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Data = analysis 1is in progress for recent experiments performed by the
NA44 collaboration with the first running of 160 A GeV 298pp -jinduced
reactions at the CERN SPS. Identified singles spectra were taken for
pions, kaons, protons, deuterons, antiprotons and antideuterons. Two-
pion interferometry measurements were made for semi-central-triggered
208py + Pb collisions. An upgraded multi-particle spectrometer allows
high statistics data sets of identified particles to be collected near
mid-rapidity. A second series of experiments will be performed in the
fall of 1995 with more emphasis on identical kaon interferometry and
on the measurement of rare particle spectra and correlations. Modest
instrumentation upgrades by TAMU are designed to increase the trigger
function for better impact parameter selection and improved collection
efficiency of valid events. An effort to achieve the highest degree of
projectile~target stopping is outlined and it 'is argued that an
excitation function on the SPS is needed to better understand reaction
mechanisns.

Analysis of experimental results is in the final stages at LBL in the

EOS collaboration for two-pion interferometry in the 1.2 A GeV Au+aAu
reaction, taken with full event characterization.
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SUMMARY OF PROPOSED TECHNICAL SCOPE

Emphasis is placed on the trigger functions of experiments in the NA44
collaboration in preparation for further running of lead beams at the
CERN SPS. A successful upgrade of the time-of-flight trigger
electronics has established the feasibility and need for similar
upgrades on other hodoscopes. A new impact parameter selection
trigger counter has been designed and built and will be installed.
Data analysis will continue on single particle spectra collected for
160 A GeV lead and 450 GeV proton collisions. It is planned to expand
data analysis efforts into identical kaon interferometry. New
experiments at decreased bombarding energies are proposed in the final
year of this grant.

Analysis of data from the EOS time projection chamber will be
completed with regard to two pion interferometry at Bevalac energies.
The interpretation of this work is expected to be completed within the
first six months of this grant.
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INTRODUCTION

A broad general goal in the study of relativistic heavy-ion collisions
is to determine the properties of hot, dense strongly interacting
matter. Working upward in energy from the Bevalac and SIS regime, the
ultimate goal as usually stated is the identification of the quark-
gluon plasma and the study of its properties. But one must approach
the problem of the QGP cautiously, even when RHIC and the LHC are in
operation. It is of extreme importance to map out the properties of
lower energy interactions and characterize the various stages of
heavy-ion reactions from the initial overlap of target and projectile,
through interesting high density stages (or phase changes) and
hadronization to the final dilute system at freeze-out. Probes and
methods for each stage must be developed and modeled, and each
increased energy regime should build upon the ones lower.

The long term interests in the present program coincide with the
general category of equation of state studies through measurement of
thermodynamic variables, in the five or six broad areas as defined by
Muller! and others. The areas of identical particle interferometry,
strange-particle production and antinucleon production must be added,
for study of the reaction dynamics and as possible indicators of a
QGP.

The NA44 collaboration has built up a second generation experiment at
the CERN SPS, based on a focussing spectrometer that allows high
quality identified single and multi-particle  distributions to be
measured around mid-rapidity. The design philosophy follows the idea
of focussing on a small solid angle and reasonable momentum range in
order to make highly accurate particle identification and momentum
measurement with good resolution, instead of attempting to measure
global emission of extremely high multiplicity events. The
spectrometer features a high rate capability with particle
identification available at the trigger 1level, which allows "high
statistics data sets to be collected even for rarely produced
particles, and for 1lower probability two-particle correlations.
Identical particle interferometry is an area of the highest priority
in these experiments, since information can be obtained on the spatial
extent of the emitting source along with the promise of measuring more
exotic features of the reacting system. A comparision of apparent
source sizes for different emitted particles (e.g. pions and kaons)




can provide snapsh..s of the reaction at difi r-ent freezeout times.
Information about possible mechanisms operating in the energy
dissipation can be discerned from the correlation of apparent size vs
momentum of the pion or kaon pairs used, as outlined by Pratt, et al2
for hydroflow expansion and by Sorge, et al3 for string and rope
breaking. Information about the lifetime of the emitting system can
be determined from a comparision of Ry_gyt tO Rp_gjge @S outlined by
Bertsch?. Thus a method of looking for a time delay due to a phase
change is available, in principal, as a tool sensitive to a high
baryon density quark-gluon plasma formation. Short QGP and
hadronization times (1 fm/c) would make the time delay unmeasurable,
but if a QGP exists, entropy generation over a short time would most
probably result in a large source size. The measurement of strange
particle and antibaryon yields provides another promising indicator of
QGP formation, and are covered in the NA44 experiment through the
singles measurements. ' '

A plan is outlined to focus the TAMU effort on experiments at the CERN
SPS and analysis of the data for experiments with 298pp ions, which
were used for a successful first round of experiments at the end of
calendar year 1994. A second set of more detailed experiments is
scheduled for the end of calendar year 1995. A further upgrade of the
trigger counters and electronics for experiment NA44 is planned, as an
extension of upgrades already completed in 1994. A plan is developing
to seek decreased beam energies to fill in the gap between the SPS and
AGS results for running in latter part of this contract period. There
is a large amount of uncertainty about SPS operation in 1996 and 1997.
While the LHC is approved by the CERN Council, this facility in the
far future could act either way for heavy-ion beam time in 1996 and
1997. While it could be argued that a heavy-ion program is necessary
for the full LHC future research, money conservation may be emphasized
as was the case for the construction of LEP from internal funds.

The analysis effort at LBL is drawing to a close with the two pion
- correlation analysis being one of the most difficult projects of the
EOS TPC collaboration. The primary goal has been and remains the
production of interferometry results correlated with the matter flow
in the 1.2 A GeV Au+Au reaction. The experiment moves to BNL as E895
with approved running (tentative financially in the DOE budget) in the
latter part of 1995. The 'physics interest of the EOS members of the
TAMU group is certainly present since the excitation function
experiment was proposed from the very earliest suggestion of heavy-ion
running at the CERN PS, with the PI a member of that original group.
While the pion analysis work of A.D. Chacon from TAMU will be
extremely important for the TPC in the energy regime of the AGS




compared to the Be .lac, no future involvem. :& 1is possible unless
increased manpower and funding can be identified at TAMU within the
time restrictions of the ' current AGS schedule. Commitments on
experiments at CERN were set well before the idea for extension of the
EOS collaboration was conceived for BNL.

I.EXPERIMENT NA44 AT THE CERN SPS
A. Instrumentation

The spectrometer shown in Fig.l1 was designed for two-particle
interferometry measurements and, secondly to provide identified single
particle spectra over a momentum range of 1-8 GeV/c around mid -
rapidity for SPS beams. Coverage is in the region corresponding to
high cross section and not for extreme high energy tails of spectra.
The design philosophy emphasized complete identification within a
small acceptance instead of attempting to handle the burden of the
high multiplicities present for full events in heavy-ion reactions at
these energies. Upgrades of the spectrometer have been performed for
experiments with lead beams. A set of entrance slits have been
installed to reduce the acceptance, if needed; however more efficient
multi-particle data collection drives the experiment to larger
acceptance. Ultimately the rates are limited by computer deadtime, but
improved trigger efficiency will allow lower cross section processes
to be studied. The effort at TAMU emphasizes the collection of wvalid
events of the desired type. The trigger efficiency was quite low in
S+Pb experiments for rarely produced particles (e.g. antiprotons and
antideuterons) and in the important area of K*K* correlations. As a
figure of merit, in the previous running of 200 A GeV 32S + Pb cental
collsions, only 4% of the kaon-triggered events were used for KK-
correlations after final tracking, identification and acceptance cuts.
Thus there is a large factor available for improvement at the trigger
level, which represents a considerable potential boost in valid event
rate. . '
A fast in-beam Cherenkov counter generates the start signal and arrays
of plastic scintillator slats form the stop signals in the high
resolution (50-100ps) time of flight mass identification in the
spectrometer. These arrays were constructed by the Japan-based groups
in the collaboration several years ago and are the basis of this time-
of-flight spectrometer. The hodoscopes are expected to be  somewhat
marginal in slat number for the event multiplicities, and could be
upgraded with a scheme developed at TAMU. At the present time it is
considered to be too expensive ($200k), but remains an option if




needed in the future. Improved wire chambers ..id improved tracking in
the lead-beam experiment has helped the situation somewhat, especially
for multiple pion identification. Simulations have been run, but from
the experience gained from past experiments, it is apparent that a
large fraction of the multi-track events are governed by noise
contributions and background interactions.
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Figure 1 The layout of a focussing spectrometer built by the NA44
collaboration. Three superconducting quadrupoles and three dipoles
are used. For lead beam running in 1994, the time-of-flight hodoscope
Hl1 was replaced by a high spatial resolution wire chamber. High
resolution wire chambers were completed recently at the H2 and H3
locations. Fast coincidence electronics were developed for the ‘H3
hodoscope (50 plastic scintillator slats) to minimize pmt noise and
noise pickup contributions. A threshold ionization Cherenkov counter
(TIC) has been built and installed for lead beam experiments after H3.
Another hodoscope (H-4) will be installed in front of the uranium
calorimeters for the 1995 heavy-ion experiments.




A coincidence among the "ORs" from one end of each of the three sets
of slats (H1,H2,H3) has been required in the trigger for sulfur bean
experiments in the past. Low thresholds in the leading edge
discriminators are necessary for good TOF resolution, along with
accompanying noise and pickup which generates false triggers. To
solve the significant filling of tapes with false noise events, an
end-to-end coincidence for each hodoscope slat can be required with
additional electronics. We have added a 50-fold dual coincidence to
the final hodoscope in the flight path (H3 in Fig. 1) to reduce the
noise contribution.

The coincidence efficiencies for the completed 160 A GeV Pb+Pb -
experiment were improved to about the 10% 1level for antiproton
collection, and were approximately the same for KK-pair tests compared
to previous measurements with the S+Pb reaction. Upgrades in the
trigger efficiency were largely offset by increased particle
multiplicities (real and neutron background) and the loss of the first
TOF hodoscope (H-1) in the spectrometer from the trigger coincidence
in favor of a high spatial resolution pad chamber to aid in the off-
line tracking. The principal upgrade was in forming end-to-end
conicidences in the TOF slats in H3 to eliminate noise firing of
single discriminators, as described earlier. The installation of 50
channels of fast cincidences was expected to enhance the fraction of
valid two-hit events on tape by a factor of three for the KK trigger
and a similar factor for the antiproton trigger. The difficult part
of the upgrade involved performing the task fast enough to meet the
trigger, which was accomplished with signals arriving 5-10 ns faster
than previous singles signals.” The coincidence electronics has a
short 3 ns throughput time and has ganged linear sums to speed up the
signal. This solution used fast linear gates, is considered optimum,
and as shown in Table I, the upgrade is needed on the 60 slat
hodoscope designated H-2 and is probably needed on a 50 slat
hodoscope, H-4, currently being built by Neils Bohr Institute. 1In
addition, better double beam rejection, and a coincidence requirement
from the pad chamber (location of H-1) is expected to boost the real
rate fraction to the limit needed for full beam intensity running for
KK-pairs and antiproton singles. Table II shows the upgrades for the
experiment and the institutional responsibility.




TABLE I NA44 TRIGGER EFFICIENCY 160 A GeV Pb+Pb Run 3153

Fraction of events that remain when two hits are required in software

TRIGGER ELEMENT ‘ FRACTION

H-1 loc. Pad chmbr - two hits 0.27

H-2 two or more hits 0.41 _

H-3 two or more hits upgrade complete (0.33 in hardware)
H-4 under construction 2?2222

longer double beam reject 0.73

reconstruct two tracks 0.022 (with no pions in trigger)

final two TOF KK tracks 0.015 (at 20% deadtime)

TABLE II UPGRADES OF SPECTROMETER FOR 1994,95 EXPERIMENTS
- improved trigger TOF electronics - TAMU
- T, ctr and mounting -TAMU
- two kaon trigger aerogel - LANL (TAMU, Creighton)
- TIC- Bich ctr - CERN (Hiroshima, Nantes)
- wire chambers - OSU, CERN
- tracking software - LANL, leoshlma (NBI, U. Vienna)
- target region - (TAMU)
- computer upgrade - Creighton, CERN
- slits - LANL (Columbia, OSU, TAMU)
- silicon multiplicity - BNL, LANL
.~ H-4 Hodoscope - NBI

The only method for making impact parameter selection in the present
experiment at the trigger level is, with the exception of self-bias in
the spectrometer, through a plastic scintillator that covers 1.5 units
of pseudorapidity starting at mid-rapidity. The assumption is that
mostly mips will pass through the detector, and thus the pulse height
will be proportional to multiplicity. A comparision with the off-line
analysis of the silicon multiplicity array shows this assumption to be
approximately correct. A new left-right split readout counter has
been designed and built at TAMU and is expected to give additional
information on beam diagnostics and allow more flexibility in the
trigger. Evidence exists from sulfur beam data for additional
problems in the design of the target region and the mounting of the T,
detector that can bias results when the spectrometer angle is changed.
Although installation of this new split counter was scheduled for the




1994 running perioa and the counter was compl..ed, fast 1" diameter
phototubes could not be delivered in time for installation. Instead
the old counter was refurbished with new phototubes and operated
satisfactorily. High 1loading of the PMTs is a constant problem with
large signals in lead-beam experiments and high rates in proton beanm
running, and requires special tubes and modified bases. The new
counter will be installed for proton experiments in May, 1995 and a
solution has been devised for dynamic range and delta electron loading
for 1lead beam running. Final multiplicity selection is performed off
line with hit and ADC information from a silicon pad array, if enough
events were collected at the trigger level.

" The highest priority in the experiment in the future is in the
collection of high statistics two-kaon data sets ( K+K+ and some K-K-)
for comparision with pion correlations, and as a cleaner signal that
is less prone to resonance decay than pions. The increased kaon
multiplicity of Pb+Pb central collisions relative to the S+Pb system
can be used for the rapid collection of data sets. The high overall
multiplicity can be handled with the upgraded tracking and particle
identification, and a two-kaon trigger must be devised, in the
presence of associated pions. TAMU has participated with LANL in the
testing of an aerogel-based spot focussing counter. The readout
function was designed and built by LANL with a Fresnel lens system
that projected Cherenkov rings onto a high efficiency PMT supplied by
TAMU. Successful tests were conducted on a prototype at the SPS in
1993, and the device was tested at the TAMU beam line at the PS in the
summer of 1994. A brief running of the device in 1994 for lead beans
proved 1less efficient for kaon pairs than simulated. If found to be
the cause, the lens system will be replaced by an 8" diameter
phototube. A second type of kaon-enrichment at the trigger level was
developed by M. Murray of TAMU by differencing the pion hits in the
TIC counter from the hits seen in the upgraded H-3 hodoscope. This
system provided a factor of two enrichment in kaon pairs and with
further noise reduction in the hodoscope coincidences, 1is expected to
provide a factor of four enrichment that can be used in series with
the two-kaon aerogel counter. The off-line particle identification is
currently under development at CERN, based on a gas medium blob
imaging threshold Cherenkov (TIC) counter. The TIC counter worked
well in lead-beam experiments and the data are currently being checked
and analyzed.




B. Physics Interests of the TAMU Group

Two new graduate students from TAMU were involved in experiments at
the CERN PS and SPS during the summmer of 1994 and will take part in
experiments in the summer and fall of 1995. Two major directions are
open in the future, first the single particle inclusive measurements,
mainly for rare particles , and secondly the KK correlation analyses.
Both areas are understaffed with students, and it is in those two
directions, that we are expected to proceed. Installation of an
improved impact parameter trigger counter will be completed in May of
1995 and electronics upgrades will be completed as money becomes
available for the modules. The full group will participate in the
summer’s installation and proton running, including a third new
graduate student and two postdoctorals.

The specific interests and plans for TAMU are listed:

1) The concentration of our effort in trigger upgrades in NA44 lends
directly to the physics interests in KK correlations and in rare
particle production. It is argued that it 1is necessary to collect
data with the largest solid angle possible for the spectrometer and at
the highest beam rate approved by health-physics. Impact parameter
- restriction at the trigger level must be made as tightly as possible
and still maintain full computer collection rate. The principal
reason for the lead beam upgrade at the SPS was to allow much 1larger
reacting systems to be formed compared to that possible with the
sulfur beam. The impact parameter must be restricted to central
collisions for a signifantly larger system to be formed with Pb + Pb.
Secondly, one must restrict the participant nucleon geometry for the
HBT work to avoid a wide dispersion in the initial participant source,
i.e. to measure the size of a single source instead of an ensemble
with widely different sizes. The dispersion in the source size with
such a heavy system is much more important than in the S+Pb
experiments because of the wide variation of transverse source size
possible (1-7 fm), which it is assumed would be reflected in the final
source sizes measured at freezeout. Final trimming of the impact
parameter can be made offline with the silicon multiplicity counter,
but the requirement for statistical accuracy dictates a quite limited
amount of offline definition.

2) A "positive"™ kaon-pair trigger must replace the "negative" type of
enrichment used in the past. The lower two lines of Table I shows the
effect of a pion anticoincidence Cherenkov counter (done offline as a
test) as was used for sulfur beam experiments. In the lead bean




experiments ther. nearly always is at . ist one pion in the
acceptance, which rejects the . event. A further reason for a
"positive® two-kaon trigger is in a common class of events where two
or more pions are in the event along with two kaons. Thus it ig
possible to do pi-pi correlations in the same events as Kx
correlations. This type of experiment should remove any doubt about
different particles indicating different time scales and source sizes
if the same parameters are determined as in the normal HBT events.

3) The SPS energy regime has been considered one of incomplete
stopping of target - projectile participant nucleons, but with quite
central collisions of lead ions complete stopping and extremely high
baryon density may be possible. Stopping may occur either on average
or in a fluctuation of special events. As discussed previously, a
restrictive central collision trigger is necessary for practical use
of the Pb-Pb system size. If sufficient event rates can be obtained
with a highly central trigger, it may be advantageous to use a uranium
target to produce increased stopping as demonstrated for S+W and S+U
for E¢ and multiplicity 5. For sulfur beams an effective A=400 target
was obtained from the prolate deformed uranium nucleus for near head-
on collisions along the principal axis. The effect is the same for
the saturated density core of a lead nucleus on uranium, and could
provide approximately 15% more participant nucleons. The breaking of
the target-projectile symmetry is of 1little consquence in these
experiments since we are not attempting to measure dN/dy over a large
range of rapidity.

4) A three dimensional HBT determination of a well defined set of
central collisions for 160 A GeV Pb-induced reactions on a Pb or U
target may represent the best conditions for observation of a time
delay or an unusuaily large source from a high baryon density QGP.
The nature of the HBT measurements, in averaging over a large number
of events, 1is itself not sensitive to special types of events, for
instance formed more rarely than the average from statistical
fluctuations. However, unusual properties of selected events can be
determined with the silicon multiplicity array that covers a large
rapidity interval near mid-rapidity. Off-line analysis of pi-pi or KK
correlations gated by unusually high dAN/dY near mid rapidity from the
silicon pads-may result in a subset of events with an increased
lifetime or large source dimensions. Similarly, events with large
rapidity fluctuations may signal a phase transition. Detailed Monte
Carlo simulations must be run to eliminate trigger bias effects.

5) The area of identified singles spectra will be pursued to higher
and lower piy for all charged particles, with emphasis on antiprotrons




and antideuterons. fhe variation of pi,p,K (i ) spectral shapes with
particle type can, in principal, provide information on whether or not
hydroflow or other models are relevant at SPS energies. The dN/dY for
antiprotons and the ratios of p-bar/p and d-bar/d are of interest in
the study of reaction geometry. The singles spectra are important if
a high baryon density QGP is formed. The dN/dY values at mid-rapidity
and the spectral shapes can show possible strangeness or anti-baryon
enhancemeent. The strange-particles and antibaryons may be the primary
indicators of the existence of a QGP if the characteristic times are
qguite short for the QGP and for hadronization.

6) The SPS energy can be reduced to values just above transition, 50-
60 A GeV for lead, and a series of beam energies can be used up to 160
A GeV to run an excitation function. Valuable information on reaction
mechanisms can be obtained through singles spectra and in the k¢
dependence of HBT correlations. A link to the AGS energy range would
be a valuable addition for understanding the mechanisms operating. A
reduced energy may result in a higher baryon density if there is
incomplete stopping for 160 A GeV Pb + Pb.

II. ANALYSIS OF EOS TIME PROJECTION CHAMBER DATA -

The main goal of the TAMU group in the EOS collaboration has been to
investigate pion emission patterns and pion interferometry relative to
the full event structure in very heavy ion reactions. The measurement
and the identification of all charged particles in an event as done in
the EOS TPC allows a characterization of event class and the
determination of the pion pair ‘emission relative to the reaction
plane. The ability to determine the space-time extent of the emitting
source for pions emitted perpendicular to the reaction plane may
provide a more realistic determination of the reaction zone size,
shape and time delay, compared to results that have been obtained with
pion-pair triggered or central triggered data. Current calculations
claim that the pions observed perpendicular to the reaction plane
result largely from rescattering from the matter flow instead of pion
absorption, which if true, would again result in some reaction =zone
modification. However these calculations do not predict the measured
relatively low absolute yields of pions, which has been attributed to
pion absorption in the participant and spectator matter. The
comparision of the two-pion correlation along with the pion flow that
is anti-correlated with the nucleon flow is expected to provide a
challenge to current theoretical calculations based on BUU or RQMD
models.
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A second goal 1i. the two-pion interferomet. work is to compare the
source sizes and shapes as determined in a large acceptance device
~such as the TPC, with previous results obtained with a limited solid
angle device. Previous results from our collaboration at LBL has shown
an apparent oblate source shape relative to the beam axis for a number
of systems € and it was demonstrated to be a property of central
collisions for 1.3 A Gev 139La + 139La, when measured in a limited
solid angle spectrometer’. The analysis is nearing completion for TPC
data taken for the 1.2 A GeV Au+Au reaction for comparision. The
analysis project has proven to be more difficult than anticipated due
to the tendency of the tracking program, and perhaps the TPC itself,
to split tracks and make two (or three) apparent close pions out of a
single track. The analysis effort will be completed by May 1, 1995,

"III. THE STAR EXPERIMENT AT RHIC

The TAMU group was one of the original members of the STAR
collaboration and remains interested in the physics goals and the
experiments at RHIC. However the experiment has changed character
completely since the inception, mainly due to budget constraints.
Originally the experiment was patterned after CDF at Fermi Lab with a
fine-grained hadronic calorimeter surrounding a TPC, which would lead
to rapid data analysis and a sure efficient way into energy flow
determinations. The present experimental setup consists of a TPC and
trigger electronics, with second generation upgrades planned, but no
effective calorimetry for high multiplicity heavy-ion reactions. A.D.
Chacon from TAMU has performed simulations to show that the TPC will
be able to make HBT measurements under ideal circumstances for sources
up to about 10 fm. But there has not been funding for our small group
to devote to other aspects of the STAR experiment. It is hoped that
the construction capacity of the Cyclotron Institute at TAMU can be
applied to a suitable project for STAR at RHIC or ALICE at the LHC in
the future as in-house project construction winds down, and if a
project of mutual physics interest can be found.
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IV. SUMMARY OF PROPOSED RESEARCH

The study of relativistic heavy-ion reactions is concentrated on data
collection and analysis within the NA44 collaboration at the CERN SPS.
Pion and kaon interferometry, and the measurement of identified single
particle spectra near mid-rapidity are the focus of the proposed
research to characterize the space-time geometry of the system for
Pb+Pb and Pb + U, and to determine the best mechanistic description of
heavy-ion collisions at the SPS. Information will be obtained on

several types of probes that are expected to be important at RHIC for

observation of effects of the quark-gluon plasma. The HBT studies will

pursue time delays and large sources, while identified singles spectra

will be used for strangeness production and antibaryon enhancement.

Technical developments are concentrated on providing improved trigger

function for collection of events of the desired type.

The analysis of Bevalac results: for 1.2 A GeV Au + Au will be
completed for HBT measurements using pions within the full event
structure as measured with the EOS time projection chamber. Interest
‘continues in HBT measurements in the STAR collaboration for
experiments at RHIC.
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IV. JUSTIFICATION OF EQUIPMENT, FACILITIES, CURRENT SUPPORT

Justification of Equipment

No equipment funds could be fit into the calendar year 1995 budget.
Funds for electronics are needed for upgrades in the NA44 trigger
electronics, A computer upgrade will be needed in the third year of
the grant for data analysis and calculations for the NA 44 experiment.

Facilities

Experiments outlined in the proposal will be performed at the CERN SPS
accelerator with 450 GeV protons and 160 A GeV lead 1ions, and lower
energies if approval can be obtained. Initial data analysis for first
pass tapes is performed at CERN, Geneva before subsequent analyses and
simulations are performed at TAMU. Current dedicated computer
facilities at TAMU include a VAX 3100 workstation and two model 3000
DEC alpha machines. Three CAMAC-based data acquisition systems are
available for instrument development and tests, one of which is
located at CERN. Machine shop capabilities include a small shop for
use in development, a 1large shop and machinists associated with
cyclotron facilities, and a fully computerized shop located at the
TAMU Riverside campus. '

Current and Pending Support

Agency Title Duration $ Time Direct Costs
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