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Covering pseudorapidity interval2 |n| < 3, the Cathode Pad Chambers (CPC) are part of the
tracking system of the MPD detector. The CPC tracking addlilepend on its geometrical layout
which defines the detector occupancy and errors of recanstturack coordinates. This MC
study presents the method for estimating track coordireltesy with their experimental errors
which are subsequently used in the tracking algorithm irepta determine tracks geometric and
kinematic characteristics.

XXI International Baldin Seminar on High Energy Physicslitems
September 10-15, 2012
JINR, Dubna, Russia

*Speaker.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Cathode Pad Chambers at NICA/MPD J. FedoriSin

1. Introduction

The development of Cathode Strip Chambers (CSC) and CatPhadeChambers (CPC) has
made a significant progress in recent years. CSC's are ydesd expensive, yet on the other hand
they provide similar or even better spatial resolution tb#rer types of gas and wire chambers.
This resolution typically ranges from 40 to 1@0n. Another important virtue of CSC'’s is their
fast response that gives them an edge over multiwire dridtrdfers. Due to lower costs CSC's
can be utilized in experiments where high precision largéasa detectors are needed which is
undoubtedly the case of all the experiments studying @liativistic heavy-ion collisions. These
experiments are characterized by large multiplicitieseziosdary particles which can be therefore
distinguished only by means of high resolution detectors.

This article is dedicated to study of the CPC'’s in the forthomy experiment NICA/MPD
proposed by the Joint Institute for Nuclear Research in Rubrinvestigate the properties of ex-
tremely dense and hot nuclear matter at the collider erergsgn = 4— 11 GeV [1]. This goal
is part of a large-scale international effort devoted tol@gtion of the phase diagram of strongly
interacting QCD matter. While up to now most work within thellR and LHC experiments has
been done in the region of high temperatures and low net hatgaosities, the domain of interme-
diate temperatures and baryon densities has been onlglpestrutinised. This is expected to be
accomplished not only in the NICA/MPD experiment but alsthimexperiments operated by a few
other world leading laboratories, namely BNL (STAR and PHEt low-energy RHIC) [2],[3],
CERN (NAG61/SHINE at SPS) [4] and GSI-FAIR (CBM) [5]. Main daz all the mentioned ex-
periments is to search for possible signals of deconfinearahthe phase transitions accompanied
by chiral symmetry restoration as well as to locate the QGtiral point [6].

2. Layout of MPD Cathode Pad Chambers

The MPD experimental apparatus was designed to meet aobifibysics demands of the
proposed NICA/MPD experiment. The apparatus should betab@rk in a high track multiplic-
ity environment, to cover a large phase space, to operatglatititeraction rates and to identify
particles with excellent precision and high efficiency.

MPD experimental layout that suits all these requiremenpsesented in Fig. 1. The included
detector subsystems are elaborately described in [1].

The ion beams pass in opposite direction alaraxis and collide at the center of the exper-
imental apparatus &= 0 cm. The proposed detector composition enables to detechdary
particles with pseudorapidities from the intervakQn| < 3.

The CPC is tracking detector included in the MPD configuratitis main role is to provide
additional track points between the Inner Tracker (IT) arel TOF in order to mitigate and refine
track reconstruction in pseudorapidity intervak2n| < 3.

There are altogether four CPC’s placedzat +172 5 cm and+204,5 cm, i.e. they are posi-
tioned alongz axis and arranged in pairs symmetrically with respect tootiigin of the coordinate
system, as shown in Fig. 1.

Schematic draft of the single CPC is shown in Fig. 2. As forghemetric proportions, the
CPC shape is in fact more similar to disc or pancake becassadial size obviously dominates the
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Figure 1. Cutaway side view of the central MPD with basic dimensionzegsed in milimeters.

longitudinal one. CPC consists of nine segments - five moplahels and four active gas volumes.
The working gas which is a 80%/20% mixture of Ar and £i®sealed in 0.5 cm wide gap between
two neighbouring module panels.
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Figure 2: CP chamber schematic outline. The values in parenthes&RPeouter radii in the alternative
CPC geometries.
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The module panel has more complex structure which includes &yers mostly of plastic or
polymeric materials such as Rohacell, carbon fiber comp¢8EC) and G10. The panel structure
as well as the proportions of the used materials are indidgat€ig. 3.

Figure 3: CPC module panel structure. Layers of Rohacell, CFC, G10capgper are represented by
magenta, blue, red and green colours respectively.

Most of panel volume is formed by thick layer of Rohacell whis sandwiched by two thin
layers of CFC and G10. Total width of the CPC panel is 1 cm.

G10 is composite material, basically a glass-reinforceakggaminate. G10 is also known
as non-self-extinguishing predecessor of FR4. Carbon fibneposite is carbon-fiber-reinforced
polymer or carbon-fiber-reinforced plastic, extremelpsty and light. The polymer is most often
epoxy, but other polymers, such as polyester, vinyl estanyton, are sometimes used. Apart
from carbon fibers, the composite may contain also otherdjlmrch as Kevlar, aluminium, or
glass fibers. ROHACELL is a foam-like rigid expanded plastiaterial for lightweight sandwich
constructions. It has excellent mechanical propertieg) imensional stability under heat, solvent
resistance and, particularly at low temperature, a lonniaéconductivity. The strength and moduli
values are the highest for any foamed plastic in its denaitge.

Each CPC module panel is coated on both sides by elaborattust of hundreds of copper
pads (strips). They are only 18m thick which make them barely visible in Fig. 3. Modern
photo-etching methods are capable to place the coppes strip high accuracy even on surfaces
of several M which is crucial for precise determination of coordinatégassing tracks. The
structure and arrangement of cathode strips depend on wbarldinate is to be measured by the
given cathode plane. The MPD CPC'’s are designed to measlaetazk coordinates since polar
or cylindrical coordinate systems are more comfortableraack natural for HEP experiments than
the Cartesian one.

Strip layouts for the radial and the azimuthal cathode @are shown in Fig. 2.

The azimuthal cathode plane in Fig. 2 (left) is more strieduslong azimuthal angle where it
is divided to 512 (or 384)azimuthal strips in the inner radial sector and 1012 ( or &68ps in

IThe values in parentheses are used in the newer CPC geometry.
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Figure4: Layout of CPC cathode pad structuregircoordinate (left) andR coordinate (right).

the outer one. The total number of readout channels is tHi&s+512x 2 = 1536 in the old CPC
geometry or 1152 in the new one.

On the other hand, the structure of the cathode plane in Hggt) implies it is designed
to measure radial coordinate. The radial plane is dividéd 2 azimuthal sectors, each one
comprising 128 (or 96) radial strips. The total number ofdma channels in this plane is then

12x128= 1536 (or 1152 in the new geometry).

3. Main goal of the smulation studies

When designing a new detector, it is always helpful to haJestsuntiated estimates of its
efficiency and capability to perform tasks for which the degeis intended. Such estimates can
be obtained by MC simulations which are able to simulate ijghy®xperiment as well as the
subsequent detector response. Detector response in pgegeads on its geometric configuration
and material composition. Our goal is to estimate optimalngetric characteristics and material
composition of the CPC, i.e. to estimate such geometry amet aketector properties for which we
obtain the best track reconstruction results, namely #hektreconstruction efficiency as well as
the geometric and kinematic track parameters. For thiorgaeveral versions of CPC geometry
have been tested, as already mentioned a few times before.

To achieve these goals, the standard HEP and NICA/MPD sidtisaised in MC simulations:
C++, GEANT3, FAIRSOFT, MPDROOQOT, UrQMD model. These standarogramming packages
are supplemented by the original procedures reflecting @fgpeature of the solved problems.

4. Working principle of CPC

Cathode strip/pad chambers are basically multiwire gambleas with segmented cathodes.
When a charged particle passes through the active gas vaiiiime detector, it produces ionization

5
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(electron-ion pairs) along its trajectory. These primadgc&ons drift in the high voltage electric
field towards the nearest anode wire. When electrons apgptbeanode wire, their kinetic energy
gradually increases due to an acceleration in the stromeggrie field. After reaching the ionization
energy of the gas molecules, the electrons knock out fudlemtrons which leads to creation of
avalanche in the vicinity of the anode wire. The resulting @oud induces charge signal on the
cathode strips close to the avalanche location by capadatupling.

cathodes

anodes 7/ —
V'

MO

cathodes

Figure5: CPC working principle [7]

The working principle of CPC/CSC is in Fig. 5. It is shown forchamber designed to
measure Cartesian coordinates but the chambers measotargcpordinates work in analogical
way. The picture 5 shows anode-wire plane sandwiched by atlwode planes whose strips are
mutually rotated by 90 degrees in order to measure k@thdy coordinates. The coordinates of
passing particle are then estimated from the signals irttlonecathode strips by some appropriate
position finding algorithm. The methods commonly used fardmates estimation are presented
and discussed at length for instance in [8].

5. Detector occupancy

Before proceeding to the estimation of track coordinatet thie MPD CPC, let us turn our
attention briefly to the estimation of the detector occupasicce this is a quite important detector
characteristic and it can be evaluated very fast by the el@anecalculations. Providing that each
track produces signal only on one cathode strip, the overaiin detector occupandyis defined
as

~ Nhits

B Ntotal
whereNits is number of the strips with hits and ;4 is number of all strips. The occupanéyis
usually averaged over a large event sample. In our case, &hploying as simulated data sample
500 minbiased 9 GeV AuAu events generated by UrQMD, we olfain3% for both the radial
and the azimuthal cathode planes.
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However, since the occupanéyis only average value, its informative value is rather ledit
Even a low value of does not necessarily mean, there are no overloaded stepthé strips with
hits from two or even more tracks. A presence of such stripsgarded as highly undesired effect
because such tracks are experimentally indistinguishable

In order to estimate the proportion of overloaded strips,dftip occupancy must be studied
event-by-event. Its distributions for both the radial alnel &zimuthal cathode planes are presented
in Fig. 6. The simulated data sample is the same as was usadysig.

x10°
25F
zoi—
15 —
1o}
5|
05 4

Figure 6: Event-by-event strip occupancy for the azimuthal (left.Jignd radial (right Fig.) cathode pad
planes. The occupancy in right Fig. is shown as function dius

The distributions imply that the proportion of overloadedps is about 4% of all the strips
with hits. The overloaded strips indicate a presence of gkase tracks. More thorough investiga-
tions reveal that the pairs of very close tracks are aboveeatbndary particle trackd-{electrons)
produced in the inactive volumes of the detector.

Before proceeding to the track coordinates estimation, wstradopt more refined approach
based on the more precise modeling of the measured sigrdisnatihe sophisticated methods of
signal analysis.

6. Distribution of cathode charge

In fact, the cathode charge induced by passing particle serebd not only in the nearest
strip but in a few neighbouring strips as well. Its distribatin cathode plane is described by
two-dimensional Gaussian-like function centered at a hitigoosition. Thus virtually a whole
charge is collected only from the strips within a circulagar Hit position in CPC (¢ )-plane is
subsequently estimated by some suitable method that usepudscathode charges measured in
the strips, providing the positions of strips are well dafine

There are a few parameterizations that relatively precidetribe cathode charge distribu-
tion, for example Gaussian, Lorentzian or hyperbolic sesgnared, however, the most accurate
description of experimental data is provided by empiricatMeson formula [9], [10], [11] de-
pending on parameteks,, K, andKas:

PA) _ 1—tantf(Ko)

Ga 1+ Kstani(KA)

(6.1)
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where

Ky " (1_ &) K, — KavKs
2= ; 1=

2 2 4arctan/Ks
andKz = Kz(ra/s,h/s), in which h is the anode-cathode separatisris the anode wire pitchr,,
is the anode wire radius arg is the net anode charge. Hence in this representation tipe sifa
cathode charge distribution is determined only by one pataris; which is an empirical function
of the geometric parameters of CPC [10]. Space coordxatexpressed through the dimension-
less quantityA = x/h. When working with polar coordinateg,stands either for radiuR or for
azimuthal ardRA¢, assumming the arc length is negligibly small when compavitd the full
perimeter 2ZIR. The Mathieson function calculated with the geometric peaters of MPD cathode
pad plane is shown in Fig. 7.
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Figure 7: Mathieson function for MPD cathode pad plane

If strips in the opposite cathode planes are mutually petigeiar, two-dimensional Math-
ieson function can be expressed as the product of two onerdiional Mathieson functions for the
separate coordinates.

Mathieson function describes a shape of cathode chargédigins but in simulated data we
need to predict the amplitudes of these distributions ak We$ justified to assume that the mag-
nitudes of cathode charges will copy the distribution ofi@icharges produced in the ionization
of CPC gas. This initial charges spectrum will likewise capg distribution of energy losses in
the detector. On the whole, the spectrum of amplitudes dibck charges can be approximated by
the corresponding spectrum of energy losses. It is wellsknthat the energy losses of particles
are described by Bethe-Bloch formula and their fluctuatemesdescribed by Landau (or Vavilov)
distribution. The energy losses are in general functionaofigle momentg and particle types.

However, in our MC simulations we do not calculate the endogges spectra ourselves, but
instead we employ the spectr&/dx vs p for the needed particle types simulated by GEANT. The
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amplitudes of cathode charges are then generated accaodingse spectra.
Fig. 8 shows the example of cathode charge distribution énctihosen azimuthal sector of
radial pad plane. The peaks (clusters) correspond to te@hitetected tracks.
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Figure 8: Distribution of cathode charge in the chosen azimuthaloseaftradial pad plane. Peaks in the
spectrum correspond to the hits of passing tracks.

As we can see, the cathode charges amplitudes may diffafisggnly, even by the order of
magnitude. Furthermore, when charge clusters overlapegtih other, their separation becomes
difficult, if not quite impossible.

7. Hit coordinates estimation

In this section we present the analytical non-iterativehoetthat evaluates hit position from
the charges measured in strips around the impact pointe $iviegproposed method provides a pre-
cise analytical solution, no systematic corrections gbior the other position finding techniques
[8] are needed.

First, the simple maximum finding algorithm is applied to t@hode charge spectra to find
and to separate the peaks if they do not overlap or if theylawamly partially. Then an area of
each peak is regarded as integral of Mathieson function d&firite integral of Mathieson function

is:
Fp(A) 1
dA = Darct
/a Oa are an(Aexp(xo) + Bexp(—Xo) +C>’

where parameter, B,C, D are functions of the detector geometry-based constants,, K3 and

of the integration limitax, 3. The variablex is center of Mathieson distribution. The integration
over one or a few strips gives cathode cha@ewhich is a quantity measured in the experiment.
The unknown variable igp, coinciding with the true hit position. This variable is &wgted by
solving the above equation fgg.

(7.1)
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Equation 7.1 can be transformed to the quadratic equatairyives forxg ambiguous solution,
in detail presented in Appendix A. In order to decide whicluson is correct, Equation 7.1 must
be solved for at least two strips. The solutions which caiedn both or more strips are regarded
as correct while the differing solutions are discarded.

The presented method provides accurate hit positions, fdytfor non-overlapping hits. If
two or more hits overlap, the accuracy more or less detéesralepending on the efficiency of
the hit separation algorithm. If the hits overlap to sucteekthat they become inseparable from
each other, then only one average coordinate is estimateal fof them. Moreover, the shape of
overlapping cathode charges will differ from the shape otiMeson function, which will lead to
additional error of the estimated coordinate. Anotherrsravise due to the boundary effects, when
the charge clusters produced on the boundaries of radidimughal sectors are incomplete and
require a special treatment.

The above-described errors have systematic characterewowhe most significant source
of errors is electronic noise produced by the amplificatigsteam. This statistical noise cannot be
fully removed from experimental data and therefore coumtgtit the main resolution limiting factor.
In the simulated data this noise must be artificially gemetratnd added to the cathode charges
spectra before they are analyzed. The electronic noisedsrimC data mimicked by Gaussian
white noise witho = 0.5% of the mean total cluster charge, as recommended in énatlire [8],
[12].

Fig. 9 shows the empirical resolutions of radius and azimlghgle achieved for the proposed
hit position finding method. The resolution of azimuthal lenig multiplied by radius in order to
be expressed in units of length. Then we obtain virtuallyesaasolutions for both the coordinates.
The value of 5Qum is regarded as very good coordinate resolution for CPC/BET here is also
undesired systematic shift of a few microns observed in twtpresented distributions.
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Figure 9: Difference of real and reconstructed rad{iRec — Rreal) (l€ft) and difference of real and recon-
structed azimutligrec — ¢rear) Of CPC hits (right). The latter quantity is multiplied by a8 R

Nevertheless, there exist another possible sources diitesodegradation that may increase
the resulting coordinate errors, namely:

10
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=

cross talk between neighbouring readout channels;
2. calibration uncertainties (offset and nonlinear gain);
3. ADC digitization error;

4. mechanical tolerances in the chamber construction;
5. inclined tracks;

6. influence of strong magnetic fields (Lorentz angle);

7. delta electrons production.

An impact of these effects on the coordinate resolutiont®@MPD CPC has not been inves-
tigated yet.

On the other hand, we already developed relatively simpléoaeto estimate the coordinate
errors in the experimental data where, unlike in the sinedlatata, the information on true hit
coordinates are not available. The method estimates cwisderror as a mean fluctuation of the
cathode charges defining the charge cluster.

Estimated coordinates of track hits along with the corredpay errors constitute everything
that is needed for the recontruction of particle tracks. dd@yment and testing of the proper track-
ing algorithm is currently underway.

8. Summary an outlook
Here is a short summary of what has been done for the CPC upwo no

e detector geometry (several layouts tested);

detector occupancy, occupancy of strips;

simulation of hits, including electronic noise;

cluster finding;

estimation of hit coordinates and their errors.
What is underway or ahead?

e tracking;
e investigation of other effects that may have impact on tradonstruction;
e testing of alternative methods included in track recorsion;

e further improvements, tuning.

11
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Only after accomplishing all the planned tasks, we gain ghaaformation to thoroughly
judge how justified the proposed CPC geometries are. Thkttatk reconstruction efficiency is
complex function of the hit finding and reconstruction eéfitty, the tracking algorithm efficiency,
the CPC geometry configuration and material compositiod, last but not least, the properties
of the processed track ensembles, such as their multipticispace distributions and densities,
track curvatures, etc. All the mentioned components aréna@apendent but influence each other
in nontrivial ways which are difficult, if not impossible, tissess. However, the MC simulation
procedures provide us with a powerfull tool to examine &l filicets of the employed track recon-
struction algorithm in order to use the acquired informatio optimize this algorithm or possibly
the entire detector structure.

A. Solutions of theintegral of Mathieson function for hit coordinates

Equation 7.1 can be transformed to quadratic equation wsibgtitutiony = €. Rootsy; » of
the quadratic equation are well-known:

—b+ Vb2 —4ac

o (A1)

Y12 =
The parameters, c,b are defined respectively as follows:

(K3—1)2 o (Kz+1)?

a=1+ W =K exp(a + )

e 1-K2 K-+ 1 [exp(B) — expl(a)]
1-KZ 3+ 1[exp exp

P= Tk, PP TeRl g R tan( )

The integrated cathode charQg as well as the parametefs, K, K3, a, 8 andh are defined and
described in sections 6 and 7.

Hit coordinate is eventually obtained by logarithmizatadA.1. The redundant solution must
be eliminated by applying additional restrictions.
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