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Abstract: We have performed a detailed Monte Carlo (MC) simulation for the Adwarden lon-
ization Calorimeter (ATIC) detector using the MC code FLUKA-2006 whicleapable of simulating
particles up to 10 PeV. The ATIC detector has completed two succesdfoibb flights from McMurdo,
Antarctica lasting a total of more than 35 days. ATIC is designed as a muligpig,duration balloon
flight, investigation of the cosmic ray spectra from below 50 GeV to nearTe&®0total energy; using a
fully active Bismuth Germanate(BGO) calorimeter. It is equipped with alangsaic of silicon detector
pixels capable of charge identification, and, for particle tracking, threegive layers of x-y scintilla-
tor hodoscopes, located above, in the middle and below a 0.75 nucleactida length graphite target.
Our simulations are part of an analysis package of both nuclear (A¢rerdy dependences for different
nuclei interacting in the ATIC detector. The MC simulates the responsefefelift components of the
detector such as the Si-matrix, the scintillator hodoscopes and the BGOretkarto various nuclei. We
present comparisons of the FLUKA-2006 MC calculations with GEANTwations and with the ATIC
CERN data and ATIC flight data.

Introduction with a statistical accuracy of better thaa% for
protons at the highest energy.[1] The ATIC b
High energy cosmic rays are the only sample of loon payload was launched to an altitude of 36 |
matter from distant regions of our galaxy and pos- above sea level from McMurdo, Antarctica in D
sibly elsewhere in the universe, that can be directly cember 2000 and December 2002. The total
observed by balloon-borne or space-based exper-these two flights lasted more than 35 days.
iments. Understanding the cosmic ray composi- |n this paper, we discuss a data analysis tool
tion, their origin and acceleration, how they propa- have developed based on FLUKA-2006. This cc
gate, is a fundamental problem with a major impact provides the capability of simulating high ener
on our knowledge of the universe. The Advanced interactions well beyond 100 TeV, the highest €
Thin lonization Calorimeter (ATIC) is a balloon-  ergy measured by the ATIC detector.
borne experiment designed to investigate the ele-
mental spectra of protons and other nuclei up to
Z = 26, for energies from 50 GeV to 100 TeV,
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ATI C Det&t OI’ CERN-M CData- 375GeV Protons |

The ATIC detector shown in figure 1 is com- oo
prised of a fully active50 cm x 50 em x 20 em F
deep BGO calorimeter, preceded by three 10 cm g
thick graphite targets sandwiched between panels a0l
of scintillator hodoscopes, having an outwardly B
projective angle of 24 degrees. It is equipped at g
the top with a large mosaic of silicon detector pix- S I
els capable of charge identification. The construc-

tion and commissioning of the detector, the data

acquisition system and the software development Figure 2: Comparison of CERN 375 GeV protc
for the detector, and detector calibration are dis- data with GEANT. The Mean value and the RN
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cussed elsewhere [1]. value for MC data(Red line) are 141.64 and 55..
respectively. The Mean value and the RMS va
SILICON WATRIX for CERN data(Blue line) are 138.36 and 50.:

GRAPHITE respectively.
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particles such as p, e apd GEANT has some of
limitations for simulations at very high energies
10's TeV to PeV range) and cannot provide sirr
lations of heavy ions.

One of the primary goals of ATIC is to determir
the indices for the energy spectrum of heavy ic
from He, C, N, O to Fe up to very high energie
For this purpose we chose the FLUKA MC code

GRAFHITE

52

Figure 1: ATIC detector.

Description of the FLUKA Code, and

ATIC-FLUKA
GEANT-3.21, ATIC Monte Carlo and
CERN Data FLUKA is a multi-particle, multipurpose Montt
Carlo code used in many different fields su
We have written a MC code for the ATIC detec- as medical physics, astrophysics and high ene
tor using GEANT-3.21, that has the capability to physics. It has been tested and verified with r
generate events with energies less than 20 TeV fordata[2][3][4]. One of the main reasons for u
hadrons. Figure 1 was generated by GEANT-3.21 ing FLUKA for ATIC is the ability to transport
using a geometry input file for the ATIC detector. heavy ions at very high energies, approximately
In 1999, the ATIC detector was calibrated using PeV. We implemented the ATIC geometry in ti
test beams at CERN. The detector was illuminated FLUKA code. Events were randomly generated
with 375 GeV protons, 300 GeV electrons, 150 position, direction and energy above the Si-mat
GeV electrons and 150 GeV pions. Figure 2 shows plane. An energy dependence bBf >7 was as-
the energy spectra from data and MC simulations sumed. Figure 3 shows a 150 GeV proton ve
for 375 GeV protons. The data and the simulated cally incident on ATIC very close to the center
results agreed well as expected. Note the MC cal- top of the detector.
culations have been performed for the same num-
ber of events as the data. GEANT is widely used in
high energy physics for the simulation of primary
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150 GeV proton ATIC-FLUKA

Z(cm)

Figure 3: A 150 GeV proton interacting in the
ATIC detector. Colors in the plot denote different
densities of energy deposit in the detector.
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Figure 4. Comparison of the deposited energy
spectra in the BGO calorimeter for 150 GeV pro-

tons from GEANT and FLUKA calculations.

Heavy lon Simulation

One of the primary goals of ATIC is to determine

the indices for the energy spectra of nuclei such
as He,C,N,O up to Fe. For this purpose, we im-

plemented the DPMJET-3 interface to the FLUKA
input card file.

Event Generation and Reconstruction

Events passed through all layers - 10 GeV to 100 TeV protons_ |

Entries 250252
Mean 5.787

itp dn _ ~p270
GenE with 9E- CE

Figure 5: Energy deposited in the BGO calorime
by events satisfying the fiducial volume cut.

GeV to 100 TeV. After applying a fiducial volum
cut on the particle trajectory 2.5 cm from the ed
of the calorimeter in x and y, 250,000 events |
mained. Figure 5 shows the distribution of tl
energy deposited in the BGO calorimeter for t
events passing the fiducial volume cut. The res
ing MC generated data are in the same formai
the actual data and can be analyzed in the si
manner.

ATIC-FLUKA and Flight Data

The reconstruction of the trajectory of flight da
was obtained from a? fit using the weighted
pulse-heights in the BGO crystals. The trajectc
was them improved using the position of the |
pixel in the Si-matrix plane as well as any hit sci
tillator along its intersection with the hodoscog
The charge in the Si pixel with angle correctic
was compared with the response of FLUKA M
for Si-pixel for elements from H to Fe. Thi
method of analysis readily provides the radiati
and relativistic corrections in Bethe-Bloch equ
tion, which is used to determine the Z value of t
incident particle on the detector. Also, the dets
tor has a threshold cut of 50 GeV energy depc
tion in calorimeter. The study of ATIC-FLUKA
show that the incident energies of different pi
ticles are different for the same threshold ener

We have written a user code to generate events ran-Therefore, after determining the deposition ene

domly according to the above power Iaﬁ% =
CE~27 with energies ranging from 10 GeV
to 100 TeV. We ran the ATIC-FLUKA MC for

in the calorimeter for a certain particle, we use 1
FLUKA calculation to find the primary energy ¢
the particle. Figures 6, 7, and 8 show the prim:

1,000,000 protons with energies ranging from 50 energy versus the energy deposited in the B
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Primary Energy Vs. Deposited Energy - ATIC-FLUKA
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Figure 6: Primary energy versus energy deposited Figure 8: Primary energy versus energy deposi

in the BGO calorimeter for H.
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Figure 7: Primary energy versus energy deposited
in the BGO calorimeter for He.

calorimeter. The study of elements from H to Fe
shows that the fitting parameters ( slope and the
constant ) of primary energy per nucleon versus
energy deposit in the calorimeter, are different for
different elements.

Conclusion

A simulation code was developed for the ATIC
detector using FLUKA-2006. This code can be
used to simulate ATIC events for very high en-
ergy primary particles (p,e, andetc.) and heavy
ions. The FLUKA-2006 code provides simulation
of particles to the maximum energy 100 TeV
measured by ATIC. We compared MC data from
standard GEANT-3.21 and FLUKA below 20 TeV.
The agreement is reasonable. This ATIC-FLUKA
MC code provides an important tool for the analy-
sis of the ATIC flight data.
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