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Conep:xxanue

Yto takoe NICA?

KaxkoBrbl 11enu co3zganus NICA?

YCKOPUTEND U SKCIIEPUMEHTAJIbHBIE YCTAHOBKHU
CTaryc yCKOPHUTEIS U 3KCIIEPUMEHTAIbHBIX YCTAHOBOK

MozenvpoBaHue 3KCIIEPUMEHTAIILHOW YCTaHOBKU MPD



Kovmmiexc NICA

SPD

5 \, S MPD
BM@N (Detector) gy & (DeTecfor)

= coolm(.

Extracted beam Collider =

* Mega-science project

Modernization of existing accelerator facility

Construction of collider complex to collide:

- relativistic ions from p to Au, \ sy = 4-11 GeV

Ring circumference, m 503,04
Number of bunches 22
r.m.s. bunch length, m 0,6
max. int. Energy, Gev/u 11,0
r.m.s. Ap/p, 10-3 1,6
Luminosity, cm? s77 1x10°

- polarized p and d, \/SNN =27 GeV (p)

B. Pabos, OB CemunHap 3



JrcnepumMeHT BM@N (fixed target)
Baryonic Matter @ Nuclotron

the first run: March 22 — April 3, 2018:
targets: C, Al, Cu, Sn, Pb;
beams

12c6+  4,0-4,5 AGeV
wopre+ 32  AGeV
8Kr25* 2,3 AGeV

statistics
20 M events
130 M events
50 M events

A->p + n— decay
reconstruction

Invariant mass: A— p+n (C+C,Cu,Al) [

- Tight cuts

— Mass = 1.1157

~ Sigma = 0.0026

- ' S/{S+B = 28.0

AN

e S/B =0.35

O

».

- Signal=3010%126

nnnnnnnnnnnn | 1 i 1 L 1 ) |

1.1 1.12 1.14 1.16 1.18

M, GeV/c?



CrpoutenncrBo kou1amaepa NICA

Cucrema MHXEKIIUM (MICTOYHUKHY HOHOB, & Linacs) — 3amnyieHsl B 2016

MaruauTtsl — npousBojstcs B [lyone (rotoBsl 115 Booster), Ttam ke rae u aist SIS-100/FAIR
Booster — B riporiecce cTpouTeabcTBa, MOHTaX MaraHuToB ¢ 09.2018, 3amyck B 2019
Cucrtema 3JIeKTPOHHOTO OXJaXKJACHUS — (DUHAIbHAS CTaIWsI UCTIBITAHUM U 3aITycKa
NICA/MPD — ccTpouTeNIbCTBO TOHHEIIEN U SKCTIEPUMEHTAIIBHBIX 3aJ10B

MPD 3an nosiskeH ObITh TOTOB K yCTaHOBKE 000pynoBanus B 2019 rogy 5



JIxcnepumenT MPD (collider mode)
Multi-Purpose Detector
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2018

NICA milestones

— start of BM@N experiment (min. configuration)

2018 —2019 — Booster commissioning

2019
2019
2020
2020
2021
2020
2021
2023
2025

— readiness of MPD Hall

— MPD magnet commissioning

— completion of civil construction (build. 17)
— MPD commissioning (Stage I)

— Collider commissioning

— completion of “NICA Center” construction
— commissioning of Computer center

— MPD commissioning (Stage Il)

— SPD commissioning (Stage 1)

B. Pabos, OB CemunHap 7



Temperature T [MeV]

IHeau nmpoexkra NICA

HADRON QGP

Bevalac —— LHC
~1 GeV ~5000 GeV
FAIR; NICA
QGP may be produced QGP is produced in high energy collisions
5A GeV 10 A GeV
5 A GeV Au + Au (b=0): 0(0,0,0,1) 10 A GeV Au + Au (b=0): p(0,0,0,t)
20 ———— — 2.0. P ——
[ — 3fuid :
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154 X urQMD | 1.5
! QGSM 1 -
E 5 . - GIBUU E o
» Hadrons oF pO/ y %1.0_—
o
) \°F -
Nuclel / T e |
~ 1’ / 00— g
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Compact Stars ( Net baryondensity n/ no Elapsed time t (fm/c)
-~ Ny=0.16 fm=3

5 10
Elapsed time t (fm/c)

* H3yuyeHue IIoTHOU U ropﬂqeﬁ ﬂz[epHoﬁ Marepuu Ipu MaKCUMaJIbHBIX
OapUOHHBIX ITIOTHOCTAX ((ha3oBelii epexon €, ~ 0.5-1B/dm3, p. ~ 5p,)

* IIpomomkenue sxcniepumentoB Ha RHIC u LHC, 100-100013B - 4- 1115B



NICA vs. HADES/BES-II/NA61/CBM
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* Bce OKCIICPUMCHTBI UMCIOT CPABHUMOC ITOKPBITHUC I10 SHCPI'UHU BSaHMOﬂeﬁCTBHH

* CrenuanusupoBaHHbie ycTaHOBKH (CBM, NICA/MPD) n0o3BOJISIIOT U3ydaTh PEAKUE
CUTHAJIBI 32 CYET 00JIe€ BEICOKOTO TeMITa Ha0Opa CTaTUCTUKH

* NICA/MPD — xomnaiiiepHasi ycTaHOBKa, OTHOBPEMEHHO oOnafaroiasi 00JIbIINM U
CUMMETPUYHBIM AKCETITAHCOM Y MO3BOJISIONIASA U3MEPSITh PEIKUE CUTHAJIBI TPU
OTCYTCTBUHM Mapa3uTH4eCKux 3(h(HEeKTOB, MPUCYTCTBYIOMINUX B SKCIIEPUMEHTAX C
(UKCUPOBAHHON MUIIICHBIO



NICA physical program
* Physics of heavy 1on collisions is driven by data

* New data in less explored region of QCD phase diagram at high
baryon density are highly required and could lead to:

—> observation and discovery of new phenomena;
—> Development of theoretical models



NICA program (White Paper)

Main goal: to obtain new data on hot nuclear matter in the region
of max net-baryon density to explore the QCD phase diagram

1 Bulk properties, EOS, deconfinement
A - particle yields & spectra, ratios, femtoscopy, flow

Hadrons and Nuclei [ In-Medium modification of hadron properties
- dileptons and dilepton slopes (LMR+IMR)

O Deconfinement (chiral) phase transition
- strangeness production
- Chiral Magnetic (Vortical) effects, A polarization

[ Criticality in HIC
- event-by-event fluctuations and correlations

(1 Strange DOF in nuclei, Y-N interactions
- hypernuclei

B. Pabos, OB CemunHap 11



Strangeness enhancement: SPS, RHIC, LHC

Pariick !/ event ! womnd, mocl, relaine 1o pbe
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indicate onset of chiral symmetry restoration
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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

-
=

] ul
Ak !
10-5 | I*I.IIlI*J 1 11 II| | I 1 IIIII| Il 111
10 10? 10°

\Sun (GeV)
A. Andronicetal., 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 along one
preferential direction — the
system orbital momentum ||

magnetic field

I 2 I 2|
N STAR, Nature, 548, 62 (2017)
B . * A oA -
i - STAR, PRC76.024915 (2007)
B # A oA i
- STAR prelim. (20-60%) -
B + A oA i
[ ALICE prelim. (15-50%)  _|
B * A ¢ A 4
[ T - se— - +¢ ______ Bl
- Karpenko, Becattini, ERJ C77(2017)21] -
R =— pri_mary A —G‘T'dvffdn =
- - - Aincluding feed-down -
B ol L ra sl paal .
10 102 10°

Global polarization

PROJECTILE
. SPECTATORS

TARGET
SPECTATORS

Need to know the direction of the
angular momentum -> first harmonic
event plane 7

'

9*

_Qﬁpé . \ O,

Pprojectile

beam direction

dN
dcos @™

x 1+ ag Py cos 0*
AN—>p+n~

apy = —af ~ 0.624
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MPD progress



MPD, Phase-1

e Cranusg I: TPC, TOF, FFD, FCAL u ECAL - 2020
 Cragus II: ... + ITS + EndCap (CPC, Straw, TOF, ECAL) 22023

(NICA)

=

Y

A |i_i|
.
)

ECal

iy
}.

B. Pabos, OB CemunHap
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NICA-MPD infrastructure

= MPD Hall will be soon ready for equipment installation!
= Preparatory works: designing place, tooling and service systems for MPD assembling and maintenance

A T P P T P T o o . | i - ,r‘ﬂﬁ
= o 2 ! !
! |
z @ ] P

MPD Hall : . " Place & tooling for MPD assembling
il * Service & supply systems (cryo, cooling, power, etc.)

Planning for MPD
integration

MPD mobile
platform

—l
S

B A,

—

—-—

~

Detectors for
Luminosity tuning

i
lav

-
o ':‘ l .ﬂ'

N
'
Ama

Final focus ¢
lenses ‘

17
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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

il =
: "l\.“ : iy ————

yoke control assembly at HM Vitkovice

B. Pabos, OB CemunHap 18
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TPC — Time Projection Chamber

FieM cagr soppert by

Item Dimension
Length of the TPC 340cm
O uter radius of ve ssel 140cm
Innerradius of vessel 27 cm
O uter radius of the drift volume | 133cm
Innerradius of the drift volume | 34cm
Length of the drift volume 170cm (of each half)

—— p= 15 GeVic
—&— p=1.0 GeV/c

- —&— p =0.5 GeVic

3

v o Vo by b b e Loy b b b0

HYV electrode Membrane at the center of the TPC

Hectricfield strength ~140V/cm;

Drift gas 90 % Ar+10 % Methane, Atmosphericpres. + 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 pereach end-plate)

0 0.2 04 06

1

A Segmentationin ¢ 30°
Pad size 5x12mm?and 5x18mm?
Number of pads 95232
Pad raw numbers 53
Maximal event rate <7 KkHz (Lum. 10?7)
Hectronics shaping time ~180 ns (FWHM)
Signal-to-noise ratio 30:1
Signal dynamical range 10 bits
14 16 1.8 Sampling rate 10 MHz
Pseudorapidity Sampling de pth 310 time buckets

B. Pabos, OB CemunHap
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TPC — Time Projection Chamber

C1 c2 c3 ca

= Length: 3.4 m
= Diameter: 0.676 m

» Length: 3.4 m

. = Length: 3.4 m
= Diameter: 2.66 m

» Length: 3.4 m * Diameter: 2.814 m

= Diameter: 0.54 m

20



TOF — Time Of Flight

Dimensions of sensitive area
600 x300 mm?2

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

PCB with “strips™ (1.5 mm)

Outer PCB (1.5 mm)

Honeycomb (5 mm)
PET Screw

Mylar (100mkm)

Main parameters of the TOF system.

Number | Number of | Sensitive Number of | Number of
of readout area, m? FEE cards FEE
detectors strips channels
MRPC 1 24 0.192 2 48
Module 10 240 1.848 20 480
Barrel 280 6720 51.8 560 13440
(1680 chips)

Efficiency, %

dE/dX (keV/cm)

-

00 — 60

95 e 55

NI A

85 = 45
N I

80- ‘/ 1 - 40

75 35

1" 12

13
High Voltage, kV

10

1

0.4 06 0.8 1 1.2
m? (GeV?/c*)

Time resolution, ps



ECAL - Electromagnetic CALorimeter

* Pb+Sc “Shashlyk™, 43,000 towers * Segmentation (4x4 cm?2),
* read-out: WLS fibers + MAPD  o(E) betterthan5% @ 1 GeV;

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

Eight Moadule — -
Types for - , %,,/J/,//,/ e o
Projective | If f//// / /// ’ / )
Geometry of //, /) / /ém il 4 U

ECAL / :

1st Module Type 8h Module Type

B. Pabos, OB CemunHap 22



FFT — Fast Forward Detector

19° < |8 <7.3°
I FFD ¢ 2.7< |0 <4.1 FFD w I
-
Eﬁ
- mw
III L =140
et = cm

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

FFD provides information on

.o - fasttriggering of Au-Au collision 15 mm quartz radiator
The FFD sub-detector consists of - start signal for TOF 3 ) 10 mm Lead converter
20 modules based on - bunCh CrOSS|ng reglon pOS|t|0n ézsn:...:.-..... —_«-mn:mw_
Planacon MCP-PMTs N A+ A, 5, " = § BoV =
o,(FFD) = 50 ps — L=260cm
» F 8l 3 L=180 cm B =
5O ——L=100cm g
{)'Q;_ 1 .‘.'T_ 5 GeV, 30 pe g w % a1 a2 '0!3' "o as 08 oT Dgl'ﬂ!enﬂf?hnht_ns:
-E & VE=7GeV, 30 pe
OEE o JF— 9 GeV, 30 pe 4l )
ogF  * VET 111GV 30pe The delay of charged particle
05k T arrival in FFD modules in
osf FFD efficiency for o . | . . i comparison with arrival time
04k * | peripheral ’ ) ' S == of photons for Au + Au collisions at
pabrn ol collisions The vertex resolution for Au-Au \/SNN =5 (red) and 11 (blue) GeV
R collisions at \s=5GeV/n for three and FFD position of 140 cm.

distances from interaction point

B. Pabos, OB CemunHap 23



FHCAL — Forward Hadron CA Lorimeter

T

=l — |

]

FHCal
FD

Straw EC
Tracker

1

o : a0 ‘ (PC Tracker

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

4 ’ Cryostat

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°

e centrality resolution ~ 10%

fin 1§

EKin total [GeV]

bin 7

fin 16

bin 15

'-.E-4n:

| hin 10

bin 5

bin 3

bin 2

bin 1

10 15
Impact parameter [fm]

400 500 600 700
Multiplicity of charged tracks
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MPD - Collaboration

SC Col
FD  TPC Cryostat

Baku State University, NNRC, Azerbaijan;

University of Plovdiv, Bulgaria;

University Tecnica Federico Santa Maria, Valparaiso, Chile;
Tsinghua University, Beijing, China;

USTC, Hefei, China;

Huizhou University, Huizhou, China;

Institute of Nuclear and Applied Physics, CAS, Shanghai, China;

Central China Normal University, China;
Shandong University, Shandong, China;

IHEP, Beijing, China;

University of South China, China;

Three Gorges University, China;

Institute of Modern Physics of CAS, Lanzhou, China;
Palacky University, Olomouc, Czech Republic;
NPI CAS, Rez, Czech Republic;

Tbilisi State University, Tbilisi, Georgia;

Joint Institute for Nuclear Research;

UNAM, Mexico City, Mexico;

Institute of Applied Physics, Chisinev, Moldova;
WUT, Warsaw, Poland;

NCNR, Otwock — Swierk, Poland;

UW, Wroctaw, Poland;

Jan Kochanowski University, Kielce, Poland;
Belgorod National Research University, Russia;
INR RAS, Moscow, Russia;

MEPhI, Moscow, Russia;

Moscow Institute of Science and Technology, Russia;
North Osetian State University, Russia;

NRC Kurchatov Institute, ITEP, Russia;
Kurchatov Institute, Moscow, Russia;

PNPI, Gatchina, Russia;

SINP, Moscow, Russia;

SPSU, St. Petersburg, Russia;

> 430 members total
Spokesperson: Adam Kiesel

B. Pabos, OB CemunHap 25



I1HUAD 8 MPD

* Yuacrue B koJu1adbopanuu MPD:

Countty % lustitute name =+ Firstnamea(s) * Lastname =
RUS&IA PMPI Catchina, RS54 Aleksai Ezhilow
RUS&IA PMPI Catchina, RS54 Oleg Fedin
RUS&IA PMPI Catchina, RS54 Wadirm Cuzey
RUSSIA PIPI, Catchina, RUSSIA Drnitrii hwanishchew
RUSSIA PMPI, Catchina, RUSSLIA Alexey Khanzadeey
RLUSSLA PIPI, Gatchina, RS54 Leonid Kochenda
RUSSIA PMPI, Catchina, RS54 Drnitrii F.oton
RLUSSLA PP Catchina, RUSS1A Patr Kravchoy
RS54 PMPI, Catchina, RUSSA Evageny Kryshen
RS54 PrMPI, Catchina, RUSSLA Anna Kyrianova
RUS&IA PMPI Catchina, RS54 fikchail tlalay ey
RUS&IA PMPI Catchina, RS54 Wictor talaay
RUSSIA PrMPI, Catchina, RUSSLA M Maryshkin
RUS&IA PMPI Catchina, RS54 Denis Pudzha
RUSSIA PMPI, Catchina, RS54 WLoriy Riabov
RLUSSLA PP Catchina, RUSS1A Wladirir Samsonoy
RUS5IA PIMPI, Catchina, RUSSLA Wictor Solovwyey
RI1551A PP, Catchina, RS54 Alexander Wasilyew
RUS5LA PP Catchina, RUSS1A flarat vznuzdaey
RUS&IA PMPI Catchina, RS54 fikchail Zhalow
RUS&IA PMPI Catchina, RUS51A { MEPHI Wictor Rizabow

Showing1to 21 of 21 entries (filtered from 468 total entries) s /

AN

e Bxuaabi:

I'azoBas cucrema TPC

Yuactue B pa3padoTke &npoU3BOACTBE
TPEKOBbIX (POPBAPAHBIX KaMep —
Cragus-II

MonespoBanue (pe30HAHCHI,
kouBepcusi, ECAL , ynsTpanepudgepus
U T.J.), y4aCTHE B CMEHAX U T.[.

AJIMMHUCTPATUBHOE U
OPraHM3alUOHHOE yYacTHe
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MPD performance (Monte Carlo)

Event reconstruction chain in MPDRoot

® Event generators: UrQMD, (D)QGSM, PHSD, EPOS

= Geant simulation

= Detector response simulation (TPC,TOF, FHCAL, ECAL)

® Clustering, tracking, matching (TPC, TOF, ECAL)

= Vertexing & pattern recognition (TPC)

® Event characterization: event plane (FHCAL) & centrality (TPC)

B. Pabos, OB CemunHap 27



MPD global performance

T

5-10% resolution for the
wide centrality range

PO B

rad I USC V SUTE

)

PO R I 1
40 60 80 100
Centrality, %

o © © © o

—
T

(5] (8] R wn
T T T

n=1.2

TPC tracking: |1|<1.6 (N ;> 15)
PID: dE/dx+TOF+ECAL |n|<1.2, 0.1<pT<4 GeV/c
FHCAL: 2<|n|<5

Trigger&T0: FFD
.
1 - - - - -
* - i :
a 44 - [—e—p=15Gevic | : _: ! i 1 ®:
a L |—8—p=10GeVic
< 42]-| —a— p=0.5GeVic

A | . | e
14 16 18
Pseudorapidity

)

Primary vertex resolution, mm

ST

200 400 600 800
Track multiplicity

B. Pabos, OB CemunHap

I Au-Au, 5, =11 GeV, GEANT3
i | e ™ e
B' 1_ A LA O reco
R o' oie
@ o8t o e
N e
0.6F" 8
B, . @
[ ]
0.4 -
- 0.8F
= &
[l ] *
06k e %9
o i C
.
0.4 + 8
p ¢ "
(o] ]
0.2 ¢ %%
A
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Centrality, %

FHCAL coverage and
granularity provides good
event plane resolution
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PID performance

| EMC response forp=1GeVic |
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 Combined (dE/dx+TOF) PID for
hadrons provides ©/K up to 2 GeV/c
and K/p up to 3 GeV/c

* An extra hadron suppression in the

electron sample will be provided by
ECAL
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x10° Inariant mass: A—p+ T |

Strangeness production

Data set: 2M minbias Au+Au @ 11 GeV (PHSD)
MPD setup: TPC & TOF, ideal centrality binning (no FHCAL)

Selection criteria: |5|< 1.3, N, = 10 + standard quality/analysis cuts

Realistic track reconstruction: clustering in TPC

Realistic PID: combined dE/dx+TOF

Analysis: secondary vertex finding technique

i
> 300
w L
=
L Mass = 1.1160
E 200/ Sigma = 0.0019
-E i S/B=428
w Eff =4.5%
100
L L | L 1 ! M| L
'EDB 1.1 1.12 1.14 1.16 1.18
M, GeVic?

o | Invariant mass: A+ 7 |
;‘a 10000
= B
2 S Mass = 1.3216
8 E Sigma = 0.0024
£ 6000 S/B=35
. i Eff = 1.8%
4000 =
2000}
i b R R S|
f25 1.4 1.45
M, ., GeV/c?

v

B. Pabos, OB CemunHap

Efficiency, %

50

40

20f

30

10

PV - primary vertex

V, -vertex of hyperon decay

dca - distance of the closest approach
path - decay length

>

Lov
Lae
—
o=

A, lyl<0.5
L —-9<b,<13
a- (<by<3.3

R T T A A e i
% o5 1 15 2
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Entries / 3 MeV/c?

Hyper nuclei

\'Sy (GeV)

ﬂ 3 H >3He+n-~ }
80F
O s/(5+B =84 Peak 61.07
400 S/B=29 Mean 2.992
- Eff. =0.8% Sigma 0.0019
200 !
07 |

I BRI
3.05 )
M(3He ) GeV/e

central Au+Au @ 5 AGeV, DCM-QGSM

hyper nucleus yield
in 10 weeks

Entries / 3 MeV/c?

9-10°
1-10°

100 s/B=43 Peak 115.3
- S/VS+B=13.0 Mean 3.926
- Eff. = 0.4% Sigma 0.0023

50[-

s

! [ N N N AN Y N B
3.9 3.95 4

2
M . GeV/c )

(3He+p+n'



=2

Anisotropic flow

4M Au+Au events at 5 and 11 GeV
Recent MPD reconstruction chain, realistic PID

pa: nts

>32, DCA cut, 0.2<p.<2 GeV/c, |n|<1.5

Hadronic shower simulation in FHCAL (GEANT3,4)
Event plane reconstruction with FHCAL

Both directed and elliptic flow parameters are consistent

with those from MC simulation
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Short-lived resonances
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@ 1.2f

PID:

dE/dx (from TPC) + TOF (s ~100 ps) + ECA

Di-leptons and LVM

= Event generator: UrQMD+Pluto (forthe cocktail) central Au+Au @ 8 GeV

L
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ECAL simulations

= MPDRoot —recent developments for ECAL reconstruction
» Several teams are doing ©t° reconstruction with ECAL
» 710 source —ideal cocktail or Au+Au from UrQMD

%x10° | _2-photon mass: central Au+Au@11A GeV |

g
% W
- = 30r —o— Bkg. subtracted
g I Correct pairs
5 20 -
2 | *
T 100 +#h +#+ , ,
| : P .,
E g 0 T
3
' _10& | | +l | | | | | l
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
M,,, GeV/c?
Reconstructed y—y invariant
Ratio of the reconstructed ECAL energy to the MC mass for n° cocktail

one versus momentum and eta for y from =¥ decays
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Structure of Accelerator Complex and Operation Regimes
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Figure 3.13: Left panel: Energy dependence of hadron yields 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™ /7" and A/x " ratios is observed, /5 ~ 10 GeV, the system changes its
character from baryon- to meson-dominated.
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We introduce various moments definitions of the event-by-event multiplicity distributions: Mean, M =
< N >, Variance, 02 = < (AN)? >, Skewness, § = < (AN)® >/0*, and Kurtosis, k = < (AN)* >/o? -3,
where AN = N— < N > B§kewness and Kurtosis are equal to zero for gaussian distributions. Thus, they
are ideal probes to demonstrate the non-Gaussian fuctuations 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. 78). We have caleulated 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 < (.8
GeV/c 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 Sa, ke® of net-proton distributions for Au +
Au collisions of various energies from AMPT String Melting model calculation. Right panel: Energy dependence of
moment products Se, ka® of net-proton distributions for Au + Au collisions of various models and STAR data.

products Se. ka? 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 So, ko 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 (kpol = 1, Spog = tanh(up/T)) [80] and the thermal model (Therminator) results. A
large deviation from constant as a function of Ny and collision energy for xo? may indicate new physies, such
as critical fluctuations [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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