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The pseudorapidity distributions are analyzed as a function of transverse energy pro- 
duced in the target or central pseudorapidity regions. The transverse energy per charged 
particle is presented as a function of pseudorapidity and centrality. 

1. Experimental  setup. Multiplicity Detector 

The E877 experimental setup is an upgrade of the E814 setup [1,2]. For the current 
analysis we use data primarily from the Multiplicity Detector. The data from the Partic- 
ipant and Target Calorimeters provide a measurement of the centrality of a collision. 

The Multiplicity Detector, shown in Fig. 1, consists of two identical silicon pad detec- 
tors, each of which was made from a disc of silicon 300 pm thick and approximately 3.8 cm 
in radius. To reduce the number of &electrons reaching these detectors, two 3 mm thick 
aluminum absorber plates were placed upstream of each plane of silicon. The detectors 
are segmented into 8 concentric rings of 64 pads each. One detector, located 3.37 cm from 
the target, covers the pseudorapidity region 0.87 < < 1.61, and the other, located 8.17 
cm from the target, covers the region 1.61 < 7 < 2.46. The size of the pads corresponds 
approximately to 0.1 in both 0 and az- _ _  
imuthal angle $, which determines the - -  . _ .  
angular resolution in this measurement. 
The Participant Calorimeter (PCal) is a 
lead/iron/scintillator sampling calorime- 
ter with a depth of 4 interaction lengths 
and a radius of approximately 84 cm. 
PCal measures energy flow into the pseu- 
dorapidity region 0.83 < q < 4.7. The 
Target Calorimeter (TCal) is made of 992 

deep. It covers the backward hemisphere 
NaI crystals each 5.3 radiation lengths DeMOr I D.t.sla 1 

Figure 1. Multiplicity Detector. 
(-0.5 < 7 < 0.8). 
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teraction length for a gold projectile), Cu (500 mg/cm2, x2%), Au (540 mg/cm2 and 
980 mg/cm2, ~ 1 %  and 1.8%), and U (575 mg/cm2 and 1150 mg/cm2, ~ 1 %  and 2%). 

2. Analysis 

Pulse height spectra. In the vicinity of pedestal the pulse height distribution in each 
pad was fitted by a Gaussian; this fit gives the width of the electronic noise distribution 
in each channel, and permits to evaluate the mean occupancy of the pad. The part of 
the distributions above the pedestals were fitted by a Landau distribution convoluted 
with a Gaussian describing the electronic noise and the effects of atomic binding of the 
electrons. Two different fits were carried out: (a) assuming a Poisson distribution in the 
number of hits in the pad, (b) assuming the probabilities of single and double hits are 
free parameters. For pads with mean occupancy M 0.3 the ratio of observed double hits 
to the value expected from Poisson statistics was estimated x 1.3. The effect is due to 
the 7-conversions in the target and in the absorber. 

Beam position. To define the relative position of the Vertex and Multiplicity detectors, 
and to evaluate the mean vertical beam offset, a special study of hit centroid distribu- 
tion was carried out. The method used is sensitive to the displacements of 0.2-0.3 mm. 
The correction for multiple hits was done pad by pad using the average pad occupancy 
separately for each value of the beam position. 

Upstream interactions. For heavy targets the correction for upstream interactions is 
about 20% for the lowest centrality bin. For mid-central and central events the correction 
is negligible. For the A1 target the contribution of upstream interactions is about 40% for 
low Et events and grows with Et. 
Gumma conversions. The relative contribution of 7-conversions to the pseudorapidity 

distribution of charged particles was calculated using FRITIOF and RQMD generated 
events combined with a GEANT simulation of the detector. For a heavy target (Au or U) 
about 5% of all hits are due to 7 conversion in the target and 1% due to the conversion 
in the absorber. Due to their small opening angle about 30% of e+e--pairs occupy the 
same pad of the detector. 

Delta electrons. The 3 mm aluminum absorber reduces the number of &electrons by 
about a factor of 10. The mean number of &electrons after the absorber was found - 13 - 15 for 1% Au target and - 22 - 25 for 2% Au target. For the correction to 
d N , h / d ~  we use GEANT calculations, checked by comparison with data of (a) &electron 
distributions in “beam” (no interaction in the target) events, and (b) the total number of 6- 
electrons for the real events. Note that the GEANT cutoff parameters affect the low energy 
part of the &electron energy spectrum. Due to the absorption of low energy electrons in 
the aluminum absorber plates, we are insensitive to the choice of these parameters. 

. 

3. Results 

Global variables distributions. In our data we observe no drastic changes in the charged 
multiplicity fluctuations between central and non-central events and no large scale fluc- 
tuations in the ratio of charged and neutral particle multiplicities. The central Au+U 
collisions produce about 20% more Et in the target region -0.5 < 77 < 0.8 and about 5% 
more in the central region 0.8 < 77 < 4.7 compared with Au+Au collisions. Primarily the 
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TCal Et data were used as the measure of centrality of the collisions. The differential 
cross sections in TCal Et for different targets are shown in Fig. 2. 

Pseudorapidity distributions. Charged F 

particle pseudorapidity distributions for dif- 
ferent targets are presented in Fig. 3. The 
parameters for the Gaussian fits for central 
collisions are: Au+Au - (dNch/dV)peak w 
268, ?)peak M 1.76, U, M 1.05; Au+U - 
(dNA/dV)peak M 285, qpeak M 1.71, 0, M 

1.05. The asymmetry for low centralities is 
caused by slow protons from target fragmen- 
tation. The highest Et bins correspond to 
values of at,( Et)/a,,,, from approximately 

x 1.0 

0 

2% for Au+A1 to 012% for Au+U. The sys- El ( G N  
Figure 2. Differential cross sections in TCal tematic error in the magnitude is about 3% 

in the mid-pseudorapidity region for central 
Au+Au collisions, and somewhat larger (about 5%) for lower pseudorapidities. 

(-0.5 < 7 < 0.8) Et. 
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Figure 3. Charged particle pseudorapidity distributions 

Comparison with dEt /dq  . 
For the comparison (Fig. 4) we 
use the dEt/d7 distributions 
from [2]. The peak position of 
dNch/dq is very close to that 
of dEt/dq. It is smaller for 
lower centrality, due to the rel- 
atively larger contribution of 
slow protons from the target 
fragmentation. The width of 
the dNch/dq distribution de- 
creases as centrality increases 
(similar to dNch/dq data for 
both the Au and Si beams), 
and is larger than the corre- 
sponding width of the d E t / d q  
distribution. 

elso 

>140 : 

'0 110 : 

F 
- 0 .  

2 .  

100 - 

80 - 
60 - 
40 - 
ao 

Figure 4. (a): dNch/dq distributions in Au+Au collisions 
for different PCal Et regions. (b): Peak position and the 
width of the Gaussian fit to dNch/dq as a function of cen- 
trality (Ef=318 GeV) in comparison with parameters of the 
analogous fits to dEt/dq [2], shown as open circles. 
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Comparison with Monte Carlo calculations. RQMD describes the data better than 
FRITIOF, but both event generators fail to reproduce all features of the data. RQMD 
exhibits a very tight Nch - PCal Et correlation, while the Nch - TCal Et correlation is 
rather loose, in comparison to the data. This results in lower mean Nch for the events 
with highest TCal Et in comparison with the mean N c h  for events with highest Peal Et. 

Et per charged particle. Ratio of peak values of dNch/dq for central Au+Au collisions 
(measured at 10.8 GeV/nucleon) and dEt/dq (11.4 GeV/nucleon) is 0.76 GeV. Rescaling 
with the available energy gives 
a value of 0.72 GeV, which is 
significantly higher than that 
in p+Pb (about 0.45 GeV), 
Si+A1 (0.55-0.59 GeV) and 
Si+Pb (0.52-0.54 GeV) colli- 
sions, at an even higher beam 
energy of ~ 1 4 . 6  GeV/nucleon. 
Note that we compare the Et 
per charged particle for cen- 
tral events triggered on Et. 
The analysis of RQMD re- 
sults shows that the depen- 
dence of Et per charged par- 
ticle on centrality and projec- 
tile/target nuclei is almost 

F 1  :: 0.9 
Y 

0 0 . 8  

-3 0.7  

x 0 . 6  

- u 

t o . 5  

2 0 .4  

a 
0 . 3  

= 0 . 2  

0.1 

0 1 2 3 
7 

@::+ . , (b), , , , , , 9 *’*. - M T A  

P - W O  
a 
= 0 . 2  

0.1 0 -mmf 

‘ 0  100 200 300 8 

G (W 
Figure 5. Et per charged particle, compared with predic- 
tions from RQMD and FRITIOF. (a) pseudorapidity de- 
pendence for central events (PCd Et 310-330 GeV); (b) 
PCal Et dependence of Et per charged particle in the region 
1.5 < q < 2.0. 

totidly due to: (a) changes in transverse energy deposited by nucleons, and (b) the dif- 
ference in the ratio of charged to all final state particles. 

4. Summary 

The charged particle pseudorapidity distributions have been measured with the system- 
atic error about a few percent in Au+A1, Cu, Au, and U collisions at 10.8 A.GeV/c using 
a silicon pad detector. Particle densities for the most central Au+Au collisions are -270 
particle/unit of rapidity, and -285 particle/unit of rapidity for Au+U collisions. The 
transverse energy per charged particle for central Au+Au collisions is close to 0.72 GeV, 
significantly higher than observed in Si beam interactions. 

This research was supported, in part, by the U.S. DOE, the NSF, and Natural Sciences 
and Engineering Research Council of Canada. 
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The pseudorapidity distributions are analyzed as a function of transverse energy p 
duced in the target or central pseudorapidity regions. The transverse energy per charged 
particle is presented as a function of pseudorapidity and centrality. 

1. Experimental setup. Multiplicity Detector 
- 

The E877 experimental setup is an upgrade of the  E814 setup [1,2]. For the current 
analysis we use data primarily from the Multiplicity Detector. The data from the Partic- 
ipant and Target Calorimeters provide a measurement of the centrality of a collision. 

The Multiplicity Detector, shown in Fig. 1, consists of two identical silicon pad detec- 
tors, each of which was made from a disc of silicon 300 pm thick and approximately 3.8 cm 
in radius. To reduce the number of &electrons reaching these detectors, two 3 mm thick 
aluminum absorber plates were placed upstream of each plane of silicon. The detectors 
are segmented into 8 concentric rings of 64 pads each. One detector, located 3.37 cm from 
the target, covers the pseudorapidity region 0.87 < '7 < 1.61, and the other, located 8.17 
cm from the target, covers the region 1.61 < q < 2.46. The size of the pads corresponds 
approximately to 0.1 in both q and az- 
imuthal angle 4, which determines the 
angular resolution in this measurement. 
The Participant Calorimeter (PCal) is a 
lead/iron/scintillator sampling calorime- 
ter with a depth of 4 interaction lengths 

Peal  measures energy flow into the pseu- 
dorapidity region 0.83 < 9 < 4.7. The 
Target Calorimeter (TCal) is made of 992 

deep. It covers the backward hemisphere 

The data were taken with several targets, A1 (242 mg/cm2, approximately 1.9% of an in- 
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Figure 1, Multiplicity Detector. 
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teraction length for a gold projectile), Cu (500 mg/cm2, x2%), Au (540 mg/cm2 and 
980 mg/cm2, =l% and 1.8%), and U (575 mg/cm2 and 1150 mg/cm2, -1% and 2%). 

2. Analysis 

Pulse height spectra. In the vicinity of pedestal the pulse height distribution in each 
pad was fitted by a Gaussian; this fit gives the width of the electronic noise distribution 
in each channel, and permits to evaluate the mean occupancy of the pad. The part of 
the distributions above the pedestals were fitted by a Landau distribution convoluted 
with a Gaussian describing the electronic noise and the effects of atomic binding of the 
electrons. Two different fits were carried out: (a) assuming a Poisson distribution in the 
number of hits in the pad, (b) assuming the probabilities of single and double hits are 
free parameters. For pads with mean occupancy M 0.3 the ratio of observed double hits 
to the value expected from Poisson statistics was estimated M 1.3. The effect is due to 
the ?-conversions in the target and in the absorber. 

Beam position. To define the relative position of the Vertex and Multiplicity detectors, 
and to evaluate the mean vertical beam offset, a special study of hit centroid distribu- 
tion was carried out. The method used is sensitive to the displacements of 0.2-0.3 mm. 
The correction for multiple hits was done pad by pad using the average pad occupancy 
separately for each value of the beam position. 

Upstream interactions. For heavy targets the correction for upstream interactions is 
about 20% for the lowest centrality bin. For mid-central and central events the correction 
is negligible. For the A1 target the contribution of upstream interactions is about 40% for 
low Et events and grows with Et. 

Gamma conoersions. The relative contribution of 7-conversions to the pseudorapidity 
distribution of charged particles was calculated using FRITIOF and RQMD generated 
events combined with a GEANT simulation of the detector. For a heavy target (Au or U) 
about 5% of all hits are due to 7 conversion in the target and 1% due to the conversion 
in the absorber. Due to their small opening angle about 30% of e+e--pairs occupy the 
same pad of the detector. 

Delta electrons. The 3 mm aluminum absorber reduces the number of &electrons by 
about a factor of 10. The mean number of 6-electrons after the absorber was found 
N 13 - 15 for 1% Au target and N 22 - 25 for 2% Au target. For the correction to 
dN,h/dr) we use GEANT calculations, checked by comparison with data of (a) S-electron 
distributions in “beam” (no interaction in the target) events, and (b) the total number of 6- 
electrons for the real events. Note that the GEANT cutoff parameters affect the low energy 
part of the &electron energy spectrum. Due to the absorption of low energy electrons in 
the aluminum absorber plates, we are insensitive to the choice of these parameters. 

3. Results 

Global variables distributions. In our data we observe no drastic changes in the charged 
multiplicity fluctuations between central and non-central events and no large scale fluc- 
tuations in the ratio of charged and neutral particle multiplicities. The central Au+U 
collisions produce about 20% more Et in the target region -0.5 < 77 < 0.8 and about 5% 
more in the central region 0.8 < 77 < 4.7 compared with Au+Au collisions. Primarily the 


