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Cover Photo

Our cover photo this year is a monochrome montage of two touch-screen color displays
that ere part of the control system for our new booster. When the cover is opened one
sees on the upper left of the back cover the injector deck where two of the ion sources
are now located. Also indicated below the tandem injection line is the new polarized fon

source. On the front cover the booster itself is seen. The beam completes a loop starting
at upper left and eventually exiting to the experimental areas (not shown) above the
crossover. Touching any of the . elements seen, such as cryostats, magnets, pumping
stations or diagnostic elements, calls up new display pages which enable one to check the
status of or change the parameters of the elements involved.

The display was generated by Mark Howe and photographed by Mny Levine. The cover was
designed by Michael Strong of the Office of University Publica
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Introduction

The highlight of this past years activity has been the completion and successful
operation of our new superconducting booster. Beam was first fully accelerated and
delivered to one of the experimental areas late last summer. During the fall and winter we
have used the booster for several experiments, including elastic scattering of 'Li ions to
test Glauber model predictions, and & study of heavy fon subbarrier fusion spin distributions
using 2°Si as the projectile. We have also been performing beam diagnostic experiments
and detector calibration experiments in preparation for new studies of pre-equilibrium
particle and photon emission at the higher bombarding energies obtainable with this new
facllity. Our initial operating experience has been very encouraging.

This past year has also seen the successful completion of an electrostatic deflector
for separation of evaporation residues emitted near zero degrees from beam particles. A
large-area Breskin-type gas-filled detector is used to detect the residues and produce a time
signal for mass identification by time-offlight. The shakedown of this device proceeded
rapidly and it has been used successfully with both tandem and booster beams. In the
tandem experiment we were sble to measure the gamma ray multiplicity in the
18041 54sm reaction to lower bombarding energies than possible with our earlier approach
requiring detection of a discrete gamma ray associated with the de-excitation of the
Soaporation Tesdnd  Thetlattarfpcocadure!is: chanoel (doparidect;’and’ cun Jeud 45Va {hidsed
spin distribution as we have demonstrated in a separate study this past year. A study of
osbmienphap s e it oyttt accapegun et il e o
the former chennel The channel-weighted mean spin is found to exceed theoretical
expectations at the lowest bombarding energies.

been pursuing information of the shape of highly excited nuclei from
i 2 e i decay of the giant dipole resonance. In hot nuclei near mass 40,
observation of substantisl angular anisotropies together with a large spin-dependent
broadening of the giant dipole resonance provides evidence for oblate nuclear shapes due to
rapid rotation. Calculstions of the angular anistropies expected in both spherical and
deformed nuclei at finite temperature and spin, including effects of fluctuations, show very
similar patterns for oblate noncollective and prolate collective rotation, and demonstrate how
anistropy measurements as a function of temperature and spin may be helpful in
understanding nuclear shapes.

our into possible manifested on a
macroscopic scale continues to provide interesting results. _Although = arie it roled
out the original fifth force’ hypothesis of an interm interaction coupling to
baryon number, recent theoretical speculations have raised the possibility of feeble
interactions erising in a wide variety of models. We have rebuilt our apparatus and
obtained a six-fold incresse in sensitivity. We have examined and eliminated the possibility
of reconciling our results with those of Thieberger in terms of an interaction coupling to
any linear combination of baryon and lepton number with ranges < 500 m. In particular we
recently augmented our hillside source with a 1 ton Pb mass in order to investigate possible
interactions coupled to nuclear isospin.

The new polarized ion source longevity and stability have been steadily improving,
and modifications of the control software and remote control via the linac and new data

il to computaes ave s gl Docamber) dnd sy e sourca
was used in an experiment to study the low energy structure of ' N by elastic scattering



of polarized protons by '°C. A number of experiments in the planning stages will make
use of polarized beams which have not been available to us now for several years. Future
emphasis of the polarized source development will be in modifications of the source as well
as the low energy beam transport to improve the beam intensity and transmission through
the tandem.

Radiocarbon rements in the accelerator mass spectrometry (AMS) program have
focused largely upon the determination of ! CH, concentrations in methane released from
northern wetland environments (Alaskan tundra, Minnesota pest bogs). Methane is a very
important “greenhouse’ gas, and the current measurements are a part of a global study of
methane sources and sinks. Our preliminary results indicate a rapid cycling (perhaps 30
years or less) of carbon through the photosynthesis-methanogenesis cycle in wetlands, a
primary source of atmospheric methane. We have also participated in 8 world-wide
interlaboratory collaborative study of ' “C determinations and are pleased that our AMS
results for the unknown samples circulated are consistently within one standard deviation
of the value established by an international comparison of results.

A pastmmrs | pefccot B et mar Rt elies e f vt 20
at our own. These cover a broad range of topics. We have continued our studies of pion
and phetanu:lnr interactions. In connection with the latter study, the fore-aft asymmetry
data In the distribution of high energy photoneutrons in our runs on Ca and Pb have been
anelymd i Foe ot Rt {1 fs iEymmetzyifriom | Sl KA mnes o fpbotocnergien
where the E2 isovector giant resonance is expected to lie. The experimental resul
number m(enlung i et R A T e e
photoabsorption in this energy range and about the validity of the standard direct/semi-
direct treatments of the absorption process.

Last year we reported on our participation in the successful trapping of antiprotons
at LEAR. This is being followed up by a combined effort here, at Harvard and

develop @ precision apperstus developed to_measure the inertial mass of the antiproton
relative to the proton to an accuracy of 107 °~10"°. Most items have been tested and we
should be ready for the first available beam time in September.

We have embarked on & new nuclear physics effort at the PEP ring at SLAC. The
phenomenon of x-scaling in deep inelastic electron scattering suggests that the virtual
photon emitted by the electron is absorbed by an asymptotically—free quark. The recoiling
quark (and the nuclear spectator) hadronize into physical particles on a length scale larger
than the 1 fm size of individual hadrons. The PEGASYS project at PEP is aimed at
measuring this length scale by using nuclear targets from hydrogen to xenon. PEGASYS
will also try to determine if the hadronization length scale is significantly different in the
nuclear medium than in the vacuum.

We close this introduction with a reminder that the erticles in this report describe
of

of the investigators. In each article the names of the investigators have been listed
.1pn.mm.uy, but where appropriate the names of those primarily responsible for the report
e been underlined.

As always, we welcome applications from outsiders for the use of our facilities. As &
convenient reference for potential users, the table on the following page lists the vital
statistics of our accelerator. For further information please write or telephone




Dr. WG. Weitkamp, Technical Director, Nuclear Physics Laboratory, University of Washington,
Seattle, WA 98195; (206) 543-4080.

We are grateful to Maria Ramirez and lda Tess for their contributions to the design
and production of this report.

Robert Vandenbosch
Editor




TANDEM VAN DE GRAAFF ACCELERATOR

A High Voltage Engineering Corp. Model FN purchased in 1966 with NSF funds; operation
funded primarily by the US. Department of Energy. See WG. Weitkamp and FH. Schmidt,
“The University of Washington Three Stage Van de Graaff Accelerator,
Nucl. Instrum. Meth. 122, 65 (1874).

Available Energy Analyzed Beams:

Max. Current Max. Practical
p.d 20 18
He 1.5 27
Li 0.2 36
G 1.8 63
N 0.2 62
o 1 72
51 0.1 90
o 0.2 90
Ni 0.005 99
Br 0.05 108
Ag 0.001 108

BOOSTER ACCELERATOR
O oy gty et i opermoml during the past year. We have

successfully accelerated p, YLl e Sl We give in the following mm
maximum beam entrges perypi Ll e e i G e e e
fons

Available Energy Analyzed Beams:

Max. Current Max. Energy
Ion (pua) (MeV)
P 2l 35
d >1 37
He 0.2 65
i 0.1 94
© 0.6 170
N 0.03 198
o 0.2 196
0 0.1 217
Si 0.1 302
c1 0.02 393
Nix 0.001 314

* requires stripper before dogleg
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ASTROPHYSICS
1 Search for a y-Branch of the Unbound 517 MeV Level in '40.
EG. Adelberger, PB. Fernandez, and A. Garcia

The 7 width of the unbound first excited state in 40 has astrophysical
significance: it plays & major role in the determination of stellar environments where the
hot CNO cycle can occur.! We are attempting to measure the 7 branching ratio for this

te by u'ln( the !20(*Hen?) reaction and -urt:hm' for 517 MeV Y-rays in coincidence
with neutrons populating the first excited state

Our main concern was to find the source of hoe exponential background in the

e spectrum.? One speculation was that to secondary reactions in
cking, ie. ! ?7Au(pn?) with the high e'nerly protons being produced in the

‘Ec(Jne,p) reaction. We performed experimental tests that ruled out this hypothesis.

The answer to the background question came when we studied the !2C(dn7)
reaction, using the same target and set-up as for our previous '2C+’He runs. There are
no bound excited states in !N, so the n—y coincidence yield should be negligible. Even
when we ran at E,=25 MeV, below the threshold for maling the first excited state in !°N,
the y-ray spectruth in coincidence with neutrons showed the same exponential feature that
we had observed in !2C+He. We then discovered that neutrons populating the ground
state in !N were cousing this exponential background by inelastically scattering in the 7~
ray detector and then being observed in the neutron detector.

To reduce this scattered-neutron background, we increased the distance from th
ray detectors to the target and installed neutron attenuating material (high density
polye'.hyl:nt) to shield the neutron detector from the Nals. This change in geometry

the exponential background in the Y-ray coincidence spectra from ! 2C(*Hen7) by
B o i

We made a !ZC terget by ion implantation, R 400 pig/cm® thick, using the model
860 sputter ion source. The use of electrostatic steerers driven by waveform generators
ensbled us to wiggle the beam from the source, resulting in better target thickness
uniformity. We hed two runs using this target and the new apparatus configuration. Each
of these runs yielded approximately 100 hours of 12¢(3He,ny) coincidence data. From our
preliminary analysis we obtain I' /' = (33 * 21)X10”°; the range of expected values from
theoretical calculations is T, /T=1-64)10”
1 C. Funck and K. Llnpnke, Nucl. Phys. A 464, 90(1987).
2. Nuclear Physics Laboratory Annual Report, University of Washington (1986) p. 1.
3 Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. L
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E. Adelberger, S, Gil, A Garcia, J. Gundlach, D, Mikolas* T. Murakami? W. Oliver,*

and WF. Rogers
n, exglgn'.gr run performed in order to study the feasibility of using the
reaction °He(* °Ar,” "Caj2n for, producing 37ca, Our objective was to determine the B(GT)

distribution for the °'Ca B* decay by the measurement of the °'K delayed proton
rus The motivation for this study was discussed in last year’s Annual Report.'”

,Jn this first experiment we operated at E* 114 Mev/A and attempted to separate
the 27Ca isotope using the Recoil Product Masé “Separator (RPMS) facility st MSU. This
reaction is the kinematically reversed reaction used by Sextro et al' at about the same

energy in the center of mass system.

chamber that contained the telescope. The gamma detectors were used for identification of
the radioactive recoil products by their delayed gamma emissions.

We studied the recoil velocity region between 83% and 94% of the transported beam velocity,
which broadly encompassed the °'Ca recoll products. The particle spectrum wes strongly
dominated by inelastically scattered Ar particles and @ few other lon species occurring close
%o zero degrees. The second most abundant element present was K. The high counting rate
of these particles (R 3-5 KHz) prevented us from increasing the beam current (¢ & 10
pna). We found no indication of °'Ca at the focal plane, presumably due to its very low
production cross section, and to the restrictive circumstances in which we were forced to
run.

We concluded that the target gas cell windows were responsible for the overwhelming
background we observed. This background did not change when we substituted the havar
with nickel windows or when we replaced the gas with ‘He and '‘N. The reaction
mechanism which most likely was ible for our observations is some type of quasi—
elastic scattering from nuclel in the gas cell windows, which at near zero degrees produces
beam-like particles with Z close to or equal to that of the beam, and with velocities that
broadly span the region encompassing the fusion products of interest.

. National Superconducting Cyclotron Lab, Michigan State University, East Lansing, MI
48824

1 Nuclear Physics Laboratory Annual Report, University of Washington (1967) p. 2.
EG. Adelberger and WC. Haxton, Phys. Rev. C36, 879 (1967)




13 Messursment of the Angular Momentum of States in '%7Xe
EC. Adelberger, A. Charlop, A. Garcie, S. Gil, and JH. Gundlach

Recently Haxton! hes pointed out that the Z27I(e)!27Xe (r, ; =350 d)
reaction could be used in @ solar neutrino detector, with a V-capture rate being estimated
roughly an order of magnitude higher per unit detector volume as compared to the

lomestake mi g

neutrinos. Haxton points out that the cross section for capturing
(E, = 862 keV) should depend only on the strength of the Camow-Teller S/2 =3/2
tr¥nsition to the 125 keV state, which could be determined by a (pn) measurement if
sufficient resolution pan be achisved. Two neighboring states are known to lie at 321 keV
and 412 keV with J" = (1/23/2)*. The resolution critically depends on which of the two
possible assignments is correct, making it important to dstermine the spin of those states
experimentally.

We have performed a 7Y~y angular correlation experiment in !27Xe. The 7-rays
from Xe were produced by [*-decays of !27Cs (ry,, = 62 h). The 1270 was produced
via the ! 271(c4n)l 27Cs reaction. Samples of Cal were irradiated in air for several hours
with 8 20 pnA 60 MeV G-particle beam delivered from the booster. The Cs was chemically
separated and concentrated.

We used three GeLi detectors 75 cm away from the source. One of the detectors
was held fixed with respect to the source while the other two were mounted on movable
arms allowing us to_vary the angles with respect to the first detector from %0° to 180°
and from 55° to 180° between each other.

Coincidence and singles spectra were recorded simultaneously. We were able to
identify ~-ray transitions from ! 27Xe up to 13 MeV in the singles spectra.

Our data analysis is still in progress but we present below one of the spectra in one
detector gated by a Y-ray in the other.

L WC. Haxton, Phys. Rev. Lett. 60, 768 (1988)

# of Counts

0 500 1000 1500 2000
channel #

Fig. L.-L GeLi-l spectrum gated by events of 125 keV in the GeLi-2 spectrum. These daia
correspond to one run out of 20 taken at different angles




GIANT RESONANCES

21 Search for Nuclear Shave Changes at Elevated

JA. Behr, CA, Gossett, JH. Gundlach, KT. Lesko? EB. Norman,* and KA. Snover

We have continued the analysis of the spectral shapes of high energy 7 rays
emitted in the !2C + 154Sm reaction at E/A = 7 and 10 MeV/nucleon (see Ref. 1). Our
gosl in this work is to investigate possible nuclear shepe changes at high excitation and
Toderate spin by extracting the shape of the giant dipole resonance (GDR) built on excited
nuclear states. From the detailed shape of the GDR we may infer the average deformation

at § Mev/nucleon was inadequate to reproduce the spectral shapes at 7 and 10
MeV/nucleon. In sddition we observed high energy tails to the Y-ray spectra which cannot
be accounted for by statistical decay of the compound system. Although recent work® has
suggested that the very high energy 7 yield in the 92Mo + 92Mo reaction at 195
MeV/nucleon can be accounted for by including a "quasideuteron’ term in the inverse
photosbsorption cross section used in the statistical model calculation, this mechanism does
not account for the high energy tails we observe.

The high energy spectrum shape measured at E/A = 10 MeV/nucleon can be well
reproduced by including a statistical decay component from the GDR built on excited states
and @ "nonstatistical’ component with an exponential form, K exp(-E,/Eo), with perameters
K and Eo in reasonsbly good agreement with an extrapolation of the values observed for
hard photon production observed in beavy ion collisions at intermediate energies. This
result, however, is insufficient to demonstrate that the high energy tails in the Y-emission
spectra are produced by the so-called nuclear echa

quantitatively secounted for, it is difficult to reliably extract the ODR parameters. However
teral generl features emerge in the analysis of the 7-ray speotral shape in the region
VN Sm7 MeV.  The ratios of resonance component energies, which depend on the
Flgnitude of the nuclear deformation, end the total sum rule strengths for two-component
e ength functions observed at E/A = 7 and 10 MeV/nucleon are in very good
reemmont “with the values bserved in the ground state GDR and at 5 MeV/nucleon. The
e ance energies extracted at 7 and 10 MeV/nucleon appear to be siightly higher
e widths of the two individual components significantly broader than those observed
o e 'energies. While the ratios of strengths of the two components observed at high
O e Tavor ‘average prolate shapes, quantitative understanding of the high energy tails
o eray. spestra will be required before results for the nuclear deformation are
o mive 'The mamned sngular distribution measurements may also yield information on

bl contributions of nuclesr shape fluctustions to the GDR shape at high

excitation.
. Lawrence Berkeley Laboratory, Berkeley, CA  94720.
1 Nuclear Physics Laboratory Annual Report, University of Washington (1967) p. 14

CA. Gossett, et al, Phys. Rev. Lett. 54, 1486 (1985)

2
5 M. Herrmann, et al, Phys. Rev. Lett. 60 1630 (1988).
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LA, Behy, G. Feldman, HK. Glatzel, CA. Gossett, JH. Gundlach, M. Kicinska-Habior,
and KA. Snover

We have continued our studies of high-energy 7 rays from 3He- and -induced
nonstatistical resctions. We have previously measured inclusive 7-ray spectra from He-
o3 Ginduced reactions on & variety of targets (BISASISY) at Z7 MeV bombarding ensrdy.
g ] cases large structureless 7 ylelds were observed in and sbove the glant dipcle
Tsonance. (CDR) region (14 MeVSE S30 MeV). The magnitude of these yields gnd their
Ytrong front-back asymmetry canndt be explained by a statistical emission process.""?

In our continuing attempts to find reaction mechanisms to explain the data we
have caleulated more carefully the radiation from semidirect (SD) excitation of the GDR in
the target by the G This resction is isospin forbidden. It can ocour through the Coulomb
interaction, or through the isoscalar nuclear interaction if the ratio of neutron to proton
Seiities & mot uniformly equal to N/Z throughout the targst. We have included the

The resulting isoscalar cross-section depends on the square of the difference between
the neutron and proton rms radii. Taking data for AR from 1 GeV proton scattering data
as @ guide, we choose AR=013fm for ! *®sm®.

For 27 MeV @ + “85m, the Coulomb and isoscalar SD redistive amplitudes are
foughly’ squaland " are sbout /3 of " the amplitude for”direct -radiatis captire.  THe
T ones s constructive In the region of the GDR. The total direct-semidirect (DSD)
e emtion. is lrge enough to account for the data st the highest 7-ray energles, but
S iovendence on B, i o0 flat to explain the data. Our totel calculation, the sum of the
sl eD erose-section and the statistical emission cross-section, s still as much s an
ek of magnitude smaller than the data in the region between the GDR centroid and the
highest energies.

We feel that rediation from some presquilibrium process, at & more complex stage of
the reaction than DSD but before statistical equilibrium is reached, is necessary to explain
the data.

KA. Snover, Ann. Rev. Nucl. Part. Sci, 36, 507 (1986).

Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. I7.

GR. Satchler, Nucl. Phys. A 185, 1 (1972).

GR. Satchler, Nucl Phys. A 472, 215 (1987).

L Ray, W. Rory Coker, and G, Hoffmann, Phys. Rev. Cif, 2641 (1978)
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GDR Shapes and Anguler Distributions in Hot Nuclej
JH. Gundlach and KA, Spover

As a continuation of our work begun last year' in collaboration with J. Dudek of
Strasbourg, we have extended our calculations of GDR shapes in heated Er isotopes to

tigures
Er, which are typical rare earth nuclei that are strongly (prolate) deformed
and spherical, respectively, at T = I = 0. At T = 13 MeV, I = 300 (Fig. 23-1) ! ® *Er is still
prolate deformed while ' °°Er is slightly oblate. Both potential energy minima are, however,
rather shallow, 50 that shape fluctuations are large. The a, coeffi

energy shows, for each case, the characteristic negative/poditive dispersion shape expected
for both prolate collective and oblate noncollective rotation. For nonoverlapping split-GDR
components, one expects a,(min) = ~025 and a,(max) = +0.125 for prolate collective rotation,
and -025 and +050, respectively, for oblate noncollective rotation, for the case where the
deformation is static and the shape is fully aligned with respect to the angular
momentum. For realistic situations the anisotropy is reduced due to overlapping of the 2
GDR components and due to fluctuations both in the intrinsic deformation and in the
crientation of the deformed shape. The calculated results for a, including all these effects
(Fig. 23-1) are remarkably similar for these two different cases,

In fact, all of the calculated a, shapes for T = 0 to 19 MeV and I=0 to 60R are
similar, differing primarily in their maghitude and to a lesser degree in their width. Figure
23-2 shows how the megnitude [-a,(min)] varies with | for three different temperatures.
e '°OEr* results don't depend fmuch on T, while higher I produces larger oblate
deformation and hence larger anisotropies. '°®%Er* stays prolate at T = 07 MeV; the
variation of [-a,(min)] with I is due primarily to the onset of alignment of the (prolate)
deformed  shape “with respect to the spin axis, which becomes complete at
higher T the anisotropy is reduced for all but the highest I, due to fluctuations and to the
decrease in the deformation at the minimum. Thus precision angular distribution
measurements may help distinguish between stiff (static) prolate shapes and soft
prolate/oblate shapes. It is clear that the role of shape fluctuations is very important in
general, and must be accounted for in interpreting angular distribution anisotropies.

L Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 16.
2 ibid (1986), p. 14.
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The Shape of ®%Ncr gt Elevated Temperature and Hich Soin

JA. Behr, CA. Gossett, JH. Gundlach, M. Kicinska-Habior, KT. Lesko,*
and KA. Snover

Previous measurements performed here have shown that GDR y-decay can be used
a5 a tool for probing an excited nucleus at substantial spin and temperatures. We found
carlier that the quasi doubly magic nucleus °0Zr at elevated temperature but low spin
shows a largely increased GDR width! (T = 88 MeV) as compared to its ground state
(C = 4 MeV), but only one Lorentzian is needed for the fit. Fitting the 7-ray absorption
cross section at higher spin (0o & 27, 35 7) and temperature requires i

Qualitatively both features can be explained with fluctuating shapes of a softened nucleus.
Given internal thermal energy the nucleus is able to “explore” different deformations with &
probability determined by the potential energy®. With no rotation the nuclear shape will
flucuate around a spherical shape, which leads to a GDR with a strongly increased width
which may be best fit with one Lorentzian. In the presence of centrifugal and Coriolis
forces the excited nucleus may become oblate, so that two Lorentzians may be necessary to
describe the 7Y-ray absorption cross section. Actually,

angular enisotropy may help to distinguish between prolate collective and oblate non-
collective rotation. Incomplete shape alignment with respect to the spin, as well as intrinsic
shape fluctuations, will wash out the angular anisotropy so that a precise measurement i
required.

performed a measurement using @ 140 MeV Z28Si beam from the LBL-88"
cyclotron_onto a 1 mg/cm? self supporting °*Ni foll to form the compound nucleus
°%Mot. This measurement was chosen to allow us to look at very high spins 2o & 50 7.
Since the moment of inertia of this nucleus is smaller than the much-investigated rare
earth nuclei, substantially larger rotation frequencies cas X

The Y-rays from the reaction were detected with a 110" Nal detector at angles between
35° and 145° with respect to the beam. TOF and shielding was used to reduce the fast
and slow neutron background. A GeLi detector located st a fixed position was used to
monitor 7Y-rays due to the target, to provide an independent normalization of the rate of
reaction events. Currently a sophisticated data analysis program is being developed to
analyze the data in a careful and consistent way.

. Lawrence Berkeley Laboratory, Berkeley, Calif. 94720

1 Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 12, see
also p. 10.

2 M. Gallardo, F.J. Luis, and RA. Broglia, Phys. Lett B, 191 222 (1987).




25  Properties of the E2 Isovector Gant Resonance Seen in (v.n) Studies

PT. Debevect, A. Freytag’, C.A. Cossett, | Halpern, T. Murakamit, DP. Rosenzweig,
and DW. Storm.

The analysis of the angular asymmetry data for the (1) reaction in Ca snd af
higher energies in Pb has been completed. It is given in detail in the thesis of A. Freyta
In Fig. 25-1 we show the main results.

It is seen that the asymmetries increase smoothly from values close to zero to
values approaching unity, their maximum possible value. m. s Ejaton o
concentration of E2 absorption strength; Le, to the presency of an E2 resonance which lies
in the energy span where the asymmetry changes rapidly” It & (Ed tataaict) L
even parity absorption with the generally predominant electric dipole strength which, gives
rise to the forward-folding of the anguler distribution. We have explained elsewhere” why
the (7,n) reaction is a particularly effective probe of higher lying resonances because of the
absence, in this reaction, of background processes which obscure the effects of the
resonance. The displacement to higher energies of the Ca curve with respect to the Pb
curve establishes the collective character of the asymmetry phenomenon. It reflects the
dependence of the photon absorption mechanism on nuclear size.

We are curruntly concemed with problems which arise o the intepretation of the
data. Among the more perplexing concerns i) Are we to interpret the
significantly smaller slope of the asymmetry curve R o o e o
= of the E2 resonance in Ca? What would cause a greater width? i) Why
does the 90° yield in Pb drop so sharply compared to the average yield as the photon
zmr,y increases (Fig. 25-2)7 Is the implied strong increase in even parity absorption
consistent with the observed asymmetries? and iii) Why have we been unable to find &
consistent treatment of our data and related data with the standard direct/semi-direct
model for nucleon radiative capture? Are there some significant degrees of fresdom which
this model overlooks?

University of Illinois, Urbana, IL 61801
Michigan State University, East Lansing, Ml 48824

L "Forward to Backward Asymmetry of Photoneutron Cross-Sections’ — Asmus Freytag,
Ph. D. thesis, University of lllinois, 1988.
2 T. Murakami, L Halpern, D. Storm, PT. Debevec, LJ. Morford, SA. Wender and

DH. Dowell, Phys. Rev. C35 479 (1987).
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Fig. 26-2. The ratio of the 80° cross-section in the (7,n) reaction on Pb for the lowest 4
MeV of excitation to the corresponding average cross-section at 55° and 126°. The crosses
refer to points taken in our earlier low energy run. The circles give the data for the
more recent higher energy run.




26 Statistical Decayv of the Giant Dipole Resonance in Licht A=39-45 Nuclei

J. Behr, C. Gossett, J. Gundlach, G. Feldman, M, Kicinske-Habior, and K. Snover

In years Annual Report! we described GDR ama, nua..- in excited *%K, 4°k,
G e e T and %0 with 274l
or such near fusion mctionl, et et
bombarding energies correspond to different spin and nearly constant temperatures, since
raising the bombarding energy to a good approximation simply raises the rotational energy.
The measured GDR shapes, which were reasonably well-fitted by a single Lorentzian, were
found to broaden considerably over the spin range studied.' The most likely explanation
for the broadening is oblate noncollective rotation which gives rise to deformation splitting
of the GDR that is unresolved in the spectrum shape.

In order to pursue this hypothesis further, we have measured angular, distributions
of the emitted gamma rays for 63 MeV 'C+? Al and 45 and 73 MeV '°0+27AL Al
three angular distributions show negative a, coefficients in the range £ ~ 11-20 MeV, and
zero or perhaps positive a, values at higher E, as s characteristid of either oblate
llective or prolate collective rotation. Altholigh the absolute anisotropies are smal
CT <015), they are sizeable compared to the anisotropy expected due to deformation
-pn ting (see Sec. 23). Since in this mass region, substantial prolate deformation (due to
shell effects) is unlikely, especially at these temperatures (L7 - 18 MeV), an interpretation in
terms of oblate noncollective rotation is strongly favored.

1 Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 5.




HEAVY 10N INDUCED REACTIONS

31 Hard Photon Production in Heavy Ion Collisions
JA. Behr, CA, Gossett, JH. Gundlach, M. Kicinska-Habior, KT. Lesko®, and KA. Snover

Hard photon production in intermediate eng
an extremely active area of both theoretical
earlier! we have used a large shielded Nal
88" Cyclotron to measure absoly

ergy heavy ion collisions has recently been
and experimental research. As reported

in the energy range E/A < 20 MeV/nucleon. In the past
year the emphasis of our work has been con

centrated

distribution of high energy 7 emission in the 9F + 100Mo and 19 4+ 1817, reactions
at 10 MeV/nucleon and on the calculation of the contribution to tra from
statistical decay of a thermally equilibrated compound nucleus, the dominant production
mechanism for 7 rays with E, "< 30 Mev.

While recent work? suggests the the high energy 7 yield measured in coincidence
with binary fragments in the ®2Mo + ?2Mo reaction at 195 MeV/nucleon can be accounted
for by statistical emission from the highly excited fragments when a "quasideuteron” term
is included in the inverse Y absorption cross section, this production mechanism does not

count for our ured high energy 7 yields. Furthermore, the Y-ray angular
distributions observed in our work are clearly inconsistent with statistical  emission from
the compound system.

We have fitted the measured 7-ray spectra above E. = 35 MeV ss a function of
angle and Y-ray energy sssuming an exponential form, K exp(-E, /o), for the spectral
shape and isotropic emission from a source moving with velocity B. This form for the
cross section is transformed to the laboratory frame and the data for !OF + 100,

Fig. 31-1) and '°F + 1®1Ta at 19 MeV/nucleon are quite well reproduced with same source
velocity = 008, and with siopes, Eo = 70 and 73 MeV, respectively, These resalte. sne
consistent “with a hard photon production mechanism in which high energy 7 rays are
emitted primarily from individual energetic n-p collisions at an early stage of the collision
rocess, for which one would expect 3 010 in both cases. As illustrated in Fig. 31-2,
our data are clearly inconsistent with® isotropic emission f; urces moving with the
velocity of the compound systems for which S = 003 and 002 for the Mo and Ta targets,
respectively.

. Lawrence Berkeley Laboratory, Berkeley, CA 94720,

g5
®

1 Nuclear Physics Laboratory Annual Report, University of Washington (1967) p. 2L
2 N. Herrmann, et al, Phys. Rev. Lett. 60 1630 (1988).
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J.A. Behr, CA, Gossett, SJ Luke, DP. Rosenzweig, and KA. Snover

Measurement of the angular distribution of high energy 7 emission
collisions can provide information on the 7-ray production mechanism,

in heavy ion
. well

In particuler, a strong forward
peeking of the very high energy 7 yield, E >25-30 MeV, consistent with emission from 8
source moving with roughly half the incident!beam velocity is expected for 7 production in
energetic n-p collisions in intermediate heavy ion collisions (See for example Ref. 1). In the
region of the giant dipole resonance (GDR), E, R 15 MeV, 7 emission which is forwarde
backward symmetric in the center of mass system of the compound nucleus s required for
statistical decay from an equilibrated system, however, an anisotropy symmetric about 90°
(ie. a finite a2P2(cosd) component of the angular distribution) fs ex for decays of
the components of a deformation-split GDR (see Ref.2). In addition to providing
confirmation of the splitting of the GDR observed through the spectral shape of the -
yield, measurements of az may be to determine whether the system exhibits prolate
or oblate, collective or noncollective rotation and to study shape fluctustions of nuclel at
finite temperature.

Angular distribution measurements of sufficient accuracy require that systematic
false angular dependent effects in the measurement technique be thoroughly understood
reduced wherever possible. Two of the most significant effects which becos

study the feasibility of high energy 7-ray angular distribution measurements we studied
the 12C + 100Mo reaction at 10 MeV/nucleon using the large 10'xiS"
equipped with a plastic anticoincidence shield and passive lead, paraffin and SLiH shielding
Even at 6, = 35°, the most forward angle allowed with our present beamline-detector
shielding gébmetry, we observed quite good neutron.gamma diserimination by time of flight
techniques and measured a timing resolution of 2 nsec FWHM for E_>10 MeV using a linac
time structure reference. We did not observe any structure in the fime of flight spectrum
originating from the well-shielded beam dump although there appeared to be a large random
component from thermal neutron induced events. After improvements in the collimation of
the beam are achieved and after the new low-energy low-frequency buncher® is installed
e plan to begin measurements of the angular distribution of gammas produced in the !Z2¢
+ ! 94Sm reaction at 10 MeV/nucleon in order to investigate the origin of the high energy
tails in the 90° spectrum measured at Berkeley! and to look for possible signatures of
shape fluctuations effects in the region of the GDR.
1 Section 21 and 31, this report.
2 Nuclear Physics Laboratory Annual Report, University of Washington (1986) p. 14,
Nuclear Physics Laboratory Annual Report, University of Washington (1965) p. 9.
3. Section 103, this report.




33 High Energy Gamma Ravs From ®Li-induced Resctions
JA. Behr, CA. Gossett, M. Kicinska-Habior, and T. Schaefer*

have measured the angular distribution of high energy 7-rays from the SLi +

accounted for by statistical decay of the compound system. In addition, the
contribution of nonstatistical enhancement appeared to increase strongly with target

We measured the high energy Y-ray yield for ®Li + !®!Ta at 37 MeV at laboratory
beam

npnndon of the anguler distribution is consistent with zero at low energies, as required for
above approximately 13-14

heavier projectiles at much higher energy per nucleon, or the
observed to produce similar effects in o ¢He-induced reactions®, or due to an entirely

. Present address: Justus-Liebig-Universitat, Giessen, Germany

L M Kicinska-Habior, KA. Snover, CA. Gossett, JA. Behr, G. Feldman, HK. Glatzel
and JH. Gundlach, Phys. Rev. C 36, 612 (1987).

2 Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 21
and Section 31, this

3. Nuclear Physics Laboratory Annual Report, University of Washington (1985) p. 15,
Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 1%
Section 22, this report.




Production from @ Hea

J. Randrup* and R. Vandenbosch

We have extended a previously developed model' for pre-equilibrium nucleon
ollowing

emission stochastie exchange of nucleons to include photon production ss &
perturbative process. The photons arise from bremsstrahlung radiation associated with np

lon_Transport, Model

The agreement is moderately good.
data at a lower bombarding energy would be very valuable. We have calculated
Inclusive energy spectra and angular distributions for all nucleus-nucleus collisions which

of & number of ts.

Furthermore, we have shown that the high-energy photons originate from collisions
induced by nucleon exchange at an early stage of the nucleus-nucleus collision. First
collisions are the dominant source of hard photons, particularly those with the highest
energy.

. Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720,
1 J. Randrup and R. Vandenbosch, Nucl Phys. A 474, 219 (1967).
2 R Berthelot et al, Nucl Phys. A 474, 541 (1987).
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Fig. 34-1 Comparison of calculated differential cross sectiops for three angles for eacn of
three targets with the experimental data of Berthelot et al.




35  Soin Di at er Energies in ' %0+! %45

A. Charlop, S, Gil A. Garcia, DD, Leach, SJ. Luke, and R. Vandenbosch.

Several experiments at near-barrier energies have found spin distributions of the
compound nucleus which are broader than those expected from theoretical models, even
when these models seem to successfully reproduce the excitation functions for the fusion
cross sections 1'% In a previous Y-ray mumgu.,-ny (M,vi study of the first moment of
the min e (<25) in the aytem barrier energies, we found
05 and could be accounted for by g 2 - idoiitet) et it
mcluem, O.he Llr'el ddarml ion.> The technique usad ln the determination of relied
ng evaporation residues by the detection of discrete Y-rays emitted by the
et oo R o leht! it contaimoation i the tareet and 12
the complex character of the gamma decay of
contribution to M_ from the 4n L-hlnn-l (*®®Yb) only. Near and below the barrier the 3n
channel begins td make a contribution and its inclusion may significantly modify the
conclusions reached before.

This year we have attempted to investigate this issue by using @ new self-
supporting ' ®4Sm target which was produced by the Oak Ridge National Laboratory using
a special technique that minimizes oxygen and other low—Z contaminates. We have been
able to clearly identify the gamma-rays arising from the zn l:h-nnel (‘“vh) In
particular, we were able to observe the transitions originatin thro e
yrast band (based on the state 5/27(642). The E _=2217 keV (17/2* m m/z ) '.r-n-mon of
this band was used to tag the 3n channel !

The technique used for obtaining the contribution of the 3n channel (M, (:n))
selectively samples those states in the compound nucleus that feed the sta
187yb, Similarly the contribution from the 4n channel, tagged by the 47— 2% zr.m.mn,
samples those states which feed this transition. In order to eliminate the bias produced by
this effect, corrections were made using results from statistical decay models. In order to
eliminate the bias produced by this effect, corrections were made using results from
statistical decay models. The parameters of this code were adjusted 5o as to reproduce the
relatives yield in the same system as measured in Ref. 4

Preliminary results for <> are shown in Fig. 35-1, where we have also plotted the

Eee g G e e e e e e on a_one-dimensional
penetration model, whose parameters were adjusted so as to reproduce e e
i abiid o M Fsdtiog $ieim, Via”HIAE w4 S8 skt i bppelioda oF Bibifaing e 8

channel in the estimation of <> The larger mean spin associated with the 3n as
compared to the 4n channel is readily understood as high-spin compound nuclei tend to
emit fewer neutrons. We also see what appears to be a general tendency in subbarrier
fusion, namely the mean spins are larger than the expectation of theoretical models that
successfully reproduce the fusion cross sections, in disagreement with the expectation
suggested by several authors.

R Lett. 56 1234 (1986) and Phys. Rev. Lett. ‘57, 1409
(198°

2. ML. Hllber( JR. Beene, DC. Hensley, K. Honkanen, TM. Semkow, V. Abena

DG. Sarantites, and Z Li, Paper presented at 6th Adriatic International it o

Nuclear Physics, Dubroval, Yagosiavia, June, 198




3 S Gl R Vandenbosch, A. Lazzarini, and A. Ray, Phys. Rev. C 3L 1752 (1985).

4 RG. Stokstad et al Phys. Rev. C 21 2427 (1880),

s H. Esbensen and S. Landowne. Nucl Phys. A 467, 138 (1867).

6 CH Damo, H Esbensen, and S. Landowne Phys. Rev. Lett, 57, 1488 (1986).
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Fig. 35-1, Average values of the spin distribution in the compound system produced in the
reaction ! %041 %5m. ~Circles represent the contribution to <05 from the 4n channel only,
whereas diamonds give values including both the 3n and 4n channels. The solid curve 1o
the prediction of the Wong model as discussed in Ref. 3. The dashed curve represents the
expectation of <0> according to the sharp cutoff model.




36  Heavy lon Elastic Scattering at 10-50 MeV/Nucleon
JG. Cramer, S. Gil, DD. Leach, SJ. Luke, and BT Mclain

We are continuing our studies of elastic scattering and are planning to use the
booster and the 860 source to obtain beams of various fons in the range of 10 to 15
MeV/nucleon, In September 1987 we did the first experiment with the booster, using @ beam
of 84 MeV 'Li to bombard a !2C target. With 150 to 300 nA on target we were able to
obtain data, out to 47° in the lab where the cross section had decreased by 3x10° from its
value at 3°. We were quite pleased with the performance of the booster and are confident
that we will be able to study many beam-target combinations over & e B

We have analyzed the 'Li data and are completing enalysis of our data from
teatai Mmh.ﬂn syt 1987, which used 35 and 50 MeV/nucleon beams of
n targets Ca, Pb. We plan to perform optical model fits to
alll Gt elastic' crose swtionidata nnd hlve begun o do g0 for the 18 oni! 8 Fits
to previous data for ! 2C on ' 2C, 4%Ca, °%Zr, and 2°®Pb were considerably worse at 35
MeV/nucleon than at lower em.m and we plan to investigate this further with our new
data at 35 and 50 MeV/nucleon. In perticular, we were unable to adequately fit the earlier
35 MeV data using the M3Y double-folding model for the real part of the nuclear potential
and we hope to understand this. Our initial fits to the 'Li data hayen't succeeded i
giving the cross sections over the whole range of angles from 3° to 72° in the center of
mass. Using Woods-Saxon forms for the real and imaginary parts of the nuclear potential
we can fit the data out to 30° but beyond that the fit is much poorer. The data at the
larger angles will constrain the potential more than our previous data and may allow us to
determine its value at smaller radii.

We will also calculate total reaction cross sections, using the scattering S-matrix
generated by our optical model fits, and compare these values to those calculated by the
Glauber model. As described in last year's Annual Report,' this model has had unexpected
success in predicting all measured nucleus-nucleus total reaction cross sections at energies
from 5 to 200 MeV/nucleon. Our 50 MeV/nucleon ' *C cross sections will add to the data
and our cross section for the loosely bound 'Li should be a more severe test of the

odel.

Nuclear Physics Laboratory Annual Report, University of Washington (1887) p. 23.
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4. FUNDAMENTAL SYMMETRIES
41 Survey of Nuclei for Time-Reversal Invariance Test
EG. Adelberger, A. Garcie, G, Loechelt, and WF. Rogers

Nuclei in the range of A<6-33 were examined for their appropriateness for one of

sl e e from polarized excited nuclear

states. experiment, the angular correlation of two coincident 7-rays is observed.

The second experiment, Involves the simultansous cheervation of & single 7-ray and its

linear polarization. Both of these experiments yield information about observables which are
d under time-reversal The time-odd part of the angular correlation has the form'

Wi oaa = BiUifi(kykzd) + ByUsfalky ke d)

f, and f, depend on the angles between k;, k; and J, for the coincidence
=xpenmmz and

Wo_oga = (B3VaXd kX “EXJ +kxE)

for the linear polarization experiment. The parameters U, Us, and Vg are intrinsic
qmnlltul VHiEh defind ity (5 15 plei  HERisiienn atdben o0l msafintics
of the Y-ray transitions. The T-odd effect is enhanced by large U or V factors

favorable transition. We then included the branching ratios and defined the fnllowin‘
effective factors:

= Uire)' ? Gy = Uanra)' P G = Va0
The larger these G-factors are, the mon favorable the candidate is for the time-reversal
invariance test in an ideal experiment

le of G-factors was :ompma for nuclei with mass numbers ranging from A=6
to A=33. Below is a list of the more favorable candidates found in the search.

Nucleus Ey(MeV)  Ep(MeV) Eg(MeV) Gy Gy
iy 887 613 000 0158 0013
it 252 034 000 0071 0083
0 278 090 007
gl 243 000 0070
o8l 483 224 000 0086 0185 0074
2B 127 000 0071
258 125 000 0081
SZpy 175 008 000 0065 0091 0081
2B 143 000 ou4
<y 7 000 0079
57Fe (a) 01365 00144 0021
11%d @) 218 086 000 0035 0076,

(a)  Probes from which the lowest upper bounds for time-reversal violation have been
obtained for experiments involving Y-ray emission from nuclei.

i KS. Krane, Lawrence Berkeley Laboratory report LBL-1686.
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EG. Adelberger, A. Garcia, CA. Cossett, . Haeberli* PA. Quin* J. Sromickds
HE. Swanson, V.J. Zeps

In the last annual report! presented preliminary lts of the longitudinal
analyzing power measurements (A ) across the narrow '3C+p J =0' resonance at E =115
MeV. Our results were in t with the theoretical expectation by more than Pfour
standard deviat

tions. In the past year, we have completed a third data taking run at the
University of Wisconsin tandem facility. The results are consistent with our previous
measurements, improving the statistical uncertainty by ~ 23% Our final corrected results
are : (9,)—A,r(9.) = BBE50(24)X10°°, where ©,=35° and ©,=156° are the mean angles of
our (see Fig. 42-1).

detector response. We have therefore shown that the dominant uncertainty of this
experiment is due to statistical error.

Several avenues are being pursued to understand the discrepancy between our A
measurement and theory, described in (Sec. 43 and Ref. 1) Plans are underway to have thé
spparatus brought back to Seattle to continue the measurements with the prospect of the
high intensity polarized source.

. University of Wisconsin, Madison, WI 53706,
1 Present address: Eidgenossische Technische Hochschule, Zurich, Switzerland.
1 Nuclear Physics Laboratory Annual Report, University of Washington (1887) p. 20

and references therein.
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43 Interpretation of the Parity Viclating Effect in ' ‘N

EG. Adelberger, WC. Haxton, C. Johnson, and V.J. Zeps

We have undertaken a program to solidify the theoretical foundation for the
expected parity-mixing matrix element between the 0"T=l and 07T=1 levels at E 86 MeV
in 14N, Most important is producing reliable ' ‘N wavefunctions for these levels. In
previous calculations, the weak matrix element was evaluated in the usual fashion L\l‘h!
harmonic oscillator (HO) wavefunctions s besis states. The unbound character of the 0
and 0~ levels (open to proton decay) suggests that the harmonic oscillator potential may
not be suited for an accurate description of these levels. In the simple model,
7> Rlipy 205281 2%

BF> s alipy /37> + flipy /3 a2 3> + ey 3 xids, 3

with respect to an '®0 core, where shell model calculations and spectroscopic factor
measurements determine that ,y<<f. Comparisons of the radial component of the 2s; /2
for HO vs. more realistic (WS) indicates that in a
harmonic oscillator besis would require excitations >8nw. The one-body reduction of the
two-body parity-violating operator is & 0 ‘p.| _ In this simplification, the parity mixing
matrix element <0 [H *> ¢ a<2sy o0 Plpy 2> +  B<lpy 20 BRSy 2> A
comparison using WS vs. “wavefunctions indicates a reduction of nearly 40% of the weak
matrix element! We have therefore written code to calculate the two-body weak matrix
element using WS wavefunctions. Once good single perticle wavefunctions have been
established, the results should give a more reliable calculation.

The central nuclear theory issue is the validity of the shell model basis truncation
schemes in the region around A=16, and our ability to predict reliably the matrix elements
of axial charge and essociated El operators, both of which are inordinately sensitive to
to correlate PNC
data is not due to an inadequate understanding of the shell model Hamiltonian, but rather
to the technical difficulty of the calculations. We argue the the proper treatment of the
27 interaction, essential to understanding of ' N and ! °0, requires the inclusion of 4nw
states in the shell model space. It appears that a first—principles 47w calculation of the

€0 is extraordinarily successful: using the best available interactions and
experimental single-particle enrgies (s0 that no free parameters exis) the energies of lov
lying levels in 1 50 are reproduced to better than 100keV. Our calculations were performed
on the San Diego and MFE Crays.

n our view these calculations are the first that include the degrees of freedom
Kknown to be important to the structure of nuclei near A=I6. Our intent is to thoroughly
study PNC, axial charge [-decay, and various electromagnetic observables to assess the
quality of the wavefunctions. A demonstration that theory could account for the axial
charge f-decay rates in 0, ' °F, and ' °F would provide a convincing argument that the
shell model can predict observables. it large ies remain,
this would suggest that additional theoretical ideas are required before one can extract
relieble information about the PNC NN interaction from systems which cannot be
‘calibrated” from f-decay measurements.

% EG. Adelberger and WC. Haxton, Ann. Rev. Nucl Part. Sci. 35, 501 (1965).




44 Search for Weaker than Gravity

EG. Adelberger, S. Gil, JH. Cundlach, BR. Hecksl, F.J. Raab, WF. Rogers,
CW. Stubbs, HE. Swanson, and R. Watanabe

Are there forces weaker than gravity that produce effects at macroscopic ranges?
Te have been conducting a torsion balance experiment to investigate thia possiility since
cerly 1966, hen the “fifth forcs’ conjecture of Fischbach et al! brought this question to
our attention. Our first results® ruled out the "fifth force’ hypothesis of a Yukawa
coupling to baryon number with a range 10m ¢ A < 1400 m . We obtained o limit on
the dimensionless “fifth force’ coupling constant of @5 < 4x107% for A = 100 m which is
to be compared with the predicted value of @ N 10~%, This constraint was obtained by
gcomparing the horizontal accelerations of Be and Cu test objects. However, our results were
in apparent conflict with the positive result from an experiment conducted by Thisberger?
using a detector composed of Cu and H,0. We considered® g possible reconciliation scenario
where the “charge’ of the new Yukawa in

ng angle In this picture our Be-Cu data could be consistent with Thieberger’s
observation for 05 = -11°, where the q5 content of Be and Cu is equal. We explored this
possibility by conducting @ Be-Al comparison, and again obtained a null result,

&5 = ~11° A = 100 m) = (72 £ 102)X10%. We also pointed out® that mear

05 = —63° the charge (which corresponds to ds = (N-2)) of the terrestrial gources used in
the two experiments vanishes Small differences in source composition oould  then
conceivably account for the disagreement with Thieberger, but could not sccommodate the
geophysical anomalies reported by Stacey®.

In September of last year, Boynton et al® reported a new positive result from

Be/Al torsion balance operated at an impressive cliff at Index, WA. They claimed that their
s ~-6°. We are

conducting an experiment with an improved apparatus (see following article) using &
laboratory-scale Pb source to test this possibility, and to generally improve experimental
constraints. The use of a laboratory-scale source has the followin

ate-
configuration of the Pb that minimizes gravity gradient couplings to our detector. Our

pling to isospin for any range 1 m
1000 m. We rule out an agreement at the 20 level to ranges of 500 m.

E Fischbach et al, Phys. Rev. Lett. 56 3 (1986).

C. W. Stubbs et al, Phys. Rev. Lett. 58, 1070 (1987).

P. Thieberger, Phys. Rev. Lett. 58, 1065 (1987).

EG. Adelberger et al, Phys. Rev. Lett. 59, 849, 59, 1700 (E) (1987).
FD. Stacey et al, Rev. Mod. Phys. 59, 157 (1967).

PE. Boynton et al, Phys. Rev. Lett. 50, 1385 (1987).
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45  Search for jons Weaker than Gravity =
Apparatus Upgrade

EG. Adelberger, S. Gil, JH. Gundlach, BR. Heckel, F.J. Rasb, WF, Rogers, CW. Stubb
HE. Swanson, and R. Watanal

We have rebuilt our apparatus to obtain higher sensitivity to possible feeble
substance-dependent interactions, and to reduce the effect of systematic errors, especially
those caused by thermal and gravitational gradients Our detector consists of & newly
designed pendulum suspended on a 20 4m diemeter W fiber, whose torsional constant K RN

square of side length 390 cm. The Be and Al test bodies (m = 100364 * 0003 g) which
are identical in essentially all respects except for their chemical composition, are cylinders
whose dimensions were chosen so that their individual gravitational quadrupole moments
vanish. The more dense Al test bodies are hollow cylinders fitted with endcaps. Four
right-angle mirrors are mounted on the tray in between the test bodies and are used by
the torque monitoring system. A thin pole with cylindrical belance weights at the top and
bottom ends is mounted along the axis of the pendulum tray in order to render the entire
quadrupole moment of the tray + mirror + test body system zero. The mass of the entire
pendulum is 67 g making the passiveto-active-mass ratio A 067, and its moment of
inertia is A 118 that of the mounted test bodies alone. The center—of-mass of the
pendulum with and without the test bodies remains fixed at the geometric center of the
t The pendulum, test bodies, supporting torsion fiber, and the inside of the
surrounding electrostatic shield are all coated with a thin layer of Au.

We constructed a new vacuum can with a more rigid fiber column, and a new bress
bearing on which the can rotates, resulting in greater overall mechanical rigidity of the
entire apparatus. The temperature stability of the laboratory room has been improved and
thermal gradients at the apparatus were reduced with passive shielding. The can is
surrounded by a circular aluminum table on which machined lead bricks can be mounted
bove and below the plane of the pendulum at any angle ¢ in order to compensate the
gravitational Q) moment of the hillside or alternatively to function s an external ds
Source, The résthod of fiber attachment at the top suspension point has been improved,
reducing feedthrough of "tlt’ of the apparatus to equilibrium position shift of the
pendulum. New superior fiber tilt monitors were constructed which operate on the same
principle 8s the former. Finally, we improved the signal to noise through changes in the
electronics. Compared with our former arrangement, we gain a factor of approximately 6 in
overall sensitivity to substance-dependent interactions as a result of these apparatus
changes.




46 First Ooeration of Hi-Atom Experiment. with New Solencid

TA. Trainor and P, Wong

the past year we have successfully integrated the major systems of the H-
urned the experiment to an operational condition. Initial tests were

smaller expected; impure detector gas was believed to be the culprit. Al other
systems functioned normally.

The Pprevious computer control configuration was abandoned in favor of a simpler
version (written in 'C’) more mited for the current experimental protocol The high

ced
relisble relay—based bridge incorporating a computer interface. The addition of an hourly
orker has made it possible to perform maintenance and functional improvements without
disrupting the experimental development.

Recently we have concentrated on trimming and understanding the B-field in the
new solenoid. A set of highly efficient algorithms was developed to model the effects of
varying B-fields on arbitrary resonances and increased
und

result was not symmetric under time
reve tle mis-application of time dependent perturbation theory was found in the
formulation of the algorithms, and & more appropriate formulation of the problem was
found The programs will be modified to reflect this "corrected" interpretation, amd
hopetully the B-field adjustment. procedure will become self-consistent. The vastly improved
field offered by this new solenoid should make subsequent investigations into stray. fields
more productive than previously possible.

1} Nuclear Physics Laboratory Annual Report, University of Washington (1387) p. 30,




Antiproton Mass Measurement

X. Feip G. Gabrielse* J. Haas,t H. Kalinowsky,{ W. Kells+
L A Oro Rolston,* R. Tioelker,* and T. A, Trainor

Since the successful trapping of antiprotons at LEAR in July, 1986, we have carried
out a development program on several fronts to create apparatus for a precision inertial
mass measurement of the antiproton to begin late this year.

At LEAR a new beam line has been constructed which includes two 45° magnets to
bring the antiproton beam onto @ vertical axis, and a tower and instrument shed have been
constructed to house the vertical bore superconducting solenoid and associated apparatus.

At Harvard a precision trap system and associated electronics have been developed.
The trap consists of seven co-linear cylindrical copper electrodes electrodeposited on the
macor cylinder. The first and last electrodes form the endcaps of n
anharmonic catcher trap for up to 3 keV antiprotons slowed in thin foils. These particles
are slowed further in the anharmonic trap by collision with trapped electrons until they
harmonic trap is formed by the inner
five ring electrodes. Rings 2 and 6 form the endcaps of the harmonic trap. Rings 3 and §
serve as compensation electrodes to eliminate anharmonic potential components, and the
center ring 4 is split in order to drive and detect the cyclotron motion of the antiprotons
in the trap. The antiprotons are further cooled in this trap by coupling to the resistive
element of a resonant circuit at 4° K.

At the University of Washington & beam diagnostic system to operate in the bore of
he superconducting solenoid at 6T has been developed (Sect. 16). This consists of two
sandwiched parallel plate avalanche counters (PPAC) with segmented anodes to provide 5~
segment beam position information in each of two dimensions perpendicular to the beam
axi inters provide timing information with a resolution of ~200ps. For slow
extraction (10°-10° antiprotons/sec) the discriminator signals for each segment are fed into
a 10-channel rate meter with 01 sec time constant (Sect. 114). The 0-10V outputs for each
channel are fed to ADCs for display as X and Y beam profile histograms.

For fast extraction (10° antiprotons in 200 ns) the PPACs are operated as ion
chambers at reduced bias, and fast ADCs are able to profile the beam pulse in space and
time.

+ Department of Physics, Harvard University, Cambridge, MA, 02138
| University of Mainz, Federal Republic of Germany
+  Fermi National Accelerstor Laboratory, Batavis, IL 60510

i G. Gabrielse, X. Fei, K. Helmerson, SL. Rolston, R. Tjoelker, TA. Trainor, H. Kalinowsky,
J. Haas, and W. Kells, Phys. Rev. Lett. 57, 2504 (1986).




48 2=Yields from Time-Reversal Test Candidates

EG. Adelberger, PB. Fernander, A Garcia, CA. Gossett, . Loschelt, WF. Rogers and
HE. Swanson.

The angular correlations of mixed Y-ray transitions can be used to test the Time

e
10°%. Both of them use radioactive sources polarized by magnetic fields at low
temperatures. One of them is a coincidence experiment in which the violation of TRI would
manifest ftself in the angular correlation W of two 7-rays in a cascade through a term of

3
the form

W oda = BiUi(; *ko)J tky Xky)

where ki, k; and J indicate the direction of the Y-rays and the initial angular
momentum respectively. The experiment requires the detection of the linear
polarization of a single Y-ray. The T-odd term in this case is:

W oga = (BaVaXJ -1XJ -EXJ oxE)

where E stands for the direction of linear polarization. We are studying the possibility of

making & TRI test using a polarized beam to produce a polarized nucleus in a reaction and

then study the deexcitation Y-rays. This method avods the disadvantage of possible

rotations of the intermediate state, due to interactions with an external magnetic field, in

the case of a cascade experiment. Even more important, most of the tests done to d
ot

era a result of the search we found

that the BS7 MeV(2™) — 613 MeV(3") — gs(07) cascade in !%0 and the 127 Mev(3/2") —

g2(1/2") transition in ®!P could be good candidates for a cascade-type experiment and

experiment. Since the uncertainty A is inversely

proportional to the product of the the polarization times the square root of the counting

rate, we have performed an excitation function for both candidates using the reactions

1 ®F(pe) ®0* and *'P(pp)° P, the results of which we present in Figs. 48-1 and 2. We
expect to measure the polarization of the emitting nuclei very soon.

L KS. Krane, Lawrence Berkeley Laboratory report LBL-1686,
2 F. Boshm, Comments Nucl Part. Phys, 1L 251 (1983).
3 Section 41, this report.
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Fig 45-L Excitation function for the 127 Mev(3/2") = gs(i/2) transition in the
P(p5)3 'P reaction as a function of proton energy.
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s NUCLEAR REACTIONS - POLARIZATION

51 Observables in the *H(dY)4He Reaction At Low Energies

CA. Gossett

Recent. tal of the cross section and angular distribution of the
2H(@)*He reaction at very low energies have been reported. On the basis of their work,

previously
from E2 capture into the D-state of 4He. In reaching this conclusion the authors have
sssumed only E2 capture amplitudes are involved, although at higher energies analyzing
power clearly that other including isospin-
forbidden El and isospin-inhibited Mi, contribute significantly. The data of Ref. 1 are
insufficient to rule out contributions of amplitudes other than E2 and morsover, at low
energy due to penetrability effects, the amplitude of Ei relative to the dominant E2 may
become even more significant than observed in Ref. 2,

Ve plan to messure angular distributions of the cross section and four analyzing
powers for 2H(d7)*He at E, A 1 MeV. At this energy predictions >4 for the ratio, R, of
the E2 capture amplitudes, $D2 — 150 and 552 — 500, related to the amount of Dstats &
vary from approximately 1 to 3. In Fig. 5i-1 we illustrate our calculated sensitivities
e anguler distributions of the cross section and tensor analyzing powers to R assuming

the relative phases determined in Ref. 2. The vector analyzing power should be small and
at should be identically zero if only E2 amplitudes contribute, hence making
measurement of the vector analyzing power particularly sensitive to the contribution of Ei
and Ml amplitudes. For E2 capture only, the cross section and analyzing powers must have
@ symmetric character about 80°, while the effect of El and Ml amplitudes causes forward—

measurements of the cross section and all four analyzing powers will provide enough
observables to determine all the EI, Mi, E2, M2 amplitudes and phases allowed in the
reaction.

L CA. Barnes, et al, Phys. Lett. B 197, 315 (1987).

2 S. Mellema, et al, Phys. Rev. C 34, 2043 (1986).

3. HJ. Assenbaum and K. Langanke, Phys. Rev. C 36, 17 (1987).

4 J. Piekarewicz and SE. Koonin, Phys. Rev. C 36, 875 (1987).
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Fig. 51-1. Comparison of the cross section and tensor analyzing powers for the 2H(d,7) *He
reaction for different values of the ratio, R of E2 amplitudes 5D2 —* 1S0 and 5s2 — 5DO.
The solid, long-dashed and short-dashed curves are calculated for R = 10, 02, and 50,
respectively.



JL. Allent, SL. Rosellf, K. Sagara, WG, Weitkamp, DL Will, and H. Willmes®

We are continuing to explore spin-dependent effects in the transition between direct
and compound nucleus reaction mechanisms in excited nuelei! the past year we
‘measured He, p) reaction leaving the

te ut
bothered by decreasing efficiency at counting rates bove 10%/sec because of the
paralyzability of the proportional counter. We will test a thin solid state counter in this
role in the near future,

Protons from the ©°Co(’He, p) reaction initiated with 27 MeV °He have energies up
to 36 MeV. Because the analyzing power of the polarimeter becomes small above 18 MeV, we
must slow the reaction protons down to 18 MeV to measure the polarization. This requires
energy absorbers. To check the standard calculations for stopping power®, we measured the

ing power of both acetate and lucite for 18 MeV protons. We found the caloulations
for acetate to be correct to a precison of about 0. percent, but calculations for lucite are
high by 17 percent.

Preliminary results taken at ©,p= 30° and incident %He energy of 27 MeV are

nt averages over 1 MeV of proton energy. The
error bars are statistical. We were limited to measurement of protons with snergies less
than 255 MeV by the maximum field of the momentum filter. The momentum filter
control system is being modified to operate at higher fields.

The results at 30° are somewhat surprising. For the (He, §) reaction at low
excitation energies in light nuclel, where discrete states are excited, moderately large
outgoing proton polarization is observed. In the present case, the residual nucleus °!Ni js
left at between 10 and 20 MeV excitation energy. One would expect that averaging over
energy, partial waves and states would wash out the polarization, yet a fairly persistent
value of about 03 is observed. We intend to investigate this farther.

. The John Fluke Company, Everett, WA 88206,

1 Tacoma Community College, Tacoma, WA 8465,

+ The University of Idaho, Moscow, ID 83843,

8 WG Weitiamp, L. Halpern, T.A. Trainor, SK. Lamoreaux and ZY. Liu, Nucl Phys. A417,
405 (1984).

2. H. Bichsel, Computer program DEDXR.

3 M. Irshad, C. Rioux, J. Asai, R. Pigeon and RJ. Slobodrian, Nucl Phys. A286 483

(1877).
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6. MEDIUM ENERGY REACTIONS
€1 Nuclear Physics at the PEP Ring at SLAC
CE. Hyde-Wright and K. Swartz

um
perpendicular to the virtual photon direction) compared to the spectrum from the proton
(or deuteron).

The collaboration has submitted a Letter of Intent to SLAC, and we have made &
preliminary presentation to the Nuclear Physics Program Advisory Committes at SLAC, At
the University of Washington, we have assumed responsibility for the design and
construction of the time-of-flight wall for particle identification (Fig. 61-1). This wall is an
array of NEIOZ (or equivalent) slabs, 3 m high by 25 cm wide by & cm deep.
to be placed 8m from the target and has a design time resolution of at least 350
FWHM,

At the University of Washington, we are also studying the acceptances and count
rates for the (e¢) and (eeK)A reactions. In the kinematics of quasi free A or T
production on a nucleon, the (ee) reaction probes the NieK)A and NeK)E vertex in the
nuclear medium. ~For fixed final state, this reaction can be studied as a function of the
photon invariant mass squared, q°. The ratio of the (k) reaction on a nucleus to the
elementary N(ee'k) cross section will test the Impulse Approximation description of this
reaction.

The PEGASYS project has a unique capability for measuring the exclusive (s€7) cross
section. For example, in He(ee"Y), the elastic channel can be tagged by detecting a recoil &
with @ solid state telescope placed in the scattering chamber. The inclusive (e") cross
section is larger than the elastic (virtual compton) channel, however it is pl

large background from 7° decay. Nonetheless, we are simulating the performance of the

compton process provides a particularly interesting observable in this reaction. In the x-
scaling limit, this interference depends on the distribution of quarks weighted by the third
power of the quark charge (one power from the bremsstrahlung amplitude, two powers from
the compton amplitude)’. Hence the reaction is sensitive primarily to the valence quarks,
since the sea of quark anti-quark pairs will cancel out.
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L American University, CERN, Florida State University, Georgetown University, Lawrence
Berkeley Laboratory, Lawrence Livermore National Laboratory, University of Maryland,
University of Massachusetts, Ohio University, Purdue University, Rensselaer Polytechnic
Institute, Stanford University, University of Virginia, University of Washington.

2 SJ Brodsky, JF. Gunion, and RL. Jaffe, Phys. Rev D § (1972) 2487.
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Fig. 61-1.  Proposed PEGASYS layout.




62 Inclusive Inslastic Scatterine Soectrum for 7~ and 7*trom Nuclel at §, = JooNeV

JF. Amann, RL. Boudrie', KGR. Dosst, D. Drakes, L. Hyern, J. Nefgor”,
M Kh.lnﬂlkﬁ’%humi‘. DW. Storm, DR. Tieger ', S.A. Wood

are in the process of analyzing the spectral data obtained during experiment
#067 at LAMPF. The data were recorded using the CLAMSHELL magnetic spectrometer and

With proper calibration of the spectrometer, the analysed data provide the complete inelastic
spectra for 7 scattering from the three targets (C,CaPb) at several angles from 50° - 140°.
A preliminary spectrum for Carbon is shown in the adjacent figure. 1

The lnown cross—sections for the reactions P 7T)p are utilized in the
spectrometer calibration process, both to give the efficiency of pion detection s & function.
of position in the focal plane and to provide an absolute normalization. The initial portions

momentum range selected by the magnetic field The broad momentum range of the
CLAMSHELL (£207) does not, however, span the complete spectrum of inelastically scattered
Bions, and # it was necessary to use three magnet seitings at each angle. The pssembling
of these three pieces of spectrum is shown in the figure, for the reaction C(r",m ). Each
plece has been individually corrected for the variations of the efficiency across the back
plane, and the pieces are then normalized by relative beam flux. No background is observed
in this particular case, although at the more forward angles significant background events
are present, due to the muons in the pion channel. Data from empty-target runs allow us
to subtract muons scattering from the target frame, substantially reducing the background
at these angles. Because of the quasifree nature of the reaction, the yields at this energy
are predominately at large angles, and the value determined for the total scattering cross—
section therefore has only a small correction due to background contamination.

We are able to compare this preliminary spectrum with the 7' data previously
obtained by our group using a Ge(Li) telescope, as is shown in the figure (dot-dashed) The
7 spectra will constitute new results. The direct comparigons of the spectral shapes,
angular distributions, and integrated yields of the T and 7" reactions provide a critical
test of the quasifree picture of inelastic pion scattering.

. Los Alamos National Laboratory (LAMPF), Los Alamos, NM 87545,
t  University of Saskatchewan, Saskatoon, Canada.

#  Massachusetts Institute of Technology, Cambridge, MA 02130,

+  University of Maryland, College Park, MD 20742.

s K. Aniol et al, Phys. Rev. C 33, 208 (1986).
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Fig. 62-1 Spectrum of scattered pion momentum, showing the overlap between the data
from the Low, Medium, and High magnet setting (LMH). Also shown are the relative
efficiency functions used for each of the settings (dotted), as well as the corresponding
spectrum from Aniol et al. (dot-dashed).




ACCELERATOR MASS SPECTROMETRY (AMS)*
71 AMS: Scientific Program
DR. Balsley, T.A. Brown, G.W, Farwell, PM. Grootes, DD. Leach, and FH. Schmidt

Radiocarbon (' #C) studies have dominated our program during the past year, though
e have begun to explore the possible use of the new Model 860 sputter fon source for
future experiments involving ' °Be in polar ice cores and other natural materials.

A Results of the first stage of the International Collaborative Study for L‘C

became known. Our results were well within one standard
deviation of the international group average, verifying that good sccuracy has been
achieved in the AMS '“C measurements made with our routine sample preparation and
accelerator counting procedures.

. We plan additional
measurements to settle the very interesting issues that have been raised.

c of the lic in methane (CH,) and CH
released from wetlands (a collaborative study with P, Quay and associates in the School of
Oceanography) ere continuing. Methane is a “greenhouse’ and a major sink for
trophospheric OH; thus, the increasing concentration of atmospheric CH, observed currently
will have important climatic implications. We intend to use 14c activity of

a eric CH; and CH, released from the major global sources as a means
quantifying the source(s) of the current increase.

During the past year we measured the '“C activity of CH, released from the Alaskan
tundra and Minnesota peat bogs; these two wetland types are likely the major natural

nt portion of the CH, flux from these
sources is derived from organic material produced in the nuclear weapons ers, ie, post
1955 These results indicate a rapid cycling of carbon through the photosynthesis—
methanogenesis cycle in wetlands.

We also obtained our first measurements of the ' “C activity of CH, in the atmosphere by
extracting, purifying and combusting CH, from air collected on the Washington coast (48N,
124W). The preliminary results range from about 117 to 123pMC. ese ' 4C concentrations
indicate that the input of CH, to the atmosphere is dominated by ' “C produced during
the era of nuclear weapons testing, as they are higher than those observed by others for
the southern hemisphere (about 108pMC). If a hemispheric gradient in atmospheric © 4CH,
indeed exists, then this might provide a means to distinguish northern vs. southern CHg
inputs.

Our plans for the near future involve primarily the continued measurement of the '‘C
activity on air samples collected on the Washington coast, in order to determine whether a




seasonal cycle exists, and on a latitudinal cross section between 50N and 30S of atmospheric

CH, collected by ship in the Pacific Ocean, to test for a possible hemisphere gradient.

8 Our work was supported in part by NSF (Grant EAR-8115004, Environmental
Geosciences Program) and by NASA (Grant NAGW-844).

"Rapid Response of Tree Cellulose Radiocarbon Content to Change in Atmospheric
1400, Concentration,” PM. Crootes, GW. Farwell, FH. Schmidt, DD. Leach, and
M. Stuiver, Tellus (1988), in press

72 AMS Technical Highlights
DR. Balsley, TA. Brown, J. Caggiano, GW. Farwell, PM. Grootes, and EH. Schmidt

Advances in_carbon sample-making.

(O] Sample reduction from from CO; has been improved through the completion of four
systems with p read-out.

(2)  Tests were made on the reduction of C directly into the well of the tiny Ta capsule
where it is to be pelletized as graphite. The Ta capsules failed. (The reduction did not go
%o completion; also the Ta acted s a getter, and upon cooling it broke) A Mo backing
gave good reduction, however.

(3)  Improved sample-positioning in the sputter ion source has permitted us to shift
from 3/32" dia. to 1/16" dis. samples, resulting in a reduction of the amount of carbon
required by a factor of 3 to 4. Very recently, we have shown that 1/32" dia. samples can
also be properly positioned, and that they can give the same lon-output as the 116"
dia. ones. (The Cs' ion sputtering beam is very sharply focussed on the sample; it produces
a well-shaped hole about 0020" in diameter) Equipment is now being designed which will

it us to meke very small diameter samples; we expect to be able to meke 100 Kg
carbon samples which will give 25000 or more useful ' “C counts. These samples are made
by the graphitizing-scintering process described earlier.

B Achievement of 60-KV elevation potential for the jon source

A new electrostatic quadrupole and steering system was installed in the low-energy beam
line. This, at long last, permitted the sputter fon source to be operated at its full design
elevation potential of €0 KV, up from 30 KV. The most important result of increased

vation potential is improved beam emittance. The fraction of the negative ion beam
which is transported through our 5/32" diameter entrance aperture is increased from 60 -
€5% at 30 KV. to 80 — 85% at 60 KV. For the first time, we have demonstrated that we
have essentially no beam loss between the 3/32' low-energy defining aperture and the
stripper foil at the high-voltage terminal.

The secondary electron beam became so excessive at 60 K.V. elevation that the x-radiation
produced by the electron beam was sufficient to present 2 health hazard to persons near
the inflection magnet. A magnetic suppressor in the accelerator region and added Pb
shielding in critical locations have almost completely removed the x-radiation.




c lmeroved carbon beam intensity and stability

In September, we achieved a new high in ion source output u{ﬁdmny, viz, 50 pA of ‘3¢

{ppe (through the entrance aperture) at 10 mA extraction current. This beam produced &
count

/s
charge-state distribution. The small loss is believed to occur in the high-energy
beam tube due to beam spread at the stripper.
Several improvements in the Tandem system (a new stripper foil mechanism, electric
at

horizontal steering at the terminal, improved beam scanners) have been of substantial
benefit to AMS performance.

D.  Durability of grashitized carbon samples

In September, we made two long marathon-type runs to determine how many counts we
can really obtain from a single sample. Using & pair of identical samples of "1964 carbon”
Q,m ring material) we obtained >300,000 useful ‘4C counts from each, with a measured

tio = 09081 $00057. ~We  elieve that the smaller diameter samples now being made
Wil yield similar numbers of ' 4C counts before deteriorating significantly.

L Nuclear Physics Laboratory Annual Report, University of Washington (1967) p. 40.




8  RESEARCH BY OUTSIDE USERS

81 Thin Laver Activation Analysis for Application to the Study of
in_Feedwater Pipes

JT. Stanley®

A study of erosion—corrosion of carbon steel fesdwater piping is being carried out at
Arizons State University under the sponsorship of the Electric Power Research Institute. A
closed loop system has been set up in which water of controlled chemistry is pumped
ihrough test section carbon steel piping (26 inch dismeter, Schedule 40). The system i
constructed of stainless steel except for the test section. The test section actually consists
of four sections joined together by flanges in order to test different materials and

ions, and to i of the thin layer activation snalysis
Sechnique which wil be described. Two of the sections are straight pipes and the other
two are 80° elbows. Erosion is observed by measuring the activity of a radioactive spot on
the wall of the test section pipe.

For this type of experiment it is important that the radioactivity should only be
present near the surface of the sample that Is to be eroded. It is this configuration that
Fives the technique Its high sensitivity to erosion rates. For example, consider & 1/4 inch
wall thickness pipe. It it were irradiated in a nuclear reactor to produce a uniform
distribution of radioactivity through the wall and then subsequently exposed to
environment that eroded one mil (0001 inch) from the surface, the radiosctivity would be
04% which is scarcely measursble. However, if the wall of the pipe were
{rradiated with protons that produce radioactivity to a depth of only 25 mils, then when
one mil is eroded from the surface, the activity changes by 4% which is easily measured.

In our case the radioactivity is created by irradiating with 13 MeV protons at the
University of Washington accelerator facility. The proton beam is focused to a spot sbout

or through a fla
the surface of the pipe at an angle of 23° to the surface at four inches from the end of
the pipe. After traveling a distance of about 12 mils in the pipe wall, the proton energy
will have dropped to 6 Mey. The threshold energy for the °°Felpn)°®Co reaction is 6 MeV
o that the radicactive 59Co atoms are only created to a depth of (i2sin 23 = 5 mils)
below the surface.

The choice of 38Co is a good one for this experiment since an 08 MeV gamma ray
is emitted for each 3°Co atom that decays. A gamma ray of this energy is only slightly
attenuated in traversing the wall of the pipe and thus we can monitor the activity of the
radioactive material using scintillation counters located outside the pipe.

In order to convert from counting rate to erosion rate, it is necessary to know how
the radioactive material is distributed below the surface of the sample. Consideration of the
energy of the protons as & function of depth in the material and of the cross section for
the () reaction as a function of proton energy will allow us to calculate the distribution
of activity with depth.

. Arizona State University




82 Irradiation of Optical Materials

T Criswell* KL. Ballou* G. Bohnhoff-Hlavacek;* and VS. Starkovich®

Reflection of light from transparencies (eg, the inside of windshields, CRT screens, or
instrument covers) is a chronic problem. Existing antireflective coatings, while reducing
reflection, often work in too narrow a band of frequencies, are absorptive, or
xcessive diffuse scattering. The fundamental cause of

the stopping power of the fon, and the etch process. The present study covers a wide
selection of plastics and glasses, finding optimum fon-etch combinations to produce the
desired antireflective surface for each material Large-sample production will be emphasized
this year.

. Boeing Aerospace Company, Seattle, WA 98124-2499.




83 of Burnout Cross Sections

DL Oberg* and JL. Wert®

MOSFETs can undergo catastrophio failure following exposure to a single
mer.enc heavy fon (as found in cosmic rays fail precipitated by the second
breakdown of a parasitic bi-polar transistor. The + \keiinood of thia fallure s seen to be
related to the device drain-source voltage as well as the energy deposited by the incident
fon.

The nondestructive technique which was developed here last year' ~has now been

lied to a wide variety of parts at several accelerators (including the 88" Cyclotron and

oe Bevalac at the Lawrence Berkeley Laborstory) Dats ‘scquired at these facilities is

shown in Fig. 83-1 It is seen that, the oitage threshold for burnout is not simply &
function of linear energy transfer.”*!

Tests have also been conducted on power MOSFETs which are from the same lot as
those found in a still-f !unctmnm‘ satellite power converter.® It was seen that the voltage
threshold for burnout is just above the meximum operating voltage of the devices in the
circuit.

o Boeing Aerospace Company, Seattle, WA 98124-2400.

L Nuclear Physics Laboratory Annusl Report, University of Washington (1987) p. 44.

2 "First Non-Destructive Measurements of Single Event Burnout Cross Sections for
Power FETS", DL. Oberg and JL Wert, Fifth Annual Symposium on Single Event
Effects, April 7-8 1987,

3. "First Non-Destructive Measurements of Single Event Burnout Cross Sections for
Power FETS", DL. Oberg and JL. Wert, 24th Annual Conference on Nuclear and Space
R.-dnuen Effects, July 28-31 1987.

4. DL. Ot JL. Wert, [EEE Trans. Nuc. Sci. 87.

s s Sen:ilwn.y of Power Converters with MOSFETs in Space’, GL. Brucker, DL. Oberg,
JL Wert, PR. Measel and TL. Criswell, [EEE Trans. Nuo. Sci, NS-34, Dec 1967.
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Fig. 83-1 Burnout Cross Sections for the IRF 130,




84  High LET for

KA. Krohn,* DS. Wilbur,{ and S. Hadley

¢ effort involving the Department of Radiology and NeoRx Corporation has

been initiated to investigate the value of alpha-emitting sotopes for tumor therapy. Alpha
Fticles cause very intense radiation damege within a few microns of where they are
P aitted and thus one decay event within a cell is completely effective in destroying that
el The NeoRx scientists are experts in attaching radioisotopes to monoclonal entibodies,
large protein molecules that sesk out and bind fo cells that express complementary
antigens. In this specific research we want to use 211 54 which will be produced using the
2725 MeV ‘He beam to irradiste bismuth targets The resction can be used to produce
bout 50 JiCi of sotope in one hour, sufficient to develop the chemistry of attaching it to
ntibodies. 21 1At labeled monoclonal antibodies could be very useful for therapy of many
Kinds of tumors, especially melanoma which is quite resistant to all current treatments.

- Department of Radiology, University of Washington.
t NeoRx Corporations, Seattle, WA 88119.




VAN DE GRAAFF AND ION SOURCES

91 Yan de Graatf Accelerator Ooerations and Development

CE Lindnr, FH Schm\d', RE. Stowell, TA. Trainor, TD. Van Wechel, .G, Weitkame,
and JA.

yas the installation of a 200-foil stripper mechanism. This device, which is described in
Sect. 1010, is now operating satisfactorily.

We experienced major problems with terminal voltage stability during the year.
There have been a variety of symptoms. One rather puzzling one was an upward excursion
of the terminal Joltage elther in response to & minor change in upcharge current, or

reasonable operation impossible, we opened the tank and searched for possible causes.
Nothing of significance was found, although we did change the collector screen in the
terminal. Surprisingly, operation was fairly normal for a while after the tank opening.

Increasing instability of the terminal voltage (beside the excursions mentioned above)
lead to the investigations described in Sec. 94, Since that analysis made it clear that the
belt was somehow the cause of the instability, we changed the belt, beginning on April 4.
The outer, charge-carrying surface of the old belt did not look bad, but the inner surface
looked abraded, as though it had been rubbed with sandpaper. The cause of the abrasion
was not apparent. We did find a bowed shield plate in the high energy midsection which
showed signs of having rubbed the outside of the belt.

The new belt has only been operated a few days, but gives significantly improved
performance. It may be among the best belts we've had in the machine.

The Accelerator Mass Spectroscopy group uses a signal from the generating voltmeter
to stabilize the terminal voltage. One problem with this technique is that the voltmeter
views the high energy column as well as the terminal Because of belt ripple, the voltage
distribution on the high energy column varies with time this introducss noise Into the
terminal voltage stabilization loop. To reduce this noise, we tried moving the GVM to a
port which is further away from the high energy column. Definitive tests have not yet
been made, but this configuration appears to lead to better regulation.

the year from April 16, 1867 to April 15, 1988 the tandem operated 3770
hours. Addmanll statistics of accelerator operations are given in Table 1.




Table 1
Tandem Accelerator Operations
April 16, 1987 to April 15, 1988

Activity Davs Scheduled  Rexcent
A. Nuclear Physics Research

Light Ions 65 18
Polarized Ions " 3
Heavy Ions 39 1"
Booster Beams 26 7
Radiochronology 24

Subtotal 165 45

B. Outside Users

Arizona State University 1 <
The Boeing Company 3 1
NeoRx Corporation o

Subtotal 5 1

C. Other Operations
Tandem Development 62 17
Tandem Maintenance 38 10
Booster Development 58 16
Unscheduled Time 38 0

Subtotal 196 54
Total 366 100




082 The Crossed Beams Polarized lon Source

DR. Balsley, A. Garcia, CA, Gossett, GC. Harper, R. Hobbs, JR. Olson, and V.J. Zeps

Development of the crossed beams polarized fon source has been steadily progressing
and the first nuclear phytics experiment using the polarized beam was perfor
Decembe

One of the most significant areas of progress in, the last year has been that of
increased longevity and stability of the beam. The Cs' beam formation section of the
source has been quite pnma and has not_required service in over five months of on and
off operation. The neutralizer and H_ lonization regions are the most susceptible to
breakdowns due to conumlnlﬂon by material sputtered by the Cs beam or by deposition of
Cs metal on insulating surfaces. Failures of this type have been significantly reduced by
redesign of the Cs neutralizer and replacement of the extremely unstable and unreliable
temperature control and sensing systems. We now routinely operate at modest output
currents, 200-300 nA for cumulated periods of several days without high voltage sparking or
need for maintenance.

problem of poor power coupling from the rf transition power generators to the
strong field rf cavity reported last year' has been studied and solved. We now routinely
measure proton polarizations of 090-082 with ~ 16 watts of power to the rf cavity. The
rf cavities and drives for deuterium will be optimized in the near future. We az
investigating the origin of a large unpolarized background of protons observed with the
atomic beam isolated from the ionization region or with operation with deuterium.

Ve have continued to study the low output performance of the atomic beam
source® and have designed and tested dissociator bottles with a nozzle design similar to
that used at the University of Wisconsin. Atomic beam flux and H, D  beam
improvements of factors of 15-2 have been observed. Efforts to examine and optimize the
atomic beam flux will continue. To date we have not had reliable measurements of the
absolute Cs® flux. In the past several months a neutral beam calorimeter has been
constructed. We plan to complete, install and calibrate the calorimeter soon. This device
will enable us to determine the Cs” flux and with our knowledge of the atomic beam flux,
we will be able o assess the performance of the crossed beam system.

Improvements have been made in the polarized source control system (see Sec. 83).
Software control of the vacuum interlocks of the atomic beam source has been programmed,
it dndfiatad TN ecia ooce fpvined i MEATINRES anabsof oard oy s
far will be extended to the software control of the Cs beam and spin precessor vacuum
S ST S O s e s
have begun to remotely monitor and control portions of the polarized source from the
tandem control room via a remote communications package connecting the polarized source
to the linac microVAX control computer. A system of knob boxes which will be connected
for control of the source in several locations through the microVAX and polarized source
microprocessors is being designed.

L Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 49.
2 Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 48.




93 Polarized lon Source Computer Control Svstem
CA. Gossett, GC, Harper, MA. Howe, HP. Readdy, RJ. Seymour, and HE. Swanson

An effort has been launched to provide remote control of the polarized ion source
through the linac touch screens. Until recently, only local control of most of the soures
parameters was possible by means of three microprocessor controllers provided by the souroY
Perdon ANAC. Code for these controllers ls written in the Motorola N600 amembly
Janguage and burned into eproms, making coding changes somewhat more difficult Whan
using & high level langusge. Recent acquisition of the assembler and source code listings
has greatly facilitated this-process.

The original controllers have a provision for remote communications with & host
computer using 8 communication sdapter made by ANAC which communicates with the
Somtllers on a serial fiber optic link and with a stellite computer, & DEC Falcon
ierocomputer (soon o be upgraded to an LSIi1/Z3) through a DEC DRV parallel interfacs
e DEC microcomputer then communicates with the lnsc host computer, & DEC MioroVAX,
o another. serial fiber optic link. The data scquisition computer will be sble to control the
wpin precession and RF transitions via the DECNET connection to the MicroVAX.

Programeing for ‘the  satellts computer s done  in the - MiorcPowar Pastal
Peogramming linguage which s 'the sme’ used for fall of thalmilite computars [ the
B eontrol ‘system The host computer executive program, CSX, is written in the
lamgusger The use of three different programming languages is justitied in that the
e ue of existing software can be made. The polarized ion source differs from the
Tt the linac control system In that the actual control rests mainly in the ANAC local
omtrallers The CSX program and the touch screens are used primarily as a monitor thus
extending the capabilities of an already existing control system.

We found the original software insdequate for the following ressons. The software
Interlock features had not been implemented, requiring external hardwired interlocks to be
provided. The processor for the spin precessor system had not yet been programmed,
P eking operation of this part of the source incompatible with the rest of the control. The
cesium system control was not workable in its original configuration and it was necessery
%o make external hardware changes to compensate for this The remote communications
Package was Incomplete and untested, making remote control questionable if software
changes could not be made.

To date, three major milestones have been reached in this effort. ~Seversl
modifications. to the code for the vacuum system have been successfully implemented.
Interlocks for the vacuum system in the atomic beam section of the source have been
changed over from hardwired to software control. The remote communications packege has
Seen through its initisl stages of hardware and software debugging end we have
moceesstully displayed the atomic beam system parameters on and controlled them from the
touch screens.

Future plans for the control system include conversion of the remaining atomic
beam system interlocks, atomic beam system parameters, and the entire cesium system to
remote controlThis will be followed by the implementation of the controller for the spin
precessor system.  Sophistication of the touch screen capabiities should then parallel the
advances of the controller software development.

49
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Charging Belt Motion and Tandem Regulation

TA. Trainor

T the past year the tandem voltage stability deteriorated to the point that the
voltage regulation system was driven to saturation for a significant fraction of the time.
Among other things this made operation of the linac very difficult. Various components of
the regulation system were checked and found to be working properly. The trouble was
localized in the charging system.

A clear correlation was observed between large corona current fluctuations and
fluctuations in the high energy column current (HECC), so attention was focussed on this
rameter. A ch of the
period (043 ) but did show occasional
among others. It was determined that this signal was the result of a contribution from
43 5 and an unknown source with a slowly varying period near 027
At 85 MV the fluctuation in the HECC was ~ 30% of the average 120 JA.

A spectrum analyzer was used to look at the HECC further. The spectrum (Fig. 94—
1) consisted of belt ripple at 234 Hz and harmonics and a broad peak at 37 Hz with tails
that stretched down to 1 Hz and up beyond 5 Hz The pesk width was about {Hz and the

1 area under this peak was much greater than that contributed by the belt harmonics,
indicating that most of the HECC fluctuations, and perhaps terminal voltage fluctuations,
were coming from this unknown source.

The vertical beam jitter observable at the high energy scanner was also spectrum
analyzed. A photocell was fitted with a trianguler window so that if the trace shifted on
the scanner display the cell output would vary. The low side of the beam showed motion
only at the new noise source frequency of ~ 37 Hz The high side motion was mostly 37
Hz with ~ 20% contribution from belt harmonics at 234 Hz, 468 Hz, etc.

The nature of the spectra (absence of folding) indicated that the belt frequency and
unknown source were linearly independent. This eliminated an initial hypothesis that the
fluctuations were caused by the belt hitting the column mid-section and losing charge.
This mechanism would have resulted in a modulation of one process by the other and
consequent. spectrum folding.

The hypothesis presently in favor is that the unknown noise source is currents
induced in the high energy column by transverse motion of the belt due to interaction
with the tank ges. The belt as a vibrator is a membrane moving at 60% of the speed of

the 15 atmospheres of tank gas. There are a number of vibration modes in the 4 Hz to 50
Hz region.

Induced column currents and electrostatic force between belt and column increase
with increasing belt curvature. The electrostatic force is destabilizing for transverse motion,
50 that increased charge on the belt favors shorter wave length, higher frequency modes of
motion, as observed in the HECC noise spectra. At 85 MV and 320 4A belt current the belt
is carrying about 70 UC of charge. The electrostatic forces are therefore comparable to the
mechanical restoring force (~ 1-5 N).




it was found that below 165 psi this
185 psi it was fully developed and changed
operated at 7 MV and 165 psi ran very

The tenk gas pressure was varied and
phenomenon was totally absent, and that above
little with increasing pressure. The tan
smoothly and with ideal regulation.

1 is belloved that o badly roughened inner belt surface incressed the dreg and
general interaction of the belt with the tank ges, thereby making it prone to lateral
e drtren by aa irbuiatis [°h “taw! Belt ‘vas M A UGN Mt SCein Hz noise has not
D botived At any. tank. presure up to 2i pel The EECC now 1as o 5% ripple at the
Melt. frequency, the vertical ftter is negligible, and the reguistion system again provides
ideal regulation.

L Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 46.
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Fig. 94-1 High Energy Column Current 0-5 Hz Frequency Distribution.




95 Model 860 Sputter Source Modifications

DJ. Hodgkins and TA. Trainor

The Model 860 is now fully commissioned and d'llvm intense beams of a variety of
negative ions. ""'"I’a’”“‘ beams include 400 pA '2C7, 50 pA 2°ST, 10 pA 'L,
#h ®°Cu”, and 4uA 4°Ca”. These currents were observed through an .m?'..m of about
5 mrad-cm at 30 keV, corresponding to an emittance of 8 mm-mrad-MeV'

Early experience with the source indicated several problem areas. Supply of cesium
vapor to the was unreliable, recovery from cesium oversupply was slow or not
possible, the mmr target insulator was subject to frequent breakdown and failure by
tracking, and the ionizer delivered a substantial amount of cesium beam to the target rod
which was unproductive but loaded the cesium focus supply.

measures taken to solve these problems can be seen in part in Fig. 95-1 The
il s tube (not shown) was extended, without coupling, through the source vacuum
wall into an external coaxial vacuum jacket. A Cajon fitting at the end of the jacket

the vacuum jacket and to the base of the reservoir, thus insuring uniform
heating of the entire cesium system.

To {mprove recovery from cesium overshoot four large holes were milled in the
cylinder surrounding the end of the target rod This increases the ing speed of

t of the lonizer region, but has not noticeably atfected the reltionship between
cesium temperature and negative ion output. In the case of an oversupply of cesium
(usually during stertup) the reservoir is rapidly cooled for a short time with air. The
source recovers in less than five minutes and bias voltages can be reapplied.

The original iargst fnoulatie’ bas e remored (and moppatt for the end of the
target rod transferred to three macor rods located in a very well shielded region. The
pathway from the o region to these insulators now has a very low conductance.
There has been no failure since their installation some months ago.

It was determined that cesium from the last two turns of the ionizer (nearest the
target) was mainly sputtering the cone at the end of the target rod and the aluminum
sample holder. These were first blocked and then removed with good result. With the
target in the neutral position and a cesium current of 1-2 mA the cesium waist is located
at the target and <1/2 mm diameter. With reduced cesium current this waist moves back
toward the fonizer as one would expect from space charge effects.

Targets are aluminum cylinders with 3 mm di m deep samples. A 1/4 mm
thick lead washer is used to ensure good thermal contact with the cooled target rod.

For the 400 A '2C beam the cesium was incident at 10 keV with 12 mA true
cesium current and ~ 10mA secondary electrons. The negative ions were accelerated across
the 10 kV target potential and focussed at the final large diameter gap lens to a final
energy of 30 keV. Focussing is optimum when there is little or no vltage drop across the
small middle gap lens. Total source output was 12 mA. The 400 4A ' °C beam component




s~ 1/2.the total analysed besm, the reet being mostly highte circn pRlymeth TE'S
e amision through the analysis system was 67/ asuming the entire source output was
carbon.

Fig. 95-L Model 860 Sputter Source as modified.
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BOOSTER LINAC PROJECT

101 of the Booster Accelerator

JF. Amsbaugh, M. Bryce, RS. Burton, RC. Connolly, RL. Cooper, DT. Corcoran,
JG. Cramer, JR. Cromie, J. Davis, S. Doub, JG. Douglas, H. Fausks, BJ. Fulton,

LL. Geissel, GC. Harper, DJ. Hodgkins, BP. Holm, M.A. Howe, T.J. Irwin, JM. LaCroix,

DD. Leach, CE Linder, TA. Meadows, DB. Newl, RA. Nilsen, D. Pasche, L Prewitt,
G. Ramirez, HP. Readdy, D, Rosenzweig, D. Schasfsma, A. Schxmder RJ. Seymour,

ﬂS{mon;JM_suhl-Lmuswwell.HLs

13, Tomasko, TA. Trainer, K. Vandenbosch, T, Van Wechel, WG, wmk-mp DL Will,

and J. Wootress

The superconducting booster was completed this year, and we delivered beams for the
first experiments. As has been discussed previously, the superconducting booster accelerator
was designed to produce proton energies of 38 MeV and o R NS (0
lighter heavy ions dropping to 10 MeV/A around mass 40. Quarter wave resonators were
chosen to optimize the range of masses that could be effectively accelerated. The linac
consists of 36 superconducting resonators in 12 large cryostats plus two resonators
operating as bunchers in two smaller cryostats.

produced for experimenters have so far consisted of protons, alpha particles,
TR i T energies have ranged from the maximum available to
sbout half that. The experiment involving silicon required 18 different energies. Changing

there

wverage fids of 28 WaV/m have bews
achieved (907 of the design field). Also, e non-ope'mhl! resonators have been fixed, and
all resonators have been operated simultane

The eight major tasks and some sub-tasks of the booster are described in the

following sections in more detail. In most cases the final completion, testing, and debugging
are described, although the cryogenic and main control systems have been in operation for
some time. Improvements will be described for those systems. The vacuum and cryo

control systems have been expanded and made more automatic as well as more user
friendly. We have commenced construction of a new driver for the low energy buncher to
enable us to bunch at 125 MHz as well as at 50 MHz The plating effort has been focused
on replating resonators which performed poorly. The diagnostic system was essentially
completed last year, but some improvements were made this year. The problems with the
injector deck isolation transformer have been solved, and the deck with two on sources is
in operation. The radiation safety system was completed and has been expanded to include
some additional stations. A new stripper mechanism with 200 strippers was added to the
tandem to provide longer periods of heavy ion operation between tank openings. Beam
dynamics calculations and measurements have been expanded, and some automatic tuning of
the accelerator has been developed. We conclude this section with a discussion of the
booster operations.

We are pleased with the performance of the accelerator. We expect to see continuing
{mprovement i performance as well ss $xpansion in.the variety of utilzation



102 System Control
1022 Main Control
MA. Howe, GC. Harper, HP. Readdy, and HE. Swanson

The boostar master control program (CSX) is_completely cperational and hes been
used extensively during the booster testing phase. roven to be easy to use and
bl the opaeators, o monitor and control all systema of the machine conyepiently and
reproducibly.

Dusing 1967 considersble work was done on CSX fo make the program faster, ear st
40 use, more efficient, and more robust, Numerous programing bugs were tracked down and
fixed,  System crashes are now very rare and do not adversely affect booster operation.

Vital booster systams are now constantly monitored and the operator is varned f
parameter valums fal outeids their normal ranges Some cof the parametsrs tat S
B e oc the cryagen levels, beaniline pressures, and turbopumpe. ol 'fs ' (romas
%o enable a user to set up custom alarms for other parameters.

Work wes also done in the areas of automating some of the booster setup and
aommetion sotivition, For seample, the dogieg dipoee and guadrupoles ars sow S 30
e e ing the, boumh soergy, mas and chargs. T shdition all magists & be
scaled o new beam energies under program control

The intercryostat quadrupole fields are now calculated and st to optimum values by
« program which transports the beam thru a periodic array of cryostats and quads using
G et il o, st Teuater.This 8 o /(A "Wich Wb TRy
Sittiouts o acsomplish manually due to the large number of parameters involved.

an automatic tuning program has been written which sets the high energy buncher
to the proper zero energy gan phase and minimum bunch width by analyzing time
oucture dats. Work has been started on & program to tune the accelerating resond
to the proper operating phase.

re is some additional code which needs to written to enable remote control of
the injector deck and the polarized ion source. The remaining work probeby represents
e at 2% of the total program. This programing is being completed in parallel with the
injector deck satellite program.




1026 Control Svstem for the Low Freuency Low Energy Buncher

TD. Van Wechel

control system has been designed and constructed for the low frequency low
energy hunnhvr (see Sec. 103). The new control system also replaces the present control

computer control. The system is currently being tested and will be on line soon.

Some of the concepts used in the design of the control system were based on the
dual frequency buncher at Argonne’ The control system was divided into several functional
modules installed in @ modified NIM bin. A simplified explanation of each module follows.

In Fig. 102b-1 the outputs of the two cone probes are fed into a 180° RF signal
combiner. The output of the 180° combiner is representative of the first derivative of the

function of the RF feedback module is to seperate and provide varisble
.v.unu.um, under computer control, of fI, f2, f3, and f4. The amplitude of the voltage
across the grid of any frequency component fn s related to the amount of attenuation
between the signal from the probe and the RF input of the fn RF control module. The
master amplitude is set by a voltage controlled attenuator that provides attenuation to all

the harmonics. The signal is then amplified and split into four paths. The fi path
tilters out the 125 MHz and 50 MHz components. The other three paths provide filtering
and variable attenuation of f2, f3, and f4 with respect to fL

A simplified schematic of an RF controller module is shown in Fig. 102b-2. Each
controller has three inputs and an RF output. The RF input fn, from the RF feedback
module, is hetrodyned with a local oscillator signal by a double balanced mixer, producing
an intermediate frequency of 50 MHz. The 50 MHz signal is filtered and amplified with a
portion being sampled and rectified to produce a dc. voltage proportional to the amplitude
of fn. This voltage is used in a control loop to set the amplitude at the input of the RF
controller at -5 dBm. The amplitude of the voltage across the grid gap is changed by
varying the attenuation in the RF feedback module as explained above. The phase of the
intermediate frequency is compared to the phase reference signal by a double balanced
mixer providing @ feedback signal for the phase control loop.

portion of the phase reference signal also goes through a complex phasor
modullmr(CFM) which serves as the regulating element for both the amplitude and phase
control loops. The amplitude error voltage drives the Ilin phase) control input, while the
phase error voltage drives the Q(quadrature phase) control inpu( of the CPM. The output of
the CPM is hetrodyned with the local oscillator signal producing the sum and difference
frequencies. One of these is fn which is filtered and amplified to drive the resonant
structure of the buncher.

The Phase Reference module provides the 50 MHz phase reference signals to each RF
control module. CPMs are used to provide computer settable phase shifts. The phase of the
signal from the resonant phase detector is compared to the master phase reference to



provide phase lock of the buncher to the linac. The phases of the {2 13, and 4 phase
references are varied with respect to the master phase.

The local oscillator generator provides the local oscillator frequencies required by the
RF control modules. | The local oscillator frequencies are phase coherent with respect to the
buncher clock. They are generated by hetrodyne and frequency division techniques.

L Nuclear Physics Lab Annual Report, University of Washington (1985) p. 82

2 K. Johnson, Dual Frequency Buncher, Argonne Bdg. 2l Design Note
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102c  Crvogenic Control
MA. Howe, HP. Readdy, D. Schaafsms, and DL Will

During the past year we have made several changes in the cryogenic control
computer system. As reported last year', we installed an uninterruptible power supply on
the control computer itself to minimize frequent crashes spparently caused by power line
glitches.  This addition has been highly successful; we have had only one unexplained
computer crash in the last year.

The three most important changes involve software changes and additions.
Cryogenic control computer response to local touchscreen stream mode inputs (continuous
touch interpreted as a stream of repeated touches) was very slow when the cryogenic
computer was required to automatically update the main booster MicroVAX. Slow respons

was overcome by adjusting scheduling of processes and by reducing input noise and noise
related updates. Secondly, we found difficulty maintaining proper proportional flows of

is liquid helium parallel flow instability, the control program changes contributed
significantly to the cure. Finally, several cryostats had liquid nitrogen valves which leaked
enough to overflow lquid out the vent while other cryostats had difficulty maintaining
liquid fill at the preset level. The basic problem is again fluid dynamic, perallel two-phase
flow instability; the solution here has proven more complex involving both software and
hardware. These three problems and their solutions are described in detail below.

The cryogenic control software (written in MicroPower Pascal) has numerous p:
each running independently off a clock counter. The rates of these have varied from once

respo
needed. Scheduling and priorities of the concurrently running processes were adjusted ts
minimizs time taken In context switching and to minimiss’ the posbilty of stack
overflows. Response to input from the local touchscreen and to input from the MicroVAX
touchscreen, which had been slow whenever auto-update to the MicroVAX wes switched on,
was improved after reducing noise from some of the adc channels and averaging a number
of readings from each channel before reporting a changed condition to CSX (the Control
System eXecutive program on the MicroVAX). The table lookup (LU) and control (CO)

processes no longer run independently but instead are signaled from the adc reading/dac
i SRS e e S e s e e
adc are accumulated by the I0 process, then averaged, before the LU and CO processes (with
update to CSX) run and report changes. Thus most LU, C0, and associated updates to CSX
occur once every 12 seconds.

As software additions have been made, programs have been subdivided to meet the
constraint. of addressable memory space. We have found that the major item requiring fast
servicing is the response to local and remote touchsreens when human interaction is

each second.

10/LU/CO sequence. Any changes required are made immediately (using data from the past

twelve seconds if needed) to provide rapid feedback to the operator. Similarly, when control
tpoints are changed remotely at the MicroVAX touchscreen, the cryogenic computer

MicroVAX (UV) process (which waits for input over the serial line) signals the 10/LU/CO



sequence immediately with & semaphore, thus providing rapid response to. the remote
operator.

reimate of hellum mess conductance prior to installation’ at our facility. FHellum flow
O tan: of this complex branched distribution aystem has been dtermined to be
officient to cool 400 watts (with radiofrequency power roughly evenly distributed among
the cryostats) at & pressure differentisl of 4 psi. This means the specified differentis of 1
paid provides only about 200 watts cooling capabllity. (The pressure differential is
proportional to the square of the flow)

To compensate for this low conductance we increased the hellum tank relief valve
settings on All cryostats from 4 paid to 10 peid (stil wel below the tank rated werking
Tresmnea which ssoeed 100 paid). The higher pressure relies on cryostats have slioved 1o
D Tin e Tt Idlcage , o8 4, 4 paid total preswure, differential i St wijepthe
Soesmare differsntial of 4 peid is enough to achieve proper cooling of & cryostat with
B e power dlssipation, some cryostats require more power input and do not maintels
Sroper fil under fally proportional delivery. To maintain liquid in thess cryosiats »e
B tioally. flll any cryoatats with low liquid hellum levels on & batch fill basie betors
s £ hecihl gt isaa) yadbirol - Tha - bateli i smode’ (BATEHRACKIT). Jp bsis(e)
O ntinuing liquid helum fill to mest cryostats allows vapor o sccumulate
oesrarily in these wafiled cryostats in the space left as thelr liqud bos off TR
O e ‘mass of vipor returning from unfilled cryostats by roughly 1/7 (the ratlo of
liquid to gas specific volumes of helium at 43°K) But a flow decrease of 1/7 reduces
Pesstire. drops by nearly 2/7 or % for most of the lngth of the vapor NN This
P ressure reduction in the vapor line is especially helpful since vapor line pressure differential
B oates the total presure drop. Together these two modifications have permitted us to
operate rather comfortably despite the distribution system's high pressure drop

Resolution of our liquid mitrogen fill difficulties has required repair of pocrly
designed valves and & change in operating procedure as well a software modification. our
Cryolab liquid nitrogen control valves for each cryostat were built into the distribution
system by the Beech Aircraft Boulder Division. These right angle valves have & bottom
S ewiation weld which can interfere with full closure if the proportionally cut plug is too
Jong,  Beech shortened some plugs to meet specifications; we have had to shorten mEny of
e cest as they wear in. Second, we have found that our supplier of bulk liquid nitrogen
e s s, with & liquid delivery pressure of about 30 psig after a delivery of 6000 gallone,
e fuce the delivery pressure to about 10 psig (the hydrostatic pressure of a full tank)
by bleeding the top gas pressure to 1 psig or so This sssures efficient liguid delivery
(thout excessive two phase flashing and asmociated high velocity/high pressure drop
Sroblems) throughout. the roughly 14 day interval between deliveries. = Finaly, software
P ification permits batch fill of all cryostats at one time at intervals which we can vary
o six to eighteen hours. High mass flow rates during batch fill assure high quelity
liquid delivery. _ Vanishingly small mass flow rates between batchfillings sssure that largely
ges is delivered to sny leaky valve, reducing overflow problems further. = We are now
S ieving good liquid delivery and only occasionally suffering liquid nitrogen overflow.

1L Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 64
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A_124 MHz Driver for the Low Energy Buncher
D. Rosenzweig and DW. Storm

The present low energy buncher produces bunches for the linac at a 496 MHz

multiples of this figure can be obtained satisfactorily with the present chopper.

Ve designed the driver following the work at Argonne National Laboratory.! For
operation at 124 MHz, we will replace the present four-harmonic resonant line driver with &

tuned the coils and capacitors to produce resonances at the desired frequencies of 124, 248,
and 372 MHz.

We have also bullt a new electronic unit to permit computer control of either the
406 MHz or 124 MHz drivers. This unit wes described in the previous sectio

1 K. Johnson, Dual Frequency Buncher, Argonne Bldg. 211 Design Note.

104  Resonator Plating
MR. Bryce, DI. Corcoran, and T.A. Meadows

Early in 1987, as noted in last years report, the final resonators for completing the

ac were plated. Also, four low-beta and two high-beta resonators were replated to

b =Ahon gentt g s e T 0 R e e e g

were completed; however, there were a few experimental platings. Unfortunately, none has
produced @ consistently superior surface.

L Nuclear Physics Laboratory Annual Report, University of Washington (1867) p. €6.



105  Beam Diagnostics

RC. Connolly, H. Fausks, MA. Howe, TJ. Irwin, DD. Leach, HP. Readdy,
and WG, Weitkamp

The diagnostic instrumentation of the booster provides the operator with information
on the beamm souition, profile, snergy, current, tme structure and transverse eriCARe
beam profile monitors, slits, apertures, solid state detector energy monitors, Faraday cups,
microchannel-plate time structure ‘monitors, emittance monitor and the disgnostics control
System have been described previously'. The beam bunch phase detector” has not
previously been described; & ‘brief description follows.

The low energy buncher produces 08-10 ns bunches which are compressed to about
02 ns by the high snergy buncher. The high energy buncher converts time spread into

Shase wall can increase the energy-time phase spece of the lineo Feur> BT in the worst
Fome, cause beam to be lost from the acceptance of the linac  Betavss of changes in the
o erating fields In the tandem (due, for example, to the terminal re€ulaior compensating
e on: bt ripple) oeilecase of Emall drifta" Yo sobrEatener g, LhY 5 of flight of
fhe bunches from the low energy buncher to the high energy buncher can VALY by up to
& few nanoseconds.

n onder to eliminate this variation, the phase of the low enerey buncher is
controlled by comparing the signal from a phass detector near the high energy buncher to
he elock signal.  The phase detector is & helically loaded resonant (at 50 MHz) cavity. It
e an amplitier with automatic gain control to produce & fixed amplitude signal for phase
Jocking,  When & cavity is driven by a fixed frequency there lo & phase shift proportional
e ifference between driving and resonant frequency (provided the difference is smaller
B i reatsaiban iwiathl e Tharetores ity impoctant; tovaveld dfh i the resonant
Sramiency of the detector. In early runs, e found phase shifts of the signal from the
detector of up to 20 degrees (at 150 MHz). The ‘temperature coefficient of the system was
omoired toibe G kperiOC (at:150 Mz, Also, sinos mosticl <the volume of the resonator
contains air, we estimated the phase shift with relative humidity to be 6> per 10% (at 150
VEz). To eliminate these shifts, we stabilized the temperature of the cavity and the
Neitive humidity cf the gus in the cavity by flowing heated dry nitrogen through it and
regulating the temperature of the exhaust g

After the regulation system was in place, we tested for drifts over & four day period
and found that the beam phase stayed within 1° (150 MHz) of the set value.

Al of the diagrostic instramentation is being used  routinely except for the
emittance monitor. This device was purchased from Danphysik. =The ssntord have been
" on & beam lins, all the software has been written and dsbugeed, but us of the
eaitor has been delayed because of & wiring error in the control elreuitry. We expect to
Solve this problem in the near future.

1 Nuclear Physics Laboratory Annusl Report, University of Washington (1967) p- 68.

2 RC. Connolly and DD. Leach, paper in preparation.




Iniector Platform Development
GM. Harper, DJ. Hodgldns, and T.A, Trainor

The injector platform was completed in mid 1987 and delivered 10 KA of 7Li at 200
keV for the first linac experimental run in September,

The
failure due to particulate matter in the ol the second due to a broken shield wire. These
were cured and the unit was tested extensively at 330 kV. The basic design seems

problems
to be satisfactory, but the quality assurance program was inadequate in our experience.

The model 860 sputter ion source integration was completed in August. Details of
various modifications to this source to enhance performance are given in Sec. 4. The
beam optics from source to platform image slits are a source gap lens, horizontal and
vertical magnetic steerers, an einzel lens, an electrostatic quadrupole doublet, a 45° switch
magnet, a 90° magnet and an einzel lens. The quadrupole lens compensates for the
astigmatic effect of the two bending magnets.

hed. t ~ 280 ps and 50 keV for 'H,
330 ps and 150 keV for %0 and 800 ps and 230 keV for ®°Cu The bunch widths were
measured near the entrance to the linac by a multichannel plate detector time structure
monitor,



107  Linac Beam Longitudinsl Phase Soace Measurements
GC. Harper, DD. Leach, D. Rosenzweig, and T. A Trainor

The area required in longitudinal (energy-time) phase space to represent & particle
Keain aste leaits 0B {ha achievable energy. or'time’ reslution | There 7 several
e btions Lo thia area and it is desirable to determine each cne and minimizs it to
optimize linac performance. We are in the process of carrying out this progrim

The low energy harmonic buncher was calibrated. Using beams from 'H to ®Cu at
various Injector energies, field amplitudes which minimized the bunch width at the linac
e e e, detarmained for each of the 80, 100 and i80 MFz harmonics applied singly. A
cosficient, was  then Yor each harmonic which could be used to scale as
B3/ 21’2

I addition, optimum bunching with three harmonice supsrimposed was determined
o byt of iona; andtecargles.. 1t wes dafarmined that scaling the optiz single
i ot 16" L0 o8, tox, 50,100 and 191, WFs, empentivly: TSR
optimum 3-harmonic bunching.

The quality of the injector platform beam wes examined by corrsiating lon PR
energy homogeneities measured with the platform magnetic anslyzer Wit bunch quality at
s i ddtirelaing. unch qualiiy s 8 fimctin o pare RIS THED
e e o discussed I Sec. 108. 1t was found that the beam energy sEresd wes typically
10-20 eV, and that for all ions up to Scu 200 kV on the platform was more than
B e ues the binch widtha to minimum values determined by, nolse sources other
than the platform.

Sest bunéh widthe at the linac entranos produced by the low energy buncher UHRE
o single harmonic varied from 280 ps for 'H to 800 ps (i However, there have
e iticant. perinds, when. the auisitum, widtha, are, almost fyics a8 Lig™ _ Tha change
s, o fnaihar o quits shazscapils Satemale, batmmy,changed ey be EOrtE
o aye. The source of this fluctustion has not ben determined. Howsver, the quality of
O e e regulation, which has been quite poor (Sect. 94), was recently improved ereatly
T & “charging belt change. This wil provide more stable conditions under which to study
buncher performance.

have. also. begun development of & dstector sytem to determine the lrac
e i it pham wpace T @ jarget chamber Veriow emstia(EiRERS
fiate svalanche counters s multichannel plate and silicon detectors e tried.  Time
D i o Dl were achieved. TRV 5l Ehough ot St o, purese, Qg
phase space measurements.




108

DL Will and JA. Wootress
major supplies used are bulk liquid nitrogen and bulk helium o both vith

The
impurities lower than 10 ppm. Our helium gas use was 79,430 scf total, used largely for
purging and deriming. Our liquid nitrogen consumption averaged 1560 liters/day allotted ss

ltem Consumption
Quiescent.

All 14 eryostats 1000 liters/day.
Distribution system 200 liters/day
Tank loss 50 liters/day
Exposed lines (improvements planned) #3200 liters/day
Gas use, variable 3 100 liters/day
Subtotal 3 1650 liters/day
Active

Power dissipated, 38 coupler intercepts 200 liters/day
Refrigerator precool (not. normally used) (R 700 liters/day)
Totals without refrigerator precool 5 1750 liters/day.

routine maintenance is directed at rotating machinery on our helium
nfﬁ‘enwf and its compressors. The distribution system also requires minor service.

ltem Hours ON Major Service Times Performed
Retrigerator Cold Box
Top expander A 6500 © main seals/wristpin bearings 4
N 130 rpm  crankpin bearings 2
valve seals 1
Middle expander R 7000 © main seals 3
NI30 rpm  wrist & mnkpu. bearings 1
Wet expander ~ 2000 © none, except. lul
N7 rpm
RS Compressors:
RS 1 8685 replace charcoal
RS 2 8487 replace charcoal 1
RS 3 7844 replace charcoal 1
Distribution System  He into vacuum to warm and derime 4

The cold box was in use (with at least one expansion engine turning and at least
one RS compressor on) 99% of 1967 Note that we change compressor charcoal I

frequently than specified by Koch. In the future we plan to replace it once a year. This
is in line with practice at Argonne's Atlas according to Jack Nixon. Our only major item
of incidental maintenance was the replacement of the top expansion engine flywheel once in
1867 due to bad bearings. We have since rebuilt the one removed as a spare.



When we began purchasing this cryogenic system four years ago we were faced with
three important choices. The first major unknown was our cooling power requirement. The

between turbine and reciprocating expansion engines. Finally, we insisted on a
distribution system of modular design with O-ring sealed warm joints and an active vacuum
system despite outside advice to adopt an all-welded system. We are now quite pleased with
the equipment we received and have found it to work well. In the following peragraphs, we
describe the three choices and their consequences.

As described in more detail elsewhere in this report', we estimated our minimum
cooling needs at 200 watts (from liquid helium vaporization at 43°K), we specified major
equipment for 400 watts, we offered bid preference to any refrigerator capable of 600 watts,
and we offered further bid preference for refrigerator expansion capability beyond 600
watts. The refrigerator we received from Koch Process Systems is rated at 500 watts
without liquid nitrogen assist and at 600 watts with liquid nitrogen asist. It can be
expanded to 1000 watts by adding two compressors and lengthening the top engine stroke.
Excess cooling ability allows operation of the refrigerator in a region of high inherent
process stability., Tests with heat input exceeding cooling capacity (during which dewar
level drops) have demonstrated process instability empirically; the operator must intervene
hourly to maintain constant heat exchanger temperatures end engine speeds. In sharp
contrest, whenever cooling exceeds heating by even a small am:
very stable. It has run for a week at a time without intervention. Since our cooling
requirements are 400-450 watts (roughly double the original estimate) and since we wish to
run without liquid nitrogen assist, our refrigerator with 500 watts capability is ideal. The
potential for expansion remains as a safety factor. Our distribution system, on the other
hand proved to have somewhat low helium flow conductance (below specification) once it
was assembled here (despite testing in sections at the manufacturer) However, conservative
specifications for pressure drop have permitted comfortable operations at 450 watts with
increased_pressure differential (4 psig) and active computer compensation for parallel flow
instability.!  Finally, excess refrigeration allows us to operate the accelerator for many
experiments even with one engine or compressor under repair.

Our second choice, for piston rather than turbine expanders, has produced no

surprises. We knew when we chose pistons that our maintenance personnel requirements

would probably be higher. We believe that is so, though we have no turbine experience
ourselves for good comparison. On the other hand we have found that a

Jus a cryogenics engineer can repair practically any

Koch

Again we are definitely
local parts if

Our final choice was for a moduler distribution system with an active vacuum
system using conflat seals for cold joints and O-ring seals for warm ones. This system has
definite advantages for us over an all-welded system. Rapid vacuum pumpdown permits
easy and reliable warmup for deriming. Modularity coupled with O-ring sealed valve pots
makes leak tracing relatively straight forward; we can isolate modules to localize the leak
and then remove the valve pot to pinpoint it. Modularity also allows expanding the
distribution system module by module (though we would need to enlarge the vapor line in
some existing modules to do so) In summary, we feel that these three choices were,
without doubt, the correct ones.

L Section 102c, this report.




Radiation Sefety Svstem

H. Fauska, JM. LaCroix, CE. Linder, JM. Stehfest, and WG, Weitkamp

click/sec = 1 mrem/hr to provide first level warning of radiation danger. The sensors also
wve relay contacts which close when the dose equivalent exceeds 100 mrem/hr, the "high
radiation” level.

The accelerator area is divided into 8 zones, each of which can be isolated from the
Test of the laboratory by shielding doors or barriers. A programmable controller monitors
the "high radiation” contacts on all the sensors and the status of all the shielding doors
and barriers. When a sensor in one of the zones shows high radiation, the programmable

We have also installed a Bonner sphere outside the building at the point where we
expect the highest neutron field to be produced. If the dose equivalent exceeds 02
mrem/hr at this point, the beam will be turned off.

The status of all radiation sensors, shielding doors and barrier are displayed on a
rd in the control room. Radiation levels are displayed quantitatively by LED bar
indicators which turn red when a high radiation level is present.

The system in the booster area is installed and functioning. We have had a few
minor problems weatherproofing the outside monitor, calibrating the bar indicators and
adjusting the volume on the clickers. We are now working on refurbishing the radiation
safety system of the tandem, which dates back to 1068. We are installing new gamma
monitors to replace aging home-built monitors and modifying the Bonner spheres in the
vicinity of the tandem to be compatible with the new control system.




1010  Tandem Foil Striper
DIT. Corcoran, CE. Linder, and WG, Weitkamp

Use of the superconducting booster with high intensity heavy lon besms is expected
16 Incres uoand. for stripper. folls in the terminal of the tandem.  Conssquently, we have
B e 200foll-capacity holder to replace the previous 38—foll-capacity holder. The new
foil stripper has been in operation for about 3 months.

The design criteria. for this installation were ss follows: 1 Either o fof, of the gas
stripper tube may be inserted into the beam. 2 The foils will be biased up to 8 kV for
the rterminal ripple removerl 3. Transverse electric fields amociated with biassing the foil

b minimiced 90 the beam doesn't ftter sideways. < 4. The beam may be steered both
up-down and left-right.

We chose an NEC Model FS-8 foll changer as the basis of our design. This devios
e 0. e e imaatt ok are sitigched o imastal (bend by “speing GHpa <(Tos
mmechanism is mounted on an insulating bushing so the folls can be bla

removing the gas stripper tube, it is necessary to mount it
i A system of shields insures that

e e encounters minimal transverse electric fields The ges stripper tube o mounted
on o hinge & push rod moves it in and out of the beam. The g8 stripper tube is
Ot trically to the foll holder (and the terminal ripple remover) when the tube is
e ‘seam. It is shorted o the terminal when the tube is out of the beam.

The foll stripper mechaniem s driven by a/ lucite rod from the tan
proximity sensor counts rotations of the rod: & Vesder-Root 7810 up-down counter displays
the foil number on the tandem control console.

In this installation, vertical steering is provided by 1i cm long plates 21 om apart
BNt g By apatee {5 cne ALy oo patidarhel telis xSl £SL Soimat el
s wtaipper foil The plates have 10 KV power supplies connected 80 the plates are all
at -5 kV when there is no steering.

To speed the flosting of stripper foils, a semisutomatic stripper fol floster W03
it K e motoe drives s thresdad rod which moves {he glass allde Bolling the {072
Glowly and steadily into water, stopping st @ preset point This device imizes foil
breakage and greatly reduces the labor necessary to mount foils

L GW. Roth and WG, Weitkamp, Nucl Instrum. Meth. Li5, 501 (1974).
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Fig. 1010-1. Top view of the layout of the foil stripper installation in the tandem
terminal. The beam travels from right to left. The gas stripper tube is shown in the
beam; it can be remotely removed from the beam.



1011 Completion of Vacuum Svstem Instaliation
JF. Amsbaugh

The vacuum system for the linac booster has been described elsewhere', and last
year's report? described the last installations to be made. Early in the year be completed
Tl ‘uperade of the high energy tandem beamlines, and we installed turbomoleculer pump
htor Hatus signals to the computer system. The turbomolecular pump controllers have ta
s whicn fashes at 4 different rates to indicats the error state. We modified the
o oller, 1o, send this signal to the computer over an optically isolated line. ~Software was
written and added to display these error conditions.

The contral systam uses & fiexible new method which facilitates runtime ocontrol
changee and whioh 8 described. in more. detail in:Sec: 127, Control ayatem instructicns 4%
e e from data flles into memory sa linked lists organized into events and tasks
e cuiatad actions and their constraints. In adapting this method to the specific peeds

e e oted on the further development of the constraint files which control the

f “onstraints avalable have been expanded ss experience has demanded
e ow includee ADC level, difference, and rate of change, input and output status, timers
el logic. flage. . These. constraints are. linked to. outputs and the outputs wre

eg. the pumping stati

i P odtialy, radimentary svents were written to protect the vacuum sysem 700
e alhures, such 43 power fallures, pumps overhesting, and o forth, and thes Terl
e om0 only two available tasks. The otber criginal taske simply bypassed ol
s e e e s ol PR Dl i
B have besn defiped 48 separste. tasks, with automatic return 0 & main control
task when complete.

In the last year, as more operational experience was gained, an important change
was made th the programis operation. Previously, & key awitch bypessed all constraints to
handle special cases, eg. pump down from atmospheric pressure. The key nov tar® b
e onk depending upon which of the touch screen displays is being shown. This tas
o' special svent. (bypass) for the displayed section and runs the normal events for the
rest. This affords better interlock protection for the entire system.

1 John F. Amsbaugh, Twentieth Symposium of Northeastern Accelerator Personnel, edited
by ED. Berners, U. Garg, and CP. Browne (University of Notre Dame, South Bend,
IL, 1986), p. 349

2 Nuclear Physics Laboratory Annusl Report, University of Washington (1957) p. 7.
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1012 Beam Dvnamics

DW. Storm
During the first tests of the linac last year, most of the adjusting of foc

elements was done empirically, even thoug
been done. These calculations had been

using
h fairly extensive beam dynamics calculations had
used successfully to produce an achromatic focus
through the dogleg system, but for the linac itself the connection between the calculations

and reality was fairly ephemeral. the resonators in each cryostat combined with the
following quadrupole Joublet form a repeating periodic structure (in the langusge of
synchrotron structures’, a cryostat and quadrupole can be considered a unit cell), it had

beam energy. Thus it is not an independent parameter. However, for given
resonator settings, the quadrupoles can be set to make the net focusing follow a similar
pattern from one unit cell to the next.

Ve performed some rather detalled studigs of this situation for the booster linac, and
produced an internal report on the subject”. The conclusion of this work was that
using such that each unit cell produces about a 90 degree rotation of the beam phase
beam of reasonable size everywhere throughout the straight section of

dogleg and the first accelerating cryostat were found which will produce the desired waists
in that cryostat while still producing a waist near the high energy buncher.

A computer program (QUADCALC) has been written which computes the quadrupole
settings given the resonator fields. Furthermore, it can calculate the resonator fields from
the settings of the bending magnet after the appropriate section of the linac. This

phased sequentially. The program is interfaced to the control system so that it actually
sets the quadrupole currents to provide the desired fields. Modest adjustments to the two
quadrupole doublets preceeding the linac are then made to optimize transmission through
the south row. The final doublet in the south row is adjusted to optimize transmission
through the north row.

Additional studies are being made of the focusing elements following the linac, in
order to transport the beam around the last bending magnet, through the rebuncher, and
into the switching magnet. At present we are experiencing some beam losses here and need
to understand this system better.

1 ED. Courant and HS. Snyder, Annals of Physics 3, 1 (1958).
2 DW. Storm, January 1988,



1013 Linac Operation

JF. Amsbaugh, RC. Connolly, GC, Harper, MA. Howe, DI, Storm, DL Wil and
JA. Wootress

This year saw the completion of the construction of the linac and the beginning of
reguiar operation. Ve inaugurated the experimental Progrim with a one week run in
September, during which an 87 MeV Li beam was provided. The newt 7R was in December,
following s period when the new stripper was installed in tbe tandem. During this run
proton and slpha. particles of 32 and 59 MeV were provided _Alter December we repaired the
B o ta. resonators which had broken components (tuner, coupler, and rf sample
tabie). “During March we provided a 120 MeV carbon beam (using the low beta and only 3

T e Tave. the desired snargy), followsd by Sl besms of 18 diftersnt
oercien from 146 to 100 MeV. In this case we used no high bets resonators and at most
T wata. resonators to provide the desired energy. Also in March e provided a 60 MeV
alpha particle beam. The three different experiments done during March involved continuous
limac operation. The 16 energy changes made during the S run supported our experience
during practice runs that substantisl energy changes can be made in times of order 30
min, while small changes can be made in & few minutes.

hch tirne e jturn, 00, the linsc, we find that our pewvious expariance heips with the
tuning. ¢ fire furning on and phasing rescnstors was o tedious tadk Now, using the
omputed values for the qusdrupole magnets, we find that turning °F and phesing the
ol AR R faiea s lidia, g an ge. . The greceliny, ol yol starting
cente i

e trom the bunching pham, to give the 20 degre operating point The magnet is
e e [1aro m. (ha tils, and from the tvo maguet sstfings. the EReTEY gein
in the resonator is determined.

Antuiia tisa 8/ required.for, tuning fo optimum tranmuision. = Ths e depends
critically on the stability of the tandem and of the ion sources, and when the beam going
o loas 1 stable, fnitial tuning requires & few hours. We are still nov satisfied with
) Siihs haam throvigh the linac. . Some resonaioes are obeerved 10 steer the
beam. indicating either misalignment o ssymmetry in the resonator construction. This
issue will be studied further.

During two of the March runs, the chopper was used to increase the time between
beam bu e ciopper was dasignad o be uaed with the 30 eV beame buiched by
the old 5 MHz buncher, it is somewhat surprising that it can select on® bunch out of &
roup with & 50 MHz repetition rate. In fact, it cannct do this b perfectly, but we find
o the neighboring bunches can be reduced to about 5% of the desired one and the next
e tully eliminatel. When the 125 Milz buncher iz complited, the preesnt chopper
e 4 e able to further increase the period between beam bursts when this is necessiry:

During our initial operations, we found that most of the linac components are
reliable. The refrigeration system has performed well, aithough upon occasion 1t has gotten
out of adjustment. Some quadrupole supplies and rf amplifiers have overheated, due to the
Bigh density of components in the satellite stations. Improved eir flow has solved these

7




problems. Some of the resonator controllers have gotten noisy, and some cross-talk
between resonators gave a problem. The latter problem was solved by replacing the RG-58
and RG-8 cables with double shielded cables. The former required repair or shielding of the
offending units. The vacuum system has performed well

our t operating strategy involves having four of the most experienced linac
physicists to tune and monitor the linac o

and to think of ways to
operation requires less attention, but still gives an
nning the machine.




1 INSTRUMENTATION
1w
A Charlop, A. Garcia, S Gil. DD. Leach, S, Luke, and . Vandenbosch.

he construction of an electrostatic deflector, discussed in last year's Annusl
Report,'  has been completed and successfully tested ~This deflector, when used in

junction with several Nal detectors and a Breskin counter,? allows us to measure 7-Tay
Sraliptcitics (f,). The Breskin counter, in conjunction with & time signal from the pulsed
beam, provides Tus with the position and time of flight (TOF) of the particles; this
e e Eoabiay s 14, stparate. the, fuslocd peoducts frecn tha. slatiodaflipther dirsct
e ion orduots.  The ratio of these residues in coincidence with the Nl detectors o the
residucs singles yields M. Since fusion products are strongly peaked at 00 degree, a large
e oa achiaved Wil Ydevioe itw %18 pomalll o Casparite’ tta beam
particles from the residues.

In a recent preliminary test we have been able to successfully separste the elestc
particles from the fusion residues in the reactions T604i22gy and ! %0+'S'sm at
Bt ey e  Coulontly s * I1lg. (H1-L) i presieC (8 1 B o0 flight
(TOF) spectrum in singles and in coincidence with the Nal detectors. The larger peak in the
(e spectram in sssociated with the beam-like particies. The enhancemert of the recoil
S i tha. adfneldsnce spectra’ fs dus to'the larger M amociated with the fuse? BCEUT
compered to the one associated with inelastic ‘scattdting, transfer, and other quasi-elastic
P e Iowerehannel tail of the beam-like peak from beam-like particles sems 1o
P mainly associated with slit scattering from the collimators. AL bombarding Sherg™ close
D ikt the, apafade okt el ek, fhw, recell palc s ABs(gein, Wios O
amablguity in the extraction of the area of this peak in the singles spectrum Considerable
reversent wha. achievsd by carefully tuning the beam 80 88 {o, minimizs the amount of
beam hitting the collimators.

1 Nuclear Physics Laboratory Annusl Report, University of Washington (1967) p. 53
2 Section 112, this report.
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12 Construction of a Lerge-Ares Breskin=Tvpe Recoil Detector
DD. Leach

he  elsctrostatic deflactor for separation of heavy lon fusion recolls from bew
particles has been discussed elsewhers in this report A definitive identification of the
Fecoils requires 8 time-of-flight messurement. We have constructed & large-area gas
Troportiond] counter of the Breakin type! to obtain 4 time signal Snd also to provide
Fome position. nformation. The large are s required because the recolls ars dispersed due
the evaporation of light particles, to multiple scattering in the targs, and to varying
e the.elsctrostatic field sssociated with the finite width of the lonic charge
state distribution.

ohas datectoriabs) AxTictivetaresiiof \7Scaaiby oH cabit i foopeiaad HRAEE3 B pefem®
T ooy aityamoe.windew gind’jaectrodes Thay tirsing | dgsal I8 derivedd S50 3
e e wire. grid (0-micron dismeter gold-plated tungsten wires st 0127
e o e eomedihy a nagarivelydbiaamd g . TyoNols (heV GFUA Lt va R mae0 G807 00
ks i hance washles Bl futoemniiica o T At o S8 U8
Gitfarencs between the snode signal and  the delay-ine igne) The detector is usually
ity atia gis presmaselct| -8 LaviiiThelioimatlia: dtiens 2 F SIS
Jarge—ares surface barrier detector can be piaces bebind the last ground electrode.

In its most challsgging, spplcation to date, this detector has been used to detect 6 MeV
recoils from the 5 D eaction. The recoils produce somewhat larger signals than do
the elastically scatte Ot e particie, allowing 8 first cut sguinst beam particles by &
discriminator before the time—to-digital converter.

1) A Breskin et al, Nucl. Instrum. Methods 221, 363 (1984).
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in the

Design_and Construction of Electronic Equipment

R Barry, H Fausks, JM. Lacroix, DB. Newell, L. Prewitt, JM. Stehfest,
RE Stowell, and TD. Van Wechel.

The following major electronic projects were carried out and are described in detail
indicated sections of this report.

2 A control system for a low—energy multiplefrequency buncher for the linac was

designed and constructed (see Sec. 102d),

b A 10-channel linear rate meter was designed and constructed (see Sec. 114).
Improvements, redesign, and upgrading of the laboratory scalers was undertaken

(see Sec. 115).

d A continuing effort was put into expanding and completing the radiation

monitoring safety system (see Sec. 109).

Several additional electronics projects were undertaken.

& Due to severe cross-talk between resonators on the linac, all control coax cables
were replaced with the double shielded type.

b In-house telephones were added to the linac ares.

¢ Several minor modifications were made to the resonator control chassis described
last year' including the addition of a flashing front panel LED to indicate a fast-
out-of-lock condition on any of the rf. resonator control boxes.

d. The purchase of additional NMR's for the linac required modification of range
switching and dynamic range to match all existing units.

e Considerable additional effort was put into CAD documentation of various
electronic systems on the linac.

f. The forward and reflected power messuring circuits for the linac rf. amplifiers
that are read by the computer were calibrated to within 5%

4 A logic control box was designed and built for the vacuum system on the linac
that makes all three fast-acting valves close if any one closes. Control circuitry
for the eryo pump vacuum compressor was added to allow computer control.

h. A circuit was designed and built to provide an analog output from the
T T G e oo e i B B B
by the satellite computers.

i A control chassis was built for the injector deck 45> and 90° magnets to allow
either manual or computer control as well as a tracking mode of operation.
Nuclear Physics Laboratory Annual Report, University of Washington (1987) p. 69.



14 A Ten Channel Linear Rate Meter
RE. Stowell

A 10-channel linear count rate meter was designed and constructed in & standard
single width NM module. The inputs were designed to sccommeate fast negative going
Pulses such as those that come from generic fast discriminator N modules. The outputs
B lovels of © to 10 volts amplitude, proportional to count rate. Input connectors are
o the lemo type and output connectors consist of front panel pin jecks and a_multi-pin
rear panel connector. A front panel switch allows selection of 3X10%, 1X104, 3X10* or 1x10°
counts full scale, with all 10 channels switched simultancously.

The heart of each ratemeter is a LM33l IC. operating in the frequency ~to-voltage
conversion mode. This is followed by & filter circult with & 01 sscond time constantthat
o the overall response time of the ratemeter. The cutput circuits ars buffered with an
o Fasipland aFan ibointarsallybieet! foctany ULli-achle) vollaEREEACH 0 and 10 volts. A
ok Hiagram of one of the identical 10 channels appears in Fig. 1L4-L

switching of appropriate ro time constants to accommodate the four rengss of
maximum ounts full scale was accomplished by mounting all components o9 the pe board
nd using micro miniatures relays for the actual switching. This avoids cross—talk between
el e reduces the front panel switch requirements to & simple one-pole four-
position type that is small enough to fit on the front pancl

Originally this instrument was intended to drive ten externsl analog meters. Since
then a program has been written for our data collection system that lets the ratemeter
fesd its outputs to our standard ADCs and presents the output as & 10 vertical bar graph
display on a VAX station monitor.

LM331 F/V

converter

te counts 7
| fun scale

Fig. 11-41




and Upgrading of the Laboratory Scalers

JM. Lacroix, L. Prewitt, RE. Stowell, and TD. Van Wechel.

Because of continuing deterioration and increasing problems with reliability, the
laboratory scalers bullt in 1878' were redesigned and rebuilt,

After those scalers had been in use for some months, reliability problems began to
oppear. Tracking these problems for several months revesled two basic types of failures:
broken traces on the printed circuit (pc) boards and poor solder joints.

The pc boards were quite large (" X 17) and had been made in-house. Flow
soldering of components to the boards had been done by an outside commercial firm. - The
po cards were double sided with many through-the-board connections. Since the lab does
not have the capability to do through-hole plating, jumper wires were used for these
connections and flow soldered on both sides of the board before adding any components.
There was strong evidence that proper flux preparation of copper surfaces was not done
prior to the flow soldering.

In addition, close examination of the in-house artwork used for the negatives for
the pe boards revealed several flaws. Because of the board complexity, some traces had
inadequate line width and, because of the large size of the boards, were subject to hairline
breaks when the boards were flexed even slightly.

Physically, these scalers consisted of 16, ten-digit units that were mounted in @
mother bin and could be individually removed. Because we had built 32 actual scalers (2
bins, 16 scalers each) we were able to keep one bank of 18 more or less working. However,
because of progressive long term deterioration and the need for additional scalers by some
experimenters, the decision wes made to redesign and rebuild the scalers.

The ten—digit readouts and some mechanical parts (mother bin and front panels)
were judged faultless and retained. The front end modules (which accept nim slow and fast
signals) were redesigned on a separate 1-1/2' X 3" pc board. The main scaler board

photographically reduced. The p boards themselves were manufactured by a commercial
house that had through-hole plating capability. A more rigid chassis was designed and
fabricated, but retained the removable module feature. Rear connections (power and
computer buss) were done via plugs and sockets, not slide in type connectors as before.
Computer read-in capability, never used, was eliminated. Computer readout is via a 16-line
parallel DRVILJ card transfer instead of the former IEEE interface. Original specifications
were retained; e, 75 MHz count rate, fast or sow NIM inputs, manual or computer reset
and start/stop switches.

The first bank of 16 scalers were installed nine months ago in the counting room
and have performed flawlessly. The second bank has been completed and tested and will be
installed as needed.

i Nuclear Physics Laboratory Annual Report, University of Washington (1867) p. 126,




us mwww“‘wm
DD. Leach, H. Simons, and TA. Trainor

The antiproton mass measurement scheduled later this year (Sect. 47) will use 5 Met
antiprotons from the LEAR facllity at CERN. The lower beam energy is expected 10 yield
obeiantially more trappable antiprotons than the 21 MeV beam used in 1966 for feasibility
e~ bat. the rangs has bem. reducsd by a factor.of 13 to 225 fim Be equivient putting
stringent thickness limitations on sny in-beam diagnostics. In particuler, with the more
“omplicated beam transport to the trap system @ thin beam-profiling device near the trap
is very desirable.

We decided to attempt to develop 8 parallel plate avalanche counter (PPAQ) system
which would meet our requirements for thinness (S254m Be equivalent), time resolution («
Tons) Weamm profiing, and amblent couditions (8 T B-fled and 1 atm EFg). Thie progan
was successful.

The whole assembly is 5 cm diam. by 35 cm long. The active area is 18 em diam.
Two PPACs, each 075 cm thick, are mounted on & lucite header which provides & ‘mount
for gas lines and coaxial cables.

Each PPAC is two PC board disks separated by a lucite ring. The electrodes are
twosided 550 ig/cm? sluminized mylar. The anode is stretched and epoxied directly to
e The cathode s stretched over & lucite boss contoursd to minimize breskdown st
e aiuc of the active region and sporied to the other disk. The gap between eleciores &
e e O e o windows, consisting of 9 #m mylar supported by 125 im thick 0%
(rinmpteit mlybidum s’ sl the dstecicr Weembly L el @ hor C6 1
ey mmbant consisting, of & varishls, mixturs of Ar and SFo pad to fing tune the
antiproton energy loss

lsobutane gas at 50 ~ 76 Torr and 100 atm-cc/sec flows through the assembly. The
detector blas is 1100-1200 volts and a 55 MeV alpha particle makes o 10-30 mV pulse across
50 0, (Sect. 117) with base width of 4 nS.

The two anodes are each etched into five equal 25 mm wide parallel segments, ' Each
of the ten segments (6X, 5Y) is brought out to electronics on its own RG 17é/U coaxial
" ach ‘sgmant ia smplified by three stages of Phillipe 776 276 Mz ampliter and ted
% a fast discriminator. The ten discriminator signals are
{Sect. 114) then to ADCs to produce S-segment histograms for horizontal and vertical beam
Srofiies,  The discriminstor signals are slso fed to an OF/AND system to generate @
coincidence pulse for timing purposes.

The detectors were tested in & 6 T magnetic field perpendiculsr to the electrodes
with 240Am siphas. It was found that the field reduced the pulse height by ~ 13%

Metectors were tested with 5 MeV protons and provided good beam profile information
updated at ~ I0Hz The event rate/segment was ~ 10%Hz.
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Energy Loss in Thin Gas Detectors

TA. Trainor

e performance of the parallel plate avalanche counter (PPAC) described in Sec. 116
provides an opportunity to look at energy loss of lightly ionizing particles in thin gas
layers where only a few primary charges are created.

The PPAC developed here is 125 mm thick, with 250 hg/cm® aluminized mylar
electrodes, an active area 125 cm in diameter, and uses isobutane gas at ~ 1/10
atmosphere. The operating voltage is 1150 - 1200 volts, and the gain is ~ 5 X 104,

e mean energy losses for 5 MeV protons and alpha particles in this PPAC are 2
keV and 26 keV respectively . However, due to the nature of charge multiplication in the
avalanche counter only a fraction of the gas volume near the cathode produces all of the
obser signal. This fraction, 1/n, is related to the gain G by G = e®/n, Under the
conditions described above n = 12-14. Therefore, the mean energy loss responsible for the
detector output. should be about 150 eV and 2 keV for protons and alphs, respectively, The
lonization yield in isobutane is about 30 ion paira/keV, so the mean yield for protons
should be 45e and that for alphas about 60e.

Pulse height spectra for 5 MeV protons and 55 MeV alpha particles from a collimated
m source were obtained simultaneously. A typical spectrum is shown in Fig. 17-L
The detector output across 50 (1 was amplifid 100X by two stages of a Phillips 776
broadband amplifier and digitized by a LeCroy 2249A charge-sensitive ADC. The spectrum
2ero is at channel 30, and the scale is 0128 pC/channel. The alpha peak corresponds to
36pC, and is consistent with a primary charge of 60e and a detector gain of 37 X 10°.

Using a mean alpha primary charge of 60 to establish scale, we find that the
proton peak is at O, not 45e as expected from the mean energy loss value. There are two
phenomena contributing to this discrepancy. The first has to do with the statistical nature
of the energy-loss process. The § MeV proton can transfer up to 10 keV to an electron in
the gas in a single collision. Because this is much greater than the mean energy loss
(I50eV in this case), the proper energy loss distribution is highly skewed, with s long tail at
higher energy loss and most probable value much less than the mean. In some cases this
situation is described by the Vavilov family of distributions which extends from the normal
distribution in the limit of large total loss/single transfer ratio to the Landau distribution
at the other extreme (eg, for fast electrons

On the basis of the very small total loss/single transfer ratio the present proton spectrum
should be described by a Landau distribution. Such a distribution is included in the figure,
along with a Poisson distribution for Se and a Poisson distribution for 60e corresponding to
the alpha peak.

The Landau distribution overestimates the high energy tail considerably. This is because
the detector signal is not strictly the energy lost in the thin gas layer. For example, the
high energy transfer events represented by the Landau tail produce high energy delta
electrons which do not range out in the active gas volume. These events register as much
lower pulse heights in the spectrum.




The sscond effect, having to do with the shit in apparent mean energy loss, has to do
ect: in material upstream of the counter gas. The
window accompanied by some number of these

energy loss because of the sudden change of density at the foll-gus boundary, MonteCarlo
<alouiations are required to properly describe the PPAC plus height spectrum. "2

L H Bichsel, Radiation Protection Dosimetry, 13 91 (1965)

5 H Bichsel and RP. Saxon, Phys Rev. A, 1L 1286 (1975).

Fig. 1L7-1. PPAC Pulse Height Spectrum.




48 115" Nal (T Detector

LA, Behr, JH. Gundlach, and KA. Snover

We have led @ new 10" diameter by 15 deep Nal(Tl) detector produced by Bicron
Co. in place of our old 10xi0" Nal(Tl), with the purpose of improving the resolution of our
high energy Y-ray spectrometer.

yWe, have measured the energy resolution (FWHM/E) to be 73% at the 662 keV line
from Cs, 31% at the 613 MeV line from a Pu'°C source (the 3— to ground state

st 226 MeV from ' 'B(py ) at E(p)=725 MeV. In the latter case the 7's were collimated by
Pb to illuminate the en crystal diameter at 10" from the front face. The FWH)
resolution for accepted events was not improved by using a tighter collimation geometry
illuminating a circle 4" diameter at the back face; however, the full width at tenth
maximum (FWTM) improved from 74% to 66%

response to collimated 613 MeV 7's incident at different points on the front face
of the crystal is uniform to within % 01 Along the sides of the crystal, there is &
discontinuity about 4" from the front face, where the gain jumps by 1% and then remains
approximately constant almost back to the back face. Overall, the response is uniform to
within £06%. The discontinuity occurs where the surface reflectivity along the sides of the
crystal changes from specular to diffuse. The measured lineshape at 226 MeV does not
show any gross abnormality from this effect, although the full width at tenth meximum is
somewhat worse than that of the BNL MK Il detector! .

Relative to a fast scintillator, the timing resolution achievable with standard
constant fraction techniques was 43 nsec FWHM at 12 MeV, and 26 nsec at R 6 MeV.
Timing relative to the lingc beam (which has negligible timing spread for this purpose) was
measured in a recent run® to be 20 nsec for E, N1l MeV and 17 nsec for E, K16 MeV.

9
1 AM. Sandorfi and MT. Collins, Nucl. Instrum. Meth. 222, 479 (1984).
2 Section 32, this report.




12, COMPUTER SYSTEMS
121 Data Acquisition Svstem Enhancements
CA. Gossett, HP. Readdy, Rd. Sevmour, and KA. Snover

The principal data scquisition system ls & DEC PDP 11/60 with @ CAMAC-based
experiment Interface controlled by & BiRa MED- microcomputer. The 11/60 uses the RSX-
1M operating system, an Y and RL-02 disk drive, & 1800 bpi 7Sips tape drive ©
Printoonte 300 printer/plotter with & Trilog Tektronix hardcopy board, a DEC VI-ll
graphics display and Northwest Digital Systems terminal. The NDS terminal has a C. Itoh
Erinter sttached to copy the screen. The CAMAC crate connects to twelve Tracor Northern
P i213 ADCs, plus occasional LeCroy 2249As, 225is and 2256hs.  We have 15 NPL-built 10
digit scalers and an NMR slave display connected to the system. An IEEE-488 bus connects
e et arm angle readouts, the momentum filter controller, a2 HP spectrum analyzer and
the beamline magnet controllers.

The primary changes to the Data Acquisition syststh involved moving our scalers
and NMR display from an IEEE bus connection to & dedicated parallel cable on a DRVII-J.
This allows much faster scaler dumping end provides & MR for the MBD-1I to directly

T ealars.  Since we used direct program control of the IEEE bus, the changes to
QDA/MULTI and SINGLES were minor.

122 Data Analysis Svstem Enhancements
CA. Gossett, HP. Readdy, R, Sevmour, and KA Snover

our data analysis system consists of an 8 megabyte VAX 11/780 with 1 gigabyte of
System Industries disks, two 75ips 1600 bpi tape drives and one 75 ips Telex 6260 bpi drive
Sy ertam. Digital controllers, a Printronix P-300 printer/plotiet, % HP 7475a pen plotter,
o AED-812 color graphics display, two modems and thirty local terminals. It is connected
O A Ebnet/Etharnet -to six MicroVAX Tfs in the lab, and via & fiber optic system to the
rest of the campus.

One of the major changes to the analysis system this year YO8 the addition of five
VaXetatim 1/GPXs. Each has 13 megsbytes of memory (8 from National Semiconductor)
aa the DEC-supplied 71 megabyte RD-53 disk drive Ve have moved some compute-bound
e processss to individusl MiccoVAXes fo faclete their load from the 780.
Rt Fare (e by s {Nucleer Thaorygroup o tha Fuywios Department. Another
system-wide change was our connection to & “campus—wide fiber optic ethernet system. This
Yows direct E-mail and file exchange with the other calpus computers. We have been
bl to offioad CASCADE calculations to our local VAXstations of to a campus VAX 8700
with greater speed and disk resources.

There have been the usual enhancements to programs such as HP (spectra
St legiin, et and disiay), BEWEE (inematics) and Teslihens (Stanford's graphics
package). We installed PC TEX on our laserprinter’s AT-clone in preparation for moving
Pvay from our current SuperScript word processing packsge.




123 Nuclear Theory System
CA. Gossett, WC. Haxton, HP. Readdy, Rd. Sevmour, and KA. Snover

As mentioned above, the Nuclear Theory group has acquired three VAXstation GPYs.
Their people work in conjunction with many of ours and the common installation in our

lower operating cost and provides us with additional
computer resources. In exchange for providing system management services, we have access
to the VAXstations' console screens. We also share usage of their 6250 bpl tape drive and
occasional scratch disk space. They access their machines over the campus DECnet/Ethernet
system. We have a Micom terminal multiplexor, but its installation has been plagued by the
long cables required by the campus steam tunnel routing. The principal two GPX's each has
& DEC RA-81 445 megabyte disk and 13 megabytes of memory. The third has the DEC RD-
53 drive. An Aviv/Telex 6250 bpi tape system moves among the machines as needs dictate.

The theory MicroVAXes are being used to handle the interactive computing needs of
the theory group, and also permit the theoreticians to treat certain problems requiring
lar computing. Among the latter are resonant oscillations of solar neutrinos, the
neutrino physics of supernova collapse, parity violation in the NN system, final-state effects
in beta decay measurements of the neutrino mass, and nuclear parity violation in the
Vvicinity of A=I6. In addition, an extensive library of shell model and associated density
ma

interpretation of these results, using the MicroVAXes (and the Livermore Crays) in the
associated shell model calculations.

124 Campus Network
C.A. Gossett, HP. Readdy, RJ. Seymour, and KA. Snover

The campus connection is via FiberCom G-I modems. The campus fiber "ring’ is
over six miles long. It connects 230 DECnet nodes, with an equal number of TCP/IP, XNS
and Novell nodes. The system gives us access to the central campus computers for such
services as BITNET and ARPAnet connections. We are on a “sub-ring", isolated by a "bridge”
from most of the campus traffic we don't care about.




125  New Data Acuisition Svstem Trisls
CA. Gossett, HP. Readdy, Rd. Sevmour, KA. Snover, and TA. Trainor

We are starting the process of converting from the PDP 11/60 to a MicroVAX-based
acquisition system. Ve are running LAMPFs Q system as an off-line anslysis package O
ot the VAXstations (Ses slso Sec. 62 of this report) We have a copy of Fermilabis
VAX Multi and ONLINE system. We have installed and taken data with TUNI f
oy chosen for the actual runs due to the minimal effort required to install it in a test
centiguration and to modity it for our purposes. For use with the ratemeter testing we
gave It a moving spectrum analyzer’ display as an integral part of its et sorting
tion (EVOP).  (See also Sec. L4 of this report) For another run we modified it to
upport four—way routed 1024 by 5i2 two-D histograms in both scquisition and display.
(See also Sec. 32 of this report)
e e affort. 1a centered on controlling our lab-specific hardware and integrating an IEEE-
s capebility. Items such ss our lab scalers greater storage requirements (10 digits do ot
B o SvS 3a-bit fields) will undoubtedly generate a number of problems. Planned future
etk louhudss Integration of our faster SINGLES system, & VAXstation-specific display
Peckage in place of its Tekironix-based system, a MULT interface to ease the transition of
g experiments and analysis of the effect on livetime of having & fixed percentags
sharing the same computer as acquisition.

E Achterberg? KC. Green,t and RJ. Sevmour

ur PDP-11 bassd system was "ported” to Argentina's TANDAR vertical tandem
Jaborateed . in ‘Buegoa “Aires.” /F1t" was? nstallel * on' ' * PDPCII/34 - uider "RECIL VAL
D Ebertard Achterberg did the extensive work required to make the system work under
e ‘mewer.operating system. This included changing & number of the system services calls
und completely reorganizing the package's overlay trees. We assisted by modifying the MBD-
I code for their installation and by the redesign and construction of a new 4 megabyte
B et of our "dataspace memory’ system.! This new dataspace uses a private section of
Unibus backplane arranged to the DEC “extendsd" Unibus specification. This provides a 22~
bt address bus and allows the use of unmodified DEC memory boards that TANDAR had on
ite. The 11/34's Unibus data lines are passed directly to the private bus, whereas the
provided by a bank of static RAM registers written as needed

sif
private address information
by the 11/34.

+ Physics Department, TANDAR laboratory, CENA, Buenos Aires, Argentina.
t  Digital Equipment Corporation, Palo Alto,
L Nuclear Physics Laboratory Annual Report, University of Washington (1981) p. 216.




JF. Amsbaugh, HP. Readdy, RJ. Seymour, DW. Storm, and HE. Swanson

The vacuum system of the linac is monitored and controlled by a PDP 11/23+

L Since the system cannot be conveniently shut down for
Programming changes, control system software was developed with a goal of making
runtime changes quickly and easily. Also desirable was flexible expansion of any part of
the control sequence with as few predetermined limits as possible,

Instructions for changing outputs such as valves, timers, or logical flags are
contained in data files, with selected sequences loaded into memory. “Events’ are output
changes, or “actions’, grouped as linked lists of descriptive records dynamically allocated. at
runtime. A linked list of events and/or preprogrammed "procedures” comprise the “task’
which is run by the list processor in the control computer,

tion in an event based on the action's linked list of
4 ints include any of the system status parameters and user directions
from the local touchscreen or the MicroVAX. Each action can have multiple sets of
the elements in any one set of conditions is
true. A report is made to the operator about which constraint has prevented him from
making an intended change, and an operator with privilege can redefine the event or run a
different task. Al of the list types can be expanded with only physical memory s & limit,
and new list types may be added to the "main list. Runtime changes are facilitated by
menus presented by a linked list control program, Vaccmd, which runs on the MicroVAX.

window after the return key is pushed. Vactpu refers to a system definition file
containing a unique number and full name for each parameter, text describing high/low bit
states, and hardware information. A prompt feature which can be toggled with a defined
key allows selection from a group of parameters if the search string is present in multiple
name fields. Dictionaries of iations make of a text file easier.

=

our ience has shown that most of the necessary control functions can be
adepted to this linked list definition. Programmed procedures have been used for those
which can not be adapted efficiently. The program logic used in evaluating combinations of
conditional action definitions for a given output has evolved to deal with conflicts, and new
constraint types have been added. Multiple list-processor programs are used to allow lists
larger than addressable memory. Adaptations made to the general purpose list processor
and development of event files specifically for the vacuum system are described in
Sec. 1011,
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132 Degrees Granted. Academic Year 1967-1988

ERD. Degrees:
A Search for an Intermediate-Range Interaction: An Experimental Test of the Fifth Force
Hypothesis,” Christopher W. Stubbs, Ph. D. Thesis, University of W, (1988).

Master's Degrees:

"Preparation of the Momentum Filter for Use in Polarization Experiments,” John L. Allen,
Master's Thesis, University of Washington (1968)

n Measurements for the “cc(’n..p}“m Reaction, Sharon L. Rosell, Master's
M Unlv-ldly of Washington (1988)
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133 List of Publications
Bublished Papers:

(tatistical Giant Dipole Resonance Decay of Highly Excited States of ®%Cu M, kmnsk--
Dablor, KA. Snover, CA. Gossett, JA. Behr, G. Feldman, HX. Glatzel, JH. Gundiach, s
EF. Garmen, Phys. Rev. C 3, 612 (1967).

“(Yn) Studies of the Glant lsovector E2 Resonance in Lead, Cadmium, and Calcium’
D¥. Storm, 1. Halpern, CA. Gossett, T. Murakami, DP. Rosenzwelg, DR. Tieger, BT, Duber bevec,
A Freytag, LJ. Morford, SA. Wender, and DH. Dowell, Canadian J, of Phys. &5, 677 (1987).

"Systematic Behavior of the Giant Dipole Resonance in Highly Excited Nuclel, CA, Gossett
A, Behr, G. Feldman, JH. Gundlach, M. Kicinska-Habior, and KA. Snover, J, Phys.
Nucl. Phys. 14 Suppl. 267 (1988).

“New Constraints on Composition-Dependent Forces Weaker than Gravity;" EG, Adelberger,
CW. Stubbs, W. Rogers, F.J. Raab, R. Watanabe, HE. Swanson, BR. Heckel, JG, Cundiach,
Phys. Rev. Lett, 59, 849 and 59, 1700 (1987).

“Statistical Giant Dipole Resonance Decay of Hi(hly Excited States of ®7Cu," M. Kicinska-
Habior, KA. Snover, CA. Gossett, JH. Behr, G. Feldman, HK. Glatzel, JH. Gundlach,
hys. C36, 612 (1987).

370l Solar Neutrino Capture Cross Section” EG. Adelberger and WC. Haxton, Phys. Rev. C,
36 870 (1987).

rLight-Particle Multiplicity Accompanying Projectile Breakup at 20 MeV/A R. Vandenbosch,
RC. Connolly, S. Gil and DD, Leach, T.C. Awes, S. Sorenson and CY. Wu, Phys, Rev. C 213).
988).

"Overview of the Transactional lnt!rpmuuon of Quantum Mechanics," JG. Cramer,
Intl J. Theor. Phys. 2#(2), 227 (1988).

“Angular Momentum ummmn 1 Quster Emission from the Compound Nucleus:
“o(”ca}” Si and *%o(! %0, ®Be)? Mg J. Crakansid, W. Zipper, W. Dammmweber,
W. Hering, D. Konnerth, W. 'l‘mka, KG. Bernhardt, H. Bohn, KA. Eberhard and
R. Vandenbosch, Phys. Lett. B 199, 166 (1987).

“Organic Carbon in Surface Deep-Sea Sediments: C-14 Concentrations,” S. Emmnn, C. Stump,
PM. Grootes, M. Stuiver, GW. Farwell, and FH. Schmidt, Nature, 329, 51 (1887)

“lon Source Sample Preparation Techniques for Carbon-14 AMS Measurements” DE. Balsley,
GM. Farwell, PM. Grootes, and FH. Schmidt, Nucl. Instrum. Methods, B29 37 (1887).

"Early Expectations of AMS: Greater Ages and Tiny Fractions. One Failure? - One Success,”
FH. Schmidt, DR. Balsley, and DD, Leach, Nucl. Instrum. Methods, 529 97 (1967).




“Pre-equilibrium neutron emission in the nucleon exchang® transport model” J. Randrup and
R, Vandenbosch, Nucl Phys. A 474, 219 (1967).

#(q,n) Studies of the Giant lsovector E2 Resonance In Lead, Cadmium, and Calcium,"
D Storm, 1. Halpern, CA. Gossett, T. Murakami, DP. Rosenzveig, DR. Tieger, PT. Debevec,
A Freytag, and LJ. Morford, SA. Wender, and DI, Dowell Can J. Physics, 65, 677 (1987

Papers to be Published or Submitted:

“Giant Nuclear Resonances” KA. Snover, Yearbook of Science and Technology, 1989, McGraw—
Hill, in press.

“Pundamental Interactions” , EG. Adelberger, Yearbook of Science and Technology, 1989,
McGraw-Hill, in_press.

elocity Reversal and the Arrow of Time' JG. Cramer, to be published in Foundations of
Physics.

“Rapid Response of Tree Cellulose Radiocarbon Content to Changes in Atmospheric, ! ‘0z
e tvationt PM. Grootes, GW. Farwell, FAi. Schmidt, DD Leach, and M. Stuiver, to be
published in Tellus.

cited-State Giant Resonances in Proton Capture;” C. Feldman, /. Behr, DH. Dowell,

CA Gossett, JH. Gundlach, M. Kicinska-Habior and KA. Snovet ‘Proceedings of the Sixth

e mational Symposium on Capture Gamma Ray Spectroscopy, AUl 1987, Leuven, Belgium, J.
Phys. G, to be published

\The Glant Dipols Resonance at Moderate Tempersture and Spin Ko Snover, Proceedings of
e it Topteal Meeting on Gisnt Resonances in Heavy lon Collisions, Sept. 1967, Legnaro,
Jtaly, Nucl. Phys. A482 in press

Giant Dipole Resonances in Hot Nuclei? KA. Snover, Texss A&M Symposium on Hot Nuclei,
Doan o8, College Station, TX, World Scientific, to be published.

Status Report on the University of Washington Superconducting Booster Accelerator Project.’
DW, Storm, Symposium of North Eastern Accelerator Personnel, Sept. 1967, Tallahassee, FL, to
be published.

Status Report on the University of Washington Superconducting Booster Accelerator Project,’
D, Storm, Procsedings of the Third Workshop on R Superconductivity, 1967, Argonne, IL,
ANL-PHY-88-1, p. 367, 1988

“The Giant Dipole Resonance in Highly Excited 9200 and M. Kicinska-Habior, First
Topical Meeting on Giant Resonsnce Excitations in Heavy fon Reactions, Sept. 1887, Padove,
Jtaly, conference proceedings (contributed papers).




"Spin Dependence of the Giant Dipole Resonance Function in Highly Excited Nuclei
in the Mass Reglon A=30-45," M. Kicinska—Habior, First Topical Meeting on Giant Resonsmce
Excitations in Heavy lon Reactions, Sept. 1967, Padova, ltaly, conference proceedings
(contributed papers).

(DR Decays and the Shape of *°Zr’ at Moderate Temperature and Spin” JH. Gundiach,
First Topical Meeting on Giant Resonance Excitations in Heavy lon Reactions, Sept, 1967,
Padova, Italy, conference procesdings (contributed papers).

“Constraints on Composition-Dependent. Interactions from the Ebt-Wash Experiment,”
EG. Adelberger, VIlth Moriond Workshop on Neutrinos and Exotic Phenomena in Pasticle
Physics and Astrophysics, January 1988, Les Arc, France, to be published.

"Search for a Fifth Force: Results from the Eot-Wash Experiment,” APS Division of Nuclear
Physics Meeting, October 1987, New Brunswick, New Jersey, to be published.

"Recent. Results from the Eot-Wash Experiment,’ CW, Stubbs, Mesting of the Royal
Astronomical Society, February 1988, London, UK, to be published,

“Statistical Decay of the Giant Dipole Resonance” C. A. Gossett, Gordon Conference on Nuclear
Structure Physics, Tilton, New Hampshire, August, 1887 (invited talk),

"Systematic Behavior of the Giant Dipole Resonance in Highly Excited Nuclel” CA. Gossett,
JH. Behr, G. Feldman, JH. Gundlach, M. Kicinska-Habior, and KA. Snover, Procesdings of the
Sixth Capture Gamma-Ray Symposium, Leuven, Belgium, August, 1987 (invited talk).

“High Energy Gamma Emission Following Heavy lon Collisions,” CA. Gossett, 26th International
Winter Meeting on Nuclear Physics, Bormio, Italy, January, 1988, to be published (invited
talk).

“The Giant Dipole Resonance and the Deformation of Heated Nuclei KA. Snover, American
Physical Society, Baltimore, MD, October 18-21, 1988 (invited talk)

“Spin Distributions in Heavy lon Subbarier Fusion,” R. Vandenbosch, American Physical
Society, Baltimore, MD, October 1821, 1988 (invited talk).

Summary Talk, KA. Snover, Third Workshop on Radiative Capture, Sigtuna, Sweden, August

27-30, 1987,

"Excited-State Giant Dipole Resonances in Proton Capture G. Feldman, Fast Nucleon Capture

Workshop, Sigtuna, Sweden, August, 1987 (contributed paper).

Abstracts:

“Importance of Biospheric C0, in a Subcanopy Atmosphere Deduced from ' *C AMS
rements', PM. Grootes, G.W. Farwell, FH. Schmidt, DD. Leach, and M. Stuiver, 3th

International Radiocarbon Conference, Dubrovnik, Yugoslavia, June 20-25, 1987,

"A Search for Composition-Dependent Forces Weaker than Gravity,’ CW. Stubbs, Proceedings

of the International Symposium on Experimental Gravitation, August 1987, Guangzhou, PRC,
o be published.




