applied extensively by Wahner and Riggs of the Mayo Clinic.
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ACCELERATORS AND TON SOURCES

0.1 Van de Graaff and nt

J.P. Amsbaugh, J.R. Cromie, H. Fauska,  D.J. Hodgkins, D.D. Leach,
C.E. Linder, G.E. Saling, F.H. Schmidt, R.E. Stowell, T.A. Trainor,
T. Van Wechel, W.G. Weitkamp, and D.I. Will

Major development pmjm- related to the tandem accelerator are
described in Secs. 10.3, 10.5. Accelerator mdxnucsons required
by the radiochronology gmup are da-cnbed in Sec. 8.2, addition to these
projects, we have installed a new air cooled high energy cup.

Accelerator maintenance required during the past year h-u been quite
routine. The charging belt presently in the machine seems to be the most
long-lived we have had. As of April 15, 1984, this belt nm run 10,300
Thours.

One rather unexpected maintenance problem was pointed out by the
:amechmnalogy group. The calibration of the generating voltmeter on the
‘tandem was found to be erratic. This was traced to deteriorating bearings on
GVM motor, wnxch had clogged up with belt dust after more than 100,000 hours
of operation.

During the year from April 16, 1983 to April 15, 1984 the tandem
operated 4842 hou Other statistics of the accelerator operation are given
in Table 10.1-1.

10.2 Cyclotron Operations and Development

J.R. Cromie, H. Pauska, B.L. Lewellen,”  R. Murano,” G.J. Rohrbaugh,

R.E. Stowell, W.G. Weitkamp, and P. Wiest'

in. cyclotron is now in its 34rd year of continuous operation.
stk R operating condition required installation of a
new oscillator tube, replacement of the variac coils on the main magnet power
supply and overhaul of the main magnet oil circulating pump.

The new University Hospital clinical neutron therapy cyclotron is now
operating so that cancer therapy operations at the 60 in. cyclotron stopped
at the end of February, 1984. (See Sec. 9.7-9.11 for a description of those
activities.) Calcium measurements, described in Sec. 9.12, will continue for
the near future.

The machine ran 908 hours between April 16, 1983 and April 15, 1984.
Other statistics of cyclotron operations are given in Table 10.2-1.

References
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Table 10.1-1
Accelerator Operations
Apr!l . %03 to April 15, 1984

Activity Days Scheduled Percent
A. Nuclear Physics Research
Light Tons 9 26
Heavy Ions 76 21
Radiochronology 35
Total 207 56

B. Outside Users
Bat

telle Northwest Laboratories 6 2
The Jet. Fsedialon uborsiony 6 2
The Boeing Company 4 1
Stanford University 27 7
University of Washington 1
Department of Radiology
Tot: a7 el
C. Other Operations
Accelerator Development 40 1
Accelerator Maintenance 37 10
Unscheduled Time 35 _10
Total 1z 31
Grand Total 366 To0
Table 10.2-1
statistics of Cyclotron Operations
April 16, 1983 to April 15, 1984
Activity Days Scheduled Percent
Department of Radiation Oncology
Cancer Therapy 58 53
Experimental Oncology s 3
Neutron Dosimetry 2 1
Division of Nuclear Medicine Total Body Calcium 50 27
Department of Radiological Sciences s 2
Nuclear Physics Laboratory 2 1
Maintenance 24 13
Total Tes5 Too




10.3 Predicting Tandem Parameters
W.G. Weitkamp

Most modern accelerators are built so that all the beam-optics
parameters such as lens and steerer settings can be set automatically by a

iter. Some parts of an older machine can be retrofit relatively easily to
De automatically set by a Computer. An example is the system used to set the
high energy magnets on our machine.’ However, retrofitting all the power
supplies of an older tandem accelerator is probably not cost effective.
lever-the-less, there are many cases in which an accelerator operator can use
the guidance a computer can supply, especially when the operator is
inexperienced.

We are developing a program to assist an operator in setting up our
tandem accelerator. The program asks a number of questions to determine the
ion species and the energy required and the configuration of the machine. It

paramete: The information is printed
out in a form similar to an accelerator log sheet.

The program presently works well for beams from the direct extraction
ion source and is soon to be completed for beams from the other ion sources

Reference:

1. Nuclear Physics Laboratory Annual Report, University of Washington (1983)
p. 147.

10.4 Crossed-Beams Polarized Ton Source

J.G. Douglas, C.A. Gossett, S.E. Kellogg, T.A. Trainor, D.I. Will, and
V.3, Zeps

This ion source was to be produced by ANAC, Ltd. at Auckland, New
Zealand. ANAC went into receivership in December, 1982, with work on the
project only partially completed. Attempts early in 1983 to negotiate with
the receiver a new contract for completion of the ion source ultimately bore
no fruit, although all the interested parties were in agreement on the basic
issues. This failure was due in large part to long delays in cCommunication
when various University departments acted as third parties in negotiations.

In August, 1983, negotiation turned to establishing terms whereby the
the University could claim title to existing hardware. This process was

ed in a period of days by telephone. The hardware was received by the
University in Auckland and air freighted to Seattle in early October, 1963.




What we have received from ANAC is about 70% of the hardware required to
complete the original design. This design calls for a cesium gun, a ground
state atomic beam source, an ionizer region, a neutralizer/inflector region
and a spin precessor. In masnon are required power supplies, racks, support
stands, vacuum hardware, control systems. Although only 30% of the
hardware remained to be eouplcted upon shipment, these items usually involved
aifficult design decisions which had not been made.

In the initial period after shipment these design questions were
addressed, and negotiations were carried out with two sub-contractors, one to
finish fabrication of some sub-assemblies and furnish specific designs, the
other to provide software for the three control computers and to furnish the
services of a controls technician to expedite wiring the source. These
contracts were in place by the end of February, 1984.

To date, the ion source parts have been uncrated and assembled to the
extent possible in an off-line area. Electrical power and cooling water have
been delivered to the site. Cable ways have been designed and installed.

ardw
The control software has been completed and delivered. The power and control
wiring is being installed.

hardware.
The goal, in addition simply to providing designs which did not exist, is to
produce a device with good electrical and temperature stability and relatively
easy maintenance at reasonable intervals. As an example, the cesium gun

very carefully within the ion source under all operating conditions. Failure
to do this properly will result in thermal instability, sputtering, melting,
and outgassing.

In the immediate future, the atomic beam source assembly will be
completed. This unit will then be powered up and its performance optimized.
In about two months delivery of Cs gun parts should commence. In September,
1984 it should bo posaible to operate the Cs gun and atomic beam source
together and optimize negative polarized beam Allowing about two
months for this process and two months for installation on the accelerator
system we foresee on-line use of the polarized source by end of 1984.




10.5  Sputter Source Elevation
P. James, T.A. Trainor, D.I. Will, and P. Willis

our PN tandem, as mentioned in last year's annual report,

completed and evalumtad iGN ea1Tot 29081 firte original 25 kev source, its
frame and vacuum system, associated isolated power supplies, their rack,
deionized cooling water lines, light pipe telemetry, the 100 keV Dowlish
accelerating tube, and the 10 kVA isolation transformer have all been tested
to 60 keV elevation (for a total injected beam energy of 85 xev ) In this

The elevation S s e trln-llllbon through
largely

test, no detectable corona or sparking was noted and the elevated source
appears to be fully capable of operating at this injection enequ. However,
we have that our triplet in:

power supply is incapable of achieving the voltages required to focus and

steer an 85 keV beam into our tandem. As a result, we are currently operating

at 30 keV elevation for an injection energy of 55 ke, the highest energy beam
g

our quadrupole triplet will focus adequately. Keeping the low ene: am
current constant and raising the injection energy from 25 keV to 55 kev
results an increase in h: energy beam current to 2.7 times that

achievable at 25 keV. The slope of the measured curve of transmission as a
function of injected beam energy suggests that operation at the full 85 kev
injection energy design point might result in still better transmission.
result we may upgrade the quadrupole triplet and its power supplies for
operation at higher focusing voltages.

Reference:

1. Nuclear Physics Laboratory Annual Report, University of Washington (1983)
. 72.




11.  NUCLEAR INSTRUMENTATION

11.1 pesign and of Elect: Equipment

H. Fauska, J. LaCroix, R.E. Stowell, T.D. Van Wechel, and M.R. Walker

The following major electronics projects were carried out and are
described in detail in the indicated sections of this report.
hardware interface for the laboratory data collection system was
re.b\ult (lee s 3).
wo-level NMR controlled rapid switching system was built for the
raaxocnmmmogy group (see Sec. 8.3).
c. Design of the electronics for the pre-tandem buncher for the linac
has been initiated (see Sec. 13.5)

Several additional electronic projects were undertaken:

a. 5 Miz heads were constructed for the deposition monitor in the

target laboratory.
Pour NIM bin power modules were

=4 xpanded computer terminal patch panels were constructed and
instalted’ for ‘the Dec 11/60 and the VAX, featuring LED's to indicate which
terminals are active.

d. The number of computer terminal outlets in the laboratory has been
expanded.

e. Additional high q\mhty 50 ohm cable systems have been installed
between the counting rooms ave
7adi50 SO oF s1x Do’ =, partly constructed last year,®
vas comp)eted and installed for cave and beam line areas.
A double balanced mixer circuit with gain was constructed for
g s cavity.
h. Extensive filtering of critical logic lines on the electronics
associated with the momentum filter was installed to prevent spurious and

i. As a result of source elevation (to 30 kV), two channels of lab
built light pipe telemetry were added to the sputter ion source. This was

lished using commercially available Hewlett-Packard light pipes and lab
built voltage to frequency converters.

. Van de Graaff GVM rotor and stator are being replaced with gold

Plated units to stabilize the dielectric properties of the suface materials
and thus give a more correct voltage output. The plating has been completed
but the unit has not been installed or tested yet.

k. Several additional light safety flashers were built for use at
various hazardous areas in the laboratory.

Reference:
1. Nuclear Physics Laboratory Annual Report, University of Washington (1983)

p. 80.




and Testing of a Breskin Counter

D.D. Leach

A Breskin type multiwire proportional chamber of 2 x 2 cm has been built
and successfully tested. This counter uses two aluminized hostaphan foils
operated at ground potential and separated by 6 mm. Midway between these two
folla 18 & harp Gt 30 . o1d plated Cipgted wiias on') W ‘centers: hese
wires are all connected to a common During operation 1-2 Torr of P-10
gas was circulated through the eountaz and +4%0 V was applied to the wire

silicon surface barrier E detector. Time resolutions of 220 psec and 240 psec
0 and 94 MeV Br respectively.

1. A. Breskin et al., Nucl. Instrum. Meth. 165, 125 (1979).

2. A. Breskin, Invited talk at the Hans Geiger Symposium on Detectors in
Heavy Ion Reactions HMI-Berlin, October 1982, to be published in Lectures
Notes in Physics, Springer-Verlag.

11.3 Use of the LED-PIN Diode Light Pulser for Gain Stabilization of the
10" x 10" Nal Spectrometer

D.H. Dowell, C.A. Gossett, and K.A. Snover

As interest in studies of the statistical decay of the giant dipole
resonance increases (see also Sec. 3.1-3.9), the long temm gain stability of
the 10" x 10" Nar has become important. These
studies involve the measurement of gamma-ray spectral shapes which vary by six
orders of magnitude over a gamma-ray emergy range of -20-30 MeV, but which
have no prominent lines with which to monitor the Nal detector gain. In
addition, (P,) studies of excited-state giant resonances (see Sec. 3.5), in
which the gamma-ray spectra exhibit lines from many closely spaced states,
also benefit from improved gain stability and from improved detector
resolution resulting from a more stable gain.

We have recently begun routine use of an LED-PIN diode light pulser
system for gain stabilization of the Nal The designs of th

driver circuit and LED stabilization are described in an earlier annual
report.® A special optical fanout bundle is used to couple a single LED to the
seven photomultiplier tubes on the Nal detector. The tubes are "back-
illuminated” by shining the LED light through the glass wall onto the rear of
the photocathode,” and with Proer matching of e lcpticel, couplinge.y ehe
1ight is un among 1 The couplings of the LED

Eo7he. #ikar BumaTaVRRNRES FelsVPe! oatans balanced in such a way as to




allow for a good signal-to-noise ratio in the PIN signal, while operating the
LED over a wide dynamic range up to effective gamma-ray energies well above 50
Mev.

Commercial gain stabilization units made by Williams and Harris are used
for both the LED and Nal stabilization. The light output of the LED pulser is

identically to gamma-ray events in the timing and linear signal processing
electronics, so that the LED amplitude distribution in the NaI spectrum serves
2s a realistic indication of pileup.

with the gain stabilization system over the past few
months indicates that the long term regulated stability of the Nal is better
than 0.5%. In addition, no short term gain shifts are observed associated
With varying detector rates in the range from 2 to 160 kHz, leading also to
upper limits of 0.5%. An amazing aspect of our present operation is that the
PIN stabilization circuit rarely provides a measurable correction, indicating
‘that the intrinsic LED amplitude stability is very good. Currently we obtain
2 stabilized Nal detector resolution of 3.3% FWHM for 22.6 MeV gamma rays
collimated to illuminate the full detector diameter at a depth of 8". When
the collimation geometry is chosen to illuminate -90% of the rear face of the
detector, the resolution is 2.6% for 22.6 MeV. Wnhile we are quite pleased
with the improved detector performance, further improvements are desirable
such as the elimination of a small dependence of the Williams and Harris units
©n LED rate, and also the incorporation of a zero-level stabilization system.

References

1. Nuclear Physics Laboratory Annual Report, University of Washington (1982)
p. 161,

2. Nuclear Physics Laboratory Annual Report, University of Washington (1983)
Pp. 84,

1.4 and Testing of the Momentum Pilter

J.F. Amsbaugh, K.

T. Murakami, and D.W. Storm

During the past year we have made a number of modifications which permit
easier and more reliable operation of the momentum filter. Leaks in two

completely remove the vacuum ducts so that new bellows could be welded in
Place. Indium wire seals which had been used in the scattering chamver also
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were found to develop leaks after cycling the vacuum. These were replaced by
aluminum wire seals except for the O degree face of the scattering chamber

rve
Spectrometer (BCS) at the final focus without significantly affecting the
vacuum throughout the rest of the system. This involves the introduction of a

Toughing pump to evacuate the region between the two windows. With the

scattering chamber open to the beamline and the BCS mounted and operating we

were able to maintain a vacuum of 1 x 107° Torr in the scattering chamber, 1 x
s Torr at the final focus.

It was discovered that when the power supply was operated at its maximum
current of 400 A, the circuit breaker would trip and fuses in both the primary
and secondary circuits would burn out. This problem was corrected by
improving the electrical joints by using copper rather than aluminum lugs,
using joint compound and by periodically checking the tightness of the
connections. We were able to substantially reduce the number of errors in the

allow the fields to be set to an accuracy of a few parts in 10°. This
Tequires that the magnet currents be set to 400 A and then slowly stepped down
to the desired current setting. This procedure is automatically carried out
by a new PORTRAN program with which the experimenter interacts. This program
allows the option of setting the fields by requesting a particular momentum to
change ratio value for the central ray.

By running a particle beam directly into the momentum filter we we:

@ble to determine ray trajectories at the dispersed focus by measuring

currents on moveable pins and at the final focus by measuring beam positions

©on a plastic scintillator. These measurements confirm our previous findings

that the foci are down-stream of their predicted positions. This situation
somewh:

These proved to be unsuccessful because of an unacceptably large count rate at
the final focus resulting from slit scattering from the collimators and
exchange in the momentum filter. More recently a successful preliminary
measurement of the *®o(*’A1,%%s1)*"N reaction was made at 10 degrees (see also
sec. 4.5).




1.5 a for the Momentum Filter

C.R. Christensen, T. Murakami and W.G. Weitkamp

sting the proton polarimeter for use with the momentum filter
described in last year's Annual Report® has continued. The polarimeter uses
elastic scattering from ‘He with vanes to restrict scattering to angles
centered around 60°. The detectors are 114 by 6.4 mm disks of NE 102 plastic
scintillator viewed by photomultipliers.

We have found that the plutic scintillators are too sensitive to
neutrons. A small pmportxonal counter has been installed in front of the
polarimeter 8o we Usa. coincidence Etesen tHR ol and the
acintiiiators oo vellih Beuteoh s background. We have also tested other
scintillator materials. CsI is about 100 times less sensitive to neutrons
than either NE 102 or CaF. CsI scintillators may be installed in the
polarimeter in the future.

The focal properties of the momentum filter appropriate to the
polarimeter have also been measured. Use of the polarimeter on the momentum
filter will require maximum solid angle, minimum spot width at the final focus

both the maxium solid angle and the minimum spot size occur when the magnet is
set for a central-ray momentum 9% higher than the actual particle momentum.
We also found that the angle between average particle direction and the
polarimeter axis is 0.5°, which is within acceptable limits.

Reference.

1. Nuclear Physice Laboratory Annual Report, University of Washington (1983)
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1.6

Target Preparation

G.M. Hinn

In Table 11.6-1 are listed a few ci the more interesting of the 210
targets prepared in the Laboratory last

Table 11.6-1

Starting Pinal Hethod of mg/cn”
Target Porm Form Preparation  Backing Thickness
5 Ice, Alaska =
°"'°8e0  Soutn Pole phasi chelex ion none 1,5
and carrier exchange
'Be
it T4 metal N *°N nitriding 5.5 2
high temperature
2803081 oxiae elemental reduction 8.3, 1,2.3
E-bombardnent
or. oxide metal B-reduction s.s: 1.5
E-bombardment
= metal metal E-bombardment 5.8, 0.5
a0, metal oxide anodization s.s. 0.2
st carbonate oxide reduction 100 ug/cm® 0.0
evaporation au
salt salt evaporation 20 ug/cm’c 0.1
salt metal ancdization 102 ug/cm®
Ny
metal metal E-bombardment  S.S. 1
a. 1lium.  We continue to use powdered silver mixed with °’*°Beo to

produce souces for accelerator radio dating of Alaskan and South Polar snow.
Currently, we are trying to increase production by multiple sample
processing.

b. Cracked ethylene stripper foils. We now routinely make 3 ug/cm’

cracked slacked carbon stripper foils. Most heavy ion experimenters prefer
thinner foils because of greater transmission. Experience with stripper foil
below 3ug/cm’ in thickness has shown erratic and poor tran ion.

Thick 1-2.3 mg/cm’ *°Si. Research has continued with some degree of

success in making enriched ' °Si targets starting with the oxide. Purther work
is being done with electron beam annealing and thermal annealing to extend
shelf life beyond 2-3 weeks.




12, COMPUTER sysTEMS
12.1 Data Acquisition System Enhancements

Data Acquisition System Enhancements

E.G. Adelberger, R.S. Peabody,” and R.J. Seymour

Our principal data acquisition system consists of a DEC PDP 11/60
Somputer with two 5 megabyte RL-O1 disks, a 1600 bpi 75 ips 9 track tape
drive, a Printronix P-300 printer/plotter with a Trilog Tektronix hardcopy

2 DEC VI-11 graphics display, a Tektronix 4006 terminal and a BiRa MBD-
11 controlling a CAMAC crate to connect with twelve Tracor Northern TN-1213
ADCs. 15 NPL-built 75 MHz scalers are read via an IEEE-488 bus interface.

New Data Acquisttion Harduare

New data acquisition hardware for the DEC 11/60 includes an HP 3562a
Spectrum Analyzer and two more LeCroy 2551 CAMAC Scale:

Additional user control of the SINGLES display was obtained
installing a 20-key keypad to facilitate and extend the control available wity
the VI-11's light pen. This allows control such as moving the "penned” point
in steps smaller than the display’s resolution.

New Data Acquisttion Software

. The MED-11 was reprogrammed to allow snapshots of a LeCroy 2256a
Waveform Digitizer into both SINGLES spectra for set-up and MULTT histograms
and events for investigating subcoulomb heavy ion proton transfer reactions

P. Another custom SINGLES MBD program was generated for repetitive
reading of the lLeCroy scalers for use in the N parity experiments (see
§oc. 5.4). The SINGLES data structure has been given an additional data type
fo contain the Lecroy scaler totals. A section of the VI-11 display program
was created to display status information and the totalized results of the
zuns.

©: Another SINGLES MBD program provided selectable routing of one ADC's
reading based upon a TAC's output. It made use of coincidence gating of the
labbuilt ADC interface while running in an overall SINGLES software
environment. Although originally used for measurements of the statistical
decay of giant dipole resonances, (see Secs. 3.2-3.6), this program has also
been used by other experiments.

d. Another SINGLES MBD program provides for 50 microsecond delays and
decisions based on multiple ADC "hits" the resultant readings (see
Sec. 1.6). The "decisions" produce "routing” biases placed on some of the
ADCs' readings.




An Apparent MBD "Bug™

The heavier use of custom-generated MBD programs has occasionally

uncovered bugs in the MBD-11 itself. These involve

processor improperly reading or modifying a minus one (-1) in some locations

of 1u memory. The .hoxt«muz fix has been to pad programs with zeros to
to 1 nsitive areas. Attempts to isolate the problem have

Deen tisucodenril, 5: chol
Programming Constderattons

We try to have our experiments run with lab-standard software to avoid
"version drift" as features are added or bugs are fixed. The increased

standard with for the functions.
Others, in particular the MBD-11 o\mc controller, require completely custom
programs, although they are usually developed from the lab-standard programs'
skeletons

As people began to use more customized SINGLES-like Software groupings,
procedures were created to allow relatively transparent switching from one
environment to the next. This was done by providing experiment-specific
accounts which established their own environment as a part of the log-in
procedure. Thus the computer verb "END" can invoke different results for
different experiments, but the people just know that "END" will stop their
current data collection cycle.

Morc use is being made of the inter-—computer parallel link. Two

the m 302 spectrum analyzer, read over the IEEE bus to the 11/60 and sent
to the VAX for analysis.

Control of the Momentum filter has been achieved, and is discussed in
Sec. 11.4 of this report

Reference:
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12.2 Dpata Analysis System Enhancements
E.G. Adelberger, E.P; i M.N. Harakeh,  A. Lazzarini,
M.J. Murphy, R.S. Peabody, D.A. Patterson, and R.J. ur

Our data analysis system consists of a DEC VAX 11/780 with dual RK~07
disks, a SI Eagle disk, three 9 track and one 7 track tape drives on Western
Peripheral controllers, a Printronix P-300 printer/plotter and an AED-512
color graphics display.

Haraware Developments

The principal hardware change was the installation of a Systems
Industries Fujitsu Eagle disk system directly attached to the VAX's SBI data
path. This replaced the Unibus-attached Systems Industries CDC 9766 system.

ment
Consequential slowlown in system speed. We have recently purchased a megabyte
Of our own to bring us back to 3.25 megabytes. This is fairly closely
balanced to our current load.

We have begun the change from VI-52 emulating terminals to VI-100
emulators, some with Tektronix 4010 graphics emulation. This allows more
efficient editing and more distributed graphics displays. We had many
demonstration units brought in. They all had some bugs somewhere and part of
the evaluation procedure was the vendor/manufacturers’ response to the
problems we had. We bought three Graph-On 140 s and three Micro-Term 301 s,

We have developed informal resource sharing with the UW Physics
Department VAX to make use of their 6250-bpi tape drives. This allows us to
read tapes generated at the Brookhaven National Laboratory.

We have installed the AED-512's DMA board. We have solicited ana
Teceived three Software drivers from other sites (Jet Propulsion Laboratory,
Michigan State i Ford ), but lack of time
has prevented us from testing or installing any of them.

We have replaced our 300 baud modem with a USR Password 30071200 baud
auto answer/autodial modem. This allows our VAX to call other computers for
direct file transfers. We have installed the program HOST to control the

from a local terminal. This has proved faster and more convenient than
transferring tapes.




Softuare Developments

We have installed 1 Sciences word
processing package with its requisite Santec Variflex printer. This program
was made available to the University by the manufacturer.

We are doing some of the Laboratory's budgeting calculations with a
spreadsheet program CCALC. This program was acquired in return for providing
some media transfer services and beta-site testing to the authors, Digitec
Software Design.

The supported analysis programs were expanded and modified through user
request and direct user efforts. The SINGLES analysis program HP has been
modified to provide more functions and to handle stripping the SINGLES spectra
from MULTI tapes. The two-dimensional analysis program SPAN's display se5tlon

user is on the AED 512 color terminal. If so, the z-axis
information is displayed as color instead of variable density pixel pitternu
used on the Tektronix.

The standard multiparameter sorting program MUSORT has been given more
cunm "front ends" to read other labs' data tapes. TRIUMF's sorting program
MOLLI has begun to gain acceptance, paxtxculaz)y for its ability to
uuocnvely display sorted events on a di LLI's display has been
modified to use color to show the time uq-uncmq of the displayed events.
Also, MOLLI was given MUSORT's front end for reading Laboratory tapes.

To aid users who want to write their own spectrum analysis programs we

ne
people commonly bring into the Laboratory. It presents the extracted data in
a standard form as well as in raw form for quick incorporation of new types as
they are generated. Another subroutine READALL can serve as an outer shell
for READEM by performing all of the terminal question and answer protocols,
calling READEM and finally spliting the results into specific COMMON areas for
the user to access. READALL provides the simplest user programming interface
for standard operations, while READEM provides the maximm flexibility, yet
shields the users from having to understand and coherently handle the linked-
list SINGLES data structure and its look-alikes.

Cascades simulates and analyzes compound nuclear decay. It had been
brought to the Laboratory before, but last year saw a major revision imported
from KVI and modified for running on our VAX.

A general Purpose graphics progran FIGURE was imported from Oxford and
Dbuilt into DRAW, a command-file driven program for transferring a list of
iy Toa eI AR £ s S L

Another Oxford import AUTOFIT has received work to make it far
friendlier and bug-free than it was in its original form. It performs curve
fitting on singles spectra.
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12.3 Hardware to the Data Collection System

R.J. Seymour, R.E. Stowell, and T.D. Van Wechel

The core of the llbo!atory data collection system consist of 12
commercial Tracor Northern 200

‘s interfaced to a DEC PDP 11/60
computer. e opexatlon i system has been described in detail in
earlier annual reports,” but to summarize,

the experimenter may select any or
all of the 12 ADC's to perform the following:

ungated singles spectra acquisition.

mnz i gated singles spectra aequiln:xon

MODE 2 : gated

MODE 3 : gated singles spectra wquxucxon until a
multicoincidence occurs whereupon the hardware Aberts

and clears any singles events that may be in

enabling selected ADC's to

ive “the milticotnoiaents
event.

Mode 4

through : currently ADC lockout. Allows for future expansion,

Mode 9

Modes 0 and 4 through 9 are new to this interface.

Selected groups of
ADC's may be run in any of the various modes simultaneously.

Enhancement of this data collection hardware consisted of redesigning
and constructing a new chassis for the ADC computer interface. This was done
tor (1) increase reliability of the system, (2) incorporate all the changes
that have occurred over the past four years,

allow in-rack diagnosis and swap repairs, and (4) provide extra room and
connector and mode switch capacity for future expansion. This interface alse
Provides a number of monitoring jacks and diagnostic li

ghts to allow quick
of system has been completed
Lished using commercial vector card cages and wire Y7o p.c. boards,
Fet. zimoon interconnecting cables and mass terminated cor nit
has been installed and

The ur
"the past few
the interface works well

nne
and has been in operation for
weeks. Aside from some aq ired minor modifications,

and has met its design criteria.

Reference:

2

78.

Nuclear Physics Laboratory Annual Report, University of Washington (1982)
P. 1




12.4 A Optical Model Program

3.G Cramer

the study of heavy ion scattering it is often of interest to examine
in detail the optical model S-matrix and functions derivable from the S-matrix
such as the quantal deflection function <6>,. A problem which immediately
arises in is that the variable of the S-matrix, the
orbital angular momentum £ of the scattered system, is quantized in units of
R. For this reason, the S-matrix cannot be studied as a continuous function,
and the deflection function <6>  can be approximated only by rather crude
numerical differentiation with respect to f.

However, there is a way of dealing with this problem. The orbital
2 appe:

olntrifugal potential #(#+1)/kr, and (3) in the regular and irregular Coulom
vave functions Fy(n,p) and Gy(n.p) and the Coulomb phase shift .

evaluation of the S-matrix, only (2) and (3) are relevant. In the centrifugal
potential there is no problem with treating # as a continuous variable. Po;
the Coulomb functions there is also no problem in principle, but the usual way
of evaluating these functions employs recursion relations which depend on the
unit quantization of £. However, an alternative way of evaluating Coulomb wave
functions and pn.ue shifts for axbitrizy real or s e
develoj at th of
relativistic aynu-.u: effects in haavy ion reactior we employed these
relativistic Coulomb routines to de-quantize the et mgum momentum £
ana t it as a continuous variable.

We have developed the computer program DEFL which evaluates the optical
model S-matrix and the quantal deflection function in arbitrarily small steps
Of 2. PFig. 12.4-1 shows an Argand diagram of the "continuous" S-matrix
calculated for the *°0 + *°0 gystem at 40 Mev, using the well known Gobbi
potential developed at Yale.® The kinks in the S-matrix reflect shape
resonances generated by the potential.

References:

1. Nuclear Physics Laboratory Annual Report, University of Washington (1977)
p. 180.

2. A. Gobbi, R. Wieland, L. Chua, D. Shapiro, and D. A. Bromley, Phys. Rev.
© 7, 30 (1973).
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MeV, calculated using the Gobbi potential.




13. BOOSTER LINAC PROJECT

13.1 Introduction:
D.W. Storm

During the past year the DOE awarded us a contract to build the

‘somewhat
year's Annual Report. Instead of 12 split ring resonators optimized for beta
= 0.10 and 12 for beta = 0.16, we have chosen to use 16 quarter wave
resonators optimized for beta = 0.09 and 16 for beta = 0.18. The quarter wave

which have two gaps instead of the three of the split
rings, have a wider transit time factor, which is favorable for accelerating a
roader range of particle masses. The quarter wave resonators are to be built
©Of lead plated copper, following the design of Ben-Zvi and Brennan.>

overall planning and design Of the entire project, completed specific
planning and design work includes preparation of a design for a plating lab
which is under ana of for magnets for
the part of the beam transport system between the tandem and the LINAC. A
mechanical design for a low energy buncher (following the Argonne National
Laboratory design‘) has been completed, and the electronic design is
undervay. Also, design work for equipping a facility for testing resonators
has nearly been completed. In progress are designs which will lead to
contracts for production of cryostats and a cryogen delivery system, as well
as designs of the control system. The specifics of this work are presented
below.

1. Nuclear Physics Laboratory Annual Report, University of Washington (1982)

Pp. 130.

2. 1. Ben—Zvi and J.M. Bremnan, Nucl. Instrum. Meth. 212, 73 (1983).

3. Conceptual Design Report Superconducting Booster, Nuclear Physice
Laboratory, University of Washington (1983).

4. P.J. Lynch, R.N. Lewis, L.M. Bollinger, W. Henning, and O.D. Despe, Nucl.
Instrum. Meth. 159, 245 (1979).




13.2 Design and of.

I. Berrzvi,' T. Goliak, D.W. Holmgren, and D.W. Storm

A low beta resonator was fabricated at the Nuclear Physics Laboratory,
then plated and successfully tested at Stony Brook. The basic design (see
Pig. 13.2-1) is a quarter wave, cylindrical cavity excited by a magnetic
Coupling loop. Before the copper prototype was made the exact design
parameters were measured by the construction and R testing of a brass model.

liquid He channel

weided Joints

52010 Fig. 13.2-1 Low beta resonator.

beam line.

When the exact parameters of the design were finalized, the parts of the
resonator were fabricated in the NPL shop with the first set of drift tubes
made by the Weizmann Institute in Israel. An electron beam welding
development program was completed with a contractor in California and the
machined parts were then welded into the resonator. The drift tubes were
brazed into place and the resonator was ready for polishing, plating, and rf
testing at Stony Brook.




The design for the low beta resonator was taken from the Brennan and
Ben-Zvi quarter wave resonator anngn, with a change in the inner diameter of
the outer conductor from 16 to 18 Cm. The center conductor and drift tube
geometry was identical to that ) by Ben-Zvi. The extra 1 cm in radius was
put into the gap between the center and side drift tubes. It was felt that
this would decrease the surface fields on the center conductor. In
retrospect, it appears that the gap is not the controlling element for the
surface fields. To maintain the same average accelerating field with the
larger diameter, the voltage on i reased
proportionately. The surface field near the bottom of the drift tube is

field is probably found.

Essentially, the high beta resonator is the same as the low beta one,
except the diameter is twice as big. Since the drift tubes break the
cylindrical symmetry, however, some thought must go into their design. Their
length along the beam is about double, although the beam hole radius need not
be changed. Thus one has the opportunity to change proportions
substantially. Furthermore, one has the opportunity to extend the center

Finally, one must take into account the fact that the capacitive loading of
the resonator will increase proportionately with the radius

In order to guide the development of the drift tube gomzy, we have
performed a simple numerical calculation to predict the frequency of a tapered
quarter wave resonator with various values of capacitive loading. By
comparing with actual results we can determine the capacitive loading. Also,

an azimuthally symmetric model. Both calculations agree that the fesaiii e

the low beta resonator is 1.6 to 1.7 pF. This eoznlpcndl about 7 degrees

of phase angle at the high voltage end of the resonator. The e: Immltltu:

lmdel gives guidance regarding the effects of various radii of curvature om
he peak surface fields.

For the electrostatic calculation, the resonator is idealized as
azinuthally symetric. The geomstry is characterized by the radii (r,, r,) of
the inner and outer conductors, the longitudinal gap () Eatvean eonducbozs

and the end radius (r_) of the center SRR One, can)ctoss 1, > £,
represent the drift tibe as part of a extare. ey sitie
with various r_ smaller than a fixed r, to learn e i

Curverures on Bie end ot '8 Gy Tinasioat eoeture

relaxation procedure solves the Poisson equation for Dirichlet
boundary conditions. The volume of interest is bounded by the conductors and
the plane at z_ ., where the potential is set to the logarithmic radial

dependence of infinite coaxial cylinders.

The results of the calculations suggest various center drift tube

geometries which will provide lower ratios of peak surface field to average

accelerating field, without excessive capacitive loading. These options will
tested with a
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A full scale brass model has been completed for the development of a
high beta resonator. As well as helping to optimize the drift tube shape,
this model will be used to enable us to obtain parameters for a copper
prototype resonator which will resonate at the same frequency as the low beta
resonator. When this development effort is completed, the high beta resonator
will also be polished, plated, and rf tested as was the low beta resonator.

References:

* Weizmann Institute, Rehovot, Israel.
1. I. Ben-zvi and J.M. Bremnan, Nucl. Instrum. Meth. 212, (1983) 73; and I.
Ben-zvi, private communication.

13.3 Lead Plating of the Low Beta Resonator

J.M. Bremnan,” D. Corcoran, R. Coughlin,} T. Goliak, D. Hodgkins,
. James, A.G. Seamster, and J.H. Secora

Plating operations were performed at the lead plating facility at SUNY,
Stony Brook. Initial procedures were based on the previous experience of

stained and lacked the bright metallic finish routinely achieved with the
SPlit loop resonator at SUNY. An unacceptable amount of particulate was also
observed on the copper shorting plate, presumably originating at the surface
oOf the lead anode. independent cold tests produced results which were
below our The poor were to the bulk
lead surface as well as the appearance of a crack in the shorting plate.

The development of a new set of procedures was initiated, aided by
reports of plating success from Ben-Zvi.’ Controlled tests were conducted
Which suggested several changes in the plating parameters. Based on these
results and suggestions from the staff at SUNY a new process was defined which
was successful in producing the smooth reflective metallic surface known to be
necessary for optimum resonator performance.

Following a successful repair of the shorting plate crack, the prototype
was plated and chemically polished with the new techniques. The resultant
surface was highly reflective and free of stains and particulates. The
subsequent prototype cold test was successful.

The following alterations were made to the plating sequence:

a. Increase the temperature of the lead bath to 30-32 °C.
b. Filter the bath during plating through a 5 micron filter
€. Reduce the current demsity from 10 to 5 mA/in®.

d. Punch several 0.20" diameter holes in the lead anode.

e. Place the anode inside a polypropylene anode bag.

93




The following changes were made to chemical polishing sequence:
a. Reduce the polish age time to 12 :
b. Etch the lead layer in standing polish for 90 seconds.
c. Fill the resonator rapidly with each processing solution and
dump with a fast end-for-end rotation.

*  State University of New York at Stony Brook 11794,
1. I. Ben2vi and J.M. Brennan, Nucl. Instrum, Meth. 212, 73 (1983).
2. I. Ben-vi, private communication.

13.4 Tests of the Low Beta Resonator
.M. Brennan,” T. Goliak, and D.W. Storm

The low beta resonator was tested three times at Stony Brook between mid
and early April, 1984. The first two tests were unsuccessful in that
fields only in the neighborhood of 1 MV/m were obtained with reasonable (less
than 10 W) power in the resonator. In both cases the plating was poor. After
techniques were developed to give good plating and after drilling out a crack
in the bulk material of the resonator, the testing was successful. The
techniques used for testing were the standard tests that have been used at
coat el T S e ST T R o
with measurements using accelerated particles to better
appreciate the help received and the oppomunuy e aq'uipene 3
Stony Brook.

The low beta resonator test consists of four parts. First, a bead test
is done to establish the field profile and the ratio of the stored energy U to
the square of the average accelerating field <E;>°. For our resonator this
ratio is 0.063 Joule/(MV/m)°. The uncertainty is estimated to be 0.003, based
on estimates of the accuracy of frequency shifts in the bead tests and on

repeatability.

jecond, while superconducting, the voltage probe is calibrated. It
dllxvarl a signal whose amplitude V_ is measured with an oscilloscope.
voltage is proportional to the fiefd in the resonator. The calibration is
done by first measuring the Q of the resonator by measuring the decay time of
‘the probe voltage when the power into the resonator is turned off. This decay
time gives the loaded Q, qb which includes the effects of the amplifier
output resist: and froW o the resonator 0, Q, is obtained using
measurements of reflected power. The variable coupler is either set to give
no reflected power during steady state operation (critical coupling), or at
the weakest setting if critical coupling is not attainable. The measurement
is done at low power so the decay time is purely exponential. We found a
value of 2.9 x 10° for g, with a 5% uncertainty.

9




Once the @ of the resonator is known, the stored energy
deternined by measuring the power P fed into the resonator from the amplifier,
R 70 oo 0 S 1 e o R o e s B
minus the reflected power, measured at the directional coupler. Again, the
Coupling is either set to be critical, or as weak as possible. The accuracy
of the power measurement is estimated to be 7%. From the power absorbed and

)or e determine the stored energy and (using the bead results) the average
alcelerating field <E>. The uncertainty in the fleld resulting from
uncertainties in powss, in g, in the bead test results is S5%.
s e S T R e el a0
and permits calibration of the probe. 4

For the third part of the measurement, measured at a
Bllioas o oves mettlogs, | (mhe resirts cresaibclUese: coFaiisd. betos, helium
conditioning”. In this process, helium is introduced into the vacuum of the
cryostat and the resonator is pulsed to as high a field as possible.

tne and ion of the high field points of the
surface occurring during this process burn the points off and reduce field
emission. After helium conditioning, substantially higher fields were

maintain critical coupling as Q, falls further.) At the same time, a value of
9, i3 obtained trom the original one measured by decay times using the ratios

and P
vuué’s for we been corrected for the contribution of the probe giving

his probe produces an additional Q. of 1.3 x 10°. These corrections
2B Eolraon imreke At tie/hich va10SE ot U an proportiomitate. Sese et
lower values.

e }
13
I 2 1
LT Fig. 13.4-1 Low beta resonator tests.
/ { @ of low beta resonator, measured after

helium conditioning, plotted vs. <E_>,
the average accelerating field. fhe
lines show @ vs. E_ for fixed amounts
of power absorbed by the resonator.
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1007 1% 10
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Finally, we phase lock the resonator and measure the power delivered by
the amplifier to achieve lock. In an earlier test, this was done with one of
the Stony Brook resonator controllers at a field of 1.1 i e
4.4 W, 3.7 W Of which was required before was
VAR colledish 1Y UV Eaain ESRE, 17 W A lotin Hak 1ok Lhe amplifier.
The coupler was set for critical coupling, and the Q value was fairly low. It
was not possible to operate the resonator at 3 MV/m with that plating.
one can conclude that if one wished to operate a successfully plated
resonator with the same O as was the case in the 1.1 MV/m test, then the
power required to achieve at 3 MV/m would be (3/1.1)° times 4.4 W (33
W). The coupler would be adjusted to give a sufficiently large o to obtain
this Q. The fact that lock was achieved without adding much power indicates
that Q' was larger than optimum. In the test with the successful plating, the
controfler was not operating, but we achieved lock using a voltage controlled
oscillator and a phase detector. This lock was done at 50 W. Measurements of
the frequency modulation of the resonator resulting from mechanical vibrations
indicated maximum modulation of substantially less than 1 Hz.

ference:

*  State University of New York at Stony Brook, NY 11794.

13.5 The Pretandem Buncher
J. Amsbaugh, L. Sima, D.W. Storm, R.E. Stowell, and T. Van Wechel

The LINAC booster will require beam from the tandem Van de Graff bunched
to a time width around 100 psec. The direct current beam from the ion Sources
will be bunched with a nm_ue-qup gridded, four-harmonic buncher. After
acceleration through the tandem the resulting pulse width will be 1-2 nsec.

am pulses will then be further bunched by a superconducting quarter wave
resonator to the required width.

Several pretandem bunchers of this type have been built and operated
sucee-sfuuy.""’
cones

ie
resonator. The amplitude and phase of each frequency is controlled in a self
excited loop. These parameters are adjusted to give a ramp voltage across the
grids.

The mechanical design of the buncher box, which follows the new Argonne
National Laboratory® design closely, has been completed with attention to
providing good rf current conduction paths. The design of the resonant lines
is also complete. The construction of both designs will be done by
September.




The control electronics have been designed copying the original ANL
scheme. However the discrete component rf circuitry has been replaced
modern rf modules that are readily available. A 200 W rf amplifier and the
associated electronics have been ordered, enabling a prototype of the control
board to be built at the fundamental frequency of 50 MHz. The testing of this
prototype should be finished by the end of July. This is consistent with our
goal to begin beam test in December of 1984.

References
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13.6 Beam Dynamics for the UW Booster Project

3.G. Cramer and D.W. Storm

The beam transport line which injects the booster requires a "dogleg”
isochronous transport system which displaces the tandem output beam from the
Dbeam axis of the tandem accelerator to a parallel axis 3.6 m to the south of

i rt must be independent (in first order at a
which a given particle takes through the beam

The system employs four 45° magnetic dipole bending
elements and two pairs of magnetic quadrupole singlet focusing elements.

The characteristics of the dipoles and quadrupoles have been determined
using the beam dynamics program TRANSPORT, and a request for information has
been mailed to potential suppliers as a part of the UW procurement proce:

'TRANSPORT calculations have led to the following specifications:

Dipole 1: Deflection angle = 45°; Radius Of curvature = 0.600 m,
Magnetic rigidity = 1.04 T-m; Effective length = 0.471 m; Maximum
Bl s & anaaisialon/pExic <o &ngie = 1si0s) (o
height in vacuum chamber

(Dipoles 2-4 are either g e e

iadrupole: rture diameter = 6.00 cm; Effective length = 0.24 m;
Field gradient = 10.0 T/m; Gradient-length product = 2.40 T.

The six-dimensional Monte-Carlo beam dynamics program LYRA written by
A. Scholldorf of Stony Brook has been modified so that it can be used to
Predict the performance of this booster. This has required expansion of the




program array space and -adxfxcatxon ©Of the part of the program which deals

with Resuntosy el tcancn scribe the performance of quarter-wave
1 as sp! Several minor bugs have also
P program is being used to determine the focusing

placed on the doublets by various beams
80 that the specifications for these elements can be determined and
procurement initiated. The program is also being modified to make it more
interactive and more realistic in its simulation of booster LINAC
performance.

13.7 Phase Control System of the Tandem-LINAC System

T.A. Trainor

Successful operation of the tandem-LINAC accelerator combination relies,
among other things, on proper control of the relative phases of the time—

component.

according to established criteria. If, in mxcson, there are sources of

phase noise in the system then one or more servo loops are required to reduce

the noise to an acceptable level. The result u that correct phases are
and then

Both elements of the phase control problem, establishment of quiescent
phase values and dynamic Control of relative phases, require some sort of beam
phase detector. This detector can be active, as in a sweeper or a driver
¢ tor, in which case analysis of the beam is
required to determine relative phase, or passive, as in a secondary electron
pickoff or an undriven (detecting) resonator. These devices vary considerably
in sensitively, range, phynical size, band width, etc.

Establishment of quiescent values can be time-consuming. At existing
installations manual set up typically requires twelve hours. This lengthy

complete. Achievement of such a goal will require careful matching of phase
detector properties to the computer control system.

Dynamic phase control is a totally separate problem requiring careful
study of phase noise power spectra and response functionu of various elements
L

regulation mm to saturate because of its necessarily limited dynamic
range time from saturation must be minimized and "phase slip"
e e s registered in the proper rf cycle, not
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prematurely locked into a nearby cycle during recovery from the transient.

date these general design principles for the phase-control problem
have been developed and a number of Specific areas have been investigated. A
pdtns el e S e injector combination has been
inferred from voltage stabilities. Properties of various phase detectors have
Dbeen reviewed. A study of longitudinal phase-space propagation through the
dog leg just preceding the LINAC has been made. Some results of this study
are for example that an additional transverse waist is desirable between dog—
leg output and second stripper, and that both the high-field buncher and a
large band-width phase detector should be located at this waist.

e next step is to examine the properties of several prototype phase
detectors installed just after the tandem using the existing pre—tandem
buncher, and to begin to sketch out a rapid algorithm for computer setup of
LINAC phase

13.8 Resonator Test Pacility

R.E. Stowell, Swanson, and D.W. Storm

Progres:

on the test facility to date has largely been in the

ana and test equipment needed for
he lab. This facility is m;uszea to make measurements of quarter wave
resonator (QWR) parameters such as Q and the resonant frequency. It will

at power levels simulating LINAC operating conditions. The first low beta
Pprototype resonator was tested at Stony Brook and that experience was useful
in writing specifications to obtain the appropriate capability.

This facility be housed here in laboratory space vacated by
STSNES, (i ol g S en T e, it athe EeCalyReR
beta resonator later this year. A list of the major items of equipment
follows, with an asterisk showing that the item has been received.

*Tektronics 485 oscilloscope
*Tektronics 2213 oscilloscope
*Hewlett Packard 432B power meter
*Hewlett Packard 5382 frequency counter
*Bird RP power meter (forward/reflected)
*RP Power Labs 100 Watt broadband rf amplifier
*RP Power Labs 200 Watt broadband rf amplifier
*Narda directional couplers
Wavetech 3006 rf signal gemerator
et a T o ene et
*Miscellaneous rf compone
e e s Lncains cries gt i)




13.9 Resonator Control System
C. Stubbs and H.E. Swanson

The amplitude and phase of oscillation of each superconducting resonator
in a linear accelerator determines the energy of a particle bunch as it
traverses the accelerator. A master frequency synthesizer provides cne
reference phase for determining the initial bunching of the dc beam from &l
tandem. It also determines the phase of all subsequent resonators such thlt
the particles appear in the accelerating gap at just the right moment to
accelerated. The amplitude of the oscillation determines the mxeuexng
field seen in the gap.

Control of the resonators is to be achieved in a manner similar to that
used on the Stony Brook LINAC. The resonant cavity is made to oscillate by
1

is a multiple of 360 degrees. If the phase shift external to the resonator
differs from 360 degrees, then the resonator must oscillate off resonance to
make up for this phase difference. In this manner control is achieved over
the frequency of the resonator and it can be locked to the phase of the master
oscillator.

Electronics to o Erovie control. of loopphase shift and, attengation has
been designed by Ben-zvi and Breanan at Stony Brook. _Thelr circuit ia built
Sl e e T capable of
Etoperitect SmaAUlAL O F SEiie *1iF ciase S St Sir phase components of the
foedback signal. Using these two components, independent control of B2
amplitude and phase of the resonators oscillation is achieved. We have
ained schematics and a printed circuit board for this design from Stony
Brook and have constructed one of the resonator Control modules here. This
unit is presently undergoing an evaluation of its operating characteristics.

The controller module requires analog input signals to set its operating
parameters. A satellite control computer will provide digital-to-analog and
analog-to-digital conversion as well as two way communication with a master
control console. A Digital Equipment Corporation Falcon single board computer
has been ordered and a prototype satellite controller system is being
assembled. The Stony Brook control software has been brought up on the VAX
computer and is being evaluated. A Whitesmith's C compiler has also been
installed and work is ongoing to modify the software to work with the Falcon
based satellite.




13.10 Booster Cryogenics

D.W. Storm, W.G. Weitkamp, and will
During this past year we have ordered a helium mfrlglxator, developea
cryostat and come to better some of the potential
problens to avold in helius distribution systems, The helius refrigerator
consists of a Koch Process Systems 2800HR with three type RS screw
The 2800HR has two dry expansion engines, each with two 3"

diameter pistons, and one wet expansion engine with a single 2" diameter
piston. It has guaranteed capacities at 4.5°K of 440 W without liquid

this extra capacity was obtained under budget. At present we have nearly
completed material, technique and performance specifications for our
cryostats, pending a decision on bayonet design, and we are beginning
preliminary specifications for our liquid helium distribution manifold and
transfer siphons. We especially wish to thank John Hulbert of Chalk River
Laboratory of Atomic Energy of Canada, Ltd., Jack Nixon of Argonne National
and Tom Peterson of Fermilab for their assistance in matters

1. Nuclear Physics Laboratory Annual Report, University of Washington (1983)
p. 94.

13.11 The Plating Laboratory

A.G. Seamster and W.G. Weitkamp

The lead plating of the prototype resonator, described in Sec. 13.3,
has been conducted entirely in ths plating la.boraboxy at SUNY Stony Brook.

Because of the cost and personnel
and materials to and from Stony szocx it is c)euly upzacewu to plata .xll
the resonators there. Furthermore, the high-beta resonato:

accomnodated at Stony Brook without modifying the set up there. oenloq'unntly
we are constructing a plating lab in-house.

A suitable plating lab must have the following propertie:

It must contain a fume hood big enough to hold all the chelucal.

requuad for the plating process. Some of the chemicals such as acetone pose
a fire hazard, and some such as the lead plating solution are slightly =

b. safety equipment required in handling the chemicals must be near at

©. Equipment for maneuvering both the high and low-beta resonators as
required during the plating process must be available.
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d. The lab must be dust-free since dust adhering to the surfaces of the
resonator either before or after plating can degrade the electrical properties
of the resonator.

e lab must contain space and equipment for installing the
resonators into the cryostat since it is preferable not to expose freshly
plated to the any more than necessary.

No existing room in the Laboratory had all of the properties required.
We found that we could construct such a room by expanding an old hot-chemistry
lab adjacent to the high-bay student shop setup area (Room 165) as shown in
Pig. 13.11-1. This room will enclose 580 £t including a 90 £t* fume hood.
A 2600 £t>/min fan will -xmu-t air from the hood. A 5 u filter will remove
dust from all incoming aj

L ruo Fig. 13.11-1 The new plating laboratory.

AR

s

STUDENT SHOP AREA

The University Architect's Office has prepared final plans and arranged
for a contractor. Work will begin in April, the lab is expected to be ready
for occupancy by the end of August 1984.
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