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NICA: BM@N and MPD Collaborations

Status and initial physics performance studies of the MPD
experiment at NICA , Eur.Phys.J.A 58 (2022) 7, 140
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MPD collaboration (NICA)
The 2nd China-Russia Joint Workshop on NICA Facility

Qingdao, China 2024.9.9-9.12

200 modules
produced by JINR

400 modules
in production at JINR

8
produced by China

1200 HV boards
produced by China

2"d China-Russia Joint Workshop
on NICA Facility
indico.jinr.ru/event/4642

s International Workshop on physics

performance studies at NICA-2024 ¢ L.
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Experiments: BM@N and MPD
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Phase transition in Lattice QCD

Energy density &
Pressure p
Entropy density s

For comparison:
T=156 MeV £
1.8:1012 K

Sun core: 1.5- 10" K
Sun surface: 5778 K

T, = 156 +/- 9 MeV

[PRD 90 094503 (2014)]
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Steep rise in
thermodynamic quantities
due to change in number of
degrees of freedom >
phase transition from
hadronic to partonic
degrees of freedom.

Smooth crossover for a
system with net-baryon
content equal O. For a first
order phase transition, the
behavior would be not
continuous.
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HADRON QGP

Bevalac ——— AC LHC
~1 GeV ~5000 GeV

Increasing the beam energy over the last decades...

. .from early fixed target experiments at GSl/Bevalac/JINR and SPS to
collider experiments at RHIC and LHC.

Max nulb s grofiten

Teslchenbeschicuniger

Brookhaven = RHIC Vs,~3-200 GeV

SPS, CERN,Vsy,~6-20 GeV (BES)
SIS, GSI Darmstadt,Nsy,~2.4 GeV CERN > LHC Vs, = 5.02 TeV



2005: Quark-Gluon Plasma is a “perfect liquid”
Relativistic Heavy-lon Collider (BNL), Upton, NY (USA)
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The good QCD matter probes should be:

Well understood in “p+p collisions™

I \/acuum

Affected by hadronic matter,

hadronic — In a well understood way,
I [ -
matter which can be accounted for

Strongly affected by the dense
and
deconfined QCD medium...




The sQGP Discovered at RHIC: 2005

EVIDENCE FOR ADENSE LIQUID

Two phenomenain particular point to the quark-gluon medium being a dense liquid state of matter: jet quenching and elliptic flow.
Jetquenching implies the quarks and gluons are closely packed, and elliptic flow would not occur if the medium were a gas.

Jetof particles

Fragment of
gold nucleus
Inacollision of protons, hard Off-center collisions

scattering of two quarks produces between gold nuclei

back-to-back jets of particles. produce an elliptical _
region of quark-

gluon medium.
+®, 0+

Prl:ltun

gluon medium

™ i I 1 1 1 L
The pressure gradients J | { /
In the dense quark- - . intheellipticalregion . ‘. |

gluon medium, the jets cause itto explode

: d, mostlyin
are quenched, like g s ® outward, y ; j
bulletsfired into water, . ,'. -.., * .'. the plane ofthe N
and on average only A Quark-gluon collision (arrows). . |

L
single jets emerge. . medium

10 M. Roirdan and W. Zaijc,
Scientific American, May 2006




Relativistic Heavy-lon Experiments

Low energy frontier: RHIC (BES), SPS
-> future facilities: FAIR (GSI), NICA

- By now all major LHC experiments
have a heavy-ion program: LHCb
took Pb-Pb data for the first time in
November 2015.



Evolution of the system created in RHIC

Fireball is ~101> meters across and lives for 5*1023 seconds

S o final detected
Relativistic Heavy-Ion Collisions ; ibuti

Kinetic

!

Hadronization
Initial energy
density
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p
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}

T

—a s 2PN

collision
overlap zone

pre-
egumbr'lum

ynamics viscous hydrodynamics \\ free streaming
collision evolution |

t ~10 fm/c t ~ 1012 fm/c

t~0fm/c tT~1fm/c

~400 nucleons in 1022 seconds = 1000-30000 hadrons



Characterising a heavy-ion collision

We can control a posteriori the geometry of the collision by selecting in centrality.
Centrality = fraction of the total hadronic cross section of a nucleus-nucleus collision,
typically expressed in percentile, and related to the impact parameter (b)

Z- beam axis




Definition of kinematical variables
Momentum , azimuthal angle ¢ and pseudo-rapidity (n) of the emitted particles

y

= . 2 2
77=£Iog —‘psz =—log tan(gj Pr —\/px+ Py

2 ‘ﬁ‘_pz

pr is generated in the collision (while p, is already present “before the collision”)




MPD experiment at NICA

Main subsystems at Stage-I:
TPC (|n| < 1.6): charged particle tracking +
momentum reconstruction + dE/dx

identification

TOF (|n| < 1.4): charged particle
identification

ECal (2.9 < |n| < 1.4): energy and PID for
yle*

FHCal (2 < [n| < 5)and FFD (2.9 < |n| <
3.3): event triggering + event geometry

€ -
L 3
> ~
g L)
5 %
¢ ©
05 1 1.5 2 ~_XT
IpVq (GeVic) p/q (GeV/c)
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PID via Topology and Invariant Mass
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Jet quenching




RHIC Experiment: “Jet quenching”

proton-proton jet event Analyze by measuring (azimuthal)
[/ angle between pairs of particles

—1 r v v r T 1 [ T r 1

= P+P -
80'2 * Au+Au i
s *ﬂﬂ i
| - —]
é 0.1 + i

0L | I R S R I T T S PRI BT ST T SO A T AR A RIS R T

0° 180°
Angle between high energy particles
» In Au-Au collisions we see j§
only one “jet” at a time | —

» How can this ha}:V 7
» Jet quenching! 41\




The nuclear modification factor: R,

PHENIX Au+Au (central collisions):

% - .o If Rys< 1 at high p;
10 S ® — the medium is opaque to the
N + GLV parton energy loss (dN*/dy = 1100) passage of partons
T e -> parton-medium final state interactions,
i L T +f . ohotons energy loss, modification of
o VL] i#f%%*%++“¥“%- fragmentation in the medium
: R
- 4 é% R.a=1at highp
- A A AA T
i &Fﬁ ?X@ Z;ﬁx é} Z} — the medium is transparent to the
- f passage of partons
E | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14 16 ANAA/APT
Raa

Pr (GeVic) - Ncoll ) dep/de

The meson yield in central Au-Au is 5 times lower than expected from
pp collisions
the direct photons are not affected by the dense medium

19
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Thermal photons in A+A collisions

” e
% (a) Invariant yield
9_ 10 ) Fireball senaric
ﬁzra_ — Semi-QGP w/o viscous
B B 1 — PHSD
— Initial strong magnetic field
10!
102
10 3¢
4
10 Au+Au 20-30%
\ Sun—200GeV
10 °
Yieldlis from PRC 91: 064904
Ripey=y peige gy 2 s 2 s 8 3 3+ 2 a1 s o

0o 1 2 3 4
P, (GeV/ic)

Measure the spectrum of thermal photons (non-
interacting) emitted from the source.

The spectrum will display the average temperature
over the full lifetime of the partonic source.
Determining the initial temperature requires
modeling.

21 PHENIX: T =221%19%19 MeV

T4 [MeV/c]

200
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50

T, vs. collision energy

- Pm[E-N IX Phys. Rev. C 91, 064904 (2015)

- Nl PHENIX s, = 200 GeV, 0-92%

— preliminary Fit range p_ (0.6 GeV, 2.0 GeV] b

- AutAu T, =242+ 28 = 7 MeV/c

- ALICE |s,,, = 2760 GeV, 0-20%
- Fit range p_ €[0.9 GeV, 2.1 GeV]
__PHEN|X V?NN =39 GeV, 0-86% Pb+Pb Teff =297 + 12 + 41 MeV/c
~Fit range p_€[0.5 GeV, 2.0 GeV] Phys. Lett. B 754, 235 (2016)
[Aut+Au T, =177 + 31+ 68 MeV/c PHENIX {s,,, = 62.4 GeV, 0-86%

Fit range P, €[0.5 GeV, 2.0 GeV]
Au+Au T =211=24 = 44 MeV/c

2760 GeV Pb+Pb: Y prompt subtracted
200 GeV Au+Au:y subtracted
prompt
62.4 GeV Au+Au:y ot unsubtracted

39 GeV Au+Au:y unsubtracted
prompt

10 102 10° F104
PoS CPOD 2017 079 (2018) ‘S1%V]

_;—I-III|IIII|IIII

p; slope = Temperature

Critical condition for QGP satisfied.




Mediumflisidense}

Pack the entire Earth inside a stadium !



Energy Density
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PHENIX Au+Au BES

A 200GeV o CMS (Pb+Pb, \/syN = 2.76 TeV)

# 130GeV s STAR (Au+Au, /5y = 200GeV)

0 39GeV & STAR (Au+Au, \/5yN = 62.4 GeV)

A 27GeV + NA49 (Pb+Pb, \syy = 17.2GeV)

v 19GeV

o 7.7GeV
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Chemical and Thermal Equilibrium?

Particle yields freeze
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STAR, NPA 757 102 (2005)
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Chemical freeze-out temperature - LHC
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dN/dy
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Nature volume 561, pages 321-330 (2018)
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Production of (most) light-flavour hadrons (and anti-nuclei) is described (x?/ndf ~ 2) by
thermal models with a single chemical freeze-out temperature, T, = 156 MeV

— Approaches the critical temperature roof from lattice QCD: limiting temperature for

hadrons!

— the success of the model in fitting yields over 10 orders of magnitude supports the
picture of a system in local thermodynamical equilibrium
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It’s perfect liquid

Image credit : SmileTemplates



Azimuthal distributions at RHIC
(;—; oc (1+ ZZ;Vn cos| n(g—¥, )]j

Normalized Counts

) s f STAR, PRL90 032301 (2003) :
midoemtrall ool s arrss 0.4 . . . . . .
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2005 - Elliptic Flow at RHIC

e Tl [ /3
. c
fo.1 P

10.05

~__ 0
T“h"""r"" 0.05
10 15

o _ ~ 1(fm/c) _
The initial spatial anisotropy evolves (via
interactions and density gradients ) —

Momentum-space anisotropy

28
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Elliptic Flow: ultra-cold Fermi-Gas |

e Li-atoms released from an optical (laser) trap
exhibit elliptic flow analogous to what is observed
in ultra-relativistic heavy-ion collisions

e Interaction strength among the atoms can be
tuned with an exteranl magnetic field (Feshbach
res)

> Elliptic flow is a general feature of strongly
interacting systems?

100 ps

200 ps

400 us

600 us

800 ps

1000 ps

1500 ps

2000 ps
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Perfect Liquid at RHIC
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o 01 1 Hydrodynamic . 3:—A—er |
i () STAR ] | —g— :\geson gas
0.08~ + O pHOBOS 7 '
o.os}i §¢9¢ﬂ 4 w2
- ® O ] =
0.04[ E —
[ ﬁ i 1
o-u ) . . -

ch’ " "max

-1.0 -0.5 0.0 0.5 1.0

(T-T )T,
R. Lacey, A. Taranenko, PRL 98 092301 (2007)

Shear Viscosity — resistance to
deformation, flow
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Anisotropic Flow at RHIC-LHC

2 3 n-a
o \/{r” cos n.;r::;;}{rﬂ sinng) ) (;_2 o (1+ zévn cos| n(¢—¥, )]j

Initial eccentricity (and its attendant fluctuations) ¢, drive
momentum anisotropy v, with specific viscous modulation

Gale, Jeon, et al., Phys. Rev. Lett. 110, 012302 Phys. Rev. Lett. 122 (2019) 172301
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Anlsotroplc Flow at R

B |
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n=2 for mesons and
n=3 for baryons

PHENIX
®- s
m-K+K :
P"'P

A- ¢
STAR
++TE': min.bias

KE;=m (y; - 1) = my-

0.5

'Kgi
cD:-p+£:
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O-E+= :
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-

(Phys. Rev

IC — partonic?

( Phys.Rev.Lett.91, Preliminary: QMO05, GRC 06 )

min.bias, 0-10%,10-20%,20-30%,30-40%,40-50%,20-60%
min.bias, 0-10%,10-20%,20-30%,30-40%,40-50%,20-60%
min.bias, 0-10%,10-20%,20-30%,30-40%,40-50%,20-60%

min.bias, 10-50%
20-60%

v, Lett. 92 Phys. Rev. C 72 (2005), Preliminary QNO05, SQMO06)

min.bias, 5-30%.30-70%
min.bias
min.bias, 5-30%,30-70%
min.bias
min.bias

min.bias

m

Au+Au\s,,=200 GeV

R. Lacey, A. Taranenko
PoS 2006 (2006) 021

N

5 1
KE;/n (GeV)
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ltssiswirlingyfast

Most vortical fluid !

Image credit : BNL



QGP Under Rotation

Nuclear
Pfragments

B ~ 1018 Gauss
L~103—=10"h
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P,y (%)

A\ Global Polarization

w = (P, + P7)kgT/h ~ 10%2s~1

RHIC : w ~ 1022 51
Most vortical fluid !

STAR, Nature 548 62 (2017)
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State-of-the-art modeling of HI collisions

= Data-model comparison via Bayesian inference to optimize

constraining power.
Only a subset observables is used

Model parameters: Observables v.5. centrality

Initial condition NV, p,w, k, d
Early time dynamics 7, €0
Transport coeflicients 7)/s,(/s
Particlization prescriptions

Transverse energy

Charged particle multiplicity

/K [p yield

7/K [p (pr)

Flow harmonics vs, v3, 14

Charged particle (pr)} EbE fluctuation

—_— _//

Switching temperature T,

\

s Detailed temperature dependence of viscosity!

BMA

0.4 - M = Grad
JEVSCRPE —_CE

L ".PTB

0.15 A

0.10 A

{ls

0.05 1

0.00 -
0.15 0.20 0.25 0.30 0.35
T [GeV]

Major uncertainty: initial condition and pre-hydro phase




System size scan at top RHIC energy (/syy= 200 GeV)
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200 GeV
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nd Au+Au Collisions g
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-
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+
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STAR: CPOD2021,

Charged Particle Multiplicity

SQM2021, QM2022

1) In 200GeV p+p collisions, high order cumulants ratios of net-protons are found to
be positive for: C,/C,, Cs/C, and C¢/C,;

2) For QGP matter, LGT predicted negative net-baryon Cs/C, and C¢/C,;

3) Direct evidence for the QGP formation in 200GeV Au+Au central collisions!
HotQCD Collaboration, PRD101, 074502 (2020)

2022 Town Hall Meeting on Hot&Cold QCD, MIT, September 23 - 25,2022 3/15
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LQCD <> Experiment

= Google Translate

Detect language English German Spanish LQCD |EXPER|MENT

| Translation

Spanish ~

RrosC HE+I+mtn) [13(;} B fle, fis, fic -)_{,-'1'--1] XB Kz (ANg) » Ka(ANg) ,‘t’f
Xiklmn Y TR = A4
()jfb();{i-;l{:h- ey o 2 K5 (ANgG) P

Baryon number (B), Strangeness (S), Electric charge (Q), Cham (C) 0/ 5.000 K, — cumulants of AN = Ng — Ng

Bridge experimental data to LQCD calculations

Theory Experiment

—_
=
[aa]
&
a
o
o
L
=}
F=
=
(3+]
—

heydsip 3uana 1y

Static Dynamic
Coordinate space Momentum space
Net-baryon Net-proton

Fixed V Fluctuating V

- Experimental challenges: Particle identification, efficiency correction, effect of event pileup,
volume fluctuations ...

> Theoretical/phenomenological challenges: Effect of resonances, charge conservation, effect of
magnetic field, cluster formation, baryon annihilation, excluded volume ... 13



Relativistic Heavy-lon Collisions and QCD Phase Diagram

HADRON QGP
Bevalac —_— AGS LHC
~1 GeV = ~5000 GeV
FAIR;
QGP may be produced & QGP is produced in high energy collisions

LHC || RHICBES || FAIR,NICA, ...

LHC EBE AGE EIS5 CER

High temperature:
Early Universe evolution

compact stars

" |n|.|s. nlv.ctmu.

! ’I—MILL‘_F B _IHE;E Trx':L = "ﬁ‘ | | | I

—~ 191993 19999901 "3399990

> P

O} Quark-Gluon Plasma

>

u -]

I_

o -~ e
5 High baryon density:
© Inner structure of

0]

Q

&

[0)
|_

0 500 1000 1500
Baryonic-chemical Potential 1 (MeV)

L = {IRCIrONG, NUIRINS, fuclH
‘Hﬁ neutron-proton Fermi guid
e % electron Fermi gas

qu‘lr‘lg-lué-n plasmal

1) At ug = 0, smooth crossover (LGT + data) ;

2) Large pig, 1% order phase transition — QCD critical point
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S B .
"fj,’ﬁ - 4 i 10 &  freereout points [various sources| ** o 'i_h:
P z 0Qels overia - | @ DSElLattice [Fischer et al., 2014 ]
a _ M del lap | ! i .
i rBS%, ® [RG[Fuetal,2019] |
B comomr bific |- Robust results! solf @ IJS]-'J'I-'E;‘IJH'r'dn,]’nl.\'l:m';lti,’.-‘i'lld'l] . ‘
"6 0 40 60 Vi a0 4 40 4 50 o DS Go Pk | N ot
e (MeV) Von(uze) (GeV) 1@ Doutanos el e 2201 PR pos Lamicems .t
; : E atlice 1'|I.\.:L|I](Il‘.|:|.4qp
Holography+ Bayesian : Hippert et al., arXiv : 2309.00579 O —T00 200 300 200 500 00 700
CPOD2024 ty [MeV]
Method i (MeV) T, (MeV)
Holography + Bayesian 560 - 625 101 - 108
FRG/DSE 495 - 654 108 - 119
Lee-Yang edge singularities 500 - 600 100 - 105
Lattice QCD pe/Te >3 F. Karsch et al.
Summary 495 - 654 100 - 119
(1 T.) = (495 - 654, 100 - 119) MeV mmmmd 3.5 < /5y < 4.9 GeV
XIV MPD Callaboration Meeting, Oct. 14-16, 2024 6

Xiaofeng Luo
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STAR BES-I and BES-II Data Sets

Au+Au Collisions at RHIC

Collider Runs

Fixed-Target Runs

VS

GeV) #Events | g Wi run 5 #Events | pp | Vbeam run
1 200 JH0M 25 MeV 33 Run-10, 19 I 13.7(100) S0M 280 MeV 260 Run-21
2 6214 46 M 75 MeV Run-10 2 115 (70) S0M 320 MeV -251 Run-21
3 344 1200 M B35 MeV Run-17 3 9.2 (44.5) S0M 30 MeV 224 Run-21
4 34 B M 112 MeV Fun-10 4 7.71(31.2) 260 M 420 MeV 21 Run-1%, 19,20
3 27 85 M 156 MeV 3.36 Run-11, 1% 5 72(263) 470 M 440 MeV 2 Run-18, 20
b 106 5 M 206 MeV il Run-11, 19 f 6.2 (19.5) 120 M 4490 MeV &7 Run-20
1 7.3 256 M 230 MeV Run-21 7 32(135) 100 M 340 MeV -1 &k Run-20
b 14.6 J40M 262 MeV Run-14, 19 § 4.5(9.5) L1 M 390 MeV -1.52 Run-20
B 115 I57TM 316 MeV Run-10, 20 9 38(73) 120 M £33 MeV 137 Run-20
10 .2 160 M 372 MeV Run-10, 20 lib 15(575) 120 M 670 MeV -1.2 Run-20
11 1.1 104 M 420 MeV Run-21 1l 321459 200 M A9 MeV -1.13 Run-19
Iz 3 (3.85) 2000 M 750 MeV -1005 Run-18, 21

Precision data to map the QCD phase diagram
3 < \[syy <200GeV; 750 < pp<25MeV
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Beam Energy Dependence of Elliptic Flow (v,)

Au+Au s, =7.7 GeV, 10-40%, protons
——— 77—

0.1

= 02r —
T T T [ T T T T [ T T T T [ T T T r —@— STAR, Phys.Rev.C93 (2016) o 1
: Au+Au SNN= 2.0-62.4 GeV 2.00 GeV, FOPI : i —&— vHLLE+UrQmMD, XPT EOS 1
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0.5

. Strong energy dependence of v, at Vs, = 3-11 GeV
» V,=0 at Vs, = 3.3 GeV and negative below
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Beam Energy Dependence of Elliptic Flow (v,)

(L N B I L B L B
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Passage time: 2R/(B.,,\Ycm)
Expansion time: R/c, c.=cVdp/de - speed of sound
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v 2(¥) in Au+Au 4/syy=3 GeV: models vs. STAR data

A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024) 104080

O p(0.4<pr<20GeVk)
Du d(0.8<pr<2.0 GeVic)

-+ AutAu collisions
sy =3 GeV 1040%

oo -

L 02<p;<16GeVle .

008-= pSMASH m pUQMD ASMASH = AJAM 7 SMASH m 7 UrQMD K'SMASH m K'UQMD ' |
dSMASH m pJAM m AUQMD TSMASH = n'JAM K SMASH = K'JAM
| | |
-1 -0.5 0 -1 0.5 -1 0.5 0 -1 -0.5
Y- Yem Y- Yem Y- Yem Y- Yem

Model description of v,:

* Good overall agreement for
v, of protons

* v, of light nuclei is not
described

1 * v, of Ais not well described

* nucleon-hyperon and
hyperon-hyperon
interactions

* Light mesons (m,K) are not
described

* No mean-field for
mesons

Models have a huge room for improvement in terms of describing v,,

49



EOS for high baryon density matter

The binding energy per nucleon:  E 4(p,d) = [E4(p,0) + Esym(p)cs2 + O(8%)
Isospin asymmetry: — AW

— ASYEOS  ® HICwp)
S 80— FOPLLAND %  mass(Skymme)
= 0 = Teangetal. & IAS
~— 100 A E, Lynch, Tsang  ©  mass(DFT)
Heavy-lon Collisions and Merging Neutron Stars £ LR gt
2 5
[} 0] 40_
T<70 MeV, p=3p, for both 3 10 e Lerima g
@ 7 LeFovee etal. r
: = == Lynch et al from Fuchs et al. r
Probe NS merger matter in the laboratory & ol omfusisctal 3!
== Danielewicz ef al. E r
Walecka model n [
1 i ‘ Fermi gas 0; . ‘
AutAu |.25A GeV NS mergers 1 2 3 4 5 0 05 1 15
— baryon density np/n, baryon density ng/n,

1015
A. Sorensen et. al., Prog.Part.Nucl.Phys. 134 (2024) 104080

1013

-15-10 -5 0 5 10 15
X (fm)

New data is needed to further constrain transport models with hadronic d.o.f.



Sensitivity of the collective flow to the EOS

P. Danielewicz, R. Lacey, W.G. Lynch, Science 298 (2002) 1592
Pmax/P0:

pmax/po: ~2 ~3 ~5 ~7
04 [~ DATA MPD-FXT MPD -
O Plastic Ball —
o EOS BM@N =380 MeV |
03 ~ ®E895 . " —
o) * E877
2 o2 b 5
3 0.2 200
L
210
01 X ]
---- 167
00 —
L pressure
-IIII 1 L ]IIIIII 1 1 IlIIJlI
0.1 05 1.0 5.0 10.0
Ebeam /A (Gev)
d{p,/A)
F=—"

A Yem)
vy

=1

cm—

<cos 2¢>

0.05

-0.05

-0.10 -

~2 ~3 ~5 ~7

0.00

MPD-FXT _.MPD 1

[ — 3
BM@N _g |
e ———— —
DATA
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210 o EOS
® E895
S - * E877
300
Hard EOS
K=38u miev ressure
-III] lIIIII] 1 1 IIIIIII
0.1 05 1.0 5.0 10.0
E,.../A (GeV)

v, = (cos(2(<p — LIJRP)))

Mean field usually can be defined
using Skyrme potential with:

Ung) = A <"—B> +B <"—B>
L) L)

Discrepancy in the interpretation:
* v, suggests soft EoS
* v, suggests hard EoS

New measurements using new data
and modern analysis techniques will
address this discrepancy

More detailed model study should
be done to address nz-dependence
of incompressibility K,

Additional measurements are essential to clarify the previous measurements
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dv,/dy|,., for protons vs. collision energy

- 0.6

0.5F

0.4F

[ BM@N Preliminary
[ 10-30%; 0.4<pT<2.0 (GeV/c)

Xe + Csl,
Eyin = 3.8 AGeV

' BM@N Preliminary
E A FOPI Au+Au midcentral
E * [ ) STAR-FXT Au+Au 10-40%
- i B BM@N Xe+Csl 10-30%
= °
= s
g @)
- °
- 1 | 1 1 1 1 | 1 | 1
2.5 3 315

** Slope of v, is in good agreement with the world data
See Mikhail Mamaev talk at AY SS2024
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MPD physics program

G. Feofilov, P. Parfenov

Global observables
. Total event multiplicity
. Total event energy
Centrality determination
Total cross-section
measurement ratios
Event plane measurement at
all rapidities
Spectator measurement

V. Kolesnikov, Xianglei Zhu

Spectra of light flavor and
hypernuclei

Light flavor spectra

Hyperons and hypernuclei

Total particle yields and yield

Kinematic and chemical
properties of the event
Mapping QCD Phase Diag.

K. Mikhailov, A. Taranenko

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

D. Peresunko, Chi Yang

Electromagnetic probes
. Electromagnetic calorimeter meas.
« Photons in ECAL and central barrel
« Low mass dilepton spectra in-medium
modification of resonances and
intermediate mass region

Wangmei Zha, A. Zinchenko

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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High-energy heavy-ion reaction data

¢ Galactic Cosmic Rays composed of nuclei (protons, ... up to Fe) and E/A up to 50 GeV
¢ These high-energy particles create cascades of hundreds of secondary, etc. particles

10" Z=1
10"

10°
Z=38
. I
107 //’ g
/S
7 ]

10"

/
0 / b7
10" s

14

10

Flux (particles/( cnf-Mc\-’-'n-ycar))

T.C. Slaba et al.
Life Sciences in Space Research

12 (2017) I-15
I 1

10°F

“]‘ | 1 1 1 J

' 10° 1w 10" 10 1w 10t 10t 10’
Kinctic cnergy (MeV/n)

s Cosmic rays are a serious concern to astronauts, electronics, and spacecratft.
¢ The damage is proportional to Z?, therefore the component due to ions is important
% Damage from secondary production of p, d, t, 3He, and “He is also significant

¢ Need input information for transport codes for shielding applications (Geant-4, Fluka,
PHITS, etc.):

v’ total, elastic/reaction cross section
v’ particle multiplicities and coellecense parameters
v’ outgoing particle distributions: d?N/dEdQ
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High energy heavy ion reaction data

¢ NICA can deliver different ion beam species and energies:
v’ Targets of interest (C = astronaut, Si = electronics, Al = spacecraft) + He, C, O, Si, Fe, etc.

¢ No data exist for projectile energies > 3 GeV/n

dE/dx vs momentum in TPC

'.. [, ﬂ'ul'_..l c el
"

S
=)

dE/dx (keV/cm)

p/q (GeV/c)

MPD has excellent light fragment
Identification capabilities in a wide
rapidity range > unigue capability of
the MPD in the NICA energy range

m2 (GeV?/¢%)

m2 (GeV? /¢

m2 vs. momentum in TOF

2 25
p/q (GeV/c)
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Summary

NICA open unigue opportunities for the exploration of the properties of dense nuclear matter.
Complementary energy range, large discovery potential.

Preparation of the MPD detector and experimental program is ongoing, all activities are continued
All components of the MPD 1-st stage detector are in advanced state of production
Commissioning of the MPD Stage-I detector is expected in 2025-2026

BM@N first physics run with Xe+Csl - finished — good data

Further program will be driven by the physics demands and NICA capabilities
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Optimal collision energy for realizing high baryon-density matter
H. Taya, A. Jinno, M. Kitazawa, Y. Nara https://arxiv.org/abs/2409.07685

o0

— MF
I

Vsvny = 2.4 GeV ‘ A \f.\';w\; = 3.0 GeV l
- - N\ max{V3] — T --—-  pa/pe=3.4,5,6

V3 [fm]

= N W s O

V53 [fm]

e rudPER U, DO, - Y O -

(max[V3])"? [fm] or T [fin/c]

o T
t [fm/c] 1 [fm/c]

Dense region disappears more quickly for larger \/syy

\/Svn dependence of the maximum volume max[V3]
(solid) and the lifetime 1 (dashed)

The optimal energy is around /syy=3-5 GeV, where a baryon density p/p, = 3 nuclear
density is realized with a substantially large space-time volume. Higher and lower energies
are disfavored due to short lifetime and low density
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Multi-Purpose Detector (MPD) Collaboration
“MPR— o Consiruct, commission and operate the datoctor

10 Countries, >450 participants, 31 Institutes and JINR Yoke ECal TOF _ o o=

Organization

Acting Spokesperson: Victor Riabov
Deputy Spokesperson: Zebo Tang
Institutional Board Chair:  Alejandro Ayala
Project Manager: Slava Golovatyuk

Joint Institute for Nuclear Research;

AANL, Yerevan, Armenia;

University of Plovdiv, Bulgaria;

Tsinghua University, Beijing, China;

USTC, Hefei, China;

Huzhou University, Huizhou, China;

Institute of Nuclear and Applied Physics, CAS, Shanghai, China;
Central China Normal University, China;

SC Cott
FD  TPC Cryostat

Shandong University, Shandong, China; Belgorod National Research University, Russia;
IHEP, Beijing, China; INR RAS, Moscow, Russia;
University of South China, China; MEPhI, Moscow, Russia;
Three Gorges University, China; Moscow Institute of Science and Technology, Russia;
Institute of Modern Physics of CAS, Lanzhou, China; North Osetian State University, Russia;
Thilisi State University, Thilisi, Georgia; NRC Kurchatov Institute, ITEP, Russia;
FCFM-BUAP (Heber Zepeda) Puebla, Mexico; Kurchatov Institute, Moscow, Russia;
FC-UCOL (Maria Elena Tejeda), Colima, Mexico; St. Petersburg State University, Russia;
FCFM-UAS (Isabel Dominguez), Culiacan, Mexico; SINP, Moscow, Russia;
ICN-UNAM (Alejandro Ayala), Mexico City, Mexico; N I‘ A PNPI, Gatchina, Russia;
Institute of Applied Physics, Chisinev, Moldova; Vinca Institute of Nuclear Sciences, Serbia;
Institute of Physics and Technology, Mongolia; Pavol Jozef Saférik University, KoSice, Slovakia
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