The MPD detector at the NICA heavy-ion collider at JINR

Kh.U.Abraamyaf S.V.Afanasie®, V.S.Alfee?, N.Anfimov?, D.Arkhipkin?, P.Zh.Aslanyaf) V.A.Babkir?, M.I.Bazna¥,
S.N.Bazyle¥, D.Blaschké, D.A.Bliznyuk, D.N.Bogoslovsk§, I.V.Boguslavsk, E.E.BooS, V.V.BorisoV?, V.N.Borshchoy;
K.A.BugaeV, A.V.Butenkd, V.V.Chalyshe®, S.P.Chernenko V.F.Chepurno®, VI.F.Chepurno®% G.A.Cheremukhirfa
I.E.Chirikov-Zorir®, D.E.Donet?, K.Davko?, V.Davko?, O.A.Denisovskaiy D.K.Dryablov?, D.Drnojarf, V.B.Dunir?,
L.G.Efimov?, E.Egoro¥, D.D.Emelyano® O.V.Fatee®, Yu.l.Fedoto? G.Feofilo¥, A.V.Friesel, O.P.Gavrischuk
|.GeshkoV, V.M.Golovatyul, M.B.Golubev4, I.N.Goncharo®, N.V.Gorbuno¥, Yu.A.Gornushkif, B.V.GrinyoV, F.F.Gubet,
K.K.Gudimd, A.V.GuskoV, S.lgolkirf, A.Yu.lsupow?, A.P.lvashkiff, V.N.Jeje?, M.G.KadykoW, T.L.Karavichev4,
A.O.Kechechyafy V.D.Kekelidzé, G.D.Kekelidzé, H.G.Khodzhibagiya® Yu.T.Kiryushir?, V.I.Kolesnikow?, V.L.Korotkikh®,
A.D.Kovalenkd, N.Krahotirf, L.V.Kravchuck, Z.V.Krumshteid, A.B.KurepirP, N.A.Kuz'min?, V.Lazare¥, R.Lednitsky,
O.M.Listratenké, A.G.Litvinenkd, E.l.Litvinenkd, S.P.Lobastdy I.P.Lokhtirf, V.M.Lysar?, J.Luksting, V.M.Lucenkd,
D.T.Madigozhird, A.l.Maevskay8, A.l.Malakho\?, L.V.Malinina’, V.A.Matvee\, M.M.Merkin®, 1.N.Meshko?,
V.V.Mialkovski?, I.I.Migulina? K.R.Mikhailov?, N.A.Molokanov& S.A.Movcha#d, Yu.A.Murin?, G.J.Musulmanbekdy
V.A.Nikitin8 A.G.Olshevsid, V.F.PereseddyD.V.PeshekhondyV.D.PeshekhondyS.V.Petrushankpl.A.Polenkevich,
P.A.Polozo¥, Yu.K.Potrebeniko% M.S.Prokudif, V.S.PronskikR, M.A.Protsenky A.M.Raportirenkd, S.V.Razif,
A.l.Reshetifi, O0.V.Rogachevsky A.B.Sadovsky, Z.Sadygo¥, L.I.Sarychevg A.A.Savenko¥, S.V.Sergeey B.G.Shchino#,
A.V.Shabuno%, G.B.Sharko$, N.M.Shumeiké, A.O.Sidorir, A.N.Sissakiad, |.V.Slepne?, V.M.Slepne?, A.M.SnigireV,
T.M.Solovjevéd, A.S.Sorirf, I.Stamenol, A.V.Stavinskiy', V.L.Stolin®, S.Ya.Sychko¥, O.V.Teryae¥, V.V.Tichomirov?,
S.S.Tolstoukhdy; V.D.Tonee¥, G.V.Trubniko, I.A. Tyapkir?, I.T.TymchuKk, N.M.Vladimirove?, S.V.Volgir?, A.G.Voronirf,
V.1.Voskoboinilé, A.l.YukaeW, V.I.Yurevich?, Yu.V.Zanevsky, F.Zazuli&, A.l.Zinchenk&, G.M.ZinovjeV, V.Zherebchevsk#
P.N.Zhmurih, V.N.Zryue\, R.Ya.Zulkarnee¥ Yu.R.Zulkarneeva

aJoint Institute for Nuclear Research, Dubna, Russia
binstitute for Nuclear Research, RAS, RF, Troitsk, Russia
¢Skobeltsyn Institute of Nuclear Physics Moscow State sityeMoscow, Russia
d Institute for Theoretical Experimental Physics, Moscous$ta
€St.Petersburg State University, St.Petersburg, Russia
fBogolyubov Institute for Theoretical Physics, NAS, Ukeain
9Institute of Applied Physics, AS, Moldova
Pinstitute for Nuclear Reseaah Nuclear Energy BAS, Sofia, Bulgaria
iInstitute for Scintillation Materials, Kharkov, Ukraine
Istate Enterprise Scientifiz Technology Research Institute for Apparatus constructidrarkov, Ukraine
kParticle Physics Center of Belarusian State University

Abstract

The MultiPurpose Detector (MPD) is designed to study heameollisions at theNuclotron-based heavypn Collider fAcility
(NICA) at JINR, Dubna. Its main components located insidemesconducting solenoid are a tracking system composesiliéan
microstrip vertex detector followed by a large volume tiprejection chamber, a time-of-flight system for particlentification
and a barrel electromagnetic calorimeter. A zero degreeohachlorimeter is designed specifically to measure thegsnef
spectators. In this paper, all parts of the apparatus azided and their tracking and particle identification (Piayameters are
discussed in some detail.

Key words: NICA, MPD detector, particle identification
PACS:29.20.D-, 29.30.Ep, 29.40.Cs, 29.40.V]

1. Introduction tons to AU over the energy range<4 /Syn < 11 GeV. The
A entifi h . hvsics | hed future accelerator facility NICA will operate at a lumintysof
hew scientific program on heavy-ion physics launched re, ;o _ 1?7cnr2s1 for Au”® ions. Ref. [2] gives a summary

cently f.it JINR (Dubna) is devoted t? the study of in-mediumof physics perspectives of the heavy-ion program at NICAe Th
propertles_ of hadrons and the equatlon of state _Of nuclear mamajor physics points that determine the conceptual dedign o
ter including a search for the signals of deconfinement phasgpp 4re as follows. 1) To probe the deconfinement phase tran-

tra_nsitions and the critical_endpoint_ [1]. Comprehensigle- ition, new very precise measurements of hadron yieldsdhcl
ration of the QCD phase diagram will be performed by a carefufng multi-strange baryons are of great importance. 2) Measu
energy and system-size scan with ion species ranging from pr
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Figure 1: Layout of the MPD detector.

ing fluctuations and correlation patterns in the vicinitytio 50
QCD Critical End Point requires an apparatus with a solid an
gle coverage close tordand excellent particle identification ca- TOF
pability. 3) To study in-medium modifications of hadron prop 5
raw EC Trucker
erties, the invariant mass spectra of dielectrons shouldédse
sured up tdMlere- ~ 1 GeV/c? in a variety of colliding systems. e
4) Finally, a detector to study heavy-ion collisions in ahhig
track multiplicity environment has to be functional at hiigh
teraction rates; fine granularity of detector elements aatlg BBC
event characterization capability are also required.

(PC Trucker//

2. The apparatus Cryostat L

810

The MPD is designed as a4pectrometer capable of detect-
ing charged hadrons, electrons and photons in heavy-idin col
sions in the energy range of the NICA collider. To reach this
goal, the detector will include a precise 3-D tracking siyste
and a high-performance particle identification system thase
time-of-flight measurements and calorimetry. At the deign  can be found in ref. [3].
minosity, the event rate in the MPD interaction region isw#fo
kHz; the total charged particle multiplicity exceeds 100@he
most central AeAu collisions aty/syn = 11 GeV. As the aver-
age transverse momentum of the particles produced in a colli The Time-Projection Chamber (TPC) is the main tracking
sion at NICA energies is below 500 M@/ the detector design detector of the MPD. The TPC will provide:
requires a very low material budget. The general layout ef th a) dficient tracking at pseudorapidities upli¢=1.2,

MPD apparatus is shown in Fig. 1. The detector setup includels) momentum resolution for charged particles under 3% in the
the Central Detector (CD) covering? units in pseudorapidity transverse momentum rangd & p; < 1 GeVc,

() and two forward spectrometers (FS-A,B) fork2n| < 3 (op-  ¢) two-track resolution of about 1 cm,

tional). The whole CD will be a 6.5 m long cylinder of about d) hadron and lepton identification byE/dx measurements

5 m in diameter. These design parameters are determined loyade with a resolution better than 8%.

several technical constraints and guided by a trati®foef- The lay-out of the TPC is shown schematically in Fig. 3. The
ficient tracking and PID against a reasonable material kudgeTPC design is conventional in the overall structure widedgdi

The cross-sectional view of the MPD Central Detector is show in other experiments [6, 7]. The TPC is 3.4 m long and 2.2
in Fig. 2 with some characteristic dimensions of its maje-el m in diameter. It is filled with a gas mixture of 90% argon
ments. A more detailed description of the detector comptsnenand 10% methane (P10) at 2 mbar above atmospheric pressure.
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Figure 2: Cross-section of the Central Detector.

2.1. Time-projection chamber
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Central electrode

The tracking capability of the TPC in the forward direction
will be enhanced by a forward tracking system. A straw tube
EndCap Tracker (ECT) located between the TPC and TOF end-
caps is considered as an option. The ECT consists of 2x60 lay-
ers of 60 cm long straw tubes and covers the pseudorapidity
region 1< |p| < 2.5.

2.2. Inner tracker

The Inner Tracking System (ITS) located between the beam
pipe and the TPC is designed for the precise finding of pri-
mary collision vertices and reconstruction of decay vesiof
strange particles. The energy losE(X) measurements pro-

Readout Camber //

vided by ITS will enhance the particle identification capabi
ity in the low momentum region. The ITS concept inherits the
best of technical advances of the vertex detectors of theCkL|
and DO experiments [4, 5]. The system covering the region of
) ) ~ |nl < 3.5 comprises four coaxial cylindrical layers of double-
The active gas volume of the TPC is bounded by coaxial fielQjged silicon microstrip detectors with a strip pitch of S0
cage cylinders with a padplane readout structure at both end g sjlicon discs assembled from wedge-shaped doublé-side
caps. The uniform electric field in the active volume reqgiire microstrip detectors situated at the ends of the cylind&he

for drift electrons is created by a thin central electrodéhat 1 1 long ITS cylinder part has a diameter of between 20 cm
center of the TPC, concentric field cage cylinders and thé-rea o, the inner layer surrounding the beam pipe to about 50 cm.
out endcaps. Full plastic cylinders will be used for the TPCrhe material budget of 0.8% radiation length per layer in-
field cage construction. The TPC readout system is to be baseq|,qes the active sensors and the supporting construtigns

on Multi-Wire Proportional Chambers (MWPCs) with cathode yemonstrates first results of simulations for reconstngctie
readout pads. Each endcap consists of 12 sectors of MWPGgimary collision vertex with (triangles) and without (sres)
with an overall area to be instrumented of about8 fo keep  the ITS detector installed. As is easy to see, a considerable
the occupancy as low as possible and ensure the required aCGtovement in the resolving power of the vertex reconstoucti

racy ofdE/dx and position measurements there will be aboufg 4chieved with the combined TPC and ITS reconstruction.
80000 readout pads of twoftkrent sizes arranged in two sub-

sectors.

Figure 3: Schematic view of the MPD Time Projection Chamber.

To optimize the overall TPC design for high track reconstruc
tion efficiency and good momentum resolution, Monte-Carlo
simulations have been performed with a sample ofrAu
events [3]. The calculated relative momentum uncertainty
Api/p: is shown in Fig. 4 as a function gf.. It is seen
from the plot that the required resolution 8% is achieved
atpr < 1 GeVc. The simulations also show that the TPC
reconstruction &iciency for charged hadrons exceeds 95% at
p: > 150 MeVjc.
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Figure 4: Transverse momentum dependencémf p; for charged hadrons

reconstructed in TPC.
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Figure 5: Resolution of the primary vertex reconstruction) (n Au+Au colli-
sions for the stand-alone TPC (squares) and combined-TR&(triangles).

2.3. Time-of-flight system

The Time-Of-Flight (TOF) system is intended to perform
particle identification for total momenta up to 2 GeV The
system includes the barrel part and two endcaps and cowers th
pseudorapidity intervah| < 2. The TOF is based on Multi-
gap Resistive Plate Counters (mMRPC) with satisfactoryngmi
properties andféiciency in particle fluxes up to 2om=2s71 [6].

The 2.5 m diameter barrel of TOF has a length of 500 cm to
cover the pseudorapidity regiof) < 1.4. The basic element of



TOFis a 7 cnx 62 cm mRPC built of 12 glass plates separatedbetter than 6% aE, > 200 MeV. The EMC is proposed to be
by 220um thick spacers forming 10 equal gas gaps. All thebuilt of towers as basic building elements (e.g., 3 cm sqi)are
counters are assembled in 12 azimuthal modules providing afach Pb-scintillator-based tower contains sampling calls
overall geometric ficiency of about 95%. sisting of 250 alternating tiles of Pb (0.275 mm) and plastic
Two options of the signal readout geometry are still beingscintillator (1.5 mm). The module with a thickness of 18 radi
considered. One is a pad structure with lateral dimensidns ation lengths will be approximately 40 cm long. The cells of
3x3.5cm, the other makes use of 3 cm wide strips with readougach tower are optically combined by 9 longitudinally peatet
from both sides of the strips. The endcap TOF system consistag WaveLength Shifting fibers (WLS) for light collectionh&
of two discs situated at both sides of the TOF barrel. Therinnelight collected with 9 fibers is read out by Microstrip Avatdre
diameter of the discs is 40 cm, the outer one is 250 cm regultinPhotodiod (MAPD) units with 83 mn¥ sensitive areas. The
in a pseudorapidity coverage obl || < 2. towers, mechanically grouped together, form a trapezibape
module.

0.9 GeVic<p<1.3GeVic .
P 2.5. Zero degree calorimeter

The energy of the projectile’s spectator nucleons will bame
p sured by the Zero Degree Calorimeters (ZDCs) located at dis-
tances of 2.9 m from the center of the interaction region. The
transverse size of the calorimetey (50 cm) is determined
by the angular distribution of the spectators. The calor@me
should have an energy resolution for single hadrepgE <
60% VE and stficiently fine granularity needed for the event
plane reconstruction. Each ZDC will be assembled of 84 ident
cal modules. Each module with a lateral size of 5x5 cm camisist
‘ of sandwiches of 16 mm thick lead and 4 mm thick scintillator
1':_ tiles with embedded WLS fibers. The fibers from each group of
Ry e BT e v 6 consecutive scintillator tiles are collected togetheéewed
nt, GeV by a single photodetector at the end of the module. MAPDs are
under consideration for the photodetector because of alvdi
Figure 6: dE/dx (from _TPC) versus mass-squared (from TOF) distribution for ity to operate in magnetic field, compactness and high iatern
charged hadron species K, p). gain. The total length of the calorimeter is 120 cm 64),
The Fast Forward Detectors (FFD) will provide TOF with the ;?genwﬁgggogneziggg (:lei:zt?;zl;:;io :g%}rhlé[%aé&?u;asr de

start signal. FFD cons!sts of two |dent|9al arrays of gratpd has been demonstrated in test measurements with pion beams
Cherenkov counters situated symmetrically about the ater at CERN [8]

tion point. FFD covers the pseudorapidity range & 2| n |<

3.2. Each FFD counter consists of a lead plate for conversion of .

high energy photons to electrons and a Cherenkov radiater. T 3 €onclusion

readout will be performed by a multianode MicroChanneldlat conceptual design of the Multi-Purpose Detector to betbuil
PhotoMultiplier (MCP-PMT). It is expected that high energy for the heavy-ion experimental program at JINR (Dubna) has
photons fromr® decays provide a time resolution of the FFD peen briefly described. The MPD comprises a tracking system
systemo < 50 ps, which results in an overall TOF resolution hased on TPC and ITS built of double-sided silicon micrpstri
better than 100 ps. The MPD identification power obtained foljetectors. Identification of charged hadrons is performed b
charged hadrons with combined mass-squared (from TOF) angltime-of-flight system based on mRPC technology; electrons
dE/dX(from TPC) information has been simulated with reSUltSand gammas are detected by a Shash'yk-type e|ectr0magnetic
shown in Fig. 6. calorimeter.
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