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Performance Report

During FY91 we began our investigation of rare particle production in relavistic

nuclear collisions at the Brookhaven National Laboratory. We were funded for a period

of one year to perform the initial experimental search, E858, to determine the level of
I

antideuteron ( d ) production in Si+Au collisions at the AGS. We accomplished this
i

goal with the discovery of two d's in the June 1990 run. We describe below the

experiment performed and the results obtained.

We performed our rare panicle search at the A-I line of the AGS. We

instrumented the line with a four time-of-flight (TOP') detectors, two high pressure

gas Cerenkov (Ck) detectors, and four drift tube (DT) tracking detectors. The TOF

detectors achieved time resolution of better than lOOps leading to a mass resolution

of <15 MeV at 1 GeV. The Ck detectors were used both to suppress the large g-

signal and in _K separation at high rigidities (>6GV). The DT system provided

particle trajectories for ali of the panicles passing the trigger requirements.

I

In this experiment we measured the g-, K-, and p momentum spectra at 0o for

rigidities from 2 to 8 GV to a statistical accuracy of 1-3% at ali settings. We found that

the p yield as a function of target did not show any evidence for reabsorption within
i

the interactio volume. We also found two d 's, the Vn'st observation of complex

antinuclei produced in nucleus-nucleus collisions. The d yield is at least an order of

magnitude smaller than pre,diced using a simple coalescence model based on the d/p
i

ratio from E802 and the p spectrum measured in our experiment. This suggests a

larger production volume for antinuclei, and may indicate a significant hadronization

time for heavy particles, an idea we will pursue in our new program.
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High energy nucleus-nucleus collisions produce an environment

that is not possible to make with any other process, and may thus............

produce new forms of matter that would not have been observed

previously. We seek support for a three year program to investigate

particle production in this high energy nuclear collision environment. The

program includes measurements of x and K correlations in Si+A

collisions and of general properties of particle production in Au+Au

interactions, with major emphasis on the production of antinuclei and

rare particles in Si+A and Au+A collisions. Our goal is to provide a firm

experimental foundation for understanding the space-time evolution of

the particle production process through measurement of the yield of

antinuclei, and to determine with high sensitivity whether any new

types of particles emerge from this environment. The rare particle

experiment is a follow on to our E858 program in which we made the

first observation of antideuteron production in A+A collisions and set

significant new limits on the production of new particles in this
environment.

In our first year we will measure the 0 o momentum spectrum of

both _ and _ from Si+Au collisions at the Brookhaven National

Laboratory (BNL) Alternating Gradient Synchrotron (AGS) in

experiment E878. We will also measure the _] yield from Al and

possibly Cu targets to help understand the hadronization process. The

E878 proposal is included here as Appendix I. We expect to follw this

in the second year with a measurement using the Au beam at the AGS

to study antinucleus production as well as to continue our search for

new particles. In the third year we expect to continue our participation

in the existing E866 particle production program as well as to begia a

program to search for short lived particles produced in nucleus-nucleus

collisions.
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Investigation of Rare Particle Production

in High Energy Nuclear Collisions

Henry J. Crawford and Jon Engelage, UCSSL

I. Introduction

" High energy nucleus-nucleus collisions provide a new environment in which to

study details of thc particle production process. The extent of the interaction region

and the number of simultaneous elementary interactions occuring in the region make

this a very diffcrent environment than that found in p-nucleus collisions and it may well

lead to the formation of new states of hadronic matter. We seek support to continue

our study of particle production from relativistic nuclear collisions. Our program

includes participation in three ongoing experiments at the Brookhaven National

Laboratory (BNL) Altcrnating Gradient Synchrotron (AGS) to study the particle

production process and the space-time development of the production rcg:on in
nuclcus-nuclcus collisions.

The major part of our program will be in performing E878, an experiment whose

goals are to provide high statistics measurements of the _, K, and _ yields at 0° from

Si +A and Au+A interactions, to determine the momentum dis_bution of d

production and its target and projectile dependence, and to search for new particles

such as the multi-hyperon nuclei (Schaffner 91; Dover 91) or the strangelets (Chin 79;

Liu 84) that may be produced in this complex environment. The E878 proposal is

included here as Appendix 1. Results of our initial experimental investigation of rare

particle production, E858, are given in Appendix 2 and 3. Here we summarize the
E858 results and discuss our motivation for continuing the search.

The yield of antinuclei is sensitive to the space-time development of the

particle production process (Heinz 86; 89; Ellis 89; Gavin 90). Antinuclei provide a

possible signature of the interaction having passed through a quark-gluon (QG) phase

before evolving to a hadron gas phase. In the QG phase the relative antiquark content

will increase leading to enhanced yields of anti panicles upon hadronization. Entropy

considerations at the transition boundary obscure this effect, however. Because of

antibaryon reabsorption in the hadron phase, it is expected that the yield of

antinucleons as a function of rapidity will provide a sensitive measure of the
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interaction evolution (Jahns 91) In E878 we will cover rigidities from 1 GV to 15 GV,

equivalent to rapidities f_m 0.8 to 3.5 for _'s. The rapidity of the Si beam is 3.5 (3.3 for

the Au beam), and of the cms is 1.7 (1.6 for Au) This broad range of rapidity coverage

at 0 ° takes us well into the rapidity regions of both the target and projectile frames,

and covers the midrapidity region completely.

mm

In our previous experiment, E858, we detected 2 d's at a rigidity of 6 GV, the

position at which their production is expected to peak. This represents a yield that is

well below what we had pnulicted from our coalescence model calculation which used

the d/p rado from E802 (Sarabura 91) and the _ spectrum we measured as input.

However, the yield far exceeds that expected from any "subthreshold" process that

relies on the Fermi momentum of both projectile and target nuclei. One of our first
mm.

goals is ta verify the d production level from Si+Au interaction, taking enough data to
mw,

get a significant number of d's at duce or more rigidities. We also plan on measuring
m_

the d signal from at least two and hopefully three targets as a probe of the

reabsorption and hadronization time questions.

It has long been known that a double-focusing spectrometer system can be set

up to provide a very sensitive tool for searching for new and rare particles from high

energy imeractions. Our E878 spectrometer, a mirror image of our E858 system, is

expected to have sensitivity to better than 1 part in 1012 x's, making it an excellent

tool for a new particle search. We expect to attain sensitivities on this order for a wide
mm

variety of rigidity settings in our mapping of the d signals. Our sensitivity to short

lived particles is significantly reduced by the 53m flight path of our spectrometer, and it

is our intention to begin planning and perhaps even executing a search for short lived

particles within the time span of this proposal.

Our role in both experiments E859 and E866 is relatively modest although

important, in that we are responsible for providing the TOF start signal and beam

monitor system for cross section determination. It was interesting to f'md that the

focus on the Si beam is so good at our target area, stable to within a spot-2mm 2, that

we produced significant radiation damage to a Bicron 418 scintillator 0.25mm thick at

dose levels of 10II beam particles. Our problem for E859 is to provide a solid signal

that is immune to this radiation damage for the next run. Our task for E866 is to

provide a beam counter system that will reliably count the Au beam at intensities up
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m 106 per spill, and signal when an _ction has occure_, ie, be sensitive to Z_=I

processes in the _u'geL

IL State of the Field of Investigation

E858 was the first high sensitivity experiment to study particle spectra,
,m,.

reflected in the fact that we were the first to observe an d. The experimental layout for

both E858 and E878 is shown in Figure. 1. The results of this experiment are
stnnmarizedin Appendix 2, a paper being submitted on our results, and shown here as

Figure 2. The performance of the experiment is described in Appendix 3, the shell of a
NIM article. Our investigations overlap the antiproton measurements of E802, E859,
and E866 in rapidity, although those measurements are at larger P.I..We note that we

agree within errors with the extrapolation of the midrapidity _ data from E802 to 0

P.L(Costa]es 91). We also overlap the range of-p momenta studied in ESI4 although in

all cases our statistics are significantly bet',or.

One of the major issues arising from all three of these experiments (ES02,

E814, and ESS8) concerns the issue of rcabsorption of the p's in the interaction region.
As described in Appendix 2, we investigate this question in a study of the target and

rapidity dependence of the production cross section. We fit the data to a simple
function,

d3o
dydp±2 CT.r

where OTOTis the total nuclear interaction cross section (3.7 b for Si+Au), and a is

the fitting parameter. We show in Figure 3 the results of this fit as a function of

rapidityfor the x',K-, and_ data from Si+Au collisions. We agree in this analysis ,with
the conclusions reached by Dorfan (Dorfan 65) and by Mariner (Mariner 69) that

there is no evidence for significant reabsorption of the _'s seen in the target

dependence. The conclusion from ES02 is that there is no compelling evidence in their

yield for significant reabsorptionof the antibaryons (Abbott 91) The results from

E814, in which the _ yield is investigated as a function of transverse energy created
within the event, suggest that reabsorption may become important in collisions with
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the heaviest targets (Greene 91), although the evidence is not compelling. We will be

able to address this issue in E878 with the addition of the centrality detector.

In describing our _ yield in Appendix 2, we discuss the coalescence model at
.ms

some length. Basically we find that a wide variety of both d and d data can be

described in terms of the p and _ yield through the simple relation

BA(d3N
where BA is a constant whose value ranges from 0.009 to 0.022 over a range of

experiments from the Bevalac for Au.Au to FNAL for p+W. A similar value,

B A=0.015, describes the bulk of the data from E802, although the value decreases

significantly when considering only the highest multiplicityevents. If the value for

antinuclei is as low as is indicated by our E858 data, this could mean that we are

sensitive to the real hadronization time for heavy panicles. We intend to investigate

this function in E878 with implementation of our new centrality detector, EW,described
.n

in Appendix 4, and with a thorough study of the target dependence in d production. If

the BA reflects an increase in the production volume for antibaryons, then the size

may be dominated by an effective hadronization length, rather than by the nuclear

sizes of the target and projectile. By measuring the 0 o yield of p, d, _, and d for at least

two and hopefully three targets in the Si+A program, we should be able to answer this

question.

We also investigated whether our d's could be arising in individual nucleon-

nucleon collisions. Note that the beam energy st the AGS, 14.6 A GeV, is below the

threshold for producing a d d pair in an elementary nucleon-nucleon collision.

However, it is well known that the nucleons inside nuclei possess significant Fermi

momentum. We located a study of d production in pAl/Be interactions as a function of

energy (Johnson 89) that allowed us to perform the double Fermi momentu_

production calculation shown in Figure 4. We f'md that this process yields a value for

the d / p ratio of 5x10 "8,compared to our value of 10-5. We conclude from this that the

production mechanism is through a coalescence of the _ and _ formed in different

5
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nucleon-nucleon collisions. We would like to have nx)rc than our 2 a's on which to

base this important conclusion, however.

Special care must be taken in performing a rare particle search, and it is

important that the apparatus provide many levels of redundancy in the particle

identification. Rare particles arc required to pass stringent cuts to be classified as real

particles, including the following:

I. TOF Consistency between TOF3-TOFI and TOF4-TOF2. Note

that these four detectors are spaced to provide two independent

and high resolution measurements of particle velociw, thereby

eliminating decays in flight and contamination from interactions in

theupstreamportionsof the spectrometer.

2. Charge consistency in all detectors. The charge resolution of our

TOF detectors is excellent, typically (yz<0.05 e'.

3. Valid trajectories pointing through the spectrometer to the target.

This is a powerful:cut that _liminates any scattering from pole tips

or other interaction sites.

4. Consistent Ck signals. Heavy particles in the spectrometer, being

slower at a given rigidity, will typically not f'u"e the Ck detectors,

so any evidence of a hit in the Ck detectors would cause the event

to be suspect.

Wc show in Figure 4 of Appendix 2 the starch levels we attained in E858 as a

function of Z/A of the particles. Wc expect to improve these to a level of 10-11 over a

broad range of Z/A in E878. We expect the AuAu interaction environment to have a

much better chance at producing new states of matter because of its larger size and

the commensurate increase in the number of strange quarks produced.

III. Program Description

A. First year

As shown in the proposal timeline of Figure 5, we will setup our experiment

E878 on 0le A-3 line at_d_eAGS and begin data taking in the first year of the program.
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The apparatus is described in detail in Appendix 3 and 4. Detector systems are being

fabricated at UCSSL, LBL, BNL, Waseda, and _-IU. These are to be completed in time

for a test run at the LBL Bevalac in November 1991, in a parasitic program. They will

then be installed at BNLin early December 1991 in preparation for the Si beam which

is to run between Ian and Mar 1992. .__.

We have been approved for a total fluence of 1013 SiAu interactions in E878.

We expect it to take a significant portion of the Si run to integrate that number of

interactions in our spectrometer. We have budgeted enough time at BNL to cover a

long run of Eg78 as well as to meet our responsibilities to Eg59.

Data analysis will be performed primarily at Berkeley, and we expect to bring

our two students out for a portion of each year. We expect this to take about 6 months

for the full analysis of the Si run, although we will have preliminary results online. This

is essential since we will be presenting a program review to the AGS PAC in their

Spring meeting. At the same time that we are analysing the Si data we will be

performing the simulations needed to interpret this data and to prepare for the Au

beam.

B. Second year

We will analyse ali of the data from the preceding year's run and publish the 0o
m

momentum spectra for Si+Au-> d + X and the relative yield as a function of target A.

This will be accompanied by a study of the question of reabsorption and the question

of hadronization length. We will then concentrate on preparing for the expected Au run

at the AGS in Winter 1993. We will be involved in both E866 and E878 at this time,

necessitating a presence at BNL throughout the winter.

In addition to this we hope to test the concept for our short lived/neutral

detection experiment during the first Au beam. We expect this test to involve the

MPS group and facility and to lead to a full experiment proposal in the third year of our

program.

C. Third year

We will complete the analysis of the p..-eceding year's Au run and publish the

particle spectra as a function of target and raidity from _hatrun.
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We will continue our investigation with either a lower sensitivity search for neutral

and short lived new particles, or a furtherinvestigation of anti-m.cleus production. We

will also be taking data with E866. _....

References

Abbott, A., for BNL E802 CoUa_tion, Phys.Rev.Lett. 64, 487, 1990.

Abbott, A., for BNL E802 Collaboration, submitted to PhysoRev.Lett.

1991Butler,S.T.

Chin, S.A. and A.Kerman,PRL 43, 1292, 1979.

Costales, J. MIT PhD. Thesis, 1991.

Cronin.J.W.,H.J.Frisch,M.J.Sochet, J.P.Boymond, P.A.Piroue, and R.L.Sumner,

Phys.Rev.Dll, 3105, 1975.

Dorfan, D.E., J.Eades,L.Lederman,W.Lee, and C.C.Ting, PRL 14, 1003, 1965.

Dover, C., U.Heinz, EkkardSchnedermann, and Josef Zimanyi, BNL TCP-90-
60,1991.

Ellis, John, U.Heinz, and HeJxrykKowalski, Phys.Lett.B 233, 223, 1989.

Gavin, S., M.Gyulassy, M.Plumer, and R.Venugoplan, Phys.Lett.B 234, 175,
1990.

Greene, V. for E814 Collaboration,Bul.Am.Phys.Soc., 1991.

Greiner, Carsten and Horst Stocker, Frankfurt Preprint 1991, submitted to

Phys.Rev.D. .,



q,

d,

Heinz, U., P.R.Subramanian, H.Stocker, and W.Greiner, J.Phys.G 12, 1237,

1986.

Heinz,U., Kang S. Lee, and Ekkard Schnedermann, Regensberg Preprint TPR

89-13, 1989. ......

Jahns, A. H.Sorge, I-LStocker, and W.Greiner, Frankfurt Preprint, 1991.

Johnson,C.D., and T.R.Sherwood, in "Hyperfine Interactions" V44, 65, 1989.

Liu, I-LC.and G.L, Shaw, Phys.Rev D30, 312, 1984.

Marmer,G.J., K.Reibel, D.M.Schwartz, A.Stevens, R.Winston, D.Wolfe,

C.J.Rush, P.R.Phillips, E.C.Swallow, and T.A.Romanowski, Phys.Rev. 179, 1294,
.,:, -

1969.

Sarabura, M., MIT PhD.Thesis, 1991.

Schaffner, J., H.Stocker, and C.Greiner, Frankfurt Preprint 1991.



t

Figure Captions ' ' "

1. Experimental layout showing the beamline spectrometer. The time-of-flight

counters consist of 5mm thick scintillator viewed at both ends by photomultiplier

tubes. The 3 atm.gas Freon-12 Cherenkov detectors are used to veto g"s in the

trigger, as well as in supplementing the PID capabilities at high end low momentum.

The four drift tube arrays provide acceptance and particle trajectory information. E858

was performed oin the A-1 line; E878 will be performed on the A-3 line.

2. Particle distributions: Ed3o/dp 3 for g', K', _ from Al, Cu, and Au targets; the
.mm

d prediction from coalescence model calculation, and the 90%CL _'upper limit to the

invariant cross section from our data, as well as our 2 d data point at 6.1 GeV/c. To

compute the number of interactions sampled at each setting, multiply the upper limit

values by 10-5p3/E assuming a deuteron mass particle.

3. Target dependence showing values of parameter "a" obtained in fits to

equasion #2:

d3o
dydp.l.2 (Si+At--_+x) -* OT_T,

High rapidity points are g', lowest are _'s with K- in the middle.

4. a) Experimental d/_ production ratios from p-nucleus experiments at AGS,

CERN, and Serpukov [ collated by C.D.Johnson in "Hyperfine Interactions 4..44,65,

1989]

b) Rstio of d/_ from direct production in central collisions of 14.6 A GeV/c Si

on Au. Curve is the product of the d _ ratio obtained in p-nucleus collisions and the

Fermi momentum probability for 28Si boosted to 14.6 GeV/c. A total integrated d

value of 5x10-8 is obtained when signa and direction are taicen into account.

5. Experiment timeline showing the major milestones for the project.

lo
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