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Simultaneous multiplicity and forward energy characterization of particle spectra
in Au+Au collisions at 11.6A GeV/c
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In this paper Au-Au collisions at 11.8 GeV/c are characterized by two global observables: the energy
measured near zero degre&€s ¢, ) and the total event multiplicity. Particle spectra are measured for different
event classes that are defined in a two-dimensional grid of both global observables. For moderately central
events ¢/o0;<12%) the protordN/dy distributions do not depend d&,c,_ but only on the event multi-
plicity. In contrast the shape of the proton transverse spectra shows little dependence on the event multiplicity.
The change in the protaiN/dy distributions suggests that different conditions are formed in the collision for
different event classes. These event classes are studied for signals of new physics by measuring pion and kaon
spectra and yields. In the event classes doubly select&g g and multiplicity there is no indication of any
unusual pion or kaon yields, spectra, /= ratio even in the events with extreme multiplicity.
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PACS numbds): 25.75~q, 13.85.Ni

[. INTRODUCTION impact parameter. In particular the baryon and energy den-
sity can vary from event to event. If it is possible to experi-
Collisions between two heavy nuclei at beam energies ofmentally select events that have the largest volume of dense
11A GeV/c form extended regions of dense nuclear mattermatter, then these events can be probed for signals of new
Because of the stochastic nature of the collisions, each reaphysics, e.g., the formation of a baryon-rich quark-gluon
tion produces a different system, even for the same initiaplasma(QGP.
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FIG. 1. The experimental layout of E866 in the Fall of 1994 showing the multiplicity dM&JA ), the zero-degree calorimet@CAL),
the interaction triggefBullseye, and the Henry Higgins spectrometer consisting of drift chambBetsT4), wire chamber§TRF1,2 and
TR1,2, a time-of-flight wall(TOF) and a gas-Cerenkov deteci@ASC). The forward spectrometer consists of a sweeping ma@nhet,
analyzing magnetM2), drift chambergFT1-4), two time projection chamberdPC1,2 and a time-of-flight walllFTOP. A scintillator
array (PHOS for particle spectra at back angles and a hodos¢bi@DO) of crossed XY slats complete the detector hardware of E866.

In the spectator-participant modgl] of heavy-ion reac- reactions produce different conditions in the participating
tions, a projectile spectator nucleon is one that did not collidenatter. These events are then probed for signals of new
with a target nucleon. The number of spectator nucleons iphysics using the spectra and yields of produced particles,
determined by the initial stage of the reaction and at relativpions and kaons. This paper therefore extends our previous
istic beam energies, these spectator nucleons dominate thesults on proton and pion spectra in AAu central colli-
energy measured near the polar angle of zero degrees. &ons[7] by studying how these spectra evolve as a function
contrast, the multiplicity of the event depends on the fullof global observables.
history of the reaction: from the initial energy deposited by Section Il describes experiment E866 at the AGS and the
beam and target nucleons, to the secondary hadron-hadromethods used to analyze the data. Section Il defines the
collisions. event selection in a two-dimensional grid of zero-degree en-

This paper reports on data taken in the fall of 1994 byergy and event multiplicity as well as event selection solely
experiment E866 at the AGS using a Au target and theAL1.6 on zero-degree energy, while Sec. IV contains the measured
GeV/c Au beam. It presents the correlation between thesgroton distributions for each event class. The spectra and
two global observables, the energy near zero degrees and thields of the produced particleés™ and =" for each event
event multiplicity. As such, it is a continuation of our study class are described in Secs. V and VI. The conclusions are
of Si+A reactions at 148 GeV/c [2] that examined the presented in Sec. VII.
correlation between two similar global measures of an event,

zero-degree energy and transverse energy. In Au reactions, Il. EXPERIMENT AND DATA ANALYSIS
the distribution of a single global observable, transverse en-
ergy, has been reported by experiment EBF]7 In addition, The E866 apparatyd,8] consists of event-characterizing

several author§4—6] have predicted that high multiplicity global detectors and two magnetic spectrometers as is shown
events could indicate the onset of the quark-gluon plasman Fig. 1. Details of the experiment and data analysis can be
The extra entropy in the quark phase could manifest itself afound in Refs[7,9].
a large number of produced hadrons in the final state. Ka- This paper uses data from the Henry Higgins spectrom-
pustaet al. [6] have speculated that rare high multiplicity eter. In the 1994 running period one of the global detectors
events could come from rapidly growing droplets of plasma,used in this papetthe New Multiplicity Array) was installed
and reported here is a search for such high multiplicityafter the Forward spectrometer had completed its data col-
events. lection. The Henry Higgins spectrometer has a 25 msr solid
Most importantly, this paper presents particle spectraangle, withA#~14°. By rotating the spectrometer, the ac-
from different event classes that have been simultaneousigeptance covers lab angles from-188°. The spectrometer
selected on two global variables, the energy near zero déd¥as a combination of drift and multiwire chambers to locate
grees and the event multiplicity. To do this quantitatively, it the tracks before and after a dipole magnet.
defines event classes in a grid of two-dimensional cuts in the Experiment 866 has two detectors that measured the glo-
zero-degree energy and the event multiplicity. For each everital characteristics of each event, a multiplicity ar(ByviA)
class, the yield and spectra of particles emitted in these reand a Fe-scintillator sandwich type calorimet2€AL) with
actions are measured with a spectrometer. To our knowledgen 1.5° opening angle around the beam-axis. The calorimeter
this is the first time an event selection based on more thais 138 layers of 0.4 cm thick scintillator alternating with 138
one global observable has been used to study the spectralafers of 1.0 cm thick iron. Each sheet is 60 cm by 60 cm
particles emitted in high-energy nuclear reactions. Protorand is centered on the beamline. The front face of the calo-
spectra in these event classes are used to study whether ttimeter is 11.7 m from the target. For more details on the
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readout of this device the reader is referred to Beatial. TABLE I. Table of  and ¢ coverage of the NMAy is the
[10]. The energy deposited into this calorimeter is designatedistance from the target to the front of each modue, is the ¢
E,caL- The calorimeter was calibrated to maintain theacceptance of each module in a ring of a fixgdlice, and modules
fragmented-beam peak at the kinetic energy of the beantS the number of modules in that ringmi, and ¢may refer to range

EKN _ 5123 GeV. Fragmented-beam events are those thé’[f azimuthal angles in the top half of the NMA. The top and bottom

beam .
react just upstream of the calorimeter. This calibration wad'2f Of the array are symmetric across Keplane.

performed for each run to compensate for the radiation-

damage decrease in calorimeter light output. The decreaseﬁlIng Tmax_min T (€M) Ad Modules  dmn  Pmax

light-output over the entire 1994 running period was 7%.1 28 24 50.8  20° 6 70° 130°

The resolution o, is discussed in Sec. lll. 2 24 21 50.8  15° 12 52.5° 142.5°
The second global detector was the New Multiplicity Ar- 3 21 185 50.8 12° 20 36° 156°
ray (NMA). This detector was added to E866 in 1994 and, 1.85 1.6 50.8 10° 26 30° 160°
because this is the first paper to use the NMA, the detector ig 1.6 14 498 10° 26 30°  160°
described in detail here. The major design goal for this array 14 12 488  10° 26 20° 150°
was to measure the multiplicity of produced particles while, 12 10 468  10° 26 20° 150°
excluding the protons that mainly come from the original8 10 08 448  10° 28 10° 150°
beam and target nuclei. Hence each module in the array w 08 06 28 10° o8 10° 150°
made out of 5 cm thick ultra-violet-transmitting lucite which 10 0.6 0'4 39.8 10° 28 10° 150°
acts as a Cerenkov radiator for particles with-0.6. From 11 0'4 0'2 36l8 10° 30 0° 150°
Monte Carlo simulations of a NMA module the effective 12 0'2 0'0 34.8 10° 30 0° 150°
B-threshold for particles to produce sufficient light to be ' ' ' s . s
counted as a hit i8>0.8. This filtered out the slow protons 13 00 -02 348 10 30 0 150
-0.2 -04 34.8 10° 30 0° 150°

whereas most of the pions were above the Cerenkov thresh?
old.

A thin sheet of lead was put in front of the lucite to
converty's to e*e” pairs. Both thee* ande™ will radiate h =
Cerenkov light and hence a singjethat has converted will Sthi.n)=
be detected as two charged particles. The major sourgssof
in Au-Au collisions is7° decay. The thickness of the lead,
1.7 mm, was chosen so that the probability of converting a
is 1/4, and the NMA will on average record a multiplicity of
one for everyr®.

Three hundred and forty-six modules in the NMA covered
an angular range- 0.4< 7<2.8. The device has 14 separate An:Z P(2i: tcharged X P(N/2— i pphoton,  N=eVEN,
rings, where each ring covers a slice 4n Within each» =0

e—(h —n)2/(2a§)_ ©

o2

The relative probabilityA,,, for a given module to be hit
by n particles is estimated using two Poisson distributions
[P(j:um)], one for charged particles and one for photons that
convert in the Pb layer and contribute two hits to the module.

n/2

slice, a single NMA module covers a small range of azi- (n—1)22

muthal angle. The shape of each module was therefore aAn,= . P(2i + 1: tcharged X P(N=1)/2= 1" ttphotons
truncated pyramid with curved sides. The NMA acceptance =0

and segmentation are listed in Table I, together with the de- n=odd. (3)

tails of the azimuthal gaps left for the spectrometers’ accep-
tance. For example, from Table I, the 6th ring has a 40° garg [
between—20°< ¢<<20° on the forward spectrometer side of Zsocoo |
the experiment and a 60° gap betweeA80°< ¢< —150° © '
and 150%< ¢<<180° on the Henry Higgins side. Each NMA 7000
module was optically glued to a photomultiplier tube. The
forward five rings used Hamamatsu H3165-01 tubes while 6000
the remaining back rings used Hamamatsu H268 tubes.
Multiple particles hitting a module are analyzed using the
analog signal from the photomultiplier tube. One and two
particle peaks are observéHig. 2). The calibrated ampli-
tude (h;) of each NMA module is transformed to the average zpop
module multiplicity[ W(h;)] that would generate this signal,

5000 1

4000 |1

2000
> nA,S(h;,n) 1000 |t
“

W(h)="————, h>05, (1) M T
> AS(h;,n) 0 1 2 3 4 5
n=1

whereS(h; ,n) is the Gaussian response function for a mod- FIG. 2. The calibrated hit distribution summed over all the
ule that is hit byn particles NMA modules in ring 5(Table ).
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The mean valuesycharges Aphoton O the Poisson distribu- 2 2 600
tions were determined from fits to semi-inclusive NMA 31200 | 3 i
module spectraFig. 2). The increase of the mean values © _ © 500 [
with centrality was parametrized for eaghring as a func- 1000 | [
tion of the raw multiplicity =h; of the event. The widths I 400
(o) for the Gaussian response functidiisy. (2)] increase 800 [ [
with n aso,=nX oy, whereo, is the fitted width of the 500 i 300
first peak of the NMA module spectra. The multiplicity of an i A
event, mulfy,a , is the sum ofW(h;) [Eg. (1)] over all the 200 [ 200 -
modules in the NMA. I ;
The single-track reconstruction efficiency for the Henry 500 [ 100 K
Higgins spectrometer was determined by simulating a single i ’
track through the E866 GEAN[11] Monte Carlo and track o 0 L
reconstruction program. This provides the efficiency of the 0 1000 2000 © 1000 2000
tracking algorithm for fully efficient hardware as a function Ezen (GeV) Ezen (GeV)

of the momentum of the particle. As an example, the track-

ing efficiency for protons is found to have the functional
_ _ 2.2 _

form €proton=Ao(1—A1/5°p") where Ag=0.975 andA, out (dashed ling runs. The right panel is after target-out subtrac-

=0.0086. For protqns in the spe_ct_rometer, with typical Val'tion. The lines indicate the event selection cuts in Table II.
ues of momenta, this tracking efficiency ranges from 90% to

95%. The hardware efficiencies of the tracking chambers of

the Henry Higgins spectrometer were found to be very close EzcaL

to 100%. Npp: 197X | 1— —kin_ |’ (4)
Tracks are also lost because of hit blocking caused by the Epeam

finite occupancy of chambers and TOF walls. This loss of

tracks was estimated by embedding hits from isolated, single i _ o

tracks from peripheral collisions into other events. The comWhereEgg,=2123 GeV is the kinetic energy of the beam.

bined event was reanalyzed to determine if the embedded For peripheral collisions, the calorimeter has a slight non-

track was still reconstructed by the tracking program. Thedinear response, with a 4% reduction in output for beam

resulting blocking-induced inefficiency was parametrized agvents that did not react compared to events that fragment

a function of the overall occupancy of the Henry Higginsjust upstream of the calorimeter. This leads to an uncertainty

spectrometer and as a function of position both in front andf up to eight in the value dfi,,, or 30%, only for the most

behind the dipole magnet. For the most central event clagseripheral event clas§able ).

and tracks at forward angles, the blocking-inefficiency was Mesons entering the acceptance of the calorimeter also

40+10%. This IneffICIency reduces to ¥®% at back Contribute to the measureEZCAL [2] By passing events

angles. From the embedding studies, approximately half ofom a cascade modg12] through a simulation of the calo-

the blocking inefficiency was caused by multiple hits on ameter, the meson energy contribution is estimated to be the

slat in the TOF wall. _ o equivalent of three projectile nucleons for the most central
The systematic uncertainty on the normalization of thegyent clasgTable 1. It is proportionally smaller for less

measured invariant spectra and rapidity distributions is domigentral bins. The mesonic contribution was not subtracted
nated by uncertainty in the tracking efficiency and loss ofqy, EcaL -

tracks due to hit-blocking. The tracking uncertainty increases
from 5 to 10% the closer to midrapidity and the more central o .
the event class. For peripheral collisions, there is a 10% ABLE Il. Table listing the borders 0E;ca whenEzca is

uncertainty in the cross section of the event class. This res_olely used for event selection. Also listed is the corresponding

duces to 5% for central collisions. There are small contriby219¢ Of the inelastic cross section, in mb, and the percentage in
tions to the uncertainty from the acceptance of the spectron{?n:ir?;fﬁetg\}gfat%tilz;lr&ilﬁt'cfg:?ifef:;tif: :\fe?"i ?n ;:;f é%sétnfm'
eter and particle identification losses. This leads to a totaiIaSS g PP
systematic uncertainty in the normalization of 15% indepen- i
dent of centrality.

The systematic uncertainty on the mean transverse mq:=ZCA

mentum is estimated to be 5% and is dominated by uncetr-

FIG. 3. Left panel: the distribution oEzc5 for interaction
events in Au+Au reactions at 114 GeV/c for target-in and target-

EzcaL range  Cross section
L class (GeV) (mb) % gine  (Npp)

tainty in the tracking efficiency and acceptance. 1 0-240 0-212 0-3 181
2 240-390 212-484 3-7 168

lll. EVENT CLASSIFICATION 3 390-570 484-799 /=12 152

4 570-780 799-1174 12-17 134

Figure 3 shows theE,c, distribution for interaction 5 780-1020 1174-1613  17-24 113
events before and after target-out subtraction. The energy 1020-1290 1613-2183 24-32 895
deposited into the calorimeter is dominated by projectiley 1290-1590 2183-2976  32-43 625
spectator nucleons. The number of projectile participantg >1590 2076-5130 43-76 26.9

(Npp) is estimated by inverting the measurggca
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FIG. 4. Left panel: the distribution of myj; for interaction
events in Au-Au reactions at 114 GeV/c for target-in and target- FIG. 5. The correlation in AgrAu reactions at 118 GeV/c
out (dashed ling runs. The right panel is after target-out subtrac- between the two global measures of an event, gpulandEcpy |
tion. for interaction events after target-out subtraction. The lines indicate

the two-dimensional grid used to select events and the contours are

. . lotted on a logarithmic scale.
Npp should therefore be considered an experimental obp g

servable{defined by the measurdg,c, , EQ.(4)] and pro-  where mulgy, is the total measured multiplicity and
vides an estimate of the geometrical number of projectile=0.3 is the measured resolution of a single module with one
participants. incident particle.

Table 1l lists the cuts used whefyc,, is solely used for The two global observables, mylis andEzc,, , are cor-
event selection. From the width of the fragmented beantelated (Fig. 5. The average multiplicity increases nonlin-
peak, the resolution of the calorimeter is estimated to be early with decreasing values &, , similar to the obser-

vation in SH- A reactiond 2]. The width of this correlation is

a combination of the resolution of both global detectors and
oe=aVEzca, a=2.9 GeV™ ) any physics fluctuation in the event mulgplicity and forward

energy. Various studies were performed examining the dis-

The NMA measured multiplicity, muli,,, also distin-  tribution of measured mulltiplicities at a fixed value of
guishes between peripheral and central events. Figure BzcaL. and the distribution oEzc, at a fixed multiplicity.
shows the mulfy, distribution for interaction events before These distributions were broader than the estimated resolu-
and after target-out subtraction. For high multiplicity events tion of the detectors. However, a good indication that the
there is a smooth fall-off of yield. There is no indication of Width in the correlation is significant is seen from particle
the predicted shoulder or extra group of rare high multiplic-SPectra_as measured in the spectrometer as a function of
ity events[6]. event-classes selected simultaneously on WBth, and

The detector resolution for the NMA is multiplicity as discussed below. . 3

In the following sections, events will be classified by a
grid of two-dimensional cuts ifE,ca and mulfya - This
O gei= 01V MUltypa, (6)  grid is indicated on Fig. 5 and Table IlI lists the values used

TABLE lll. Table listing the borders for the double-event selection using,;, and mulfya - Also listed
are the labels used for the event classes, an index forBach and mulfya range. The average value of
multyya for interaction events in each doubly-selected event class is also provided. The cross section for
EzcaL class 1is 0—3 % ofr; = 6.8 b(summed over all mylga), for Ezca, class 2 is 3—7 %, and fd ca
class 3 is 7-12 %.

EzcaL range mulfya range EzcaL Class mulfya class Average mulisa
0-240 >375 1 1 394.7
0-240 345-375 1 2 360.5
0-240 <345 1 3 323.2
240-390 >340 2 1 363.5
240-390 305-340 2 2 3225
240-390 <305 2 3 281.0
390-570 >295 3 1 319.0
390-570 265-295 3 2 280.1

390-570 <265 3 3 240.7
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102,.|.| 1 d?N dN/dy
o = m
® 04<Y<050: 10" 2mm dmdy  2m(miTy+ 2meT3+2T3)
B 0.5<Y<0.6(x 1073 L
] Xe (m[ mo)/TB. (7)
4 0.6<Y<0.7(x 107
v 0.7<Y<0.8(x 10"_5 The two fit parameters are the rapidity densdyy/dy, and

the inverse slope parametdiz . From the inverse slope pa-

0 0.8<Y<0.9(x 107 .
] rameter the meam,,(m,), is calculated

O 0.9<Y<1(x 107) §
A 1<Y<TA(x 107) ] mg+3m3Tg+6myT5+6T3

m;)= . (8)
(my) m3+2myTg+2T3

1/(2mm,) d*N/dydm, ((GeV/c*)™)

6 1.1<Y<1.2(x 107

& 1.2<Y<1.3(x 10
] In Fig. 7 the protordN/dy is plotted for each event class

that was doubly selected dfyc and mulgya (Table 1),

ThedN/dy distributions are tabulated in Table IV. The pan-

els in this plot are arranged in the same graphical position as

the two-dimensional grid of myfya andEzca, cuts in Fig.

] 5. Each column corresponds to a rangeEin-, , with the

] most central reactions on the left. Within a rangeEgg, ,

E the multiplicity of the events increases from bottom to top.

10 TR T R TN P R TR SO PO In eachEzcp range the low multiplicity events have a
0 02505 075 1 125 1.5 175 2 225 25 broad protondN/dy distribution. Increasing the event mul-
m—m, (Gev/c?) tiplicity narrows the width of the protodN/dy. This change

of width is quantified in Fig. 8, where the restricted root-

FIG. 6. The proton invariant spectra as a functionmgffor the mean-squaredms) value is denotedN/dy, e

geometrically most central AbAu events at 114 GeV/c with the
highest multiplicity E,ca. class 1 muljya class 1 in Table I\
The spectra for each rapidity slice are divided by successive powers E dN/dy(y— ynn)z
of ten for clarity. The lines are fits to the data with the Boltzmann _
. dN/dYms= €)
functional form[Eq. (7)]. 2 dN/d
y

in the double event selection. Within ea&lyc, cut, the S )
Multyya Cuts were chosen to obtain approximately equal and®f €ach protondN/dy distribution is plotted. The rms is
statistically significant number of events in each event classS@lculated in the restricted range 03$<<1.35 with yy,

I—:ZCAL
IV. PROTON SPECTRA

For each event class the shape of the proton rapidity dis eop ;" °°°° 3 ’..-"" w%(’oe [ o Sy
tribution probes how much energy is transferred from the 40 * °or CE ’
initial beam direction and made available for particle produc-  ,,f F d
tion and transverse expansion. E | i E ‘

In Fig. 6 typical invariant cross sections, divided by the Of - o i i 3
reaction cross section for the event class, are plotted for prc, 6OF o RN R o P 2 =
tons as a function of transverse mass and rapidity. Transver.§ s0f " SR c R T E?
mass ism,= \/pZ+m2 wherep, is the transverse momentum ° 5, a a a
andmy is the rest mass of the particle. These spectra are th ok " "
invariant differential yield of protons per event. The event B
class has been doubly selected on the lowest valuEsof BOL e wmp s Paul [
and the highest multiplicitiesHyca, class 1 muljya class 1 sof * SR ¢ | e Tt
in Table ). 20?— — -

These proton spectra can be fit with a variety of functional N Y S E I S
forms, including a double exponentiff] or a Boltzmann 0 2 0 Ropidi%y 0 2

function; the choice of either a Boltzmann or double expo-
nential fitting function changes the values of these extracted g 7. The protordN/dy distributions from Au+Au reactions
spectral characteristics by less than 5%. The fit to protony 11 6\ GeVic are plotted for each event class doubly selected on
spectra is primarily used to extract the rapidity density,multy,, and E,ca (Table Ill). Each column corresponds to a
dN/dy, and meamm,,(m), in each rapidity slice. range inEzca With the most geometrically central events in the left
Throughout this paper the proton spectra are fitted with &olumn. For a giverE,c,, , the multiplicity increases from bottom
function of Boltzmann form to top. The open points are the data reflected about midrapidity.



PRC 59

TABLE IV. The dN/dy and{m,)—my distributions for protons in AttAu reactions at 118 GeV/c for each event class doubly selected

SIMULTANEOUS MULTIPLICITY AND FORWARD ...

on Ezca and mulfya (Table 1I).

2179

y dN/dy (my)—mg (GeV) y dN/dy (my—mg (GeV) y dN/dy (M) —mg (GeV)
Ezca Class 1, mufjya class 1

0.45 42.31.7 0.176-0.022 0.55 47.F1.9 0.194+0.007 0.65 54.91.9 0.208-0.004

0.75 57.9:1.9 0.222+0.005 0.85 60.6:1.7 0.264+0.009 0.95 64.661.6 0.274-0.008

1.05 63.9:1.5 0.304:0.010 1.15 66.51.6 0.308-0.008 1.25 67.81.8 0.319:0.010
E,caL class 1, muliya class 2

0.45 45.8-1.7 0.198-0.023 0.55 52.¢1.9 0.202:0.007 0.65 56.%1.9 0.218-0.004

0.75 54.9-1.7 0.233-0.005 0.85 57.31.6 0.246-0.007 0.95 50214 0.268-0.008

1.05 63.8-1.5 0.29G-0.009 1.15 63.91.5 0.305-0.008 1.25 64.31.8 0.312:0.010
EzcaL class 1, mulgya class 3

0.45 46.0-1.8 0.208-0.027 0.55 51.42.0 0.199-0.008 0.65 54.21.9 0.217-0.005

0.75 52.7-1.8 0.233:0.005 0.85 55.91.6 0.256-0.010 0.95 57615 0.273:0.009

1.05 56.9-1.5 0.278-0.009 1.15 56.61.5 0.295-0.008 1.25 57.¢1.7 0.316-0.011
E,caL class 2, mulfya class 1

0.45 43.4:1.7 0.1670.017 0.55 49.41.8 0.198-0.007 0.65 53.x1.7 0.214-0.004

0.75 55.2£1.7 0.2310.004 0.85 56.81.5 0.25%0.007 0.95 58.¢1.4 0.27G:0.007

1.05 61.2-1.4 0.27G-0.007 1.15 61414 0.308-0.008 1.25 60.41.6 0.316-0.010
E,caL class 2, mulfya class 2

0.45 455-1.5 0.181%0.017 0.55 51.x1.7 0.199-0.006 0.65 53.41.6 0.216-0.004

0.75 52.5-1.5 0.2310.004 0.85 56.21.4 0.253-0.006 0.95 57.31.3 0.261-0.007

1.05 57.2:1.3 0.273-0.008 1.15 57.21.3 0.282-0.006 1.25 57214 0.30%-0.009
Ezca Class 2, mufjya class 3

0.45 43.8-1.8 0.2270.027 0.55 48.81.6 0.214+0.007 0.65 48415 0.223-0.004

0.75 49.7%15 0.239-0.005 0.85 48.61.3 0.253-0.008 0.95 50.21.2 0.262:0.007

1.05 53.6:1.3 0.256-0.008 1.15 52.x1.3 0.29G-0.008 1.25 53.61.5 0.305:-0.010
E,caL class 3, muliya class 1

0.45 43.8-1.5 0.181%0.017 0.55 46.21.6 0.206-0.007 0.65 49515 0.217-0.004

0.75 52.-1.5 0.229-0.004 0.85 51.61.3 0.229-0.006 0.95 53.%1.2 0.253-0.006

1.05 55.9-1.2 0.264+0.007 1.15 55.61.2 0.293-0.007 1.25 52.61.3 0.313-0.009
Ezca Class 3, mufjya class 2

0.45 44.1%+1.6 0.169-0.016 0.55 46.41.5 0.210:0.007 0.65 48.21.5 0.217-0.004

0.75 46.6-1.4 0.230-0.004 0.85 48.21.2 0.240:0.007 0.95 49.61.1 0.269-0.007

1.05 47.8-1.1 0.274:0.008 1.15 48.x1.1 0.296-0.007 1.25 50.21.4 0.288-0.008
E;caL class 3, mulfya class 3

0.45 41.0-1.4 0.204-0.020 0.55 44515 0.203-0.007 0.65 42.91.3 0.212-0.004

0.75 41.6:1.2 0.226-0.004 0.85 42.F1.1 0.234-0.006 0.95 42.91.0 0.25%-0.008

1.05 44511 0.25@-0.007 1.15 44311 0.275-0.007 1.25 45.£1.3 0.285-0.008

=1.6. For a givenE,c5_ cut, the rms value of the proton highest muliy,) could therefore contain an enriched sample
dN/dy distribution decreases with increasing multiplicity. ~ of events with a large volume of the most dense matter.
The rms value of the proton distribution(&ig. 8 are The protondN/dy distribution from the most geometri-
similar in shape if the NMA multiplicity is the same, even cally central, highest multiplicity event class was fitted with
for different values ofE ¢, (Fig. 5. This can also be ob- a Gaussian distribution. The fitted width was=1.19
served by proceeding diagonally up from left to right in Fig. =0.05. This is narrower than the width of the proton distri-
7. The proton rapidity distribution in the lowest myli, cut  bution [7] in central Aut+Au collisions solely selected on
for the most centraE ¢, is similar to the proton distribu- Ezca, where the fitted width igr=1.28+0.03.
tion from the middle mufjs cut for the more peripheral In contrast to thedN/dy distributions, the meam, for
EzcaL - protons (Table IV) show little change as a function of
The correlation between event multiplicity and the width multyya for a givenEzc, . This is discussed further in Sec.
of the protondN/dy is consistent with the following hypoth- VI along with meanm; for pions.
esis. In reactions of similar initial geometry that stochasti-
cally have a larger average rapidity loss per nucleon, more
energy is deposited into the collision zone, which leads to
greater particle production and higher event multiplicity. The To probe the relation between the energy deposited in a
event class with the narrowest protoh/dy (low Ezc, and  system and the yields of produced particles, the spectra and

V. PARTICLE PRODUCTION
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FIG. 8. The restricted rms of protahN/dy distributions from
Au+Au reactions at 118 GeV/c are plotted versus muja for
each event class doubly selected on ggltandE ., (Table IlI).

The proton rms for the 0-3 % ;-4 range of events is shown as
filled circles, the 3—7 % range is shown as open squares while the
7-12 % range is shown as filled triangles.

yields of #* and K" have been measured as a function of ;5
both global event characteristicEzc,, and mulfys . To 0 02505 075 1 125 1.5 175 2 225 25
understand the features of particle production in doubly- me—m, (Gev/c?)

selected event classes, it is useful to first study particle pro- ) ] N ]

duction as a function of one of the global observables, F!G-9. The invariant spectra far™ from Au+Au reactions at

E,ca . Previous publications from our collaboration have 11.6A GeV/c forodn‘ferent slices in rapidity from the most gentral

presented the pion spectra and yields from central coIIisiongverf].tt Cltastsr(lo_: t/° Tiﬁlfhl) SO'T“& selected tQ'T?CAL ’ Th? lines

[7] and the dependence k" yields onEyca [9]. ?{8)]| s to the data wi e scaled exponential functional fidEm
Figure 9 plots the invariant transverse spectraréfas a '

function of transverse mass for the geometrically most cen-

tral reactions solely selected &yca. (Table 1). At low m, 1  d°N dN/dy

these spectra rise above an exponential function. The spectra =

are weIFfit by a scaled exponeﬁtial function P 2mm; dmdy 2W(TEm0+TE)

e”(M~M/Te (1)

2
! d’N = dN/dy m; *e~™/Ts, The fitted parameters are tlldN/dy and inverse slopelg.
2mmedmdy  27T2A0(2-N,mo/Ty) The kaon meam, values are calculated
(10)
where T'(2—\,my/T), the complementary incomplete P 037 3777 /o127
gamma function, is introduced into the normalization so that 69 [ P P 3 ’
dN/dy is a fitted parameter. The other two parameters\are 40 F ¥ LA % b e oq‘*a@
andTs. To compare the pion and proton transverse spectra ,, f a F
the meamm,, is calculated E ; _
» O oo TT7—24% [ 24—32%
- 40 F - -
<mt>: Tsr(s )\,mO/Ts). (11) % 0 :_ ‘M %h:bu 3 ": ¢u:1; 3
T(2—\,my/Ty) g ¥ y My | e %
20 ¢ 3 - e o
The transverse spectra can also be fit with a sum of twa 10 F 3 3
exponentials. This producediN/dy and(m;) values within 0 =257 e i
5% of the values from the scaled exponential fit. The scaled . .
exponential fits to the pion transverse spectra will be usec 20 [ & O a
throughout this paper. o %u :
The dN/dy distributions of 7* from central events se- 0r 3 -
lected solely orEzc,. are shown in Fig. 10 and tabulated in L , A R

L | i
Table V for eactE 4 class of Table Il. ThelN/dy distri- Y 2 0
butions of7 ™ increase as the reactions become more central.
The kaon transverse spectra from central events selected FIG. 10. Thew*dN/dy distribution from Aut+Au reactions at
solely onEzca. are shown in Fig. 11 and are well fit with a 11.6A GeV/c for each event class determined solely Byca, ,
single exponential function Table Il. The open points are the data reflected about midrapidity.

2
Rapidity
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TABLE V. The #"dN/dy and(m;)—mjy distributions in Au+Au reactions at 114 GeV/c for each
event class solely selected &3¢, (Table lI).

y dN/dy (M) —myg y dN/dy (mg)—mo
EzcaL Class 1
0.66 41.8-3.6 0.193:0.011 0.75 45.862.0 0.208:£0.009
0.84 52.6:2.9 0.206:0.011 0.95 57.14.8 0.209:0.014
1.05 60.7:2.9 0.218-0.067 1.15 59.32.4 0.230-0.008
1.26 59.3:2.9 0.240:0.010 1.35 61.72.9 0.239-0.009
EzcaL Class 2
0.66 39.6:4.5 0.1870.008 0.75 43.92.2 0.195-0.007
0.84 42.91.7 0.2120.009 0.95 48.63.5 0.202-0.014
1.05 50.4:2.4 0.212-0.011 1.15 54.33.3 0.2210.011
1.26 52.9-2.3 0.233:0.009 1.35 56.22.1 0.234:0.008
EzcaL Class 3
0.66 36.3:4.1 0.186-0.012 0.75 37417 0.1970.009
0.84 37.4:2.2 0.209:0.009 0.95 40.£2.8 0.2170.014
1.05 42.4-2.8 0.212-0.012 1.15 44224 0.222:0.011
1.26 46.0:2.1 0.233:0.009 1.35 48.82.9 0.226:0.010
EzcaL Class 4
0.66 2729 0.194-0.013 0.75 30814 0.198-0.008
0.84 33.31.7 0.20G6:0.010 0.95 34.Z22.6 0.204-0.014
1.05 35.9-1.7 0.214:0.011 1.15 376814 0.219-0.010
1.26 37.8:1.7 0.2310.009 1.35 39.81.7 0.229-0.008
EzcaL Class 5
0.66 23.3:2.7 0.183:0.031 0.75 23.31.0 0.202:0.011
0.84 25.5-14 0.201-0.012 0.95 26.82.1 0.2110.060
1.05 29.6:2.0 0.204-0.019 1.15 30.&1.2 0.212-0.063
1.26 30.#1.4 0.223-0.021 1.35 33.61.8 0.22G:0.031
EzcaL Class 6
0.66 18.2:2.0 0.186-0.008 0.75 18.20.9 0.20%0.009
0.84 19.721.0 0.206-0.009 0.95 21.22.3 0.196:0.017
1.05 21.6-1.3 0.213:0.012 1.15 24.x1.1 0.208:0.006
1.26 24.5-1.2 0.216-0.009 1.35 26.61.3 0.215-0.008
EzcaL Class 7
0.66 10.8-0.8 0.193:0.010 0.75 14.£0.7 0.182-0.008
0.84 13.1-0.6 0.209-0.010 0.95 14.£1.2 0.203:0.017
1.05 15.6:0.8 0.198-0.012 1.15 16.40.7 0.203:0.009
1.26 16.2:0.9 0.223:0.010 1.35 18.30.8 0.2110.006
E,caL Class 8
0.66 4.5-0.3 0.186-0.010 0.75 5.60.3 0.173-0.008
0.85 5.5:0.3 0.192:0.010 0.95 6.60.6 0.1870.014
1.05 6.0-0.4 0.1970.011 1.15 6.30.3 0.194-0.011
1.26 6.8£0.3 0.205-0.009 1.35 6.20.2 0.214-0.007
m2+2myTg+2T2 dN
(my)= 0 moi'lz E (13) fiducial yield= >, d_ydy' (14)

For dN/dy distributions selected oB;cp , the sum in the
The kaondN/dy distributions for eactE -, class(Table  fiducial yield runs between 06y <1.3.
I1) are shown in Fig. 12 and tabulated in Table VI. In Fig. 13 the fiducial yields ofr™ andK* are plotted

ThedN/dy distributions for pions and kaons do not cover versus the average number of projectile participags, for

the midrapidity region, nor do they extend to target rapidity.that event class. The fiducial yields are tabulated in Table
The total yield can be estimated by fitting these distributionsvIl. These yields increase nonlinearly witl,, especially
to Gaussians and integrating to obtain thé andK™ total  for kaons. The nonlinear increase implies that particle pro-
yields. However, there is an extra systematic uncertaintyluction is enhanced in central reactions.
from this extrapolation. Instead a fiducial yield is used This is emphasized in Fig. 14, where the yield of kaons
throughout this paper, where and pions per participant is plotted versis,. The yield per
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is plotted in Fig. 15 as a function &,,. The rms value is
independent of centrality, which implies that the change in
pion fiducial yields is driven largely by an increase in overall
pion production.

The ratio of the fiducial yieldsK */#", is plotted versus
Npp in Fig. 16. The ratio increases smoothly from peripheral
reactions to central collisions and appears to reach a plateau
of K™/#* of 0.16 in central reactions. This ratio of fiducial
yields covers the phase space<Qy6<1.3. In this region the
K*/7" ratio is lower than the midrapiditi */z* ratio of
0.19[9]. TheK*/#™" ratio for each centrality class is larger
than the ratio from isospin-averag@®dN collisions at the
same beam enerd®,13,14 (Fig. 16).

To understand the evolution & /7" with centrality, it
is best to reexamine how the yields of° andK* varied
with Np, (Fig. 13. In the peripheral reactions the pion yield
increases witiN,,, however thek ™ yield increases WithN
at a greater, nonlinear rate. Hence tKé/=* ratio in-
creases. For more central reactions both the and K*
yields show a similar nonlinear increase wih,,, and the
K*/#" ratio appears to plateau.

VI. PARTICLE PRODUCTION IN DOUBLY SELECTED
EVENTS

Recall that in Secs. Il and IV, events were studied in a
two-dimensional grid of global event characteristiEsca
and mulga - The protordN/dy distributions for each event
class were presented in Sec. IV. These events can be further
characterized by the proton mean, the produced particle

participant for pions is flatter in midperipheral collisions thangpectra and the relative production of strange and non-
for kaons. Ther™ fiducial yield per participant increases strange mesons.

more strongly in the last three centrality classes. This in-

The dN/dy distributions of 7™ and K™ are plotted in

crease in fiducial yield could be driven by either a change inrjgs. 17 and 18 for the grid of double cutsEycs and in

the shape of the pion rapidity distribution or an overall in- i\ (Table Ill). ThesedN/dy distributions are tabulated
crease in the pion yield. To test for a change in the shape qQf, Taples ViIl and IX. For a given range dEyca., the

the rapidity distribution, the restrictetlN/dy, s [Eq. (9) cal-
culated between 06y<1.3] for thew* dN/dy distributions
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FIG. 12. TheK*dN/dy distribution from Au-Au reactions at
11.6A GeV/c for each event class determined solely Byca, ,

yields of #* and K™ trivially increase with multiplicity
since the yields in the spectrometer must track the event
multiplicity.

The #* and K" dN/dy distributions are summed over a
limited range of rapidity, 0.8y<1.2, to form a fiducial
yield. Because the rapidity bins used in the double-event
class areAy=0.2, the rapidity range for the fiducial yield is
slightly narrower than was used to calculate the fiducial yield
for events solely selected dfycp, -

The fiducial yields for doubly-selected pions and kaons
are tabulated in Table X. Figure 19 shows the ratio of fidu-
cial yieldsK /7" versus multiplicity for each of the three
most centralEzc,, cuts (Table Ill). In Sec. V theK™/z*
ratio was shown to be independentEf.,, over this range
of centrality. Extending this, Fig. 19 shows that the ratio
K*/7" does not depend on multiplicity for a giveyca,
cut. Even though the incoming baryons lose more rapidity
and the total number of produced particles increases, there is
no increase in the fraction of strange patrticles.

For several years it has been obsery&8,16 that the
transverse spectra for heavy particles are harder than for light
particles. This is consistent with an expansion increasing the
transverse spectra of all particles but affecting most the mo-
mentum of the heavier particles. The mean (m;), can be

Table Il. The open points are the data reflected about midrapidityused to characterize the transverse spectra of both pions and
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TABLE VI. The K"dN/dy and(m;)—mjq distributions in AurAu reactions at 114 GeV/c for each
event class solely selected &, (Table ).

y dN/dy (M) —mg y dN/dy (M) —mg
EzcaL Class 1
0.55 6.05-0.44 0.18%0.029 0.65 6.420.36 0.206:0.011
0.75 7.65-0.38 0.196-0.007 0.85 7.980.42 0.204-0.009
0.95 8.03:0.39 0.228:0.011 1.05 8.76:0.37 0.242-0.015
1.15 10.14-0.41 0.292:0.029 1.25 10.630.45 0.306:0.038
EzcaL Class 2
0.55 5.26:0.49 0.265-0.058 0.65 5.980.31 0.196:0.008
0.75 6.62£0.31 0.1970.007 0.85 6.880.33 0.2180.010
0.95 7.83:0.34 0.232:0.011 1.05 8.2%0.33 0.22@:0.012
1.15 8.94r0.34 0.2810.025 1.25 8.4%0.35 0.2610.029
EzcaL Class 3
0.55 4.31+0.31 0.186-0.026 0.65 4.360.24 0.215:0.012
0.75 5.23:0.25 0.224-0.010 0.85 5.7£0.28 0.22@:0.010
0.95 6.36-0.28 0.226:0.010 1.05 7.280.28 0.234-0.013
1.15 7.32£0.29 0.255-0.021 1.25 7.76:0.30 0.276:0.028
EzcaL Class 4
0.55 3.68:0.27 0.165-0.024 0.65 4.190.23 0.19@:0.009
0.75 4.110.20 0.204-0.008 0.85 4.45%0.23 0.215:0.010
0.95 5.15-0.24 0.214-0.010 1.05 5.580.23 0.224-0.012
1.15 5.610.23 0.25@:0.021 1.25 6.180.29 0.338:0.047
EzcaL Class 5
0.55 2.80:0.21 0.1870.030 0.65 2.810.16 0.20@-0.010
0.75 3.22£0.17 0.205-0.009 0.85 3.66:0.19 0.212-0.010
0.95 3.710.18 0.216:0.010 1.05 3.930.17 0.225:0.015
1.15 4.76-0.20 0.2410.019 1.25 4.980.20 0.295:0.035
EzcaL Class 6
0.55 1.73:0.20 0.255-0.078 0.65 2.280.14 0.186:0.009
0.75 2.42:0.13 0.21@:0.009 0.85 2.620.15 0.197-0.009
0.95 3.06:0.15 0.211*0.010 1.05 3.020.14 0.2010.010
1.15 3.42£0.16 0.234-0.020 1.25 3.5%0.15 0.288-0.035
EzcaL Class 7
0.55 1.270.12 0.144-0.024 0.65 1.36:0.09 0.174-0.011
0.75 1.4%0.08 0.204-0.009 0.85 1.520.09 0.20%-0.011
0.95 1.80-0.10 0.198:0.010 1.05 1.940.09 0.208-0.012
1.15 2.070.11 0.21%+0.018 1.25 2.1%50.11 0.225:0.021
EzcaL Class 8
0.55 0.44-0.04 0.149%-0.026 0.65 0.450.03 0.176:0.010
0.75 0.52:0.03 0.176:0.008 0.85 0.520.03 0.186:0.009
0.95 0.62£0.04 0.1670.008 1.05 0.620.04 0.1680.009
1.15 0.76:0.04 0.20@:0.016 1.25 0.60.03 0.245:0.029

protons. This is representative of the whole spectrum as
compared to using the inverse slope of high momentum par-
ticles[16].

For events doubly selected &yca and mulfya , (M) TABLE VII. The fiducial yields form* andK™* for each event
is plotted versus rapidity in Fig. 20 for protons and in Fig. 21class selected solely dBycp, -
for pions. The rest masm is subtracted to remove the
trivial mass difference between pions and protons. The proEzca. class 7" fiducial yield K™ fiducial yield
tons have a strong increase(ofi,) towards midrapidity. The 0-3%

. T . 37.6% 0.91 5.9% 0.11
pion {m,) distribution also increases but the dependence o3_-o, 32 9% 0.63 530 0.09
rapidity is less strong. Thém) distributions for both pro- . _;,, 28.28 0.56 4.40- 0.07
tons and pions show little change as a function of event, ;... 2398 0.45 353 0.06
class. The{m,) distributions forK ™ are tabulated in Table 17-24% 18.8% 0.38 271 005
VI, oo

The change in thém;,) distributions as a function of event 24_25;; 194'75: 00'2322 igi 883
class can be examined by calculating the fiducial average o 3-76% 3:9& 0:09 0:4& 0:01

(my) for protons and pions over a common range of rapidity,
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FIG. 16. The ratio of fiducial yield&*/7* from Au+Au re-
actions at 11.8 GeV/c plotted versusN,,. The box atNg, is the
K*/a* ratio over full phase space from isospin-averatjell col-
lisions at the same beam eneif@}.
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between 0.6y<1.4.

The (m;)—m, for pions and protons is plotted for each
event class doubly selected &y, and mulgya in Fig.
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FIG. 17. Them"dN/dy distributions from Au-Au reactions at
11.6A GeV/c are plotted for the most centr8d,c,, cuts divided
into three mulgya regions(Table 1l). Each column corresponds to
a range inE ¢ With the most geometrically central events in the
left column. For a giverE,c, , the multiplicity increases from
bottom to top. The open points are the data reflected about midra-
pidity.
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FIG. 18. The K'dN/dy distributions from AurAu reactions at
11.6A GeV/c are plotted for the most centréd;c,_ cuts divided
into three mulgy regions(Table Ill). Each column corresponds to

a range inEzca with the most geometrically central events in the
left column. For a giverEzc, , the multiplicity increases from
bottom to to top. The open points are the data reflected about midra-

pidity.

TABLE VIII. The dN/dy and{m,)—mj distributions form* in Au+Au reactions at 114 GeV/c for
each event class doubly selectedEys, and mulgy, (Table 111).

y dN/dy (M) —mg y dN/dy (mg) —mo
Ezca Class 1, mufjya class 1

0.71 42.0:3.0 0.202:0.011 0.90 55.34.1 0.206:0.012

1.10 62.73.0 0.225-0.008 131 65.722.8 0.236:0.010
EzcaL class 1, mulfya class 2

0.71 47.5-3.4 0.193-0.010 0.90 55.24.1 0.208-0.012

1.10 59.3-3.0 0.223-0.007 1.31 61.22.6 0.245-0.007
E,caL class 1, mulfya class 3

0.71 43.9-4.3 0.208-0.034 0.90 55.£5.1 0.206:-0.013

1.10 54.33.0 0.217-0.011 1.31 55.62.9 0.238-0.010
Ezca Class 2, mufjya class 1

0.71 46.8:4.1 0.185-0.008 0.90 49.34.3 0.203:0.011

1.10 58.8:2.8 0.219-0.008 131 58.£2.3 0.241-0.007
EzcaL class 2, mulfya class 2

0.71 42.5-3.7 0.193-0.008 0.90 43.£3.0 0.218-0.012

1.10 51.0-2.3 0.222-0.008 1.31 58.52.1 0.228-0.007
EzcaL class 2, mulgya class 3

0.71 41.9-4.1 0.188-0.009 0.90 45.84.0 0.20%0.012

1.10 50.73.1 0.199:0.010 1.31 50.52.3 0.228-0.009
Ezca Class 3, mufjya class 1

0.71 39.9-3.3 0.193-0.008 0.90 41.%3.2 0.217:0.014

1.10 47.3:2.3 0.212:0.007 131 51.¢2.3 0.231-0.008
E;caL class 3, muliya class 2

0.71 40.4-4.2 0.185-0.011 0.90 43.74.2 0.195-0.013

1.10 46.72.5 0.207-0.008 1.31 49.42.2 0.226-0.007
EzcaL class 3, mulgya class 3

0.71 38.8:5.2 0.184-0.014 0.90 33.62.2 0.221%0.012

1.10 40.3:1.9 0.228-0.008 1.31 43.61.7 0.221-0.008
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TABLE IX. The dN/dy and({m,) —m, distributions forK * in Au+Au reactions at 114 GeV/c for each
event class doubly selected &3ca. and multy,s (Table IlI).

y dN/dy (M) —mg y dN/dy (M) —mg
Ezca Class 1, mufjya class 1

0.71 6.35-0.42 0.198:0.012 0.89 8.250.52 0.205:0.012

1.10 10.0%:0.49 0.26%0.029 1.29 11.680.71 0.264-0.075
E,caL class 1, mulfya class 2

0.70 7.3%:0.43 0.21%+0.011 0.89 8.180.47 0.2230.013

1.10 9.66-0.46 0.282:0.033 1.29 10.350.84 0.308:0.103
E,caL class 1, mulfya class 3

0.71 7.35:0.45 0.2210.012 0.89 7.7%0.47 0.2270.013

1.10 8.710.48 0.249%-0.026 1.29 10.460.83 0.22%-0.058
EzcaL class 2, mulgya class 1

0.71 6.24-0.38 0.00@-0.000 0.89 7.840.43 0.00@-0.000

1.10 9.710.45 0.00@:0.000 1.29 10.14 0.64 0.006:0.000
E,caL class 2, muliya class 2

0.71 6.59-0.36 0.00G:0.000 0.89 7.950.42 0.00G-0.000

1.10 8.30:0.39 0.006:0.000 1.29 8.98:0.51 0.00G-0.000
E,caL class 2, mulfya class 3

0.71 6.34£0.39 0.00@:0.000 0.89 6.3 0.36 0.00@-0.000

1.10 8.16:0.40 0.00@:0.000 1.29 8.320.79 0.00@-0.000
EzcaL class 3, mulgya class 1

0.71 4.93-0.30 0.00@-0.000 0.89 6.94 0.37 0.00@-0.000

1.10 8.00-0.39 0.00@:0.000 1.29 9.841.65 0.00@-0.000
EzcaL class 3, muliya class 2

0.71 4.95-0.30 0.00G:0.000 0.89 5.8%20.34 0.00G-0.000

1.10 8.28-0.43 0.00G:0.000 1.29 8.881.00 0.00G-0.000
E,caL class 3, mulfya class 3

0.71 4.72-0.29 0.00@:0.000 0.89 5.440.30 0.00@-0.000

1.10 6.35-0.32 0.006:-0.000 1.29 7.16:0.45 0.00a:0.000

22. The(m,)—m, for protons is larger than for pions, con-
sistent with transverse expansion of the system. The value<

EZCAL
of {m;) —m, for both pions and protons increase slightly in i i .
the most geometrically central event clagswest Eycp ). 03L& % a RS 3 I
There are however no consistent trends in the difference be |t ...’° °°°°o 3 ..:" °°°o% F e ey
tween({m,)—my, for protons and pions, indicating little or no b f ’ 3 i \ 3 ' ’
change in the expansion for different event classes. I | |
oy . . . N S .
/(%5\0.3 — ...o" °°o°° F “... °o°°° F : o &OOO é
< inial vi + + o 202 3 ¥ °°°+ b ¢°.. °°°¢ E f... °%¢ g/r
TABLE X. The fiducial yields form™ andK™ in Au+Au reac- |E :
tions at 11.8 GeV/c for each event class doubly selectedEyaa, AOTE 3 3
and mulfyya (Table 11I). E of ! !
Event cl * fiducial yield ~ K* fiducial yield el S S A O
vent class " fiducial yie iducial yie ozb b 4 | b ! | o
Ezcal 1 multyya 1 45.2¢1.4 7.29-0.22 o1k 3 3
Ezcal 1 multyya 2 44,4512 7.0450.19 F ny L I .
Ezca. 1 Multyya 3 413+1.1 6.76-0.26 % 20 2
Ezcal 2 Multyya 1 42.1+1.1 6.72-0.18
Ezcal 2 muliyya 2 38.7-0.9 6.33:0.17 FIG. 20. The proton{m,)—m, versus rapidity from Ad-Au
Ezcal 2 muliyya 3 37.2£1.0 5.74-0.17 reactions at 114 GeV/c are plotted for event class doubly selected
Ezcal 3 Multyys 1 35.7+0.9 5.80+0.22 on muliya andEzc,. (Table Ill). Each column corresponds to a
Ezca. 3 Multyya 2 35.0-0.9 553-0.18 range inEzc,. with the most geometrically central events in the left
Ezcal 3 Multyya 3 30.8-0.7 4.72+0.13 column. For a giverEzc, , the multiplicity increases from bottom

to top. The open points are the data reflected about midrapidity.
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ROPidlpfy circles and = (open circleg from Au+Au reactions at 118

i o GeV/c for events doubly selected on mylts and Ezca . Each

_ FIG. 21. The pion{m;) —m, versus rapidity from Ad-Au reac- panel corresponds to a range Ecs, (left panel 0—3 %, middle
tions at 11.8\ GeV/c are plotted for event class doubly selected on panel 3—7 %, right panel 7—12 % of the interaction cross section

multywa and Ezca (Table 1Il). Each column corresponds 10 @ \yithin each panel the fiducial average (@fi)—m, is plotted ver-
range inEzc5. With the most geometrically central events in the left sus the NMA multiplicity.

column. For a giverE,c, , the multiplicity increases from bottom

to top. The open points are the data reflected about midrapidity. of centrality. The event classes in this broad range are solely

selected orE,c, - Both pion and kaon yields increase non-
linearly with the number of participants, and the" /7"
Events from AutAu collisions at 11.8 GeV/c have ratio increases with centrality and begins to plateau for the
been selected in a two-dimensional grid of two global ob-most central reactions. For midperipheral reactions the pion
servables, the energy near zero degrBegg,, , and the mul-  yield per participant increases less with centrality than the
tiplicity, multyya . Though bothE -, and mulgya are sen-  kaon yield. The pion yield per participant increases more
sitive to the collision centrality, they are not the samestrongly for central reactions compared to midperipheral re-
measureE,c, provides an estimate of the number of pro- actions.
jectile participants, muliya is sensitive to the full evolution In the event classes that are doubly selected on event mul-
of the reaction including the many secondary hadron-hadrotiplicity and E,ca, , the yields of#™ and K™ trivially in-
collisions in the participant zone. crease with multiplicity since the yields in the spectrometer
The two global observables, mylta andEzca. , are cor-  must track the event multiplicity. Thé ™/« ratio is exam-
related (Fig. 5 with a significant width to the correlation. ined for any change in behavior that might indicate the onset
The average multiplicity increases nonlinearly with decreasof new phenomena. However, it is found to be independent
ing values ofE,ca , similar to the observation in $iA  of multiplicity for a fixed range oE,cp, -
reactiong 2]. There is no indication of the predicted shoulder ~From the transverse spectra of particles,mg) — m for
or extra group of rare high multiplicity events]. protons is larger than for pions, consistent with transverse
For moderately central reactions/(o;,<12%) the pro- expansion. There is no significant change in the proton and
ton rapidity distributions do not depend &y, but only  pion{m,) in events doubly-selected &y, and event mul-
on the event multiplicity. The hypothesis is made that fortiplicity. These events have different proton rapidity distribu-
events with a larger average rapidity loss per nucleon, moréons implying different conditions in the reaction zone.
energy is deposited into the collision zone, which leads tdHowever there is no observed change in the transverse spec-
greater particle production and higher event multiplicity. Intra, even for the high-multiplicity, lovE,c5, event class that
contrast to the change of protatN/dy, the shape of the most likely has a large volume of high density matter.
proton transverse spectra, over the measured rapidity range,

VII. CONCLUSIONS

shows little dependence on the event multiplicity.
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