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Antiproton production in 11.7 A-GeV/c Au+Au collisions over a wide transverse-mass
coverage was studied in the AGS-E866. The inverse slope parameter increases rapidly as a
function of centrality. Antiproton yields in Si+A and Au+Au collisions are consistent with
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the scaling with the 2/3 power of the number of participant nucleons. Transverse-mass
spectra are similar to those of protons from peripheral to central Au+Au collisions.

1. Introduction

Antiproton (p) production in heavy ion collisions reflects subtle interplay between initial
production and absorption by nucleons. Because the ACS energies (10 — 20 A • GeV/c)
are close to the p production threshold, p may be sensitive to cooperative processes such
as QGP [1] and hadronic multi-step processes [2]. On the other hand, p has been proposed
as a probe of baryon density due to large NN annihilation cross sections [3]. Cascade
models [4-6] predict the maximum baryon density reaches about 10 times the normal
nucleus density in central Au+Au collisions, where the strong p absorption is expected.
In this paper, we show systematic studies of p production from p+A to Au+Au collisions.

2. Analysis in AGS-E866 Experiment

The AGS-E866 experiment is aimed at studies of particle production in 10-12 A-GeV/c
Au+Au collisions as a function of centrality. The experimental setup is described else-
where [7,8]. In this analysis, data taken in 1994 in the Forward Spectrometer are used.
Centrality is defined with the zero-degree calorimeter (ZCAL). The kinematic coverage for
p is 1.0 < y < 2.2 and 0 < mt — mp < 1.2 [GeV/c2], where y, mt, and mp denote rapidity,
transverse mass, and p mass, respectively. About 800 p candidates were extracted out of
about 15 million minimum-bias collisions.

3. Results

Fig. 1 shows mt spectra in minimum-bias events. Kinematic reflections of the spectra in
each rapidity are consistent within statistical uncertainties. E886 [9] and E878 [10] results
at pt ~ 0 agree with our data. Fig. 2 shows mt spectra in 1.0 < y < 2.2 in centrality
windows of 0 - 8 %, 8 - 23 %, 23 - 38 %, and 38 - 77 % (zero corresponds to most
central). Inverse slope parameters increase rapidly as a function of centrality from 0.18 to
0.28 GeV/c2. E864 [11] and E878 [10] data at pt ~ 0 agree with our data except for in the
most centrality window, where the E864 point is 4 times larger than the E878 point, and
the exponential extrapolation of our data comes between them. It is an open question
whether this is due to acceptance difference of the p decaying from A. The acceptance in
our spectrometer is estimated to be 42 % including the branching ratio of 64 %.

Fig. 3 shows comparison of dN/dy among p+A [12], Si+Al and Si+Au data [13] at
14.6 A-GeV/c in J/MV — 0.6 < y < y^N and Au+Au data at 11.7 A-GeV/c in \y — y^N\ <
0.6 as a function of the number of participants (Npart}. The Npart was calculated with
FRITIOF 1.7 [14]. A beam energy correction factor of 0.47 is applied to p+A and Si+A
data. Si+A and Au+Au data are consistent with the Np£t scaling.

These data are compared with RQMD (solid line) and the first collision model (dashed
line). RQMD calculations are from Ref. [15] for p+A and were done with version 2.3
for Si+A and 2.1 for_Au+Au. In RQMD, initial p production is enhanced by multi-step
processes and free NN annihilation cross sections are used. The first collision model gives
p yields as dN/dy = dN/dyp+p • Nf, where dN/dyp+p is dN/dy in p+p collisions, and Nf
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Figure 1. Transverse-mass spectra in mini-
mum bias events. See text for details.

Figure 2. Transverse-mass spectra in 4
centrality windows. See text for details.

is the number of binary collisions between unstruck nucleons. No absorption is assumed.
Both models reproduce p+A data, and the scaling of N^t from Si+A to Au+Au data.

In Fig. 4, mt spectra are compared with those of protons. For all centrality windows,
their shapes appear similar, but more data are needed for a quantitative evaluation.

4. Conclusions and Outlook

E866 measured p production in Au+Au collisions at 11.7 A-GeV/c in wide transverse
mass coverage. The dN/dy from Si+A to Au+Au collisions scales with Np^. Both
RQMD and the first collision model reproduce the global system dependence of p yields.
However, by construction, the latter cannot reproduce the rapid development of the in-
verse slope parameter with centrality in Au+Au collisions. This observation implies that
it is important to investigate rat spectra to explore p production mechanisms. The mt

spectra of p are similar to those of the proton from peripheral to central Au+Au events,
and this will be investigated in more detail with a larger data sample in 1995, as well as
the data in E866's large angle spectrometer, Henry Higgins.

This work is supported by the U.S. Department of Energy under contracts with BNL
(DE-AC02-98CH10886), Columbia University (DE-FG02-86-ER40281), LLNL (W-7045-
ENG-48), MIT (DE-AC02-76ER03069), UC Riverside (DE-FG03-86ER40271), by NASA
(NGR-05-003-513), under contract with University of California, by Ministry of Education
and KOSEF (951-0202-032-2) in Korea, and by the Ministry of Education, Science, Sports,
and Culture of Japan.



Antiproton dN/dy vs Nport

TJ

z

10

10

10

ROMD

First collision model

30X1(T 4 N U _.
(fit with Si+A ond Au+Au)

Au+Au

p+A

Si+A
• 11.7GeV/c p+p
0 14.6 GeV/c p+Be (X 0.47)
0 1 4 6 GeV/c p+AI (X 0 47)
D 14 6 GeV/c p+Cu (X 0.47)
A 14.6 GeV/c p+Au (X 0 47)

• 14 6AGeV/c Si+AI (X 0 47)
A 14.6 AGeV/c Si+Au (X 0 47)

• 11.7AGeV/cAu+Au

10 10

Preliminary Antiproton and Proton

I

i

I I I I I
•Antiproton (1 0<y<2 2) (X 4000)
oProton (10<y<22)

000 026 OSO 075 100 128
mi-mo [CeV/c']

1 BO

Figure 3. The dN/dy in p+A, Si+A and Figure 4. Comparison of mt spectra be-
Au+Au collisions as a function of Npart. See tween p (scaled by 4000) and the proton
text for details. in Au+Au collisions. See text for details.

REFERENCES

1. K. S. Lee et al., Phys. Rev. C37 (1988) 1452; D. H. Rischke et al., Phys. Rev. D41
(1990) 111; T. DeGrand, Phys. Rev. D30 (1984) 2001.
A. Jahns et al., Z. Phys. A341 (1992) 243; A. Jahns et ai, Phys. Rev. Lett. 68 (1992)
2895.
S. Gavin et al., Phys. Lett. B234 (1990) 175.
H. Sorge et al., Phys. Lett. B243 (1990) 7.
Y. Pang et a/., Phys. Rev. Lett. 68 (1992) 2743.
B. A. Li and C. M. Ko, Phys Rev. C52 (1993) 2037.
L. Able et al., Nucl. Phys. A610 (1996) 139c.
L. Able et al., To be published in Phys. Rev. C: Rapid Communications (1998).
G. E. Diebold et al., Phys. Rev. C48 (1993) 2984.

10. D. Beavis et al., Phys. Rev. Lett. 75 (1995) 3633; D. Beavis et al., Phys. Rev C56
(1997) 1521.

11. T. A. Armstrong et al., Phys. Rev. Lett. 79 (1997) 3351.
12. T. Abbott et al., Phys. Rev. C47 (1993) R1351.
13. T. Abbott et ai, Phys. Lett. B271 (1991) 447.
14. B. Nilsson-Almqvist et al., Com. Phys. Comm. 43 (1987) 387.
15. A. Jahns et al., Phys. Lett. B308 (1993) 11.

2.

3.
4.
5.
6.
7.
8.
9.



M98004992

Report Number (14) " (t

Publ. Date (11) /??

Sponsor Code (18) lx>£/£fi\ rfA*A\ K*M& /To 5-

UC Category (19) ^g^/f;^c-QO^^.^oo; U<L~OOQ\

DOE




