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Abstract

We have implementd evert generatas of relaivistic ion interactiors to adetecto simulation packag GEANT
to understad the enagy deposition ard shower profile macde by cosmc ionsin the ATIC experiment For 200
A - GeV/lc Feion projectiles we obseve a differen@ of abou 10% in the mean enegy depositim ard get
enagy resolution of abou 10-1®%6 dependig on the choiee of the evert generata The differene can be
attributed to the so called spectato fragmentation The mean enegy deposition in the calorimete shows a
linear dependereon the mas numbe and the incidert eneggy per nuclem of the projectile ions for the range
of 40 A - GeVicto 200 A - GeV/c Thelongitudind ard laterd shower profiles depem on the electromagnetic
shower startal by 70 particles produce in the hadran interactions.

1 Introduction

The Advancel Thin lonization Calorimete (ATIC) will investigaé the chage compositimn and enegy
specta of primary cosmt rays over the enegy range from about10'° eV to about10'* eV. The measurements
of the differentid enegy spectrun are often summarizd in a plot, which shows the knee of the spectrum
betweenl0'® and10'6 eV (Gaisse T.K. et al., 1998) Recenty a similar measuremerby the JACEE collab-
oration basel on the emulsian technique was reportel (Asakimoi K. et al., 1998) A variety of modek such
as the supermva remnans modéd (SNR) have beean propose to explain the knee The mas compositia of
cosmc rays are relevart to both origin ard propagationand specificall, the SNR modé predics achange in
the mass compositio arourd the knee Hence,measuremextf the compositio ard the enegy specta of the
primary cosmc rays arourd the knee is of grea importane (Erlykin and Wolfendak 1997) Heavy ion inter-
actiors in this range are also of interest ard they are unde acive study by accelerato basel experimens at
the BNL AGS (J. Barrete et al., 1999 ard at the CERN SPS (Seyboth P. et al., 1999) The anti-centaun event
reportel by JACEE collaboratiom is a goad exampk of sud an interestirg event(H Wilczynsk et al., 1997).
The obsevwation of thes types of event has motivated many acceleratobase experiments An experimental
seart for thep + p reaction showed a negaive resut (Bjorken J.D. et al.,1997) Experimentaseart for the
ion interactiors is being continue (Steinbeg P. et al.,1998).

Measuremetof the chage compositiom and enegy specta of primary cosmc rays in the plannal range is
the majar god of the experiment ATIC. While the latter subjec includes many interestirg possibilities it also
plays as the systematt uncertainy facta to the primary measurementsATIC operats in the sane region as
JACEE but with a differert measuremertechnique ard it is importart to understad the systemati unce-
tainty causé by uncertainy in theion interactiors and the sensitvity of the detecto to thes uncertaintiesFor
this goal we have implemente the event generatas of relaivistic ion interactiors to the detecto simulation
packag@ GEANT (Brun. R. et al.,1994) and studial the systemat: uncertaintis in enegy and shower profile
measuremestof ATIC for the enagy range 40 A - GeV/c t0 200 A - GeV/ ¢, where an acceleratobean test
isachievable.

2 Detecta configuration and Observables

The detecto includes the target moduk of abou one proton interaction lengh and 2 radiatian lengthesand
the calorimete moduk is composd of abou 400 BGO crystals ead of which has approxima¢ demensions



of 2.5em by 2.5¢m by 25¢m. The crystals are arranged in 10 layers, and each layer has an area of 50
by 50 cm?. The total thickness of the calorimeter is @& corresponding to 22 radiation lengths and 1.1
interaction lengths (Seo et al.,1996). The 400 crystals are read independently,and the total deposited energy
E;.; is obtained by the sum of the energy deposited in each crystal. Shower profiles are studied in units of the
crystal thickness and widths.

3 Systematics in the particle production of the ion interactions

In the case of proton incidence, there is a considerable fraction of energy passing through the detector,
as well as a large fluctuation of the energy de-
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We compare predlctlons of the models with dag nerators and the data for the central S+S reactions at
of the NA35 Collaboration (T. Alber et al., 199 004 - GeV/c

in Fig. 1 for the rapidity distribution of nega-
tively charged particles ™ resulting from central S + S reactions280A - GeV/c. Both models show good
agreement with the data but the DPMjetll model produces about 10% more particles than the RQMD model in
the midrapidity region. Most of the~ particles are composed of particles, and the distribution of the
particles is close to that af® andz particles from isospin symmetry. For this reason, the rapidity distribution

of theh s is often used to discuss the degree of stopping of the projectile ion by the target nucleus (Seyboth
P. etal., 1999). The rapidity distribution of the produe€particles is closely related to the distribution of the
angle of the produced particles. The models will be realistic in describing the electromagnetic component
in the total energy deposited in the calorimeter and the shower profile, since the EM component is closely
related to ther® production, as will be discussed later.

Baryons carry a large fraction of the energy after the ion interactions, so we also compared the lateral distri-
bution of protons with the data of NA44 (Boggild H. et al., 1998). In this comparison, the DPMijetll model
underpredicts the high, tail. This is due to the fact that the dual parton model is a multi-chain model, and
the chains in p-p, p-A or A-A collisions have the same properties. Accordingly, the model can not reproduce
the large change in the, distributions from they + p reaction to the centrall + A collisions,according to

the author of the model. The present comparison was performed for the soamilliedl interactions but a

large fraction of ion interactions belong to the so-cafpedipheral collision Baryons produced at O degree for



peripheral collisions exist frequently as nuclei,rather than being individual nucleons (Ogilvie C.A. et al.,1996,
Singh G. et al.,1994,1996). The DPMjetll model includes a fragmentation model for the spectators for periph-
eral interactions (Ferrari A. et al., 1996). The RQMD model reports the spectators as individual nucleons, and
we apply a simple coalescence model to those spectator nucleons to account for fragmentation of the spectator.
In this case, most of the projectile spectator nucleons are coalesced to a nucleus.

4 Mean energy deposition and Shower profile

Figure 2 shows the total energy deposited in the BGO calorimeter 2fftefr- GeV'/c Fe ions make a nor-
mal incidence at the center of ATIC. Simulation usil 200 A GeV lon projectile
DPMijetll shows the large¥,,,c..., the mean energ)
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The E,.cqan per nucleon is similar to that of the 2@eV/c proton projectile. We inspected the linearity in
E,.can TOr the oxygen (O) and ion (Fe) projectiles incident at4l0G eV and 2004 - GeV'. The inspection re-

veals a good linearity, better than 5%, with respect to mass number and the incident energy per nucleon of the
projectile. The energy resolution(E)/E, is about 10-17% depending on the choice of the generator when
200A - GeV/c Fe ions is incident on ATIC. Whild,,..,, shows a behaviour similar to the superposition of
individual nucleons, the width of thg;,; distribution is considerably bigger than that expected from a simple
superposition model. We believe fragmentation of the spectators plays an important role in determining the
width of the distribution.

Figure 3 shows the shape of this shower development for a typical event simulated with the DPMjetll
generator whef00A - GeV/c Fe ions made a normal
incidence on the center of ATIC. The longitudinal de-

S velopment of the shower in the BGO calorimeter can
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ing to about 8 radiation length. The three lines in
. Fig. 3 display the longitudinal development whes
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Number of the BGO layer of the Fe ion projectile. If we use the RQMD model
Figure 3: The typical shape of the deposited energyth simple coalescence to simulate the ion interac-
in the BGO calorimeter wheR00A - GeV/c Fe ions tions, the longitudinal shower development shows a
made a normal incidence on the ATIC at the center.larger fluctuation in the position of the shower maxi-
mum. This behavior is consistent with the behavior of other observables, and we deduce that the fluctuation of
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the interaction point of the secondary ions is an important element to be understood. The lateral development
of the energy deposition in the BGO calorimeter is characterized by a narrow core with a wide tail and the
root-mean-square of the distribution shows a minimum at the layer of the shower maximum. A large frac-
tion of the deposited energy,more than 80% of g ,is contained within the Madife radius at the shower

max. This is similar to electromagnetic shower started by y (Groom D.E., 1998). By projecting the pro-
ducedr”’s on to the surface of the BGO crystals, we observed the lateral development made by the kinematic
distributions resulting from hadron interactions are only a small fraction ofRtye We conclude that the

lateral development of the shower is characterized by the electromagnetic shower started after the decay of the
producedr? particles.

5 Conclusion and Outlook

By implementing the generators of relativistic ion interaction in the GEANT package, we have studied the
systematic uncertainties and sensitivity of ATIC. Two selected event generators, the RQMD and the DPM-
jetll, show fair agreements with the measured data:foproduction, which is closely related to the energy
deposited in the BGO calorimeter. We added a simple coalesce model to the RQMD model to account for
spectatorfragmentation, which differs from the DPMijetll model for the studied range. We address the dif-
ference as the possible source of the systematic difference in energy distribution and the longitudinal profile
of the shower development between the two simulation results. With a beam test, we will be able to improve
our understanding of the systematics. Measurement of relativistic ion interactions arodndi2d region
will be made at the BNL RHIC in the near future (Nagamiya S. et al.,1993). The longitudinal development of
showers in the BGO calorimeter is sensitive to secondary ion interactions, and the identification of an exotic
event ,such as the anticentauro event,remains as a possibility.
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