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Based on the real optical model received with the Geant4 simulation, the optimal
structure and geometry of the COMET calorimeter was developed, the influence of the
shower was studied and energy deposition and calorimeter energy resolution (equal to
4.8 % for the LYSO crystal calorimeter and 6.0 % for the GSO crystal calorimeter) was
defined. There was suggested and experimentally tested the algorithm of spatial recon-
struction of events in the calorimeter allowing to improve the determination accuracy of
the energy deposition value in 2.8 times.

Keywords: ECAL calorimeter, Algorithm of spatial reconstruction of events, Geant4
simulation.

Ha ocuoBe mosyueHHOI peanbHOU OoITUUYECcKOll Momenu, Ha 0ase Geantd momenupoBanus
paspaGorana ontuManbHad crpykTypa u reomerpus COMET kanopumerpa, n3yyeHO BIMAHNE
JIUBHA, OIPEeIeIeHO SHEProBHIIEJICHNEe U PHEPreTUUYECKOoe PaspellleHne KaJIopUMeTpa, PaBHOE
4,8 % u 6,0 % gna xamopumerpa ma LYSO ma GSO Kpucramnrax, coorsercTBenuo. IIpemio-
JKeH 1 9KCIIepUMEeHTANTbHO TPOBEPEH AJTOPUTM IIPOCTPAHCTBEHHON PEKOHCTPYKIIMU COOLITHI
B KaJopuMeTpe, MO3BOMAIOIIUN YAYUIIUTL TOUHOCTHL OIpPEeIeeHUs 3HAUYEHUS BeJUYNHBI
9HEProBLIe/IeHA B KaJlopuMeTpe mpuMepHo B 2,8 pas.

Hocraigxenaa ECAL xkamopumerpa aaa exkcnepumenty COMET. B.Kanrununuros, E.Beai-
uesaq.

Ha ocuosi otpumanoi peanbHoi ontuunoi mozeni, Ha 6asi Geantd momenoBaHHSA PO3pPOO-
JIEHO ONTUMAJNbHY CTPYKTypy Ta reomerpiro COMET kamopumeTrpa, BUBUEHO BILJIUB 3JUBH,
BU3HAUEHO eHEepTOBUAIJeHHSA Ta eHepreTUUHHI posmofiJ KaJopuMmeTpa, AKHH AOpiBHIOE
4.8 % i 6.0 % mna kamopumerpa Ha LYSO ma GSO kpucranax, BianoBigHo. 3anponoHOBaHO
1 eKCIIepPMMEHTAJbHO I[IepPeBipeHO aJrOPUTM IIPOCTOPOBOI PEKOHCTPYKIII moxiii y Kagopu-
MeTpi, W0 JO3BOJIAE IOJIIIIUTA TOYHICTH BUSHAUEHHS BHAYEHHA BEJUYNHU €HEPrOBUAiJICH-

Ha y rKajgopumerpi npubausuo B 2,8 pasis.

1. Introduction

The discovery of neutrino oscillations
has given a new impetus to the experiments
on the search for rare processes, in which
there is a violation of the law of conserva-
tion of lepton number in the sector of
charged leptons (CLFV). The main processes
which are accessible for CLFV are the de-
cays, W— ey, W— eee, W — e conversion,
neutrinoless double decay B and others.

When a negative muon is stopped by
some material, it is trapped by an atom, and
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a muonic atom is formed. After it cascades
down energy levels in the muonic atom, the
muon is bound in its 1s ground state. There are
two modes of decay: decay in orbit u= — e_vuve
or captured by a nucleus of mass number A and
atomic number Z, namely, u= + N(4,Z2) —> vyt
+ N(4,Z-1). However, in the context of phys-
ics beyond the Standard Model, the exotic
process of neutrinoless muon capture, such as
W + NA,Z) > e~ + NA,Z) is also expected.
This process is called W~ — e~ conversion in
a muonic atom [1]. The sensitivity of the
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W~ — e~ conversion process is defined as the
ratio

_ W+ NAZ) > e+ NAZ))
e F@— + NAZ) - v, + N(A,Z—f))

The process of neutrinoless u~ — e~ con-
version is one of the most sensitive to
search the violation of the lepton number of
processes. The latest search for uy= — e con-
version was performed by the SINDRUM-II
collaboration at PSI and is equal to
Ry, <7-10713 [2]. COMET aims to search
this process for an atom of aluminum p~ +
Al — e~ + Al at a sensitivity below 10717 [3].

COMET will use a bunched proton beam,
slow-extracted from the J-PARC (Tokyo).
Beam bunching will be necessary to reject
beam-related backgrounds. The COMET ex-
perimental setup consists of high magnetic-
field solencids for pion capture, C-shaped
curved solenoids with momentum selection,
and a C-shaped curved solenoid spectrome-
ter to remove charged-particle backgrounds
of low momentum, so as, to reduce single
counting rates of the detectors, and to
maximize the transmission of u~ — e con-
version signals. The COMET detector sec-
tion consists of an electron tracker for the
definition of the electron momentum and an
electromagnetic calorimeter (ECAL) which
is made on crystals. The calorimeter is lo-
cated behind the tracker. Electrons which
pass through the tracker are absorbed in the
calorimeter and if the energy deposited lies
within a small window around 105 MeV, a
trigger signal is generated.

The ECAL calorimeter is one of the most
important parts of the COMET setup, from
which depends the possibility of implement-
ing the tasks of the whole experiment.
Therefore, there are high requirements for
parameters of the calorimeter. The calo-
rimeter should have an energy resolution of
better than 5 %, as events that should be
recorded in this experiment lie in a narrow
energy region (within 105+0.5 MeV), and an
energy-correlated position coordinate accu-
racy of about 1 cm (rms). ECAL should
solve the following tasks:

— the measurement of the electrons en-
ergy very exactly;

— the production time trigger signal for
recording system events;

— to do the correlation position of the
track of an electron and its energy;

— to identify the electrons, neutrons and
low energy gammas.
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2. Aims and tasks for the
research of the ECAL calorimeter

The main aim of the research was to de-
termine the expected parameters of the
ECAL calorimeter using different types of
crystals (the COMET experiment considers
two candidates — GSO and LYSO crystals)
and reflective materials and the determina-
tion of optimal structure and geometry of
the calorimeter. All studies were made
using the Geant4 simulation [4] and experi-
mental measurements of crystals on a meas-
uring setup [5] and beam test of the calo-
rimeter prototype at the electron beam of
an accelerator in Tohoku (Japan, March
2014) [6].

To closely match the simulation results
and real experimental measurements it is
necessary that the optical model, which is
included in the simulation, is described the
properties of GSO and LYSO crystals a well.
To realize this aim the following tasks were
solved:

— the experimental study of optical pa-
rameters of long GSO and LYSO crystals on
a specially created a precision measurement
setup;

— the SLitrani simulation of GSO and
LYSO crystals for more precise definition
and obtaining optical parameters required
for the Geant4 simulation of the ECAL calo-
rimeter;

— the comparison of simulation results
and experimental data to evaluate the accu-
racy of the optical model.

When the research of the ECAL calo-
rimeter using Geant4 following tasks were
solving:

— the evaluation of the energy resolu-
tion and energy deposition in the calorime-
ter with the received real-optical parameters
of LYSO and GSO crystals;

— the simulation of structure and ge-
ometry of the calorimeter.

To obtain more precise values of real pa-
rameters of the COMET ECAL calorimeter
the experimental measurements of the calo-
rimeter prototypes (the matrix of 77 crys-
tals prepared on GSO and LYSO crystals) at
the electron beam of the accelerator in To-
hoku were made.

3. Experimental study of optical
parameters of long GSO and
LYSO crystals

The crystals used in the calorimeter
should have high-energy resoclution, large
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Table 1. Mean values and standard devia-
tion of the measured optical parameters

Table 2. Comparative results of experimen-
tal measurements of GSO crystals optical

for 50 LYSO crystals parameters
Parameter Mean value Parameter JINR |KEK
1 |Coefficient nonuniformity, % | 1.44+0.08 1 Energy resolution at 9.5 9.8
em™! 1274.5 keV, %
2 Losses coefficient of light 1.82+0.05 2 Decay time fast 60+0.5 53
output, % cm™! component, ns
Energy resolution, % 8.85+0.06 3 Decay time slow 420+0.5 | 400
. . component, ns
Relative light output, mV 158.5+2.5
4 Rise time, ns 1740.08 | 21
light output for long (of 12-15 cm) crys- ILOSSﬁS of lighltloutpllllto 17.941.2 | 22
tals, fast decay time for reliable separation along the crystal length, %

pile-up events and high radiation resistance.
There are two candidates with the desired
values of optical parameters — LYSO and
GSO crystals [7,8]. So, the experimental
study and measurement of optical parame-
ters of LYSO and GSO crystals for the com-
parative evaluation of candidates and to ob-
tain more precise optical properties were
made. The results are published in [5]. Also
the checking and ecalibration of 50 LYSO
(20x20x120 mm3) crystals for calorimeter
prototype for beam test measurement at
electron beam of an accelerator in Tohoku
was made [9].

In Table 1 the mean values and standard
deviation of the measured optical parame-
ters for 50 LYSO crystals from SAINT-GO-
BAIN (France) are given. In Table 2 the
comparative results of experimental meas-
urements of optical parameters of GSO
crystals performed at JINR (Dubna) and
KEK (Tsukuba, Japan) are given [10].

3. The SLitrani simulation of
GSO and LYSO crystals

The researches of LYSO and GSO crys-
tals have been made by using package
SLitrani (Super Light Ray Tracing in AN-
Isotropic media) to obtain more precise opti-
cal model of the calorimeter [11]. The
Slitrani package usually uses for Monte
Carlo simulating of light propagation in iso-
tropic and anisotropic media environments.
In this program, the optical parameters of
medium define as functions of wavelength,
photon energy, and other values and allow
describing the processes inside the investi-
gated media more accurately.

The main tasks of the simulation using
the package SLitrani are:

— the obtaining or clarification of opti-
cal parameters of LYSO and GSO crystals
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Table 8. Values of the measured and simu-
lated optical parameters of GSO crystals

Optical parameter Measured Simulated
value value
Decay time, ns 42010.5 430
Rise time, ns 1740.03 15

and reflective materials necessary for the
Geant4 simulation of the calorimeter;

— the research of the real losses of en-
ergy (photons) along the crystal length;

— the research of photons losses in re-
flective materials of the wrapper (Teflon,
Mylar, etc).

The energy spectrum and spectrum of
scintillation of the crystal as functions of
photon energy (wavelength); decay time,
photons losses along the crystal length, pho-
ton losses in reflective materials of the
wrapper, total photons losses of and quan-
tum efficiency detection as a functions of
wavelength were obtained in the result of
the simulation. These parameters were used
in the Geant4 simulation of the ECAL calo-
rimeter.

The values of main optical parameters of
GSO crystal obtained using the SLitrani
simulation and experimental measurements
are given in Fig. 1 and Table 3. The analy-
sis of the results (Table 3) shows that the
difference between the simulated and meas-
ured values of light output losses along the
crystal length is about 3 %. In addition,
there is a good agreement between the simu-
lated and measured values of decay and rise
time. Thus, the adequacy of the parameters
of the optical model and real parameters of
GSO crystal are confirmed.

Functional materials, 22, 1, 2015
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Fig. 1. Values of main optical parameters of GSO crystal obtained using the SLitrani simulation
and experimental measurements: a) the time spectrum of the simulated signal; b) the time spectrum
of the measured signal; c¢) the simulated photons losses along the crystal length; d) the measured

photons losses along the crystal length.

4. Geant4 simulation

The study of the ECAL calorimeter pa-
rameters for different types of the crystals
and reflective materials was made based on
the Geant4 simulation. The main parame-
ters of crystals and physical processes in-
cluded in the Geant4 simulation are given
in Table 4. In addition, in Geant4 simula-
tions were used the optical parameters of
real crystals obtained from the experimental
measurements, namely, the slow and fast
components of decay time (FastTimeCon-
stant and SlowTimeConstant), the light out-
put (LightOutput). Also, the results of the
SLitrani simulation, for example, the spec-
trum of scintillation (ScintillationYield),
length of absorption (AbsLength), refractive
index (Rindex) and others were used.

During the simulation of the calorimeter
was located in 1 T uniform magnetic field
(as in the COMET experiment). The beam
energy spread was 10510.5 MeV. The beam
spot was 1 em2 £ 1 cm.

The simulation of the calorimeter was
made for cases when:
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— all crystals were without reflective
wrapper;

— each crystal was wrapped with Teflon;

— each crystal was wrapped with Teflon,
and they are grouped in modules of 2x2 or
3x3 crystals, wrapped with Mylar.

The best energy resolution and energy
deposition were obtained for the calorimeter
on the crystals without reflective wrapper,
as in this case took into account the whole
electromagnetic shower without the photons
losses in the material of Teflon. However,
this case did not satisfy the requirements of
the calorimeter on the coordinate resolu-
tion.

The result of simulation of the calorime-
ter on crystals wrapped with Teflon pre-
sented on Fig. 2c. In this case, there are
photons losses in the reflective wrapper.
These losses include multiple reflections and
scattering between the crystal and material
of wrapper, the scattering and absorption of
photons in the material of Teflon.

Combining crystals in modules of 2x2 or

3x3 crystals, wrapped with Mrylar, signifi-
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Table 4. Parameters of crystals and physical processes included in the Geant4 simulation

Parameter LYSO (C:1.5%) GSO (C:1.5%)
Referenced data Measured | Referenced data| Measured
Geometrical sizes 20x20x120 mm3
Density [g/cm3] 6.71 - 7.4 -
Decay time: Fast/slow component [ns] 40-60/300-600 60/470 40-60/400-1000 47/200
Number [Z eff] 59 - 66 -
Refraction index 1.85 SLitrani! 1.81 SLitrani!
Wavelength of emission max [nm] 440 - 420 -
Light output [photons/MeV] 25000-32000 31000 8000-11500 8400
Attenuation length [em] 20.8 SLitrani! 30.3 SLitrani!
Radiation length 1.14 - 1.38 -
Scintillation Yield SLitrani! SLitrani!
Moliere radius 2.03 - 2.3 -

Wrapping material
Wrapping material of module

Physical processes

Optical model

Photoelectric effect, Compton and multiply scattering, gamma
conversion, bremsstrahlung, pair production

Optical absorption, Rayleigh scattering, optical scattering
reflection, reflection on the interaction between surfaces

Teflon AF1601, 60 um
Mylar, 20 um

Note: SLitrani! means that the corresponding parameter obtained in SLitrani, and it is some function.
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Fig. 2. Simulation of the ECAL calorimeter in 1 T uniform magnetic field at 105 MeV electron
beam: a) geometry of the ECAL calorimeter; b) the energy deposition of the calorimeter on GSO
crystals wrapped with Teflon and grouped in modules of 2 X 2 crystals wrapped with Mylar; ¢) the
energy deposition of the calorimeter on GSO crystals wrapped with Teflon; the simulated energy
spectrum of the calorimeter on LYSO — d) and GSO — e) crystals.

cantly make worse the energy resolution of
the calorimeter (Fig. 2b). In this case, the
structure of the calorimeter becomes inho-
mogeneous and the losses of energy (pho-
tons) inside the calorimeter depend not only
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on the processes of scattering and absorp-
tion on the material of the crystal and
wrapper, and it is also strongly depends on

the trajectory (position) of electron beam.
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5. Spatial reconstruction of
events inside crystals of the
segmented ECAL calorimeter

To estimate the energy resolution of the
ECAL calorimeter, which can be obtained on
LYSO and GSO crystals the experimental
measurements of the calorimeter prototypes
at electron beam of accelerator in Tohoku
were made. Prototypes were performed in
the form of the segmented LYSO and GSO
matrixes of size 7x7 crystals. Each crystal
was wrapped with two layers of Teflon tape
(AF 1601, one layer thickness is 60 um) and
was combined in modules wrapped with
Mylar. The thickness of the Mylar is 20 um.
The prototypes had the following segmenta-
tion: the Mylar module from 9 (3x3) crys-
tals in the center, the Mylar module from 6
(2x3) and 4 (2x2) crystals on the edges of
the matrix.

Data are taken at five different electron
energies: 65, 85, 105, 125 and 145 MeV
without external magnetic field. In the re-
sults of data handling was obtained the en-
ergy resolution, equal to 4.6 % for calo-
rimeter prototype on LYSO ecrystals and
5.7 % for prototype on GSO crystals [6].

In the results of the Geant4 simulation
at the 105 MeV electron beam was obtained
the energy resolution, equal to ~ 4.8 % for
calorimeter prototype on LYSO crystals
(Fig. 2d) and ~ 6.0 % for prototype on GSO
crystals (Fig. 2e). It need be note that the
value of the measured energy resolution is a
bit better than simulated value. It is can be
explained by the fact that:

— the Geant4 simulation of the calorime-
ter was made taking into account a uniform
magnetic field at the 105 MeV electron beam
energy spread, and the beam test experimen-
tal result was obtained for the case when a
narrow 105 MeV beam hits at a right angle to
the central crystal of prototype;

— during beam test data handling, light
output losses along the crystal length were
not taken into account.

When the handling of results of meas-
urements without taking into account the
losses of the light output, signals from the
APD outputs, proportional to the energy
deposition in the crystals, simply summed,
and as result the measurement of energy
will has an error. This is because the energy
leakage from one crystal to another takes
place at specific distances from APD and
without taking into account the losses along
the crystal length (photons pass only part of
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the crystal length), the value of these ener-
gies when calibrating on the beam will be
increased compared with real values. And as
a consequence, the value of total energy de-
posited, obtained in the calorimeter, will be
large compared with realwith the same
standard deviation and it will lead to a false
improvement of the energy resolution of the
calorimeter:

_ o
Rreal -

% >R

measur—
real

= o %

ZEreal + ZEerror

The value of this error E,..,,. strongly
depends on the track inside the calorimeter
and can be quite large, especially for curved
tracks, when the calorimeter is located in
the magnetic field.

In the COMET experiment the recorded
events lies in a narrow energy region
(105.0 £+ 0.5 MeV), therefore, the ECAL
calorimeter should measure the energy of an
electron very accurately. To solve the prob-
lem without taking into account light out-
put losses along the crystal length is not
possible with existing methods of measure-
ments. Therefore, to achieve needed in the
experiment of the accuracy of measurement
of electrons energy, it is necessary to do
spatial reconstruction of events within a
segmented calorimeter on long ecrystals.

For spatial reconstruction of events in a
segmented calorimeter, the authors have de-
veloped and tested an algorithm of spatial
reconstruction of events inside crystals.

The main point of the method consists in
the fact that when you register the event in
the calorimeter it is necessary to measure
two parameters for each crystal: the ampli-
tude distribution of the signal from the
crystal and arrival time on the APD.

Knowing time of the signal propagation
in the crystal and arrival time on the APD,
you can determine the distance in the crys-
tal with which the signal arrived on the
APD, i.e., to determine the position of
track inside the crystal.

Then, knowing the dependence of distri-
bution of light output losses along the crys-
tal length, it is possible to restore the true
value of the energy deposited in the crystal,
with a given accuracy.

Consider the method more detail. Figure 3
shows the position of the electron track
passing at an angle o through the matrix of
crystals. In this case the energy deposited
E, will be the same for all crystals along
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Fig. 3. The algorithm of spatial reconstruction of events inside a segmented calorimeter on long
crystals; a) dependence of propagation time along the crystal length; b) dependence of the energy

losses along the crystal length.

the track, but signals U;+U, from ¢ APD
outputs (because there are the losses along
the crystal length) will have different am-
plitude. The signal U, will have the maxi-
mum value of amplitude, since the distance
that the photons pass from the position of
track to the APD will be minimal, and the
signal U; will have the minimum value
(Fig. 3b). When preliminary energy calibra-
tion kj,;;, of the matrix at the beam, four
different values of the energy deposited
E; - kpyuip, along the track will be recorded
with APD outputs for this case of the pas-
sage of electrons through the matrix, that
it is not true.

The position of track (distances L+L,) in
each crystal are determined by measuring
the arrival time of signals t¢;+¢{, on APD
outputs and using the obtained time de-
pendence (Fig. 3a).

Next, using the given dependence of
light output losses along the length, the
errors are determined, which should be
taken into account when calculating the en-
ergy deposited in crystals (Fig. 3b):
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Ey=Uy - kpatipr— AEq;
Eo=Us - kpaiipr— AEsg;
Eg=Usz - kpqiipr— AE3;
Ey=Uy - kpaiipr— AEy-

In this case, the error of energy measure-
ment will be minimal and will depend on the
accuracy of determination of the losses and
propagation time of signal along the crystal
length.

Experimental verification of the method-
ology of spatial reconstruction of events
was made on the real prototype. The proto-
type was performed as a 3x3 matrix of
LYSO crystals (20x20x150 mm3). Crystals
were wrapped with a double layer of Teflon
(AF1601, thickness 60 um) and placed in
Mylar module (Fig. 4g). The thickness of
the Mylar film was 20 um. Readout of the
signals from crystals were made using APD
S866 (Hamamatsu).

All experimental measurements were car-
ried out on cosmic muons and statistics of
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Fig. 4. Experimental measurements of propagation time of the signal along the crystal length for
26 and 40 degrees angles: a) time spectrum of signal arrival from crystal #1; b) the difference of
arrival time of the signals from the crystals #1 and #2 on the APD inputs for the same event for
26 degrees angle; ¢) and d) the similar spectra as a) and b) for 40 degrees angle, respectively; e)
and f) measurement scheme of signals arrival for angles 26 and 40, respectively; g) a view of the

setup for measuring of 40 degrees angle.

2000 events. Measuring of light output
losses along the LYSO crystals length in the
prototype were making in five points at dis-
tances of 45, 60, 75, 90 and 105 cm from
the APD. Figure 5a shows the dependence
of light output losses along the length of
the crystal #2 in the prototype.

Measuring of the propagation time of
signals along the crystal length was made

Functional materials, 22, 1, 2015

for angles of rotation of the matrix of 10,
26 and 40 degrees (Fig. 4e, f, g). Knowing
the time difference of arrival of signals on
APD inputs and the difference of distances
from which arrived these signals was ob-
tained the dependence of signal propagation
time along the crystal length for these an-
gles (Fig. 5c). Figure 4 shows the experi-
mentally measured time spectra of the sig-
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Fig. 5. The result of experimental checking of the method of spatial reconstruction of events in the
calorimeter: the light output losses for crystal #2 — a); losses coefficient for crystal #2 — b); ¢) the
dependence of propagation time along the crystal length; d) the result of the comparison of energy
measurement without taking into account (black) and with (red) of spatial reconstruction of events.

Table 5. Statistical values of arrival time
and the difference of arrival time of sig-
nals on APD inputs

Table 6. Mean value of the propagation
time of signals depending on the distance,
measured for different angles

Time, ns| Angle of Angle of Angle of
10 degree | 26 degree | 40 degree
T, 67.7310.16 | 66.3610.11 | 66.8410.06
T, 68.6510.27 | 68.921+0.29 | 71.6410.08
Tq 69.59140.17 | 71.48+0.28 | 76.3710.07
At,—At, | 0.92810.32 | —2.5010.19 | —4.5940.17
At,—Atg | —1.83%0.17 | —5.11+0.21 |-9.36710.21

nals from the crystal 1 (Fig.4-a) and 2
(Fig.4-c) for angles 26 and 40 degrees and
the spectra of the difference in propagation
time of signals from these crystals for the
same event (Fig.4b,d) at the output of the
digitizer (it is direct measurement without
taking into account the hardware delays of
the signals in the channels read) for angles
26 and 40, respectively.
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Angle, L, cm t, ns At - At

degree I
i=2,8

10 L, 3.5 0.26310.09

L, 7.0 0.260+0.02

26 L, 9.75 0.257+0.02

40 L, 18.4 0.249+0.01

Mean time 0.2575+0.16

The measured time parameters, based on
which it was calculated average propagation
time of the signal along the crystal length
are given in Table 5 and 6. Here Ty, Ty, T3
are arrival time of the signal on APD inputs
from crystals #1, #2, #83, respectively. The
value (At; — Aty) and (Af; — Atg) are differ-
ence of time of the arrival signals on APD
inputs for the same event and L;, L, is a

Functional materials, 22, 1, 2015
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distance in crystals from the APD to track
which passes through the matrix (Fig. 4e, f).

According to the results of measure-
ments was obtained the dependence of
propagation time of the signal along the
crystal length (Fig. 5c), which defines the
position of a track passing of muon through
the crystals of the matrix. To obtain more
precise value of the photons losses along the
crystal length, the losses coefficients of
light output were calculated (Fig. 5b). The
error which must be compensated for the
results of direct measurements was deter-
mined by using these coefficients and know-
ing the position of the track.

In Figure 5d is shown the result of the
experimental checking of method of spatial
reconstruction of the track in prototype.
The error of energy measurement without
spatial reconstruction is 18.5 % and 6.6 %
if we use spatial reconstruction. Thus, the
improvement of the accuracy of energy de-
posited measurement in the segmented pro-
totype (matrix) for cosmic muons in
2.8 times was obtained, it is very important
based on the requirements of the COMET
calorimeter.

Data analysis of Tohoku beam test meas-
urements showed that the calculated values
of the energy deposited in the prototype of
the calorimeter for direct and track at an
angle of 20 degrees differ about 10 % at
the energy at the 105 MeV electron beam.
This result is good agrees with the results
presented in Fig. 5d, that it confirms the
correctness of the method of spatial recon-
struction of tracks in the segmented calo-
rimeter.

6. Conclusions

As a result, of the SLitrani research and
experimental measurements of optical prop-
erties of crystals was obtained real optical
model of the crystal. Based on the model we
simulated the optimal structure and geome-
try of the COMET calorimeter, the influence
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of the electromagnetic shower, the energy
deposited and energy resolution by using
the Geant4 code. Also using the Gaent4
simulation on the 105 MeV electrons source
with the use the real optical model, an en-
ergy resolution of 4.8 % was obtained for
calorimeter on LYSO crystals and 6.0 % for
calorimeter on GSO crystals.

Have been proposed and experimentally
tested the algorithm spatial reconstruction
of events in the calorimeter, which signifi-
cantly improves results of direct measure-
ments of the energy deposition of the seg-
mented calorimeter, which is an important
result for the COMET experiment. The algo-
rithm of spatial reconstruction can improve
the accuracy of the determining of energy
deposition in the calorimeter approximately
2.8 times.
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