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Introduction 
The following report is intended to describe the on-going 

experimental and operation's programs at the Bevalac. This report covers 
the period from January 1988 to early March 1989. For some few 
experiments we were unable to obtain reports. Also, since some programs 
were in the process of building new or improved apparatus, a few of the 
Bevalac programs are not represented in this, the 5 l h edition of The Bevalac 
U p g r a d e . We would like to thank those who were able to contribute 
summaries of their Bevalac work from the last year. 

Annual Operation's Report 
Operation of the Bevalac in FY 1988 surpassed the FY 1987 record 

of 4023 hours for the combined nuclear science-life sciences programs. 
Nuclear Science in FY 1988 chalked up 2727 research hours and life sciences 
used 1307 hours, for a grand total of 4034 research hours. Thirty nuclear 
science experiments were run in FY 1988, of which 12 were n^ajor. The 
high-energy portion of the nuclear science program suffered a setback in 
January, when one of the two main motor-generator sets supplying power to 
the Bevalac magnet developed a short from rotor winding to ground. The 
west motor was removed in January for rewinding and was reinstalled at 
the end of April, in time for service during the summer operating period. 

The year was also unusual in that we programmed two shutdowns 
for the accelerators. The first was in March and April, when preparations 
were made for installation of a new biomedical facility. The second in 
September and part of October, in addition to being budgetary, was used for 
installation of a new laminated magnet that replaced the XM4-XM5 magnets. 
The new magnet allows pulse-to-pulse switching between EPB-1 and EPB-2, 
and also consumes less energy than its predecessors. The September-
October shutdown was also used to install improved drift-tube quadrupole 
magnets in the pre-stripper section of the SuperHILAC. with the goal of 
much improved transmission of very heavy ions. 

Ion species in FY 1988 ran the entire range of the periodic chart, 
from hydrogen to uranium; helium and neon dominatcJ because of our 
radiotherapy program. Gold was used 10% of the time. Figure I indicates 
the spread of ions delivered in FY !9S8. (F.L.) 



Atomic Mass (XBL 893-873) 
Fig.l Ion Species Accelerated at the Bevalac, FY 1988 

Ream 30-1 Dileptnn Spectrometer IDLS1 
The Dilepton Spectrometer (DLS) is a large aperture, two-arm 

magnetic detector constructed and operated by a collaboration from LBL, 
UCLA, the Johns Hopkins University, LSU, Northwestern University and the 
University of Clermont-Ferrand (France). The DLS program has been 
invest igat ing dielectron ( e + e " pair) production in p-p, p-nucleus and 
nucleus-nucleus collisions. 

Prior to the DLS project, dilepton production in heavy ion 
collisions had usually been studied with the hope that it would provide 
information on quark-gluon plasma formation. Since the DLS project began, 
theorists have started to consider the production of dileptons in the GeV/N 
energy domain. J. Kapusta and C. Gale initially pointed ou! the possibility of 
using dileptons as a probe of pion dynamics in nuclear matter and C M . Ko 
improved the estimate of the pion dispersion relation effect on the 
dielectron mass spectrum. The subject of pion condensation, which received 
much attention in the 1970's, is also regaining interest (G.F. Brown). 

The main results obtained so far with the DLS are as follows, (i) 
In p-Be collisions at beam energies from 1 to 5 GeV. the excitation function 
for dielectron production and the observation of a structure at about twice 
the pion mass in the dielectron invariant mass spectrum (above 2 GeV beam 
energy) suggest that it + n" annihilation is a dominant source of dieleclrons of 
masses greater than 200 MeV. (ii) At 1 GeV/N. the slopes of the dielectron 
invariant mass spectra for Ca-Ca (an experiment performed in Spring 1988) 
and p-Be reactions are quite different, as illustrated in Figure 2, with more 
high mass dielectrons being produced for the Ca-Ca reaction. This 
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observation again suggests a possible significant contribution from n + n" 
annihilation. Other processes, like the Dalitz decay of the A (1232) 
resonance, may also be of interest, as pointed out very recently by J. 
Kapusta and C. Gale . 

These first results are very promising. They show the feasibility 
of such measurements for even heavier projectile/target mass systems. The 
observation of a dieleciron component from K + K~ annihilation establishes the 
link with the possibility of using dileptons as a probe of pion dynamics in 
nuclear matter. 

A major proton run with hydrogen and deuterium targets is 
scheduled for Spring 1989 to see if dielectrons are produced in the basic 
nucleon-nucleon process at Bevalac energies. In addition, another major run 
with Ca/Nb beams is also planned for this period. (G.R.) 

0 0.2 0 4 0.6 0 8 1 

M (GeV) 

0 0.2 0 4 0.6 0 8 

M (GeV) 

Fig. 2 The mass cross sections divided by ( A _ A t ) Z 3 for 
the reactions (a) Ca+Ca and (b) p+Be at 1.0 CJeV/N. The solid lines 
a re the exponent ia l fits (for M>200 MeVi, and the dashed lines 
the est imated Dalitz decay background. IXBI. 89VK74) 
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The DLS is presently constructing a "multiplicity array". This 
detector will enable the group to measure the charged particle multiplicity 
in relativistic p-nucleus and nucleus-nucleus collisions. The multiplicity 
array consists of 96 segments arranged in a conical geometry which 
surrounds the DLS scattering chamber. The angular coverage is from 13° to 
9 0 c in the laboratory frame. All segments have approximately 10-20 nano-
curies of Bi(207) deposited on the scintillator for calibration purposes. The 
array will soon be installed and will be used in the next DLS run in Spring 
1989. 

An extensive upgrade of the DLS drift chambers is presently 
underway. An additional four planes (a shield, two "x" cathodes and a "x" 
sense) are being added to each of the three stacks in each arm. All of the 
old planes are being cleaned and the wires are being checked, replaced and 
retensioned whenever necessary. All the internal/external wiring and 
electronics are being upgraded to accommodate the latest LeCroy edge cards 
(amplifier and discriminator unit). These improvements will enable the DLS 
to run more efficiently at higher charged multiplicity and will increase the 
overall resolution. The upgraded chambers will be installed in March 1989 
and will be used in the next DLS run. (C.N.) 

Currently the DLS is adequately segmented to measure e + e" pairs 
(in a copious hadronic background) from Ca+Ca collisions, and perhaps for 
Nb+Nb collisions. The measurements for higher mass systems (resulting in 
higher nuclear matter and energy densities), where collective enhancements 
are expected to be greatest, are out of reach of the current DLS design. Ring 
imaging Cerenkov (RICH) detectors satisfy this particle identification need. 
Also, they enable the identification and the measurement of direction of the 
electrons even when the detected Cerenkov radiaiion overlaps with that of 
another electron; a situation common in the Dalitz decay of pions, and the 
external conversion of gammas. In a collaboration between LSI.. UCLA, and 
Johns Hopkins University we have constructed a prototype low-pressure 
muhistep RICH detector. A facility for producing high-purity TMAE (a high 
gain "magic" gas) was set up at LBL. and a batch of TMAE was purified in the 
fall of 1988. The complete detector system »;n assembled at LBL, tested 
with a UV flash lamp and installed in place of the upstream Cerenkov 
detector on the DLS. The laboratory tesls demonstrated the ability of the 
total system to detect and image UV photons, but were unable to give a 
value of the absolute quantum efficiency of the operating system. Initial 
operation of the detector at the Bcvalac (August 1988) suffered from 
contamination of the detector gas. 

Subsequent to our iirst beam test, improvements were made in 
the diagnostics used to measure the absolute efficiency, and in our 
TMAE/gas handling techniques. A second batch of TMAE was purified, and 
an improved TMAE bubbler was used. The pertormance of the detector was 
much improved during the second beam l e t s ubilitv to achieve necessary 
operating voltages; imaging of charged tracks on ('CD system), but we were 
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prevented from recording electron-induced rings by an unexpectedly long 
DLS trigger delay and by a large, and spatially varying pedestal in our CCD 
camera. Neither of these difficulties are serious in the long term, but were 
not correctable in the short time available. In neither of the beam tests did 
we find any deterioration of the detector operating characteristics due to the 
presence of beam on target. 

During the coming months we will develop and improve ihe RICH 
detector by incorporating a quartz radiator to provide a calculable UV-
photon spectrum from cosmic rays, by upgrading the gas-handling system 
and by upgrading the triggering system. 

Construction and testing of the DLS physics prototype will lake 
place in FY 90, and construction of operating detectors for DLS will be 
carried out in FY 91. (P.S.) 

Ream 30-2 (JANUS SPECTROMETER! 
A collaboration from L.B.L. and Texas A & M headed by K. Crowe 

(L.B.L.), J. Rasmussen (L.B.L.) and K. Wolf (Texas) carried out pion 
interferometry measurements using the Janus spectrometer in an ongoing 
program at beam line 30-2. The Janus spectrometer, with a 4 m flight path, 
consists of two dipole magnets, four wire chambers for particle tracking and 
a hodoscope array for triggering, TOF and pulse height measurements. 

Previously, the spectrometer was used to collect two-pion 
correlation data from the reaction 1.54 GeV/N " N b + 9 3 N b -> 2n~ + X and 
1.82 GeV/N 4 0 A r + KC1 -> 2n~ + X. The radius, lifetime and coherence 
parameters were determined for the pion-emitting source using the 
Hanbury-Brown-Twiss effect. This effect is an intensity interference effect 
where the probability of detecting two pions of similar momenta is 
enhanced by the interference of the pions. The extent of the interference is 
determined by the pion source size. Using the two-pion yields a momentum 
correlation function is formed, and Ihe source size is deduced by fitting a 
theoretical correlation function (with adjustable parameters) to the 
measured correlation function. Figure 3 shows the parameters that result 
from fitting correlation functions to the data for Nb and Ar with the 
acceptance centered at 0° from the beam direction, along with published 
data for Fe at 0°. We show the variation of the nuclear size with A by 
including in Figure 3 the curve R = 0.8 • A '• fm. This curve is the result of 
assuming a uniform pion-emitting source of nuclear size (1.2 • A ' fm), 
calculating the correlation function thai would result from this source, and 
then fitting this correlation function with the same paramaterization used in 
the data analysis. 

In May 1988 two-pion correlation data were taken with the 
augmented Janus spectrometer for the reaction 1.22 GeV/N ' - ' L a + La 
-» 2TC— + X . For this experiment a 45 element beam fragmentation counter 
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array was added to the spectrometer to allow determination of the 
centrality of the collision from the charge and number of the beam 
fragments. This data is currently under analysis. An estimated 80,000 good 
two pion events are present in each of the two (0° and 45° in the lab) data 
sets, allowing each data set to be divided into four groups based on the 
centrality of the collision. 

In Jan 1987 a search was carried out for a 'pi-neut' particle (a 
bound slate of n negative pions and 2n neutrons). The data analysis has 
narrowed the number of possible candidates to - 5. The analysis is 
continuing to determine if this number is a statistically significant increase 
over the expected background. (A.C.) 
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Fig. 3 Radius, Lifetime and Coherence Parameters 
vs Atomic Mass (Odegdata) XBL89OVEIO6 
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Beam 39 
I) Low Energy Program 

A collaboration from LLNL, LANL, LEL, and ihe Weizmann 
Institute successfully completed an experiment at Beam 39 during January 
1989. The objective of the experiment was to study reaction mechanisms 
between 50 and 100 MeV/N using Fe beams with thorium, gold, and 
tantalum targets at the PAGODA detector array. Good data was acquired at 
each beam energy with each target. 

The PAGODA detector facility is composed of eight identical gas-
scimillator telescopes covering 10% of 4it in a planar geometry and a highly 
segmented plastic phoswich hodoscope. The gas-scintillator telescopes were 
designed to provide a logarithmic energy response and are sensitive to a 
broad range of particle mass and energy, see Figure 4. The hodoscope 
elements provide angular coverage from 2° to 10° in the plane of the gas-
scintillator telescopes and from 2° to 14° out of plane. Each element is 
capable of unit charge resolution through Z=26 as can be seen in Figure 5. 
Using the hodoscope to characterize the reaction (impact parameter and 
energy deposition), we can study the production of light and heavy reaction 
products in the gas-scintillator array. One of the goals of this experiment 
was to study the competition between fission and evaporation in the 
reaction residue. In our earlier experiments with Nb beams at similar 
energies wc found that the fission probability declines dramatically as the 
excitation energy deposited in the target residue increases (as the collisions 
become more central), suggesting that for the more central collisions, a fast 
decay process leaves the target residue with very low fissility. 

We are also trying to characterize the production of intermediate 
mass fragments (2<Z<fission) in these reactions. Heavy-ion collisions at 
energies between about 20 and 200 MeV/N are often considered to be in a 
transition region defined by the reaction mechanisms which dominate at 
either end of this region; at higher energies, light and intermediate mass 
fragment production is the dominant decay mechanism while at the lower 
energies, sequential decay of a composite system and fission are the 
dominant mechanisms. By studying the production of intermediate mass 
fragmenis we hope to be able to characterize by energy deposition and 
momentum transfer the mechanisms which occur in these reactions. Our 
ultimate goal of course, is to understand the behavior of highly excited 
nuclear systems.(C.S.) 
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Beam 39 
II) Irradiation Station 

A collaboration from Iowa State University and LBL has been 
studying electro-magnetic dissociation (ED) in which a target nucleus is 
excited into the giant resonance mode. This occurs due to the exchange of 
virtual photons when a heavy projectile passes near the target nucleus but 
beyond the range of short-rarged nuclear forces. The ED process typically 
results in the removal of one neutron from the target and the resulting 
radioactivity is followed for several months at Iowa State to determine the 
relevant ED cross sections. 

The physics objectives of the ED experiments are to observe the 
ED cross sections of several barns and determine to what extent the 
Weizsacker-Williams (WW) virtual photon method provides a correct 

description of the process. The experiments have been carried out on -* C o 
and I 9 7 A u targets using l 2 C . 2 0 N e , 4 0 A r , 5 6 F e . and I 3 9 L a projectiles. The 
largest measured ED cross section was l .97 barns for the 
l 9 7 A u ( I 3 9 L a , X ) Au reaction. The results and comparison with theory 
are shown in Figure 6 for various Relalivistic Heavy i o n s . 

In February 1989 an experiment was carried out in which three 
9 ~i Q 

Au foils of different thicknesses were bombarded with 960 MeV/N - " " U 
projectiles. Also, measurements were made to determine a precise cross 
section for the ' 2 C ( 2 3 8 U , X ) ' ! C reaction for use as a beam monitor standard 
in this and other experiments. A counter telescope was used to count 
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individual beam particles. Our WW calculations give a value of 4.5 barns for 
Counting of the 

Au foils is in progress, and large amounts of "Au activity are being 
observed. 

the ED cross section for the 1 9 7 A u ( 2 3 8 U , X ) 1 9 6 A u reaction 

Fig .6 ED cross sections for 
the 1 9 7 A u ( R H I , X ) 1 9 6 A u 
(upper curve) and 
5 9 C o ( R H I , X ) 5 8 C o (lower 
curves). The x's are 
measured points and 
circles are results from 
the WW calculation. 

(XBL 893-877) 

Beam 39 
HI) Irradiation Station 

A collaboration from Oregon State University, Studsvik Neutron 
Laboratory, and LBL have been studying the phenomenon of "backsplash". 
This unexpected effect is the preferential backward emission of fragments 
in heavy ion collisions. This effect was previously observed with 
intermediate mass fragments (A = 24-48) resulting from the 
multifragmentation of 9 Au by 232 GeV ' ° 0 . The fraction of products 
recoiling forward (F) relative to those recoiling backward (B) from a thick 
target was found to be F/B = 0.81 ± 0.05. This observation has been 
confirmed in a subsequent experiment at the AGS/Tandem complex at BNL. 
While slightly backward-enhanced, sideward-peaked angular distributions 
have been observed previously for multifragmentation products from p-
nucleus and nucleus-nucleus collisions, this is the first measurement in 
which F/B ratios were found to be so much less than unity. The effect is 
shown in Figure 7. This unusual backward enhancement is difficult to 
explain within current theoretical models of multifragmentation. 

Because multifragmentation is generally thought to involve central 
collisions in which a significant fraction of the projectile's kinetic energy is 
converted into excitation energy, we speculated that it might be possible to 
observe the backsplash phenomenon in relativistic nuclear collision 
involving very heavy projectiles. 

To test this possibility, we recently measured the spatial asymmetry 
of mukifragmentation in the reaction of 1.076 GeV/N ' " ' A u with " ' A u . 
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We simultaneously irradiated 15 thick target-thick catcher recoil assemblies 
and measured the F/B ratios for multifragmentation products using 
radiochemical techniques. In June 1988 the Bevalac delivered = 2.9 x 10" 
Au ions/pulse for 19.75 hours, giving us a total exposure of 3.4 x 1 0 ' ° i o n s . 
No evidence for the "backsplash" phenomenon was found with all values of 
F/B being greater than 1. A side benefit of the experiment was the 
measurement of the mass-yield curve and isotropic yields for the Au + Au 
reaction. Analysis of the resulting distributions in terms of current 
theoretical models of very heavy nucleus-nucleus collisions is still in 
progress. (W.L.) 

Fig. 7 Energy dependence 
of the Front/Back ratio 
for Na produced in the 
reactions of protons and 
heavy ions(C,0,Ne) with 
Au. (XBL 893-892) 
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Beam 40 
I) Resonant Transfer and Excitation 

Resonant transfer and excitation (RTE) is a well-established example of 
electron correlation in ion-atom collisions. Electron correlation arises from 
the electron-electron interaction, and is observed only in certain cases in 
atomic physics, e.g., Auger-electron emission. In fact, RTE, in which one 
electron is captured from a target atom by a highly charged projectile ion 
while another electron in the projectile is simultaneously excited, is the ion-
atom analogue of dielectronic recombination, which is the formation of an 
excited intermediate state via an inverse Auger transition. RTE is resonant 
when the projectile velocity is such that the energy of a target electron in 
the rest frame of the projectile is equal to one of the Auger electron 
energies. Many intermediate excited states are possible, each one 
corresponding to an allowed Auger transition. 

The intermediate excited state produced in the RTE process can 
stabilize by x-ray emission, in which case its signature is detection of an x-
ray in coincidence with a projectile which has captured an electron. The 
intermediate excited state can also stabilize by Auger-electron emission. 

Studies of RTE in which a K-shell electron is excited have been 
restricted to elements of low to intermediate atomic number, because the 
Auger-electron energy, hence the required projectile energy, increases with 
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atomic number. For example, Ca is essentially the heaviest element for 
which K-shell RTE can be studied at the SuperHILAC (maximum 8.5 MeV/N). 
L-shell RTE for Nb and La has also been studied at the SuperHILAC . The 
Bevalac, however, is required to study K-shell RTE for a heavy element like 
U. We have calculated that 100-150 MeV/N is the energy range in which 
RTE would be expected for U ions. 

RTE is often observed in projectile-ion-x-ray coincidence 
measurements. However, when the RTE cross section is sufficiently large 
relative to the cross section for electron capture, RTE can be measured in a 
singles (non-coincidence) electron-capture experiment. A collaboration from 
Queens University, Western Michigan, Wesleyan, GSI and LBL headed by Bill 
Graham and Fred Schlachter recently measured the single-electron-captuTe 
cross section for 130-159 MeV/N U 8 9 + on C. A charge-state-selected beam 
of U 8 9 + ions was passed through a carbon foil, and the charge-state 
distribution after the foil was measured with a position-sensitive 
scintillation detector. A sample charge-state spectrum is shown in Figure 8. 
The fraction of U 8 in the emergent beam was measured with carbon foils 
of different thicknesses to obtain the electron-capture cross section. 
Measurements were made at 13 energies in the range 130-159MeV/N to 
look for structure in the energy dependence, which would correspond to the 
formation of intermediate excited states. Data anaysis is still underway. 

Fig.8 charge-state 
spectrum from a position 
sensitive scintillator for 
j j89+ a t a n energy of = 35 
GeV after passage through 
a thin foil (XBL 893-878) 
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B e a m 4 0 
II N A S A 

Experiments in the Fall of I9SH. with a collaboration from LSL'. BL. 
LiM. and !U. covered two major Cosmic Ray instrument projects for NASA: 
the Superconducting Magnet Instrument for Light Isotopes (SM1L1) ; and 
three satellite instruments from the University of Chicago to be flown on the 
Cosmic and Solar Particle Investigations (COSPIN) and Combined Radiation 
Effects Satellite (CRRES) experiments. The SMIL1 program is a balloon 
project designed to utilize a superconducting magnet in conjunction with 
drift tubes, scintillators, and Cerenkov detectors to study the isotopic 
conv$vos,uio(\ o( low-Z. cosmic tays, at enemies, up i G \, GtV/N Tfte COSPIN and 
CRRES instruments consist of high energy and low energy telescopes to 
measure the energy spectra and isotopic composition of cosmic ray and solar 
energetic particles from hydrogen through nickel. The balloon package will 
be launched in 1989 and the satellites in 1990. Prior to launch, the detector 
and electronics response must be calibrated to achieve the resolution 
necessary to identify cosmic ray isotopes. 

The calibration procedure consisted of exposing each instrument 
to primarv and secondary isotopes of low energies up to the maximum 
range of the instrument being tested. We began with simple sweeps of the 
primary beam using a sel of variable thickness copper absorbers and a 
rotating aluminum wedge to change the incident energy at the surface of the 
detector. To make isotope beams, we put maximum energy primarv beams 
through CH-, targets to produce a broad spectrum of secondary isotopes. 

Using the focusing properties of the Beam 40 spectrometer, we then selected 
a specific rigidity range to focus on the instrument. Persistence of velocrv. 
for fragmentation products guaranteed a well delined set of second;-. \ 
isotopes at selected rigidities. The result was a set of well populated 
"isotope l ines ' for each instrument, sufficient to characterize .'elector and 
electronic response so that even rare isotopes could be unambiguously 
identified in the cosmic radiation. (H.C.) 

B e a m 42 ( H I S S ) 
I) E q u a t i o n of State ( E O S ) 

During Inly and August !<•)£$ a Kenl Stale-Michigan Slale-LBL 
collaboration headed by R. Madey. canied out a maior experiment designed 
to probe the nuclear equation-of-state (KOSi b\ measuring triple-differential 
neutron cross sections O ( T . C O S 8 . O - O R i for neutrons from high-multiplicity 
collisions of equal mass nuclei. Data »ere obtained for collisions of Au on 
Au at beam energies of 650. 400. 250. 150. and 75 MeV/N and for Nb-Nb 
collisions at 400 MeV/N. For each event, the a/imulhal angle oR was 
extracted b\ means of a transverse-velocity analysis. The distribution of 
transverse-velocity vectors of the emitted charged particles was peaked 
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about the reaction plane. Shown in Figure 9a are the rms dispersions A Q R ( > 
Y /Yp) in the azimuthal angle of the reaction plane from detecting charged 
fragments above a rapidity Y; these dispersions are plotted as a function of 
the fragment rapidity (in the CM system) expressed in units of the projectile 
rapidi ty . 

An array of 18 neutron detectors at laboratory polar angles from 
3° to 90° were located downstream from the 5 m x 4.1 m TOF wall at flight 
paths of typically 8.3 m. The energy spectrum of neutrons emitted at each 
angle was obtained from TOF measurements. The experiment was capable 
of identifying neutrons unambiguously and measuring their energy over a 
wide dynamic range of neutron energies from about 50 MeV to nearly three 
times the kinetic energy per nucleon of the projectile. Neither the streamer 
chamber nor the plastic ball has an equivalent capability for any baryonic 
species. 

An important quantity of physical interest is <px>. the average 
transverse momentum of neutrons in the reaction plane. The theoretical 
Vlasov-Uehling-Uhlenbeck (VUU) prediction for <px> versus the neutron 
rapidity Y depends on the value of the compressibility modulus in the EOS. 
The fact that this neutron experiment will yield absolute cross sections is 
important because the absolute magnitude and the azimuthal variation of 
these cross sections will impose an additional constraint on theories used to 
extract the EOS from measurements of <px> vs. Y. Shown in Figure 9b for 
150 MeV/N Au-Au collisions are the preliminary results of an analysis of 
the average in-plane transverse momentum <px> versus the CM neutron 
rapidity (in units of the projectile rapidity). The charged fragment 
multiplicities for these events were high enough that only a negligibly small 
percentage of the events came from the target-out multiplicity spectrum. 
These clean samples correspond to impact parameters, b, of less than about 
3.5 fm in the simple geometrical picture. The <px> values in Fig. 9b are 
corrected for the dispersion of the reaction plane; this correction < A p x > of 
about 11 MeV/c is larger than the normalization uncertainties. 

In addition to complementing earlier experiments, the data from 
this experiment should provide some of the most detailed information to 
date on collective flow. Also, because the data extend down to a beam 
energy of 75 MeV/N, which is lower than previous investigations of flow, 
new insights into the regime of the liquid-vapor phase transition and the 
onset of multifragmentation are possible. (R.M.) 
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Beam 42 (HISS) 
II Radioactive Beams (Nuclear Radii) 

A collaboration from RIKEN, Osaka University, Kyoto University, 
KEK and LBL have been carrying out a radioactive beam program over the 
past several years. After finding extremely large matter radii for the 1 5 L i 
and 1 4 B e nuclei in 1988, we extended our study to measure the 
fragmentation of these nuclei. The fragmentation cross sections as well as 
momentum distributions for isotopes of Li and He produced by the 
fragmentation of ' 1 Li were measured at 800 MeV/N. Similar 
measurements were made for the 1 4 B e projectile. The transverse 
momentum spectrum of 9 L i from the fragmentation of ' ' Li shows a new 
type of distribution. The spectrum shows an extremely narrow peak on top 
of the other peak which has a width consistent with that expected from the 
Fermi motion of normal nucleons, see Fig. 10. The narrow peak indicates 
the existence of neutrons whose internal momentum is extremely small 
compared with the usual Fermi motion. It also indicates that the large radii 
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of ' ' L i observed in the interaction cross section is due to the long tail 
(giant neutron halo) in the space distribution of these neutrons. The same 
feature was observed in reactions with ' B e . It is suggested, therefore, 
that all neutron drip-line nuclei wear (he giant neutron halo. 

The interaction cross sections were measured at 400 MeV/N 
following the measurement at 800 MeV/N. Because the nucleon-nucleon 
cross sections are very much different at the two energies, the validity of 
extracting the energy independent nuclear radii can be checked. The data 
provided the validity of the determination of the nuclear matter radii from 
the interaction cross sections. 

The measurement of the interaction cross sections have been 
extended to all nuclei in the p-shell. The wide range of data are expected to 
give the opportunity to compare radii between isobars. (I.T.) 

50 r 

Fig. 10 Transverse 
momentum distributions 
of *Li fragments from 
1 1 Li + C. The solid lines 
are fitted Gaussians The 
dotted line is the wide 
component in the 9 L i 

-200 100 200 
distribution (XBL 893-891) 0 
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Beam 42 fHISS) 
III Fragmentation 

A collaboration from LBL, UC Space Sciences Laboratory, NRL, LSU, 
LLNL and UNH carried out an experiment in June 1988 to measure all the 
projectile fragments from 4 He and 2 0 N e at 2.1 GeV/N and lo compare these 
data with the 1 2 C data previously measured. These measurements allow us 
to study in detail the fragmentation process as a function of projectile mass 
and allow us to characterize the onset of multi-fragmenta:ion. The 
fragmentation of ' ^C demonstrated the importance of A production in the 
fragmentation process and also showed the high incidence of multiple bound 
fragments from single events. 

Previous to the experiment we improved the HISS detector 
system so it would better resolve multiple track events. A distributed drift 
chamber (1.5 x 2m) gave improved multiple track resolution. A new highly 
segmented TOF wall (2 cm slats) provided much improved multiple bound 
fragment capability (i.e., 3 a ) and a neutron detector was added for 
symmetry measurements for A production. A new drift tube beam 
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vectoring system eliminated any uncertainty of beam position and vector on 
target, particle by particle. Data anaysis is underway. (P.L.) 

Beam 42 (HISS) 
IV Time Projection Chamber (TPC) 

A small lest TPC was successfully operated in the HISS magnet 
with beams of both Au and He. This two shift run tested features 
planned for the HISS TPC. The final TPC (schematically shown in Figure 11) 
is being designed to measure central collision events with up to 200 particle 
tracks and will rely on full pad coverage of the end cap. The test TPC is 
composed of an endcap with an array of 256 pads and a cubic drift volume 
with roughly 20 cm on an edge. The aim of this test was two fold: to lest 
position and dE/dx resolution achieved with pad signals alone and to 
determine the consequences of using a high gas gain wire/pad plane in an 

environment with heavily ionizing Au ions. 
The tests showed that the TPC can be operated in the Au beam 

without damage. The He measurements produced clean tracks which are 
currently being analyzed and compared to our simulations. 

(XBL 893-881) 

Fig. 11 HISS TPC 
General Layout 
(96x100x160 cm) 
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Beam 42 (HISS) 
V Time-of-F!ight Wall 

The new HISS TOF wall was constructed to return time resolution 
of better than 100 ps for 2 GeV/N heavy ion beams of charge from 1-92. In 
addition, it is to provide charge resolution for particles from 1 < Z < 20 with 
a resolution better than 0.25 charge units. The detector consists of 100 slats 
of dimension 0.7 i 2 x 150 cm, 20 slats 0.7 x 20 x 150 cm and 30 slats 1 x 
10 x 280 cm as shown in Figure 12. The 2 cm wide slats are viewed by 
1.125 in.diameter Hamamatsu R1398 PMTs on either end; the wider slats 
are viewed by 2 in. diameter Amperex XP2020 TMTs on either end. All 
tubes have active bases to handle rates in excess of 10 particles/sec. Each 
PMT has 2 anode outputs (50 ohm). One output is sent to a LeCroy 4413 ECL 
discriminator and the other is sent to a LeCroy 2282B Camac ADC. The 
discriminator output is sent through 250' of Spectra-Strip 34 conductor, 26 
AWG, twisted cable to a LeCroy 2229A-400 25ps ECL Camac TDC. 

The active base design was optimized for constant response at the 
I volt output level to rates up to 10' particles/sec . It contains 5 Darlington 
circuits to stabilize the gain of the last 5 dynode sections. The tapered 
design allows the base tc return a stable time response over a dynamic 
range of 100 in input signal at rates from 1 — 10 particles/sec. We are in 
the process of making this base a standard at HISS and Beam 40. 

In the recent investigation of He and Ne fragmentation (see Sec. 
HI) the fragment charge was computed as the square root of the product of 
the ADCs from the two PMTs at either end. The Vavilov nature of the 
distribution is quite clear and its width near the peak suggests a charge 
resolution of dZ/Z < 0.1 near He, see Figure 13. The charge resolution near 
Ne is dZ/Z < 0.02, as shown in Figure 14. Cutting on the central portion of 
the Ne peak for the time analysis yields the correlation of TDC1 vs TDC2 
which can be removed to yield the time resolution for this data, again with 
the dispersion from position folded in, to be 90ps, as shown in Figure 15. 
Note that tracking will allow removal of the position dependence and 
considerably improve the overall time resolution of the system. (H.C.) 

Fig.12 New Time-Of-Flight 
wall at the HISS facility 

(XBL 893-882) 
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Beam 44 
I) Low Energy Program 

The low energy program in Beam 44 has been studying the 
evolution of complex fragment emission in the intermediate energy regime. 
The collaboration (LBL, Maryland, Milano, Bari) headed by G. Wozniak, L. 
Morretto and A. Mignerey, recently completed a series of experiments with 
La and Au projectiles on light (C, Al, Cu) targets at beam energies of 50, 80, 
and 100 MeV/N. The results from these experiments will complement 
earlier work on the same systems at lower energy (E<20 MeV/N). 

Studies of fragments with Z-values between those of the target 
and the projectile for the 80 MeV/N La+C system showed that the products 
were predominantly formed in reactions in which there were only two 
heavy (Z>2) final fragments, as at lower bombarding energies. However, the 
angular distributions of these fragments, which have been shown to be 
consistent with the l/(sin q) form at E <50 MeV/N, changed smoothly from 
backward to forward peaked with increasing Z. Also, the fragment cross 
sections, as shown in Figure 16, which at lower energy are regulated by the 
potential energy surface, no longer showed the maximum at symmetry 
characteristic of a system beyond the Businaro-Gallone transition point, and 
in fact had a minimum at symmetry. Thus, these studies indicate the 
transition from a statistical emission process at the lower bombarding 
energies to a possible dynamical break-up at 80 MeV/N. 

The above effects, coupled with the observation of more isotopic 
cross sections at much larger energy, might be explained by the decoupling 
of the fireball from the target and spectator fragments. At low bombarding 
energy (E < 20 MeV/N) the fragments are produced in a complete fusion-
statistical decay process. Above approximately 20 MeV/N one enters the 
r e a l m of i n c o m p l e t e f u s i o n , bu t the f r a g m e n t s 
(ZTarget<ZFragmenl<ZProjectile) are still produced via the statistical decay 
mechanism. As the bombarding energy is increased further, the heavier 
nucleus (the projectile in our case) may no longer be able to completely 
thermalize even a portion of the lighter partner. This signifies the demise of 
incomplete fusion. This break-up process, while still producing only two 
heavy fragments, is controlled by the dynamics of the interaction. 

At even larger bombarding energies, the overlapping region of 
target and projectile (the fireball) can completely detach itself, leaving 
target and projectile spectators which then decay isotropically, giving rise to 
the fragment angular distributions observed at very high energy. 

An interesting aspect of these reactions concerns the events in 
which three fragments heavier than alpha particles are detected. In Figure 
17 we present Dalilz plots which characterize these events. For each ternary 
event, the three heavy fragments are sorted by rapidity and then the ratio 
ZFragment/ZTotal is plotted for each. This ratio for the slowest fragment is 
plotted perpendicular to the horizontal axis; the ratio for the intermediate 
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rapidity fragment is plotted perpendicular to a line running 30° clockwise 
from the origin. These two ratios are sufficient to uniquely plot the event. 

A Dalitz plot for the 80 MeV/N La + C reaction gated on a total 
detected charge of 45 < ZTotal < 55 is shown in Figure 17(a). Figure 17(b,c,d) 
show similar plots for the 80 MeV/N La + Al reaction gated on a total 
detected charge of 45 < ZTotal < 55, 40 < ZTotal < 45 and 30 4 ZTotal<35, 
respectively. The plots show that the intermediate rapidity fragment is 
typically the most massive and that, especially in the case of the Al target, 
the slow fragment tends to be the smallest. 

The fact that the mass distributions depend upon the rapidities of 
the fragments may again indicate fhe dynamical nature of the reaction 
process. Another interesting aspect of the plots is the effect observed for 
the different total charge gates with the Al target. The distributions change 
from being dominated by events with one small fragment at the largest total 
detected charge, to being predominantly events with two light fragments. 
This effect is suggestive of sequential decay, in that perhaps after an initial 
dynamical break-up process the forward heavy partner can decay again. If 
this decay were statistical, heavier partners from the dynamical interaction 
would have a much larger probability of decaying symmetrically relative to 
lighter partners. (D.B.) 
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Fig. 17 Dalitz plots of the three charge ratios ZFragment/ZTotal 
gated on the total detected charge for the reactions (a) 80 MeV/N 
La + C with 45 < ZTotal S SS (b) 80 MeV/N La + Al with 45 < 
ZTota! < 55 (c) 80 MeV/N La + Al with 40 < ZTotal < 45 (d) 80 
MeV/N La + Al with 30 < ZTotal < 35. The fragments are sorted 
according to rapidity (see text). The y-axis is the ratio 
ZSIow/ZTotal, the x-axis=tan 30° * (ZSlow//ZTotal) + (ZInt/ZTotal) 
/ sin60° = 0.577* (ZSlow//ZTotal)+1.155* (ZInt/ZTotal). (XBL 893-887) 
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Beam 44 
II) Radioactive Beams -Magnetic Moments 

A collaboration between Osaka, RIKEN, INS and LBL utilized Beam 
44 for NMR studies of magnetic moments of short-lived beta emitters 
produced through projectile fragmentation. 

The complex techniques indispensable to the NMR measurements 
were established and consist of 1) production, purification and slowing down 
ol the desired isotope, together with its momentum compensation, 2) 
polarization of the isotope using the lilted foil technique, 3) implantation of 
the isotope on a thin material and 4) determination of the magnetic moment 
using the beta-NMR method. Using a primary beam of 4 0 C a , test 
experiments of the NMR technique were performed on 3 9 C a ( I l t = 3 / 2 + , 
T u ,=0.86 sec) in 1986 and 3 7Ca(I"=3/2+, T ] / 2 =0.!7 sec) in 1987. 

In December 1988 a 4 6 T i primary beam of high intensity (8xl0 8 

particles/spill) was successfully fast extracted (30 msec) from the Bevalac 
and used for the production of 4 3 T i , a short-lived beta-emitter in the f 7 / 2 

shell. Data analysis of the NMR measurement of the magnetic moment of 
4 3 Ti . ( I n =7/2- , T ] / 2 =0.50 sec), an isospin mirror doublet in the f7 / 2 shell 
together with 4 3 S c ( I I t = 7 / 2 ) , has been started. From previous NMR 
measurements, the g-factor of Ti was successfully deduced to be 
g=(0.20±0.02). 

A great deal of progress has been made so far, and it has been 
definitely demonstrated that in combination with the NMR technique, the 
new isoiope separation qualities of Beam Line 44 are quite effective for 
systematic studies of nuclear structure in the f7/, shell, as well as for weak-
interactions in beta-decays. (Y.N.) 

Beam 44 
III) Antiprotons 

A collaboration, headed by Asher Shor, from the Weizmann 
Institute, UCLA, LBL, Johns Hopkins, GSI, Texas A&M and LSU started taking 
data in a subthreshold antiproton production experiment at the time this 
newsletter was being written. The reaction for the creation of the 
antiprotons is Si + Si at 2.1 GeV/N. Record Si intensities are being realized, > 
10 extracted per pulse. The data looks very exciting. Shown in Figure 18 
are TOF data for about 8 hrs of running time.; a clean separation between 
negative pions, kaons and antiprotons can be seen. As well, after on-line 
Cerenkov cuts, a distinct antiproton signal may be seen in Figure 19. These 
data were collected with the Beam 44 magnets tuned at a central 
momentum acceptance of 1.9 GeV/c. The polarity of the beam line was 
changed to accept protons at the same central momentum setting. This 
check then produced a proton peak with the same TOF as the antiproton 
peak. (G.K.) 
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Fig.18 Counts vs TOF channel 
Showing (neg.) pions, kaons 
and antiprotons (XBL 893-889) 
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Fig.19 Counts vs TOF channel 
after on-line cuts showing 
antiproton spectra(XBL 893-888) 

Beam 45 
Beam 45 is still in the planning stage. The area in which this line 

will transport beam is the old Plastic Ball location. An optics study has been 
carried out where this new beam line would bran„n off beam line 26. This 
beam line would be an effective radioactive beam line and would also serve 
well as a test beam facility. We will atterr." 3 solidify these plans, as well 
as our long range plans for the experimental area, in the next few weeks. 
However, we would still like to encourage interested parties to give us input 
for the future of this experimental area. Copies of the present plan complete 
with optics calculations are available from the ARC office of the Bevalac. 
(G.K.) 
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Beam Lines (General) 
About six months ago we started a general user environment 

improvement program. Dick McDonald, Gary Krebs (EPB area) and Bob 
Miller, Fred Lothrop (accelerator area) have coordinated the program. We 
now have a new user staging area, new equipment pool area complete with 
automatic bar code checkout system and have rewired most of the 
experimental cave areas. Last year, over a period of several months, a 
safety film was put together. This film, which should help to familiarize 
users with the many potential hazards at the Bevalac complex, is required 
viewing by all Bevalac personnel and users. The cast in the film is Bevalac 
personnel, and so the film will also help users become familiar with 
individuals whom they may go to for assistance. (G.K.) 

Accelerator Improvement Project 1986 (Uranium 
Upgrade II) 

This AIP project has as its main goal a factor of five increase in 
very heavy (Au, U) ion beam intensity delivered from the SuperHILAC for 
Bevalac experiments, with a smaller increase for light ions. At present the 
three new bunchers are on-line, and the Abel injector vacuum has been 
improved, resulting in about a factor of three improvement in intensity for 
heavy ions. In addition, the ion source power supplies and the Metal Vapor 
Vacuum Arc source have now been installed in the Abel terminal. 
Commissioning of the MEVVA source is ongoing, presently for medium 
heavy ions, up to about La, with extension to the heaviest ions planned for 
the Spring 1989. (B.F.) 

Accelerator Improvement Project 1987 (SuperHILAC Drift 
Tube Ouadrupoles) 

The quadrupole focusing magnets inside the SuperHILAC 
Prestripper drift tubes have been failing in recent years due to overheating. 
All the damaged magnets in Groups V and VI have been replaced with 
magnets constructed of new materials that will endure higher temperatures. 
Since these drift tube magnets are the key to transmission of heavy ions 
through the accelerator, we have replaced the Group I and II magnets with 
higher strength laced permanent magnet quadrupole drift tube magnets. 
These magnets, which were installed during the past shutdown, have 
permanent magnet material (samarium cobalt) inserted between the poles 
to reduce the effects of saturation. This allows the use of longer pole tips 
and higher pole tip fields, thus increasing the focusing strength of the 
magnet by about 20%. Commissioning of the new magnets is proceeding at 
present, with the overall intensity gain of the project expected to be about a 
factor of two for the heaviest ions. (B.F.) 
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Accelerator Improvement Project 88 (Computer Control 
S y s t e m ) 

This year, five full-color, high-resolution consoles were put into 
limited production in the SuperHILAC and Bevatron main control rooms. 
Operators may view the overall facility status, the ion chamber target data 
and survey and control the on/off condition of all magnet power supplies. 
In addition, all beam-monitoring devices and gate valves at the SuperHILAC 
may be surveyed and controlled. 

For the first time, operators in either control room have full access 
from any console to both facilities. Several operators have become adept at 
producing or modifying the screen templates, thereby enlarging the pool of 
expertise and eliminating the lag between control room requests for service 
changes and response by dedicated programmers. Many enhancements to 
the colors, layout, notation, and navigational techniques have resulted from 
this collaboration. A great deal of the success is due to use of a commercial 
graphics presentation package. 

Although all consoles are connected by means of the Bevatron 
Control Ethernet, all accelerator data at present is accessed by means of slow 
serial links from two extra SUN workstations wired to the existing Modcomp 
IV "central" computers. A prototype high-speed serial link between a VME 
crate and an off-line Modcomp is working and has become the production 
standard greatly improving the response time. Development continues on 
direct control of new accelerator devices from VME crates, bypassing the 
Modcomp altogether. New paradigms for input of smooth data changes are 
under test, reducing the dependency on physical knobs. The present 
complement of 8 workstations is being expanded to 12 (and eventually 16) 
as plans are being completed to add them to the Local Injector and MG Room 
areas. The latter are also being targeted for the first VME device control 
tests. Productivity in producing real-time code in the VME environment is 
greatly enhanced by using a commercial development and runtime package. 
(S.L.) 

Acce lerator Improvement Project 89 (Computer Control 
S Y j t y m - i n 

For this AIP project the total number of computer consoles will 
increase to 15, with installations in the Motor Generator Room and Bevatron 
Local Injector control rooms, and by additional consoles for the main control 
rooms dedicated to alarms. New paradigms for input of smooth data 
changes, reducing the dependency on physical knobs, will be implemented. 
Plans call for direct links to the real-time Modcomp II's for greatly 
enhanced speed and near-real-time response. 
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Development and acquisition of the hardware-controlling VME 
systems will continue, with several systems not previously under computer 
control targeted for integration into the new control system. One specific 
area is the Local Injector RF system. Bringing this area under computer 
control should greatly increase flexibility of operation, especially for fast 
switching beams for the radiotherapy programs. 

With the completion of this project we will have laid the 
groundwork for full implementation of modern controls throughout the 
Bevalac complex. The architecture will be completely in place, and 
hardware and software designs for most of the accelerator subsystems will 
have been completed. Planned projects and equipment purchases in 
subsequent years will build on this foundation and provide in an economical 
modular fashion the pieces necessary to complete the system. (S.L.) 

Accelerator Improvement Project 90 (EPB Beam Line Tune 
Reproducibi l i ty and Monitoring) 

The first phase of this project is the realization of reproducible 
beam line tunes. The EPB area at the Bevatron has approximately 100 
power supplies providing the focusing and bending fields for the 
experimental area beam lines. These power supplies are presently being 
controlled and monitored using 15-year oid analog technology, circuits 
susceptible to drift and noise. This causes problems in beam tune 
reproducibility and results in added operator tuning time to reestablish each 
beam line to a previously-saved tune, as well as requiring constant attention 
to preserve the proper alignment of the beam during a run. 

We will replace these analog interfaces with modern analog 
amplifiers, analog-to-digital converters, digital-to-analog converters, and 
direct interfaces to the AIP 88-89 accelerator control system. Analog 
monitoring will be configured such that the gain and drift of each channel 
can be automatically measured and compensated for on a frequent and 
timely basis. In addition, we will install Hall-probe field monitoring devices 
in the magnet gaps for direct measurement and control of each magnet field 
value. The combination of the above elements will result in a much more 
accurate, stable, and reproducible field in each magnet. By modification of 
our present power supply system to self-calibrating power supplies utilizing 
modern VME architecture we will realize as much as a 50% reduction in time 
required to tune beams from accelerator to target. 

The second phase of this project will be the coherent organization 
of elements in the Bevalac's External Particle Beam (EPB) area. The AIP 88-
89 project will have brought to the Bevalac a much needed upgrade in the 
computer control system, setting up a new distributed, networking 
computer architecture. Application of this architecture will be made to 
various critical elements in the external beam area including beam plugs, 
vacuum gates, security gates, beam position monitors, collimators and 

-27-



radiation chains, as well as a complete safety-related neutron-counter 
monitoring system. For the first time, a coherent organization of the entire 
beam line facility will be attained, greatly easing the job of the operating 
crews, and again increasing the efficiency and further reducing tuning times. 
(F.L./G.K.) 

Accelerator Improvement Project 91 Main Magnet Power 
Supply Enhancements^ 

At its inception, the Bevatron power supply was designed to 
deliver 128 MW peak power per pulse to the Bevatron main guide field 
magnet, providing a field strength of 15.5 kG and a proton energy of 6.3 
GeV, with an average power consumption of 5-6 MW. As proton physics 
was replaced by relativistic heavy ion physics, emphasis has shifted to more 
flexibility in the accelerator operating profile, with requests for a wide 
range of particle energies. Perhaps half of the experimental program still 
requires the highest energy available from the accelerator. While half only 
requires low to medium energy beams. Lower particle energies and lower 
power requirements for the Bevatron's main magnet lead to the interesting 
possibility of building smaller, lower voltage SCR controlled power supplies 
which could operate directly from the power grid and which could drive the 
Bevatron to fields large enough to satisfy the lower energy portion of our 
experimental program. 

There are many benefits of using such power supplies to power 
the Bevatron's main magnet. The use of SCR controlled supplies will allow 
a configuration where an additional power supply with a series transistor 
actuator can be switched in during the flattop extraction period. This supply 
and actuator combination will greatly reduce field ripple and thus better 
control spill structure. The improved spill quality will also allow a 
substantial increase in flattop length hence an increased duty cycle for 
count-rate limited experiments, considerably increasing the experimenters' 
data acquisition time. Using power supplies driven from the power line will 
also allow improved synchronization between the Bevatron and its injectors 
since they will now all be running at exactly the same rate (60 Hz). This 
lack of synchronization, caused by natural frequency-slippage in the MG 
seis., has. resulted m mam; timing ptobkms ovti ihe years. {F.L.) 
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BEVAX Computer Developments 
During late July and August of this year, we installed a DEC Local 

Area VAX Cluster (LAVC) consisting of one VAX 3500 file server and 17 
VAX 2000 workstations. This system was purchased to replace an existing 
VAX 11/780 system used for data analysis at the LBL Bevalac HISS facility. 
Each VAX 2000 has roughly the processing power of the VAX 11/780 being 
replaced. The combined processing power of the workstation cluster is 
approximately 20 MIPS (million instructions per second). The workstations 
are distribut;d throughout the laboratory and are all connected by the 
laboratory-wide ethernet. Local disks provide storage for often used files 
while a central "server" provides access to approximately 2 Gigabytes of 
disk storage. Workstations, used by several experimental groups, as well as 
the nuclear theory group, allow the user to edit, compile and run programs 
on multiple "windows". Hardcopy of graphics and text output is routed 
through the existing laboratory-wide distributed printing system to nearby 
laser printers. Several months experience has already shown that the 
ability to interactively edit and debug programs through a multiple 
"window" display has greatly increased productivity for both data analysis 
and publication preparation. A key feature of this system is the ability to 
distribute programs to run in any of several processors during off-hours. 
Using this capability, one experimenter has logged over 5000 hours of batch 
processing time by distributing programs ever a portion of the cluster. This 
is roughly equivalent to 7 months of VAX 11/780 processing time. Future 
plans include the iiddition of a second workstation cluster during this next 
year. This system will replace another aging VAX 11/780 system and 
provide greatly increased processing power. (CM.) 

Beam Spill Control Improvement 
A new beam spill control system has been developed by Mark 

Nyman which greatly improves the beam's utilization for nuclear science. 
This new system is an improved design from the spill control developed by 
Greg Stover last year. It allows the experimenter to control the particle rate 
delivered by the Bevatron over a range of 10" to 10 particles per second. 
The possibility of controlling higher rates is now being looked at. The 
system delivers a very uniform particle rate in such a way that each particle 
or event can be detected and digested before the next particle arrives. At 
low rates the timing between particles is extremely good, at high rates 
occasional pairs will arrive due to the statistical distribution within the 
circulating beam from which the particles are derived. Nevertheless, the 
overall time distribution is excellent. Overall beam utilization is thus greatly 
improved by decreasing pile up and dead time between events. 

The module takes as input the signal from an in-beam 
scintillator/phototube. The output of trie new module is then directly 
coupled to the main control room's spiller chassis. The system works by 
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talcing a pulse from the experimenter for each particle or event and 
transmitting the information back as rapidly as possible. The information is 
not only that an event occurred, but also what fraction of the total particles 
or events the experimenter expects. The system then meters out the proper 
particle rate such that the total will be achieved in the proper time. 
(M.N./G.S.) 

New XM4 Pulsed Switch Magnet 
A new energy-saving pulsed switch magnet, funded by the DOE 

In-House Energy Management Program (IHEM), has recently been installed 
in the EPB-0 beamline of the Bevatron. This new magnet switches the beam 
between the two main Bevalac external beam line channels. The new 
magnet is a H-gap design with a laminated steel core and water cooled coils 
of square, hollow, copper conductor with saddle shaped ends. It has a 4.1" 
high x 22.0" wide x 100.0" long field aperture and operates at 99% efficiency 
at its maximum field of 12 kG. The laminated core is the design feature that 
contributes the most to energy savings because it reduces the formation of 
eddy currents thereby allowing for pulsed power operation and fast 
switching between beamlines. The new magnet requires less than one-
eighth the energy of the two magnets it replaced. Bevalac operational 
efficiency will be improved because this new magnet can change from 
maximum field at one polarity to maximum field at the opposite polarity in 
less than 1.25 sec. (S.A.) 

Upcoming Bevalac Experiments 

EXPERIMENT GROUP BEAMLINE 

E903H A. Shor 4 4 
E902H J. Harris 2 6 
E934H H. Wieman 4 2 
E940H G. Wozniak 4 4 
E900H G. Roche 3 0 - 1 
E874H H. Gould 4 0 
E900H G. Roche 3 0 - 1 
E701HC H. Crawford 4 0 
E916H G. Wozniak 4 4 
E770H F. Schlachter 4 0 
E900H G. Roche 3 0 - 1 
E874H H. Gould 4 0 

DATA 

March 4 - March 21 
March 22 - April 4 
April 12 
April 5 - April 18 
April 21 - April 24 
April 26 - May 1 
May 5 - Mayl4 
May 18 - May 19 
May 27 - June 3 
June 10 - June 12 
June 18- June 25 
July 1 - July 3 
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New Bevalar Organization 
A new organization structure for the Bevalac was developed and 

implemented this past summer. Shown in Figure 20, this new organization 
has been designed to streamline the operations of the Bevalac. The 
organization is divided into four sections; Research Coordination, Planning 
and Development, Operations, and Administrative Services. 

All aspects of interfacing the Bevalac with the research programs 
falls into the Research Coordination section, headed by Gary Krebs. 
Scheduling continues under the able and skillful management of Fred 
Lothrop, who has an excellent touch for juggling the needs of experiments to 
be run with available machine resources, Liai&oo. activities are beiag 
assumed by Dick McDonald, taking over from Howard Matis. Dick will 
handle the Program Advisory Committee and User meetings as well as 
providing verv active input into ways of improving the "quality of life" for 
users at the Bevalac. Other aspects of user support, including Facility 
Coordinators and technical support, as well as direct oversight of the 
biomedical support activities are also headed by Gary Krebs. 

The Planning and Development section is headed by Ben Feinberg. 
This section comprises R&D activities associated with ion sources, accelerator 
physics design, and development. In addition. Mechanical Engineering 
(under Don Hunt) and Electrical Engineering (under Roger Dwinell) are 
included in this section. These groups provide engineering support for the 
accelerator, beamlines and physical plant, for the various R&D activities 
discussed above, and for experimenter needs. 

Operations, under Bob Miller, is responsible for the actual 
operation of the accelerators and the delivery of beam to experiments. This 
section includes the Operator group, headed by Harvey Syversrud; the 
Mechanical Tech group. Bob Aita at the Bevatron and Stu Ryce at the 
SuperHILAC; Maintenance Machinists, John Redding/Bob Berninzoni (John 
will soon retire); Riggers, Bob Everett; and Electronics Techs, Harvey Oakley. 
All of these operations groups are now centralized, that is resources are 
shared between the SuperHILAC and the Bevatron. This consolidation of 
manpower resources provides us with the ability to more easily allocate 
effort where it is needed most, dependirg on scheduling of accelerators or 
for handling emergency breakdowns. Implementing this unification of 
groups has been a difficult job, and has required much cross-training, a 
process which is still in progress. Credit for carrying out these ideas must 
be gi .en to Bob Stevenson, Bob Miller and Harvey Syversrud for the 
Operator groups, and to Roger Dwinell, Harvey Oakley and Jim Gregor for the 
EM's. The other groups listed above have already had several years of 
experience in coordinating activities between the two accelerators. 

Bob Stevenson heads the Administrative Section. He is 
responsible for financial planning, training and safety issues. He oversees 
the activities of the Budget Office, (Bob Jahnigen) in tracking accounts and 
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expenditures of all areas of the Bevalac. Also under his jurisdiction is the 
ARC Office, ably directed by Kathy Williams. 

I have appointed Ben Feinberg as my overall Deputy, to provide 
continuity and leadership when I am away, as well as to ensure adequate 
coverage of managerial duties. 

The role of the Advisory Council is to provide managerial and 
policy input from our user divisions, as well as to discuss overall policy 
matters of importance for running of the Bevalac. An outgrowth of the 
Bevalac Staff Council, this group currently consists of Section and major 
group leaders, as well as a representative from the Nuclear Science Division. 

This new organization had been in place now for four months, and 
is running very smoothly. It represents a major step forward in our 
continuing quest for delivery of maximum services to the research 
community with the most efficient use of manpower and resources. (J.A.) 

Advisory Council 
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Fig.20 New Bevalac Organization (XBL 893-890) 
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Bevalac P rogram Advisory Commit tee (19881 

Dr. David Boal (Simon Fraser University) 
Dr. Sheldon Datz (Oak Ridge National Lab.) 
Dr. Miklos Gyulassy(LBL) 
Dr. Walter Henning(GSI) 
Dr. Richard McDonald(LBL) 
Dr. Joseph Kapusta(University of Minnesota) 
Dr. Lee Schroeder(LBL) 
Dr. Victor Viola(University of Indiana) 
Dr. Gary Westfall(Michigan State University) 
Dr. Gordon Wozniak(LBL) 
Dr. Glen Young(Oak Ridge National Lab.) 

Term Expires 
1989 
1992 
1991 
1991 
Ex-Officio Member 
1989 
Ex-Officio Member 
1991 
1989 
Ex-Officio Member 
1 9 8 9 

Bevalac Physical Science User Association Commil tee(1989) 
Dr. Jose AIonso(LBL) 
Prof. Walter Benenson(Michigan State Univ.) 
Dr. Klaus Berkner 
Dr. Paul Brady(UC Davis) 
Dr. Harold Britt(LLNL) 
Dr. James Carroll(UCLA) 
Dr. Gary Krebs(LBL) 
Fred Lothrop(LBL) 
Dr. Richard Madey(Kent State University) 
Dr. Richard McDonald(LBL) 
Dr. Lee Schroeder(LBL) 
Dr. James Symons(LBL) 
Dr. Kenneth Toth(Oak Ridge National Lab.) 

Ex-Officio Member 
1991 
Ex-Officio Member 
1992 
1990 
1992 
Ex-Officio Member 
Ex-Officio Member 
1991 
Ex-Officio Member 
Ex-Officio Member 
Ex-Officio Member 
1992 

We would like to thank the following cont r ibu tors to the 
Bevalac U p d a t e : 

S.A. Steve Abbott 
D.B. Dave Bowman 
H.C. Hank Crawford 
J.H. John Hill 
S.L. Steve Lewis 
F.L. Fred Lothrop 
R.M. Dick Madey 
CJM. Chuck Naudet 
M.N. Mark Nyman 
C.S. Craig Sangster 
P.S. Peter Seidl 

J.A. Jose Alonso 
A.C. A.(Dean) Chacon 
B.F. Ben Feinberg 
GK Gary Krebs 
P.L. Peter Lindstrom 
W.L. Walter Loveland 
CM. Chuck McParland 
Y.N. Yoichi Nojiri 
G.R. Guy Roche 
F.S. Fred Schlachter 
I.T. Isao Tanihata 

This repor t was compiled and edited by Gary F. Krebs, 
Bevalac Acce le ra tor Reseach Coord ina t ion Office (415)486-5575 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United Stales Government or any agency thereof The views 
ant] opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


