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dOusnuecKue 3a1aum

Global observables

* Total event multiplicity

* Total event energy

* Centrality determination

* Total cross-section
measurement

* Event plane measurement
at all rapidities

* Spectator measurement

Spectra of light flavor
and hypernuclei

* Light flavor spectra

* Hyperons and hypernuclei

* Total particle yields and
yield ratios

« Kinematic and chemical
properties of the event

* Mapping QCD Phase
diagram

Correlations and
Fluctuations
* Collective flow for hadrons
* Vorticity, A polarization
» E-by-E fluctuation of
multiplicity, momentum
and conserved quantities
* Femtoscopy
* Forward-Backward corr.
 Jet-like correlations

Electromagnetic probes

* Electromagnetic calorimeter
measurements

* Photons in ECAL and central barrel
* Low mass dilepton spectra and search for
in-medium modification of resonances and

intermediate mass region

Heavy flavor

* Study of open charm production

* Charmonium with ECAL and central barrel

* Charmed meson through secondary
vertices in ITS and HF electrons

* Explore production at charm threshold
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Entries / 1 MeV/c!
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Stage’l (TPC+TOF): Au+Au @ 11 GeV, PHSD + MPDRoot reco.
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- Minbias Au+Au@11 (UrQMD)
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KoajgekTuBHBIN MOTOK

Au+Au, Vs, = 11 GeV, UrQMD, GEANT3 + MPDRoot reco.
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BHGKTPOMaFHI/ITHbIe CUT'HAJIbI

= Realistic ECAL reconstruction & analysis — large acceptance ECAL with good energy resolution
is an ideal tool for measurement of neutral mesons in a wide momentum range

ECAL resolution for photons

Black markers — single photons

Red markers — UrQMD, minbias AuAu
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Entries / 5 Ma\ic®

KoHBepcHMOHHBIE ()OTOHBI

* Photon reconstruction, complimentary to ECAL
* Direct photons, neutral mesons, geometry scan etc ...
* Minbias AuAu@11, UrQMD - conversion on the beam pipe and inner layers of the TPC

Conversion points in MPD
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IHHUAD B MPD

* (OcHoBurIe BKIaael [ [NAD:

v" rasosas cucrema TPC

v’ mporpamMMHoe obecredenue s pekorerpykiuu curnanos B ECAL (digitizer-clusterizer) B

YCJIOBHSIX BBICOKOM MHOYKE€CTBEHHOCTH

v MOJEIUpOBAaHUE JETEKTOPA, OATOTOBKA K M3MEPEHUIO PAa3IHYHBIX (DU3NUECKUX CHIHAJIOB
(ampoHHbBIE PE30HAHCHI, TUAJIEKTPOHHBIN KOHTUHYYM, JIBM, HeliTpaiibHbIe M€30HBI, (DOTOHBI U Ap.)
TEOPETUYECKOE N3YyUYECHUE IIBETOBOM MPO3PAYHOCTH B PA CTOJIKHOBEHHSIX
y4acTue B pa3pabOTKe U MPOU3BOICTBE TPEKOBBIX CTAHIIUN 1Jisl (POPBAPAHBIX CLIEKTPOMETPOB B
paMKax OOHOBJICHUSI SKCIIEPUMEHTAILHOW YCTAaHOBKHU

v
v

* 9 noknazoB HA MEXKIyHApOAHBIX KoHpepeHuusax B 2019 roqy

* 4 nyOnukanuu B pepepupyeMbIX KypHaJIax



3aKkJII0YCHHUEe

ITIpoext NICA/MPD ycnieniHo peanu3yeTcs
Coznmanbl MexyHapoaHbie Kosadopanuun BM@N u MPD
Jlerextop MPD 1mo3BoJisieT U3MEPSITh UHTEPECYIOIINE CUTHAJIBI

VYuactue B8 NICA/MPD sBnsieTcs €CTECTBEHHBIM IPOAOIKEHUEM ICATCILHOCTH
[MAD/ODPBO, yuactus B axkcriepumenTax RHIC/PHENIX u LHC/ALICE,
corpyaauuyectsa ¢ FAIR/CBM
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IHHUAD B MPD
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NICA vs. HADES/BES-11/NA61/CBM
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* Bce skcniepuMeHThI TEPEKPHIBAIOT APYT JIPyra M0 SHEPTUX B3aUMOJICUCTBUS

* CneuuanuzupoBanubie ycTaHoBkU (FAIR/CBM, NICA/MPD) no3BositoT u3y4arh
peAKHE CUTHANBI 3a CYET 00JIe€ BBICOKOTO TeMIa Habopa CTaTUCTUKHU

 NICA/MPD - konnaliiepHasi yCTaHOBKa, OJHOBPEMEHHO 00J1afaroIiasi OOJbIIUM 1
CUMMETPHUYHBIM aKCENTAHCOM U TTO3BOJISIONIAS U3MEPATh PEJIKUE CUTHAJIBI TIPU
OTCYTCTBUH Mapa3uTUIECKuX 3(P(PEKTOB, MPUCYTCTBYIONINX B SKCIIEPUMEHTAX C
(UKCUPOBAHHON MUIIIEHBIO
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JxcnepumMeHT BM@N (fixed target)
Baryonic Matter @ Nuclotron

BM@N experiment: A hyperon yield in
4 AGeV Carbon-nucleus interactions
A yield as a function A yield as a function of

of rapidity in c.m.s.
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Py 1GEVIE]

¥
courtesy of the BM@N experiment
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Entries / 3 MeV/c?
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80-

- S/VS+B=84 4 Peak 61.07

- S/B=29 Mean 2.992

- Eff. =0.8% + Sigma 0.0019
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o
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M(3He 1)’ GeV/c

central Au+Au @ 5 AGeV;, DCM-QGSM

hyper nucleus yield
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!
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) ) * 2
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Strangeness enhancement: SPS, RHIC, LHC

Parixck !/ event ! wound. mocl. relatinve 1o pBe
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1 L ] rul
o R

In some models “horns” in particle ratios
indicate onset of chiral symmetry restoration

and deconfinement

Requires mode detailed and precise data
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Hypernuclei

» Atrelatively low beam energies, where the baryochemical potential and, hence,
the baryon density 1s maximum (NICA/FAIR energy regime) objects with a large
number of baryons and moderate strangeness are abundantly produced

Yield (dN/dy) for 10° events
o,

| IIILI_I,lI] IIIIIIII

T IIIEIJ_lIII'I'I'ﬂ] [IIIIII‘ TTT

| iy | |
10 10° 10°

\'Swy (GeV)
A. Andronic et al., Phys. Lett. B697 (2011) 203

Hypernuclei provides unique opportunity
to study the strange particle-nucleus
interaction in a many-body environment
Astrophysical researches indicate an
appearance of hyperons in the dense core
of a neutron star



Global polarization

PROJECTILE
— . SPECTATORS

* Global polarization along one
preferential direction — the
system orbital momentum ||
magnetic field e O

* Need to know the direction of the
angular momentum -2 first harmonic
event plane

:IL
3 TT] T T T 1 1 “’:"""""'"" g}*
= STAR, Nature, 548, 62 (2017)- 0*
B * A oA | p
vl STAR, PRC7’5£124915(200?}_ sl w P ﬁw_uju__” Te
N A oA 2 P I i -
’ N »eam direction
- STAR prelim. (20-60%) - o L&
- ' A o & 1 b K
1 [ ALICE prelim. (15-50%) | &
i ¢ A oA -
B 5 dN *
= - ——— X1+ Py cos @
i — : ] d cos 0" 25H
0 - Karpenko, Becattini, EPJ C77(2017)213 { - .
- — primary A 0.7V - A—p+m
- - - A including feed-down e
-I L III 1 1 1 1 111 II ‘) 1 il 1 1 1.1 II 1 1 1 Il I-

m [GeV] 25



Magnet fabrication: ASG (Genova) & Vitktovice HM

End of 2018 — SC coils are ready

March 2019 — Solenoid is ready

May 2019 - Transportation to Dubna

Oct 2019 — Assembling of Magnet
Yoke and Solenoid at JINR

Nov 2019 — Magnetic field
measurements

ft | .
Il
| . i
| e 8
bt h 191 »

yoke control assembly at HM Vitkovice

B. Pabos, O®PBS CemunHap 26



Aplp, %

14

12

10

TPC — Time Projection Chamber

2
Crmrad v trede

Prebl cogr sappart tabes

Item Dimension
Length of the TPC 340cm
Outer radius of vessel 140cm
Inner radius of vessel 27 cm
Outer radius of the drift volume | 133cm
Inner radius of the drift volume | 34cm
Length of the drift volume 170cm (of each half)

| —— p =0.5 GeVic

== p= 15 Gevic
—=— p=1.0 GeVic

b

|11i:|||[|||i||:i||||:l|||i|:|i|||i|||i|

HYV electrode Membrane at the center of the TPC

Electric field strength ~140V/cm;

Drift gas 90% Ar+10% Methane, Atmospheric pres. + 2 mbar
Gas amplification factor ~104

Drift velocity 5.45 cm/ps;

Drift time <30ps;

Temperature stability <0.5°C

Number of readout chambers

24 (12 per each end-plate)

0 0.2 04 06

1

Segmentation in ¢ 30°
Pad size 5x12mm? and 5x18mm?
Number of pads 95232
Pad raw numbers 53
___________ Maximal event rate <7 kHz ( Lum. 10?7)
Electronics shaping time ~180 ns (FWHM)
Signal-to-noise ratio 30:1
Signal dynamical range 10 bits
1.6 1.8 Sampling rate 10 MHz
Pseudorapidity Sampling depth 310 time buckets

B. Pa6os, OPB3 CemunHap
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TPC — Time Projection Chamber

C1 - .

c4

Length: 3.4 m
= Diameter: 0.676 m

= length:3.4m

= Length:3.4m
= Diameter: 2.66 m

* Diameter: 2.814 m

= Length:3.4m
= Diameter: 0.54 m
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TOF — Time Of Flight

Dimensions of sensitive area
600 x300 mm?

Honeycomb (5 mm)
PET Screw

Quter PCB (1.5 mm)
Mylar (100mkm)

Quter HV glass (400 mkm)
Inner glass (270 mkm)
Spaser (fishing line 200 mkm)

PCB with “strips™ (1.5 mm)

i
o
o
(o))
o

Efficiency, %
w
(2]
o
(4]

L ]
©
o
></
~ o
o S
= Time resolution, ps

1
N
o

85 L
N T
80+ / —

; 75 35
Main parameters of the TOF system. 1 ma iy "

High Voltage, kV

Number | Number of | Sensitive | Number of | Number of § 4; i

of readout area, m? FEE cards FEE % st

detectors strips channels i o
MRPC 1 24 0.192 2 48 .
251

Module 10 240 1.848 20 480 ; 10
Barrel 280 6720 51.8 560 13440 3

(1680 chips) e 1

0 0.2 0.4 0.6 08

1 1.2
m?2 (GeV?/c*)



ECAL - Electromagnetic CALorimeter

e Pb+Sc “Shashlyk™, 43,000 towers « Segmentation (4x4 cm?2),
 read-out: WLS fibers + MAPD * o(E) better than 5% @ 1 GeV;

* L~35cm(~14X,)  time resolution ~500 ps

Eight Module T —
Types for <t Il n i 7 ,« e e
Projective . /u, ),,/i”/;f/,//f; f /7 AN e

Geometry of ||w TL’,,H#/”/ 4/ / ;

ECAL /’

15t Module Type 8" Module Type

B. Pabos, O®BS CemunHap 30




FFT — Fast Forward Detector

The FFD sub-detector consists of

20 modules based on
Planacon MCP-PMTs

g |

s 1F

E F

L E
Q- s

o F m ¥s =35 GeV, 30 pe
m;:— & v5=TGeV, 30 pe
e ® V5 =9 GeV, 30 pe
-E & VE= 11 GeV, 30 pe
0T

n.sF

sk

n4f L

14

b, fm

=
3
o
[
=
g
12

1.9 < |8 <7.3"
27<|n] <41

L=140cm

FFD provides information on

.. - fasttriggering of Au-Au collision

- start signal for TOF
- bunch crossing region position

cm

FFD efficiency for
peripheral
collisions

Au+ Au, s, " =5 GeV
10

5,(FFD) = 50 ps —— L=260cm
8L Fios : . L=180 cm
—— =100 cm
4 ; -
2k
o 1
a 2 4 -] 8 0o 12

b, fm

The vertex resolution for Au-Au
collisions at Vs=5GeV/n for three
distances from interaction point

. Pabos, OPBS CemuHap

) MCP-PMT
HV div XPESO12/A1-Q
¥ ) 4 quartz bars of radiator

HY

Optical fiber input

P; 10- mem plate

Biack rubber

FEE board

Fig. 4-1. A scheme of the FFD module.

15 mm quartz radiator
10 min Lead converter

250k — e G T =

o1 62 03 04 05 06 07 08 09
Time of fight, ns

The delay of charged particle
arrival in FFD modules in
comparison with arrival time

of photons for Au + Au collisions at
\/sNN =5 (red) and 11 (blue) GeV
and FFD position of 140 cm.
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FHCAL — Forward Hadron CAlLorimeter

TOF

\

ITiEE] B J_?{’-'L
T T 1T ]
FHCal
FD

Straw EC
5 — —— — = Tracker

=]

CPC Tracker

‘ J Cryostat )

o(E)/(E) = 56.1%/VE(GeV) +2.1%

Two-arms at ~3.2 m from the interaction point
Each arm consists of 45 individual modules.
Module size 150x150x1100cm? (55 layers)
Pb(16mm)+Scint.(4mm) sandwich

7 longitudinal sections

6 WLS-fiber/MAPD per section

7 MAPDs/module

reaction plane resolution ~ 20-30°

centrality resolution ~ 10%

3
1

bin 18

bin 17

g

Ekin lotl: [GaV]

bin 16
bin 15

PTTEr T

E,., / event [GeV]

bin 10

bin§

bin3

bin2 100

bin 1

10 15
Impact parameter [fm]

400 500 600 700 BOD 900
Muiltiplicity of charged tracks

B. Pa6os, OPB3 CemunHap
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Figure 3.13: Left panel: Energy dependence of hadron vields relative to pions. Right panel: Baryonic and mesonic
contributions to the entropy density as a function of the center of mass energy of heavy-ion collisions. When increasing
the energy above that where the horn in the K /#" and A/#™ ratios is observed, /3 ~ 10 GeV, the system changes its
character from barvon- to meson-dominated.

B. PsboB, OPB3 CemunHap 33



=) b — - a

We introduce various moments definitions of the event-by-event multiplicity distributions: Mean, M =
< N >, Variance, 02 = < (AN)? >, Skewness, § = < (AN)? >/¢?, and Kurtosis, x = < (AN)! = /! — 3,
where AN = N— = N =. Skewness and Kurtosis are equal to zero for gaussian distributions, Thus, they
are ideal probes to demonstrate the non-Gaussian Huctuations feature near the critical point, in particularly
a sign change of the skewness or kurtosis may be a hint of that the system is evolving in the vicinity of the
critical point [3, T8]. We have calculated the various moments of net-proton (Ap = N, — N distributions
from transport models. The kinetic coverage of protons and anti-protons used in our analysis is 0.4 < pr << (0.8
GeV/e and |y| < 0.5. Fig. 3.14 (left panel) shows the number of participant {Npa,) dependence of moment
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Figure 3.14: Left panel: Centrality dependence of moment products Se, ka® of net-proton distributions for Au +
Au collisions of various energies from AMPT String Melting model calculation. Right panel: Energy dependence of
moment products So, ke® of net-proton distributions for Au + Au collisions of various models and STAR data.

products Sa, ko of net-proton distributions from the AMPT string melting model for various energies. In Fig.
3.14 (right panel). the energy dependence of moment products S, ka2 for most central net-proton distributions
from STAR data [T9] are compared with the results from various models. We see the data are in good agreement
with the HRG model (kpof = 1, Spop = tanh(up/T)) [80] and the thermal model (Therminator) results. A
large deviation from constant as a function of Npay and collision energy for ko may indicate new physics, such
as critical fAnctuations [3]. Recent lattice QCD calculations from [81] have shown that ko? non-monotonically
depends on colliding energy in the neighbourhood of the critical point.
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