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Abstract: TheECSm2.0 package version is released aimed at simulation of te@@mnent of nuclear-
electromagnetic cascades initiated by different pagidtestratified media with a particular attention
paid to a response of X-ray emulsion chambers. Featur&C8m 2.0 and results of simulation are
discussed for the case of the passage of electrons-aags through thé-block of Pamir experiment
X-ray emulsion chambers.

Introduction interactions at& > 80 GeV using the QGSJE~
model [3] (following version 1.0);
TheECSm 2.0 package version is intended for de- e simulation of NECs initiated in the chamber &
tailed 3D-simulation of development of nuclear- hadrons of various typeg (p, n/7, =, K/K and
electromagnetic cascades (NEC) initiated by dif- S0 on),e®,~-rays at different incident angles (ne
ferent particles, from protons to nuclei, in X- feature);
ray emulsion chambers (XREC) on the basis of e tracking of correlated groups of particleg ¢+,
GEANT 3.21 package. It is based on tBESm h) of high energy £ > 4 TeV), the so-called-h
1.0 [1] used by RUNJOB experiment which, how- families, passing through XREC that requires sl
ever, cannot be directly applied to the simulation of stantial changes in the logic of processing of the
the ground-based experiments detecting secondaryevents (new feature),
particles ¢, K etc.). TheECSm 2.0 code can e simulation of the passage of superhig
be used in a broader field of problems for simu- energy muons with appropriate cross sections
lations of NECs in complex and multi-layer media bremsstrahlunge™ e~ pair production, knock-or
in a wide range of energies from 10 keV40100 electron production and nuclear interaction simi
PeV accounting for specific measuring procedures to those used in GEANT4 (new feature);
exploited in XREC experiments. This paper is de- e accounting for the LPM effect which appreciab
voted to the simulation of th@amir experiment decreases the pair production cross section at |
XREC response. enough energiedq > 70 TeV) in the case of high-
Z lead absorber, the most frequently used one

. . . . XREC structures; respectively, the muon cross <
Simulation of particle propagation pro- tion was reduced by a factor proportional to the

cessesthrough XREC ray cross section decrease at the same energy
feature);

TheECSmyv. 2.0 package incorporates: e LPM-corrected cross sections for bremsstrahlt

e the LPM effect for electromagnetic processes by electrons and pair production byrays were

(following version 1.0); extended up ta0'® eV energies (new feature).

e generation of hadron-hadron and hadron-nucleus
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Figure 1: (a) Average optical density)) dependence on primary ener@¥,) at 9-r.l. depth fory-rays
(circles) and electrons (triangles), incident angleslafe< ¢ < 25°. Empty squares and triangles are t
data of [2] fore/ flux with incident angle$° < 6§ < 5° and15° < 0 < 25°, respectively, at 9-r.I. deptr
(b) Average "measured” energ¥mc.s) dependence on primary ener@y of electrons (squares) and

rays (triangles) at 9-r.l. depth, incident angles@te< < 12°. Straight line is the cas@cas) = Eo.

EC3Im 2.0 makes it possible to analyze the NEC While charged particles cross the emulsion pla
development in any stratified medium. Test results their numberN; in ith cell is summed up ant
show good agreement with other authors’ data. For recorded, and the darkneBsis calculated accord

instance, then.;, transition curves in Pb in cas-
cades initiated byy-rays of energyEy = 1 PeV
and traced down td,,;, = 1 TeV agree with re-
sults [4].

ing to the above-given relation. For &l cells vis-
ible within the aperture of a given shape and si
the total "measured” darkneg,,; is calculated as
follows

Dot = 1g K —1g 35 107 Pi(No),
Particularly, this approach enables to reproduce

conventionalPamir procedure for darkness me:
surement by circlular diaphragms of a given rad

Simulation of darkening spot formation

One of the most important points of XREC tech- ) _
nique is the measurement of darkness of spots pro-fta- The calculated):,, value makes it possible
duced on X-ray films by electron-photon cascades €valuate the cascade energy applying the stan
(EPC) and corresponding reconstruction of EPC Pamir procedur(_a for determination of the EPC €
energies. To simulate the darkness measuremenf9Y 0N the basis of the measured darkness.
procedure, the field of view of the measuring di- Itis important to optimize the cut-off energy,..,
aphragm (aperture) is divided into square cells of for cascade secondary particle tracing. It w
linear sizel..;;. ThePamir experiment used mea- shown that the cut-off optimal value 15,5, = 1
suring diaphragms with radigg ~ 48 <+ 140 pm. MeV. Lower values do not improve the simulatic
A relation used by théPamir experimenters for ~ accuracy but do increase the simulation time.
calculation of darkness density I8 = Do{1 — What follows are simulations of thieamir exper-

exp(—sp)}. Heres = 3.25 + 0.13 um?, p is the
number of particles per unit square.
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neath as well as calculations of darkening spots
produced by cascades traversing the X-ray films.

The gap between the lead surface and underlying ©
film sensitive layer was taken to be 5@fn, and
leew = 16 um was set for the cell size within
diaphragm inner region while smallér,;; values
were applied to the diaphragm near-to-boundary
ring.

Single particle detection

The measuring of single electromagnetic particle
(e*,~) spectra was simulated. It was assumed that
incident particles were distributed over energy ac-
cording to a power-law differential spectrum of
power indexy=-3.0 . Their angular distribution
was assumed to be of the forddV/d2 ~ cos® 6 Correlated groups of particles
within the zenith angle domaif < 6 < 36°.

Fig. 1(a) shows simulation results for the average
optical density D) vs. primary energy, at Ry =

48 um for electrons and-rays. One can see that
these data agree well with the results [2]Rat =

50 pm.

Figs. 1(b) and 2 present the data obtained while av-
eraging over three diaphragm radit{ = 48, 84, a family. Spots overlap frequently, especially
and140 ym). higher energies. In this case the following alc
Fig. 1(b) shows the average "measured” energy rithm is applied which reproduces in details the ¢

Figure 2: "Measured” energy spectra (averac
over three diaphragm-radius values) of electrc

(e, —) andy-rays (\, - - -).

While tracking groups of correlated particle
(v, e*, hadrons of so-calleg-~ families) through
XRECs, one must substantially change the lo
of their processing as the total darkness pict
in a sensitive layer may be essentially influenc
by overlapping of narrow collimated group of pe
ticles (induced EPCs to be more precise) ins

(Ermeas) at 9-r.l. depth versus primary energy. perimental measuring procedure:
The standardPamir procedure of energy recon- 1) The observation area is divided into cells of si
struction is seen to work well dfy = 4 — 70 TeV. le;7; NUMber of charged particles produced in ez

At E, > 70 TeV the procedure underestimates the cell by all EPCs induced by family particles i
"measured” energy for both-rays and electrons XREC is calculated.

but the effect is more pronounced fpirays. This  2) While using the simulation data on numbers
is due to the fact that the standard procedure doesparticles in cells produced by each of the EP
not take the LPM-effect into account properly. It (independently of other EPCs), the darkness "m
was also shown that the standard procedure takessured” by a diaphragm with radiu?q centered at
proper account of the gaps between the lead platesthe cell with maximum number of particles, is ce

and films. culated for each EPC.

Fig. 2 presents "measured” energy spectra. The 3) A procedure of maximization of the "measure
power-law indices are¢ .. = —3.03 & 0.06 for darkness is launched, i.e., the diaphragm ce
electrons andy]... = —3.12 & 0.04 for y-rays. walks around the maximum darkness cell over s

Thus, the "measured” spectra are close to the in- eral (depending on presence of spots) neighbo
cident spectra by the slopes but still are slightly cells; the "measured” darkness at each step is
steeper due to the above-mentioned incorrect ac-culated; the maximum darkness for the diaphra
counting for the LPM effect. applied is found.
4) For more exact energy determination, the
called "near-by” extra background in the vicit
ity of each EPC is calculated in accordance w
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experimental procedure, i.e., the background pro- Conclusion

duced by all the family EPCs in the neighboring to

the given EPC are&(0 <+ 1000 um far from EPC ~ The ECSm 2.0 package is designed to simule
center depending on its energy). both the NEC development in complex-structt
5) A procedure of spot visibility identification (or  medium at 10 keV < E, < 100 PeV andy-h
spot recognition) is applied taking into accounttwo family energy measurement procedure appliec
main effects of overlapping of neighboring spots XREC experiments.

produced by different EPCs. It is shown that thePamir standard procedure ¢
These effects are as follows: a) overestimation energy determination by darkness values measi
of "measured” energies of close but recognized within circular apertures works well &, = 4—70

EPCs; b) spots produced by some EPCs are notTeV.

visible against the total background or that pro-

duced by neighboring EPCs. To avoid these ef-

fects, which could essentially distort the calculated Acknowledgements

results, the following procedure of spot visibility

identification has been designed trying to repro- This work is supported by the RFBR, projec
duce the experimental situation. 05-02-17599, 05-02-16781, 06-02-16606, (
1) Let us consider a spot (hereafter named gpot 02-16606, 06-02-16969; and Ministry of E
with darknessD;. If there is no other spots with  ucation and Science, projects SS-5573.200
darknessD; > D; (measured with a diaphragm 02.518.11.7084)

R4 = 48 um) at a distance of< 1 mm from the

center of spofl, then spotl is treated as visible.

Otherwise the analysis is continued. References

2) ltis taken that the the spatis seen against the ] ] ]
background produced by sppwith D > Dy, if [1] Galk|r_1 V.l., Nazarov S.N. Simulation o
the maximum darkness of SptD1 .44, IS higher cosmic ray passage through an emuls
than a minimum darknesB; _s,;» ("measured” chamber Preprint SNP MSU  1999. 99-
during the drift toward the center of spBj not 14/572

less than by 30 percent according to the Rayleigh’s  [2] Haungs A.Nucl. Phys. B (Proc. Suppl.),
criterion applyied to the spot visibility. In doing 2006. V. 151. P. 215-222.

so, the procedure searches f_s,,;, by devi- [3] KaImykov_N.l\_I. and Ostapphenko S.S. QC
ating by some distance, which depends on size of model taking into account jets and EA&.
spot1, from the direct line connecting the centers Fiz. 58 (1994) 21. _

of both spots. The maximum distance restricting ~ [4] 02.518.11.7084 Okamoto M., Shibata
the searching area is equal to the minimum one of Nucl. Instrum. & Methods in Phys. Res.
two values, i.e., either the half distance between A257 (1987) 155.

the centers of both spots or distance from the spot
center to a place where the spot darkness is practi-
cally not distinguished against the background. To
calculate the spot visibility by the Rayleigh’s cri-
terion, diaphragms of different small enough radii
(Rq ~ 22 + 38 um) are used depending on spot
size. Besides, the average darkness is calculated
along the line connecting the centers of both spots
over the above-defined distance. The spask
treated as invisible due to apparatus restrictions, if
this darkness "measured” by the same measuring
diaphragm appears to be higher thag,, .

596



