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Cover Photo

Our cover photo is a monochrome montage of two touch-screen color displays that are part of
the control system for our 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 ion 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 enables one to check the
status of or change the parameters of the elements involved.

The display was generated by Mark Howe and photographed by Mary Levine. The cover was
designed by Michael Strong of the Office of University Publications.
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INTRODUCTION

We continue to exploit our complex of accelerators and ion-sources over a wide range of energy
ight- and medium-mass nuclei from the booster o study nucleus-nucleus
. Polarized and unpolarized protons and
deuterons were used this year, chiefly at low energies, to study few body systems and to produce
polarized f-emitting nuclei. Accelerator mass spectrometry (AMS) of MC with the tandem has
improved steadily, and now has a precision and accuracy of 1%, limited by counting statistics.
Recently, we have used the injector deck to accelerate molecular clusters containing deuterium, in
a search for tepid fusion events in the bombardment of deuterated titanium. In our non-accelerator
research, we continue to develop powerful instrumentation, notably the parallel plate avalanche
counters for LEAR and the E6t-Wash torsion balance.

In our studies of the shapes of highly excited nuclei from giant dipole resonance (GDR) decay

we are presently on and i of 7-ray angular
istributions. We expect our %Zr* -2Mo* results to be well described by the rotating liquid drop
model. Thus these results will form  benchmark test of our ability to quantitatively understand the
y-ray anisotropies through the inclusion of thermal shape and orientation fluctuations. Last year
we reported the inference from GDR decay studies of large nuclear isospin mixing in light nuclei
at high excitation energies. Further measurements confirm the assumption of statistical decay, and
hence the isospin mixing results remain a puzzle theoreticall

Investigation of the total reaction cross sections of the fragile projectiles 7Li and *Be has
shown the expected large breakup cross section in mass 7 and 9. However, the analysis reveals
a surprising discrepancy between the absorption radius and the charge radius for °Li. A detailed
study of rainbow scattering may provide new insights into this problem.

We have continued to exploit our new electrostatic separator to measure gamma ray multi
plicities for fusion events tagged by evaporation residues. This device has allowed us to make
measurements at lower subbarrier energies than previously. We have demonstrated the existence
of the barrier bump in the mean spin for the %Si +15 Sm system.

Our studies of hard photons have continued on two fronts. We have completed analysis of an
experiment with a 35 MeV/u 1N beam on a Ag target (measured at MSU). These data, together
with data on the emission of pre-equilibrium neutrons and protons confirms the importance of the
nucleon momentum tails in determining the spectrum of nucleon-nucleon collisions during the early
stage of a heavy ion collision. We have also looked for hard photons previously reported with a
surprisingly large decay probability in the spontaneous fission of 252Cf. We have set an upper
considerably lower than the value reported, but in agreement with our theoretical expectations.

We continue the study of polarization phenomena, both with the polarized ion source (PIS) and
the analysis of polarization produced in nuclear reactions. In particular, we find large polarizations
in the 59Co(*He, 7") reaction. With the PIS, we have begun measurements of the angular distribu-
tion of the ZH(d,)*He reaction at Ey = 1 MeV. The angular distribution and analyzing powers
are sensitive to D-state components in 4He and non E2 radiation amplitudes. We are working to
optimize the production of polarized B-emitters in order to measure the beta asymmetry in mixed
Fermi and Gamow-Teller transitions in 7 = 1/2 mirror pairs. This work is in collaboration with a




group from Argonne National Laboratory.
tensor polarimeter from TRIUMF, which is
scattering.

We will also use the d beam to calibrate a deuteron
intended for polarization measurements in 7-d clastic

Considerable effort has gone into planning a new f.decay experiment in mass-8 that is expected
to provide the most precise semi-leptoni i i i

ptonic tests of t invariance, of the vector
current, and second class currents.

We are continuing experiménts to determine properties of resonances that should dominate

explosive is. Our (*He, n) time-of-flig have greatly profited from the
new tandem buncher developed for linac injection.

The AMS group, in collaboration with colleagues
1CH, concentrations in methane from wetland environments and the atmosphere. This work has
demonstrated that the MC content of atmospheric methane is increasing at about 1.4% per year,
probably due in large part to 14CH, released from nuclear reactors,

the UW School of Oceanography, s studying

The E5t-Wash group continues to im
search for new macroscopic forces.
of the pendulum of 10-2
number or to baryon~lept

prove the sensitivity of their rotating torsion balance
The balance is presently sensitive to a rotational excitation
eV /atom. The limits obtained on new forces coupling either to baryon
ton number are roughly two orders of magnitude better than the best
previous results for interactions with ranges between 1 m and 3% 10 m,

In May, 1989, a first comparison of antiproton and proton masses was achieved by the PS 106
collaboration at CERN. Using the temperature of axial motion in a Penning trap of antiprotons
and electrons as & signal, we were able to set an upper limit of 2 X 106 on the mass asymmetay
Resonant detection of antiproton cyclotron motion in the trap has now been implemented. Using
this technique, the asymmetry upper limit has recently been reduced to about a part in 107, with
2 cloud of ~ 1000p. Refinement of the trap quality and reduction of the cloud size to order one 7
should provide an asymmetry measurement at the 1 part per billion scale,

Wehavejoined the APEX callaboration, which intends to carry out  series of experiments using
the ATLAS accelerator facility at Argonne to determine the origin of correlated e+e pairs produced
in heavy ion collisions, as observed at GSI. The APEX apparatus s a solenoid electron spectrometor
based on the EPOS spectrometer at GSI, but with more complete kinematic information, and
designed for a factor 20 greater count rate.

The analysis of our data from the comparison of inclusive scattering of positive and negative
pions from medium and heavy nuclei has been improved. We are developing a semi-classical model
to relate the spectra and angular distributions to the pion-nucleon interaction and the nuclear
geometry. Progress with a new experiment to study inclusive photo-production of pions on a
variety of nuclei has been limited by difficulties with the Saskatoon Accelerator. During the past
year the prototype counter has been built and tested with a bremsstrahlung beam, and we are
awaiting an opportunity to perform further tests with the tagger. We are able to identify pions
produced by the bremsstrahlung beam; with the tagger we will be able to make a quantitative
measurement of the efficiency of the counter for pion identification, and we will also get a useful
measure of the backgrounds expected for the experiment.




The proposed Pegasys experiment at SLAC passed several milestones in the past year.

conceptual design report (CDR) and budget were submitted to the DOE. A joint SLAC, x)ov
technical review committee examined the CDR in Jan 1990. This experiment proposes to measure
the hadronic cascade formed in deep inelastic electron scattering. Chief among many goals for this
experiment is the study of the formation length of hadrons. At the UW, we have continued our
responsibility for the time-of-flight wall. We are confident that with either the existing PEP ring,
or a proposed “B-factory” there is an exciting program of research for the Pegasys experiment.

The Nuclear Physics Laboratory provides charged particle and neutron beams for a variety
of research groups outside the University. During the past year, four groups from the Boeing
Company used our facilities, primarily to test the ability of various electronics components to
withstand radiation. In addition, we radiated bearing materials for a group from Rocketdyne
developing radioisotope techniques to monitor rocket engine bearing wear.

Our superconducting booster has been in regular operation during the year ending February 28,
1090. Tmprovements have been made in the booster control system, permitting faster tuning, and
component reliability has improved. Graduate students are being trained to operate the booster
We have begun work aimed at improving resonator plating, in order to increase the maximum
energy available from the accelerator.

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

We close this introduction with a reminder that the articles in this report describe work in
progress and are not to be regarded as publications or quoted without permission of the authors.
In each article, the names of the investigators have been listed alphabetically, with the primary
author underlined

We thank Marfa Ramirez and Ida Tess for producing this report.

Charles Hyde-Wright
Editor
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Available Energy Analyzed Beams

Ton Maz. Current Maz. Practical

(buA) Energy MeV'
pd 10 18
polarized pd 0.1 18
He 2 27
Li ¥ 36
C 3 63
o 2 ]
Si 03 90
Ni 0.2 99
I 0.01 108
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BOOSTER ACCELERATOR.

Our linac Booster Accelerator h.

a8 become operational during the past year. We give in the following
table maximum beam energies

and expected intensities for several representative ions,

Available Energy Analyzed Beams
Ion Maz. Current Maz. Energy

(ppA) (MeV)
DS 35
i 37
He 02 65
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1 GIANT RESONANCES

1.1 Giant Dipole Radiation and Isospin Purity in Highly Excited Compound
Nuclei

LA, Behr, Z.M. Drebi, C.A. Gossett, J.H. Gundlach, M.S. Kaplan, M. Kicinska-Habior*
and K.A. Snover

We have continued our studies of isospin violation in highly excited light compound nuclei. We
look for 7 decay of the Giant Dipole Resonance built on excited states. Since the E1 operator is
—0 to T=0 transitions are isospin forbidden. So the statistical GDR 7-yield from a
compound nucleus will come from isospin mixing of the initial states into T=1 states, from

ospin-allowed decays to T=1 final states, and from daughter nuclei populated by particle decay.
(Statistical decay does not depend on the isospin mixing of the final states reached by y decay.) For
example, our statistical calculation of the GDR 7-ray yield from 28 at an excitation energy E*=47
MeV changes by a factor of 8 depending on whether isospin is pure or completely mixed. The GDR
-ray yield of an N7 nucleus is much less sensitive to isospin mixing, because all 7-decay channels
are isospin allowed.!

The experimental GDR 7-ray yields of T=0 2Si at E*=47 and 63 MeV are greater by factors of
-3 than if isospin were pure, as determined by comparison with statistical model calculations and
with the experimental yield from N7 %Si. This can be explained by including isospin mixing in the
calculation, characterized by one parameter, the spreading width I for T=0 states to mix to T=1
states. The statistical assumption T} = T} po/p1 then yields the spreading width I} for T=1 states
to mix to T=0 states, 2 quantity which can be compared to other experimental results. (For N£Z
nuclei, T} and T are the spreading widths of the states with T=|Ts| and T=|Ts|+1, respectively.)
These spreading widths together with the compound nuclear widths then imply a fraction a? of
=0 states which mix to T=1 states. The results are shown in the figure. The spreading widths at
E*=47 and 63 MeV are large compared to values deduced from other compound nuclear experiments
at lower excitation energies,? including the value for i at E*=34 MeV determined previously at
this lab.3 They are also large compared to isobaric analog resonance spreading widths. However,
there is little theoretical guidance for what the coulomb spreading widths should be in compound
nuclei, particularly at such high excitation energy.

The results shown for each E* assume a constant T} for both the initial compound nucleus and
the daughters formed after particle decay. Allowing the daughters in the E*=47 MeV case, for
example, to have a smaller T (as suggested by other results at lower excitation energy?) would
make their contribution smaller. A T} 40% higher for the parent %$Si would then be necessary to
explain the observed -ray yield.

To test the statistical nature of the 7-ray production, we have measured and compared the
yields from the MN+MN and 180+12C reactions forming »Si at the same E*=47 MeV. These
reactions have different Q-values so the bombarding energies are very different (40 MeV and 72

resent address: Institute of Experimental Physics, University of Warsaw, Poland.
1Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 7.
2H.L. Hamey, A. Richter, H.A. Weidenmiller, Rev. Mod. Phys. 58, 607 (1980).
SM.N. Harakeh, D.H. Dowell, G. Feldman, R. Loveman, J.L. Osborne and K.A. Snover, Phys. Lett.
B176, 297 (1986.)
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1.2 Giant Dipole Resonance Decays of “*Sc” at High Spin
J.A. Behr, Z.M. Drebi, C.A. Gossett, J.H. Gundlach, M. Kicinska-Habior" and K.A. Snover

We have extended our earlier measurements! of Giant Dipole decays in rotating compound
nuclei near A = 40 to higher energies and spins. New measurements of the high energy 7-ray
spectrum shape and angular distribution in the 1%0 + 27Al —45Sc* have been made at Eies =
89 and 110 MeV, corresponding to initial excitation energies in %$Si of 77 and 89 MeV, using the
UW tandem plus linac. The reactions correspond to average final-state spins of 22 and 25h, and
final-state of 1.8 and 2.1 MeV, ively, for states populated by GDR decay with
E, ~ Ep % 17 MeV.

At these energies the spectrum shape indicates the GDR width is extremely broad, ~15-18
MeV, due presumably to deformation splitting (which is, however, not resolved due to the large
deformation fluctuations).

The measured spectra contain a 15.1 MeV peak whose position shifts with angle consistent with
emission from a source moving with a velocity intermediate between the projectile velocity and the
center of mass velocity. Based on the simple assumption of isotropic emission in a rest. frame moving
at a single intermediate velocity, a consistent correction was obtained for this contaminant at all
angles. The corrected spectra are forward-backward symmetric (a; = 0 within errors) in the center
of mass frame for E, >11 MeV, consistent with statistical decay.

The measured a; coefficients in the center of mass are negative for E, = 11-20 MeV, and
rlatively large in magnitude, reaching values of ~0.2. These results suggest the excited nuclei have
rotating shapes with large deformations, since ~0.25 s the maximum (negative) value possible, and
are qualitatively consistent with the large oblate liquid-drop-like deformations expected for these
spins and reliminary a; calculations, including when compared to the
data suggest B, = 0.4, which is similar to the deformation obtained in a Strutinsky shell-corrected
potential energy surface calculated? for this system. More detailed analysis is underway.

“Present address: Institute of Experimental Physics, University of Warsaw, Poland

M. Kivinaka. Habior ef al, Nuclear Physics Laboratory Annual Report, University of Washington (1989)
4; Phys. Rev. G, in press.

2y. Alhassid and B. Bush (private communication).




1.3 Giant Dipole Resonance of **Cu Formed in the 325 + 27A] Reaction
J.A. Behr, ZM. Drebi, M.S. Kaplan and K.A. Snover
The shapes of composite nuclei with very large angular momenta and high excitation energies
are largely unknown.

One of the interesting predictions of several theoretical treatments of hot
highly rotating nuclei is large spin-induced deformations.,

I the past few years, systems in the mass region A=60 have been studied. In particular, energy
spectra and angular distributions of light particles emitted in the statistical decay of Cy formed
in the reaction *2S + 27Al at 100-150 MeV' bombarding energies have been measured. Ad ljustments
o the phase space of the statistical model needed to ft these spectra suggest a large deformation in
this system.! However, quantitative and more direct information about the deformation fs yeoded.

It has been proved that spectral shapes of GDR gammas emitted from hot highly rotating nuclei,
together with their angular distributions, constitutes an excellent “tool” for studying compound
pucleat shapes and shape evolution. Therefore, we plan to use this tool to study Gy systom
formed in the same entrance channel 25 + 7AI. We have measured spoctral shapes and angular
distributions at 100 MeV bombarding energy, with analysis in progress, we plan measuremenis ot
150 to 250 MeV bombarding energies.

*G. Viesti et al., Phys. Rev. C38, 2640 (1988)




1.4 Shapes and Thermal Shape Fluctuations in Highly Excited, Rotating Nu-
clei around A = 90

J.A.Behr, C.A. Gossett, LH. Gundlach, M. Kicinska-Habior," K.T. Lesko! and K.A. Snover

We investigated nuclear matter under extreme conditions such as elevated temperature and
rapid rotation. In particular we concentrated on the evolution of the nuclear shape as a function

of these parameters in nuclei

close to the quasi doubly magic nucleus ®Zr. We used the GDR

y-decay spectrum shape and the angular distribution to quantitatively study the quadrupole shape

induced by rotation and the shape fluctuations due to the thermal excitation

The reactions 180 +72 Ge — %Zr* at bombarding energies of Eyroj = 50MeV and 74MeV
measured at UW and 25i +%4 Ni — %Mo" at Eyyo; = 137MeV measured at LBL are reported
here. The compound nuclei were produced with average final spins and temperatures following GDR
7-decay of T ~ Oh, 22k and 33h and T = 1.6MeV, 1.7MeV and 2.0MeV, respectively. The binned

7-ray spectra are displayed in

the first row of fig. 1.4-1 after multiplication by an exponential factor.

Two Lorentzians were used to describe the 7-ray strength function in a fit with the statistical model
code CASCADE (solid line). On the basis of the extracted GDR parameters with their uncertainties
we were unable to extract the shape of the hot nuclei because the two Lorentzians are not resolved.

However a strongly increased FWHM of ~ 8 — —11.5MeV was observed
nucleus with the FWHM= 4 — —5.4MeV. We concluded that the strong
explained in terms of temperature induced (quadrupole) shape fluctuations about an equi

s compared to the cold
dth increase can be
ibrium

deformation given by the rotating liquid drop model. This is based on strength functions calculated
by integrating the GDR over all quadrupole deformations, weighting them by a Boltzmann factor
involving the free energy for the shape. Simple parabolic potential energy surfaces were used which
closely resemble surfaces calculated with the rotating liquid drop model. The observed FWHM
could be reproduced when the phase space element | sin 3y | dAdy was used, but not when using
BdBdy, which yields smaller widths.

The GDR 7-ray angular distr

to the nuclear deformation.
coefficient. The third row in

az-amplitude is observed, indicating that the nuclear deformation is growing with spin.

ibution from a rotating quadrupole deformed nucleus is sensitive
The amount of deformation is reflected in the size of the az(E)
fig. 1.4-1 shows the aj coefficient. With increasing spin an increasing

ar to

must be included for a quantitative assesment.

of u
Here we used the liquid drop prediction for the potential energy surface (PES) curvature and
Ml o

the location of the (oblate

tter ds to fio = 0.015,0.072,

and 0.157 for these three cases as a function of increasing spin. The calculated az values are

superimposed on the dat

fig. 14-1

It was recently shown ! that shape orientation Euler angles as well as the intrinsic coordinates
(8,7) must be included in the description of the nuclear shape. This allows also to account for
shape orientation fluctuations which are important for a quantitative interpretation of the angular

distribution. These orientation fluctuations w

I reduce the angular anisotropy and may bring the

calculated ay-coefficients shown in fig. 1.4-1 into better agreement with the data.

resent address: Institute of

f Experimental Physics, University of Warsaw, Poland.
0.

fLawrence Berkeley Laboratory (LBL), Berkeley, CA 94720.

*Y. Alhasid, B. Bush, Nucl.

Phys. in press; private communication.



In conclusion we have found that whil
deformation, the angular distributions pro

le the spectrum shape does not determine the nuclear
vide much more reliable quantitative information.
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Fig. 1.4-1 Top row: The data and the two Lorentzian CASCADE fit multiplied by an exponential
factor.  Middle row: The solid line is the two Lorentzian strength function obtained from the
fit to the data. The dotdashed line is the calculated strength function including thermal shape
fluctuations with the 4 | sin3y | dBdy phase space element. Bottom row: Measured and
calculated ay-coefficient of the angular distribution. Thermal shape fluctuations (6, plane), but
10 shape orientation fluctuations are included in the calculations shown in the middle and bottom
rows. The a; calculation is valid only for E, > 11MeV.




2 NUCLEUS-NUCLEUS REACTIONS
2.1 The Search for High Energy 7-rays from the Spontaneous Fission of a8acp
C. A. Gossett, S. J. Luke and R. Vandenbosch

Kasagi, et al.? reported the emission of very high energy -rays from the spontaneous fission of
252, The -rays they observed had energies on the order of 100 MeV. They attributed these hard
photons to nucl 1 arising from the ion of the fission fragments.
They measured -7 coincidences between low energy 7-rays in NE213 liquid scintillator and high
energy 7-rays in a seven element BaF array. The justification for this method is that the low
energy 7-rays are emitted promptly from the decay of fission fragments, so a coincidence between
these 7-rays and the high energy 7-rays should reflect a correlation between the fission fragments
and high energy 7-rays.

We performed the measurement in two ways. We essentially reproduced the experiment as
Kasagi, et al. performed it; we detected a coincidence of 7-rays in a NE213 liquid scintillator
detector with photons in the laboratory’s 10 in by 15 in Nal spectrometer. The second method
e used was by far the most definitive. We measured the coincidence between y-rays and the
fission fragments. To accomplish this we obtained a 50uCi “fission foil” 2%2Cf source from lsotope
Products, Inc. This source allowed us to detect the fission fragments directly and in so doing we
were also able to establish correlations between the fission fragment energy and y-ray energy.

We detected the fission fragments in silicon detectors, with a rate of 2-8 kHz, depending on
the size of the detector. Data were collected for roughly two weeks and a total of 2.8 billion fission
events were observed. Figure 2.1-1 shows the data, which we collected in the y-fission fragment
coincidence mode. We did not see any events with E, greater than 25 MeV, which is distinct from
what Kasag, et al. reported. The solid line in figure 2.1-1 is our estimated upper limit of the
production of high energy photons from the spontancous fission of $2Cf. This upper limit was
determined by assuming that there was one count between 25 and 180 MV, the upward slope
arises from assuming that the efficiency of Nal decreases exponentially as the energy of the 7-ray
creases, The dashed line in this figure is the level of photon yield reported by Kasagi, et al.
Figure 2.1-2 shows our low energy photon data compared to those of Kasagi, et al. and Dietrich,
et al. Our low energy data agree very well with these data. Our upper limit for high energy 7-ray
production, on the other hand, is several orders of magnitude below the yicld reported by Kasagi,
et al. One possible explanation for the higher yield reported by Kasagi, c al. is contamination
by cosmic ray induced events. For example shower events could be triggered in both the liguid
scintillator and their BaF; detector. Since our experiment was triggered by coincidences between
fission fragments and y-rays we should not be sensitive to this class of background events.

Our data show that there are medium energy 7-rays (E, = 8-20 MeV) emitted from the
spontaneous fission of 252Cf, undoubtedly produced from the statistical decay of the highly excited
fission fragments. We, however, have not seen any evidence for the emission of higher energy 7-rays

T3 Kasagi of ol Proc. Fifih Int. Conf. Clustering Aspects in Nucl. and Subnucl. Systems, Kyoto, 1988,
3. Phys. Soc. Jpn. 58 (1989) Suppl. p. 620-625.
3F. S. Dietrich, J. C. Browne, W. J. O’Connell and M. J Kay, Phys. Rev C10, 795 (1974).




in the fission fragment.y coincidence data.
data to see if we can rep
probability of y-rays from

We are in the process of analyzing the 77 coincidence

roduce the results of Kasagi, et al. We are also modeling the emission
Forgh

from scission to infinity.
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Figure 2.1-1 : The yield for the 7-
rays produced from the spontaneous
fission of %2Cf, deduced from the fis-
sion fragment-7-ray coincidence data.
The solid line represents our calcu-
lated upper limit for high energy y-ray
production based upon 2.8 billion fis-
sions. The dashed line is the level at
which Kasagi, et al. reported high en-
ergy photons.

Figure 2.1-2: Low energy photon spec-
trum compared to Kasagi, et al. (di-
amonds) and Dietrich, et al. (circles).
‘The histogram is our measurement.




to the Nucleon Transport Model for the Emission
of Energetic Particles at Intermediate Energies

2.2

§.J. Luke and R. Vandenbosch

In last year's annual report! we reported data for the production of high energy 7-rays from
the reaction 1N on "*Ag at 35 MeV/A. It was our contention that with the hard photon and pre-
equilibrium nucleon emission data we would be able to optimize the Randrup and Vandenbosch
model? for the emission of energetic particles in intermediate energy heavy ion collisions. In the
past year we received the pre-equilibrium neutron® and proton® emission data for the same system.
What we have tried to do is understand all of these observables with a single model.

In the model there are basically no adjustable parameters in the traditional sense. The only
ingredient in the model which can be varied is the nucleon-nucleon cross-section. The “default”
calculation takes this in-medium nucleon-nucleon cross-section to be half ts free value. A reasonable
assumption is that at high nucleon energies the interaction cross-section in the nucleus might
approach its free value. Including this in the calculation yields a factor of two increase at the high
energy part of the -ray spectrum.

The modification which has had the largest effect is the inclusion of a diffuse momentum dis-
tribution for the colliding nuclei, replacing the sharp momentum distribution which exists in the
original model. The “diffuseness” parameter for the momentum distributions was determined by

the slope of the empirical momentum distri 5 The effect which we observed was
dramatic. Figure 2.2-1 shows the effect on photon emission and figures 2.2-2 and 2.2-3 demonstrate
the effect for nucleon emission. The solid lines in each case are the calculations using a sharp
momentum distribution, while the dashed lines use a diffuse momentum distribution.

There are two major consequences of a diffuse momentum distribution being used in these
calculations. First, there are nucleons with higher momentum components, the so called “high
momentum tail”; this hardens the spectra in the high energy region. Second, there is an increase
in the phase space that the scattered nucleons can explore, decreasing the Pauli Blocking. This is
undoubtedly the major reason for the increase in the overall yield of both y-rays and nucleons at
all energy regimes.

We are in the process of considering several other effects that should increase our understanding
of the reaction process. The introduction of a variable Fermi momentum as a function of mass®
may be important in very asymmetric systems. The mocking up of a surface-peaked imaginary
potential may be necessary to correct the over-prediction of nucleon yield at backward angles.

TNuclear Physics Laboratory Annual Report, University of Washington (1989) pp. 10-11.

2Nucl. Phys. Ad74, 218 (1988); Nucl. Phys. A 490, 418 (1988).

3Schelin et al., Phys. Rev. C C39, 1827 (1989).

“T. Nayak (private communication).

5A. Antonov, P. Hodgson and I. Pertov, Nucleon Momentum and Densily Distributions in Nuclei, (Claren-
don Press, Oxford), 1988
“E.J. Moniz et al, Phys. Rev. Lett. 26, 445 (1971).
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Figure 2211 : The
data is our inclusive
7-ray spectrum! ob-
tained from MN 4
"aAg at 35 MeV, at
a lab angle of 90°.
The calculations are
described in the text.

Figure 2.2-2: Inclusive
neutron spectrum®
from N 4+ metAgat 35
MeV/A, at lab angles
of 15° (diamonds) and
160° (stars).

Figure 2.2-3: Inclusive
proton spectrat from
MN 4 netpAg at 35
MeV/A, at lab angles
of 23.7° (diamonds)
and 53.4° (stars).




2.3 Light Particle Production in 1°0 on 3§2Tb, ¥ Ta, $Ir and #]Au
A.W. Charlop, C.E. Hyde-Wright, S. Kailas,” D.J. Prindle, K. Swartz and R. Vandenbosch

In this experiment we measured the light particle (p, d, t and ) multiplicity as a function of
impact parameter.! Central collisions give rise to evaporation residues (ER) while more p
collisions give rise to fission fragments (FF). The four targets we used have similar total cross
section, but the boundary between FF and ER moves toward smaller impact parameters as the
mass of the compound system increases. Thus tagging the light particles by ER or FF and using a
few targets we are able to check the impact parameter dependence of the light particle production.

The FF detector was a silicon surface barrier detector at ~145% there was very little background
at this angle. The ER detector was a surface barrier telescope at ~20°% ER events stopped in the
front detector, whereas elastic %0 punched through to the rear detector and were vetoed. Even
after this veto we had to cut on the energy (pulse height) versus Time Of Flight in order to get a
clean sample of ER events.

The light particles were detected in coincidence with FF or ER using an array of 11 phoswich
detectors.? We measured the cross section as a function of angle and energy. The angle was
determined by the position of the phoswich counters (covering the range from +7° to +35° in 7°
steps). For this analysis we required the energy to be in the range 15 < E < 55MeV for p and
50 < E < 100MeV for a.

We fit the data to a Maxwellian moving source distribution for each particle type;

a2

M 5
7 -lE'-2/EEscon®)+Eol/T
aEdQ = 3(zT) VE, ¢

The fit parameters are the multiplicity, M, the temperature, T and source velocity, v = /ZBo/m.
The quantity E' is the measured energy corrected for the Coulomb energy, £’ = Emcasured = Ve-

The data samples tagged by FF give good fits to this function. The temperatures are & 4MeV
and the source velocities are close to one half the beam velocity. The source velocity and the
‘multiplicity are highly correlated; to determine the multiplicity we fix the source velocity at its
average fit value for each of the light ion species. The multiplicities as a function of mean impact
parameter are listed in Table 2.3-1. It is somewhat surprising that the multiplicities are roughly
independent of impact parameter.

The data samples tagged by ER give very poor fits to the moving source function. It appears
that 20° from the beam for the ER detector requires a large enough transverse momentum that the
prompt particles are biased toward the other side of the beam. The data suggest that approximately
half the transverse momentum of the ER is balanced by the prompt light ions.

We have taken another run in which we varied the angle of the ER detector in order to under-
stand the ER events better. During this run we also covered light particle angles out to 60°; this

*Present address: Nuclear Physics Dit n, Bhabha Atomic Research Center, Bombay, India.

1The motivation for this experiment is also discussed in Nuclear Physics Laboratory Annual Report,

University of Washington (1989) p. 15.
Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 50.
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should reduce the correlation between the multiplicity and source velocity. Analysis of these data
is in progress.

Table 2.3-1: Light particle multiplicity as function of mean impact parameter,

e n-mh:n-uzo-ws 2 wr]
92 Toisms o {000 005 00172 005 01505 o0

[ 105 Torme+.00] 0030 %002 0021 002 0.139 £ 005
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2.4 High Energy Photon Emission in Heavy Ion Collisions at E/A = 9-14
MeV

J-A. Behr, C.A. Gossett, W.T. Hering," 5.J. Luke, B.T. McLain, D.P. Rosenzweig and
K.A. Snover

Although there has been extensive experimental and theoretical stud
tion in heavy jon collisions for incident energies E/A > 20 MeV, very
energy photon production at energies E,

gamma emission process is dominated by
on excited nuclear states. Above E/A
nucleon collisions appears to dominate the high energy gamma emission, A
other production mechanisms, such as collective bremsstrahlung,
to delineate the production mechanism for E/A =
the photon energy dependence of the cross section,
dependences of the high energy photon cross section,

y of hard photon produc-
little is known about high
/A = 5-20 MeV. Below E/A ~ 5 MeV, the high energy
Y the statistical decay of the giant dipole resonance built
~ 20 MeV, hard photon production in individual nucleon-

termediate energies,
may become important. In order
5-20 MeV, it is crucial to measure not only
but also the bombarding energy and angular

We have studied high energy photon production in 1213¢
9-14 MeV. The angular distribution, bombarding energy dependence and projectile-target mass
dependence of the photon cross section at high energy, E, > 30 MeV hay heen mensened. 3

preliminary report of the results of this work was presented in last year's report.1 A manuscript of
the completed analysis is in preparation.

+ 9%1%Mo reactions at E/A =

Our results are generally consistent with high energy photon production via nucleon-nucleon
bremsstrahlung,? hard photon production in individual nucleon-ny

of the heavy ion collision. The cross sections above E,
pucleons in the projectile and target. The angular distributions are strongly forward peaked in the
laboratory frame. From fits to the spectra at seven angles in the range 35-145° we find the angular
distributions to be characteristic of roughly isotropic emission from a frame moving at onehalf of
the beam velocity, consistent with photon production in nucleon-nucleon collisions.

resent address: Sektion Physik, Universitit Miinchen D-8046 Garching, FRG
-Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 0.
*V. Metag, Nucl. Phys. A488, 483c (1988).




2.5 Pre-equilibrium Proton Emission in Heavy Ion Collisions
J. Randrup® and R. Vandenbosch
We have recently extended our previously developed nucleon-exchange transport model for pre-
equilibrium neutron! and hard photon? emission to incorporate pre-equilibrium proton emission.
This has required the incorporation of the Coulomb barrier retarding proton emission and the
kinematics of the acceleration of the protons in the Coulomb field of the emitting nucleus.

We are in the final stage of testing the program and starting to compare with experimental
data. Preliminary comparisons with experimental data indicate that the forward yield of protons
is somewhat underestimated and that the energy spectrum at forward angles is predicted to be
softer than observed. An example of a comparison with experimental data® is shown in Fig. 2.5-1.
These proton spectra are tagged by fission-fission folding angles as central collisions, suppressing the
contamination of the spectra by sequential decay of projectile-like fragments in peripheral collisions.
As discussed in section 2.2 of this report, the discrepancies observed may be indicative of the neglect
of the tails in the momentum distributions of the projectile and target nuclei. In the present version
of the code these are taken to be sharp Fermi spheres when the nuclei are unexcited. We have also
incorporated the capability to calculate the parallel component of the momentum carried away by
the pre-equilibrium neutrons and protons. This will enable us to calculate the mean velocity of
evaporation residues which can then be compared with experiment. We will likely underestimate
the momentum loss as our model does not include the emission of complex particles. We do hope
however to explore the effects of mass asymmetry in the entrance channel.*

T T T
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Fig. 2.5-1 Comparison of calculated and experimental proton spectra.
“Lawrence Berkeley Laboratory, Nuclear Science Division, 70A-3307, 1 Cyclotron Rd, Berkeley, CA 94720.
1J. Randrup and R. Vandenbosch, Nucl. Phys. A474, 219 (1987).
23. Randrup and R. Vandenbosch, Nucl. Phys. A490, 418 (1988).
3T. C. Awes et al., Phys. Rev. C24, 95 (1981).
“H. Morgenstern et al., Phys. Rev. Letters 52, 1104 (1984).
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2.6 The Glauber Model with Fragile Projectiles
J.G. Cramer and S. Kailas®

breaks up easily in the nuclear and Coulomb fields o
expect the assumptions of the model to fail,
total reaction cross sections.

f a nuclear collision, one might
leading the Glauber model to under-predict measured

, selecting
Projectles which are expected to be particularly fragile. The systems examined are SLi (Qpentupe

1.47 MeV) scattered from targets of 12C, 40Ca, and 58Ni, "Li (Qbreakup=-2.47 MeV) scattered
from 12C, and °Be (Qurearuy=-1.57 MeV) scattered from %85i. The Glaupor caleulations used are
“free”, in the sense that they use only nuclear radial form fac
measurements and nucleon-nucleon total cross sections taken
energies, from established values of nucleon-nucleon effective r:
an example of such a comparison for °Be on 23,

ange parameters. Fig. 2.6-1 shows

The measured reaction cross section values use

d in these comparisons are “noisy” because of
normalization errors in some.

of the elastic scattering measurements and the lack of consistent fitting
procedures. We plan to reanalyze allof the elastic scattering data sets to minimize such systematic
errors. Nevertheless, even in advance of this reanalysis, some conclusions can be drawn from this
investigation. As might be expected when strong breakup processes are neglected, the Glauber
model systematically underpredicts the reaction cross sections for Li and ?Be projectiles.

In contrast, we find that the Glauber model tend:
for all cases where °Li is the projectile. This unexpe
shape of ®Li, as deduced from electron scattering? and shown in Fig. 2.6-2. The skirt at the 2x 102
level has the effect in Glauber calculations of increasing o, by about 15%, about the size of the
observed overprediction. This raises the issue of whether the unusual sh
it seems be in disagreement with measured heavy ion total reaction cross
re-analyze available electron scattering data to see if this discrepancy can

s to overpredict the total reaction cross section
cted result can be traced to the unusual radial

sections. We intend to
be resolved.

“Present address: Nuclear Ph; ision, Bhabha Atomic Research Centre, Bombay, In
*RM. DeVries and J.C. Peng, Phys. Rev. C22, 1055 (1980),
*G.C. Li et al., Nucl. Phys. A162, 583 (1971).




Figure 2.6-1. Comparison of total reaction cross sections for *Be + 2*Si as derived from optical
model fits to elastic scattering data and as predicted by the Glauber model.

Density (AMU/fm?)

0 2 4 6
Radius (fm)
Figure 2.6-2. Comparison of the shapes of °Li and "L as determined by electron scattering.

variation boundaries.

Dashed curves surrounding the Li shape indicate 6x?="




2.7 Nuclear Rainbow Scattering in Li + '2C at 14.5 MeV /nucleon
W.J. Braithwaite,* J.G. Cramer, §.J. Luke, B.T. McLain and D.J. Prindle

At bombarding energies above about 10 Mev/nucleon °Li is an interesting projectile for elastic
scattering studies with p-shell and sd-shell targets because i
rainbow scattering.! The presence of nuclear rainbow
tunities for unambiguous determinations of optical po
contributions to near-elastic and transfer processes.>

amplitudes in the scattering presents oppor-
tentials? and for exploration of inner-surface

Three groups have investi he elasti
26 MeV /nucleon,® and 35 MeV/nucleon
for nuclear rainbow scattering.
ever, the rainbow signature,

of °Li + 12C at ies of 16.5
© At the two highest energi
In the 16.5 Mev/nucleon data measured
2 broad structureless back angle bump,
fits to the data were found to be ambiguous.

es clear evidence was found
out to fop = 70°, how-
was not clearly present, and
The 16.5 Mev/nucleon

bow amplitudes and
leading to a large o value

We have begun a search for evidence of nuclear rainbow scattering in light ion projectiles at
energles available from the UWNPL booster. The firststep in this investigation has been the study
of the °Li + 12C system at 145 MeV/nucleon. Because of the large injensity of Lihium berrs
available from the modified 860 ion source, we have been able to measure differential cross seetions
with good statistics out to Ocm = 100°. These data are shown in Fig. 2.7-1.

This angular distribution shows clear evidence of nuclear rainbow scattering. The solid line
through the data s an optical model fit with a potential similar to that used by the ORNL, group
o it °Li + Al data at a similar energy. The total reaction cross section from this it Is soresisery

‘The feasibility of nuclear rainbow scattering studies
strated. We find no evidence for enhanced absorption around 14.5 MeV/nucleon. A careful study
of the °Li + 12C system at this energies should provide a good opportunity for unambiguous deter.
mination of potential depths, for study of the influence of rainbow amplitudes in reaction channels,
and for a detailed strong-absorption study of the shape of ®Li, a nucleus which from electron scat-
tering is believed to have a two-component radial tail.”

h the UWNPL booster has been demon-

+Department of Physics and Astronomy, University of Arkansas at Little Rock, Little Rock, AK 72204
*R. M. DeVries ct al., Phys. Rev. Letters 39 450 (1977)

“D.A. Goldberg and S.M. Smith, Phys. Rev. Letters 33, 715 (1974).

*H. G. Bohlen et al, Zeit. Phys. A322, 241 (1985).

*P. Schwandt ef al., Phys. Rev. C24, 1522 (1981).

#3. Cook et al., Nucl. Phys. A388, 173 (1988).

“A. Nadasen et al., Phys. Rev. C37, 132 (1988).

"L.R. Suelzle et al., Phys. Rev. 162 992 (1967).
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Figure 2.7-1. Preliminary optical model fit to SLi + 12C elastic scattering at 14.5 MeV/nucleon.

2.8 Global Optical Model Analysis of °Li + 12C Elastic Scattering
ramer

Angular distribution data of good quality are now available for °Li + 12C elastic scattering at en-
ergies of 14.5 MeV /nucleon,! 165 Mev/nucleon,? 26 MeV/nucleon? and 35 MeV/nucleon.* These
angular distributions are all in the energy domain where nuclear rainbow scattering is significant,
leading to relatively unambiguous determinations of heavy ion potentials. Angular distribution
data of reasonable quality is also available at several energies below 10 MeV /nucleon. These angu-
lar distributions together comprise a data set that can be used in a global optical model analysis
of the 8Li + 12C system.

The only existing °Li global optical potential, that of Cook,$ which was derived from fits to
data with targets of A=24-208 with E7;=6-26 Mev/nucleon, fails in predicting the °Li + 1?C data

Tsee Section 2.7 of this report.
2P. Schwandt et al, Phys. Rev. C24, 1522 (1981).
33 ook et al, Nucl. Phys. A388, 173 (1988).
“A. Nadasen et al, Phys. Rev. C37, 132 (1988).
£3. Cook, Nucl. Phys. A388 153 (1982).




considered here because (a) the absorption of Cook's
potential [W(r)] is assumed to be independent of ener
shows evidence of energy dependence,
requires significant reduction of W(r) t
energies.

potential is t00 strong and (b) the imaginary
rgy. The ®Li + 12C data, on the other hand,
in that the potential fitted to the 35 MeV/nucleon datat
o reproduce the back angle behavior of the data at lower

A clue as to the energy dependence that may be required of the imaginary potential W(r) can
be deduced from the Glauber model® a simple theory that has proved very effoctive in predicting
@R for a wide variety of heavy ion systems. Fig. 2.8-1 shows a comparison of the total reaction crors
section (og) calculated from the Glauber model i

potential that fits the 35 Mev/nucleon data. As can be scen, the energy-independent optical model
predicts a straight-line decrease in o in this semilog plot, while the Glauber model shows & more
rapid decrease above 10 MeV /nucleon followed by an increase above 100 MeV/nucleon. An optical

pof will necessarily require an imaginary potential with a non-linear energy dependence o
predict the same o, values.

We have begun a global optical model analysis of the
GENOA.7 Our assumptions are (1) that the geometry of th
by a Woods-Saxon form factor; (2) that the real
imaginary potential are independent of energy;
chosen so as to track the dependence of op pre

°Li + 12C system using the program
e real potential may now be described
potential and the geometry parameters of the
and (3) that the energy dependence for W must be
dicted by the Glauber model. This work is now in

progress.
1400 : :
1200 2

’E 1000 =

E 800 —;
600 L | =

10 50 100 500
E/A (MeV/nucleon)

Figure 2.8-1 Comparison of o as predicted by the Glauber model (solid curve) and by an
optical model potential with W=29 MeV. An energy-dependent decrease in W will produce a
corresponding decrease in op.

“R. M. De ies ane C. Pen
'F. G. Perey, ORNL (unpubli

Phys. Rev. C22 1055 (1980),
ed).
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2.9 Mean Spin for 28Si + 14Sm Fusion at Sub-Barrier Energies”

A.W. Charlop, A. Garcfa, S. Gil! S. Kailas,} S.J. Luke, DA. Pacheco,! D.J. Prindle and
R. Vandenbosch

We have completed analysis of the 2Si + 'Sm and 190 + 'Er 7-multiplicity data taken
December 1988.1 The multiplicities extracted from these data are converted to the average angular
‘momentum of the systems using a procedure that is derived from that used by Halbert et al?,

<I>= Y0 fix [2X (M + BBi — M{™) + M{*x < j >{'* +M7*¥x < j >7]
=

where n is the number of neutrons evaporated by the compound nucleus, f; is the fraction of the
ith channel, BB; is a correction for internal conversion of the y-rays, Mf‘®f, < j >{a¢, Mye** and
< j > are the multiplicity of and average angular momentum carried off by the statistical 7-
rays and the neutrons respectively. These last four quantities are estimated using the code PACE2®
using parameters that reproduce the fusion excitation functions of the systems being studied. The
results of this calculation are shown below in fig. 2.9-1. The validity of this procedure has been
confirmed using the data from the 180 + 1%Er, *He + 'Er, and *He + !Er experiments which
were conducted at energies above the barrier where the mean | is relatively model independent.

This study is now continuing with the systems 2i + 42Ce, 2 + 1%Ba, “*Ti + 1S, and
82Ge 4 835y all of which make the compound nucleus '™Hf.

50

O R R B

o #si + !™Sm Dec 1988
s #5i + '*Sm Mar 1988

Figure 2.9-1. Average
angular momentum as
a function of the ex-
citation energy of the
system. The solid
and dashed curves are
the Wong model re-
sults, with and with-
out inclusion of defor-
mation effects respec-
tively, using parame-
0 ters that reproduce the
40 50 60 70 B0  fusion cross section ex-
E* (MeV) citation function.
“This research supported in part by the NSF and the Argentinian National Research Council under the
auspices of the U.S. - Argentina Cooperative Science Program.
resent address: TANDAR, Departamento de Fisica, Comision Nacional de Energia Atdmica, Buenos
Aires, Argentina.
Present address: Nuclear Physics Division, Bhabha Atomic Research Center, Bombay, India.
INuclear Physics Laboratory Annual Report, University of Washington (1989) p. 14
2M.L. Halbert et al., Phys. Rev. C40, 2558 (1989).
3A. Gavron, Phys. Rev. C21, 230 (1980).
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2.10 Fission Angular Distributions for 9Be + 232Th, 235y

A-W. Charlop, §. Kailas," $.J. Luke, D.J. Prindle, V.. Ramamurthy,” R. Vandenbosch
and S.P. Van Verst

As a part of a program to investigate the effect of entrance channel asymmetry on fission
anisotropy; the angular distributions of ision fragments for the systems *Bo 1 Y, 22Th have
been determined.

The measurements were carrie
and natural 2Th targets of thick
0.5-1mg/cm?) were employed for
from 20 to 60 microns were Ppositior

d out at °Be_energies of 50 and 53 MeV. Enriched 255U (97.5%)
respectively on Ni backing (thickness
Six silicon detectors ranging in thickness
ned suitably o cover the angular range of 80° to 170°, Relative
tors was obtained using a %%2Cf source placed at target site. In
computed from geometry agreed with the ones determined using
Cf source and the two were normalized for the detector placed at § ~1305. A monitor detector
it 6.5° to datect the elastically scattered “Be . Absolute cross sections mers
obtained by assuming the measured elastic cross section to be Rutherford

The c.m. angular distributions were fitted
obtain total fission cross sections. The e;
are listed in Table 2.10-

using Legendre polynomials and then integrated to
xperimental values of o and anisotropy A = o(180%)/a(90°)

The quantity A is usually represented as A =

L + <I’>/4K3 where <I*> and K3 have the
usual meaning? The A values have pres

usly been measured? for the systems ‘He + #0Py (°Be
+ ?U) and ‘He + 28U (~ 9Be + Z2Th) leading to the same or similar compound nuclei at
E=43 MeV. Using the barrier penetration model and barrier fluctuation ideas tho <> values for
all the systems mentioned above have been calculated. As K3 is proportional to VEL, the A values
measured using He have been scaled by <I>/y/E; ratios to determine the expected A values for
sBe + target systems. They are also tabulated (A°). The prosont work, the first of its kind for
*Be as projectile interacting with targets with A>200, has yielded A values which. are generally
consistent with statistical model expectations. There is no indication of mean square compound
nuclear spin values larger than expected.

Table 2.10-1
Ar Ey IF e
(MeV) (mb)
2T 50 598442 1.45+0.04 143
T 53 789455  1.49+0.04 156
D 60242 1.2640.04 1.34
250 53 802456  1.3040.04 142

resent address: Nuclear Physics D

ision, Bhabha Atomic Research Center, Bombay, India.

,VS. Ramamurthy and S.5. Kapoor, Intl. Conf. on Fifty Years with Fission, Gaithersburg, Apr. 1989,
“R. Vandenbosch and J.R. Huizenga, Nuclear Fission, Academic, New York, 1073.

°R.F. Reising, G.L. Bate, and J.R. Huizenga, Phys. Rev. 141, 1161 (1968).
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3 NUCLEAR ASTROPHYSICS

3.1 ‘Missing’ levels in 18Ne and breakout from the hot CNO cycle

E.G.Adelberger, A. Garcfa, K.I. Hahn,” P.V. Magnus,” D.M. Markoff M.S. Smith* and
K.B. Swartz

Information about the nuclear structure of 18Ne is essential to determine the rate of tworeactions
of considerable astrophysical interest: 17F(p,y) and 140(a,p). The first reaction determines the
170,180 abundance produced in explosive hydrogen burning and could be the clue to understanding
the puzzling overabundance of 2Ne observed in meteorites and the apparent presence of ~ 4 solar
‘masses of %Al in the center of the Galaxy.! The second, on the other hand, is one of two most
probable ways of producing Z > 10 nuclei in explosive hydrogen burning which determines the
onset of the r(apid)p(roton)-process.?

Using information available for 8F and 180, Wiescher and collaborators showed that there
should be a J* = 3+ level at E, = 4.33 MeV! which would dominate the rate of "F(p,7) and a
J7 = 1 level at E; = 6.12 MeV® that mostly determines the rate of 0(a,p). However, since
the reaction rates depend exponentially on the excitation energies, measurements of widths and
positions of these levels is essential for understanding their infiuence on the rates.

We have conducted an experimental search for the 3+ and 1~ ‘missing’ levels in '*Ne by means
of the reaction 160(3He,n) using the pulsed-beam time-of-flight spectrometer at the University of
Washington tandem accelerator with which we were able to get a time resolution of 1 nsec. We
took data at ?He beam energies of 9.6, 9.8, 10.0, 10.2, 10.5 and 11 MeV for about 10 hours at each
energy trying to find any hint of 2 resonance that would correspond to the J* = 3* level with no
positive results. In data taken at Esp, = 14 MeV, however, we found several new levels including
a resonance at an excitation energy of E; = 6.15 MeV that could be the missing J* = 1~ level (see
Figure 3.1-1 below). We have planned another run using an additional thinner neutron detector
that would allow us to investigate the region between the 4.5 MeV doublet (where the J* = 3*
level could possibly be hiding) with better resolution.

Fig. 3.1. Neutron
time-of-flight spectrum.
-rays have been elim-
inated by pulse-shape
discrimination.  Peaks
denoted with arrows had
not been observed be-
fore.  In particular
the resonance at 6.15
MeV could determine 7.0 6.0 60
the 0(a,p) reaction Excitation Energy (MeV)

rate.

T 6000

neutron {

TOF 4000

—2000

“Yale University, A.W. Wright Nuclear Structure Laboratory, New Haven, CT.
M. Wiescher et al., Astrophys. J. 326, 384 (1988).

RK. Wallace and S.E. Woosley, Astrophys. J. Suppl. 45, 389 (1981).

M. Wiescher ef al., Astrophys. J. 316, 162 (1987).
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3.2 ¥Ca f-decay: A Status Report
E.G. Adelberger, A. Garcia, T.F. Lang,* D.M. Moltz* and H.E. Swanson

There is a qualitative disagreement between the Gamor-
the f-delayed proton decay of 7Ca and that estimated using the 7C] (p.n) reaction. Adelberger
and Haxton! have shown that this could be explained taking into account that proton decays of

high energy states in %7K have a strong tendency to leave %Ar in its first excited state. It was then

proton measurement, in coincidence with 7-rays that would give a signature
of 8 decay leaving A in its first excited state, was necessary. An experiment s performed
using the 88-Inch cyclotron at Lawrence Berkeley Laboratory to produce  SHo beam with an

‘Teller strength function extracted from

Although the number of protons in coincidens
estimate intensities for individual tran
feed the first excited state in %Ar and
observed fraction of 2.0 + 0.5 % agrees

ce with y-rays of 1.97 MeV is not enough to
sitions, we can calculate the total fraction of decays that
make a comparison with the shell model prediction?. The
well with the predicted value of 1.8 + 0.2 %.

Fig. 321 Nal spec. 000
trum in coincidence with
protons. We observe a 7-
ray peak from the decay g0
of %Ar* which gives a sig- 1970 keV
nature of a proton decay 090 pr(2* » 0%)
leaving Ar in its first ex-

cited state. 100

I
25 50 75 1008125
CHANNEL
+Lawrence Berkeley Laboratory, 1 yclotron Road, Berkeley, CA.
'E.G. Adelberger and W.C. Haxton Phys. Rev. C36, 879 (1987).
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3.3 Angular Distributions of *N(p,n) and the Width of the First Excited
State in 140

E.G. Adelberger, P.B. Fernindez,” A. Garcfa, D.M. Markoff, M.S. Smith! and K.B. Swartz

The y-width of the first excited state in 14O has received a lot of attention from nuclear physicists
because its absolute value determines the onset of the Hot CNO cycle. There have been a number
of theoretical predictions and recently the first experimental results have been published.! 2 A third
experiment? was recently performed at ANL which could help resolve a discrepancy of a factor of
2 between the first two experiments. 40 was produced by the reaction 'H(**N,0) at 175 MeV
bombarding energy. A spectrometer was used to measure the ratio of '40; recoils undergoing
+-decay to 10 recoils. In order to obtain the gamma width, however, a measurement of the
production cross-section ratio 40/ is necessary.

We have used the pulsed-beam time-of-flight spectrometer at the University of Washington
to measure the absolute differential cross-section for the reaction N(p,n) at E, = 12.5 MeV
for neutrons leaving MO in its ground (no) and first excited () state. Targets were prepared
evaporating melamine (CsHgN) on carbon foils. We calibrated the efficiencies of our neutron
liquid scintillator detectors using the well known differential cross-section for TLi(p,n) which we
measured using the same technique and targets of

jum fluoride evaporated on tantalum.

The Figures below show preliminary results for the absolute differential cross-sections. Data
analysis of the experiment at ANL is still on progress and a number for the y-width should soon
be published.

“N(pny)''0 Cross-section  “N(p,n)'0 Cross-section
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rgonne National Laboratory, Physics Division, Argonne, Il
"Yale University, A.W. Wright Nuclear Structure Laboratory, New Haven, CT.
1P.B. Ferndndez et al., Phys. Rev. C40, 1887 (1989).
3P, Auger et al. in Proc. nt. Sym. Heavy lon Physics and Nuclear Astrophysical Problems, edited by S.
Kubono, M. Ishihara, T. Nomura, (World Scientific, Singapore 1989).
M.S. Smith, to be presented at the Spring Meeting of APS, Washington (1990)

2




4 POLARIZATION

4.1 Polarized Radiative Capture in

2H(d,)*He at Low Energies
CA. Gossett, M.S. Kaplan, S.J. Luke and S.P. Van Verst

Recent measurements! H(d,7) He reaction
i their work, the authors of Ref. 1 suggest
i ly 32 times larger than previously
o the D-state of “He. In reaching
plitudes are involved, although at
clearly demonstrate that ot}

We are presently conducting experiments to measure angular distributions of the cross section
and four analyzing powers for 2H(d ) e at Ey < 1 Moy, Completion of these measurements
provide sufficient observables to

i e all the E1, M1, 2, M2 amplitudes and phases
allowed in the reaction.

observables.

The experimental arrangement consists of 25x25 cm
two recently acquired BaF detectors

plastic anti-coincidence shielding to ve
MeV peak of interest. Use of a well

and 25x37cm Nal detectors, as well as

These detectors are equipped with
to cosmic ray events which would
defined pulsed beam and a narrow window.

ced events not rejected
ribution in time. Neutron

A new gas cell has been constructed t
to 1 atm. The cell is lined with a thi

scattered charged particles stop in a h
through the 0.1 mil HAVAR entrance
gas. The incident beam energy is adju

o contain the deuterium gas, which is typically pressurized
: high purity gold foil so that the deuteron beam and any
igh 7 material. The beam loses about 300 keV traveling
window of the cell and about 300 keV traveling through the
sted for 1 MeV beam energy at the center of the cell,
Preliminary experiments have been carried out to test the suitab
and to measure the vector analyzing power, i Ty
of the cross section. The resol

ility of the new BaF, detectors
We have also measured the angular distribution
ution of the BaFy's was found to be 7% and the cosmic rejection
C.A. Barnes et al., Phys. Lett. B197, 315 (1987).

2S. Mellema et al., Phys. Rev. C34, 2043 (1986).




efficiency is about 95%. Although this performance is not as good as the Nal, this resolution is
more than adequate to separate the 24 MeV' peak from the lower energy background.

Our preliminary data suggest that the vector analyzing power is different from zero. This would
indicate that radiations other than E2 contribute to the reaction. Presently, we are working on
optimizing detector resolution and cosmic rejection, as well as improving beam output from the
polarized source.

4.2 Calibration of a Tensor Pol:

C.A. Gossett, Y.M. Shin® and N.R. Stevenson®

= d elastic scattering is one of the most extensively studied processes in intermediate energy
physics. Measurements of cross-sections, analyzing powers, and polarizations'* have been made
up to T;=300 MeV. Nevertheless, several outstanding problems yet remain to be resolved such as
the contribution of the relatively small Py; = intermediate amplitude which plays an important
role in the complementary absorption process.

A complete set of measurements in this system is a vital step in gaining a thorough under-
standing of this interaction and other reactions that couple to it. A complete description of this
system requires the of several spi fer observables! which in turn require the
use of a polarized target and a deuteron (tensor) polarimeter. A tensor polarimeter has been
constructed at TRIUMF®4 based on the *He(d,p)*He analyzing reaction. Tt consists of a liquid
3He disk surrounded by scintillation counters, solid-state detectors, and wire chambers to detect
the incoming deuterons and the outgoing protons. The $He(d,p)*He reaction is used for deuteron
measurements because it has relatively high values for the analyzing powers and also because of its
reaction Q-value (18.4 MeV) which allows good separation of the signal from the background.

The polarimeter has to be first calibrated with a polarized deuteron beam. The University
of Washington Tandem-Linac is ideally suited to this since it provides such a beam with all spin
components up to 36 MeV. During the calibration the beam intensity has to be reduced to below
108 particles per second in order to individually count each incident deuteron in the detection
system. To see if this is possible, a test run was performed in November 1980. By closing apertures
and with the aid of additional slits in the Linac we were able to reduce the beam flux at the 60°
chamber to a few thousand deuterons per second with no apparent unwanted side-effects. We also
determined that the beam polarization was independent of the beam intensity. The polarimeter
will now be fully calibrated in late 1990.

“Physics Department, University of Saskatchewan, Saskatoon, Sask. Canada STN OW0.
IN.R. Stevenson and Y.M. Shin, Phys. Rev. C36, 1221 (1987), and references cited therin
3N.R. Stevenson et al., Phys. Rev. C36, 1221 (1987), and references cited therin.

V.M. Shin et al., Nucl. Instrum. Meth. A274, 227 (1989), and references cited therin.
N.R. Stevenson, AIP Conf. Proc. 187, Ed. K.J. Heller (1988), p. 1381
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4.3 Production of Polarized Beta-emitters

K. Coulter,” J.K. Eisenberg, P.B. Fernéndez,” §.., Freedman,* C.A. Gossett, M.S. Kaplan,
D- Krakauer,” M. Leskovar, D.M. Markoff and K. Swartz

The B-decay vector couj

pling constant, GY, has been determined
allowed transitions,
ters

In these decays, the Gamow-"

. To determine
' iransitions, one needs an observable in addition to f1,/,
in order to separate the two matrix clements. We plan to use the B-decay asym;

of polarized nuclei.

metry parameter

Aligned f-emitters are produced in reactions in which
target. Collaborators at Argonne National Laboratory
detector array for use in the final experiment. Two
B detection. To determine the polarization of {
excited state branches will be measured by det
excited states using Nal detectors. Since the
polarization can be extracted from the measur

a polarized beam is incident on a suitable
are developing a scattering chamber and
plastic scintillator telescopes will be used for
he f-emitter, the asymmetry of pure Gamow-Teller
ecting fs in coincidence with s from decays of the
excited state asymmetry is readily calculated, the
ed asymmetry.

At present we are exploring which femitters, target materials and conditions (e:g. temperature
and magnetic field) will be best for the experiment by optimizing the observeq value of the product
of the nuclear polarization and the asymmetry parameter, PA- For thie purpose we have built a
small scattering chamber which is placed between the poles of an NMR-type magnet capable of

generating up to 3.5 Kilogauss fields. Silicon char,
the left and right. For the reaction %5i(d, p)P,

ged particle detector telescopes are placed on
3 MeV, vector-polarized deuterons with spin

thick, natural abundance, high-
field in order to decouple the nuclear

¥ cycling the beam on target for four seconds and then counting the
Ps for 8 seconds (about two halflives of the °P). This process 1s repeated with alternate cycles
reversing the sign of the incident beam polarization. By this method, the asymmetry can be found
in terms of a “four-way” ratio of the counts in the left and right detectors for spin left and right
deuterons so that the relative efficiencies of the left and right detectors canco).

We have had two runs thus far. In the first, the chamber, beamline, and electronics setup were
troted. The second run suffered from detector noise, making analysis diffcult, W have detompen
that the effect of the magnetic field saturates at about 1.5 Kgauss, The highest average PA was
(2.0 0.1) x 102with typical values of 1.5 x 10~2. Having isolated the noice problem, we expect
So collect clean data with better statistics in our next run. Tn the near future we wil uas s o
target cooled to liquid nitrogen temperature, which is expected to lengthen the relaxation time
by reducing thermal depolarization. Also planned are investigations of the systems 2731 using the
reaction #7AI(F, n)?Si, and 915 using the reaction %P5, n) 1S,

rgonne National Lab, Physics Division, Bldg. 203, Argonne, IL. 60439
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4.4 Polarized Protons from the °Co(*He, p) Reaction
M. Frodyma, S. Kailas,* W.G. Weitkamp and D.I. Will

We are continuing the measurements of the polarization of protons from the *Co(*He,) re-
action initiated by 27 MeV 3He described in last year’s Annual Report.! These measurements,
which use a 4He gas polarimeter at the final focus of the magnetic momentum filter/spectrograph
to measure the proton polarization, have given a somewhat surprising result: the protons show a
fairly constant, non-zero polarization of about 0.2 to 0.3 in the region of proton energy and angle
bounded by 20 and 31 MeV and 12 and 42 degrees. That this result is surprising was accentu-
ated by a recent publication of a measurement of the proton polarization resulting from the (d,p)
reaction.? In this reaction, which has a spin structure analogous to the (3He,p) reaction, the proton
polarization is essentially zero at all energies and angles measured.

During the past year, we have improved the accuracy of our polarimeter calibration and added
new measurements to our cross section and polarization data set.

We calibrate the polarimeter using protons of known polarization from the elastic scattering of
protons on carbon.3 Our previous calibration did not include corrections for the effects of oxygen
contaminants in the target and was based on only three points. We measured the oxygen content
of our target (2.8%) and made appropriate corrections using published data for the scattering of
protons from oxygen. We measured the analyzing power of the polarimeter for 7 points with widely
varying values of proton polarization and cross section to obtain a calibration which has an accuracy
of about 2%, a value much less than the statistical uncertainties in our (*He,7) polarization data.
The new calibration is, however, in reasonable agreement with our earlier calibration.

We have added to our cross section data. We repeated some of the measurements reported in
last year’s Annual Report to check the absolute value of the cross section and the shapes of the
spectra. The new data agree satisfactorily with the old.

The values of the proton polarization from the (*He,) reaction we measured previously suggest
that the polarization approaches zero at energies below 20 MeV. One would expect this because
the probability of proton evaporation and *He breakup increase at lower proton energies. Both
of these processes should lead to small polarizations; evaporation because the spin orientation of
protons evaporated by the compound nucleus s generally random in direction, and breakup because
the two protons in 3He have antiparallel spins so breakup results in as many spin-up protons as
spin-down protons. We measured the polarization at a proton energy of 10.5 MeV, near the peak
of the breakup spectrum and find (preliminary) values of 0.06  0.04 at 12 degrees, 0.11 & 0.04 at
18 degrees and 0.11  0.05 at 24 degrees.

In the future, we expect to complete our data set and improve the precision of the measurements,
both by reducing statistical uncertainties and examining possible systematic effects. We are also
looking for a reaction mechanism that can lead to the positive, constant polarization we observe.

“Present address: Nuclear Physics Division, Bhabha Atomic Research Centre, Bombay, India.

*Nuclear Physics Laboratory Annual Report, University of Washington (1988) p.

M. leiri et al., Nucl. Phys. A504, 477 (1989).

SH.O. Meyer, W.G. Weitkamp, D.S. Dunham, T.A. Trainor and M.P. Baker, Nucl. Phys. A269, 269
(1976)
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5 FUNDAMENTAL SYMMETRIES AND INTERACTIONS
5:1 New Limits on Exotic Macroscopic Interactions

EG. Adelberger, B.R. Heckel,* C.W. Stubbs Y. Su, H.E. Swanson, G. Smith and
W.F. Rogerst

1. disturbing the delicate balance while rotating it about the vertical axis
2. perturbations of the balance by terrestrial magnetic fields

3. perturbations of the balance by ambient gravity gradients.

Over the last 2 years we have developed an instrument that reduces these problems to a negligible
level. The reader is referred to our most recent publication! for detals, Our ey null result sets
@ limit on infinite range interactions coupled to Baryon mumber which 1

magnitnde better than that set by the celebrated experiment by Dicke et al? For mosy op b
region 1m < A < 10 m, our constraints are at least one order of magnitude better than those of
the best previous 1/12 or equivalence principle results.

Our work was undertaken in response to Fischbach et als® report of an anomaly in the von
Edtvés data. We show below the reanalyzed von Edtvds data along with our recent results using
Be/Cu and Be/Al test bodies. “One picture is worth a thousand sords.™

*Physics Department, University of Washington, Seattle, WA 98195,

Present address: Center for Particle Astrophysics, 301 Lecont Hall, UG Berkeley, Berkeley, CA 94720,
{Present address: SUNY at Geneseo, Geneseo, NY 14454,

!B.R. Heckel et al,, Phys. Rev. Lett. 63 2705 (1989).

“0.E. Moody and E. Wilcaek, Phys. Rev. D30, 130 (1984).

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

“Confucius.
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Figure 5.1-1. Differential horizontal acceleration of test body pairs as a function of their differ-
ential Baryon number to mass ratio. The open squares are the von EGtvos data as reanalyzed by
Fischbach et al. The solid points are the E5t-Wash data of ref. 1.




5.2 Recent Improvements to the EGt-Wash Torsion Balance
EG. Adelberger, A. Braemer, B.R. Heckel,* G. Smith, H.E. Swanson and P. Williams

We are continuing to increase the performance of the Edt.Wash torsion balance with the fol-
lowing motivation:

1. improved tests of the weak equivalence principle

2. more sensitive searches for new macroscopic interactions mex
or vector bosons

ted by ultra-low-mass scalar
3. searches for 80 called “monopole-dipole” interactions discussed by Moody and Wilczek! that
would be produced by CP violating axions

4. a general interest in continuing to advance the state of the art in mechanically suspended
torsion balances.

Since our most recent publication we have extensi vely reb
icant modifications are:

our instrument. The most signif-

2. improved regulation of the thermal environment by additional active regulation and passive
shielding.

3. improved thermal stability of key mechanical components,
Preliminary runs taken after these improvements have significantly lower errors than those used in

our published data. At present we seem to be limited by seismic noise. We are now investigating
Wways to reduce this problem to a tractable level,

Physies Department, University of Washington, Seattle, WA 98195,
"J-E. Moody and E. Wilczek, Phys. Rev. D30, 130 (1964).
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5.3 Precision Tests of Time-Reversal Invariance, Vector Current Conserva-
tion, and Second Class Currents via ¢ — a — a Angular Correlations in
A =8 Beta Decays

L. de Braekeleer, E.G. Adelberger, K.Swartz, K. Snover, and C.E. Hyde-Wright

We are planning to make the most precise available § decay tests of several important symme-
tries:

o time-reversal invariance in weak interactions
o test of the conservation of the vector current |
o search for second class weak currents.

The proposed experiments consist

 kinematically complete studies of 8Li and ®B j decays that permit full reconstruction of the |
decays, by measuring the three momenta of the 4 and both breakup a particles.

o a precision re-measurement of the 4He(a, ) reaction over the two 16.7 MeV 2* resonances
using the existing University of Washington Nal y-ray spectrometer. This would be done
using standard techniques employed in radiative capture work at Seattle.

Traditionally the reversibility of weak semi-leptonic processes has been tested by measuring the
D correlation:
(@psxpy) - ®
Present data, obtained in neutron and '*Ne decays''? show no evidence for time reversal violation
at the 10-3 level. However, the D correlation is mainly sensitive to interference of the leading order
Fermi and Gamow-Teller matrix elements and this particular interference is expected to vanish
because of charge symmetry of the weak interactions.34 On the other hand, any imaginary parts |
of the induced scalar and tensor form factors are not forbidden by charge symmetry,4 and the |
interference between a leading order term and these particular recoil order terms is the best place ‘
to look for time reversal violation in S-decay.>5:®7
|
|

The A = 8 nuclei offer a unique opportunity to perform such an experiment:
1. the small Gamow-Teller matrix elements and the high total energy of the decays enhance the
recoil order effects.

2. the neutrino momentum (usually a difficult quantity to measure) can readily be deduced from
the measurement of momenta of the two o’s in the final state.

TB.G. Erosolimsky et al, Sov. J. Nucl. Phys., 28, 48 (1978).
AL, Hallin et al, Phys. Rev. Lett, 52, 337 (1984).

SRJ. Blin Stoyle, Pundomental Interactions and the Nuclcus, North Holland Publishing Co. p. 98 (1973).
4ED. Commins and P. Bucksbaum, Leptons and Quarks

ST.D. Lee, C.S. Wu, Ann. Rev. Nud. Sci. 15, 381 (1965)

SN Cabbibo, Phys. Lett. 12, 137 (1964).

TL. Maiani, Phys. Lett. 26 B, 538 (1968).




3. the alignment of the final nucleus is determined automatically by the a momenta. Thus
correlations with spin can be made without orienting the initial state.

4 time reversal unhindered by charge symmetry can be probed by two different correlations:
(BgBa)(Ba g X 1) &)
(B - Ba)(Pa - Bs X o) @®)

5. in these correlations the simulation of a TRV effect by final state interactions is negligible.

The A = 8 decays also offer unique opportunities to test two other important symmetries
involving induced weak form factors as well:

© the conservation of the vector current (cvey

® the absence of second class currents (SCC)®

The CVC and SSC symmetries can be investigated directly and separately in the A = § decays,
by measuting the energy dependence of the f— v angular comelation 10 Space limitations prevent
us from discussing them further in this report.

Here is a brief description of the proposed apparatus. The isotopes will be produced by the
reactions:

d+"Li-8 Litp (Eq=0.8MeV) ()

SHe+°Li -8 By n (Esy, = 3.MeV) (5)

[The beam impinges on a rapidly rotating target to take advantage of the high currents (~ 104A)
available from the UW tandem accelerator. The ®Li or ®B activity recails into 4 thiy catoher foil.
The catcher foilis mounted on an arm which is rapidly (¢ ~ 0.1 5), precioely and Tepetitively moved
by & high speed stepping motor into the center of a counting chamber, The & % ace Jotacios in
four gas position sensitive counters situated above, below, right and loft of the chambes center.
Five f telescopes are placed in the perpendicular plane at 30, 60, 90, 120, 150 degrees with respect
to the axis defined by the left and right detectors. Triple coincidences are recorded, allowing us to
measure different correlations simultancously.

SR-P. Feynman and M. Gell-Mann, Phys. Rev.109, 193 (1958).
7S. Weinberg, Phys. Rev.112, 1375 (1958).
"°B.R. Holstein, Phys. Rev. C5, 1529 (1972)
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n of Transmitted Cold

Experiment to Measure the PNC Spin Rotat
Neutrons

E.G. Adelberger, B.R. Heckel,” S.K. Lamoreaux,” D.M. Markoff and . Saha”

Design work has continued on an apparatus to measure the parity non-conserving (PNC) spin-
rotation of transversely polarized neutrons. Initially, we explored using a liquid parahydrogen target
to probe neutron-proton scattering, specifically the dominant isovector pion exchange amplitude,
F,.! The strong interaction absorption and scattering cross sections for low energy neutrons on
parahydrogen are not negligible. Scattering can indirectly produce a false PNC signal by altering
the amount of time a transversely polarized neutron spends in any stray axial magnetic fields. The
size of this effect is dependent upon whether the material is in the near or far target chamber.

In order to understand the effects of scattering in the neutron-hydrogen experiment, a Monte
Carlo computer simulation has been developed. Absorption losses in 20cm of parahydrogen remove
approximately 40% of the beam, with scattering removing an additional 35-40%. When losses from
beam divergence are included, only 14% of the beam is transmitted to the detector. The number of
noutrons that scatter and are detected constitute approximately 7% and 35% of the total number
of detected neutrons, for material in the first and second target chambers respectively. We are
currently adding more realistic refinements to the computer simulation in order to determine if the
resulting false PNC signal is prohibitively large.

We have decided to use liquid helium as the target material for our initial spin rotation ex-
petiment. The spin rotation in liquid helium is predicted to be about eight times smaller than
that in parahydrogen.# The spin rotation in helium is sensitive to almost all of the n-p scattering
amplitudes, specifically, the pion exchange amplitude can be obtained from the indirect exchange
term.

There are two major experimental advantages of a helium target. Because there is no bound
state in the n-a system, the absorption cross section is essentially zero, and the scattering is
reduced. Thus, longer target chambers with corresponding larger signals are possible. Calculations
show that 38% of the initial beam is transmitted, with 2% and 9% of the detected particles from
scattering events in the first and second target chambers respectively. The other main advantage
of working with helium is the absence of stringent safety requirements, easing the design demands
on the cryogenic apparatus.

The apparatus developed to transfer the parahydrogen between two target regions will also
function with liquid helium, Minor modifications to the existing design for the parahydrogen
target system have been made to accommodate the cryogenic requirements for helium.

“Department of Physics, University of Washington, Seattle, WA 98195.
*Nuclear Physics Laboratory Annual Report, University of Washington (1987) p- 27; (1989) p. 18.
2Y. Avishai and P. Grange, J. Phys. G. Nucl. Phys. 10 (1984
SV.F. Dmitriev et al, Phys. Lett. 125, 1 (1983).




5.5 Precision Measurement of the Antiproton Mass—First Results

X. Fei,* G. Gabrielse," J.Haas,! H. Kalinowsky,! W. Kells! T.A. Orozco,* R.L. Tjoelker*
and T.A. Trainor.

A preliminary comparison of proton and antiproton masses was achieved in May, 1989. The
inertial masses are found to be equal to 2 parts in 10°. Measurements were made aith P clouds
from 100 to 5000 particles cooled to temperatures at or below 100 K.

n the past year progress in this program has been made in three aress. 1) The x-y PPAC
beam profiling system! was calibrated in the ion chamber mode to yield absolute numbars of 5
entering the trap system. 2.) lectron cooling techniques were substantially developed. 3 A
preliminary mass measurement was made using cooled clouds of ~ 1000p and detection via pand
" axial motion.

Calibration of the PPAC beam monitor for ion chamber use is detailed in Section (calibration of
LEAR PPAC of this report). Absolute calibration of this system provides independent information
on how many 7 should appear in the trap. Departures from expectations indicate poor beam pulse
ualty or a trap malfunction. This information simplifes the mumber of systematics to keop track
of, especially in the early stages of this experiment.

Antiprotons are delivered from the LEAR ring at CERN on demand in single pulses of 10° —
~10° 5 in a 200-300 ns pulse. The estimated trapping effciency is ~2 x 10-¢ nto the 3 KV
anharmonic (cylinder) trap (Fig. 5.5-1). Antiprotons in the trap at this stage have an energy
spectrum as shown in Fig. 5.5-2. This spectrum is obtained by ramping down the trap potential
linearly in time (3 kV ~ 0 kV) while counting pions produced in annihilation of escaped p.

The p must be cooled below 1 eV before a mass measurement can be attempted. The cooling is
done with electrons introduced into the trap prior to the 5 load which themselves cool to o K via
synchrotron radiation in ~0.1 sec. Initial attempts at cooling in which the electrons shared the long
anharmonic trap with the p resulted in inconsistent behavior and catastrophic loss of the p cloud
in some cases. This behavior was traced to known instabilities in single-charge plasma columns.?

By suitable adjustment of potentials on certain trap cylinder segments a harmonic trap for
electrons can be produced near the center of the anharmonic trap. Such a harmonic or quadrupole
trap is known to be quite stable for single-charge plasmas. The “lot” p moving axially in the 3 kV
anharmonic trap pass repeatedly then through the cold electron cloud and are slowed, much as if
they made multiple passes through a degrader foil. As their energies are reduced below the top of
the harmonic trap they are captured in this trap and approach thermal equilibrium with the electron
cloud. This process takes about 10 sec. A spectrum of such a 5 population cooled below 1 eV is
shown in Fig. 5.5-3. The degree of cooling is masked by the coulomb energy of the cloud of ~107-
in the harmonic trap. If the e~ are resonantly ejected from the trap after thermal equilibrium

“Department of Physics, Harvard University, Cambridge, MA 02138,

"Institut fiir Physik, Universitat Mainz, BRD.

*Institute for Boson Studies, Pasadena, CA.

»Nuclear Physics Laboratory Annual Report, University of Washington, p.54 (1989).

2C.F. Driscoll, J.H. Malmberg, K.S. Fine, R.A. Smit} iang and R.W. Gould “Growth and Decay
of Turbulent Vortex Structures in pure Electron Plasmas”, publ. in Plasma Physics and Controlled Nuclear
Fusion Research, Vol.3, Vienna, International Atomic Energy Agency, p.507-514 (1989).
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a narrower spectrum is produced (Fig. 5.5-4a). If the harmonic well depth is slowly reduced so
that hotter 5 evaporate out of the well and thereby further cool the remaining population, then
a spectrum consistent with 100K is obtained as in Fig. 5.5-4b. Much of this remaining 9 meV
width may be due to coulomb effects, TOF variations and other electronic contributions. The 5
represented by this spectrum may well be very near the ambient 4.2K of the trap.

In order to make the preliminary mass measurement cyclotron frequencies vZ(p) and v/(e) for
the  and electrons are measured. In either case a drive oscillator coupled to the harmonic trap is
swept through the region of the cyclotron frequency. Power is coupled into the cyclotron motion of
the  or e~ cloud and then, with various characteristic times this power is shared among various
degrees of freedom of the two particle types. The temperature of the system s monitored by the
noise amplitude in the axial motions of the 7 or e~ cloud via tuned circuits. A temperature rise
and fall is observed as the cyclotron drive oscillator passes through the cyclotron frequency for one
of the particles. Fig. 5.5-5 shows scans through #4(5) monitored by axial temperatures T,(e") and
(7).

Various corrections to u/, for either particle must be made to compensate for magnetron motion,
‘magnetism of trap materials, slow drift of the B field between measurements, external fields, effects
of magnetic shims, etc. The results as of June, 1989 are

V() = 89.152,718(164) MHz
vi(e™) = 163.698,062(10) GHz
using M(p)/M(e~) = 1836.152701(37) yields
M(@)/M(P) - 1 = 0.4(1.9) x 10-°

Further refinements of this measurement require reduction of the number of 5 to near unity, reso-
nant detection of p cyclotron motion, optimum cooling of axial and magnetron motion and direct
‘measurement of v(p) and v.(p) in the same trap.



Figure 5.5-1 Cylindrical Tray
of flat conductors.

P Assembly. Small harmonic trap section is to left of center at ends

Figure 5.5-2 Spectrum of uncooled 5. 3kV  Figure 5.5-3 Spectrum
span. 50V span

of electron cooled 7.
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5:6 Hydrogen Atom Experiment: Chaos and Fractals in a Cylindrical Elec-
tron Plasma

T.A. Trainor and P. Wong

During a search for systematic errors following installation of a new precision solenoid last
year, we reported observation of a very regular time dependence of metastable beam quenching
produced by buildup of trapped charge along the beam path.! We now understand this phenomenon
completely and conclude that it forms a fundamental limitation to the possibility of measuring
parity nonconservation in hydrogen with this apparatus.

The time dependence of metastable beam quenching is shown in Fig. 5.6-1. The first, large
minimum is about one second wide. This pattern occurs when an axial trap for electrons is formed
along the path of a 500eV metastable hydrogen beam in an axial 600G magnetic field. Vasiation
in beam tuning produces changes in the fine structure after the first dip. For a given set of
adjustments the time dependence is quite reproducible oves
hour (i.e., consistent with ion source/metastable beam stabi
a trap polarity for positive ions.

ime intervals of many minutes to an
). No such behavior is observed for

The dominant source of charge in this system is stripping of the relatively fragile metastable
atoms on background gas (mainly hydrogen). The positive ions (protons) carry away most of the
beam energy essentially undeviated from the atomic beam. The clectrons carry away less than 16V
and are easily stopped in an axial trap of modest depth (50-100 Volts

While initial estimates of electron production indicated that suffcient space charge could build
UP in the axial trap to produce fields able to quench the beam in a fraction of a second, the
subsequent recovery of the yield and fine structure were more diffcult to explain. A breakthrough
came when we realized that as charge accumulates in the trap the potential along the axis rises
until it reaches the potential of the vacuum vessel. At this point electrons on axis are free to exit at
both ends of the trap. Equilibrium is established when a hollow tube of charge exists. All charge
produced inside this tube immediately exits axially. Charge produced in the tube “wall” (edge of
the metastable beam) is transported radially (and slowly) to the trap walls chiefly by collisions
with background gas. This mechanism explains the dip (initial charge buildup) and subsequent
recovery (loss of central charge and establishment of tube wall) of the metastable beam intensity,
since by virtue of the axial symmetry of the system only charge inside the beam radius can produce
quenching by space-charge fields. A computer simulation of this process is shown in Fig. 5.6-2.
In this case charges are produced randomly in the beam volume and undergo radial transport by
collisions in a self-consistent field.

‘The remaining phenomenon to be explained, the fine structure following the dip, is associated
with instabilities in the hollow electron plasma cylinder. These instabilities became known o us in
a different context, the antiproton mass measurement at CERN (c.f. sec. 5.5) in which an electron
plasma in a cylinder trap (for 5 cooling) exhibited erratic behavior. The problem of instabilities
on a hollow cylindrical electron plasma has recently been examined2 An electron plasma in a

»Nuclear Physics Laboratory Annual Report, University of Washington, (1989) p. 23.

2C.F. Driscoll, J.H. Malmberg, K.S. Fine, R.A. Smith, X.P. Huang and R.W. Gould, “Growth and Decay
of Turbulent Vortex Structures in pure Electron Plasmas”, publ. in Plasma Physics and Controlled Nuclear
Fusion Research, Vol.3, Vienna, International Atomic Energy Agency, p.507-514 (1989).
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cylindrical Penning trap should, for a simple ing-in-r radial charge distributi
Totate uniformly about the symmetry axis at a magnetron frequency independent of radius. The
hollow tube charge distribution departs significantly from this case, and the magnetron frequency (E
X B drift frequency) is a strong function of radius. This introduces shear into the plasma, and radial
transport of electrons via collisions with background neutrals or field inhomogeneities provides a
‘mechanism for viscosity. Within a broad range of conditions Kelvin-Helmholtz instabilities arise on
the plasma density which are periodic in space about the tube azimuth. These are called diocotron
instabilities, with index £. The unstable £=2 diocotron mode consists of two vortices 180° apart
which grow exponentially in amplitude. An example of the time development of an (=2 diocotron
mode on a hollow electron plasma cylinder s shown in Fig. 5.6-3. In this case the (=2 mode has
been “seeded” in the preparation of the plasma.? Growth of the vortices continues until most of
the plasma is involved. The vortices collapse to the center finally in a time short compared to
collisional transport times, forming @ stable rotating plasma with negligible shear.

We believe that similar processes account for the fine structure in Fig. 5.6-1. Once the hollow
electron plasma is formed it becomes unstable to formation of diocotron instabiliti
which grow exponentially and then collapse to the beam center in a time of order 100
This event produces one in a sequence of sharp drops in the metastable yield. Electron production
by stripping increases the plasma potential once again until a hollow cylinder is reformed. This
process continues to repeat, but the trap volume is meanwhile filling out to the wall with charge
by radial collisional transport. Thus, the charge density on the hollow cylinder is less each time
and takes longer to grow the diocotron instability. Equilibrium is achieved when a great majority
of the charge required to fill the trap is external to the beam (in radius) and radial transport out
to the walls of the trap is just equal to charge production at the surface of the beam. At this
point the charge density in the hollow cylinder wall is too low to produce observable diocotron
growth/collapse cycles.

A close look at the metastable yield data reveals self-similar structures at finer scales than shown
in Fig. 5.6-1. We suggest that these structures are due to higher order diocotron modes which have
faster formation and decay times and smaller amplitudes. We speculate that in this cylindrical
plasma a fractal system of vortices is formed due to the high shear rate in the viscous plasma.
The vortex system is constrained to be periodic in azimuth. The rapid catastrophic collapse of
these vortices back into the beam interior produces the fractal st of fluctuations in metastable
beam quenching, It is remarkable that a nominally chaotic phenomenon such as turbulence s so
reproducible from instance to instance, as manifested here in vortex formation on a hollow rotating
electron plasma.

These observations indicate that the field geometries used in this apparatus to generate parity
conserving amplitudes for the @ — 3 transition, which also form charge traps, are unlikely to
permit a significant improvement in the determination of Cyp. The copious production of charge
by metastable atom stripping is unavoidable when the atomic beam is fast (500eV). The present
field geometries would be optimal for a thermal metastable beam for which the stripping cross
section would be negligible.
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Figure 5.6-1 Observed metastable atom transmission through Penning trap.
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Figure 5.6-3 Observed formation and collapse of ¢=2 diocotron mode on hollow plasma cylinder
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5.7 APEX: Argonne Positron Experiment
Tr:

or et al.*

This collaboration has been fortied to carty out & new,snd Jmproved. get of experiments to
further slucidate and perhaps slve the puzsle of pasitron peaks and correlated ¢*-¢_ pairs produced
i hoavy on collisions as first observed at GSI ten years ago: A new electron spectrometer of the
solencid type based on the EPOS design at GSLis under construction. Assembly of the apparatus at
Argonne is expected to go on late this year, and data acquisition should commence during Spring,
1991

Correlated e+-e= pairs have been observed in a number of collision systems with united 2 in
the range 163-188. Based on data obtained by the ORANGE and EPOS collaborations over nearly
ten years, a number of interesting characteristics have been observed. Particles in @ pair appear
y back to back in most cases. The energy spectra of emitted
pasticles are discrete, with energy equally shared between members of o pair. The spectra appear
B cosentially independent of the heavy ion collsion system and consit of three ‘major lines at
total Kinetic energies of 620 keV, 760 keV and 810 keV. The pairs seem to be emitted from the
center-of.mass system and not from either of the heavy on collision partners. Pairs appear to be
ereater at specific CM energies and angles corresponding to “contact” of the collision partners.

Even before the discovery of correlated ¢*-¢~ pairs, the properties of the narrow positron peaks
slon suggested that a neutral particle precursor might be involved. The observation of correlated
pairs seemed to add weight to this theory. However, the introduction of a new clementary particle,
Vith a decay channel to e*-¢~ is inconsistent with an array of precision tests of QED. And, direct
ey ek a posticle have subsequently ruled out ita'exisience under almost all possible
circumstances.

A more recent theory preserves the neutral partice hypothesis by suggesting that the large, time-
dependent electric and magnetic fieds generated in these heavy ion collisions may cause a phase
e of the QED vacuum to a metastable strong coupling state." In this phase electrons take
o a much larger effective mass and can form “positronium” with a mass spectri, *5 observed in
the GSI experiments. Some time after the heavy ion collision partners have separated the vacuum
decays and an c+-e~ pair is emitted.

What is-needed to test this o any other hypothesis regarding the production of correlated
¢+ pairs is high-quality invariant mass spectra for the pairs, good data regarding the heavy
fon Kinematics associated with pair production under carefully controlled beam encrgy and target
conditions, and information on the angular correlations of pair production-

APEX should achieve a twenty-fold increase in data rate over EPOS based on the 100% duty
eyele of ATLAS (vs. 20% for the GST UNILAC) and  roughly four-fold incresee in spectrometer
efficiency. The APEX spectrometer shown in Figs. 5.7-1 and 5.7-2 is an end-for-end symmetric
006 ayencid. eary ion PPAC detectors feature full coverage in azimuth (¢) and in the angle
range (20° < 0 < 70°). Electrons follow helix trajectories out to segmented cylindrical (3 cm )
T detectors n the range (120 cm <z<156 cm) from the target. Surrounding these silicon arrays
e the vacaum vessel are Nal detector barrels segmented in azimuth. Bach Nal segment is

S e
TD.G. Caldi, Comments Nucl. Part. Phys. 19, 137 (1980).
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capable of axial position determination with a resolution of about 2 cm. Two 7-ray hits on a barrel
indicate a positron hit on the silicon detector. Interpolation of the 7-ray hit positions locates the
Positron hit on the silicon array.

The time-of-flight of the electrons combined with their energies and hit positions as determined
the silicon arrays serve to determine their emission energies and angloy (E8,). From this
information the invariant mass and angular correlations can be infersed.

The University of Washington ion to the collaboration to date is devel ofa
silicon detector kapton shroud and gas cooling system (Sect. 9.10), high sesolution oy +1rrabor:
for beam position and target monitoring, alignment criteia for the sotonotd and ilonn detector

arrays (Sect. 9.9) and various other monitoring and calibration systems.

*The APEX collaborators: I. Ahmaa,}! S. Austin$ R. Betts,! F.p. Calaprice,Y P. Chowdhury,!
R. Dunford, J.D. Fox,** §. Freedman,! J.S. Greenberg,l A.L. Hallin} T. Hopp,! E. Kashy, W.
Kutachera,! J. Last,! K. Lister,S M. Maier,} D. Mikolas,t J.B. Schiffers T.A. Trainor, J. Winfield;t
F. Wolfst and J. Yurkont

{Argonne National Laboratory, Argonne, IL, 60439.
#Michigan State University, East Lansing, MI 48824,
"Princeton University, Princeton, NJ 08543,

"Yale University, New Haven, CT 06520

**Florida State University, Tallahassee FL 32306.
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6 ACCELERATOR MASS SPECTROMETRY (AMS)*
6.1 AMS: Scientific Program-
T.A. Brown, G.W. Farwell, P.M. Grootes and F.H. Schmidt

1. Studies of 1C in atmospheric methane. We have collaborated with P.D. Quay (School of
E  to determine the isotopic composition of methane

(CHa), an important “greenhouse” gas, as a means of unraveling the seasons for the warron;
annual increase (>1%) in the concentration of CHy in the atmosphere. The purpose of this
portion of the investigation is to use the 14C concentration in CH, to quantify the amount of
Ol released from fossl sources, primarily the lossof natural gas during venting, ransmission,
and coal mining. Our most recent AMS measurements of the 1C content of CHy samples
collected on the Washington coast near Cape Flattery (46N 126W) and during NOAA erises
in the Pacific Ocean indicate the following:

(2) The 1C content of CHy is increasing at about 1.4
to MCH, released from nuclear reactors.

(b) The current 14C level of ~123 pM (percent of modern carbon) indicates that approxi-
mately 17% of the global CHj source is fossil-derived.

() There is little interhemispheric gradient in the 14C content of CH,,
ples are needed to verify this preliminary observation.

% per year. This increase is likely due

although more sam-

These results are discussed in a paper entitled “Carbon Isotopic Composition of Atmospheric

CH: Fossil and Biomass Burning Source Strengths” recently submitted to Global Biogeo-
chemical Cycles.

2. Studies of C corals. Carbonate incorporated into corals reflects the local isotopic composi-

tion of dissolved inorganic carbon. Some corals show growth bands much like tree rings and
have been used to demonstrate the increase of 14C in the ocean due to nuclear weapons tests
and the change in atmospheric 19C caused by fossil fuel use. We measured MC fluctuations
in 4 coral rings from a Galapagos Islands coral on a subannual time scale (4 increments per
annual growth ring) to determine the suitability of corals for studying rapid changes in the
surface ocean such as oceur during El Nifio events. Preliminary results are encouraging.

- Pollen studies in lake sediment cores. We are continuing our preparation for a series of C
measurements on pollen concentrates, and possibly on separated pollen grains, in order to
establish more reliable ch for important i events. The initial
measurements will focus upon the Mazama ash layer as a potentially reliable chronological
marker over  wide area in the Pacific Northwest.

A collaborative paper with colleagues in the Simon Fraser University — McMaster University
AMS group on earlier work in this field was published recently.!
*Our work was supported in part by NSF (Grant EAR-8115094, Environmental Geosciences Program)
and by NASA (Grant NAGW-844)
*Thomas A. Brown, D. Erle Nelson, Rolf W. Matthewes, John S. Vogel, and John R. Southon, Quaternary
Research 32, 205 (1989)




4. Tree ring 4C profiles. A paper on the work described last year? has been published® and
e ¥l in pross. Our future plans still nclude a search for a vertical gradient in
the 4G concentration in the 1063 growth ring of a tree growing in 2 decp forest canopy
environment.

6.2 AMS: Precision and Accuracy
T.A. Brown, G.W. Farwell, P.M. Grootes and F.H. Schmidt

We have analyzed recently obtained data to determine the current precision and accuracy of our
measurement system. To determine the precision we have constructed and combined two statistics
with normal Gaussian distributions:

1. (Hy  Ho)/o1, where Hy is the ratio of the normalized 14C contents of two standard samples,
Ho is the known value of this ratio, and oy is the estimated uncertainty in Hy derived from
counting statistics or scatter of repeated determinations.

2. (Hy - H — (0.000))/o12, where Hy and Hy are the ratio of the normalized C contents of
T o sample versus two different standard samples, (0.000) is the expected value for
(Hs = Hy), and oy is the uncertainty in (H — Hs) derived from the estimated uncertainties
in Hy and Hy.

Minimum x? fitting of the distributions obtained from these statistics shows that our counting-
statistivs basen cstimate of the uncertainties in the data accurately represents the precision of our
‘measurements.

To determine the accuracy of our measurement system we have expressed the measured ratios
of the normalized MG contents of two standard samples as percent deviations from the known
O e Tabulation of these data from two recent measurement series shows that the mean deviation
oes ot diffes significantly from zero and that the scaiter of the data is consistent with the 1%
counting statistics uncertainty of the ratios. Thus, we show that the precision and accuracy of our
e amuremont system are limited only by counting statistics at the 1% level.

Lk eSS Shee Be 1
TNacleas Physics Laboratory Annual Report, University of Washington (1989), p- 34
e watea. G.W. Farwell, F.H. Schmid, D.D. Leach, and M. Stuiver, Tellus 418, 134 (1980)-
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- A new rotor for the Generating Voltmeter (GVM)

AMS: Technical Highlights
T.A. Brown, G.W. Farwell, P.M. Grootes and F.H. Schmidt

was constructed. After some initial trou-
bles (see Section 10.10) it performed very well. The terminal potential is now held constant
to within £1 K.V. at 7 M.V. The improved regulation has brought about considerable im-
provement to AMS measurements.

In last year's Annual Report we discussed our new sample preparation equipment which
reduced our sampl size from 0.03 inch diameter (~2mg C) to 0.028 inch diameter (~400
#g C). The system has been improved considerably; hundreds of samples have now been
fabricated with a rate of failure (i.e., giving a poor beam) of less than 2%. It takes about one
hour to fabricate a graphitized sample from the powdered graphite stage to a sintered form

ready to install in the source. Such samples produce large (50-60 ) carbon beams, and are
well worth the additional work.

A totally unexpected dividend has come from the small diameter (0.028 inch) samples. We
have found that by defocussing the cesium beam (by a shift of ~109% in the optimum reflection
potential) 5o as to irradiate most of the surface of the sample with cesium, the efficiency of
carbon utilization is increased, while the emittance of the source is not impaired. The negative
carbon beam is slightly reduced (~15%) because of less efficient use of the cesium, but this loss

of (cheap) cesium atoms is unimportant compared with the gain in utilization of (expensive)
carbon atoms.

The 0.028 inch diameter sample produces an image following the inflection magnet which
matches (to within 10%) the diameter (0.156 inch) of the aperture in the beam line. This
aperture is the exit aperture of the jon source mass spectrometer, and in turn it matches the
entrance pupil of the Tandem stripper aperture.

There is evidence that this reflection potential defocussing scheme has been responsible for a
portion of our considerably improved performance, probably because of reduced critic:
the effects of sample cratering.

- The combined benefits due to A and C above and to other factors have brought us close to the

ideal measurement accuracy, viz., that depending only upon counting statistics (see above). It
is interesting that a search for the cause of the difference between counting statistical accuracy
and the standard deviation of a set of measurements led us to discover the trouble with the
GVM. In a sense this is a 12-year triumph




7 MEDIUM ENERGY

7.1 Inclusive Photoproduction of

M. Doss,* J.K. Eisenberg, K. Fissum,” . Halpern, D.
at energies on the low side of the (33)
clei provides additional information about
last year’s Annual Report.?

«+ on a Variety of Nuclei
P. Rosenzweig and D.W. Storm

We have been studying inclusive pion scattering
resonance.! Inclusive photoproduction of pions in nu
the interaction of pions with the nuclear medium, as was describe

conjunction with the new pulse stretcher ring at Saskatchewan
Accatormion Laboratory (SAL) to provide monochromatic photons with energies from 200 to above
50 M We have acsembled 2 30-cim long by 15-cm diameter plastic (BC 408) scintillation counter
which we wil use to measure the # spectra. This counter will stop pions of approximately 100
MeV. The scheme for identifying 7+ by observing the decay muons Was outlined in our previous
report? We plan to use four of these counters simultancously, provided the present one proves to

be satisfactory.

We plan to use the tagger

ested the counter both at TRIUMF and at SAL. At TRIUME
ftes, using 120-MeV positive pions which were scattered
ded in energy by slabs of material placed in front of our
connter. Although this was far from an optimum geometry for obtaining & clean beam,

2o energy resalution of 5% for 95-MeV pions. As thicker degraders waes used to provide lower
energies, the resolution became steadily worse due to straggling, We did not have an opportunity
2t TRIUMF to set up the electronics required to identify dec

+ the counter with a 203-MeV bremsstrahlung beam and a liguid
#+ we used a set of gated ADC’s to digitize the
bites starting 25 nsec after the main pulse. We
during these bites to produce an

During the previous year we have t
we were able to test the counter as parasi

from a target and which were then degra
we measured

ay muons.

At SAL we were able to tes
hydrogen target, again as parasites. To identify
main pulse and a series of six sequential 20-nsec
expect the 4-MeV muons from stopped-pion decays occurring
excess pulse height.
counter, A, in front of the large counter, E, in order to identify
s, The large flux of electrons masks the pions
If we only consider events with an extra few
and protons are somewhat separated by the

We placed a 6-mm thick plastic
particle masses by relating the A and E pulse heigh
when no additional selection criteria are applied-
MeV in one of the delayed gates, then electrons, pions,
A 'E comparison. 1f we consider the subset of these events with total encrgy in excess of 20 MeV,

the separatioh.ia gaite good. See Fig, 7.1-1. By obaerviag the relaiivs xots of decay muon signal
e varions 20-nsec bites, we sec pions (having the correct lifetime). When we exclude events
with total energy less than 20 MeV, there is very lttle contamination, as shown in Fig. 7.1-2. The
imber of pions that we identify i roughly 20% of the number expected from the hydrogen target.
At only 40% are expected to survive more than 25 nsec, this result is encouraging.

tunity to continue the tests with the tagged photon beam
Jastic target and will do a carbon subtraction.) The pions

g

We are looking forward to the oppor!
and a hydrogen target. (We will use a pl

“University of Saskatchewan, ‘Saskatoon, STN 0W0, Canada.

KA. Aniol et al, Phys. Rev. C33, 208 (1986); D.P. Rosenzweig et al., Bt
(1989); M.A. Khandaker et aL, to be published.

2M. Doss et al., Nuclear Physics Laboratory

ull. Am. Phys. Soc. 34, 1204

Annual Report, University of Washington, p.28 (1989).

41




from hydrogen are monoenergetic, and we expect to have much lower backgrounds. Because the
Phototube pulse wil go over a much shorter cable, we expect to be able to decrease the 25 nsec
between the main pulse and the delayed samples. We are also exploring the possibility of testing
the counter directly in a low intensity pion beam at TRIUMF.

i3 Energies over Energies over
10 12 Mev 20 Mev
=
b
103
2
q
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3
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101 Ll M, 8 i h_ i
0 200 400 600 800 0 200 400 600 800

mass indication

1-1: The
E pulse heights. O
right only events wi

 events are histogramed against the relative mass determined from the A and
n the left, all events triggering the apparatus are histogrammed, while on the
ith energy above 20 MeV are included. There was 12 MeV threshold in the
trigger. In each case, the upper histogram is of all the events for which both A and E sigaals were
present, while the lower one is of events that exhibit an excess pulse height in one of the delayed

gates. Protons form the group around channel 540, pions form the group around channel 300, and
electrons are in the lower channels.
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Figure 7.1-2: The events identified as pions are histogrammed against the mean time for the

bite in which the 7+ - u* decay occurred. The curve is a fit of  time independent background |
plus an exponential decay with the pion lifetime.
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7.2 Inclusive Spectra for Scattering 100MeV 7* from a Variety of Nuclei

JF. Amann,” R.L. Boudrie,” K.GR. Doss,! D. Drake," I. Halpern, J. Nelson,}
M. Khandaker$ D.P. Rosenzweig, D.W. Storm, D.R. Tieger* and S.:A- Wood!

The results of our measurement of the inclusive inclastic scattering spectra of pions from g,
40Ca, 1208, and 208Pb were reported last year.! We have continued to investigate and improve
certain aspects of the data analysis, allowing us to achieve lover background contamination and
e systommatie. ancestaintios, While fhe Back angle diferpatial cooge sertions (5 200
eubstantialy changed by the additional work, it appears as though the 50° data set has become
usable; previously the forward angle data was swamped by a high background of muons. The 50°
data sut is helpfal in performing the extrapolation used to obtain the total inclastic scattering cross
section.

The improved background suppression is made possible by an optimization of the trajectory
reconstruction. software, especially that past which determinines the position and angle of the
trajectories at the target. Utilizing the strong correlation between these two quantities we are able
e e ose craate 1ot originating from the beam spot. These include eventa from mon
e e helo and from pions which decay to muons after they scatter. Muon scattering is forward
peaked, and the muon contamination increases drastically between 15" and 50°. The increased
signal-to-noise ratio has also allowed us to determine better the focal plane efficiency function of
the spectrometer, because the calibration data set (x-p elastic yields) shows much less scatter.

Still unresolved, however, are discrepencies between transmission and reflection targes geo™
trics, as well as fluctuations in the spectrometer's acceptance as a function of spectrometer angle.
We suspect these are both related to target misallignment, and hope o understand them further.
At this point they are the main cause of systematic error. The discrepencies are typically 5%,
but range to 15%. Shown below are the total inelastic cross sections deduced from our angular
Sistribution measurements. In last year's report reasons were given 3s (0 Why one expects the N=2,
S o ave similae inelastic crossssction for %™, a1d,*, and Wy, the €7 cross section should
be about 4 factor of 2 larger than the x* cross-section for the case of Pb.

Figure 7.2-1. Total inelastic cross-sections for
% scattering from C, Ca, Sn and Pb.

“Los Alamos National Laboratory (LAMPF), Los Alamos, NM 87545

1University of Saskatchewan, Saskatoon, STN OWO Canada.

tMassachusetts Institute of Technology, Cambridge, MA 02139.

$University of Maryland, College Park, MD 20742

SUniversity of Illinois, Champaign, IL 61820.

\Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 31
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7.3 Modeling Inclusive Inelastic 7+ Scattering
1. Halpern, D.P. Rosenzweig and D.W. Storm

In connection with the measurement of the inelastic scattering spectra reported in the previous

section,! we have been investigating the applicability of a semi-classical model to account for our

data. We are encouraged by the model's ability to reproduce both the spectral shape and the
overall magnitude of the inelastic cross-section.

The model involves two simplifying approximations: 1) the nucleon momentum distribution is
uniform throughout the nucleus, and 2) the pion-nucleon interaction is assumed to be described
by the free 7N cross-section for the appropriate kinematics.

energy a calculation is made of the effective volume of the nu
pion and have it escape. This function s folded together with a spectrum calculated for that angle

by assuming the pions impinge on nucleons which have a momentum distribution that is taken to
be Wood-Saxon in shape.

For each outgoing pion angle and
cleus which is able to scatter that

Bach point of the nuclear volume can be assigned a probability of having a pion arive at it,
scatter at the detector angle, and traverse back out of the nucleus. The attenuation is energy
dependent, so this probability is a function of not only the scattering angle, but also of the initial
and final pion energy. The 7% energy in the nucleus is modified by Coulomb and nuclear filld
effects, such that EyNuc = Erpeam F Vo + Un. We use a value for the nuclear potential of Uy ~ 20
MeV in order to account for the kinematic effects. The transmission probability T(F, 0, Ex, Ev)
is determined by integrating the pion attenuation along straight line paths to the point 7. The
attenuation is calculated using the free 7-nucleon cross section modified by Pauli blocking in the
nucleus, and a Wood-Saxon parameterization of the density. For high energy pions the attenuation
is strong, and only the volume near the surface can emit a scattered pion. Integration of T over dF
gives us a factor describing the emitting volume.

The double differential cross-section for pion scattering from the moving nucleons is determined
2s follows. Contributions from each portion of the momentum distribution are weighted by the
elementary differential cross-section evaluated at the center-of-mass angle chosen such that the pion
scattered from the moving nucleon will appear at an angle ,, in the lab frame. The contributions
are compiled into a histogram. In addition, we calculate the nucleon’s kinetic energy from the
momentum, and assume that those collisions which leave the nucleon with less kinetic energy than
the Fermi energy are Pauli blocked. Their contributions are not counted. The Coulomb and
nuclear fields shift the initial pions energy, influencing the scattering kinematics. This effect causes
the centroids in the spectra of 7~ and 7+ scattering from Pb to shift apart by 15 MeV due to the
strong Coulomb potential (V¢ = 18 MV). This shift is apparent in the data as well, as is shown in
Fig. 7.3-1

‘The spectrum obtained is multiplied by the transmission probability for a pion of energy Ey,
producing the desired double differential cross-section. Additionally, the Coulomb field modifies
the pion trajectory as it approaches the nucleus, increasing the effective 7~ cross-section (and
decreasing that for 7+) by a factor of 15 Vc/T for 7.

‘The results of these calculations are shown in the following figures. Typical spectra are shown

*Nuclear Phys

Laboratory Annual Report, University of Washington (1990), Section 7.2.




in Fig, 731, for the case of the Pb target and scatteing sngle of 100°. The bistograms are
The tamrad dats, xtending to the cutofl at Eigym ASHIcH. Figt 4068 stpuics e angais:
Siceributions with those measured for the Pb and Ca targets. There are 1o free parameters besides
the nucleon potential U, and one can see that overall magaitudes are reasonably well reproduced.

We are attempting to use an extension of the model described here to account for data taken
st a similar energy using targets of A < 4, and are encoursgad by the preliminary results These
et ifor from the heavy nuclei, because ll nucleons are n the same energy cigenstate and their
T eenta ure distribated in a Ganssian. In this case the Pauli blocking is treated diffreatly; the
pion energy transfer must exceed the nucleon’s binding energy.

8

8

°

a
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20 40 60
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Figure 7.3-1. Double diffential energy spectra for inclastic pion scattering for Pb target at
10>, The histograms are our data, and the smooth curves are the model calculation. The
solid curve is for 7~ and the dashed curve s for 7*.

Cross Section (mb/sr)

[]
cos(6)

Figure 7.3:2. The angular distribution for inelastic pion scattering, comparing the data
our model calculation. The solid curve is for %~ and the dashed curve is for 7.

51




7.4 Mechanical Design for the PEGASYS T.O.F. Wall
J.F. Amsbaugh and C.E. Hyde-Wright

The preliminary mechanical design for the time of flight wall of PEGASYS has a central wall,
in two halves, and two wing walls. Each wall is a number of plastic scintillators placed side by side
with a light guide (LG) and photomultiplier tube assembly (PMTA) on the top and bottom of each
bar. The scintillator cross section is 10 x 5 cm, and two lengths are used, 500 cm in the central
wall and 430 cm in the wings. These long scintillator bars are made by glueing two shorter pieces
of equal length together. A central wall half has 28 detectors for a total weight of 810 kg for the
detectors and a wing wall has 22 for a weight of 530 kg.

The scintillators rest upon inverted T-blocks, 2 cm thick, which are centered along the 5 cm
edge centered between each. The light guides, which change from 8x5 cm square section to Scm
diameter, it in between. Thus 20% of the scintillator end section is obscured for support. The arms
of the T-block bolt to two pieces of Unistrut that run along the bottom of the wall.! Two padded
Al clamp plates run across the bottom on the front and back These plates bolt to the T-block and
clamp the last 10 cm of the scintillator into place. Also the Al clamp plates have threaded holes for
the tie rods of the light guide mounting ring. This ring has left hand threads for the tie rods which
act like turnbuckles to mount the LG. The ring also has a bolt circle for the PMT base, a recess
for the magnetic shield secured with set screw. A lower cross section detail, through a T-block, is
shown in Fig. 7.4-1. This bottom support frame structure is repeated at the top.

The verticals of the support frame were designed for minimum width to minimize the inactive
area where the walls abut each other (central) or abut other detectors (wings). Thick wall 2.5 X
7.5 cm rectangular tubing is used with weldments at each end and midpoint. The end weldment
has tangs for connecting to the Unistrut, and bolts into the end T-blocks. The midpoint weldment
is for a connecting midplane clamp. This padded clamp plate is made of 5 cm square SST tubing
and prevents the scintillators from buckling at the midplane glue joint.

‘The interior midpoint weldments of the central halves are designed for a 12inch 0.D. beamline
to pass through. It also provides the space and mounting for 16 radiation lengths of Pb shiclding.
The first two scintillators on each side of the beamline are truncated above and below the shield
U-turn light guides allow the normal LG and PMTA to be mounted in the front or back of the wall,
providing detection above and below the shield. This mount is incorporated in the weldment. A
detail view of the beam region for a central wall half of is shown in Fig. 7.4-2.

The frame design is robust since assembly is planned while on it's side. This also provides
protection against smaller earthquakes. This preliminary design does not include floor mountings,
lifting fixtures, or tie-ins to the other detector assemblies at this time.

trut is a registered trade mark of the Unistrut Corporation, Wayne, Michigan.
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7.5 PEGASYS Time-of-Flight Resolution
C.E. Hyde-Wright and J.B. Ritter

We have done analytic simulations of the the time response of the proposed Time-of-Flight
(TOF) counters for the Pegasys detector. We include the effects of light emission and attenuation
of the scintillator, light collection by imperfect total internal reflection in the scintillator and light
guide, and the time response of the phototube. For a minimum ionizing track at the midplane of
the central wall, we estimate 330 photoelectrons collected at each PMT, and a timing resolution
(after averaging the two ends) of 160 psec (sigma). At a distance of 7.75 m from the target, this
timing resolution produces a > 100: 1 7 : K discrimination ratio for momenta less than 2 GeV/L.
Assuming a 7 : K flux ratio of 10:1, this results in a  contamination of < 10% in the K spectra.

The parameters of our analytic simulations are as follows: 1)
per MeV of energy loss (NE Technology and Bicron claim 10000),
2.1 nsec. 3) Bulk attenuation length 38 m. 4) Coefficient of (i
Bicron claims only,

4150 visible scintillation photons
2) Light emission decay constant
total internal) reflectivity 0.996.
0.9, but we fitted 0.996 to atttenuation lengths quoted by Bicron and NE
Technology in their technical literature. For example, the 1/e length in a 1.27 X 10 cm bar of
NE-110 s 1.9 m and the 1/e length in a 1 x 12 cm bar of BC-408 is 2.1 m. The extrapolted 1/e
length that we obtain fora 5x 10 cm bar is 2.4 m. 5) The light guide is a Winston cone that collects
66% of the light at 0° and an average of 40% of all the incident light from the scintillator. 6) The
photomultiplier tube (PMT) quantum efficiency is 25% with a gaussian pulse of o = 1.7 nsec. We
compute the charge collected at the PMT anode as a function of time, in units of photo-electrons:

N(1). For a timing discriminator threshold N1 such that N(t) = Nz, we estimate the triggering
jitter according to

o= Vi 4RO

We have not included the Landau fluctuations in the energy loss. We expect to correct for such
fluctuations by defining a corrected time! ' =  + x/\/N{co), where N(0) is the total integrated
pulse height and r s a fitted parameter. We are refining our simulations, and repeating them with
2 monte carlo program of R. Stroynowski.

In December 1989, Mitsui Plastics arranged the donation of two pieces of SCSN-38 scintillator
(510X 100 cm and 5 x 10 x 200 cm) from the Kyowa Gas Chemical Co. We are experimenting
with gluing techniques for the scintillator - scintillator - lucite - PMT junctions. We expect to
measure the timing performance of this 3 m sample in the spring of 1990. We have purchased R329
and R1828 (Hamamatsu) and XP2262B (Phillips) PMTs, to determine the cheapest tube that will
give us the required performance.

'T. Sugitate et al.,

ucl Inst Meth A249 354 (1986).
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7.6 Electron Scattering from the Proton and the Deuteron
1. Alster® R.G. Arnold;t P.E. Bosted,” C.C. Chang} F.S. Dietrich$ RA. Gearhart,¥
.. Giffoen,) R. Hicks,* C.E. Hyde-Wright, §.E. Kuhn,{! J. Lichtenstadt, ! R- Miskimen$
G. Peterson,$ G.G. Petratos, S.E. Rock," S.H. Rokni$ K. Swartz, Z. Szalata” and
K. van Bibber!

The data acquisition for this experiment was reported in last years aniual report!. Analysis
s underway, and will be reported at the PANIC conference in June 1990 (P. Bosted, et al.). The
Sneertaintios expocted for the measured nucleon form factors are listed in the table below. The
elastic electron nucleon cross section is:
da 4 (ool eyt SE iy ,] doo _ oPcos’(8/2) E' 1
@ e [GE(Q )+ T M@ @~ aEren'(0/2) E1+7

where 7 = Q/(4M?), 1/c = [1+2(1+7) tan*(9/2)), and doo is the cros section for scattering from.
» point charge of mass M. The Sachs (G), Dirac (F), and Pauli (F) form factors are related by

G5(@) = R(Q) - ~TE(@Q), Gu(@) = Fi@) + rF(@):

For the proton, Fi(0) = Fy(0) = 1 and 1 — &, = jip = 2793, For the neutron, Fi(0)=0, B(0) =

nd < e = 1,918 The dipole form factor Gp = [1+ Q7/A%]"2 is & convenient parame-
terization: existing data are consistent with GMun/pn & Guplity ~ GEp ~ Gp. It has has been
suggested? that Fi &0 < Gp. In this case, GEn = ~7Gtn: Al 008 highest Q2 point & 1.0.
Thus if G

E,
4G, our error bars will casily distinguish between Gig.n = 0 of F,

Q P eor emeron  emorom _ emorom  efroron
(GeV/o)? io)d GupluGp _GslGp_Goan/iinGo G /Gh
1.75 . 015 07 T
2.50 0.5% 015 09 08 34
325 0.8% 015 12 08 45
4.00 0.8% 015 14 08 .55
5.00 0.8% 015 A7 =

6.00 015 21

R T
“Tel Aviv University, Ramat Aviv 69978 lsracl
+The American University, Washington DC 20016
1University of Maryland, College Park MD 20742
SLawrence Livermore National Laboratory, Livermore, CA 94350,
¥Stanford Linear Accelerator Center, Stanford, CA 94305,
WUniversity of Pennsylvania, Philadelphia, PA 19104.
«~University of Massaschusetts, Amherst MA 01003
11Stanford University, Stanford CA 94305,
##University of Rochester, Rochester, NY 14621.
+Nuclear Physics Laboratory Annual Report, University of Washington (1989) p- 29
2M. Gari and W. Kriimpelmann, Z. Phys., A322 680 (1985).
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7.7 Virtual Compton Scattering with PEGASYS
C.E. Hyde-Wright

The figure on the following page summarizes our studies of the virtu:
N (e,¢"y) for the Pegasys proposal. In deep inelastic kinematics
fer) this reaction is predicted to scale!
k), where k is the detected photon momentum, 1,Q? are the energy and invasiant qomentum
squared transfer by the electron, and Q% = ~(p - ' - k)2. The contributions to the (e,€y) reac-
tion are illustrated at the bottom of this page. The compton and bethe-heitler (or radiative tail)
amplitudes lead to indistingui final states: there is an interf amplitude
as well. Photons from the decay of hadrons (mostly 70 — 77 decays) lead to distinguishable fi
nal states. These photons form a statistical background to the measurement of the bethe-heitlr,
compton, and interference cross sections.

al compton reaction
(large energy and momentum trans-
2 a function of the Compton z-variable ¢ = Q2 /[2M(v—

The top panels on the following page illustrate the particle decay background, and compare
this to the compton part of (e, y). The cross section (in units of ) is integrated by monte-carlo
techniques over the Pegasys acceptance, and plotted in bins of k%, the component of the photon
momentum perpendicular to the virtual photon direction.

I allfigures, the cross section is integrated over the kinematic domain 1 (GeV/c)? < Q? < 4.0
(GeV/c)?, 4 GeV < v < 10 GeV, k 2 v/2, and 1 (GeV/c)? < Q3. In the right hand column, an
additional constraint is imposed that the residual mass of the final state W3 = (p4+ P~/ — k)2 > 4
GeVZ. In the bottom panels, the constraint k2 > 1.0 (GeV/c)? is also included.

In the top panels, the dot-dashed curves represent the total photon production from hadron
decays, as simulated by the LUND monte carlo. The dash curves (roughly 2/3) represent those
photons which are reconstructed to a 79, and can be eliminated on an event-by-event basis. The
residual dotted line is the difference of these two: this is the statistical background of photons. The
constraint k > v/2 reduces the combinatorial background from multiple 70 events. In both the left
and the right samples, the background is well below the compton signal for k3 > 1.0 (Gev/c)?.

The bottom panels illustrate the three deep inelastic processes: compton, bethe-heitler, and
their interference, in bins of zc. In the bottom right hand panel, it is seen that the three processes
are roughly equal. The main purpose of this proposed experiment is to test the scaling law prediction
for these cross sections. At fixed zc, the cross section is exactly predicted (as a function of the
5 other kinematic variables) with just three empirical constants, normalizing the three terms in
the lower panels.2 The onset of this scaling, as a function of Q!
transition from hadronic to quark degrees of freedom.

Figure 7.7-1. Feynman diagrams for the (e, ¢y) reaction.
Compton Bethe-Heitler % decay background
& P I F 4

% is an important indicator of the

P

!S.J. Brodsky, J.F. Gunion, and R.L. Jafle, Phys Rev D6, 2487 (1972).
“Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 29.
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7.8 Radiative Mgller Scattering
C.E. Hyde-Wright and K.B. Swarty

In radiative Moller scattering: e(c, c'y)e,
cross section vanishes for certain symmetric ki

an interesting phenomenon occurs, the leading order

inematics'? producing a radiation null. The radiation
null kinematics are defined by the (two independent) conditions:

km=kp=kp=kp,

Where k is the photon four-vector, and p; are the four-vectors o the electrons in the initial and final
states. The radiation null theorem s violated by higher order processes, which contribute to the
radiative corrections. Thus a measurement of the cross sect
is a test of higher order QED terms,

n in the vicinity of the null kinematics
in the absence of the (usually dominant) lowest order terms.

We are exploring the feasibility of using the small angle luminosity monitor for the PEGASYS
experiment at SLAC to measure radiative moller scattering (off o atomic electrons) in the radiation
null inematics. In order to eliminate accidental backgrounds from nuclear conlomb, bremstrahlung,
and ordinary moller scattering, we propose the triple coincidence experiment: e;(c,cfey). The
Kinematics are completely determined by a measurement of the scattering angles of all three par-
ticles. Thus even modest energy resolution can be used for background rejection. In the eloctron.
electron CM, the radiation null conditions are satisfied for the photon direction perpendicular to
the incident beam, and the two electrons scattered symmetrically, with equal energy and arbitrary
azimuth around the photon direction. In the lab frame (with one electron initially at rest) the pho-
ton angle is 6, = /2m/Ey, where Eo is the incident energy. The clectron kinematics correspond

to one electron with Ey > (E ~ )/2 at an angle 6, < 6, and the other with E; < (E - k)/2 and
6,20,

.
i e e i hen 761 e M i
cross section as a fanction of the
photon angle relative to the beam.
In order to illustrate the radiation
null, a kinematic constraint is im-
posed, that in the CM the two
electrons are scattered at equal an-
gles relative to the photon direc-
tion. The cross section is plot-
ted for three values of the azimuth
of the electrons around the pho-
ton direction. For doy = 0, the
entire event lies in a plane. For
dom = 90, the two electrons are
L <= Tho cqual energy and equal angle rela-
Oy (20 tive to the beam, in the lab.

40/40, 40080 4040080 gy (55)

*Brodsky, S.J. and Brown, R.W. Phys Rev Lett. 49 (1982) 966.
*Brown et al. Phys Rev D28, 624 (1983)




8 EXTERNAL USERS

8.1 Single Event Phenomenology by Heavy Ions

B.W. Hughlock* and A. Johnston®

Space electronics are exposed to a severe radiation environment, including energetic ions. In
high density integrated circuits the track of a electron-hole pairs produced by the passage of a
single fon can produce logic upset (Single Event Latchup, SEL), or can transform a device to an
anomalous latched state that no longer responds to input signals.

Using the wide range of ions and energies available from the Van de Graaff, we are performing
basic research on the IIIV technologjes, such as gallium-arsenide and indium-phosphide, to charac-
terize their SEL ility. Additionally, we are i ing the basic iisms responsible
for latchup in silicon based circuits.

The abjective of our research is to develop single event hardening methods that can be used to
increase the reliability of future space electronics.

8.2 Burst Annealing of High Temperature GaAs Solar Cells

P.B. Brothers! and W.E. Horne!

Solar calls used to provide power for space purposes are subject to degradation from electron
and proton radiation. This radiation is present in the natural space environment and limits the
Jifetime of solar array systems used to power spacecraft

1 the cells are heated to a suffciently high temperature (annealed), the radiation degradation
can be reversed, but the cells are then damaged through other ‘mechanisms by the high temperature.
High temperature tolerant GaAs cells were developed allowing higher annealing temperatures than
Have beon previously possible. Cells were exposed to successive electron and proton irradiations
with interspersed burst anneal cycles.

The Van de Graaff accelerator was used to irradiate the cells with 1.7 MeV protons. The cells
were then processed through various annealing cycles to test for thermal dsmage and annealing of
the radiation damage. The cells were similarly exposed to electron radiation and annealed.

Results indicated that near total recovery of cell performance is possible after multiple radia-
tion/anneal cycles. Further tests and analysis will be conducted to discover the specific thermal
damage mechanisms and the effects of many radiation/anneal cycles.

Seattle, WA 98124-2499.
eattle, WA 98124-2490.

‘Boeing Acrospace & Electroni
1Boeing Defense & Space Group,
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83 Lightweight Tandem Solar Cell Module Qualification Testing
P.A. Dillard* and L.T. Nirider*

The purpose of this testing program was to obtain test data which characterizes the electrical
performance of each of a set of sub-cells in a tandem solar cell module over a range of environmental
conditions likely to be encountered in space. A part of this testing program consisted of exposure
of the tandem cells to particle radiation fluences equivalent to those accumulated in  typical space
“lifetime” for the space mission.

The type of radiation of concern for space missions in the near-carth environment consists of

energetic charged or massive neutral particles (i.e., electrons, protons, heavy ions,

or neutrons).
These particles interact with the solar cell materials in variou

s ways including:
1. Elastic collisions with atomic nuclei.
2. Inclastic collisions with bound electrons.

3. Inelastic collisions with atomic nuclei.

Allof these processes induce damage in the solar cell causing a degradation of electrical perfor-
mance. The values of the relative damage constants for omnidirectional proton fluences on shielded
solar cells allow a space proton environment to be reduced to an equivalent fluence of normally
incident 10 MeV protons on unshielded solar cells.! Our experiments consisted of exposure of
unshielded solar cells to normally incident 10 MeV' protons to total fluences of from 1.0 x 100
protons/cm? to 1.0 x 102 protons/cm?. The electrical characterist;
carefully measured in a Xenon-arc solar simulator both
the 10 MeV protons.

of each of the test cells were
prior to and immediately after exposure to

Measured levels of damage induced in the tandem cells as a result of these exposures agreed
well with previously calculated models of damage coefficients. Development of the Tandem Solar
Cell Module is continuing.

8.4  Stability of Fused Silica Under Proton Irradiation
W.G. Bartholet," L.B. Fogdall,* L.D. Milliman," L.T. Nirider,” D.A. Russell* and J.L. Wert*

Fused silica covers are useful for absorbing ionizing radiation that would otherwise damage
spacecraft solar cells. It is among the most stable spacecraft materials for this application and
transmits more than 90 percent of incident solar energy to the underlying cells. In these studies
we sought data on the performance/stability of uncoated fused silica after irradiation by 1 MeV, 5
MeV, and 10 MeV protons to fluences as great as 1 x 10'* p/cm?. Normal spectral transmittance
was measured in air before and after irradiation. Between 250 and 2500 nm the measured changes
were less than one percent both spectrally and weighted by the solar radiance spectrum, verifying
the utility of fused silica for the intended purpose. In addition, there were no visually apparent
changes such as tracking or dielectric breakdown due to testing at accelerated rates.

*Bocing Defense & Space Group, Seattle, WA 98124-2199.
*“Solar Cell Radiation Handbook”, H.Y. Tada et al. National Aeronautics and Space Administration,
Nov. 1982.



8.5 Tsotope Wear Analysis for Turbopump Bearings
P.T. Coleman,” H.B. Knowles,* R.S. Nelson* and M.R. Randall*

Rocketdyne has been developing a wide variety of technologies to provide direct information
b A Ah of exitical rocket, engin components. One of these technclogies, lsviope Wear
Amalysis (IWA), can quantify component mass loss (caused by rubbing, eroding, ablating, dissol
ing, etc.) without engine disassembly: low levels of radicactive isotopes rt generated within a
15t e area of the component by bombardment with a high-energy particle beam. Gamma emis-
o the isotopes penetrate through the engine housing, where they can be measured using
O eatlation detector. As the component degrades, some of the activated material is removed,
proportional to the total amount of mass loss. The corresponding reduction in emissions received
by the scinillation detector can be analyzed to dtermine the amount of degradation.

-

Monitoring the condition of the bearings in the Space Shuttle Main Engine liquid oxygen and
Jiquid hydrogen turbopumps s of particular interest to Rocketdyne: tremendous forces are exerted
o thess beorings, as the pumps can generate more than 77,000 horsepover 2t speeds greater
than 37,000 rpm. It is desirable to monitor adjacent bearings or different components on the
o haaring (o s Suge va; ‘outer raod)l Piereforé, miollods WREEEE Sl long-lived,
gamma-emitting isotopes are being explored-

It is not possible to change the bearing composition at this time, 80 whI® isotopes or isotope
combinations must be created in other ways. Bearing material samples were scn @ the University
of Washington for irradiation as the first step in experimentally determining radioisotope yield as
o function of particle type of energy. The unique information obtained by analyzing the activated
samples showed that it is possible to create several distinct isotope ratio “signatures”, allowing
Gogendation to be measured on adjacent bearings or bearing components:

e o e
“Rockwell International, Rocketdyne Division, Canoga Park, CA 91303,
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9 INSTRUMENTATION

9.1 BGO Compton Suppressed Ge Detectors
D.J. Prindle and R. Vandenbosch

As part of an upgrade of our 7-ray detectors we are in the process of acquiring three Compton-
suppressed, intrinsic Germanium detectors. These will complement the recently acquired BaF;
detectors, which are discussed in section 9.4 of this report. The Ge detectors will be useful for
measuring discrete 7 lines ranging in energy from ~ 100keV to ~ 10MeV. In order to keep the
Compton tail of higher energy 7-rays from swamping the lower energy « lines the Ge detectors are
surrounded by BGO Compton suppression shields.

The specifications of the Ge detectors are listed in Table 1. The material is intrinsic germanium.
This means we will be able to repair neutron damage at our laboratory. Also, there is no evidence
that temperature cycling of an intrinsic Ge detector causes a degradation of energy resolution.

The Compton suppression shields are made of BGO, allowing a compact construction. The Ge
detectors will be about 7 inches from the target and we will be able to place three of them on one
side of the beam in one plane. For maximum suppression of the low energy part of the Compton
tail the Compton suppressor is asymmetric; there is BGO material directly behind the Ge. This
means the Ge detector comes in from the side and presents a square face to the target. The design
is very similar to the Compton suppressors of the Argonne-Notre Dame Ge array.

‘The three Ge detectors are on order. We expect delivery of the first two in April with the third
to follow so0n after. Two of the BGO suppressors are on order. Delivery of the first is expected
in April, with the second to be delivered in May. All the necessary electronics have been ordered.
This includes the signal processing electronics to determine energy of the Ge signal and Ge-BGO
coincidence as well as electronics for a liquid nitrogen auto-fill system and a neutron damage repair
system. The current support plan will place them on the BaF, table (or an extension of it).
Construction of this table will begin soon and should be completed by summer. We will have to
construct a smaller scattering chamber in order to place the Ge within 7 inches of the target. Plans
for this chamber are at an early stage.

Table 9.1-1: Ge detector specifications.
Resolution at 122 keV' < 950eV

at 1.3 MeV < 2.2keV
FWTM/FWHM" at 122 keV <2.00
FWFM/FWHM® at 1.3 MeV' <3.00
Peak/Compton for 1.3 MeV line > 60/1
Efficiency for 1.3 MeV line > 55% relative to 3” x 3" Nal
Timing at 500 keV < 7ns FWHM"

< 20ns FWTM®
at 150 keV. < 12ns FWHM"

*FWHM = Full Width Half Max: FWTM = Full Width Tenth Max: FWFM = Full Width
Fiftieth Max



9.2 Calibration of The Plastic ‘Wall Phoswich Array
AW. Charlop, C.E. Hyde-Wright, 5. Kailas* D.J. Prindle, K.B- Swartz and R. Vandenbosch

The Plastic Wall phoswich array was designed to measure energy and direction of light particles
(p, d, t and a) over a large solid ‘angle. The details of the array are given in last years annual
report.! Briefly, a phoswich counter consists of a thin fast plastic acting as a $E counter in front
of a thick slow plastic acting as an E counter. This article describes how the electronic signals are
calibrated for particle identification and energy measurement;

For each counter we measnure three things; the fast charge’ during the prompL PALt of the signal,
the ‘slow charge’ during a delayed part of the sigaal, and the Time OF Flight (TOF). Plotting fast
o 1o, distingalah. hetween 4, = 1,00 %= 4hub (G 10 separate the Z = 1
{sotopes. The calibration serves two primary purposes; irt it allows separation of Z = 1 from
7 =3 using an algorithm as opposed to draving banana gates. More importantly it allows a
determination of the energy using the ‘slow’.

The timing calibration is straight forward. Using a mylar target we trigger on ‘elastic’ protons;
the onergy, and hence TOF, s determined by angle. Selecting clastic provors with a gate in ‘fast’
e e, gl TDComized — TOF, which s the, TDC, e, Fhe peak has a FWHM of
5 300ps.

The charge calibration is a lttle more complicated. First of all there are the ADC pedestals
2nd the contaibution of the slow plastic to the prompt signal. We assume
Fastmess = Fast + Pedrac + A + Slow
Slowmess = Slow + Pedsiow + B * Fast
Pedpus, Pedsion A, and B are determined by fitting straight lines to the edges of the ‘fast’ versus

tslow" plot. We expected to find B = 0; we find B small but nonzero.

Forthe energy calibration we start with Fast and Slow. Samples of protons and as are obtained
by banana gates on Fast versus Slow and the energy is derived from the TOF.. The light output of
plastic scintillator is not linear with the input encrey, primarily because of a saturation at large £
which is described by Birks’ formula;

Cstow =

Ge i related to the gain of the photo-tube and § describes the saturation at high dE/dz. The
integration limits are the energies at which the particle entered and left the plastic. Crast 18
e ated in a similar way using the appropriate limits of integration and replacing Gs with Gr.
e detormine Gs, G and § by doing a simultaneous least squared fit to Fasty, Slowy, Fast, and
Slowy, We find Slowy, Slow, and Fastq are well described by Birks’ formula.

Unfortunately Fast, is poorly described by this parameterization, which is difficult to under-
stand. Possibly the pedestals have been subtracted incorsectly. Until we understand better how to
stand. oS

~Present address: Bhabha Atomic Research Center, Bombay, India
e ene Physics Laboratory Annual Report, University of Washington (1989) p 50 for more details
of the phoswich array.




describe Fast, we can not use it to separate the Z
Plotting TOF measured — TOF(Slow) where we assume all Z
due to p, d and t that are separated by about 3.

= 1 isotopes. We can do a reasonable job by

events are protons. We find peaks

9.3 A Beam Polarization Monitor
JK. Eisenberg, C.A. Gossett and K.B. Swartz

The polarized ion source has produced polarized beam reliably, but to measure the beam polar-
ization, to date, a separate scattering chamber has had to be setup and calibrated. A permanent
setup to measure and monitor beam polarization is sorely needed. It would be more convenient be-
cause only a one time investment in calibrating and understanding the apparatus would be needed.

Such a device has been designed and most parts of it have been built. It should be avaliable for
use in a couple of months.

A polarimeter that could measure proton vector and deuteron vector and tensor polarization
up to a energy of approximately 36 MeV is desirable. However as a quick first step a polarimeter
that can measure only vector polarization in the limited energy range 3 to 10 MeV has been
designed. It should be straightforward to upgrade it to measure a larger energy range and to
include the possibility of measuring tensor polarization. The reactions that will be used to measure
polarization are: proton or deuteron elastic scattering from *1le for vector moments, and eventually
*He(d,p)*He for deuteron tensor moments.

The polarimeter is designed to be used on more than one beam line, since it is desirable that
the beam polarization be measured as close to the experiment as possible. The polarimeter consists
of 2 12 inch diameter scattering chamber with all the components mounted on the lid. The lid
is easily removable and replaceable by a blank when not in use. The convenience of the design i

that to install the polarimeter on another beam line, only another chamber has to be built. The
polarimeter has a gas target which will typically contain “He and, possibly in the future, SHe.
There are two telescopes consisting of delta E and E silicon surface barrier detectors each with an
active area of 50mm?. The angle of the telescopes can be varied from 20 to 65 degrees in steps of
5 degrees.

For the future the possibility of using a CsI crystal with a PIN diode as a higher energy
proton detector s being investigated. Also possible would be adding more telescopes, 5o that all
polarization moments can be measured. The size of the chamber is adequate so that detectors
could be mounted out of plane. We look forward to using the polarimeter soon.



9.4 A Barium Fluoride Detector Array for High Energy 7-rays
Z.M. Drebi, S.J. Luke, D.J. Prindle, R. ‘Vandenbosch and K.A.Snover

W are assembling a three-detector barium fluoride scintillator system to measire high energy
gamma rays. Two detectors, one from Optovac and the othe from Harsha, have been purchased.
b detestor cunsists of a single right circular cylindrical crystal, 145 em in diameter and 17.5
em long, Tniially both crystals were polished with a mirror finsh on all surfaces and wrapped in
telon suflecting material to optimize the pulse hight resolution. Bach crystal is coupled to a 5-in
Hamamatew photomultiplier tube model R1251. Each crystal is surrounded by o onevinch thick
ot eoincidence plastic scintillator shield. Three 2-inch photomultipler tubes (Hamamatsu model
R520) ate coupled to cach plastic shield, two on the annulus and one on the front disk.

The optical transmission of the BaF crystals is described in Section 9.5. In spite of the fact
(hat e e itod tranemissions are poorer than originally specified, our design goal of 10:1 wes
achieved for the fast/slow pulse amplitude ratio-

We measured the energy resolution of each uncollimated detector for gamma rays at 0511,
1275, 0,661, and 6.1 MeV from #Na,17Cs, and Pul?C sources. The resolution varies from 15% at
862 kov to 5.5% at 6.1 MeV for the Optovac detector, consistent with a dominant contribution from
shoton statitics. A slightly worse resolution was found for the Harshaw detector. A worsening
B tion was found for  collimated source located off the central axs and along the side of
the erystal. In-beam tests using 'SN(pyy) and ''B(py) show resolutions of roughly 8-10% for
E, = 17-21 MeV.

The time resolution was deduced by measuring -7 coincidence using the two BaFy detectors
sad 78Ns and ®Co sources. For 1.17-1.33 MeV coincidences, the measured time resolution was
S84ns FWHM indicating an intrinsic resolution, per detector, of 0.6ns. This was found to vary as
1//E over the energy range 0.5-1.3 MeV.

Operating the plastic shield in anti-coincidence we measured cosmic ray rejection efficiencies
over & wide zange of energies and vith different amounts of lead shield on top and around the
etectors. We conducted the measurements in two locations, inside Cave-2 and in the detector lab
toom. We found that the cosmic ray rejection efficiency outside Cave-2is around 60% at 10-20 MeV
o incroases o around 95% as we put 67 of lead shicld on top of the detector. These efficiencies
increase exponentially with increasing cosmic ray encrgy. Measurements inside Cave-2 reproduce
these rosulty if we assume an effective shielding due to roofing cover equivalent to 2" of lead.

Currently 2 different active base designs are being pursucd in order to achieve good gain stability
as a function of counting rate.




9.5 Transmission of Ultra-Violet Light Through Large BaF; Crystals
E. Abramson,” D. Imre,* $.J. Luke, K.A. Snover and R.P. Swift*

In a previous article,! the acquisition of several large BaF; scintillator detectors was described.
When we received these detectors we were faced with the dilemma of trying to determine the
acceptability of these detectors for our purposes. One of the basic questions which concerned us
was the transmission of light at the wavelengths of the crystals scintillation. This problem was
complicated by two facts. The first was the size of the crystal; since the detectors are rather large
(14.5 em X 17 cm), normal spectrometers were out of the question. Second, BaF; scintillates in
the ultra-violet, so finding a uv source is not trivial.

We used a molecular spectroscopy laser system to measure the transmission of ultra-violet light
in the BaF crystal. The system consisted of a Quanta Ray, DCR Nd:YAG solid state laser which
pumped a Lambda Physik FL-2002 Dye Laser. We took the third harmonic of the YAG, 355 nm,
to pump the dye laser. The blue output of the dye laser was then doubled in a Lambda Physik
BBO frequency doubling crystal. This enables one to got ultra-violet light. The frequency of the
light depends upon the dye which is in the FL-2002. BaF, scintillates at 210 and 320 nm, we
used Coumarin 440 (in methanol) and DCM (end-pumped, in methanol) for the two wavelengths
respectively.

We measured the transmission of light at both wavelengths for the crystal obtained from Op-
tovac, Inc. We were able to do a systematic study of the transmission of light as a function of
the radial distance from the center, we found that there was a very little difference in the amount
of transmission in the center as opposed to the outer regions of the erystal. We did notice that
at some parts of the crystal the transmission would go to zero, this was due to inclusions in the
crystal itsel

the table below. Our 90% result for 330
50 nm passes our spec? of 83%. However, our results for the two shorter wavelength intervals,
referenced to the 330 - 350 transmission, of 0.81 and 0.39, fail to meet our specs® of 0.89 and 0.71,
respectively.

Wavelength(nm) | Measured Transmission | Ratio to A = 330 — 350
330 - 350 90%

220 — 350 | 3% 73/90 = 0.81
200 — 220 35% 35/91

University of Washington, Department of Chemistry
*Section 9.4 of this report.
2P0 258881, Section 2.1
PO 258881, Section 2.2.



9.6 Calibration of LEAR PPACs
T.A. Trainor

In last year's annual report,! I described successful installation of an X-Y PPAC beam profile
monitor at LEAR as part of the antiproton mass measurement program (Sec. 5.5). This s a double
PPAC system. The anode of each PPAC is divided into five 2.5mm wide strips. In slow extraction
mode (for diagnostics, 1053/sec) the PPACs are operated at high gain (360 V/Torr-cm) and pulses
from individnal particles drive ten rate meters which provide a 2-D beam profile or provide start
signals for a time-of-fight system to measure the 7 energy spectrum. In fast extraction mode (for
tepping, 10°p in 200nsec.) the PPACs are operated in ion chamber mode (S0V/Torr-cm) and the
current due to the very high 7 rate is detected.

In fon chamber mode the current signal from any one of the anode segments provides an excellent
{ime revord of the pulse from the LEAR ring. Fig. 9.6-1 shows such a time record in which stored
in the ying have been cooled, then bunched into four bunches. One of these bunches is then ejected
on demand into the PS 196 (mass measurement) beam line. The PPAC system has a rise time less
Than Son oven at these lower fields. Fig. 9.6-1 accurately displays the time structure and relative
magaitude of a LEAR pulse. This represents the first such information available to LEAR control
personnel on an external beam line.

th the reliability of this diagnostic established, the LEAR operators were able to determine
that this extraction process was ineficient and time wasting. Bunch forming heats the beam
rored in LEAR s that after a single fast extraction pulse is delivered the stored beam must be
debunched and cooled. Also the fast extraction pulse from a bunched beam has a larger transverse
emnittance and s, transmission to a target is reduced. LEAR operators were able to show using
the PPAC system that simple rapid deflection of the continuous stored beam with o fast Kicker
magnet (magnetic beam chopper) was better able to deliver a clean, lower emittace pulse to the
xporimental area. Such a pulse is shown in Fig. 9.6-2. The small peaks on leading and trailing
edges are characteristic of a kicker system tuned for optimum transmission and risetime.

Another attractive feature of the PPACs operated in fon chamber mode was the possibility of
absolute calibration of the device for the total number of 7. In 1.25mm of 20 Torr isobutane a 5.9
MeV  produces about 80e of charge. Calibration experiments with protons and alpha particles
n avaranche mode indicated (by an asymmetry in the relationship of signal height to direction of
travel of the particle through the counter) that particles enter the counter gas “dressed” with an
equilibrium population of delta clectrons characteristic of the window material. In the present case
s amounts to an additional e deposited in the gas. The mean charge deposited per p was taken
as 8Tet5e.

The current pulse in ion chamber mode has two components. The fast component, due to
electron motion, accarately follows any variation of the 7 flux on a time scale longer than 5ns. The
low component, due to positive on motion (~1000 times slower) represents an integral of the 7
flux (an upgoing ramp on which the fast component is superposed) followed by a linear fall as the
ponitive jon track moves across the detector gap and is collected by the cathode. These features
are evident in Figs. 9.6-1 and 9.6-2.

s T
TNucloar Physics Laboratory Annual Report, University of Washington, p. 54 (1989).




If the entire pulse is integrated (~14) then 1 x 105 produce 14 pC of charge. Since LEAR
pulses typically contain 10% the detector output typically must be attenuated to provide charge
magnitudes compatible with an ADC.
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Fig. 9.6-2 PPAC current pulse with j pulse produced by fast kicker magnet only. 200ns/div.



9.7 Electron Track Properties in Methane
C.E. Hyde-Wright, T.A. Trainor and S.P. Van Verst

Pursuant to the design of a TPC for study of e* /o™ pairs in heavy ion collisions we are investi-
gating electron track properties in methane gas. The purpose was to determine whether sufficient
Sosition and momentum resolution and data rate could be achieved to provide useful information
Fhout the o+ e~ production mechanism. Our results? indicate that methane gas at 150 Torr pro-
Sios. an environment in which electron drift speed, diffusion, and multiple scattering meet the
criteria to make the TPC feasible.

In our study of the multiple scattering we discovered an effect, known locally as the chipmunk
effect, which is associated with the statistics of the ionization process of minimum ionizing electrons
in gas. This effect is discussed here.

A beta spectrometer? provided a source of 500 keV clectrons which passed across the drift
volume of our prototype wire chamber. The e™ tracks were oriented horizontal and perpendicular
e e wiea which are separated by 1 cm. The primary electron generates a start signal
in a TDG when it enters a scintillator which acts as an event trigger. The onization electrons
generated by the beta track drift down into the wire plane where e.
T sigaal genertes a stop in the TDC, where the TDC output represents the drift time of the
ionization electrons in the gas.

A plot of the correlation between the TDC spectra of two adjacent anode wires is shown in
ig. 9.7-1. Since the tracks are horizontal, the correlation should lie on a 45 degree slope with
‘major axis passing through the origin. Due to multiple scattering, the ionization electron arrival
timen may be different for the two anode wires, resulting in a slight deviation from the 45 degree
slope. Projections of the data onto the T1 and T2 axes provide information o multiple scattering
P he withs of the TDC spectra are proportional to deviations of the electron tracks from the
horizontal due to multiple scattering.

A parallel to the line y=-x s proportional
ematics of the collisions between the

The width of the correlation figure along an axis oriente
to the width of the ionization track resulting from the ki
primary electron and atormc electrons in the gas. Since these partices have the same mass, it
s possible for the primaries to impart a large fraction of their total energy to some secondary
.. These electrons, known as delta lectrons, can then travel some distance n the gas (a
fow mum) before they are stopped, resulting in  finite width of the jonization track.

The diagonal stripes in the data shown in Fig. 9.7-1 are known as the chipmunk effect and
come about from the fonization statistics of electrons in the gas. On average, the 500 keV e~'s
gonerate about 10 ion pairs/cm. Consider a 1 cm range where 15 fon pairs are generated above
8 od wire #1. Over wire #2 it is possible that perhaps only 1 or 2 fon pairs are generated. Wire
1'wil avalanche and generate a channel number in the output of the TDC (T1). Due to the small
numbor of ionization e~'s drifting onto wire 2, the signal on wire 2 will be dominated by the ringing
due to capacitive coupling with wire 1. An oscilloscope trace depicting this type of event is shown
in Fig, 9.7-2. The particalar oscilation in the ringing which fires the lower level discriminator of

el ot 0 i ———
Nuclear Physics Laboratory Annual Report, University of Washington p. 51 (1989)
*Ibid., p. 55.
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wire 2 is what determines the channel number of the TDC output for wire 2 (T2).

The discreet
spacing of the oscillations causes the discreet, or striped, spacing in the correlation 5

pectra.

This process could be reversed of course between wi
symmetric about the major axis of the correlation figu
pattern resulting from “false”

res 1 and 2 resulting in a stripe pattern
re. The fraction of events in the stripe
coincidences depends on the amount of coupling between wires and
ching into the wire preamps. In the present case the fraction of bad
events was not high enough to prevent proper measurement of track properties.

i

' G, |

Figure 9.7-1. TDC correlation spectra for two adjacent anode wires generated from 3 tracks.



Figure 9.7-2. Oscilloscope trace for
anode wire 1 (top) and anode wire 2
(bottom). The signal on wire 2is ring-
ing (note different voltage scales) due
to capacitive coupling with wire 1.

i omy S0y s

9.8 TPC Design Studies
C.E. Hyde-Wright, T.A. Trainor and S.P. Van Verst

We ase developiag  Time Projection Chamber! (TPC) to investigate the anomslous nasrom
peaks observed in positron and electron energy spectra in heavy ion callisons st GSL2 The TPC
hes the capability to reconstruct the tracks of leptons produced in the collision, which will test the
hypothesis that the e+ /e~ pair results from the two body decay of & previously undetected neutral
particle.

A prototype 2-D wire chamber was developed® to study electron drift speeds, diffusion, and
multiple scattering for the specific conditions of the TPC design-

Recently, the wire chamber was modified to consist of position sensitive anode wires. The anode
wires are 20 micron nickel alloy with a resistance of 40 /cm. The signal generated from an electron
walanche s read out on both ends of the anode and input toa chargesensitive ADC which integrates
the signals for a time period determined by an external gate. Due to the resistance, the anode acts
as a charge divider so that the ratio of the signals from the ends of the wire is proportional to the
position of the avalanche on the wire. The position of the bit along the anode is then the ADC
Fhannel namber from the right side of the wire divided by the sum of the ADC channel numbers
from the left and right sides of the wire. This ratio, which lies between 0 and 1, is multiplied by
1024 to generate a position histogram for each wire.

To test this system, an  source was collimated to generate tracks perpendicular to the anode
wires, The position spectra for three of the wires are shown in Fig. 98-1. The centroids of the
Doaks occur at the same channel number for al three wires, indicating that the tracks are straight
Bea oriented perpendicular to the anodes, as expected. The widths of the peaks are due to the
finite geometry of the system, determined from the opening of the collimator slits. A resolution of
500 microns was obtained with this setup.
Riwiris o e e

TNuclear Physice Laboratory Annual Report, University of Washington (1989) p. 52.

2T, Cowan ef al., Phys. Rev. Lett. 56 44 (1986)
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Fig. 9.8:2 shows the position spectra for one anode wire generated with a 500 ke B source.
‘The contributi geometry s subtracted out, leaving 2 width
ple scattering in the horizontal plane. This result is consistent with
Moliére’s theory of multiple scattering, which predicts 2 3.5 mm displacement after 10 s of travel,

and with our single-wire timing measurements which detormine multiple scattering in the vertical
plane.
We have shown that the

position sensitive anode wire is a feasible alternative to determining
x-y electron track informatior

n for the specific conditions of our proposed TPC,

200 400 600 300 1000
CHANNEL NUMBER

Figure 9.8-1. Position spectra for three ad-
jacent anode wires generated from a tracks.
The width of the peaks reflects the finite ge-
ometry of the system

Figure 9.8-2. Position spectra for one anode
wire generated from 3 tracks. The peak width
is due to finite geometry plus multiple scatter-
ing of the § particle.



9.9 Electron Trajectories in the APEX solenoid

In order to produce aligament criteria for the APEX apparatus, I have considered the conse-
quences of magnetic field nonuniformities and misalignments of the solencid, target and electron
detectors on determination of kinematic quantities.

Ideally, a point source of lectrons at the target propagates to ine images at the silicon detector
arrays. Blectrons propagate on helices whose radius and pitch depend on the electron B and 6.
Detormination of ¢ depends on the azimuthal position of the hit detector segment on the array.
E s measured directly by a segment, and 8 depends on measurement of B, time of fight and the
axial position of the hit segment.

Magnetic field inhomogencities produce variations in helix radius and guiding center position
along the solencid. To some approximation axially symmeric inliomogeneities produce broadening
of the line images while asymmetric nonuniformities shift the images.

Shifts and broadening have three effects. There is loss of total yield if some trajectories fail to
hit the detectors, the angle @ is incorrectly inferred, and an anisotropy in the electron yield may
be incorrectly inferred.

For a perfect solencid the B fied is uniform in magnitude and parallel to the system axis at
al poiats sampled by electron trajectories. Field curvature produces shifts in line images with
Tespet to the target and detectors. For example, suppose a field line radius of curvature of 200
D ihen the line jmages are displaced by Smm. This displacement; would not reduce the total
detection efficiency (this occurs for displacements over 7mm) but would produce an apparent yield
aaisotropy in ¢ of £359%! To reduce this anisotropy to the statistical level the radius of curvature of
the fu1d should be greater than 1km. This is quite feasible with reasonable mechanical positioning
of solencid coils.

Gradient drift of helix guiding centers is produced by transverse gradients in the axial field
The dft s in the opposite sense for lectrons and positrons. A gradient of 100mGy/cm produces »
shift of the line images by N-mm, where N is the number of turas in a helx (up to § for APEX).
‘Again, to keep systematic anisotropies at the statistical level transverse gradients need to be less
than 10mG/cm.

Axial gradients produce effects which depend on the apparent time structure of the field vari-
ation as seen by the moving electron in relation to the cyclotron frequency. The axial gradients
produce both shifts and spreading of the line image, with spreading expected to dominate. A field
B aiation within a 1G range is achievable and will produce no significant systematics

As a result of this analysis, a reasonable set of mechanical alignment specifications for the field
coils and vacuum vessel have been generated. the critical alignment of the silicon detectors with
vespect to the effective line images would seem to be best accomplished by using a rotating f source
postioned at the target beam spot and shifting the detectors in position and angle to minimize
apparent ¢ asymmetries.




9.10 APEX Silicon Detector Shroud and Cooling
ZL.A. Trainor

The two silicon detector arrays for the APEX experiment (Sec.

5

segments on a hexagonal array 36em long and about 3cm in diame

7) each consist of 216 detector
ter. These arrays need to be
cooled to near liquid nitrogen temperature to optimize the energy and time resolutions of the
detectors. A system must therefore be provided that cools the detectors and protects then from
cryosorbing gases onto the detector surfaces.

We have developed a thin shroud made of 7.6um k
can withstand pressures up to 400 torr. This permits
need for a massive cold finger and thereby reduces the
provides uniform cooling and shortens the cooling cycle

apton to solve this problem. The shroud
us to use gas cooling which eliminates the
absorption of positron annihilation 7-rays,

he shroud is manufactured by wrapping the 7.6um apton around a spit lucite rod. One edge
of the kapton sheet is picked up onto the rod by a stripe of rubber cement adjacent to the splt
The other edge of the kapton is controlled by a piece of Gmm width square stock to which double
sided tape is applied on one surface.

‘The seam is formed using Armstrong A-12 epoxy. The e
edge attached to the rod. A precise amount is applicd using bond paper. Two strips of bond papér
125um thick are fixed side by side to the kapton by rubber cement with a 500um gap betwen.
Epoxy is applied to this form and excess scraped off even with the paper surface. The paper is
then removed leaving a precise bead of epoxy 15mm from the kapton edge. The other edge of the
kapton is then drawn down over the epoxy bead and the square stock used to compress the seam
against the split rod. This technique produces uniform seams 2.5mm wide and 50um thick. The
seams are quite flexible. When the epoxy is cured one half of the split ring is removed and the
kapton tube is released from the rubber cement on the other half with a smaller plastic rod

poxy is applied to the kapton along the

A lucite cap and lucite flange are epoxied to the tube ends using an alignment jig, For a 3.56cm
diameter tube failure occurs consistently at 0.5 atm. The failure point is at the tube center on
the side opposite the seam (the weakest point). The failure pressure is exactly that corresponding
to the tensile strength of this kapton: 20Kk psi.

This technique can also be used with somewhat thicker foils to form self supporting gas cells
for nuclear physics experiments. The resulting gas cell has no post to block scattered particles.

The gas cooling system will use recirculated Nz gas which passes through a LN;

heat exchanger
and heater in a closed cycle system providing temperature and pressure regulation.




9.11 Electronic Equipment
R. Barry, J.M. LaCroix, R.E. Stowell and T.D. Van Wechel

Due to personnel reductions in the electronics shop, a larger portion of the shops time was spent
on maintenance and repair of existing equipment and less on design of new equipment this year.

The design that was started last year! on a new upcharge control system for the tandem belt
was completed. The controller has been built and installed on the tandem. (See Sect. 107.)

Some additional projects that were undertaken included:

. Construction of a dual 2kV 5 mA regulated power supply to update the older neutron monitors
in the cave areas.

£

. Two additional regulated constant current 5 amp computer controlled bipolar power supplies
were built for additional steering magnets used on the Linac.

A universal laboratory power supply was designed and constructed that will operate in either
the constant voltage o constant current mode over a 0 to 30 voltage range at a current of 0
t0 6 amps.

o

. New printed circuit boards were made and installed in the 60 inch chamber readout chassis
to correct a long standing intermittent problem in the arm angle readouts.

Several under/over voltage glitch detectors were designed and built for fault detection on the
Linac refrigerator compressors and some systems on the polarized ion source.

£. A NIM packaged two quadrant analog divider circuit was designed and constructed.

& A very low frequency (100 Hz) beam chopper with variable duty cycle was designed and
constructed for the AMS group.

=

A general purpose NIM packaged 12 channel fast pulse transformer coupled isolation/inverter
module was constructed.

A protective over-power circuit with automatic shutdown was designed and builtfor the Linac
low energy buncher.

i. Two NIM modular universal logic boxes were designed and constructed to perform the logical
AND, NAND, OR, NOR functions. One was a four input two output device, the other was
a four channel two input, two output device.

Commercial electronic NIM/CAMAC modules purchased this year included: 1 Phillips 706 16
channel discriminator; 2 Phillips 776 16 channel preamps; 3 Ortec 427A delay amps; 2 Ortec 473A
constant fraction disc.; 2 Ortec 551 timing SCA’s; 2 Ortec 579 fast filter amps; 1 Ortec 566 TAC; 1
Piel 112 pulse-shape discriminator; 1 LeCroy 2249SG 12 channel ADC; 1 Phillips 7186 16 channel
TDC; and 4 Ortec 4001C/402D power bins.

e
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10 ACCELERATORS AND ION SOURCES
10.1 Van de Graaff A O i and Do

C.E. Linder and W.G. Weitkamp

During the 10.5 months from April 16, 1989 to February 25, 1990 the tandem operated 3307
hours. Additional statistics of accelerator operations are given in Table 10.1-1. Among the im-
provements made to the tandem were the charging system improvements described in Sections 10.7
and 10.8 and the generating voltmeter improvements described in Section 10.10.

We have been conducting tests on a suitable replacement for our 1
described in our last year’s Annual Report.2 We prepared test r
4 resistors in a PVC tube similar to our previous design.? The
reistors with values selected to give 400 MQ for each assembly. The test resistor assemblies have
now been in the machine for more than 9 months. There have been no failures, the resistance values
have typically decreased about 5% and the dispersion of resistance values has typically stayed under
about 1.5%. This is satisfactory performance. These results show that these two types of resistors
are superior in this configuration to the commonly used Caddock MG815 resistor, which was tested
carlier. The first of MGSLS failed after 3 months and the remaining resistors changed an average of
40% in value after 4 months. In the near future we will select the best resistor configuration, basing
our decision on both performance and ease of installation, and begin manufacturing a complete set

of new resistors for the tandem. We expect parts for these resistor assemblies to cost less than $50
each.

5 year old column resistors, as
or assemblies containing 2, 3 or
resistors were either Kobra® or ROXS

As part of the project described in Sec. 10.7 and 10.8 to improve the operation of the chas
system, we have rebuilt the chassis which houses all the controls and diagnostics for the charging
system. Among the features of this new panel are:

® Circuit breakers which were formerly hidden behind the panel are now out in plain view on
the front of the panel.

© Three side-by-side edge meters read the high and low energy column currents and the down
charge current. This has been very helpful in diagnosing belt charging problems.

* BNC connectors are located near each of the meters displaying currents so that the respective
currents can be readily examined with a chart recorder or an oscilloscope.

© The high energy vacuum gauge, to which the charging system is interlocked, is displayed.

© Digital current meters display the current on each leg of the drive motor circuit,

o Lights indicate the status of the 4 interlocks which must be satisfied to run the belt drive
motor and the 2 interlocks which must be satisfied to before charge can be applied to the
belt.

?Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 39
31bid., (19

p.5
“K&M Blectronics, West Springfield MA 01089.
*Dale Electronics, Columbus NE 68601




Table 10.1-1
Tandem Accelerator Operations
April 16, 1989 to February 28, 1990
Activity Days Scheduled Percent

A. Nuclear Physics Research, Tandem Alone

Light Tons. 19 15
Polarized Ions 18 6
Heavy Ions 15 5
Accelerator Mass Spectrometry 30 2

Subtotal 112 35

B. Nuclear Physics Research, Booster and Tandem Coupled

Light Tons 3 i
Polarized Tons 6 2
Heavy lons 35 u
Subtotal m 14
B. Outside Users
Rocketdyne Corporation 1 <1
University of Washington
Division of Nuclear Medicine 1 <1
Boeing Corporation 12 4
Subtotal 14 4
C. Other Operations
Tandem Development 26 8
Tandem Maintenance 63 20
Booster Development 13
Unscheduled Time 47
Subtotal 149 41
Total 319 100




10.2 Booster Operations

J-F. Amsbaugh, D.T.Corcoran, G.C. Harper, M.A. Howe, D.W. Storm and D.1, Wil

During the last year the booster was scheduled for 16 different experimental runs. The total
time scheduled and run was 52 days. The new beams provided aro listed along with the coure
sponding maximum energy and maximum energy per nucleon. Sec last year's soport! for other
peams, many of which were repeated this year. Asterisks indicate maximum energis which met
the experimenter’s requirements without requiring the full lina,

H 2H SHe L TLi 95 MN

28" 36 2" 87* Ol 53¢ 109 Mev

28 18 9 145" 13 59° 78 MeV/AMU
‘We continue to learn how to tune the linac faster, and the graduate stude
tent operators. Improvements in the control computer program which
in section 10.4. There has been little unscheduled downtime. The rf controllers are sow all work-
ing well. We have an occasional amplifier failure, which is readily corrected by replacement and
subsequent repair in our electronic shop. The cryogenic system is reliable,

nts are becoming compe-
facilitate tuning are described

During the year two more couplers stuck in positions where
beginning of the year there was one such stuck coupler. Consequently we scheduled s six week
period during which all the cryostats with problem couplers were serviced and then restored to
operational status. However, as we finish the year a different coupler has stuck.

they do not function. At the

We stil have diffculties with two resonators multipacting, in spite of warming, baking, and
reconditioning them. The next step wil be to re-plate these resonators. We still operate the low.
resonators at an average field of 2.8 MV/m and the high-/ ones at an average of 2.4 MV/m. Tests
of plating techniques (sce section 10.4) have not been particularly successful, even when attempting
to repeat our standard technique. We have refrained from re-plating resonators used in the linac
until we obtain reproducibly successful results in tests.

We have been able to improve the transmission through the linac. Tt appears that at least part
of the problem had to do with bunching. The time structure monitor has been improved (see section
10.7) so that the background has been substantially reduced. This permits us to adju
energy buncher to obtain a narrow bunch with a minimum beam outside the bunch. Pre
had too much beam outside the bunch; such beam is not accelerated properly and does not survive
the first 90° bend after the low-4 section of the linac. Additional improvement in transmission
results from better alignment of the low-f section. Finally, we installed two more vertical steering
magnets. Now we are able to obtain over 50% transmission from the linac entrance to the middle
of the 180° bend. This loss includes the loss of the beam outside the bunch. The transmission from
that point to the linac exit (before the final 90° bend) is nearly 100%, and we have achieved 83%
transmission around the final 90° bend

We have not yet had to shut down the linac due to a mechanical failure in the cryogenic system.
Nor have we had to cancel or terminate a run due to any linac failure. But our three RS compressors
now have between 23 and 32 thousand operating hours. The normal lifetime is expected to be about
30 thousand hours.

*Nuclear Physics Laboratory Annual Report, University of Washington (1989) p 62.
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We are pursuing the resonator plating issues, and as soon as we are confident that we can
successfully re-plate them we will remove the worst resonators from the linac and re-plate them.
‘This should improve our average fields.

10.3 Cryogenic Operations
D.L Will and J.A. Wootress

The booster linac is cooled by liquid helium which is thermally shielded by liquid nitrogen. In
1989 liquid nitrogen consumption increased 5% to 210,000 gallons. The helium is purchased as high
purity bulk gas and liquified by our helium refrigerator. Usage of 147,000 SCF in 1989 was 65,000
SCF more than that in 1988 due to an increase in the frequency of purging contaminants from
charcoal beds. In past years we have managed to limit complete coldbox warmups to semiannual
events, each of less than 24 hours (from cessation of liquid helium production to reestablishment
of liquid helium production) by purging beds at least weekly. During such short warmups, all our
eryostats remain below 40° K. In October, 1989, we were forced to warmup and purge the refrig-
erator and the dewar together for the first time since we began regular helium refrigeration of our
booster in August, 1985. This event lasted some 50 hours, and all resonators reached 70° K. Of
our thirty six resonators, five required multipactor conditioning for less than a day and one needed
conditioning for three days. The following table summarizes our routine maintenance for 1989:

Item Use Major Services Times Performed
Refrigerator
Cold Box 98% warm/derime 2
Top Expander ~4800 Hrs  warm/derime 15
~120 RPM  main seals 2
wistpin bearings/pins 2

crankpin bearings
valve seals
fiywheel bearings

Middle Expander ~ ~7000 Hrs  warm/derime
~130 RPM  main seals 2

wristpin bearings/pins 1
crankpin bearings 2
valve seals 1
flywheel bearings 2
Wet Expander ~2800 Hrs  warm/derime 8
~50 RPM  main seals 2
Screw Compressors
RS 1 8700 Hrs  replace charcoal 1
RS2 7300 Hrs none
RS 3 2600 Hrs  none
Distribution System warm/derime 1

Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 68.
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104 Resonator Plating and Testing

JF. Amsbaugh, M.R. Bryce, D.T. Corcoran, G.C. Harper and D.W. Storm

During the past year we began to explore different lead-plating techniques in order to see if we

Successful results have been reported! for thin
we used an older

can achieve better performance from the resonators,
layers of lead plated with no polishi

which involved rinsing with EDTA solutions,
acetone rinse to dry the lead.

During the past year, we performed 5 different platings which produced lead surfaces of satis-
factory appearance. These included both thin plating and our older technique, and involved two
different low-4 resonator bodies. Each of these was subjected to a series of rf tests. In the first 4
cases, the performance was unsatisfactory because the Q factor fel] rapidly with field. Although
the low feld Q factors varied from 1.2 x 10° to 4.9 x 10° (whieh is among the highest we have ever
obtained), by the time the average accelerating field was raisod fo 3 A{Y, /m, the Q factors had fallen
10 0.3 x 10° to 1.1 105, In the best of these Cases we were able to achieve 3 MV/m with power
of 9 Watts. In previous tests we had achieved 3 MV/m with 3 to 6 Watts. Something was clearly

We replaced the bath and have done one more plating and testing, using our standard technique.

This last time the low-field Q was only 1.0 10%, but the rate of desyonsn o1 Q with field was much

lower than it had been for the cases with the old plating bath, See Figure 10.4-1. The Q factor at

3 MV/m was 0.6 X 10°, which corresponds to  load of 9 W. This 1 stil unacceptable performance.

We have found some other problems with the plating system, which ase being fixed. We plan to

pursue the plating work in the near future,
109

(E) (MV/m)
Fig. 10. Q vs average accelerating field for the five tests.

UJ.R. Delayan, Rev. Sci. Instrum. 57 (1986) 766.

‘B S:;}'/r‘:xnl M. Brennan, and 1. Ben-2vi, IEEE Trans. Nucl Sci NS-32 (1985) p 3607; W.W. Burt,
Adv. Cryog. Eng. Mater. 29 (1983) p 159; GJ. Dick, J.R. Delayan, and I.C. Yen, IEEE Trans. Nucl ¢,
NS-24 (1977) p 1130.
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10.5 Time Structure Monitor Modifications
J.F. Amsbaugh and D. W. Storm

Two different bunchers are used to inject beam from the Tandem Van de Graaffinto the Linac.!
The frst is located before the Tandem and provides bunches at 12.5 or 50 MHz. The second buncher,
one of our 150-MHz low-3 superconducting resonators,? is about 3 meters upstream of the linac
and rebunches the beam to match the time energy phase space acceptance of the linac.

The time structure monitor (TSM) is designed to measure the relative arrival time and time
distribution of the beam pulse at the entrance of the Linac. With the second buncher off, this
information is used to adjust the pre-tandem buncher for minimum time spread, typically about 1
2 nsec FWHM. Then the second buncher is tuned by finding the phase offset that does not shift the
arrival time and is bunching. Finally, the second buncher amplitude is adjusted for minimum time
spread, typically 700-300 psec. The performance of the TSM affects its usefulness as a diagnostic.
Poor performance leads to poor beam quality.

The TSM consist of two assemblies mounted on 6” 0.D. Conflat flanges, inserted in the top
and right sides of a chamber in the beamline. The top assembly has a stepper motor and voltage
feedthrough for positioning  biased 0.0082" dia. tungsten wire in or out of the beam. Coaxial with
the wire when centered in the beam is a grounded cylindrical cage 2 0.D.x 3.5” long. This cage
has two holes for the beam to pass thru and one for secondary electrons, created by beam striking
the wires to exit. A 25 mm dia. Channeltron? electron multiplier array (CEMA) is mounted on the
right flange to detect these electrons. The CEMA s a two stage multiplier that operates at ~1800
to —2400 volts with the 500 electron collection anode near ground. The wire is biased negative
one to five hundred volts with respect to the CEMA input electrode. The CEMA signal is used to
start a TAC which is stopped by a signal of either 12.5 or 50 Mz, obtained from the 150-MHz
Linac clock.

Initial tests indicated that the x-rays generated by the electrons striking the grounded cage were
being detected and were broadening the time signal. Better results were obtained by removing the
grounded cage and surrounding the CEMA with a Ta and Al shield. However, performance was
found to depend strongly on the steering and focusing of the beam. The advantages of the cage is
that it shapes the electric field so that transit time spread of the secondaries is reduced. Biasing
the cage reduces the energies of the x-rays produced. To reinstall a biased cage required redesign
of the CEMA mounting.

A crack in the second stage multiplier array was discovered and the CEMA was replaced.
Further tests showed the count rate was too high, swamping the CEMA. Reduction of both the
beam intensity and electron exit hole improved time resolution. The exit hole, a 0.2 X0.4 inch
slot, was reduced to 0.024” diameter. The cage must be biased positive with respect to the CEMA
input face to prevent the secondary electrons created at the exit hole from being accelerated into
the CEMA. The resolution is optimum for wire to cage potential of about +400 V and wire to
CEMA input of about +200 V. Typical time spreads range from 770 to 390 psec.

iD. W. Storm ef al, IEEE Tran. Nucl. Sci. NS-32 (1985)
2Storm et al., Rev. Sci. Instrum. 57(5) (1986) 773.
5Channeltron is a registered trade mark of the Galileo Electro-Optics Corp., Sturbridge, Mass.
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10.6 The Tandem Emittance
M.A. Howe, H.L. Qian* and W.G. Weitkamp

Continuing work reported last year,!
System 590 to measure the emittance of
performed on the beam after it passes t

wehave been using a Danfysik Beam Emittance Measuring
f beams from the tandem. The measurements have been
hrough the first magnet at the end of the tandem.

The emittance measuring system uses a kit and a set of paralll wires (
&k mounted 38 mm offset on rotating shafts. The harp is located about 1 m downstream from the
slit. Emittance is measured by rotating the slit and harp across the beam stepwise and measuring
the charge intercepted by each wire of the harp during cach step. The slit aud harp are tilted at
457 with respect to the shatt axis, so both horizontal and vertical emittances can be meusared. A
computer program calibrates and applies several corrections to the emittance data and caleulatos
the area.of the contour on the r-f plot containing 90% of the beam,

 ‘harp’) both of which

After performing the measurements reported last year, we che
sured emittance on the focus of the beam, i.e., whether the emittance figure i the r.6 planeis a long
parrow line or a compact spot. This dependence can be very large, as much as a factor of 2, wity
the smallest emittance when the figure is as compact as possible, This occurs when i angular
divergence of the beam is minimized. In the horizontal plane, the limited resolution of th harp
ires causes the the emittance to grow as the emittance figure becomes elongated. Tn the erery
direction vertical jtter induced on the beam by the inclined beam tubes in the tandem aloo coucs
the emittance to grow as the figure elongates. We found that we could obtain fairly reproducible
and reasonable measurements by producing a compact spot in the 1-8 plane. With the sl

he emittance monitor, it was not possible to do
this in the horizontal plane, so our measurements were resricted o the vertical plane

cked the dependence of the mea-

Wealso found that effects such as ripple on beam focussing elements, changes in tandem stripper
foil condition and interception of the beam by apertures could also change the emittance by s
nificant and sometimes uncontrollable amounts, limiting the pre
effects throw considerable suspicion on our previous conclusion

&
cision of the measurements. These
s concerning the emittance proper-
ties of the beam. Consequently we have remeasured a number points in the vertical plane. Ouy
conclusions at this point are as follows.

The proton emittance falls from a value of 8.5 7 mm mrad MeV'/2 at a terminal voltage of 3
MV to a value of 3.8 7 mm mrad MeV'/2 at 8 MV.

The emittance for the oxygen beam formed from OH~ ions from the direct extraction ion source
drops from 20 to 14  mm mrad MeV'/2 as the terminal voltage rises from 6 to 8 MV, The oxygen
beam from the 860 sputter source is fairly constant at 19 = mm mrad MeV'/? for terminal voltages
from 4 to 8 MV. To a precision of about 10% there is no cvidence for dependence on charge state,

The Si beam emittance with a terminal voltage of 8 MYV rises from 21 to 30 7 mm mrad MeV1/2
as the charge state increases from 7 to 9.

We are planning to begin measurements at the exit of the booster in the near future,

*Present address: Tulane University, New Orleans LA ; 3
*Nuclear Physics Laboratory Annual Report, University of Washington (1989) p. 45
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10.7 New Belt Charge Controller for Van de Graaff
T.D. Van Wechel

Last year when the new control panel for the Van de Graafl was installed, the belt charge
controller was also updated. Previously a motor driven variac with a raise/lower switch on the
control panel determined the belt charge setpoint. The output of the variac was transformer
coupled to the control grid of & cascode vacuum tube amplifier in series between the belt upcharge
sereen and a 25 kilovolt d.c. power supply. The belt charge current was zero when the output of
the variac was 50Vac and increased to a maximum belt charge current of approximately 500p:A at
a variac voltage of 8Vac.

The function of the motor driven variac has been replaced with electronics. The new belt
charge controller has a new feature that can be used if desired, to help compensate for drift of the
operating parameters of the tandem. The corona current is monitored by a dead band amplifier.
The deadband is centered at 50uA and has a width setable from 0 to £20p:A about the center. If
the corona current drifts out of the dead band the controller can increase or lower the belt charge
current by up to +15% of the setpoint to compensate.

The setpoint reference is provided by a DAC, whose digital input is from an up/down counter
that is incremented or decremented by the front panel raise/lower switch. The output of the
deadband amplifier drives the control input of a pulse width modulator that varies the setpoint
reference level signal to provide setpoint compensation as described above. A wien bridge oscillator
provides a sine wave that drives a gain controlled transconductance amplifier. The output of the
transconductance amplifier is amplified by a power op-amp and s coupled by a step-up transformer
to provide the same ac voltage levels as that of the motor driven variac. The setpoint reference
Jovel from the pulse width modulator is scaled and offset to drive the control input of the transcon-
ductance amplifier. The controller is setup to provide an ac voltage at the output of the stepup
transformer, that vz from 50Vac when zero belt charge is desired to 8Vac for maximum belt

charge current. The cascode amplifier is in series between the 25KV power supply and the belt
upcharge screen as before.




10.8 Tandem Belt Charge System
T.A. Trainor.

A year ago I reported that I had identified the two sources of terminal voltage noise in a belt-
charged tandem Van de Graaff. These are belt edge flutter and belt surface bumpiness. The first
produces large amplitude noise at the belt fundamental /,(=2.411z). The second produces smaller
amplitude noise at 12, and harmonics corresponding to the rubber cure pastern ay ch belt.

‘The edge flutter noise contribution was essentially climinated by switching from standard mesh
charging screens to shim stock. The shim stock is much more compliant thar medh sy tracks the
edge flutter very well, maintaining good contact with the belt surface. More recently I suggested
that the belt noise fine structure at 12/, was due to belt surface bumpiness causing the screens
to lose contact with the belt surface. This bumpiness is so slight as to elude
However, the screen moving over the belt
surface height variations.

Fig. 108-1a shows the high energy column current (HECC) signal Tast Fall with a single layer
of 3 mi thick SS screen 1.5 inches long installed at the upcharge position. On this thm cle ops
HECC is essentially the time derivative of the charging belt current, While the edge flutter was
completely eliminated by this compliant screen configuration, the fine structure in Fig. 10.8-1a was
noticeably larger than had been observed previously. The prominent dispersion shapes (at 12f,)
are interpreted as gaps in the belt charge distribution. From this figure the gaps are determired
to be 12 cm (5 ms) wide. Such gaps exactly explain the shape and magaitude of the comection
ignals required for the corona and terminal regulator systems.

simple observation.
surface at 1000 in/sec is extremely sensitive to very small

Given this appareat confirmation of my hypothesis about screen bounce over surface bumps
L explored the possibility of an optimum screen configuration to minimize this noise component.

8 approach I found that the system docs have an optimum configuration.
Analyaing the shim stock screen as a deflected plate I determined the resonant frequency and spring
constant of the plate in terms of the modulus of elasticity and dimensions of the plate material, 1
hen developed constraint equations for the bandwidth and the total force applied to the belt by
the screen in its quiescent position. These relations are represented in Fig. 10.8-2,

The constraint diagram shows that there s a tradeoff between bandwidth and range of compl:
ance for a given applied force. This suggests a two-component screen design. A short, thin section
follows the very rapid but small-amplitude surface bumpiness while a larger, thicker section follows
the large amplitude but relatively slow edge flutter. Both sections must have dimension ratiog
which correspond to the same force applied to the belt so that they hoth deflect to the middle of
their motion range under quiescent conditions.

The performance of such a composite screen design is shown in Fig. 10.8-1b. Traces in parts
a) and b) are placed in phase to show reproducible fine structure. This is a laminate of 4 mil and
2 mil S shim stock. The overall length is 2 inches, and the 2 mil shim protrudes 1/4 inch beyond
the 4 mil shim as the bottom layer. The two layers are spot welded together in a random pattern
with weld-to-weld distance typically 1/2 inch. The sharp reduction in 12, noise (2-3 x) confirms
both the original mechanism for 12f, noise production by loss of screen contact and the linear
programming approach to screen design. Further improvement of ~2 x is likely as we optimize the
screen design.




Figure 1081, High Energy Column Current, 9 MV Terminal, 4004A upcharge. Span 500 ms,

100mV /em. a) Oct., 1989, 3 mil SS screen. b) Feb., 1990, composite screen.
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Figare 10.8-2. Constraint diagram for charging screens.




10.9 The Crossed-Beams Polarized Ion Source

3. Amsbaugh, D.R. Balsley, D.T. Corcoran, J.K. Eisenberg,
J.A.Rogers and K.B. Swartz

C.A. Gossett, G.C. Harper,

The development of the crossed-beams polarized ion source has been sf

teadily progressing. The
reliability, stability and ease of operation have been improving while th

e intensity

Polarization, development of the cesium beam and improved sesiup beorn
low output flux of the at

The magnetic field profil in the radio frequency transition region has been carefully mapped
and adjusted. We found that in the original configuration of the rf cavities the slope of the field in
the weak fild transition region was in oppostion to the fringing ficld of (e strong field transition
causing a strong coupling of the weak field transition tuning with the strong field magnetic field
setting. We have reversed the weak field cavity and find that the tuning o tpe 1f cavities and the
magnetic field settings are now quite reproducible from run to run. We routinely observe proton
polarization of 0.9 (1= max) and deuteron vector polarization of iy, = 047 (0.57 = max).

We have also been working to improve the cesium bear tunin
aperture has been installed at the exit of the cesium beam qu
e or a2y be monitored in order to center the cesium beam at this point. We plan to jel)
& similar apeyture at the entrance to the quadrupole. The absolute neutral cesiyr, beam flux is
determined with calorimetric methods, by measuring the temperature rise 1 were. at a given flow
rate cooling a carbon beam stop and by knowing the beam cnergy. A new calorimeris paddle has
been installed which appears to have eliminated a problem which we had with, o previous design

g and diagnostics. A four sectored
adrupole triplet. The current on each

neutral cesium beam measured in the calorimeter at the exit of the fonization region. This g
is believed to be significantly higher than in other crossed-beam sources. Wo will continue 1s
develop the cesium beam transport in order to reduce sputtering in the fonfsation Tegion, presently
gur main beam limitation, while increasing the neutral cesium and hence polarized negative bean
flux.

The output flux of the polarized atomic beam source measured at the exit of the fourth sextupole
via compression tube techniques is only ~ 6 x 10" atoms/sec, more than 3 times lower than
typically observed in other sources. We expect that there is a substantial loss of flux due o poor
pressures in the sextupole regions (of order 7 x 105 Torr). We have determined that the gas
load in these regions is dominated by gas which is not effectively removed in the first pumping
chamber—the dissociator region. We have tested a temporary modificd pumping scheme n which
the first chamber was separated into a region enclosing the dissociator and  second pumping stage
between two skimmer-collimators. The results of this test are quite encouraging and we plan to
design a more permanent differential pumping arrangement in our continuing effort to increase the
atomic beam flux.

The polarized source control system is essentially complete (sce Sec. 11.3). The microprocessor
system for the spin precessor and beam transport has been developed and completed within the
last year. Remote and local analog control of the source via a knob box system has also been
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implemented. The tuning of the polarized beam for injection into the tandem and for transport
through the tandem has been greatly improved.

10.10 Tandem Energy Control—The Generating Voltmeter
T. Brown, D. Corcoran, F.H. Schmidt and T. Van Wechel

Last year (Section 9.7) we reported a surprising double beat frequency which caused the Ter-
minal potential to oscillate with a period of about 44 seconds. The oscillation was caused by a
beat between the GVM rotor frequency (58.8 Hertz), 60 Hertz pickup, and 2.4 Hertz induced by
the Tandem charging belt.

The 58.8-60.0 Hertz beat frequency was easily eliminated and consequently the 1.2-2.4 beat,
but residual ripple from the GVM rotor was overloading the control system so as to prevent full
utilization of the feed-back gain.

A newly designed, precisely machined GVM rotor was constructed in the Physics Department
machine shop using a new programmable milling machine. After gold plating, it was installed in
the Tandem and tested by the AMS group (Section 6). It failed miserably; the terminal potential
“jumped about” over a 15-20 kilovolt range at 7 M.

The rotor appeared to have a slightly blemished gold surface; so a spare rotor was gold plated
using greater care. It was installed in the Tandem and it is almost a total success: The terminal
potential is now held to £1 K.V. or better at 7 M.V.

A small amount of 58.8 Hertz ripple s still present. We believe this is due to a-less-than-perfect
layer of gold. Since then, we have learned that the proper way to gold plate a brass surface is to
first apply a coat of nickel. Another rotor is now nickel plated and awaiting a final gold coating.
We hope this will then give us a GVM capable of holding the Terminal constant to 300 to 500
volts at 7 M.V.




11 COMPUTER SYSTEMS

111 Acquisition System Developments

M.A. Howe, C. Hyde-Wright, H.P. Readdy and R. eymour

consists of a dozen Tracor Northern TN-1213 ADCs
d to input registers installed in a BiRa MBD-11 controlled CAMAC crate. The MBD-111s
3200 running VMS version 4.7 with VWS/UIS as the “windowing”
software. The VAXStation has 8 megabytes of memory, a 19 inch monochrome screen and a Q-bus
extension cable to a BA23-CC expansion box containing a 760 megabyte Maxtor disk drive on
an Aviv DFC 904 controller, another Aviv controller for a Telex 995} 6250 bpi tape drive, a TTI
CTS-8000 8mm tape system, a DEC IEQ11 IEEE-488 bus controller, a DEC DRV11-J and an
MDB DWQLL Q-bus to UNIBUS converter. The other end of the DWQL1 converter is in one of
our old 11/60's UNIBUS cabinets, where the MBD-11, 2 DR11-C and oy P,
controller are still attached. Additional CAMAC space
and 2551s.

rintronix’s lineprinter
is available for our LeCroy 2249's, 2228'

A second acquisition system has been assembled for the Time Projection Chamber project (see
section 0.7). It consists of another monachrome VAXStation 3200, an Aviv/Maxtor 65 megabyte
disk system, an Able Quiverter and an MBD-11. Unlike our main system, this dedigstey system
has 1o additional lab-built electronics for event synchronization, interfacing or scalers. It simply
uses LeCroy 24492 ADCS’ LAMs to trigger readout and analysis. Event recording is direct to disk,
and subsequent event taping and  printing duties are performed by other VAXStatin: available
across the lab’s DECnet network.

To correct the Qbus Interface Chip
had their CPU boards replaced by Digit

Our principal acquisition softwareis TUNL's XSYS, with major modifications to theis DISPLAY
program. Since the Display program is the principal user interface to the system, it roceives the
Thost continuous development. The arrival of a color VAXstation (see next section) has spawned
the addition of color contour displays. We have also added the ability to directly generate 1.
and 2:d (with grey scale, Fig. 9.7-1) PostScript plots of the XSYS DISPLAY window. We havs
implemented & maultiple spectrum display by allowing up to nine miniature windows to shage the
screen, although only one (the “active” window) is affected by the mouse or typed commands,

problem described last year, all of our VAXStation 32005
al.

XSYS's extended capabilities have greatly increased our “average experiment’s amount of event
data collected, compared to the MULTI/QDA system we ran on the PDP 11/60. We try to provide
about 500,000 free disk blocks for an experimenter, and they often fill, tape and refill that space in
the course of a run

XSYS’s greater acqt ion capacity combined with the sudden increase of on-site disk space
swamped our abilities to tape and archive data. We had been investigating optical disk storage,
but the price, features and capacities never approached our needs. The advent and acceptance of
“8mm” systems scemed more appropriate. Each 8mm cartridge can hold over 2 gigabytes of data.
All 8mm systems are based upon an Exabyte Corporation modification of a Sony Smm video camera
tapedrive. Many companies match that Exabyte drive with differing styles of controller electronics
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to produce a tape “system”. The basic Exabyte drive has a complete lack of activity indication.
We had tried a Dilog system as a demo. Since Dilog, like most system suppliers, simply adds a
controller inside the VAX, we experienced long delays while waiting for operations which never
completed. Based upon that test, we chose the Transitional Technologies Inc. (TTI) CTS-8000
system. It provides a numeric display of drive activity, tape-remaining and error rate. The Smm
tape system was initially justified by magtape cost savings alone. It has proven a fast, reliable and
capacious system for both backup of large event files previously recorded on disk, and for direct
recording of events with large event sizes. Some care and patience is required to avoid “confusing”
the system, but as long as the drive shows “ready” before an operation is attempted, it works
well. We find that we occasionally crash the VAXStation when attempting extensive VMS Backup
operation while acquisition is underway. We suspect this is due to some bus latency problems
exacerbated by the VAXStation’s limited Qbus address translation cache, but have not isolated the
problem.

Different hardware, usage experience and gradual changes are causing the generation and ex-
pansion of locally-written documentation for XSYS. This included restructuring of XSYS’s online
HELP into a tree system.

Our PDP-11 screen-menu Momentum Filter control programs have been moved to the VAXS-
tation environment.

With the purchase of a second MBD-11 for the TPC system, our original (1978 vintage) MBD-11
was finally freed to be sent back to BiRa to bring it to current revision level and to attempt to
correct intermittent errors. Even their of 17 (and the addition of 5),
the MBD still would occasionally hang (it seemed to miss the VAXStation’s NPG signal granting
Qbus access). Finally one memory chip failed completely and all symptoms disappeared with its
replacement.

In a related, but distant, note: our versions of MULTI/QDA and SINGLES are currently
installed and running at TANDAR, Argentina’s vertical tandem Van de Graaff center in Buenos
Aires. They have ported them to RSX-11M v4.2 on a PDP-11/34.

112 Analy:

and Support System Developments

M.A. Howe, C. Hyde-Wright, H.P. Readdy and R

eymour

Our principal interactive system is still an 8 megabyte VAX 11/780 running VMS version 4.7,
with connections to thirty-odd local terminals. It is connected via ethernet to eight VAXStation
3200, one VAXStation 2000, one color VAXStation 3100 and a color DECStation 3100 in our
building, and via fiber optic ethernet to the rest of the campus. We do not usually run the systems
as a cluster.

The VAXStation 3100 and DECStation 3100 were received under Charles Hyde-Wright's Presi-
dential Young Investigator (PYT) grant from Digital. They arrived completely diskless. They have
each been given SCSI 766 megabyte Imprimis Wren 6 drives. A VaxStation 3200 obtained last year
under the Digital PYI grant has been temporary located at SLAC for the PEGASYS project.




The 11/780 now has two Maxtor 760 megabyte drives on its Qbus extension, and we finally
have a Maxtor on all but one of the VAXStation 3200’s,

A test installation of our second TTI/Exabyte 8mm tape system on the 11/780's Qbus extension
worked perfectly. The 8mm system is normally installed on a faster VAXstation 3200 to provide
better service for both offline analysis, display and network-wide backups. In the last two years
our onssite formatted disk capacity has quintupled from about 1500 megabytes to 7500 megabytes.
Given a single 6250 bpi tapedrive among the offline systems, 9-track techniques were woofully
inadequate to handle our backup, archiving and analysis demands. The 8mm tape system makes
incremental backups simple, and full backups remain feasible.

With our disks often running over 90% full, disk fragmentation has been of unending concern.
Over the years we have tested commercial defragmentors such as Raxcos Rabbit-7 and, most re.
cently, Executive Softwares Diskeeper. To aid our analysis of our problem and their performance,
we have written diskspace analysis programs which provide single-page maps of every cluster on
the disk, rendered in run-length encoded gray-scale PostScript, with the darkness of gray indicating
number of fragments for each file shown. Although Diskeeper eventually achieved a near-perfect
level of file defragmentation, it was unable (over the course of a month) to consolidate our freespace.
‘Thus newly created (or restored) large (100 to 300 thousand block) event files could not be cre.
ated contiguously. We're still investigating approaches to our particular problems with disk space
optimization.

XSYS is our primary offine analysis package, although we also run LAMPF’s Q on a VAXSta-
tion in support of Douglas Rosenzweig’s work (see section 7.2).

Weserved as a betaxtest site for the VMS version of Wolfram’s Mathematica package. It required
bringing a VAX to VMS v5.2 with DECWindows. Wolfram has since generated a VMS v4.7 version
The VMS upgrade was relatively uneventful, and later allowed the booting of our newly-delivered
VAXStation 3100 as a diskless cluster member. The regime of DECWindows coupled with VMS
¥5.2's increased security produces an operating environment which is noticeably less casual for
inter-user and inter-machine file transfers. Part of this is obviously “tuning”, and will improve with
experience, but some symptoms seem inherent from the design of the facilities. Since the end of the
Mathematica beta-test period, the 3100 has been converted to VWS/UIS in lieu of DECWindows.

With the arrival of the color DECStation 3100, we now have Ultrix, Digital's version of Unix,
in the lab. We shall be installing Mathematica on this platform in view of its higher speed.

We now have TGV’s MultiNet communications package running on all of the VAXes. This pro-
vides us with direct Internet access, and complies with the campus’ goal of removing pure DECnet
from the cross-campus fiber optic network. Our principal Internet address is npl.npl.washington.edu.

As demonstrated by the disk space analysis program and XSYS's DISPLAY, we have been
adding native PostScript generation subroutines to many of our graphics-oriented application pack-
ages. It seems to take about two weeks to go from brute-strength PostScript imaging to fairly
streamlined and optimized PostScript file structures. The optimization techniques often vary based
upon the kind of image being created.

We have imported TRIUME's PLOTDATA and OPDATA packages, and they are gradually
developing a following. A modified version of SLAC’s TopDrawer, based upon their UGS, is still
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our flagship general graphics generator.

The random pieces of hardware and software we accumulate over the years periodically get used
in new and unexpected ways. An example of this was the use of our LaserMaster laserprinter, which
has been functionally replaced by our Apple LaserWriter, for generating computed holograms. A
physics masters student had generated the patterns on our VAX as part of his thesis project.!
He moved them via DECnet/ethernet to the PC-AT clone hosting our LaserMaster. Since the
LaserMaster uses a card and rasterizing processor internal to the PC for its image generation, a
page-filling interference pattern could be coded, transferred and printed in less than two minutes.
These were then photographed onto 35-mm slides for illumination by a laser.

Likewise, our 7-track tapedrive was converted to a “rabbit” system for Alejandro Garcfa’s
experiment (see section 3.2).

Since the end of its warranty period, we have self-maintained the 11/780. This has ranged
from calling Digital for occasional board swaps or upgrades, to individual component isolation and
replacement. A failure this year was repaired by the purchase of a complete 11/780 CPU circuit
card set for $1200 from a used equipment vendor. One card from that set saved the work of isolating
the failing component. Since then the card set has served to repair another failure. The rest of the
11/780's problems have been caused by aging electrolytic capacitors.

We still provide management for the Nuclear Theory group's three VAXStation 3200s.

11.3 Polarized Ion Source Computer Control System

C.A. Gossett,

Harper, M.A. Howe and R.W. Stout

Work directed toward placing the operation of the polarized ion source completely under com-
puter control with both remote and local access s essentially complete. This includes development
of the ANAC 700 microprocessor controlled system for the spin precessor, the knob box project,
and connection of the remaining atomic beam system and cesium system parameters.

Acquisition of additional ANAC multiplexor units and a spare microprocessor controller from
Yale University provided the required hardware for the completion of the spin precessor system. The
software for the spin precessor controller was developed in house and modeled after the atomic beam
and cesium systems. Commissioning of the spin precessor controller immediately allowed complete
computer control over the interlock system of the entire source. ADC and DAC multiplexors were
put into operation after completion of the first knob box. All source parameters were also made
accessible through the CSX program on the LINAC pvax control computer for both monitor and
control.

A knob box system was designed and built for tuning source parameters from a central location.
The system consists of an IBM PC computer, power supply and floppy disk drive mounted in a
5.25 inch by 19 inch rack mount chassis, a knob box, and 2 40 foot long rolled and shielded ribbon
cable for interconnection. The knob box itself is a 7 inch by 13 inch, lightweight, aluminum box
with 16 pushbuttons for parameter selection and 4 optically encoded rotational motion transducers
for parameter adjustment on the front panel. A 20 character vacuum fluorescent display for each

iSE. Horn, M. the

. University of Washington (1989) unpublished.
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knob provides information concernin

8 the parameter to which the knob is mounted, the parameter
setpoint, or a system message.

development. In this manner, the entire source may be tuned from ore poition
through the sequence of source parameters,

by simply stepping

In the present software configuration,
or more keyboard commands throu

Further development includes activating the few remaining unconnected source parameters and
@ labeling system for the 77 parameters which may, at this time, be connectod

114 Improvements to the Main Control System
G.C. Harper and M.

Howe

During 1989 considerable work was done to make t
faster and more efficient. This i

booster master control program (CSX)

some of th ge handling data.
ng routines with
ient. The graphics updating routines
were made more intelligent so that the global data base is scanned less often and the touch scroon
parameter increment/decrement routines were combined with the routines that handle parameter
changes initiated by the knob boxes. These changes have resulted in a noticeable increase i screon
drawing and updating speed.

Two new knob boxes were added for controlling the polarized ion source (PIS). ? There are
sixteen buttons on each knob box which are used 10 activate a CSX command flle containing
any legal CSX keyboard command. Several new commands were specifically created to make the
buttons more functional. For example, there is a parameter save/restore command,  cup togele
in/out command, a knob display refresh command, and a button file directory change command
(50 that buttons can have multiple functions)

During the new knob box development a serious bug was found in CSX which prevented proper
CSX-knob box signal handshaking and could cause the knobs to get ahead of a slow satellite and fill
up the buffers in the satellite. Thus under some conditions the satellite would continue to change
the parameter long after the user stopped turning the knob. This error has been corrected.

2See Section 11.3, this report
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ISE. Horn, M.S. thesis, University of Washington (1989) unpublished.
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knob provides information concerning the parameter to which the knob is mounted, the parameter
setpoint, or a system message.

Two knob box systems are now complete and operational. After completion of the first, the 10
turn pot tuning system of the spin precessor parameters was discarded. The knob boxes can now
be connected to any ANAC 700 system controlled parameter on the source. The 16 buttons an
the knob boxes connect parameters to the 4 knobs in a left to right sequence similar to the beam
development. In this manner, the entire source may be tuned from one position by simply steppi ng
through the sequence of source parameters.

In the present software configuration, the CSX program senses a button push and issues one
or more keyboard commands through 2 command file dedicated to that button. In this manner,

a set of analog parameters, toggle 2-state parameters,
issue store and recall commands, or even remap the button configuration. This last feature hae
allowed operation of the injector deck ion sources and the low energy buncher using the same knob
box by sequencing through a linked list of systems using one of the buttons. Source paramoters are
changed incrementally so that connecting or disconnecting a knob and activating o deactivating
display does not change the value in the database.

Further development includes activating the few remaining unconnected source parameters and
alabeling system for the 77 parameters which may, at this time, be connected,

11.4 Improvements to the Main Control System
G.C. Harper and M.A. Howe

During 1989 considerable work was done to make the booster master control program (CSX)
faster and fficient. This ished by ing some of the message handling data.
structures to allow shorter internal messages and a consolidation of message handling routines with
simular functions so that message processing was more effcient. The graphics updating routines
were made more intelligent so that the global data base is scanned less often and the touch screen
parameter increment/decrement routines were combined with the routines that handle parameter
changes initiated by the knob boxes. These changes have resulted in a noticeable increase in screen
drawing and updating speed.

Two new knob boxes were added for controlling the polarized ion source (PIS). ? There are
sixteen buttons on each knob box which are used to activate a CSX command file containing
any legal CSX keyboard command. Several new commands were specifically created to make the
buttons more functional. For example, there is a parameter save/restore command, a cup toggle
in/out command, a knob display refresh command, and a button file directory change command
(s0 that buttons can have multiple functions).

During the new knob box development a serious bug was found in CSX which prevented proper
CSX-knob box signal handshaking and could cause the knobs to get ahead of a slow satellite and fill
up the buffers in the satellite. Thus under some conditions the satellite would continue to change
the parameter long after the user stopped turning the knob. This error has been corrected.

#See Section 11.3, this report




knob sensitivity was carefully adjusted

Controls were added for the PIS spin precessor and the
for the PIS is now complete.

for each source parameter to make tuning easier. The software

ctor deck was enhanced so that the external terminal is no longer
deck slits and touch screen access to the
eveloped for controlling the beam

Touch screen control of the injos
required. A subpage was created to give control of the
learn function was added. In addition, a scparate page was d
chopper hardware.
booster beamline. The steering magnet page
ADC card was added to the MicroVAX and
ent integrator.

Two vertical steering magnets were added to the
was modified to give control of those magnets. An
software written to read and display data from the new scanner curr
t up custom alarms on most booster

The alarm system was cxpanded to allow a user to sct
parameters. A display page was developed to alert users to vacuum system gatevalve changes.
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