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Abstract

The NOMAD experiment includes a transition radiation detector that provides a 10* pion rejection factor, for a 90%
electron identification efficiency. Such a rejection factor is required in the search for v, — v, oscillations in the 1t electron
decay channel and in the search for v, — v, oscillations. Algorithms used for the electron-pion discrimination and results
obtained on the data are described. ¢ 1998 Elsevier Science B.V. All rights reserved.

PACS: 29.40.Ym; 14.60.Cd; 07.85.Yk
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1. Introduction

The NOMAD experiment [1,2] searches for
v, appearing from v, — v, oscillations in the CERN
SPS wide band neutrino beam. which consists
primarily of v, neutrinos with a small v, component
(less than ~ 1%) and a negligible (~ 5 x 10~ °) con-
tamination of prompt v, [3]. If v, — v, oscillations
occur, v, would be detected via their charged cur-
rent (CC) interactions v, + N -1t~ + X in an ac-
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tive target using the kinematical characteristics of
the subsequent T~ decays.

The electronic decay mode 1~ — ¢~ v, v, (branch-
ing ratio 17.8%) is very promising for t~ identifica-
tion. The background due to electrons which
originate from v, CC interactions (v,+N —=¢e~ 4+ X)
or from Dalitz pairs and photon conversions is
rejected using kinematic criteria, based on mo-
mentum balance in the transverse plane and on
particle isolation. However, these kinematical cuts
do not eliminate the background from v, neutral
current interactions, in which an isolated pion
track fakes an electron. To reject this background,
as well as for the v, - v, oscillation search, excel-
lent electron identification is required and the over-
all m rejection achieved by the NOMAD detectors
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has to be larger than 10°. A major part of the
electron identification is performed by the
transition radiation detector (TRD), which was de-
signed to discriminate between isolated electron
and pion tracks with a rejection factor greater than
10% for a 90% electron efficiency in a 1-50 GeV/¢
momentum range.

In this paper we describe the algorithms de-
veloped for electron-pion discrimination by the
NOMAD TRD and their performance. We review
the design of the TRD and the principles of the
electron identification in Sections 2 and 3. The al-
gorithms developed for the recognition of electrons
are described in Section 4 and discussed in Sec-
tion 5. The identification performance obtained on
the data are described in Section 6.
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2. Design of the NOMAD TRD

A detailed description of the NOMAD TRD can
be found elsewhere [4]. The design of the detector
was optimised using a complete simulation cross-
checked with a series of test beam measurements
[5]. It also had to satisfy two experimental con-
straints: the limited longitudinal space available
inside the NOMAD magnet and the requirement
that there be less than 2% of a radiation length
between two consecutive drift chambers.

The detector is located after the NOMAD drift
chamber target (see Fig. 1a) and consists of 9 iden-
tical modules. The first § modules are paired into
4 doublets. Five drift chambers [6] used for track-
ing and momentum measurements are imbedded in

Muon chambers

El L;aJA Had. cal.

Fig. 1. (a) A topview of the NOMAD detector and (b) a schematic view of a TRD doublet.
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the TRD, one after each doublet and one after the
last module, in order to provide an accurate track
extrapolation from the target to the electro-
magnetic calorimeter.

Each TRD module comprises a radiator fol-
lowed by a detection plane (Fig. 1b):

e The radiator is a set of 315 polypropylene foils,
each 15 pm thick and 2.85 x 2.85m? in area, sep-
arated by 250 um nitrogen gaps.

e The detection plane consists of 176 vertical straw
tubes, each 3m long and 16 mm in diameter,
positioned with a 16.2 mm pitch. The straw tubes
are fed in parallel with a 80% xenon-20% meth-
ane gas mixture.

The number of modules and the large effec-
tive area of a module make the NOMAD TRD one
of the largest transition radiation detectors ever
built.

3. Principles of TRD electron identification

The theory of transition radiation is well known
[7] and numerous detectors using this effect for
particle identification have been built [8].

Particle identification by the TRD is based
on the difference in the total energy deposited in
the detection planes by particles with different
Lorentz factors (y = E/m). All charged particles
crossing the detector lose energy by ionization.
In addition, highly relativistic ones (mainly elec-
trons in NOMAD) produce transition radi-
ation (TR) X-rays at the interfaces of the radiator
foils.

The number of transition radiation photons
emitted by a NOMAD radiator as a function of the
Lorentz factor is shown in Fig. 2. As an example,
a 10GeV/c electron at normal incidence emits, on
the average, =~ 3.1 photons with a mean energy
~ 14keV each. About 50% of the photons emitted
by a radiator are absorbed in the subsequent detec-
tion plane. The average energy of a detected photon
is ~8keV, due to the xenon photo-absorption
cross-section peak at around 5.5keV [9]. The en-
ergy of the detected TR photons is added to the
ionization losses of the parent electron ( ~ 9keV at
10 GeV/c) in the same straw tube, since the photons

—

Number of TR photons
~
T T
i

05 |-

0 (ool I 1 . ol bt aat
5
10 10 10’ 10t 10
Lorentz factor
i 1 " Ll

i o 100

Electron momentum, GeVie —>

L 1

) € Pion momentum, GeViéc
1 10 100

Fig. 2. The number of transition radiation photons emitted by
a NOMAD TRD radiator as a function of the Lorentz factor.

are emitted at a small mean angle 1/y < | mrad
with respect to the electron direction. The 20keV
total average energy deposited by a 10GeV/c elec-
tron is large compared to the mean =~ 7.5keV
energy deposition of a pion of the same momentum.
Monte Carlo simulated spectra of the energy de-
posited by 10 GeV/c electrons and pions are shown
in Fig. 3.

4. Electron identification algorithms

The TRD data acquisition and calibration pro-
cedures are described in [4]. The signal processing
produces a list of TRD hits (straw tubes with an
energy deposition above threshold).

The first step of the identification procedure con-
sists in matching the TRD hits with the tracks
reconstructed by the drift chambers. As a result,
a set of hits collected along the road of a drift
chamber track is assigned to this track. With at
most one hit per TRD module allowed to be match-
ed, up to 9 hits can be associated with a track. The
energy depositions in the associated hits are then
compared to the expectations for the two particle
hypotheses, electron ¢ and pion =, taking into
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Fig. 3. Normalized spectra of energy deposited in the TRD
straw tube gas mixture by 10GeV/c pions and electrons at
normal incidence (Monte Carlo simulation).

account the momentum of the particle as measured
by the drift chambers.

Two different identification procedures have
been developed for isolated and non-isolated par-
ticles and are applied according to the topology of
the event:

e If all the hits of the set are associated with
a single track, the particle is defined as isolated,
Fig. 4a.

e If several particles cross the same straw tubes,
their energy depositions are summed up. When
such “shared” hits are matched with several
tracks, the particle is defined as non-isolated,
Fig. 4b.

4.1. ldentification of isolated particles

For each track with associated hits in the TRD,

a likelihood ratio estimator & is constructed:
P(E;|e)

__!,_.__|..~ N (] }
P(E;| ®)

where N, is the number of TRD hits associated
with a particle; P(E;|e) and P(E;|x) are the prob-
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Fig. 4. Examples of different track topologies in TRD (sche-
matic top view): (a) isolated particles, all the associated hits are
“non-shared” (shown in grey). {b) non-isolated particles, hits
associated in the first 4 modules are “shared” (shown in black).

ability density functions for an electron e and for
a pion 1 to deposit the energy E; in the ith straw
tube (Fig. 3).

The probability densities P(E;|e) and P(E;{n) are
functions of many parameters, such as the particle
Lorentz factor, momentum, angles with respect to
the straw tube, etc. These functions have been ob-
tained from detailed simulation and extensive test
beam measurements and are discussed in the fol-
lowing sections.

Eq. (1) assumes uncorrelated signals in different
detection planes. In the case of electrons, a fraction
of the transition radiation photons emitted in the
first radiator of a doublet may be detected in the
second module, leading to a correlation. As dis-
cussed in Section 5, this effect can be neglected in
the NOMAD TRD setup.

The distributions of the likelihood ratio (1) are
computed for the two particle hypotheses (e and nt).
The fractions of electrons and pions above a certain
threshold value %, define, respectively, the efficien-
¢y for electron identification (¢.) and the corres-
ponding pion acceptance (g,), see Fig. 5. Fig. 6,
obtained by integration of the likelihood ratio dis-
tributions, represents the electron efficiency ¢, and
the pion acceptance ¢, as a function of the threshold
Y For each track with N, associated hits, the
decision on the nature of the particle is made by
comparing the value of the computed likehhood
ratio ¢ with the threshold ¥, for the required
values of ¢, or ¢,.

The expected pion acceptance for different elec-
tron identification efficiencies is shown as a func-
tion of the number of hits in Fig. 7 for 1 GeV/¢ and
10 GeV/c particles. A minimum number of 4 hits is
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Fig. 5. The likelihood ratio distributions for 10GeV/c pions
and electrons with 9 associated TRD hits (Monte Carlo simula-
tion). A threshold corresponding to a 90% electron identifica-
tion efficiency is shown.
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Fig. 6. Electron identification efficiency ¢, and pion acceptance
¢, as a function of the threshold for 10GeV/c particles with
9 associated hits (Monte Carto simulation). The threshold value
¥ shown corresponds to ¢, = 90%.

necessary to have a reliable association with a DC
track, therefore, we require a signal in at least
4 detection planes to apply the identification algo-
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Fig. 7. Expected pion acceptance, &, corresponding to fixed
values of electron identification efficiency, ¢,, as a function of the
number of associated hits N, for 1 GeV/c (left) and 10GeV, ¢
(right) particles. Straight lines are drawn to guide the eye; points
along each line are computed for the value of ¢, indicated at the
end of the line, on the right.

rithm. The pion rejection factor R = 1/¢, achieved
with 9 TRD modules is larger than 10° for a 90%
electron efficiency.

The electron efficiency ¢, for a pion acceptance
¢, = 1073 for 9 associated hits as a function of the
momentum of the incident particle is shown in
Fig. 8. It is larger than 90% in the momentum
range from 1 to 50 GeV/c. Below 1 GeV/c, the TRD
identification capability degrades rapidly due to the
fact that the transition radiation yield for electrons
sharply decreases. Above 50 GeV/c, electron-pion
discrimination deteriorates because the TR photon
production by pions becomes significant (see
Fig. 2). In practice, we apply the identification algo-
rithm to particles in the momentum range from 0.5
to 50 GeV/e.

The identification algorithm described above
gives a poor rejection for low momentum (below
~1.5GeV/c) protons due to their large ionization
losses. Electron—proton discrimination by TRD in
this momentum range requires a dedicated treat-
ment, which will be described elsewhere.



N
o«x©

0
b
T

8
—

Electron efficiency €, , %

80

75

0 - E 1 1

65 — . 1 1 : | -

,
10 . 10,
Particle momentum, GeV/c

Fig. 8. Monte Carlo predicted electron efficiency ¢, correspond-
ing to ¢, = 1073 as a function of the momentum of the particle
for 9 associated hits.

4.2. Identification of non-isolated particles

4.2.1. The method

The main task of the TRD is the identification of
electrons produced in t decays or in v, CC interac-
tions which are in general well isolated from other
tracks in an event. However, the identification of
non-isolated particles by the TRD is also possible
(though with smaller efficiency), as the number of
tracks producing each TRD hit is known from the
accurate reconstruction of the track coordinates in
the drift chambers. The identification of non-
isolated electrons is useful in processes where an
electron is imbedded in the hadron jet (e.g., decays
of charmed particles).

Two tracks whose projections onto the hori-
zontal plane are close to one another cannot be
separated in the TRD. For instance, in the case
of v, CC interactions, about 25% of the events
include tracks crossing the same straw tubes, pro-
ducing so-called “shared” hits. Application of
the identification algorithm described in the pre-
vious section to “shared” hits with the sum of the
energies deposited by each of the non-isolated
tracks would lead to substantial particle misiden-
tification. For example, more than 95% of the two

G. Bassompierre et al. {Nucl. Instr. and Meth. in Phys. Res. A 411 (1998} 63-74

pions with all 9 hits “shared” would be identified as
electrons.

We have developed a procedure for the identi-
fication of non-isolated particles which takes into
account the number of tracks associated with each
hit as well as the particle momenta. This algorithm
is applied to a pair of tracks if the number of
“shared” hits is larger than 3. If two tracks share
less than 4 hits, they are treated separately by the
particle identification procedure for isolated tracks
(Section 4.1) applied to their “non-shared” hits
only.

While for an isolated particle of momentum p the
decision is made between the two hypotheses e(p)
and =n(p), for two non-isolated particles of mo-
menta p; and p, one has to consider four hypothe-
ses (py)*(p2), e(pi)*m(pa), m(pi)xe(p,) and e(py)x
e(ps). Thus, four likelihood estimators are com-
puted from the corresponding probability density
distributions for a combination of two particles:

N N
Ey = log[ rl P(Eilk(Pl)*l(Pz))n
j=1

i=1
x PUE] + E7)| k(pl)*l(Pz))J, )

where k,I run each for e, m; N, is the number of
modules where the hits are “shared” by the two
particles; N,y the number of modules where the
two particles have “non-shared” hits; P(E;|
(k(p1)*l(p,)) are the probability densities for the
combination of two particles k{p,) and I(p,) with
momenta p; and p, to deposit the total energy E; in
the ith straw tube. If, in the jth TRD module, two
tracks are associated with different “non-shared”
hits, the energy depositions E] and E? from these
hits are added.

The probability density distributions used in
Eq. (2) were obtained by a convolution of the distri-
butions of the energy deposited by corresponding
isolated particles (see Fig. 9). The decision on the
nature of each of the two particles is made by
selecting the hypothesis corresponding to the lar-
gest likelihood value among the four .%;;. The dis-
crimination between e(p;)*n(p,) and w(p)xe(ps)
hypotheses on the basis of “shared” hits is not
possible when p; ~ p,. In such a case, energy depos-
itions in “non-shared” hits are treated separately
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Fig. 9. TRD response to isolated (top) and non-isolated (bot-
tom) 0.5 and 2 GeV/c electrons and pions (Monte Carlo simula-
tion). Particle momentum is shown in brackets.

for each track and provide additional information
to help tag the electron or pion.

The identification procedure for non-isolated
particles has been studied for a sample of Monte
Carlo events with two tracks generated with a uni-
form momentum distribution in the range from 0.5
to 50 GeV/c and having 9 “shared” hits in the TRD.
The results are presented in Table 1. The expected
efficiency of the correct n+n and exe identifications
is greater than 90%, with contamination from exn
and nxe combinations limited to a few percent. The
expected probability to misidentify an exe combi-
nation as a m#n pair and vice versa is less than
107°. On the other hand, a significant fraction
{~25%) of exn and nxe combinations is expected
to be identified as an electron pair.

The identification procedures for both isolated
and non-isolated particles have also been applied
to a sample of Monte Carlo events simulating
v, CC interactions in the NOMAD detector. The
deep inelastic v, scattering has been simulated by
the LEPTO [10] and JETSET [11] generators,

Table 1

Monte Carlo expectation of the identification efficiency for
different combinations of particles sharing 9 hits in the TRD
(uniform momentum distribution)

Generated as

Identified as (%)

T*TT (% %47 exe
T 91.9 8.1 < 0.1
CHTLTT*E 0.7 74.8 24.5
exe < 0.1 3.0 97.0

Table 2
Performance of the TRD identification algorithms for non-isc-
lated particles in v, CC Monte Carlo simulated events

Generated  Identified (%) by
as
Isolated particle [D Non-isolated particle 1D
TR CXT,N*E  ©xe ML C*T,TT*ke exe
TT*TC 0.9 < 01 991 834 152 1.4
exI,THe 1.6 < 01 984 92 384 524
cxe 0.1 < 01 999 34 126 84.0

while the detector simulation is based on the
GEANT [12] package, to which a detailed simula-
tion of the transition radiation emission, the
photo-absorption, and the ionization losses in thin
gas layers has been added [5]. The results obtained
for the identification of particles with more than
3 “shared” hits in ~20000 generated events are
shown in Table 2. The improvement due to the
identification algorithm for non-isolated particles is
clearly seen. Most importantly, the amount of mis-
identified m*n combinations has decreased from
~99% to ~17%.

5. Discussion of the electron identification
algorithms

The identification algorithms described in Sec-
tion 4 demand an accurate measurement of the
energy depositions E; and a precise knowledge of
the probability density distributions P(E;|e) and



70 G. Bassompierre et al. /Nucl. Instr. and Meth. in Phys. Res. A 411 (1998) 63 74

P(E;|r), 1.e., of the detector response to both elec-
trons and pions. In this section, we discuss the
impact of the characteristics of incident particles
and detector parameters on the energy deposition,
the way they were taken into account in the elec-
tron identification procedure, and the implementa-
tion of the identification algorithm.

5.1. Experimental studies and algorithm assumptions

The response of each straw tube is continuously
calibrated by means of **Fe radioactive sources,
emitting 5.89 keV X-rays. The signals from the *°Fe
sources allow a precise measurement of the detector
response, which varies with the changes in most of
the detector parameters (such as high voltage, tem-
perature, pressure, composition of the gas mixture,
its H,O and O, contaminations, etc.)

With the sources deposited horizontally in the
middle of each detection plane, however, the 3°Fe
calibration does not take into account possible
variations in the gas mixture composition along the
straw tubes. An adjustment of the operating condi-
tions has lead to a uniform response of the straw
tubes, which is permanently controlled by measure-
ments of the positions of the minimum ionizing
peak of muons over the whole detector area [4].
Therefore, in the identification algorithms we as-
sume the response of all 1584 straw tubes to
minimum ionizing particles to be identical and in-
dependent of the altitude of the particle impact
point.

A number of studies have been carried out with
the aim of reducing the number of parameters on
which the probability density distributions of elec-
trons depend. They have shown that the following
parameters can be neglected in the identification
procedure.

® [mpact point of the electron. The transition radi-
ation yield depends on the mean dispersion of
the gaps between the foils of the radiator [13]
which can vary along the large radiator area
because of local inhomogeneities. Consequently,
one could expect an X-ray yield dependence of
the impact point of the electron on a radiator.
A thorough scan of the surface of the radiators
by 10 GeV/c electrons in a test beam showed no

variation in the X-ray production rate within the
5% accuracy of the measurements.

® Module position in a doublet. In the 4 TRD doub-
lets, the second detection plane of a doublet
detects about 10% of the X-ray photons emitted
in the radiator of the first module which were not
absorbed in the first detection plane. Due to this
effect, a larger average response of the second
module is expected. On the other hand, the regu-
larity of the spacing between the foils was sub-
stantially improved during the manufacturing of
the radiators. It was decided to install 4 radiators
of inferior quality as second radiators of a doub-
let in order to compensate their lower X-ray
yield by a higher detection rate. The signal in the
first and second detection planes of a doublet has
been studied for a sample of é electrons from
NOMAD data (see Section 6). No difference in
the module responses was observed at a level of
3% measurement accuracy.

o Angle with respect to the radiator. The angle
between the incident particle and the radiator
surface could affect the transition radiation yield
by changing the distance through the foil and
spacing traversed by a particle [14]. The simula-
tion showed a compensation between the in-
crease in the transition radiation production and
the increased X-ray photon re-absorption in the
radiator in the relevant angular range [5].

Based on these studies we assumed in the imple-
mentation of the electron identification algorithms
that the probability density distributions both for
electrons and pions do not vary from one detection
plane to another or over the 2.85 x 2.85m? surface
of the detector and depend only on the Lorentz
factor of the incident particle.

3.2. Implementation of the identification algorithms

To study the detector response to electrons and
pions, test beam measurements [4] and a detailed
simulation of the detector [ 5] have been performed.
Due to the impossibility of in-situ calibration of the
entire detector by eclectron and pion beams, the
TRD simulation program that had been checked
with test beam measurements was used to compute
the probability density distributions of the energy
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deposition by isolated and non-isolated particles,
taking into account:

e the dependence of ionization losses and
transition radiation yield on the Lorentz factor
of the incident particle;

e the Auger and fluorescence effects in the process
of photo-absorption in xenon [15];

o the mean effect of the cylindrical shape of the
straw tubes:

e the space charge corrections for the response of
the straw tubes as a function of the energy of the
detected photons [4].

To identify isolated particles, the probability
density distributions were generated for a set of
different momenta of electrons and pions and
tabulated. We have also computed and stored the
integrated likelihood ratio distributions for elec-
trons and pions (see Fig. 6) as a function of their
momenta and number of associated hits. This in-
formation allows us to tighten (loosen) electron
selection criteria according to the goals of the ana-
lyses. By default. a pion rejection factor of 10? is
required. An interpolation procedure is used to
account for the measured momentum of a par-
ticle. For the identification of non-isolated
particles, only the probability density distributions
for the four possible hypotheses were com-
puted and tabulated as a function of the particle
momentum.

The performance of the TRD obtained in the
analysis of the real data described below con-
firms the validity of the assumptions, the excellent
steering of the detector, and the correct descrip-
tion of the detector response by the simulation
program.

6. TRD performance with experimental data

The TRD performance has been studied using
experimental data in situ, with the TRD installed as
a part of the NOMAD detector. The agreement
between the expected and the observed response,
as well as the performance of electron identifica-
tion for isolated particles were tested on two
samples of events selected during NOMAD data

acquisition:

e muons crossing the detector between two neu-
trino spills (Section 6.1);

@ 0 electrons produced by straight-through muons
(Section 6.2).

The latter sample has also been used to study the
performance of the identification procedure for
non-isolated particles (Section 6.3.1). Finally, the
electron identification algorithm for non-isolated
particles has been applied to electron-positron
pairs resulting from photon conversions (Sec-
tion 6.3.2).

6.1. TRD performance for minimum ionizing
particles

A sample of more than 200000 straight-through
isolated muons in the momentum range from 2.5 to
50 GeV/c, recorded during the “flat top” period of
the SPS accelerator cycle, has been analysed. Ex-
perimental and simulated spectra of the ionization
losses of muons in the TRD have been compared
for different muon momenta. An excellent agree-
ment between data and simulation was found over
3 orders of magnitude, as shown in Fig. 10 for
10 GeV/c muons.

The TRD identification algorithm for isolated
particles was applied to a fraction of the muon
sample. The probability for a muon to be identified
as an electron was found to be ¢ =(1.17 +
0.30) x 107 %, which is in agreement with a required
R = 10* rejection factor. The distribution of the
likelihood ratio probability (see Fig. 6) for muonsis
shown in Fig. 11. The flatness of the histogram
confirms the agreement between the input para-
meters of the identification algorithm and the data.
The absence of a peak at low probability values
shows also the purity of the selected sample of
muons and the absence of electron admixture.

6.2. TRD performance for electrons

As the TRD is an essential tool for electron
identification in NOMAD, selecting an unbiased
electron sample from neutrino interaction events in
order to evaluate the performance of the TRD is
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Fig. 11. Distribution of likelihood ratio probability for muons.

problematic. Instead, the in situ detector response
to electrons was studied on a sample of d-rays
emitted by “flat top” muons. Such § electrons are
well suited for the studies of TRD performance:

e With an average momentum of the “flat top”
muons of about 20 GeV/¢, the maximum allowed

energy of the emitted d-ray, EJ*% is about
13 GeV [16], well above the TRD identification
threshold of 0.5GeV.

e The angle of emission of a d-ray electron with
energy E; is given by the expression [17]:

E,
_ 3
Er_nax ( )

d

cos’ @) =

Consequently, a large fraction of é electrons with
E; of the order of a few GeV is expected to be
spatially well separated from the muon track.

The criteria for J-ray event selection, based only
on the topology of the event and the muon identi-
fication, are totally independent of the TRD elec-
tron identification. A sample of 1216 §-ray electrons
was selected by requiring two track events in-
cluding a muon (identified in NOMAD muon
chambers) and a second particle (3-ray) with a mo-
mentum above 0.5 GeV/c. An example of a selected
event is shown in Fig. 12. Fig. 13 shows the mo-
mentum distribution of the selected d-rays which is
in agreement with the expected 1/EZ behaviour
[16].

The selected sample of 3-rays allows one to com-
pare the simulated and experimental spectra of
energy deposited in the TRD by low momentum
electrons. Their excellent agreement is shown in
Fig. 14. The simulated spectrum was generated by

r_{ i

a ] ( V

Fig. 12. Anexample of a d-ray event. The muon track (observed
in the muon chambers) and the & electron track (absorbed in the
electromagnetic calorimeter) are well separated in both projec-
tions.
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Fig. 13. Momentum distribution of 3-rays. A I/E} fit of the
momentum distribution is shown.
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Fig. 14. Comparison of experimental (points with error bars)
and simulated (dashed line) distributions of the energy deposited
in the TRD by 4 electrons (linear and logarithmic scales).

taking into account the measured d-ray momentum
and angular distributions.

The TRD electron identification algorithm
for isolated particles, applied to the sample of

1216 o-rays, has identified 1075 electrons. The mea-
sured value of the electron identification effi-
ciency &, = (88.4 £+ 2.7)% is in agreement with the
expected (89.9 + 1.1)% for the identification of
electrons at low momenta for a pion rejection
factor of 10°.

6.3. Performance of the identification of non-isolated
particles

6.3.1. Sample of é-ray electrons

The identification of non-isolated particles has
been studied on the sample of muons emitting
o-rays described in Section 6.2. Non-isolated par-
ticles were produced from data by adding, plane by
plane, the energy deposition of an isolated muon
and an isolated electron from two separate events,
thus generating 9 “shared” hits. The performance of
the identification algorithm on these data and on
simulation is shown in Table 3. About 64% of exp
combinations are correctly identified.

6.3.2. Photon conversions

Another test of the identification of non-isolated
particles was performed on photon conversion
pairs. The electron and positron resulting from
a photon conversion are produced at a small angle
with respect to each other and usually lead to
“shared” hits in TRD. On the other hand, due to
the magnetic field in the detector, the two tracks are
opened up in the vertical projection and are recon-
structed separately by the drift chambers.

Based on the topology of the conversions and
requiring that the invariant mass of a pair be
compatible with that of a photon, we selected about
600 electron-positron pairs from a sample of a
few thousand v, CC neutrino interaction events

Table 3

The performance of the identification procedure for non-isolated
particles applied to the summed energy depositions by muon
and ¢ electron {m*e combination)

Reconstructed as Data, % Simulation, %
TO*TT 29 1.0
EXTL, ke 63.9 721
exe 332 269
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recorded in NOMAD. Among them, in 75 cases
both tracks had a momentum above the identifica-
tion threshold and more than 3 “shared” hits in the
TRD. Of these, 65 pairs were correctly recognized
by the identification procedure for non-isolated
particles as an exe combination. The efficiency ob-
tained, (86.7 + 10.8)%, is in agreement with the
86.0% Monte Carlo expectation for the identifica-
tion of exe combinations with the measured mo-
mentum distribution,

7. Conclusions

The algorithm developed for the identification of
isolated particles in the NOMAD TRD provides
a 10 pion rejection factor for a 90% electron
identification efficiency in the momentum range
1-50 GeV/c. The procedure, designed for the identi-
fication of non-isolated particles, significantly re-
duces the number of mis-identifications, especially
in large multiplicity events.

The simulated and the observed detector re-
sponse, both to minimum ionizing particles and
to electrons, are in excellent agreement. The re-
sults obtained for muons and electrons during NO-
MAD data acquisition confirm the assumptions
made in the implementation of the identification
algorithms.
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