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Simultaneous multiplicity and forward energy characterization of particle spectra
in Au1Au collisions at 11.6A GeV/c
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In this paper Au1Au collisions at 11.6A GeV/c are characterized by two global observables: the energy
measured near zero degrees (EZCAL) 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 (s/s int,12%) the protondN/dy distributions do not depend onEZCAL 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 protondN/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 selected onEZCAL and multiplicity there is no indication of any
unusual pion or kaon yields, spectra, orK/p ratio even in the events with extreme multiplicity.
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I. INTRODUCTION

Collisions between two heavy nuclei at beam energies
11A GeV/c form extended regions of dense nuclear mat
Because of the stochastic nature of the collisions, each r
tion produces a different system, even for the same in
PRC 590556-2813/99/59~4!/2173~16!/$15.00
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impact parameter. In particular the baryon and energy d
sity can vary from event to event. If it is possible to expe
mentally select events that have the largest volume of de
matter, then these events can be probed for signals of
physics, e.g., the formation of a baryon-rich quark-glu
plasma~QGP!.
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FIG. 1. The experimental layout of E866 in the Fall of 1994 showing the multiplicity array~NMA !, the zero-degree calorimeter~ZCAL!,
the interaction trigger~Bullseye!, and the Henry Higgins spectrometer consisting of drift chambers~T1-T4!, wire chambers~TRF1,2 and
TR1,2!, a time-of-flight wall~TOF! and a gas-Cerenkov detector~GASC!. The forward spectrometer consists of a sweeping magnet~M1!,
analyzing magnet~M2!, drift chambers~FT1-4!, two time projection chambers~TPC1,2! and a time-of-flight wall~FTOF!. A scintillator
array ~PHOS! for particle spectra at back angles and a hodoscope~HODO! of crossed XY slats complete the detector hardware of E86
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In the spectator-participant model@1# of heavy-ion reac-
tions, a projectile spectator nucleon is one that did not col
with a target nucleon. The number of spectator nucleon
determined by the initial stage of the reaction and at rela
istic beam energies, these spectator nucleons dominate
energy measured near the polar angle of zero degree
contrast, the multiplicity of the event depends on the f
history of the reaction: from the initial energy deposited
beam and target nucleons, to the secondary hadron-ha
collisions.

This paper reports on data taken in the fall of 1994
experiment E866 at the AGS using a Au target and the 11A
GeV/c Au beam. It presents the correlation between th
two global observables, the energy near zero degrees an
event multiplicity. As such, it is a continuation of our stud
of Si1A reactions at 14.6A GeV/c @2# that examined the
correlation between two similar global measures of an ev
zero-degree energy and transverse energy. In Au react
the distribution of a single global observable, transverse
ergy, has been reported by experiment E877@3#. In addition,
several authors@4–6# have predicted that high multiplicity
events could indicate the onset of the quark-gluon plas
The extra entropy in the quark phase could manifest itsel
a large number of produced hadrons in the final state.
pustaet al. @6# have speculated that rare high multiplici
events could come from rapidly growing droplets of plasm
and reported here is a search for such high multiplic
events.

Most importantly, this paper presents particle spec
from different event classes that have been simultaneo
selected on two global variables, the energy near zero
grees and the event multiplicity. To do this quantitatively
defines event classes in a grid of two-dimensional cuts in
zero-degree energy and the event multiplicity. For each ev
class, the yield and spectra of particles emitted in these
actions are measured with a spectrometer. To our knowle
this is the first time an event selection based on more t
one global observable has been used to study the spect
particles emitted in high-energy nuclear reactions. Pro
spectra in these event classes are used to study whethe
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reactions produce different conditions in the participati
matter. These events are then probed for signals of n
physics using the spectra and yields of produced partic
pions and kaons. This paper therefore extends our prev
results on proton and pion spectra in Au1Au central colli-
sions@7# by studying how these spectra evolve as a funct
of global observables.

Section II describes experiment E866 at the AGS and
methods used to analyze the data. Section III defines
event selection in a two-dimensional grid of zero-degree
ergy and event multiplicity as well as event selection sol
on zero-degree energy, while Sec. IV contains the meas
proton distributions for each event class. The spectra
yields of the produced particlesK1 and p1 for each event
class are described in Secs. V and VI. The conclusions
presented in Sec. VII.

II. EXPERIMENT AND DATA ANALYSIS

The E866 apparatus@7,8# consists of event-characterizin
global detectors and two magnetic spectrometers as is sh
in Fig. 1. Details of the experiment and data analysis can
found in Refs.@7,9#.

This paper uses data from the Henry Higgins spectro
eter. In the 1994 running period one of the global detect
used in this paper~the New Multiplicity Array! was installed
after the Forward spectrometer had completed its data
lection. The Henry Higgins spectrometer has a 25 msr s
angle, withDu;14°. By rotating the spectrometer, the a
ceptance covers lab angles from 14258°. The spectromete
has a combination of drift and multiwire chambers to loca
the tracks before and after a dipole magnet.

Experiment 866 has two detectors that measured the
bal characteristics of each event, a multiplicity array~NMA !
and a Fe-scintillator sandwich type calorimeter~ZCAL! with
an 1.5° opening angle around the beam-axis. The calorim
is 138 layers of 0.4 cm thick scintillator alternating with 13
layers of 1.0 cm thick iron. Each sheet is 60 cm by 60
and is centered on the beamline. The front face of the c
rimeter is 11.7 m from the target. For more details on
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readout of this device the reader is referred to Beaviset al.
@10#. The energy deposited into this calorimeter is designa
EZCAL . The calorimeter was calibrated to maintain t
fragmented-beam peak at the kinetic energy of the be
Ebeam

kin 52123 GeV. Fragmented-beam events are those
react just upstream of the calorimeter. This calibration w
performed for each run to compensate for the radiati
damage decrease in calorimeter light output. The decrea
light-output over the entire 1994 running period was 7
The resolution ofEZCAL is discussed in Sec. III.

The second global detector was the New Multiplicity A
ray ~NMA !. This detector was added to E866 in 1994 a
because this is the first paper to use the NMA, the detecto
described in detail here. The major design goal for this ar
was to measure the multiplicity of produced particles wh
excluding the protons that mainly come from the origin
beam and target nuclei. Hence each module in the array
made out of 5 cm thick ultra-violet-transmitting lucite whic
acts as a Cerenkov radiator for particles withb.0.6. From
Monte Carlo simulations of a NMA module the effectiv
b-threshold for particles to produce sufficient light to
counted as a hit isb.0.8. This filtered out the slow proton
whereas most of the pions were above the Cerenkov thr
old.

A thin sheet of lead was put in front of the lucite
convertg ’s to e1e2 pairs. Both thee1 ande2 will radiate
Cerenkov light and hence a singleg that has converted wil
be detected as two charged particles. The major source og ’s
in Au-Au collisions isp0 decay. The thickness of the lea
1.7 mm, was chosen so that the probability of convertingg
is 1/4, and the NMA will on average record a multiplicity o
one for everyp0.

Three hundred and forty-six modules in the NMA cover
an angular range20.4,h,2.8. The device has 14 separa
rings, where each ring covers a slice inh. Within eachh
slice, a single NMA module covers a small range of a
muthal angle. The shape of each module was therefo
truncated pyramid with curved sides. The NMA acceptan
and segmentation are listed in Table I, together with the
tails of the azimuthal gaps left for the spectrometers’ acc
tance. For example, from Table I, the 6th ring has a 40°
between220°,f,20° on the forward spectrometer side
the experiment and a 60° gap between2180°,f,2150°
and 150°,f,180° on the Henry Higgins side. Each NM
module was optically glued to a photomultiplier tube. T
forward five rings used Hamamatsu H3165-01 tubes w
the remaining back rings used Hamamatsu H268 tubes.

Multiple particles hitting a module are analyzed using t
analog signal from the photomultiplier tube. One and t
particle peaks are observed~Fig. 2!. The calibrated ampli-
tude (hi) of each NMA module is transformed to the avera
module multiplicity@W(hi)# that would generate this signa

W~hi !5

(
n51

nAnS~hi ,n!

(
n51

AnS~hi ,n!

, hi.0.5, ~1!

whereS(hi ,n) is the Gaussian response function for a mo
ule that is hit byn particles
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S~hi ,n!5
1

snA2p
e2~hi2n!2/~2sn

2
!. ~2!

The relative probability,An , for a given module to be hit
by n particles is estimated using two Poisson distributio
@P( j :m)#, one for charged particles and one for photons t
convert in the Pb layer and contribute two hits to the modu

An5(
i 50

n/2

P~2i :mcharged!3P~n/22 i :mphoton!, n5even,

An5 (
i 50

~n21!/2

P~2i 11:mcharged!3P„~n21!/22 i :mphoton…,

n5odd. ~3!

FIG. 2. The calibrated hit distribution summed over all t
NMA modules in ring 5~Table I!.

TABLE I. Table of h and f coverage of the NMA,r is the
distance from the target to the front of each module,Df is thef
acceptance of each module in a ring of a fixedh slice, and modules
is the number of modules in that ring.fmin andfmax refer to range
of azimuthal angles in the top half of the NMA. The top and botto
half of the array are symmetric across thexz plane.

Ring hmax hmin r ~c.m.! Df Modules fmin fmax

1 2.8 2.4 50.8 20° 6 70° 130°
2 2.4 2.1 50.8 15° 12 52.5° 142.5°
3 2.1 1.85 50.8 12° 20 36° 156°
4 1.85 1.6 50.8 10° 26 30° 160°
5 1.6 1.4 49.8 10° 26 30° 160°
6 1.4 1.2 48.8 10° 26 20° 150°
7 1.2 1.0 46.8 10° 26 20° 150°
8 1.0 0.8 44.8 10° 28 10° 150°
9 0.8 0.6 42.8 10° 28 10° 150°
10 0.6 0.4 39.8 10° 28 10° 150°
11 0.4 0.2 36.8 10° 30 0° 150°
12 0.2 0.0 34.8 10° 30 0° 150°
13 0.0 -0.2 34.8 10° 30 0° 150°
14 -0.2 -0.4 34.8 10° 30 0° 150°
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2176 PRC 59L. AHLE et al.
The mean values (mcharged,mphoton) of the Poisson distribu-
tions were determined from fits to semi-inclusive NM
module spectra~Fig. 2!. The increase of the mean value
with centrality was parametrized for eachh ring as a func-
tion of the raw multiplicity (hi of the event. The widths
(sn) for the Gaussian response functions@Eq. ~2!# increase
with n as sn5An3s1, wheres1 is the fitted width of the
first peak of the NMA module spectra. The multiplicity of a
event, multNMA , is the sum ofW(hi) @Eq. ~1!# over all the
modules in the NMA.

The single-track reconstruction efficiency for the Hen
Higgins spectrometer was determined by simulating a sin
track through the E866 GEANT@11# Monte Carlo and track
reconstruction program. This provides the efficiency of
tracking algorithm for fully efficient hardware as a functio
of the momentum of the particle. As an example, the tra
ing efficiency for protons is found to have the function
form eproton5A0(12A1 /b2p2) where A050.975 andA1
50.0086. For protons in the spectrometer, with typical v
ues of momenta, this tracking efficiency ranges from 90%
95%. The hardware efficiencies of the tracking chambers
the Henry Higgins spectrometer were found to be very cl
to 100%.

Tracks are also lost because of hit blocking caused by
finite occupancy of chambers and TOF walls. This loss
tracks was estimated by embedding hits from isolated, sin
tracks from peripheral collisions into other events. The co
bined event was reanalyzed to determine if the embed
track was still reconstructed by the tracking program. T
resulting blocking-induced inefficiency was parametrized
a function of the overall occupancy of the Henry Higgi
spectrometer and as a function of position both in front a
behind the dipole magnet. For the most central event c
and tracks at forward angles, the blocking-inefficiency w
40610%. This inefficiency reduces to 1065% at back
angles. From the embedding studies, approximately hal
the blocking inefficiency was caused by multiple hits on
slat in the TOF wall.

The systematic uncertainty on the normalization of
measured invariant spectra and rapidity distributions is do
nated by uncertainty in the tracking efficiency and loss
tracks due to hit-blocking. The tracking uncertainty increa
from 5 to 10% the closer to midrapidity and the more cen
the event class. For peripheral collisions, there is a 1
uncertainty in the cross section of the event class. This
duces to 5% for central collisions. There are small contri
tions to the uncertainty from the acceptance of the spectr
eter and particle identification losses. This leads to a t
systematic uncertainty in the normalization of 15% indep
dent of centrality.

The systematic uncertainty on the mean transverse
mentum is estimated to be 5% and is dominated by un
tainty in the tracking efficiency and acceptance.

III. EVENT CLASSIFICATION

Figure 3 shows theEZCAL distribution for interaction
events before and after target-out subtraction. The ene
deposited into the calorimeter is dominated by projec
spectator nucleons. The number of projectile participa
(Npp) is estimated by inverting the measuredEZCAL
le

e

-
l

-
o
of
e

e
f
le
-

ed
e
s

d
ss
s

of

e
i-
f
s
l

e-
-
-

al
-

o-
r-

gy
e
ts

Npp51973S 12
EZCAL

Ebeam
kin D , ~4!

whereEbeam
kin 52123 GeV is the kinetic energy of the beam

For peripheral collisions, the calorimeter has a slight no
linear response, with a 4% reduction in output for bea
events that did not react compared to events that fragm
just upstream of the calorimeter. This leads to an uncerta
of up to eight in the value ofNpp, or 30%, only for the most
peripheral event class~Table II!.

Mesons entering the acceptance of the calorimeter
contribute to the measuredEZCAL @2#. By passing events
from a cascade model@12# through a simulation of the calo
rimeter, the meson energy contribution is estimated to be
equivalent of three projectile nucleons for the most cen
event class~Table II!. It is proportionally smaller for less
central bins. The mesonic contribution was not subtrac
from EZCAL .

FIG. 3. Left panel: the distribution ofEZCAL for interaction
events in Au1Au reactions at 11.6A GeV/c for target-in and target-
out ~dashed line! runs. The right panel is after target-out subtra
tion. The lines indicate the event selection cuts in Table II.

TABLE II. Table listing the borders ofEZCAL when EZCAL is
solely used for event selection. Also listed is the correspond
range of the inelastic cross section, in mb, and the percentag
reference to the total inelastic cross section of 6.8 b. The last
umn is the average value ofNpp for interaction events in that even
class.

EZCAL range Cross section
EZCAL class ~GeV! ~mb! % s int ^Npp&

1 0–240 0–212 0–3 181
2 240–390 212–484 3–7 168
3 390–570 484–799 7–12 152
4 570–780 799–1174 12–17 134
5 780–1020 1174–1613 17–24 113
6 1020–1290 1613–2183 24–32 89.5
7 1290–1590 2183–2976 32–43 62.5
8 .1590 2976–5130 43–76 26.9
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Npp should therefore be considered an experimental
servable@defined by the measuredEZCAL , Eq. ~4!# and pro-
vides an estimate of the geometrical number of projec
participants.

Table II lists the cuts used whenEZCAL is solely used for
event selection. From the width of the fragmented be
peak, the resolution of the calorimeter is estimated to be

sE5aAEZCAL, a52.9 GeV1/2. ~5!

The NMA measured multiplicity, multNMA , also distin-
guishes between peripheral and central events. Figur
shows the multNMA distribution for interaction events befor
and after target-out subtraction. For high multiplicity even
there is a smooth fall-off of yield. There is no indication
the predicted shoulder or extra group of rare high multip
ity events@6#.

The detector resolution for the NMA is

sdet5s1AmultNMA, ~6!

FIG. 4. Left panel: the distribution of multNMA for interaction
events in Au1Au reactions at 11.6A GeV/c for target-in and target-
out ~dashed line! runs. The right panel is after target-out subtra
tion.
-

e

4

,

-

where multNMA is the total measured multiplicity ands1
50.3 is the measured resolution of a single module with o
incident particle.

The two global observables, multNMA andEZCAL , are cor-
related~Fig. 5!. The average multiplicity increases nonlin
early with decreasing values ofEZCAL , similar to the obser-
vation in Si1A reactions@2#. The width of this correlation is
a combination of the resolution of both global detectors a
any physics fluctuation in the event multiplicity and forwa
energy. Various studies were performed examining the
tribution of measured mulltiplicities at a fixed value o
EZCAL , and the distribution ofEZCAL at a fixed multiplicity.
These distributions were broader than the estimated res
tion of the detectors. However, a good indication that
width in the correlation is significant is seen from partic
spectra as measured in the spectrometer as a functio
event-classes selected simultaneously on bothEZCAL and
multiplicity as discussed below.

In the following sections, events will be classified by
grid of two-dimensional cuts inEZCAL and multNMA . This
grid is indicated on Fig. 5 and Table III lists the values us

FIG. 5. The correlation in Au1Au reactions at 11.6A GeV/c
between the two global measures of an event, multNMA andEZCAL ,
for interaction events after target-out subtraction. The lines indic
the two-dimensional grid used to select events and the contours
plotted on a logarithmic scale.
f
tion for
TABLE III. Table listing the borders for the double-event selection usingEZCAL and multNMA . Also listed
are the labels used for the event classes, an index for eachEZCAL and multNMA range. The average value o
multNMA for interaction events in each doubly-selected event class is also provided. The cross sec
EZCAL class 1 is 0–3 % ofs int56.8 b~summed over all multNMA), for EZCAL class 2 is 3–7 %, and forEZCAL

class 3 is 7–12 %.

EZCAL range multNMA range EZCAL class multNMA class Average multNMA

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 2 322.5
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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2178 PRC 59L. AHLE et al.
in the double event selection. Within eachEZCAL cut, the
multNMA cuts were chosen to obtain approximately equal a
statistically significant number of events in each event cla

IV. PROTON SPECTRA

For each event class the shape of the proton rapidity
tribution probes how much energy is transferred from
initial beam direction and made available for particle prod
tion and transverse expansion.

In Fig. 6 typical invariant cross sections, divided by t
reaction cross section for the event class, are plotted for
tons as a function of transverse mass and rapidity. Transv
mass ismt5Apt

21m0
2 wherept is the transverse momentum

andm0 is the rest mass of the particle. These spectra are
invariant differential yield of protons per event. The eve
class has been doubly selected on the lowest values ofEZCAL
and the highest multiplicities (EZCAL class 1 multNMA class 1
in Table III!.

These proton spectra can be fit with a variety of functio
forms, including a double exponential@7# or a Boltzmann
function; the choice of either a Boltzmann or double exp
nential fitting function changes the values of these extrac
spectral characteristics by less than 5%. The fit to pro
spectra is primarily used to extract the rapidity dens
dN/dy, and meanmt ,^mt&, in each rapidity slice.

Throughout this paper the proton spectra are fitted wit
function of Boltzmann form

FIG. 6. The proton invariant spectra as a function ofmT for the
geometrically most central Au1Au events at 11.6A GeV/c with the
highest multiplicity (EZCAL class 1 multNMA class 1 in Table III!.
The spectra for each rapidity slice are divided by successive po
of ten for clarity. The lines are fits to the data with the Boltzma
functional form@Eq. ~7!#.
d
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a

1

2pmt

d2N

dmtdy
5

dN/dy

2p~m0
2TB12m0TB

212TB
3 !

mt

3e2~mt2m0!/TB. ~7!

The two fit parameters are the rapidity density,dN/dy, and
the inverse slope parameter,TB . From the inverse slope pa
rameter the meanmt ,^mt&, is calculated

^mt&5
m0

313m0
2TB16m0TB

216TB
3

m0
212m0TB12TB

2
. ~8!

In Fig. 7 the protondN/dy is plotted for each event clas
that was doubly selected onEZCAL and multNMA ~Table III!.
ThedN/dy distributions are tabulated in Table IV. The pa
els in this plot are arranged in the same graphical position
the two-dimensional grid of multNMA andEZCAL cuts in Fig.
5. Each column corresponds to a range inEZCAL , with the
most central reactions on the left. Within a range ofEZCAL ,
the multiplicity of the events increases from bottom to to

In eachEZCAL range the low multiplicity events have
broad protondN/dy distribution. Increasing the event mu
tiplicity narrows the width of the protondN/dy. This change
of width is quantified in Fig. 8, where the restricted roo
mean-squared~rms! value is denoteddN/dyrms

dN/dyrms5A( dN/dy~y2ynn!
2

( dN/dy

~9!

of each protondN/dy distribution is plotted. The rms is
calculated in the restricted range 0.35,y,1.35 with ynn

FIG. 7. The protondN/dy distributions from Au1Au reactions
at 11.6A GeV/c are plotted for each event class doubly selected
multNMA and EZCAL ~Table III!. Each column corresponds to
range inEZCAL with the most geometrically central events in the le
column. For a givenEZCAL , the multiplicity increases from bottom
to top. The open points are the data reflected about midrapidity

rs
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TABLE IV. The dN/dy and^mt&2m0 distributions for protons in Au1Au reactions at 11.6A GeV/c for each event class doubly selecte
on EZCAL and multNMA ~Table III!.

y dN/dy ^mt&2m0 ~GeV! y dN/dy ^mt&2m0 ~GeV! y dN/dy ^mt&2m0 ~GeV!

EZCAL class 1, multNMA class 1
0.45 42.361.7 0.17660.022 0.55 47.761.9 0.19460.007 0.65 54.961.9 0.20860.004
0.75 57.961.9 0.22260.005 0.85 60.661.7 0.26460.009 0.95 64.061.6 0.27460.008
1.05 63.961.5 0.30460.010 1.15 66.561.6 0.30860.008 1.25 67.861.8 0.31960.010

EZCAL class 1, multNMA class 2
0.45 45.861.7 0.19860.023 0.55 52.961.9 0.20260.007 0.65 56.761.9 0.21860.004
0.75 54.961.7 0.23360.005 0.85 57.361.6 0.24660.007 0.95 59.261.4 0.26860.008
1.05 63.861.5 0.29060.009 1.15 63.961.5 0.30560.008 1.25 64.361.8 0.31260.010

EZCAL class 1, multNMA class 3
0.45 46.061.8 0.20860.027 0.55 51.462.0 0.19960.008 0.65 54.261.9 0.21760.005
0.75 52.761.8 0.23360.005 0.85 55.961.6 0.25660.010 0.95 57.661.5 0.27360.009
1.05 56.961.5 0.27860.009 1.15 56.661.5 0.29560.008 1.25 57.961.7 0.31660.011

EZCAL class 2, multNMA class 1
0.45 43.461.7 0.16760.017 0.55 49.461.8 0.19860.007 0.65 53.161.7 0.21460.004
0.75 55.261.7 0.23160.004 0.85 56.861.5 0.25160.007 0.95 58.961.4 0.27060.007
1.05 61.261.4 0.27060.007 1.15 61.461.4 0.30860.008 1.25 60.461.6 0.31660.010

EZCAL class 2, multNMA class 2
0.45 45.561.5 0.18160.017 0.55 51.161.7 0.19960.006 0.65 53.461.6 0.21660.004
0.75 52.561.5 0.23160.004 0.85 56.261.4 0.25360.006 0.95 57.361.3 0.26160.007
1.05 57.261.3 0.27360.008 1.15 57.261.3 0.28260.006 1.25 57.261.4 0.30960.009

EZCAL class 2, multNMA class 3
0.45 43.861.8 0.22760.027 0.55 48.861.6 0.21460.007 0.65 48.461.5 0.22360.004
0.75 49.761.5 0.23960.005 0.85 48.061.3 0.25360.008 0.95 50.261.2 0.26260.007
1.05 53.661.3 0.25660.008 1.15 52.161.3 0.29060.008 1.25 53.661.5 0.30560.010

EZCAL class 3, multNMA class 1
0.45 43.861.5 0.18160.017 0.55 46.761.6 0.20660.007 0.65 49.561.5 0.21760.004
0.75 52.061.5 0.22960.004 0.85 51.661.3 0.22960.006 0.95 53.761.2 0.25360.006
1.05 55.961.2 0.26460.007 1.15 55.661.2 0.29360.007 1.25 52.661.3 0.31360.009

EZCAL class 3, multNMA class 2
0.45 44.161.6 0.16960.016 0.55 46.461.5 0.21060.007 0.65 48.261.5 0.21760.004
0.75 46.661.4 0.23060.004 0.85 48.261.2 0.24060.007 0.95 49.061.1 0.26960.007
1.05 47.861.1 0.27460.008 1.15 48.161.1 0.29660.007 1.25 50.961.4 0.28860.008

EZCAL class 3, multNMA class 3
0.45 41.061.4 0.20460.020 0.55 44.561.5 0.20360.007 0.65 42.961.3 0.21260.004
0.75 41.661.2 0.22660.004 0.85 42.761.1 0.23460.006 0.95 42.961.0 0.25960.008
1.05 44.561.1 0.25060.007 1.15 44.361.1 0.27560.007 1.25 45.161.3 0.28560.008
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51.6. For a givenEZCAL cut, the rms value of the proto
dN/dy distribution decreases with increasing multiplicity.

The rms value of the proton distributions~Fig. 8! are
similar in shape if the NMA multiplicity is the same, eve
for different values ofEZCAL ~Fig. 5!. This can also be ob
served by proceeding diagonally up from left to right in F
7. The proton rapidity distribution in the lowest multNMA cut
for the most centralEZCAL is similar to the proton distribu-
tion from the middle multNMA cut for the more periphera
EZCAL .

The correlation between event multiplicity and the wid
of the protondN/dy is consistent with the following hypoth
esis. In reactions of similar initial geometry that stochas
cally have a larger average rapidity loss per nucleon, m
energy is deposited into the collision zone, which leads
greater particle production and higher event multiplicity. T
event class with the narrowest protondN/dy ~low EZCAL and
.

-
re
o

highest multNMA) could therefore contain an enriched samp
of events with a large volume of the most dense matter.

The protondN/dy distribution from the most geometri
cally central, highest multiplicity event class was fitted wi
a Gaussian distribution. The fitted width wass51.19
60.05. This is narrower than the width of the proton dist
bution @7# in central Au1Au collisions solely selected on
EZCAL , where the fitted width iss51.2860.03.

In contrast to thedN/dy distributions, the meanmt for
protons ~Table IV! show little change as a function o
multNMA for a givenEZCAL . This is discussed further in Sec
VI along with meanmt for pions.

V. PARTICLE PRODUCTION

To probe the relation between the energy deposited
system and the yields of produced particles, the spectra
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yields of p1 and K1 have been measured as a function
both global event characteristics,EZCAL and multNMA . To
understand the features of particle production in doub
selected event classes, it is useful to first study particle p
duction as a function of one of the global observabl
EZCAL . Previous publications from our collaboration ha
presented the pion spectra and yields from central collisi
@7# and the dependence ofK1 yields onEZCAL @9#.

Figure 9 plots the invariant transverse spectra ofp1 as a
function of transverse mass for the geometrically most c
tral reactions solely selected onEZCAL ~Table II!. At low mt
these spectra rise above an exponential function. The sp
are well fit by a scaled exponential function

1

2pmt

d2N

dmtdy
5

dN/dy

2pTs
22lG~22l,m0 /Ts!

mt
2le2mt /Ts,

~10!

where G(22l,m0 /Ts), the complementary incomplet
gamma function, is introduced into the normalization so t
dN/dy is a fitted parameter. The other two parameters arl
andTs . To compare the pion and proton transverse spec
the meanmt , is calculated

^mt&5
TsG~32l,m0 /Ts!

G~22l,m0 /Ts!
. ~11!

The transverse spectra can also be fit with a sum of
exponentials. This produceddN/dy and ^mt& values within
5% of the values from the scaled exponential fit. The sca
exponential fits to the pion transverse spectra will be u
throughout this paper.

The dN/dy distributions ofp1 from central events se
lected solely onEZCAL are shown in Fig. 10 and tabulated
Table V for eachEZCAL class of Table II. ThedN/dy distri-
butions ofp1 increase as the reactions become more cen

The kaon transverse spectra from central events sele
solely onEZCAL are shown in Fig. 11 and are well fit with
single exponential function

FIG. 8. The restricted rms of protondN/dy distributions from
Au1Au reactions at 11.6A GeV/c are plotted versus multNMA for
each event class doubly selected on multNMA andEZCAL ~Table III!.
The proton rms for the 0–3 %EZCAL range of events is shown a
filled circles, the 3–7 % range is shown as open squares while
7–12 % range is shown as filled triangles.
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2pmt

d2N

dmtdy
5

dN/dy

2p~TEm01TE
2 !

e2~mt2m0!/TE. ~12!

The fitted parameters are thedN/dy and inverse slope,TE .
The kaon meanmt values are calculated

he

FIG. 9. The invariant spectra forp1 from Au1Au reactions at
11.6A GeV/c for different slices in rapidity from the most centra
event class~0–3 % Table II! solely selected onEZCAL . The lines
are fits to the data with the scaled exponential functional form@Eq.
~10!#.

FIG. 10. Thep1dN/dy distribution from Au1Au reactions at
11.6A GeV/c for each event class determined solely byEZCAL ,
Table II. The open points are the data reflected about midrapid
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TABLE V. The p1dN/dy and ^mt&2m0 distributions in Au1Au reactions at 11.6A GeV/c for each
event class solely selected onEZCAL ~Table II!.

y dN/dy ^mt&2m0 y dN/dy ^mt&2m0

EZCAL class 1
0.66 41.863.6 0.19360.011 0.75 45.062.0 0.20860.009
0.84 52.662.9 0.20660.011 0.95 57.164.8 0.20960.014
1.05 60.762.9 0.21860.067 1.15 59.362.4 0.23060.008
1.26 59.362.9 0.24060.010 1.35 61.762.9 0.23960.009

EZCAL class 2
0.66 39.664.5 0.18760.008 0.75 43.962.2 0.19560.007
0.84 42.961.7 0.21760.009 0.95 48.063.5 0.20260.014
1.05 50.462.4 0.21260.011 1.15 54.363.3 0.22160.011
1.26 52.962.3 0.23360.009 1.35 56.962.1 0.23460.008

EZCAL class 3
0.66 36.364.1 0.18660.012 0.75 37.461.7 0.19760.009
0.84 37.462.2 0.20960.009 0.95 40.162.8 0.21760.014
1.05 42.462.8 0.21260.012 1.15 44.262.4 0.22260.011
1.26 46.062.1 0.23360.009 1.35 48.862.9 0.22660.010

EZCAL class 4
0.66 27.762.9 0.19460.013 0.75 30.861.4 0.19860.008
0.84 33.361.7 0.20060.010 0.95 34.762.6 0.20460.014
1.05 35.961.7 0.21460.011 1.15 37.061.4 0.21960.010
1.26 37.861.7 0.23160.009 1.35 39.061.7 0.22960.008

EZCAL class 5
0.66 23.362.7 0.18360.031 0.75 23.361.0 0.20260.011
0.84 25.561.4 0.20160.012 0.95 26.962.1 0.21160.060
1.05 29.662.0 0.20460.019 1.15 30.961.2 0.21260.063
1.26 30.761.4 0.22960.021 1.35 33.661.8 0.22060.031

EZCAL class 6
0.66 18.262.0 0.18660.008 0.75 18.960.9 0.20160.009
0.84 19.761.0 0.20660.009 0.95 21.262.3 0.19660.017
1.05 21.661.3 0.21360.012 1.15 24.161.1 0.20860.006
1.26 24.561.2 0.21660.009 1.35 26.061.3 0.21560.008

EZCAL class 7
0.66 10.860.8 0.19360.010 0.75 14.160.7 0.18260.008
0.84 13.160.6 0.20960.010 0.95 14.161.2 0.20360.017
1.05 15.060.8 0.19860.012 1.15 16.460.7 0.20360.009
1.26 16.260.9 0.22060.010 1.35 18.360.8 0.21160.006

EzCAL class 8
0.66 4.560.3 0.18660.010 0.75 5.660.3 0.17960.008
0.85 5.560.3 0.19260.010 0.95 6.060.6 0.18760.014
1.05 6.060.4 0.19760.011 1.15 6.360.3 0.19460.011
1.26 6.860.3 0.20560.009 1.35 6.760.2 0.21460.007
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m01TE
. ~13!

The kaondN/dy distributions for eachEZCAL class~Table
II ! are shown in Fig. 12 and tabulated in Table VI.

ThedN/dy distributions for pions and kaons do not cov
the midrapidity region, nor do they extend to target rapid
The total yield can be estimated by fitting these distributio
to Gaussians and integrating to obtain thep1 andK1 total
yields. However, there is an extra systematic uncerta
from this extrapolation. Instead a fiducial yield is us
throughout this paper, where
.
s

ty

fiducial yield5(
dN

dy
dy. ~14!

For dN/dy distributions selected onEZCAL , the sum in the
fiducial yield runs between 0.6,y,1.3.

In Fig. 13 the fiducial yields ofp1 and K1 are plotted
versus the average number of projectile participants,Npp, for
that event class. The fiducial yields are tabulated in Ta
VII. These yields increase nonlinearly withNpp, especially
for kaons. The nonlinear increase implies that particle p
duction is enhanced in central reactions.

This is emphasized in Fig. 14, where the yield of kao
and pions per participant is plotted versusNpp. The yield per
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participant for pions is flatter in midperipheral collisions th
for kaons. Thep1 fiducial yield per participant increase
more strongly in the last three centrality classes. This
crease in fiducial yield could be driven by either a change
the shape of the pion rapidity distribution or an overall
crease in the pion yield. To test for a change in the shap
the rapidity distribution, the restricteddN/dyrms @Eq. ~9! cal-
culated between 0.6,y,1.3] for thep1dN/dy distributions

FIG. 11. The invariant spectra forK1 from Au1Au reactions at
11.6A GeV/c for different slices in rapidity from the most centra
event class~0–3 % Table II! solely selected onEZCAL . The lines
are fits to the data with the exponential functional form@Eq. ~12!#.

FIG. 12. TheK1dN/dy distribution from Au1Au reactions at
11.6A GeV/c for each event class determined solely byEZCAL ,
Table II. The open points are the data reflected about midrapid
-
n

of

is plotted in Fig. 15 as a function ofNpp. The rms value is
independent of centrality, which implies that the change
pion fiducial yields is driven largely by an increase in over
pion production.

The ratio of the fiducial yields,K1/p1, is plotted versus
Npp in Fig. 16. The ratio increases smoothly from periphe
reactions to central collisions and appears to reach a pla
of K1/p1 of 0.16 in central reactions. This ratio of fiducia
yields covers the phase space 0.6,y,1.3. In this region the
K1/p1 ratio is lower than the midrapidityK1/p1 ratio of
0.19 @9#. TheK1/p1 ratio for each centrality class is large
than the ratio from isospin-averagedN-N collisions at the
same beam energy@9,13,14# ~Fig. 16!.

To understand the evolution ofK1/p1 with centrality, it
is best to reexamine how the yields ofp1 and K1 varied
with Npp ~Fig. 13!. In the peripheral reactions the pion yie
increases withNpp, however theK1 yield increases withNpp
at a greater, nonlinear rate. Hence theK1/p1 ratio in-
creases. For more central reactions both thep1 and K1

yields show a similar nonlinear increase withNpp, and the
K1/p1 ratio appears to plateau.

VI. PARTICLE PRODUCTION IN DOUBLY SELECTED
EVENTS

Recall that in Secs. III and IV, events were studied in
two-dimensional grid of global event characteristics,EZCAL
and multNMA . The protondN/dy distributions for each even
class were presented in Sec. IV. These events can be fu
characterized by the proton meanmt , the produced particle
spectra and the relative production of strange and n
strange mesons.

The dN/dy distributions ofp1 and K1 are plotted in
Figs. 17 and 18 for the grid of double cuts inEZCAL and in
multNMA ~Table III!. ThesedN/dy distributions are tabulated
in Tables VIII and IX. For a given range ofEZCAL , the
yields of p1 and K1 trivially increase with multiplicity
since the yields in the spectrometer must track the ev
multiplicity.

The p1 and K1dN/dy distributions are summed over
limited range of rapidity, 0.6,y,1.2, to form a fiducial
yield. Because the rapidity bins used in the double-ev
class areDy50.2, the rapidity range for the fiducial yield i
slightly narrower than was used to calculate the fiducial yi
for events solely selected onEZCAL .

The fiducial yields for doubly-selected pions and kao
are tabulated in Table X. Figure 19 shows the ratio of fid
cial yields K1/p1 versus multiplicity for each of the thre
most centralEZCAL cuts ~Table III!. In Sec. V theK1/p1

ratio was shown to be independent ofEZCAL over this range
of centrality. Extending this, Fig. 19 shows that the ra
K1/p1 does not depend on multiplicity for a givenEZCAL
cut. Even though the incoming baryons lose more rapid
and the total number of produced particles increases, the
no increase in the fraction of strange particles.

For several years it has been observed@15,16# that the
transverse spectra for heavy particles are harder than for
particles. This is consistent with an expansion increasing
transverse spectra of all particles but affecting most the m
mentum of the heavier particles. The meanmt , ^mt&, can be
used to characterize the transverse spectra of both pions.
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TABLE VI. The K1dN/dy and ^mt&2m0 distributions in Au1Au reactions at 11.6A GeV/c for each
event class solely selected onEZCAL ~Table II!.

y dN/dy ^mt&2m0 y dN/dy ^mt&2m0

EZCAL class 1
0.55 6.0560.44 0.18960.029 0.65 6.4260.36 0.20660.011
0.75 7.6560.38 0.19660.007 0.85 7.9860.42 0.20460.009
0.95 8.0360.39 0.22860.011 1.05 8.7660.37 0.24260.015
1.15 10.1460.41 0.29260.029 1.25 10.6360.45 0.30660.038

EZCAL class 2
0.55 5.2660.49 0.26560.058 0.65 5.9860.31 0.19660.008
0.75 6.6260.31 0.19760.007 0.85 6.8860.33 0.21860.010
0.95 7.8360.34 0.23260.011 1.05 8.2560.33 0.22060.012
1.15 8.9460.34 0.28160.025 1.25 8.4560.35 0.26160.029

EZCAL class 3
0.55 4.3160.31 0.18060.026 0.65 4.3660.24 0.21560.012
0.75 5.2360.25 0.22460.010 0.85 5.7160.28 0.22060.010
0.95 6.3660.28 0.22660.010 1.05 7.2860.28 0.23460.013
1.15 7.3260.29 0.25560.021 1.25 7.7060.30 0.27660.028

EZCAL class 4
0.55 3.6860.27 0.16560.024 0.65 4.1960.23 0.19060.009
0.75 4.1160.20 0.20460.008 0.85 4.4560.23 0.21560.010
0.95 5.1560.24 0.21460.010 1.05 5.5960.23 0.22460.012
1.15 5.6160.23 0.25060.021 1.25 6.1860.29 0.33860.047

EZCAL class 5
0.55 2.8060.21 0.18760.030 0.65 2.8160.16 0.20060.010
0.75 3.2260.17 0.20560.009 0.85 3.6660.19 0.21260.010
0.95 3.7160.18 0.21660.010 1.05 3.9360.17 0.22560.015
1.15 4.7660.20 0.24160.019 1.25 4.9860.20 0.29560.035

EZCAL class 6
0.55 1.7360.20 0.25560.078 0.65 2.2860.14 0.18660.009
0.75 2.4260.13 0.21060.009 0.85 2.6960.15 0.19760.009
0.95 3.0660.15 0.21160.010 1.05 3.0960.14 0.20160.010
1.15 3.4260.16 0.23460.020 1.25 3.5760.15 0.28860.035

EZCAL class 7
0.55 1.2760.12 0.14460.024 0.65 1.3660.09 0.17460.011
0.75 1.4160.08 0.20460.009 0.85 1.5960.09 0.20960.011
0.95 1.8060.10 0.19860.010 1.05 1.9460.09 0.20860.012
1.15 2.0760.11 0.21160.018 1.25 2.1560.11 0.22560.021

EZCAL class 8
0.55 0.4460.04 0.14960.026 0.65 0.4560.03 0.17660.010
0.75 0.5260.03 0.17660.008 0.85 0.5260.03 0.18660.009
0.95 0.6260.04 0.16760.008 1.05 0.6960.04 0.16860.009
1.15 0.7060.04 0.20060.016 1.25 0.6960.03 0.24560.029
a
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protons. This is representative of the whole spectrum
compared to using the inverse slope of high momentum
ticles @16#.

For events doubly selected onEZCAL and multNMA , ^mt&
is plotted versus rapidity in Fig. 20 for protons and in Fig.
for pions. The rest massm0 is subtracted to remove th
trivial mass difference between pions and protons. The p
tons have a strong increase of^mt& towards midrapidity. The
pion ^mt& distribution also increases but the dependence
rapidity is less strong. Thêmt& distributions for both pro-
tons and pions show little change as a function of ev
class. Thê mt& distributions forK1 are tabulated in Table
VI.

The change in thêmt& distributions as a function of even
class can be examined by calculating the fiducial averag
^mt& for protons and pions over a common range of rapid
s
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TABLE VII. The fiducial yields forp1 andK1 for each event
class selected solely onEZCAL .

EZCAL class p1 fiducial yield K1 fiducial yield

0–3 % 37.636 0.91 5.976 0.11
3–7 % 32.926 0.63 5.306 0.09
7–12 % 28.286 0.56 4.406 0.07
12–17 % 23.296 0.45 3.536 0.06
17–24 % 18.876 0.38 2.716 0.05
24–32 % 14.556 0.32 2.056 0.04
32–43 % 9.726 0.22 1.236 0.03
43–76 % 3.986 0.09 0.426 0.01
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FIG. 13. The fiducial yields forp1, K1 from Au1Au reactions
at 11.6A GeV/c plotted as a function ofNpp.

FIG. 14. The fiducial yields per projectile participant forp1,
K1 from Au1Au reactions at 11.6A GeV/c plotted as a function of
Npp.

FIG. 15. The restricted rms of thep1dN/dy distribution from
Au1Au reactions at 11.6A GeV/c plotted as a function ofNpp.
^mt
¯&5

( ^mt&dN/dy

( dN/dy

~15!

between 0.6,y,1.4.

The ^mt
¯&2m0 for pions and protons is plotted for eac

event class doubly selected onEZCAL and multNMA in Fig.

FIG. 16. The ratio of fiducial yieldsK1/p1 from Au1Au re-
actions at 11.6A GeV/c plotted versusNpp. The box atNpp is the
K1/p1 ratio over full phase space from isospin-averagedN-N col-
lisions at the same beam energy@9#.

FIG. 17. Thep1dN/dy distributions from Au1Au reactions at
11.6A GeV/c are plotted for the most centralEZCAL cuts divided
into three multNMA regions~Table III!. Each column corresponds t
a range inEZCAL with the most geometrically central events in th
left column. For a givenEZCAL , the multiplicity increases from
bottom to top. The open points are the data reflected about mi
pidity.
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FIG. 18. The K1dN/dy distributions from Au1Au reactions at
11.6A GeV/c are plotted for the most centralEZCAL cuts divided
into three multNMA regions~Table III!. Each column corresponds t
a range inEZCAL with the most geometrically central events in th
left column. For a givenEZCAL , the multiplicity increases from
bottom to to top. The open points are the data reflected about m
pidity.
FIG. 19. The fiducialK1/p1 from Au1Au reactions at 11.6A
GeV/c for events doubly selected on multNMA and EZCAL . Each
panel corresponds to a range inEZCAL ~left panel 0–3 %, middle
panel 3–7 %, right panel 7–12% of the interaction cross secti!.
Within each panel theK1/p1 ratio is plotted versus the NMA
multiplicity.
TABLE VIII. The dN/dy and ^mt&2m0 distributions forp1 in Au1Au reactions at 11.6A GeV/c for
each event class doubly selected onEZCAL and multNMA ~Table III!.

y dN/dy ^mt&2m0 y dN/dy ^mt&2m0

EZCAL class 1, multNMA class 1
0.71 42.063.0 0.20260.011 0.90 55.364.1 0.20660.012
1.10 62.763.0 0.22560.008 1.31 65.762.8 0.23660.010

EZCAL class 1, multNMA class 2
0.71 47.563.4 0.19360.010 0.90 55.764.1 0.20860.012
1.10 59.363.0 0.22360.007 1.31 61.262.6 0.24560.007

EZCAL class 1, multNMA class 3
0.71 43.964.3 0.20860.034 0.90 55.165.1 0.20060.013
1.10 54.363.0 0.21760.011 1.31 55.662.9 0.23860.010

EZCAL class 2, multNMA class 1
0.71 46.864.1 0.18560.008 0.90 49.364.3 0.20360.011
1.10 58.862.8 0.21960.008 1.31 58.162.3 0.24160.007

EZCAL class 2, multNMA class 2
0.71 42.563.7 0.19360.008 0.90 43.163.0 0.21860.012
1.10 51.062.3 0.22260.008 1.31 58.562.1 0.22860.007

EZCAL class 2, multNMA class 3
0.71 41.964.1 0.18860.009 0.90 45.864.0 0.20160.012
1.10 50.763.1 0.19960.010 1.31 50.562.3 0.22860.009

EZCAL class 3, multNMA class 1
0.71 39.963.3 0.19360.008 0.90 41.763.2 0.21760.014
1.10 47.362.3 0.21260.007 1.31 51.962.3 0.23160.008

EZCAL class 3, multNMA class 2
0.71 40.464.2 0.18560.011 0.90 43.764.2 0.19560.013
1.10 46.762.5 0.20760.008 1.31 49.462.2 0.22660.007

EZCAL class 3, multNMA class 3
0.71 38.865.2 0.18460.014 0.90 33.062.2 0.22160.012
1.10 40.361.9 0.22860.008 1.31 43.661.7 0.22160.008
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TABLE IX. The dN/dy and^mt&2m0 distributions forK1 in Au1Au reactions at 11.6A GeV/c for each
event class doubly selected onEZCAL and multNMA ~Table III!.

y dN/dy ^mt&2m0 y dN/dy ^mt&2m0

EZCAL class 1, multNMA class 1
0.71 6.3560.42 0.19860.012 0.89 8.2560.52 0.20560.012
1.10 10.0960.49 0.26960.029 1.29 11.6860.71 0.26460.075

EZCAL class 1, multNMA class 2
0.70 7.3960.43 0.21160.011 0.89 8.1860.47 0.22360.013
1.10 9.6660.46 0.28260.033 1.29 10.3560.84 0.30860.103

EZCAL class 1, multNMA class 3
0.71 7.3560.45 0.22160.012 0.89 7.7760.47 0.22760.013
1.10 8.7160.48 0.24960.026 1.29 10.4060.83 0.22960.058

EZCAL class 2, multNMA class 1
0.71 6.2460.38 0.00060.000 0.89 7.8460.43 0.00060.000
1.10 9.7160.45 0.00060.000 1.29 10.1460.64 0.00060.000

EZCAL class 2, multNMA class 2
0.71 6.5960.36 0.00060.000 0.89 7.9560.42 0.00060.000
1.10 8.3060.39 0.00060.000 1.29 8.9060.51 0.00060.000

EZCAL class 2, multNMA class 3
0.71 6.3460.39 0.00060.000 0.89 6.3160.36 0.00060.000
1.10 8.1060.40 0.00060.000 1.29 8.3760.79 0.00060.000

EZCAL class 3, multNMA class 1
0.71 4.9360.30 0.00060.000 0.89 6.9460.37 0.00060.000
1.10 8.0060.39 0.00060.000 1.29 9.8461.65 0.00060.000

EZCAL class 3, multNMA class 2
0.71 4.9560.30 0.00060.000 0.89 5.8760.34 0.00060.000
1.10 8.2860.43 0.00060.000 1.29 8.8861.00 0.00060.000

EZCAL class 3, multNMA class 3
0.71 4.7260.29 0.00060.000 0.89 5.4460.30 0.00060.000
1.10 6.3560.32 0.00060.000 1.29 7.1660.45 0.00060.000
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22. The^mt
¯&2m0 for protons is larger than for pions, con

sistent with transverse expansion of the system. The va

of ^mt
¯&2m0 for both pions and protons increase slightly

the most geometrically central event class~lowest EZCAL).
There are however no consistent trends in the difference

tween^mt
¯&2m0 for protons and pions, indicating little or n

change in the expansion for different event classes.

TABLE X. The fiducial yields forp1 andK1 in Au1Au reac-
tions at 11.6A GeV/c for each event class doubly selected onEZCAL

and multNMA ~Table III!.

Event class p1 fiducial yield K1 fiducial yield

EZCAL 1 multNMA 1 45.261.4 7.2960.22
EZCAL 1 multNMA 2 44.461.2 7.0460.19
EZCAL 1 multNMA 3 41.361.1 6.7660.26
EZCAL 2 multNMA 1 42.161.1 6.7260.18
EZCAL 2 multNMA 2 38.760.9 6.3360.17
EZCAL 2 multNMA 3 37.261.0 5.7460.17
EZCAL 3 multNMA 1 35.760.9 5.8060.22
EZCAL 3 multNMA 2 35.060.9 5.5360.18
EZCAL 3 multNMA 3 30.860.7 4.7260.13
es

e-

FIG. 20. The proton̂ mt&2m0 versus rapidity from Au1Au
reactions at 11.6A GeV/c are plotted for event class doubly select
on multNMA and EZCAL ~Table III!. Each column corresponds to
range inEZCAL with the most geometrically central events in the le
column. For a givenEZCAL , the multiplicity increases from bottom
to top. The open points are the data reflected about midrapidity
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VII. CONCLUSIONS

Events from Au1Au collisions at 11.6A GeV/c have
been selected in a two-dimensional grid of two global o
servables, the energy near zero degrees,EZCAL , and the mul-
tiplicity, multNMA . Though bothEZCAL and multNMA are sen-
sitive to the collision centrality, they are not the sam
measure.EZCAL provides an estimate of the number of pr
jectile participants, multNMA is sensitive to the full evolution
of the reaction including the many secondary hadron-had
collisions in the participant zone.

The two global observables, multNMA andEZCAL , are cor-
related~Fig. 5! with a significant width to the correlation
The average multiplicity increases nonlinearly with decre
ing values ofEZCAL , similar to the observation in Si1A
reactions@2#. There is no indication of the predicted should
or extra group of rare high multiplicity events@6#.

For moderately central reactions (s/s int,12%) the pro-
ton rapidity distributions do not depend onEZCAL but only
on the event multiplicity. The hypothesis is made that
events with a larger average rapidity loss per nucleon, m
energy is deposited into the collision zone, which leads
greater particle production and higher event multiplicity.
contrast to the change of protondN/dy, the shape of the
proton transverse spectra, over the measured rapidity ra
shows little dependence on the event multiplicity.

The event class with the lowestEZCAL and the highest
event multiplicity has the narrowest protondN/dy distribu-
tion and hence could contain an enriched sample of ev
with a large volume of the most dense matter. This ev
class should offer the best chance to observe new phy
associated with dense matter, e.g., a baryon-rich QGP. H
ever the results summarized below are consistent with
new phenomena being observed.

A baseline comparison for these event-classes has
established by measuring particle spectra over a broad r

FIG. 21. The pion̂ mt&2m0 versus rapidity from Au1Au reac-
tions at 11.6A GeV/c are plotted for event class doubly selected
multNMA and EZCAL ~Table III!. Each column corresponds to
range inEZCAL with the most geometrically central events in the le
column. For a givenEZCAL , the multiplicity increases from bottom
to top. The open points are the data reflected about midrapidit
-

n

-
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r
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ts
t

ics
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of centrality. The event classes in this broad range are so
selected onEZCAL . Both pion and kaon yields increase no
linearly with the number of participants, and theK1/p1

ratio increases with centrality and begins to plateau for
most central reactions. For midperipheral reactions the p
yield per participant increases less with centrality than
kaon yield. The pion yield per participant increases mo
strongly for central reactions compared to midperipheral
actions.

In the event classes that are doubly selected on event
tiplicity and EZCAL , the yields ofp1 and K1 trivially in-
crease with multiplicity since the yields in the spectrome
must track the event multiplicity. TheK1/p1 ratio is exam-
ined for any change in behavior that might indicate the on
of new phenomena. However, it is found to be independ
of multiplicity for a fixed range ofEZCAL .

From the transverse spectra of particles, the^mt&2m0 for
protons is larger than for pions, consistent with transve
expansion. There is no significant change in the proton
pion ^mt& in events doubly-selected onEZCAL and event mul-
tiplicity. These events have different proton rapidity distrib
tions implying different conditions in the reaction zon
However there is no observed change in the transverse s
tra, even for the high-multiplicity, low-EZCAL event class that
most likely has a large volume of high density matter.
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FIG. 22. The fiducial average of^mt&2m0 for protons~filled
circles! and p1 ~open circles! from Au1Au reactions at 11.6A
GeV/c for events doubly selected on multNMA and EZCAL . Each
panel corresponds to a range inEZCAL ~left panel 0–3 %, middle
panel 3–7 %, right panel 7–12 % of the interaction cross secti!.
Within each panel the fiducial average of^mt&2m0 is plotted ver-
sus the NMA multiplicity.
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