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A problem of e/ identification using n-layered transition radiation detector (TRD) in the
CBM experiment is considered. With this aim, we elaborated algorithms and implemented
various approaches. We discuss the characteristic properties of the energy losses by elec-
trons and pions in the TRD layers and special features of applying artificial neural networks
(ANN) and statistical methods to the problem under consideration. A comparative analysis
is performed on the power of the statistical criteria and ANN.
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1. Introduction

The CBM Collaboration [1,2] builds a dedicated heavy-ion experiment to investi-
gate the properties of highly compressed baryon matter as it is produced in nucleus-
nucleus collisions at the Facility for Antiproton and Ion Research (FAIR) in Darmstadt,
Germany. Fig. 1 depicts a general layout of the CBM experiment. There is a Silicon
Tracking System (STS) inside the dipole magnet. Ring Imaging Cherenkov (RICH) is
designed to detect electrons. TRD arrays identify electrons with momentum above 1
GeV/c. TOF provides time-of-flight measurements needed for hadrons identification.
ECAL measures electrons, photons and muons.
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Figure 1. Schematic view of the CBM experimental setup

The measurement of charmonium is one of the key goals of the CBM experiment.
For detecting J/v meson in its dielectron decay channel the main task is the e/ sep-
aration. One of the most effective detectors for solving this problem is the Transition
Radiation Detector.

The problem of particle identification (PID) using n-layered TRD consists in the
following: having a set of energy losses measured in n layers of the TRD, one has to
estimate to which particle, e or m, this set is relative. To estimate the efficiency of
particle identification, we used different approaches.
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2. Traditional Statistical Criteria: MV and LFR
Methods

7

In the mean value (MV) method the PID is based on a variable AE = 1 3~ AE,
=1

(where AFE; is a particle energy loss in the i-th TRD layer and n is the number of

layers in the TRD). Fig. 2 shows distributions of variable AE for 7 (a), e (b), and a
summary distribution for e and 7 (c).
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Figure 2. Distributions of variable AF for 7 (a) and for e (b) events; the summary
distribution for 7 and e events (c)

While applying the likelihood functions ratio (LFR) test [3] to the PID problem,
the value

L=L=P./(Pr+P) P.=]]pc(AE:), Pr=]][pr-(AE)),
=1 =1

is calculated for each event (see Fig. 3), where p.(AFE;) is the value of the density

function p, in the case when the pion loses energy AFE; in the i-th absorber, and
pe(AE;) is a similar value for electron.

We have found that the distribution of ionization losses of pions in the TRD is well
approximated by a log-normal density function (see Fig. 4)

expfza%(lnwfﬂf (1)

)

A
fl(l"):m

where o is the dispersion, u is the mean value, and A is a normalizing factor.
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Figure 3. Distributions of variable L for 7 (a) and for e (b); the summary distribution
for 7 and e events (c)

The distribution of energy losses by electrons in the TRD is approximated with a

good accuracy by the density function of a weighted sum of two log-normal distribu-
tions (see Fig. 5)

o
fo(x) =B (\/m exp +m ex (2)

where o7 and o9 are dispersions, u; and po are mean values, a and (8 are contri-

butions of the first and second log-normal distributions, correspondingly, and B is a
normalizing factor.
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3. Nonparametric Goodness-of-Fit

wk-criterion [4, 5]

This test is based on the comparison of the distribution function F'(x) correspond-
ing to the preassigned hypothesis (Hy) with empirical distribution function S, (z):

0, if z<uwy
Sp(x)=1< i/n, f z;<x<xiqq, i=1,...,n—1.
1, if z,<uz,
Here 1 < 22 < ... < x, is the ordered sample (variational series) of size n constructed
on the basis of observations of variable z.

The test statistics measures the “distance” between F'(z) and S, (x). Such statistics
are known as non-parametric. We suggested a new class of non-parametric statistics
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Figure 4. Distribution of pion energy Figure 5. Distribution of electron
losses in one layer of the TRD and its energy losses in one layer of the TRD
approximation by a log-normal and its approximation by a weighted
function (1) sum of two log-normal functions (2)

(with k£ > 3):

k
2

wh=—-" i [ilF(xi)]kH[iF(fci)rH

k41« n n
=1
The goodness-of-fit criteria constructed on the basis of these statistics are usually ap-
plied for testing the correspondence of each sample to the distribution known apriori.
Energy losses for m have a form of Landau distribution. We use it as Hy to
transform the initial measurements to a set of a new variable A:

AE; — AE!,, ,
Ai:f—og%, i=1,2,...,n, (3)

AFE; — the energy loss in the i-th absorber, AEfnp — the value of most probable energy

loss, & = ﬁ
In order to determine AEfnp and FWHM of the distribution of pion energy losses in
the i-th absorber, the indicated distribution was approximated by the density function
of a log-normal distribution (see Fig. 4).
The obtained A;, ¢ = 1,...,n are ordered due to their values (\;, j =1,...,n)

and used for calculation of wk:

S Z ] e L

FWHM of distribution of energy losses for .

Here the values of Landau distribution function ¢(\) are calculated using the DSTLAN
function (from the CERNLIB library). Fig. 6 shows the distributions of w$, values for
7 (a) and e (b); the summary distribution is shown in the (c).

4. Combined Method

This approach is based on a successive application of two statistical criteria: 1)
the mean value method, and 2) the w¥ test.
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Figure 6. Distributions of w§, values for 7 (a) and for e (b) events; the summary
distribution for 7 and e events (c)

The main idea of this scheme consists in the following:
— using the mean value method, we collect in the admissible region the main part
of electrons together with a small admixture of pions,
— then we apply the w! test to the events selected in the admissible region; this

way, we loose a small part of electrons together with additional suppression of
pions.

5. Modified w® Test

Fig. 7 shows the dE/dx distribution of e, and Fig. 8 presents the distribution of
electron energy losses on the transition radiation (TR).

Fig. 9 shows the probability of events with a different number of TR counts. We
see that the most probable value of TR counts in the TRD with 12 layers is 6, and we
almost do not have the events with TR counts in all 12 layers.

Let us turn back to the distribution of electron energy losses on the transition
radiation (see Fig. 8). Fig. 8 shows that when e passes the i-th layer with TR=0,
then its energy loss follows the distribution of dE/dx losses (Fig. 7). In this case, it is
practically impossible to distinguish electrons from pions on the basis of their energy
losses. In the opposite case, when we have the TR count in the i-th layer, the electron
energy loss will correspond to the sum of dF/dz + T'R. Only such counts in TRD
layers may permit us to distinguish electrons from pions.

When calculating w¥, in formula (4), one uses a sample of \; values (see Eq. 3),
which are ordered due to their values. The \; value is directly proportional to the
energy loss by a particle registered in the i-th layer of the TRD. In this connection
and taking into account that the most probable value of TR counts in the TRD with
12 layers is 6 (Fig. 9), we may use in the w” test only that part of {\;} sample which

corresponds to indexes ¢ > 6, i.e. to large values of particle energy losses.
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Method Based on Artificial Neural Network

(ANN)

In [6] we applied a three-layered perceptron from the packages JETNET3.0 and
ROOT to estimate the efficiency of PID. Initially the training patterns were formed
using the set of energy losses AF;, i = 1,...,n corresponding to the passage through
the TRD pions or electrons.

In spite of the fact that the distribution of the energy losses by electrons signifi-
cantly differs from the character of the distribution of the energy losses by pions, for
such a choice of input data the training process was going on very slow (see bottom



82 Akishina E.P. et al.

D 100
Entries 55900
Mean 1.038 Meon 13.38
RMS 1.273 10 4 RMS 2.938

D 101
Entries 55900

X XK KX
%%
oy

RRReA
5

oo
%8
X
QL
5
e

103

%o
XK
%

%%
%

K
%
o)
K

o950%e?
RS

XX
02000

029

S

%933

S
oot teotetese!

35S

X XX
2R

%
QRES
e
5
090

CRLLLLLES
SRS
0%0%%%
RRRLRRKS

102

TS
35
5
do%o%es
0.0

RS

X
000
m

X
5K
RS
29583
5
093

2095900090
ogetey

0.4}
%%
bt
S Sotetete!
I
KRS

%
<
%0%

XX
K
<X
35

o
%

255
9%t
55
35
55
‘0‘0 X
90!
2%
28
K

T
%
b0%es
o0%et
5
%S
o
o9
&5
&%

Soore]
&5

3

O
X
X
XX
<
%
XX

K8
R

35
do%ed
25

%5

%
%

55

-.va@W@gggzv
DAL
KR XK K KKK KLELSGKKKRKY
KKK LKL LLELLKK KL
000000000 s 0000 0 00 000
000000000 e 00 00 0000 0e 00005
09000000000 0000 e e 0o 00 0 0 008
00
D00 00.09.9, XXX KA

RS o

Figure 10. Distributions of modified w? values calculated for 7 (a) and for e (b) events;
the summary distribution (c)

curve in 11), there were large fluctuations (against the trend) of the efficiency of events
identification by the network. Moreover, one cannot reach the needed level of pions
suppression.
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Figure 11. The efficiency of pion/electron identification by the MLP for original
(bottom curve) and transformed (top curve) samples

Aiming to improve the situation, we decided to apply as input sets the sets of
variable A (3): see top curve in Fig. 11. Fig. 12 shows distributions of the MLP
output signals obtained at the training (b) and testing (d) stages; the left plots show
the distributions of errors between the target value and the MLP output signal at the
training (a) and testing (c) stages.
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7. Conclusion

Table 1 shows the results of comparison of the given methods for different particle
(pion and electron) momenta.

Table 1

Comparison of the given methods: pion suppression factor for different momenta

p,GeV/c 1 2 3 4 ) 7 9 11
LFR 1273 | 1315 | 1581 | 1480 | 936 | 861 | 800 | 749

MV 15 17 17 16 16 16 16 16

wk 104 96 73 95 44 35 29 25

MV + wk 284 | 271 249 | 242 | 203 198 157 | 159
mod w¥ 296 | 621 628 | 776 | 650 | 745 | 588 | 537
MV + modw? | 311 515 | 518 | 493 | 438 | 606 | 398 | 413
root 1219 | 1400 | 1112 | 1446 | 730 | 1054 | 610 | 882
jetnet 1857 | 1837 | 1378 | 1713 | 1446 | 1317 | 1045 | 1089
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This table demonstrates that the MV method and the w! criterion do not provide
a required level of the pion suppression (~ 100-150). The main cause is that the
electron energy losses are not described by a single distribution, but bear a character
of a composite hypothesis.

The criteria simple from a practical viewpoint (the modified wa criterion and the
composite criteria based on MV + w¥ criterion) provide high levels of the pion sup-
pression.

One succeeds in reaching the best pion suppression level using: a) ANN when
transmitting from the initial energy losses in the TRD layers to a new variable typical
for the w¥ criterion, and b) LFR method with the energy losses approximated by a
lognormal distribution for pions and by a weighted sum of two lognormal distributions
for electrons.
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ya. 2Koauvo-Kiopu, 0.6, Jybra, Mockosckas obaacmy, 141980, Poccus

Paccmorpena 3asa4ua nieHTrdUKAINYE JIEKTPOHOB U IMOHOB B JETEKTOPE IIEPEXOHOTO U3-
ayaennst (TRD) skcmepumenta CBM. C 310it nesbio paspaboTaHbl pasHbIE aJTOPATMBI U
mosixoabl. OBCYKIAI0OTCA XapaKTePHbIE CBOMCTBA SHEPIETHIECKUX ITOTEPDH IJIEKTPOHOB U IH-
onoB B ciiosix TRD u ocoGeHHOCTH NpPUMEHEHUsI UCKYCCTBEHHBIX HefiponHbix cereit (MTHC)
U CTATUCTUYECKUX METOOB JJIsI PEIleHHs] paccMaTpuBaeMoit npobiemsl. IIpoBesen cpaBuu-
TeJILHBIH aHaJIM3 MOLIHOCTeN crarucTrdeckux kpurepues u NHC.

KuroueBrble ciioBa: CTATUCTUYECKNE METOJBI aHAJIM3A JTAHHBIX, MHOTOMEPHBIE METOJIbI
aHaJM3a JAHHBIX, METOILI paclo3HaBanust o6pa3os, sxcrmepument CBM, merekTop nmepexom-
Horo uanydenus TRD.





