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Abstract: The ECSim 2.0 package version is released aimed at simulation of the development of nuclear-
electromagnetic cascades initiated by different particles in stratified media with a particular attention paid
to a response of X-ray emulsion chambers. Features of ECSim 2.0 and results of simulation are discussed
for the case of the passage of electrons and γ-rays through the Γ-block of Pamir experiment’s X-ray
emulsion chambers.

Introduction

The ECSim 2.0 package version is intended for de-
tailed 3D-simulation of development of nuclear-
electromagnetic cascades (NEC) initiated by dif-
ferent particles, from protons to nuclei, in X-
ray emulsion chambers (XREC) on the basis of
GEANT 3.21 package. It is based on the ECSim
1.0 [1] used by RUNJOB experiment which, how-
ever, cannot be directly applied to the simulation of
the ground-based experiments detecting secondary
particles (π, K etc.). The ECSim 2.0 code can
be used in a broader field of problems for simu-
lations of NECs in complex and multi-layer media
in a wide range of energies from 10 keV to ∼ 100
PeV, accounting for specific measuring procedures
exploited in XREC experiments. This paper is de-
voted to the simulation of the Pamir experiment
XREC response.

Simulation of particle propagation pro-
cesses through XREC

The ECSim v. 2.0 package incorporates:
• the LPM effect for electromagnetic processes
(following version 1.0);
• generation of hadron-hadron and hadron-nucleus

interactions at E > 80 GeV using the QGSJET
model [2] (following version 1.0);
• simulation of NECs initiated in the chamber by
hadrons of various types (p/p̄, n/n̄, π, K/K̄ and
so on), e±, γ-rays at different incident angles (new
feature);
• tracking of correlated groups of particles (γ, e±,
h) of high energy (E >∼ 4 TeV), the so-called γ-h
families, passing through XREC that requires sub-
stantial changes in the logic of processing of these
events (new feature);
• simulation of the passage of superhigh-energy
muons with cross sections for bremsstrahlung,
e+e− pair production, knock-on electron produc-
tion and nuclear interaction similar to those used
in GEANT4 (new feature);
• for lead as the most frequently used high-Z ab-
sorber the pair production cross section was cor-
rected for LPM effect, i.e., the muon cross section
was reduced by a factor proportional to the γ-ray
cross section decrease at the same energy (new fea-
ture);
• LPM-corrected cross sections for bremsstrahlung
by electrons and pair production by γ-rays were
extended up to 1019 eV (new feature).

ECSim 2.0 makes it possible to analyze the NEC
development in any stratified medium. Test results
show good agreement with other authors’ data. For
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Figure 1: (a) Average optical density 〈D〉 dependence on primary energy 〈E 0〉 at 9-r.l. depth for γ-rays
(circles) and electrons (triangles), incident angles are 15◦ ≤ θ ≤ 25◦. Empty squares and triangles are the
data of [4] for e/γ flux with incident angles 0◦ ≤ θ ≤ 5◦ and 15◦ ≤ θ ≤ 25◦, respectively, at 9-r.l. depth.
(b) Average ”measured” energy 〈Emeas〉 dependence on primary energy E0 of electrons (squares) and γ-
rays (triangles) at 9-r.l. depth, incident angles are 0◦ ≤ θ < 12◦. Straight line is the case 〈Emeas〉 = E0.

instance, the nch transition curves in Pb in cas-
cades initiated by γ-rays of energy E0 = 1 PeV
and traced down to Emin = 1 TeV agree with re-
sults [3].

Simulation of dark spot formation

One of the most important points of XREC tech-
nique is the measurement of darkness of spots on
X-ray film produced by electron-photon cascades
(EPC) and reconstruction of EPC energies. To
simulate the darkness measurement procedure, the
field of view of the measuring diaphragm is divided
into square cells of linear size lcell. The Pamir
experiment used measuring diaphragms with radii
Rd � 48 − 140 µm. A relation used by the
Pamir experimenters for calculation of darkness
density is D = D0{1 − exp(−sρ)}. Here s =
3.25 ± 0.13 µm2, ρ is the number of particles per
unit square.

While charged particles cross the emulsion plane,
their number Ni in ith cell is summed up and
recorded, and the darkness Di is calculated with
the use of the above-given relation. For all K cells

visible in the field of view of the measuring di-
aphragm of given shape and size, the total ”mea-
sured” darkness Dtot is calculated as follows

Dtot = lg K − lg
∑K

i=1 10−Di(Ni).

Particularly, this approach enables to reproduce the
former Pamir procedure for darkness measurement
by a circle diaphragms of given radius Rd: Dtot

value is calculated and then the standard Pamir
procedure is used to evaluate the cascade energy
on the basis of the measured darkness.

It is important to optimize the cut-off energy Emin

for cascade secondary particle tracing. It was
shown that the cut-off optimal value is Emin = 1
MeV. Lower values do not improve the simulation
accuracy but do increase the simulation time.

What follows are simulations of the Pamir exper-
iment XREC Γ-block which incorporates 5 cm (9
r.l.) of lead with two double-layer X-ray films be-
neath as well as calculations of darkening spots
produced by cascades traversing the X-ray films.

The gap between the lead surface and downstream
sensitive film layer was taken to be 500 µm, and
lcell = 16 µm was used for the cell size within
diaphragm inner region while smaller lcell values
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were applied to the diaphragm near-to-boundary
ring.

Single particles

The process of measurement of single particle
spectra of electromagnetic particles (e±, γ) was
analyzed. It was assumed that they were dis-
tributed in energy according to a power-law dif-
ferential spectrum of power index γ=-3.0 . Their
angular distribution was assumed to be of the form
dN/dΩ ∼ cos6 θ within the zenith angle domain
0◦ < θ ≤ 36◦.

Fig. 1(a) shows simulation results for the average
optical density 〈D〉 vs. primary energy E0 at Rd =
48 µm for electrons and γ-rays. One can see that
these data agree well with the results [4] at Rd =
50 µm.

Figs. 1(b) and 2 present the data obtained while av-
eraging over three diaphragm radii (Rd = 48, 84,
and 140 µm).

Fig. 1(b) shows the average ”measured” energy
〈Emeas〉 at 9-r.l. depth versus primary energy E0.
It is clear that the standard Pamir procedure of en-
ergy reconstruction works well at E0 = 4−70 TeV.
At E0 > 70 TeV the procedure underestimates the
”measured” energy for both γ-rays and electrons
but the effect is more pronounced for γ-rays. This
is due to the fact that the standard procedure does
not take the LPM-effect into account properly. It
was also shown that the standard procedure takes
proper account of the gaps between the lead plates
and films.

Fig. 2 shows ”measured” energy spectra. The
power-law indices are γ e

meas = −3.03 ± 0.06 for
electrons and γ γ

meas = −3.12 ± 0.04 for γ-rays.
Thus, the ”measured” spectra are close to the in-
cident spectra by the slopes but still are slightly
steeper due to the above-mentioned incorrect ac-
counting for the LPM effect.

Correlated groups of particles

While tracking groups of correlated particles
(γ, e±, hadrons or so-called γ-h families) through
XRECs, one must substantially change the logic of
their processing as the total darkness picture in a
sensitive layer is produced by all the particles (by

Figure 2: ”Measured” energy spectra (averaged
over three diaphragm-radius values) of electrons
(•, —) and γ-rays (�, - - -).

EPCs, more precisely) of the family. Spots overlap
frequently, especially at higher energies. In this
case the following algorithm is applied:
1) The observation area is divided into cells of size
lcell; number of charged particles produced in each
cell by all EPCs initiated by family particles in
XREC is calculated.
2) While using the simulation data on numbers of
particles in cells produced by each of the EPCs
(independently of other EPCs), the darkness ”mea-
sured” by a diaphragm with radius Rd, centralized
in relation to a cell with maximum numbers of par-
ticles, is calculated for each EPC.
3) A procedure of maximization of the ”measured”
darkness is applied, i.e., the diaphragm center
walks around the maximum darkness cell over sev-
eral (depending on presence of spots) neighboring
cells; the ”measured” darkness at each stage is cal-
culated; the maximum darkness for the diaphragm
applied is found.
4) For more exact energy determination, the so
called ”near-by” background is calculated, i.e., the
background produced by all the family EPCs in the
family area (sufficiently far from any EPC).
5) A procedure of spot visibility identification (or
spot recognition) is applied taking into account two
main effects of overlapping of neighboring spots
produced by different EPCs.

These effects are as follows: 1) overestimation of
”measured” energies; 2) spots produced by some
EPCs are not visible against the total background
or that produced by other EPCs. To avoid these

IC
R

C
 2007 P

roceedings - P
re-C

onference E
dition



GEANT-BASED PACKAGE FOR EMULSION CHAMBERS

effects, which could lead to serious distortions of
calculated results, the following procedure of spot
visibility identification has been designed.
1) Let us consider a spot (named below spot 1) with
darkness D1. If there is no other spots with dark-
ness Di > D1 (by diaphragm Rd = 48 µm) at a
distance of <∼ 1 mm from the center of spot 1, then
spot 1 is treated as visible. Otherwise the analysis
is continued.
2) The Rayleigh’s criterion is used to determine the
degree of the spot visibility as follows. It is taken
that the the spot 1 is seen against the background
produced by spot 2 with D2 > D1, if the max-
imum darkness of spot 1, D1max, is higher than
a minimum darkness D1−2min (”measured” dur-
ing the drift toward the center of spot 2) not less
than by 30 percent. In doing so, the procedure
searches for D1−2min by deviating by some dis-
tance, which depends on size of spot 1, from the
direct line connecting the centers of both the spots.
Furthermore, the maximum distance restricting the
searching area is equal to the minimum one from
two values, i.e., either the half distance between the
centers of both the spots or the half distance from
the spot center to a place where the spot darkness
is really not distinguished against the background.
To calculate the spot visibility by the Rayleigh’s
criterion, diaphragms of different radii are used de-
pending on spot size. The average darkness is also
calculated along the line connecting the centers of
both the spots over the above-defined distance. The
spot 1 is treated as invisible, if this darkness ”mea-
sured” by the same diaphragm appears to be higher
than D1max.

Conclusion

The ECSim 2.0 package is designed to simulate
both the NEC development in complex-structure
medium at 10 keV <∼ E0 <∼ 100 PeV and γ-h
family energy measurement procedure applied in
XREC experiments.

It is shown that the Pamir standard procedure of
energy determination by darkness values measured
within circular apertures works well at Eγ = 4−70
TeV.
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