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Proton and deuteron production in Au+Au reactions at 11.6A GeV/c
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Proton and deuteron distributions from 1A.65eV/c Au + Au collisions measured by the E802 Collabo-
ration in experiment E-866 are presented. The invariant yield of protons and deuterons is studied as a function
of the transverse mass for different cuts of rapidity and centrality. Atrdgw m, the proton and deuteron
invariant spectra deviate from a single exponential shape. The aweyaggefunction of centrality and rapidity
is used to explore the effect of collective transverse flow in the reaction. The ratio of the deuteron to squared
proton yield as a function of transverse momentum, rapidity, and centrality is used to probe the coalescence
model of deuteron production. This ratio is constant as a function of rapidity only for the most central cuts and
decreases with the centrality for every rapidity cut. The ratio of the differential cross section of the deuteron to
the squared differential cross section of the proton, for the most central cut, is not constant as a function of
m,—my. [S0556-28189)04911-7

PACS numbgs): 25.75.Dw, 25.75.Ld

[. INTRODUCTION nificant increase of baryon stoppifig] was found as com-
pared to earlier results using lighter systerfd, thus
) o ) ] providing evidence for the formation of a larger interaction
Heavy-ion collisions provide an opportunity to produce region and higher maximum density.
compression and heating of nuclear matter in a controlled ‘Among the several observables expected to result from
environment. From the measured proton rapidity distributhe formation of dense nuclear matter is the manifestation of
tions of central Au+ Au reactions at 114 GeV/c a sig-  collective flow resulting from compression-induced pressure
[3]. At around 1& GeV/c, azimuthally asymmetric particle
correlations in the target rapidity region have been observed
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FIG. 1. The experimental layout of the E-866 in the Fall of 1994. Showed are the multiplicity Atk ), the zero-degree calorimeter
(ZCAL), the interaction trigge(Bullseye, the Henry Higgins spectrometer consisting of drift chamlf&fsT4), wire chamber§TRF1,2
and TR1,2, a time-of-flight wall (TOF), the gas-Cerenkov detect@GASC), and the back countgBACK). The forward spectrometer
consists of a sweeping magn@fl), analyzing magnetM2), drift chambers(FT1-4), two time projection chamberéTPC1,2 and a
time-of-flight wall (FTOPF. A scintillator array(PHOS for particle spectra at back-angles and a hodos¢bii@DO) of crossedXY slats
complete the detector hardware.

[4], as well as “bounce-off” for protong5]. Another pre-  and in Pb+ Pb collisions at 158 GeV/c [7].

dicted characteristic of collective flow is the shoulder-arm  The nuclear matter formed in the interaction region is
shape of the transverse momentum distributions and the invery hot and dense, but with time it expands and cools. At
crease with the mass of the slope parameters or averageme point it is expected that the interactions among the
transverse masgify)) for different particleg6]. Evidence particles cease and the nuclear matter is said to “freeze-
of this has been observed in At Au at 11.6A GeV/c [1]  out.” Deuterons are not elementary hadronic particles and
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FIG. 2. Acceptance limits for protons, for the HH spectrometer FIG. 3. Acceptance limits for deuterons, for the HH spectrom-
at 14°, 19°, 24°, 29°, 34°, 39°, and 44°, for different magneteter at 14°, 19°, 24°, 29°, 34°, 39°, and 44°, for different magnet
settings. settings.
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w 600 —&0 140 100 80 20 10-15A GeVlc, it has been found th&, is not a constant
< } 15783 | [12], and deviations from constant behavior have been ad-
R P ks ! dressed with more sophisticated models.
' : Some of these approaches treat the problem by consider-
400 3 | ing energy-momentum conservation and the requirement of a
: 2asn ! third particle or a surrounding medium to form a deuteron
200 b : from a nucleon paif13,14]. Other models incorporate flow
: vrzes | effects treating coalescence as an “after-burner” applied to
200 L s, R ' the final nucleon density distribution provided by cascade
po-sx 2% : calculations[6] or analytic hydrodynamic transport equa-
100 5 | tions[15].
; Using the relativistic quantum molecular dynamics model
ok N T (RQMD) [16] and a cluster model based on the single-
0 500 1000 1500 2000 2500 particle phase-space distributions at .freeze—out, Mattietlo
E (GeV) al. [17,6] showed that both the deviation from the exponen-
-ZCAL

FIG. 4. The measureH ¢4, distribution from interaction trig-

tial behavior(shoulder-arm shapend the large bounce-off
signal for clusters are directly related to the freeze-out geom-

gers. Target-out reactions have been subtracted. The centrality cugéry and flow correlations. As opposed to simple fireball and
used in the data analysis are illustrated by lines. The number dblast wave models that assume equal velocity and density

projectile participant nucleongn,), estimated from th&c, is

profiles for all states, the freeze-out geometry and flow cor-

indicated at the top of the figure. The beam-energy-centroid correrelations result in smaller freeze-out radii and larger average
sponding toEzca =2123.0, is indicated with a dashed line.

because of their small binding ener@:25 MeV), it is very
probable that they will not survive repeated collisigB8s9].

transverse “velocities,”(p;)/A, for the clusters at midra-

pidities than for the protons. It is also shown that the collec-
tive flow enhances the deuteron yield, i.e., the probability of
finding two nucleons close enough in the phase-space vol-

Consequently it is likely that the observed deuterons are crgyme to produce a cluster.

ated from nucleons close to the freeze-out point. Thus com- |f the coalescence model is applicable to the data, then the

space-time structure of the freeze-out region.

effective source volume, with equivalent radiRs The de-

Several models have been used to describe the productifandence oR on dynamical variables such as the transverse

of light nuclear clusters or composites. In general, thesgnomentum can be used to probe how coalescence is affected
models relate the invariant yields of light nuclei with m#ss  py transverse flow.

to the Ath power of the proton yields, and are commonly

known as the coalescence model§]. Specifically

In this paper, the proton and deuterop—mq distribu-
tions from 11.8 GeV/c Au + Au reactions measured by
the experiment E-866 at the Alternating Gradient Synchro-

tron (AGS) at Brookhaven National Laboratory in 1994 are
presented. The rapidity distributiorgn/dy, and the average
transverse masém;) are extracted from the distributions.
where B, is the invariant coalescence factor apg is the  These parameters together with the ratio of deuteron yield to
cluster momentum, the assumption being that at these enete square of the proton yield are studied as functions of the
gies the unmeasured neutron distributions are identical to theapidity and centrality and this ratio is presented as a func-
measured proton distributions. At energies aroundion of the transverse momentum for the most central cut.
1A GeVlc, it was found thaB, was fairly independent of The implications of the data are analyzed in the context of
the centrality of the reaction and of the momentum and angl¢he coalescence model and the possible effects of collective

d®n d®n
Ea—s ( P (1)

A
—= —21, pa=Ap,,
dp} pdpﬁ) P

of emission of the cluster[11]. In

the

range of

flow. In the following section a brief discussion of the ex-

TABLE I. Listing of the ranges oE c, values used as centrality cuts, and their equivalence in terms of
the percentage of the cross section and the number of projectile participants.

EzcaL range(GeV) CS range(mb) % range (EzcaL) (GeV) (Npp)
0-240 0-212 0-3 176.1 180
240-390 212-484 3-7 314.3 167
390-570 484-799 7-12 479.3 152
570-780 799-1174 12-17 676.3 134
780-1020 1174-1613 17-24 901.6 113
1020-1290 1613-2183 24-32 1158.5 89
1290-1590 2183-2976 32-43 1449.2 62
1590-3000 2976-5130 43-76 1832.6 27
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FIG. 5. Measured double differential yield for protons, in dif-
ferent rapidity intervals as a function of transverse kinetic energyfer
m,—my. This spectra is for the 0—3 % centrality cut. The lines are
fits to Eq. (4) (see text The error bars are only statistical; the
systematic errors are discussed in the text.
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FIG. 7. Measured double differential yield for protons, in dif-
ent rapidity intervals as a function of transverse kinetic energy
m;—my. These spectra are for the 12—17 % centrality cut. The lines
are fits to Eq(4) (see text The error bars are only statistical; the
systematic errors are discussed in the text.

periment is presented. Several aspects of the data analysis are
considered in Sec. lll. In Sec. IV the results are presented
and a discussion follows in Sec. V. The last section presents The present measurements were part of the study of
the conclusions from this work. 11.6A GeV/c Au + Au collisions in eXperiment E-866 at
the AGS at Brookhaven National Laboratory by the E-802
collaboration. The E-866 apparatus consisted of three sets of

Il. THE EXPERIMENT

—_
<

E :g:g:;:g:gg]g?)) detectors: for triggering, for identification and particle track-
=%, ;g-g:;:g-gg}g‘j} ing, and for global characterization of the events. Experiment
00.8<y<0.9(x 107 866 had essentially the same setup as its predecessors E-859

009 <y <1.0(x 10%)
2410<y<1.1(x107)
211y <1.2(x107)
212<y<13(x107)
*13<y<1.4{x107)
*14<y<15(x10"%

and E-802, with some improvement to the tracking in front
of the magnet, an additional forward spectrometer arm, and a
new multiplicity array(NMA). The complete description of

the Henry Higgins spectrometer and several aspects of E-802
can be found in Ref[18], the elements of the experiment
used for the measurements presented in this paper are briefly
described in this section. A lay-out of the E-866 experiment
is shown in Fig. 1.

Event triggering was defined by the “beam counters”
BTOT and HOLE. These detectors were designed to deter-
mine good beam and timing for trigger logic and time-of-

d’n/2 mm, dm, dy (GeV~c*

10™ T flight measurements. The BTOT was a quartz detector situ-

1o L ated 2 m upstream of the target. HOLE was a scintillator
» detector wih a 1 cmradius hole cut out of the middle, lo-

10 cated 50 cm downstream of BTOT. In addition to these beam

10"30 L1l |0|5‘ L1 1 Ll '1|5' L L L1 '2‘5 counters there was a quartz Cerenkov radigtioe “bulls-

eye”) [19] 10.6 m downstream from the target, which deter-
m, - m, (GeV) mined the charge of the forward-going spectator fragments.
FIG. 6. Measured double differential yield for deuterons, in dif- ~ The tracking and particle identification for this analysis
ferent rapidity intervals as a function of transverse kinetic energywere achieved using a rotatable 25 msr magnetic spectrom-
m,—my. These spectra are for the 0—3 % centrality cut. The lineseter (Henry Higging, together with tracking detectors and
are fits to Eq.(4) (see text The error bars are only statistical; the the time-of-flight wall. The Henry Higgins spectrometer con-
systematic errors are discussed in the text. sisted of two drift chamber modules befdil,T2) and two
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FIG. 9. Measured double differential yield for protons, in dif-

FIG. 8'. l\_/Iea_sured double dn‘fer(_entlal yield for deutgron_s, N dif- terent rapidity intervals as a function of transverse kinetic energy
ferent rapidity intervals as a function of transverse kinetic eNergy, — m,. These spectra are for the 43—76 % centrality cut. The lines

M= Mo. These spectra are for the 12-17 % centrality c_ut._The I'nes‘c‘tre fits to Eq(4) (see text The error bars are only statistical; the
are fits to Eq.4) (see text The error bars are only statistical; the systematic errors are discussed in the text

systematic errors are discussed in the text.

are not biased against any particle species and also represent
after (T3,T4) the magnet. The single track resolution of thea minimum bias trigger.
chambers was 15am and for two tracks, about 2 mm. The  The thickness of the Au target was 1.5% of an Au inter-
wire tracking chambers TRF1 and TRF2 were built to helpaction length, or 975 mg/ct(Gold nuclei at 11.6 GeVi/c
the spectrometer handle the high multiplicity events. Each

chamber consisted of four planes of wires, one each in thes *0.4<y<05(x10)
horizontal, vertical, and the two diagonal directions. Finally ¢ ! = Ry Pibtst i
the time-of-flight wall(TOF) [20], consisting of 160 plastic % 10" ;g;g:;:g;gg:g‘")
scintillators placed 6.5 m from the target, with a timing reso- <, 102 Eg:g:;:}:?g}gﬁ;
lution of about 130 ps (&), was used for particle identifi- 2 = & j,}:;:;:}:gg}g‘j;
cation. The platform carrying the magnet, tracking, and par- &~ ;}-3:;:]-‘;(;}3?3)
ticle identification detectors can swing the spectrometer from = ’ ’
a most forward angle of 14° to a most backward angle of E
44°,

The centrality selection for the spectra was made using N
the zero degree calorimet€ZCAL) [21], which measured m_g
the energy remaining in the projectile fragments traveling
forward, and which subtended an angle of 1.5° from the
beam axis. rig | 1

Several hardware triggers were implemented in E-866. 107™°E T
The valid beam triggefBEAM), was logically defined by - . I
BEAM=PRENBTOTNHOLE, where PRE is a 0.5us L
pile-up rejection criterion; the interaction triggetNT 10
=BEAMNBE, where BE means a valid bullseye interac- g S T A T T
tion. and the level Zero trigger, LVLO 0 0 ! b3 2 23
—(BEAM/nUINT)NTBUSY, with n=200 and TBUSY a m, - m, (GeV)

busy-processing signal. For the measurements presented in g, 10. Measured double differential yield for deuterons, in
this paper the SPEC trigger was used. It was a minimum biagifferent rapidity intervals as a function of transverse kinetic energy
trigger which required a valid beam, an interaction and a hitn,—m,. These spectra are for the 43—76 % centrality cut. The lines
in at least one of the TOF slats and one of the TRF1 wiresyre fits to Eq(4) (see text The error bars are only statistical; the

SPEC=LVLONTOFINTR1. The SPEC-triggered data systematic errors are discussed in the text.
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TABLE Il. The dn/dy and(m,) distributions for protons. Each centrality cut is defined in Table I. The errors cited are statistical only.

y dr/dy (my) (GeV) x?ld.o.f. y dr/dy (my) (GeV) x?ld.o.f.

0-3 % centrality 17-24 % centrality
0.45+0.05 41,711 1.146-0.013 0.31/5 | 0.45+0.05 36.6-0.9 1.107-0.010 1.12/5
0.55+0.05 47.2-1.2 1.140-0.005 8.19/12 0.55+0.05 34.8:1.2 1.122+0.006 4.84/12
0.65+0.05 51.6-1.2 1.152+0.002 27.60/30| 0.65+0.05 34.6:0.6 1.145-0.002 29.25/31
0.75+0.05 51.3-1.2 1.169-0.003 39.62/30| 0.75+0.05 34.8-0.7 1.156-0.002 34.39/30
0.85+0.05 53.3-1.1 1.182+0.007 26.21/26| 0.85+0.05 34.3-0.6 1.164-0.004 24.66/27
0.95+0.05 56.4-1.0 1.198-0.002 44.15/26| 0.95+0.05 33.8-0.6 1.178-0.004 13.67/26
1.05+0.05 58.2-1.0 1.226-0.002 23.61/22| 1.05£0.05 33.3:0.7 1.190-0.007 20.92/21
1.15+0.05 60.5-1.0 1.239-0.005 28.88/19| 1.15-0.05 34.5-0.64 1.207-0.004 12.85/19
1.25+0.05 61.6-1.2 1.255-0.007 18.37/15] 1.25+0.05 34.3-0.7 1.216-0.006 8.92/15
1.35+0.05 63.2-1.7 1.278-0.013 270/11| 1.35-0.05 32.8-4.2 1.237-0.024 2.17/11

3-7 % centrality 24-32 % centrality
0.45+0.05 42.6-1.0 1.126-0.011 1.26/5 | 0.45-0.05 30.2£2.2 1.089-0.003 1.34/5
0.55+0.05 47.6-1.1 1.144-0.005 6.32/12| 0.55+0.05 29.1-1.0 1.119-0.007 5.65/12
0.65+0.05 50.3-1.1 1.154-0.002 37.36/30| 0.65+0.05 27.6-0.5 1.136-0.002 32.65/31
0.75+0.05 50.6-1.1 1.173-0.003 19.85/28| 0.75+0.05 27.2-0.5 1.146-0.003 17.61/28
0.85+0.05 52.4-1.0 1.185-0.004 29.07/26| 0.85£0.05 26.6-0.5 1.159-0.004 19.21/26
0.95+0.05 53.0-0.9 1.184+0.005 30.25/26| 0.95+0.05 25.9-0.4 1.1710.004 17.53/26
1.05+0.05 55.72-0.9 1.212+0.002 25.15/22| 1.05+0.05 25.9-0.4 1.181-0.004 18.31/22
1.15+0.05 56.2-0.9 1.236-0.005 19.68/19] 1.15+0.05 25.3-0.4 1.199-0.004 12.25/19
1.25+0.05 55.3-1.0 1.256-0.002 23.81/15| 1.25-0.05 25.4-0.5 1.208-0.005 14.35/15
1.35+0.05 55.8-1.3 1.285-0.013 4.43/11| 1.35+0.05 25.8-1.9 1.213-0.011 5.86/11

7-12 % centrality 32—-43 % centrality
0.45+0.05 41.5-1.0 1.125-0.013 3.16/5 | 0.45-0.05 24.7-0.7 1.08G-0.007 0.30/5
0.55+0.05 44.6-1.0 1.145-0.003 12.36/12| 0.55+0.05 22.5-0.5 1.116-0.003 8.73/12
0.65+0.05 43.9-0.7 1.158-0.002 31.32/32| 0.65£0.05 20.2£0.3 1.128-0.002 31.25/32
0.75+0.05 45.5-0.8 1.172-0.003 22.27/31| 0.75£0.05 19.5-0.4 1.137-0.003 14.70/27
0.85+0.05 46.2-0.8 1.174+0.002 24.47/27| 0.85£0.05 19.2:0.3 1.145-0.003 24.47/29
0.95+0.05 47.7-0.8 1.206-0.005 24.65/25 0.95+0.05 18.3-0.3 1.149-0.004 24.60/26
1.05+0.05 47.8-0.8 1.2070.002 2950/21] 1.05-0.05 17.2:0.4 1.166-0.005 21.97/22
1.15+0.05 49.0-0.8 1.224-0.005 20.35/19] 1.15+0.05 16.9-0.4 1.181 0.004 11.64/19
1.25+0.05 48.10.9 1.233-0.002 16.01/15 1.25+0.05 16.4-0.7 1.194+0.006 7.31/15
1.35+0.05 48.7-4.2 1.245-0.011 591/11| 1.35-0.05 16.6-0.5 1.196-0.007 4.82/11

12-17 % centrality 43-76 % centrality
0.45+0.05 35.1-3.5 1.1210.010 523/5 | 0.45-0.05 14.0:0.4 1.059-0.006 2.59/5
0.55+0.05 39.7-0.9 1.1406-0.004 4.22/12| 0.55£0.05 12.1-0.3 1.085-0.003 11.35/12
0.65+0.05 38.9-0.7 1.153-0.002 37.45/31| 0.65+0.05 10.6-0.2 1.105-0.001 26.41/29
0.75+0.05 38.8-0.8 1.174-0.005 29.22/31| 0.75£0.05 9.6:0.2 1.118-0.002 31.98/27
0.85+0.05 38.6-0.8 1.180G+ 0.005 23.29/25| 0.85£0.05 8.8:0.2 1.131-0.003 25.40/24
0.95+0.05 40.6-0.7 1.178-0.004 26.96/26| 0.95+0.05 8.0:0.1 1.141-0.004 22.72/26
1.05+0.05 39.3:0.9 1.183-0.009 22.16/22| 1.05£0.05 7.4-0.2 1.146-0.004 10.10/22
1.15+0.05 41.1+-0.7 1.226-0.005 9.21/19| 1.15-0.05 6.9-0.2 1.158-0.003 5.93/19
1.25+0.05 41.4-0.8 1.231-0.006 10.30/15| 1.25+0.05 6.5-0.2 1.162-0.006 9.98/15
1.35+0.05 38.5-3.4 1.249-0.012 6.85/11 | 1.35:0.05 6.5-0.4 1.172:0.006 8.59/11
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TABLE Ill. The dn/dy and(m;) distributions for deuterons. Each centrality cut defined in Table I. The errors cited are statistical only.

y dr/dy (my) (GeV) x?/d.o.f. y dr/dy (my) (GeV) x?ld.o.f.
0-3 % centrality 17-24 % centrality
0.45+0.05 3.4:0.3 2.064:0.023 19.52/11] 0.45+0.05 4.6:0.3 2.076:0.011 6.30/11
0.55+0.05 3.2£0.2 2.1170.012 14.67/20] 0.55+0.05 3.9:0.2 2.084-0.009 32.45/23
0.65+0.05 3.9£0.2 2.114-0.015 21.62/21f 0.65+0.05 3.4:0.1 2.106-0.008 15.52/26
0.75+0.05 4.0:0.2 2.1670.022 13.90/19] 0.75-0.05 3.3:0.2 2.140-0.017 5.68/20
0.85+0.05 4.5-0.2 2.182:0.022 23.31/19( 0.85+0.05 2.9£0.2 2.143-0.034 21.32/24
0.95+0.05 4.6:0.2 2.217:0.025 13.34/20] 0.95+0.05 2.7£0.1 2.155-0.015 22.70/22
1.05+0.05 4.6:0.3 2.191%0.018 31.14/20[ 1.05+0.05 2.8:0.1 2.172:0.014 14.92/24
1.15+0.05 5.1:0.3 2.222:0.018 12.55/25] 1.15+0.05 2.7#0.2 2.168-0.012 21.11/25
1.25+0.05 5.4:0.5 2.265-0.027 14.04/18| 1.25+0.05 2.7#0.2 2.225-0.020 20.39/18
1.35+0.05 5.3:0.6 2.3470.053 3.32/11| 1.35+0.05 2.7#0.3 2.193-0.032 11.54/11
3-7 % centrality 24-32 % centrality
0.45+0.05 4.2-0.4 2.0870.018 8.73/11| 0.45-0.05 4.1-0.2 2.070-0.010 7.29/11
0.55+0.05 3.8£0.2 2.1210.009 15.13/21] 0.55+0.05 3.4:0.2 2.076-0.009 23.59/23
0.65+0.05 4.0:0.2 2.135-0.008 20.61/26 0.65+0.05 2.8:0.1 2.098-0.011 22.42[22
0.75+0.05 4.2:0.2 2.157:0.017 10.32/22| 0.75+0.05 2.4:0.1 2.129-0.022 16.42/20
0.85+0.05 4.6:0.2 2.157:0.016 18.15/26| 0.85+0.05 2.2£0.2 2.110-0.043 16.13/19
0.95+0.05 4.4-0.2 2.210:0.021 12.24/24] 0.95+0.05 2.x0.1 2.133:0.015 10.86/18
1.05+0.05 4.4-0.6 2.183:0.040 15.70/24] 1.05+0.05 1.8:0.1 2.183-0.015 10.87/21
1.15+0.05 4.70.3 2.204:0.015 17.19/25| 1.15+0.05 1.9:0.1 2.153-0.013 27.58/25
1.25+0.05 4.4-0.3 2.246-0.027 14.27/18| 1.25+0.05 2.0:0.2 2.150-0.014 33.31/18
1.35+0.05 4.6-0.7 2.2270.041 15.70/11] 1.35+0.05 2.0:0.3 2.150-0.030 10.56/11
7-12 % centrality 32-43 % centrality
0.45+0.05 4.1-0.2 2.088-0.016 6.11/11| 0.45-0.05 3.5:0.3 2.0310.020 7.44/11
0.55+0.05 4.10.2 2.107:0.008 19.71/25| 0.55+0.05 2.8:0.1 2.053:0.007 23.25/23
0.65+0.05 4.0:0.2 2.081:0.022 25.42/25( 0.65+0.05 2.30.1 2.077:0.010 11.89/22
0.75+0.05 3.8£0.2 2.128-0.014 22.90/23[ 0.75+0.05 1.8:0.1 2.095-0.013 16.19/21
0.85+0.05 4.0:0.2 2.156-0.017 14.73/22| 0.85+0.05 1.5-0.2 2.08%-0.011 17.75/19
0.95+0.05 4.0:0.2 2.196-0.018 11.87/25| 0.95+0.05 1.5-0.1 2.113-0.016 18.95/19
1.05+0.05 3.8£0.2 2.213-0.017 20.28/23[ 1.05+0.05 1.5-0.2 2.1110.009 15.64/20
1.15+0.05 4.2-0.2 2.190-0.013 32.47/25( 1.15+0.05 1.2:0.1 2.139-0.013 17.00/24
1.25+0.05 4.0-0.3 2.2210.019 14.89/18] 1.25+0.05 1.3:0.1 2.123-0.014 12.76/18
1.34+0.05 4.13-0.5 2.270:0.039 11.60/11 1.35+0.05 1.0:0.2 2.138-0.032 5.17/11
12-17 % centrality 43-76 % centrality
0.45+0.05 5.3:0.3 2.070:0.011 10.13/11] 0.45+0.05 2.0:0.14 2.0130.007 6.21/11
0.55+0.05 4.10.2 2.102:0.010 25.36/23[ 0.55+0.05 1.4:0.06 2.026:0.004 18.85/21
0.65+0.05 3.70.2 2.116:0.011 23.60/24( 0.65+0.05 1.0:0.04 2.0410.009 23.19/20
0.75+0.05 3.3:0.1 2.122:0.016 22.84/21 0.75+0.05 0.83:0.03 2.0370.008 16.30/17
0.85+0.05 3.6:0.3 2.165-0.018 14.46/24] 0.85+0.05 0.60:0.03 2.082-0.013 12.85/15
0.95+0.05 3.3:0.1 2.169-0.017 27.09/25( 0.95+0.05 0.50:0.02 2.098:0.013 8.73/15
1.05+0.05 3.4:0.1 2.170:0.019 17.74/22| 1.05t0.05 0.42£0.03 2.092:0.014 19.91/17
1.15+0.05 3.2£0.2 2.204:0.014 23.52/25( 1.15+0.05 0.4G:0.03 2.10@:0.011 11.04/22
1.25+0.05 3.0:0.6 2.236:0.044 6.30/18 | 1.25+0.05 0.33:0.04 2.111%*0.020 20.14/18
1.35+0.05 3.x:0.4 2.205-0.037 7.55/11| 1.35+0.05 0.34£0.07 2.1030.027 7.80/11

have a total inelastic cross section of 6.78 bd2@). The the spectra were very small and affected only the cross-
intensity of the Ad "® beam was typically X 10° particles ~ section normalization.

per spill, with each spill abdul s long every 4 s. The size of
the beam was typically 2 mm vertically and 4 mm horizon-

tally. Target-out runs were performed to determine the back- The acceptance limits of the Henry HiggiftsH) arm for
ground contributions. The target out contributions toprotons and deuterons is shown in Figs. 2 and 3, respec-

III. DATA ANALYSIS
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FIG. 11. Thedn/dy distributions of protons for different cen- FIG. 12. Thedn/dy distributions of deuterons for different cen-

trality cuts (as listed in Table)l The circles are for the 0-3% trality cuts (as listed in Table)l The circles are for the 0-3 %
centrality cut, the open circles are for the 3—7 % centrality cut, thecentrality cut, the open circles are for the 3—7 % centrality cut, the
squares are for the 7—12 % centrality cut, the open squares are feguares are for the 7—12 % centrality cut, the open squares are for
the 12-17 % centrality cut, the triangles are for the 17-24 % centhe 12—17 % centrality cut, the triangles are for the 17—24 % cen-
trality cut, the open triangles are for the 24—32 % centrality cut, thetrality cut, the open triangles are for the 24—32 % centrality cut, the
stars are for the 32—43 % centrality cut, and the open stars are fatars are for the 32—43 % centrality cut, and the open stars are for
the 43-76 % centrality cut. The data points are reflected abouhe 43—-76 % centrality cut. The data points are reflected about
midrapidity. The vertical error bars are statistical only; the system-midrapidity. The vertical error bars are statistical only; the system-
atic errors are discussed in the text. atic errors are discussed in the text.

tively. The acceptance is constrained by the geometry of thgared to the results for each event separately. This method
HH (spectrometer angle and magnet seftiugd the tracking  ajiows a large statistics study of high multiplicity effects.
inefficiency (at low p;). It is shown versus rapidity and |t should be noted that since the magnetic rigidity of the
transverse momentum and for different magnet settings igeyterons and the particles is the same, an particle with
Figs. 2 and 3 for the HH spectrometer angle settings used ifyice the momentum of a deuteron will have the same tra-
the present study, 14°, 19°, 24°, 34°, 39°, and 44°. Thgactory through the magnet and the same time of flight, that
rapidity between the target and projectile is 3.2, so that thgs it is not possible to distinguish betweenparticles and
midrapidity, y,p, is 1.6. deuterons in this experimental arrangement. Thus the spectra
The yield of protons and deuterons was corrected t0 acsf the deuterons may have some contaminatiorwopar-

count for the efficiency for detecting particles in the spec-icles. At AGS energies however, the yield ratio @ to
trometer. The inefficiencies arise from two effects: ineffi- yoterons has been found to be very smdtl=10"23[12],

ciencies due to single track loses, and those due to highgnsistent with the E-866 observation of tritons at mid rapid-
occupancy loses. Thg single tra}ck inefficiencies are due tgy’ and for deuterons and tritons at target rapidigA].
detector effects, multiple scattering, track code failures, anghege results are also consistent with theoretical estimations
hadronic interactions. Monte Carlo simulations based ony¢ o|uster productiori6]. Therefore, the effect of the con-
GEANT [23] were performed to estimate the particle loss du€mination on the deuteron distributions can be neglected.
to these effects. The single track |neff|C|'enC|es were signifi-  The event centrality selection for the invariant spectra was
cant for protons and deuterons at the limits of the momentuny, 5 4e using the ZCAL. The energy deposited into the zero
acceptance of the detector, _that is at very high or low part'd%egree calorimeterE ca , for interaction events after
mc;mentum. In order to avoid a correction factor larger thang get.out subtraction, is shown in Fig. 4. The boundaries for
15%, momentum limits were set at 0.3 GeWp  ihq centrality cuts used in this analysis are shown, together
=3.5 GeVk for protons and 0.6 GeVsp<5.7 GeVE ity the estimated number of projectile participar(ts, ).

for the deuterons. Since the energy in this detector is predominantly from pro-

The main causes for the inefficiencies due to high occujeile spectators, the number of projectile participants is em-
pancy are failures of the track finding algorithm and uncer-

T : > X 9 pirically estimated by
tainties of hit position from hit blocking in the TOF. The loss
of tracks due to hit blocking in Au- Au events was studied
using a track insertion technigu@2]. In this method two
events are merged, one of them chosen with relatively clean (n,)=197.4 1 EzcaL
tracks. The merged events are then reconstructed and com- PP ' 2123)°

2
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FIG. 13. The average transverse mésg)—m, as a function of the rapidity for protons, for the different centrality dass listed in
Table ). The circles are for the 0—3 % centrality cut, the open circles are for the 3—7 % centrality cut, the squares are for the 7-12 %
centrality cut, the open squares are for the 12—17 % centrality cut, the triangles are for the 17—24 % centrality cut, the open triangles are for
the 24-32 % centrality cut, the stars are for the 32—43 % centrality cut, and the open stars are for the 43—76 % centrality cut. The vertical
error bars are statistical only; the systematic errors are discussed in the text.

whereEzcp, is the energy measured in GeV in the ZCAL 1 d?n
and 2123 GeV is the approximate energy of the beam. It has o W
been estimated that the systematic errors in evaludtipg '

are about 8% for midcentral to central collisidi2d]. For the wherey is the rapidity,m,= \/62+_m2 with m, being the
most peripheral events the calorimeter had a nonlinear 'Sast mass of the particlé armi::ps%e is the transverse
sponse, that leads to an uncertainty of up to eight in the Valuﬁwomentum withg being the polar angle. Figures 5—10 show
of {nyy,), or of about 25%. Table | lists of the ranges of yo meagyred invariant double differential yield for protons
ZCAL values used as centrality cuts, the corresponding,,y yeterons as a function o, —my at different rapidity
rang;a of the ;n(etlr?st{ctcrlqss lseguon in mb, &tl.nd thfe 6p$gcgnta9ﬁtervals, and three centrality cuts. The deuteron spectra are
In reterence 1o the total In€lastic cross section of o. aM$arder than the proton spectra, especially for the most central
The Ias? two columns are the average valge of ZCAL for thecut. Both the proton and deuteron spectra tend to deviate
events in that range anh,;) calculated with Eq(2). The from an exponential shape at law,—m,. Again, the devia-

percentage column lists the range of the total inelastic Cros$on is larger for the deuteron spectra, and for the most cen-
section for the cut, with 0% corresponding to impact param tral cut. The proton spectra cannot be described with a single

eter zero. . : : exponentia[1]. The same is observed for the deuteron spec-
The overall systematic error is estimated to be of the ordef.." ¢ gifferential yields were fit instead to the more gen-
of 10% in the measurement of the differential yield. How-

. ) i - o Fral function,
ever, in the figures shown in the next section, only statistica

)

errors are displayed. d2n —(My—mp)
27mdmdy Almtex'”( T—)
IV. RESULTS TmEmay 1
The azimuthally averaged invariant double differential +A2ex;{w), (4)
yield is given by Tz
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FIG. 14. The average transverse m@sg) —mg as a function of the rapidity for deuterons, for the different centrality ¢éts listed in
Table 1) The circles are for the 0—3 % centrality cut, the open circles are for the 3—7 % centrality cut, the squares are for the 7-12 %
centrality cut, the open squares are for the 12—17 % centrality cut, the triangles are for the 17—24 % centrality cut, the open triangles are for
the 24-32 % centrality cut, the stars are for the 32—43 % centrality cut, and the open stars are for the 43—76 % centrality cut. The vertical
error bars are statistical only; the systematic errors are discussed in the text.

whereA; andT; are parameters. Note thaj andA, can be the values ofin/dy and(m,), within the systematic error. It
written as a function ofin/dy and average transverse massis estimated that the systematic error in the estimation of
(my), by integrating Eq(4), dn/dy is about=* (10— 15)%, and ikm;) of =10%. How-
ever, the error bars shown in the figures are only from the

w 2
d_n: f dmtzﬂmtd—n, (5) statistical errors. The complete setdif/dy and{m,) values
dy Jm, 2mmdmdy for all the centrality cuts are tabulated in Tables Il and III.
) ) Figure 11 shows the distributions of particle yietdvdy,
B °°2 , adn °°2 d“n as a function of the rapidityy, for protons. The different
(my= mo WthWmtdn‘ltdy mo 7Tmtzwmtdmtdy' centrality groups(Table |) are indicated by different sym-

(6) bols, and the data points are reflected about midrapidity. For
the peripheral cut for the protortsn/dy is peaked towards
Broad physical limits were set on tHen;) for the mini-  target rapidity and resembles the distributions for inelastic
mization process. The errors on the fit parametbmé&dy, p-p data[26] with a small yield at midrapidity{=1.6). As
(my), Ty, andT, are the diagonal terms of the error matrix the centrality increases the distributions become flatter. The
given bymiNUIT [25], in which the errors are obtained from dn/dy distribution for the 12—17 % cut already peaks at
the variation of they? around the minimum. For the rapidity midrapidities. Finally, for the most central cut the data ex-
bin 1.4<y<1.5 of the deuteron spectra and the bin<Oy4  hibit a clear maximum at midrapidity. As discussed[ir,
< 0.5 of the proton spectra, the data points were insufficienthis provides strong evidence for a large amount of stopping,
to fit the distributions to four parameters, for these spectra and the consequent expectation of high baryon density.
Boltzmann function was used to to calculate th&@dy and The deuterordn/dy distributions are shown in Fig. 12.
(m) [A,=0 in Eq.(4)]. The different centrality groupéTable ) are again indicated
Thedn/dy and(m;) parameters were observed to be un-by different symbols and the data points are reflected around
correlated. Other parametrizations yielded similar results fomidrapidity. In general, the deuteron rapidity distributions
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follow the trend for the the protons. There is, however, athe deuterons and the protons is larger for the midrapidity
distinctive difference between the spectra: the change ofegions and more central bitigreater(n,,)).
shape of the distributions from concave to convex occurs at
more central bins for the deuterons than for the protons. Par- V. DISCUSSION
ticularly for the peripheral collisions, the rapidity distribu- A heavy-ion collision results in the production of hot and
tions of the protons appear to be flatter than those of thelense nuclear matter. As the matter cools and/or expands, the
deuterons. interactions between particles within this volume are less fre-
The mean transverse mass minus the rest mamg, quent and occur at low relative momentum. In the coales-
—my, is shown as function of the rapidity in Figs. 13 and 14 cence picture, sufficiently close nucleons at relatively close
for protons and deuterons, respectively. The different centfomentum can fuse to form light nuclgl0]. Within this
trality groups (cited in Table )} are indicated by different model, it is expected thatl the invariant cross section for the
symbols. For the protons and the deuterons, (ie —m production of a deuteron is proportional to the square of the
increases with rapidity for all centrality cuts, also for a givenProton phase-space densigg. (1)]. .
rapidity bin the(m,)—m, increases steadily as a function of " @ Simple thermodynamical modd, of Eq. (1) is in-
centrality. The increase in the transverse mass of the deute\‘—ersely related to the source volumésb,d [27], depend-

ons as function of rapidity is more pronounced than the in-ng Very weakly on the transverse momentum, and indepen-

. o - dent ofy [11]. The independence d8, as a function of
crease in the protons. This is shown n Fg. 15 where thEfransverse momentum and rapidity is regarded as scaling be-
(my)—mq of the deuterons and protons is plotted as a fun

: > Chavior. As mentioned in the Introduction, the observed de-
tion of the number of participant nucleontg)) for three  yiations from the scaling behavior at the AGS energies, have

rapidity bins. The difference between the transverse mass feen attributed to the presence of collective expansion or
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N Figure 16 shows th@&, or (d/p?) as a function of the
< 0012 rapidity for different centrality cuts. The measured distribu-
tions follow a scaling behavior only for the three most cen-
tral cuts, where the ratio remains constant as a function of the
++ rapidity for the points withy>0.6. For the other cuts, the

P

0.01
+ d/p? has a strong dependence wnd/p? decreases as one
moves to midrapidity. The decreasing rate is larger for the
0.008 }%%% ++++ less central cuts and for rapidity bins closer to the rapidity of
the target and projectile.
A possible explanation for thd/p? dependence on the
0.006 ﬂ% rapidity may be inferred from the deuteron yield. The shape
+ % of the rapidity distributions, in particular for the centrality
3 cuts of 12-17 % and 24—32 %, suggest spectra composed of
0.004 o *%" ,,ﬂ‘ two components. One component is centered at midrapidity,
predominantly the 0—-3 % centrality cut, and is formed of
ol deuterons from the participant region. The second compo-
o » nent which is evident at low close to the target rapidity
¢ *%ig"*w grows larger for the more peripheral collisions, and may con-
sist of deuterons from the target spectator that are not pro-
duced by coalescence. It is, thus, reasonable to assume that
only the deuterons from the participant component may fol-
y low a scaling behavior.

FIG. 16. dn/dy distributions for the deuterons divided by the 'I_'h_e d/_pz as a_functlon .Of the Cemral't}(npp>' f(2)r t_hre_e
square of theln/dy distributions of the protonsd{p? ratio), as a rap_ldlty bins is d_lsplayed in Fig. 17. Again, tlip® distri-
function of the rapidity for different centrality cut@s listed in ~ PUtions may be interpreted as composed of two components.
Table ). The circles are for the 0—3% centrality cut, the open 1N€ component from deuterons in the spectator region is
circles are for the 12—17 % centrality cut, the squares are for théh@inly present a{n,;)<60 and is larger at the lowest ra-
24-32 % centrality cut, the open squares are for the 32—43 % cerPidity cut, and decreases at a fast rate as function of the
trality cut, and the triangles are for the 43—76 % centrality cut. Thecentrality. The other component, from the participant deuter-
data points are reflected about mid-rapidity. The vertical error bar®ns is present gin,,)=60. It also decreases as a function of
are statistical only; the systematic errors are discussed in the textthe centrality, but at a slower almost linear rate, and it is
nearly independent of the rapidity cut. The evolution of the
d/p? as a function of thén,,) of the participant component
is then consistent with yield scaling: that is, it has a weak

0.002

o b b b b b o |
0 0.5 1 1.5 2 25 3

transverse flowW6,28], and/or to the necessity of a third par-

ticle or a surrounding medium for coalescen28,14). rapidity dependence andt/p2e 1Nqgyee (since (o)

Both the “shoulder-arm shape” of the differential cross . :
. ) *Vgourcd, 1N agreement with a coalescence thermal model
sections and the evolution of the average transverse massb@K

the deu_terons and _the prot(_)ns as a f_unction _Of centrality ob- It is clear from Fig. 16 that the yield scaling behavior is
served in the datérig. 15, disagree with the simple thermal ,ceed only for the participant region of the distributions.

models that assume complete thermalization and coalesl—hus the coalescence factBg from Eq. (1), that includes
cence. If it is assumed that the protons follow a Boltzmannye transverse momentum dependence, is calculated only for
distribution, that the deuterons are formed by simple coalesge 03 9 centrality cuB, is determined from the deuteron
cence, and the resultingn,—m) for the deuteron will al- inyariant spectra divided by the squared proton invariant
ways fall below that of the proton, contrary to what is 0b- gpecira at &, of the proton.B, is presented in Table IV as
served in the data. Moreover, the “shoulder-arm shape” of; fnction ofm, and several rapidity bin®, is not constant

the differential cross sections and the difference between thgiiner as a function of the rapidity or as a function of the

average transverse mass of the deuterons and the protons &g syerse momentum as expected from a simple coalescence
function of centrality appear to be consistent, but it is noty,oqel.

conclusive evidence of a scenario where the larger the mass ; is common to present the interaction radRsinstead

of a part.icle, the Igrger the transverse momentum it gaing¢ B.,, which is defined by a thermal approximatigv,31.
from radial expansioi30]. It has been suggest¢d3] that  according to this approximation, an estimate of the volume
the integration over transverse momentum of @g.should ¢ the interaction region\(eoured, IS given as

average out flow effects on the particle yield. In order to
explore this yield scaling behavior, to first order, consider the 2sp+1 1 (zﬂﬁ)3j
mstourc ,

experimental validity of a generalized coalescence picture a=A NPN'Z'

A
using the following equation, witB4 a constant: 2

()

whereA=2 is the deuteron atomic numbep=1 the spin,
5 R,ﬁ‘p is the ratio of the total number of neutrons to protons in
%: (%) @) the system, antl=1, Z=1 is the neutron and proton num-
dy ddy/ - ber of the deuteron, anah, is the rest mass of the proton.
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FIG. 17. Thedn/dy distributions for the deu-
terons divided by the square of te/dy distri-
butions of the protonsd/p? ratio), as a function
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The interaction radius of the equivalent sphere can then balone cannot constrain enough of the parameters, such as the
written as nucleon density at freeze-out, the nucleon momentum profile
( prgw%f‘!) 13 in its local frame or the radial dependence of a flow velocity,
=\—s (9)  to experimentally confirm coalescence as a unique interpre-
tation. Nonetheless, there is the observed scalir,inDe-
tailed studies using cascade calculatiphg,6], have shown
that the transverse flow enhances the clustering volume, in-
) i S . creases deuteron production, and removes the proportionality
teraction radius shown in Fig. 18 are comparable.wnh th etween the final deuteron momentum profile and the square
averagR=7.9+2 1m, found for the_ central E-802 Si Au of the nucleons. It would be helpful in this regard to examine
system[2]. R decreases as a function of the transverse Mo e transverse momentum profile and scaling behavior of

mentum for all the rapidities, and is smaller at a given transigrger clusters and have measurements of directed transverse
verse momentum foy closer to midrapidity. flow.

The observation from Table IV that there remains a mo-
mentum dependence in the ratio of the deuteron spectra to VI. CONCLUSIONS
the square of the proton spectra implies that either coales-
cence is not the mechanism by which the deuterons arg

for(rjn(teﬁ or tg_atl ther(.atlls a c]iotrrr]elatlor} betwe?nf the mc()ﬁrgentur[he E802 Collaboration in 1994 are presented. The invariant
an € radial position ot the nucleons a reeze{@. . ?ouble differential yields of protons and deuterons are not
One way to introduce this correlation is to assume a rad'avvell-described by a single exponential fitim—m,. Rapid-

flow velocity which depends on the freeze-out radius. Unfor-ity distributions ofdn/dy and the average transverse mass
tunately, measurements of the proton and deuteron Spectfg are extracted from the distributions using a more general

064901-13

mB,

Figure 18 showsR as a function of the protom, for the
0-3% centrality, and different rapidity bins. The values in-

In this paper the proton and deuterap— m, distribu-
ns from the 11.8 GeV/c Au + Au reaction measured by
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TABLE IV. Coalesence factoB,, the deuteron invarian spectra devided by the squared proton invariant spectra at @ytipreton,
for several rapidity bins. The errors cited are statistical only.

m, (GeV) B, (GeV?) m, (GeV) B, (GeV?)
0.4<y<0.5 rapidity 0.9<y<1.0 rapidity
1.025+0.025 0.00078 0.00003 [ 1.025-0.025 0.0005¢ 0.00004
1.075+0.025 0.00058 0.00004 [ 1.075-0.025 0.0007€ 0.00002
1.125+0.025 0.0008% 0.00005 | 1.125-0.025 0.00082 0.00004
1.175+0.025 0.000740.00008 | 1.175-0.025 0.0008% 0.00005
0.5<y<0.6 rapidity 1.225+0.025 0.00083 0.00007
1.025+0.025 0.000550.00004 | 1-275+0.025 0.000820.00011
1.075+0.025 0.00076:0.00007 | 1-325%0.025 0.00126:0.00031
1.125+0.025 0.0007%0.00010| 1.375-0.025 0.001350.00038
1.175+0.025 0.000740.00009 | 1-425-0.025 0.0005%0.00031
1.225+0.025 0.00066: 0.00001 1.0<y<1.1 rapidity
1.275+0.025 0.000870.00013 | 1.075-0.025 0.0006¢ 0.00036
1.325+0.025 0.00078 0.00020 | 1.125-0.025 0.0008% 0.00024
1.375+0.025 0.0007%0.00030 | 1.1750.025 0.00092 0.00041
1.425+0.025 0.001320.00046 | 1.225-0.025 0.0007€ 0.00061
0.6<y<0.7 rapidity 1.275+0.025 0.0008% 0.00009
1.325+0.025 0.00068 0.00011
1.025+0.025 0.0006%0.00001 | oo o' oo 0.0009% 0.00014
1.075+0.025 0.000520.00007 | " /or, o ooe 0.00118.0.00026
1.125+0.025 0.000720.00009 | ',o0 o' e 0.00128.0.00034
1.175+0.025 0.000920.00013 11<y<1.2 rapidity
1.225+0.025 0.0007@ 0.00016
1.275+0.025 0.000740.00016| 107350025 0.000780.00006
1.325+0.025 0.001030.00025| 112380025 0.00101-0.00007
1.375+0.025 0.0010+0.00026 | 1173:0.025 0.0007%0.00003
1.425+0.025 0.000720.00032| 122580025 0.001020.00007
1.475+0.025 0.00082 0.0003g| 1:273-0.025 0.00076:0.00007
0.7<y<0.8 rapidity 1.325+0.025 0.0009% 0.00011
1.375+0.025 0.00112 0.00015
1.025+0.025 0.0005% 0.00001 1.425-0.025 0.00119 0.00021
1.075:0.025 0.00063 0.00002 1.475-0.025 0.00142 0.00026
1.125+0.025 0.00074 0.00009 1.525+0.025 0.00148 0.00035
1.175+0.025 0.00136€:0.00015 1.575-0.025 0.00114 0.00038
1.225+0.025 0.000820.00017 1.625-0.025 0.00132 0.00054
1.275+0.025 0.0007€:0.00023 1.2<y<1.3 rapidity
1.325+0.025 0.001120.00029 | 4 15e, 0025 0.00112 0.00010
1.375+0.025 0.0009Z:0.00033| ; 175, go5 0.00092-0.00008
1.425+0.025 N 0.00168:0.00068 | 1 555, o255 0.001220.00007
0.8<y<0.9 rapidity 1.275+0.025 0.00098 0.00008
1.025+0.025 0.00042:0.00002| 1.325+0.025 0.00084: 0.00009
1.075+0.025 0.0007%0.00002| 1.375+0.025 0.00115 0.00012
1.125+0.025 0.00075%0.00004 | 1.425+0.025 0.00148 0.00019
1.175+0.025 0.001120.00012| 1.475+0.025 0.00162 0.00027
1.225+0.025 0.00063 0.00015 1.3<y<1.4 rapidity
1.275+0.025 0.00092 0.00025| 1.175+0.025 0.00092:0.00013
1.325+0.025 0.00094 0.00034 | 1.225+0.025 0.0010@ 0.00015
1.375+0.025 0.00036:0.00023| 1.275+0.025 0.0013%0.00020
1.425+0.025 0.00163 0.00043| 1.325+0.025 0.001390.00011
1.475+0.025 0.0014@0.00083| 1.375+0.025 0.00136:0.00017
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four-parameter function. The shoulder-arm shape of the crosgon radius(scaling factoB,) as a function ofn,—mg andy
sections and the evolution of the of th@) —mo as function  may agree with a coalescence model in which the nucleons

of the centrality and rapidity are consistent but not conclu-re affected by the correlations between the freeze-out vol-
sive evidence for radial expansion. ume and the transverse flow.

The production rate of deuterons as a function of rapidity
satisfies a squared proton yield scaling behavior only for the
more central cuts in centrality. The shape of th@? as a
function of the rapidity and centrality may be explained if it This work was supported by the U.S. Department of En-
is assumed that the yield of the deuterons is composed of twergy under contracts with BNL(DE-AC02-98CH1088%
components, one from the spectator regions and the oth&olumbia University(DE-FG02-86-ER40281 LLNL (W-
from the participant region. That th#/p? is constant with ~ 7045-ENG-48, MIT (DE-AC02-76ER03060 UC Riverside
rapidity for the participant region provides insight into the (DE-FG03-86ER40271 University of Maryland(DOE-ER-
mechanism for coalescence. The decrease ofitpé as a 404803, by NASA (NGR-05-003-518 under contract with
function of the(n,,) indicates an increase in the size of the the University of California, by the Ministry of Education
freeze-out volume and is evidence for a coalescence mechand KOSER951-0202-032-Rin Korea, and by the Ministry
nism. For the most central cut, the evolution of the interac-of Education, Science, Sports, and Culture of Japan.
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