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A response of the MPD Straw End-Cap Tracker has been estimated employing FAIRROOT,

GEANT3, GARFIELD and the hit simulation programs. The MC simulations allowed us to study

the following detector characteristics: the occupancy, the charge clusters distributions and energy

losses, drift properties (electron and ion drift times, electron attachment probabilities, drift and

avalanche regions), gas gain, anode signals, the integrated anode charges. The calibration method

[1], [2], [3] has been used to estimate the hit distance of closest approach (DCA) coordinates that

are necessary for the track reconstruction. The DCA coordinate resolution varies from 100 µm

to 300 µm depending on the radial distance from anode wire. Our results are found compatible

with the results from other HEP experiments employing straw tube detectors, e.g. PANDA [1]

and ATLAS [2], [3].
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1. Introduction

Multi-Purpose Detector (MPD) should provide an identi�cat ion of charged particles produced
in heavy-ion collisions at NICA collider energies, i.e. for

p
sNN = 4 � 11 GeV [4]. The detector

consists of several detector subsystems providing information on the coordinates and energies of
measured particles. The general view of the proposed experimental apparatus is presented in Fig.1.
Straw End-Cap Tracker (ECT) is along with the TPC, CPC and TOF detectors included in the
MPD tracking system. There are altogether four independent identical Straw ECT modules placed
at distances 2 m < jzj < 3 m from the origin of the coordinate system and arranged symmetrically
along the beam pipe. The low occupancy and high uniformity of the straw tube detector is achieved
through its carefully chosen technical design which is described in the next Section.

Figure 1: Cutaway side view of the central MPD with basic dimensions expressed in millimeters

2. Layout of MPD Straw End-Cap Tracker

Straw End-Cap Tracker has segmented hierarchical structure presented in Fig.2.
Each module is divided into 5 submodules and each submodule contains 6 layers with 600

kapton straw tubes per layer. The longitudinal size of the submodule is 25 cm with 2.5 cm added
on each side as a reserve space. The originally proposed outer radius of 110 cm has been in 2012
increased to 140 cm.

There are actually three types of straw tube layers depending on how the tubes are inclined with
respect to radial tubes. First layer of the submodule is composed of purely radial tubes, while the
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Figure 2: Straw ECT module structure

tubes in the next two layers are inclined by angles α = +7� and α = �7� respectively. This pattern
is repeated for the next three submodule layers as well. Varying the incline angle in consecutive
straw layers is necessary to determine the coordinates of detected particles.

The type of layer is re�ected in Fig.2 by the three different c olours: blue (α = 0�), red (α =

+7�) and green (α = �7�).
The structure and material composition of the straw tube is indicated in Fig.3.

Figure 3: Schematic structure of straw tube

The radius of straw tube rtube = 2 mm was chosen as a reasonable compromise between the
response speed, the number of detecting channels (72�103) and the detector occupancy. The 80/20
ArCO2 gas mixture is assumed to work at room temperature and atmospheric pressure, with anode
voltage VA = 1650 V.

3. Detector occupancy

The occupancy of the Straw ECT is estimated using GEANT simulations of UrQMD Au+Au
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collisions at
p

sNN = 9 GeV. Fig.4 presents the radial dependence of mean number of tracks per
1 cm of the straw tube. Integration over the full tube length gives the occupancy per 1 tube which
is about 12% for the used data sample.
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Figure 4: Number of tracks per 1 cm of straw tubes (the radial layers)

Fig.5 shows the fraction of multiple hits per the straw tube.
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Figure 5: Number of hits per straw tube

Multiple hits occur in approximately 0.5% of all tubes, i.e. in about 3 tubes (out of 600) per
straw layer.

4. Simulations with GARFIELD

To simulate the detector response in detail, we must include GARFIELD programming pack-
age [5], [6] in our studies. The C++ based version of GARFIELD called GARFIELD++ is object-
oriented program toolkit for the detailed simulations of particle detectors which use a gas mixture
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or a semiconductor material as sensitive medium. The list of tasks that can be solved employing
GARFIELD includes:

� simulations of detector sensitive media;

� simulations of electric and magnetic �elds;

� ionization of detector sensitive materials by charged particles;

� charge transport (drift of electrons and ions under the in�u ence of electric and magnetic
�elds);

� signals induced on electrodes.

Signal simulation in gas-based particle detectors is an exacting, complex task that requires a
gradual solution of a few partial subtasks. The subtasks are in general classi�ed in three groups:

1. primary charge generation, i.e. distribution of electron-ion clusters along particle path in
active detector volume;

2. drift of primary charge towards the electrodes, avalanche near the anode, gas ampli�cation;

3. anode signal simulation.

The concept is schematically illustrated in Fig.6.

cathode

anode

avalanche regiondrift region

Figure 6: Drift of electrons left by charged particle in straw tube

Subsequent analysis of simulated hits provides necessary information on the coordinates of
particle tracks. Additional information about the corresponding energy losses in detector sensitive
volumes is helpful to identify the particle species.
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5. Cluster generation

Electron/ion clusters produced along a path of charged particle are described by the two basic
properties. The �rst characteristic is a mean number of elec tron clusters per cm and the second
one is a number of electrons/ions per cluster. Both the characteristics depend on the working
gas properties such as its chemical composition, pressure and temperature. They also depend on
a particle type and momentum.

Probability to create k clusters on path d inside a tube is described by Poisson distribution:

pλ (k) = λ k exp(�λ )

k!
, λ = ρd,

where ρ is a mean number of clusters per cm. Inverse 1=ρ is thus a mean free path of particle in
tube volume.

Spatial distribution of clusters on path d inside a tube is in general obtained as a chain of
consecutive exponential probabilities:

1
ρ

exp(�liρ), i = 1;2; : : :

where l1 + l2 + : : : � d. If 1=ρ � d, the distribution of clusters can be regarded as uniform.
The cluster densities of particles produced in the studied collisions are provided by GARFIELD.

They are shown in Fig.7 as functions of particle momentum.
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Figure 7: Cluster density vs momentum

The lists of particles produced in the GEANT simulations and particles available in GARFIELD
are compared in Tab.1.

GEANT e� e+ µ� µ+ π� π+ K� K+ p flp Σ� Σ+ d He3 T + α
GARFIELD e� e+ µ� µ+ π� π+ K� K+ p flp d

Table 1: Lists of GEANT and GARFIELD particles
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The comparison reveals that some GEANT particles species have no GARFIELD counterparts.
Therefore instead of the missing GARFIELD particles, the available particles with similar masses
or electric charges are used, i.e. He3, triton, α are replaced with deuteron and Σ�, Σ+ hyperons are
substituted by p, flp respectively.

In the next step the typical number of electrons/ions produced in cluster is estimated. The
number of electrons/ions per cluster is random quantity, therefore it must described by reasonable
probability distribution. Fig.8 shows examples of such probability distributions for e� and π� at
momentum 250 MeV/c.
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Figure 8: Probabilities to produce cluster with a certain number of electrons/ions

The maximum of the probability spectra is found at 1 electron/ion per cluster and the mean
value is about 3 electrons/ions per cluster for all the studied particles. However, as the distributions
in Fig.8 suggest, occasionally even large electron/ion clusters may appear, although a likelihood of
such events is strongly suppressed.

Fig.9 demonstrates a dependence of number of electrons/ions per cluster on particle momenta.
As in the previous Figure, both the examples are shown for e� and π�.

The spectra of most particles under study show dependence only at low momenta (up to 100-
150 MeV/c) except for e�, e+, where a weak dependence is observed only at the lowest momenta
(up to 20 MeV/c).

Before proceeding to the electron/ion drift simulations, it would be desirable to check if our
GARFIELD based simulations of the primary charge are all right. The basic check consists in
comparing the GARFIELD primary charges generated in the straw tubes with the corresponding
GEANT energy losses.

The conversion of primary charges q to energy losses dE/dx is:

�dE
dx

= nqEmin,

where nq is a number of electrons (ions) with total charge q and Emin is a minimal energy needed
to ionize a working gas. For our gas mixture, Emin � 27:5 eV.
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