RLEZYJoc
BOIs J

zd J Mmd dz

zZzO EMSEtedlis] d

Z.I

C

Zzs59o L Od @35 H J
tcdd o MlstsdzC detse j dzd

C

25 §ICA € ts a3

l . R. stsdzj Mdzed C tso
faAnlG, [RCR

ZCtsdzO [-RgwrR 5 WdL d€ gzt € dpa@icT dBROIsj to

[ 2B dzO, v A

ch Y HAaHO | O

{RCR



] z0dz dzj S ydd

Aleojnjddj (fwjndsils dmmdzjHise Oddw, jHdded

Auddz dzgsoL O BBsH j2Mlsakzs h OW ®&@OIsjtedw, dgjlsts
WOLtsSoaOW HJOGCtORBO smp d HJ S sdW ©O2 dzdzj dzls

Autsotej dzj dzdetsj Msmisswdzdj dmmdzj Hise Oded 2 s |
I H ez@REd HjlsjSlter HbvY dLbEyjddy

Ay OCdzs yj ded j ,



[ dlsj OO

_|qpu<ra:_ﬂ<e°m<e*< ) U - o -mo 9 He

Ch-, @ 22y 3 daLYylMNBRyt@avh 2y O2F{KAAR 2y 2

B.FrimanSi | f® G¢KS /.a LIKearoa o6221
Ay f1F02NF02NE SELISNAYSYDé

ALICE/LHC Experimertttps://alice-collaboration.web.cern.ch/

STAR/RHIC Experimeitttps.//www.star.bnl.gov/

NAG6LESHINE/SPS Experimehttps://shine.web.cern.ch/

MPD/NICA Experimenthttp://mpd.jinr.ru/

CBM/FAIR Experimeqthttps://www.cbm.gsi.de/

BM@N/NICA Experimentttps://omn.jinr.ru/



https://alice-collaboration.web.cern.ch/
https://www.star.bnl.gov/
https://shine.web.cern.ch/
http://mpd.jinr.ru/
https://www.cbm.gsi.de/
https://bmn.jinr.ru/

.l 9 j HJ dad J

Avdmisjdr jHdddy d ROLOSkjtd j ojd
dmmdzy HEB" = Jesyd Mo

A soOtld d cdzstsde, Mdadz dg@ §j oL Od Bt
SoOdzZstso OF MBS ZOBISO (s mp),



Ajd dmidyige Ruggdzdj MstkClskzwer [ Olsj
bicsodagj  SO©OSIjtO® Mdd, Hj2Mse ks




6qYbyYsg Yropngdqb¥Yuy

/L] : hal =710% f~ ~a h Fhotoe
[E]"H _ Lo YRV = 161019J

v(b) : o h omt E m < R

[t] .fm/c,lfm/c:31024m . _ D

[r:.:M/VéH <°*e*€*0 'Y"‘<heooo c ot e
[T]:t a c h * t x h ™ o He H t Com

nodydoe 3qa¥3>¥b 3 Yddag(dsagonge 66dos3

L:0.1-10 fm

£ : 1-3000 GeV N

b ~1 leVicOo jdz Sddzj sduj MS B2 ! dzj oc
' | dzj Cltetdzscdg  sfycdzj ooy Hj d

t : 1-50 fm/c f 5ls j dzyd O dzergEls qV = 1.6101° Q. 1 V)

T: 100 MeV (~18K)
r>r,=A/l(4/8R3 =2.3 10’ kg/mifor Au



| d @deSe s 5 mMdmisy i34 dmny sdz' L

Jmt mt (patgralh. M mt a . 7 e g och T TyQt
h:(::g:]_( Y o A* AL _oen)t*et

M=[LEe Tt o ohay a0t ot e

B=pcZ+mfct'He _ h (¢ xyS)Eme © me2f a Ot o ” e” o X

h~Ep to °~ 'He h Y h a Y a Ot

EZk'IEt ac h'™ t x h = *H H< "‘<* e C*'" 3< {=

¢ ~ m t B e mt e e o h ~ " a h e oGeV

a = mm~  crheQ988GeV/R= 167 10%7kg
h* "a h chotoe” (4@ 0.8m=8 10m  x

<

Ch a Y f-meseént ~7 GeV=4.5102%s

<

a c h ~ t x h ~ “ 0 0 0 cT ~M60 Me\/":’“ﬂ_@lg}( |

< < L g



mass
charge

spin

LEPTONS

Standard Model of Elementary Particles

three generations of matter
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Strong I nteract

Strong interactions govern by ag
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A Strength of the charge depends
on the energy scale!

A At lower scales, the coupling constant is

large; quark and gluons stay confined into
hadrons

A At: high energies/short distances/high
temperatures quark and gluons are almost
free A asymptotic freedom
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From Big Bang to Formation of the Universe

10-7sec

time

T-180 MeV

i)

15 Mrd years

NMNN) vears
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quarks
eluons

~10ns afteBB(T~1% MeV):
QGP and transition t
hadronic matter

nucleons
deuterons
o~particles

== (Can we go back in time ?

atoms our Universe
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Calculations/predictions for strongly interacting
QCD matter : Lattice QCD (LQCD)

e

pes

gluon
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LOCD:

A Non-perturbative method of solving QCD
A Computer simulations in discretized space

A Provides a non-perturbative tool for addressing
fundamental QCD properties (hadronic spectrum,
confinement and chiral symmetry, equilibrium
properties of QCD at finite T)

A Difficulties: discretization, finite volume, only at
vani shing ¢
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Heavy-ion collisions - minii Big Bang in the Lab
Huge amount of energy in very small volumes!
Au+Au central collisions:

Vs = 5 GeVe= 1.4 GeV/frh
17 GeV (SPSg = 3.0 GeV/frh

200 GeV (RHI®= 5.0 GeV/frh
2 TeV(LHC)e = 14 GeV/frh

Fireball T a region of hot (~100 MeV)
and dense (up to several ny) matter in the
form of hadron gas, droplets of QGP, or
the mixture of both. Its size ~10-20 fm
and lifetime ~ 50 fm/c

The size of the interaction zone and radial distribution of energy density
IS controlled by the impact parameter
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Nuclei are extended objects A collision geometry defined by impact parameter b
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Big Q-G p&n low mass neutral star dispersion  Today
Bang plasma formation nuclei atom  formation oOf massive
formation  formation elements
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Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen ; Kinetic
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Hadronization
Initial energy
density

pre-.
equilibrium . .
ynamics viscous hydrodynamics
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collision evolution
t~0fm/c t~1fm/c t ~ 10 fm/c t ~ 101 fm/c
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purely thermal Blastwave analysis explosive
source oyrce
In the source with strong collective behavior
ligh the spectral shape is determined by more
|_\
3 t than a simple T but also by a radial ¥glocity = 5 light
% dN cosh sinh(r)Q Z
§ heav An FOOKE am 0§ Oeppt Inh( )oxdx = | heavy
mdm 0 9 T 9 ge T 9 3
My ' ' My
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Simultaneous fit to all particle species. Fit parameters:
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. . £ ., x/NDF 26/76
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STAR: Hydrodynamic analysis (blast-wave fit) of m.-spectra
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A T, increases from 7.7 to 19.6 GeV; after that it rel

almost constant and similar for all centralities.

T, Increasesfrom centralto peripheralcollisions
suggestinpngetivedfirebalin centratollisions

<b> decreasedrom centralto peripheratollisions
suggestingtrongeexpansiomcentratollisions

\ Theseparatiohetweef,, andT,, increases

withincreasingnergysuggestintheeffecof
increasingadronimteractionsetweerhemicand
kinetidreezeoutathigheenergies
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Scientific pillars of the NICA program
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Heavyion program

Probingof fundamentallaws
of physicswith heavyion
collisions
A Formationof new state
of matter (QGP)
A Properties of physical
vacuum
A Propertiesof massive
stellar objects (neutron
stars)

Spin physics program

New comprehensive
studieswith polarized
beams to:

A Resolve nucleon spin
crisis

A New precise
measurements of
nucleon PDFs

Program of applied research

A Development of universal charged
particle accelerators

A Universality of operating modes &
increasing limiting parameters of
superconducting magnets

A Radiation hardness and modification of
materials

A Radiobiology research with heaign
beams
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RHIC findings (2): sQGPT dH jJ Odzt dzOW Y H &
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NICA niche in the QCD phase diagram

NICA energy range 1 dense matter at non

-zero my and moderate T

®» baryon density r up to 10r ,, freeze-out net-baryon density i highest
% m,= (300 - 750) MeV, T, ~ (120 -150) MeV
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The region of the highesbaston density, which is ideal for phase transition atr
symmetry restoration search is fully covered by MPD and BM@N experimer
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Physics at NICA: dileptons

Correlated electron-positron pairs (dileptons) are sensitive to the interior
of dense QCD matter and to CSR effects

V provide time-integrated picture of the collision dynamics

V penetrating probes i no strong interactions in the medium
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AN/AM [ 1/GeV /cf)

dielectron yield

Physics at NICA: prospects for dileptons

A Modifications of vector meson properties due to CSR are simulated
within the PHSD model for Au+Au collisions at NICA energies

10— Au+Au, 14 A GeV, b=0.5fm . . .
o e Ratio = dN/dM(in-medium) / dN/dM(free)
10’ [L](:,; broad. collisional broadening + dropping mass
i coll. broad. + drop. mass. 30
T AwAL, b=0.5 fm
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[T A Enhancement of dilepton yield for 0.2<M<0.7 GeV and redu
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Critical End Point (CEP) at the QCD phase diagram

Trajectories calculated bfl@d®hydrodynamics

modelonee lvanov If the trajectory is in the vicinity of
SUU —
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* end.point 1ple fluctuations can be observed
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Experimental challengiuctuation signal may be suppressed due to final state interactipns
that washed out the signal. True CEP signal should show consistency in several ahsdrve
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A Theory predictions for CEP are rather
uncertain, still..
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Hyperons appear in the core of neutron stars (NS) at ~twice the normal nuclear density
In a new chemical composition, due to attractive YN potentials, the EOS becomes softer
A new balance among the (inward) gravitational force and (outward) thermal + Fermi
degenerate pressure impacts theraaiss (NR) relation for NSs

Butthe latter is in contradiction with obserixioynseion puzile
REVIEWS OF MODERN PHYSICS 88 (2016 Phys. Rev. C 89, 015806 (2014)
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The main obstacle i lack of knowledge about YN (YY, YNN) potentials in dense
matter. Thus, new data on B, lifetimes, branching ratios of hypernuclei are needed

to provide tighter constrains
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Yield (dN/dy) for 10° events

Hypernuclei in HIC : expectations & data

Hypernucleiare nuclei containing at least one hyperon gy T o

Thermal model predicts an enhanced @ """"""""""
production of (hyper)nuclei within the
NICA energy range

-------
...........

A Few data on the _ VaQHINHH
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10°Ek | +éHe e e H hypernuclein HIC 1ok + Ag+Ag HADES (prel)
108, . 1o—2i e
. A Available data leave ~CE T H
10 ) Foo A
10° space for various model T1E + e
10? predictions (thermal, > 04L ‘ b

T

coalesce, hybrid) B 10t Central Au+Au
=z — Hybrid URQMD

B0 2; — Coalesc. (JAM)

0 A Further and deeper ool ek
10° investigations of the ol o

10° hypernucleudormation .
10* o mechanisms require F
roolaErili sl additional data at e

NE(EY different energies and VS [GeV]

collision system@NICA 56

A Precise measurements of binding energies, lifetimes
and branching ratios can give tighter constrains A NICA!



NICA physics cases & observables

U Bulk properties, EOS andphase transition from hadronic matter to QGP
A excitation function of strangeness
A vyields and spectra of hadrons and light nuclei

200

e

U Phase coexistence

A excitation function (invariant mass) of lepton pairs:
thermal radiation from QGP, caloric curve

A anisotropic azimuthal angle distributions

Hadrons Z
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U Critical End Point 0 e

A event-by-event fluctuations of conserved quantities (B,S,Q)

Net Baryon Density

U Onset of chiral symmetry restoration
A in-medium modifications of hadrons: r ,w,f - e*e
A dileptons at intermediate invariant masses

U QCD EOS at neutron star densities
A Collective flow of identified particles
A Excitation function of multi-strange hyperons

Quark Star Neutron Star

In-medium @-N and 0-N interactions
Yields and lifetime of single and double §-hypernuclei
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Baryonic Matter @ Nuclotron (BM@N) Experiment

CSCa
“Analyzing Magnet ToF-400# |

mSTS

" Barrel N\
mTarget -
wSi beam tracker .
wVetoC
= Si beam tracker
= Si beam tracker

ToF-700 #  ZDCa

%“Si beam profiler A, \ \.CSCa

aBct /

% Si beam profiler /|
/
@ FwdSi / - GEM,
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BM@N Experiment : status prior to 2023

Integral statistics of physics events

300 —

ArjbjShtste MtsBtcOdz ¢

[d
Cod¥ detcOydd

A4

250/

200 —

N

150/

Al OBtcOdzts Btsdzj j 60 ( |
2O f zyS @RIXe H j to ol

A1 0OYyOl Od&zOddL H dz% ﬁff
0 '"“ - i uluul‘mlw“I'_“I“"Imln “Inqlnulmlm ‘J“ ,lw’lmlnlmln .,I.v..I...I.,.,]m.l.ml...In.l...l..,.l.,..l....l.,.‘l.,,I‘...'.,..I....I.v..l....l...,].. |

d fsHeBlss9C O k8

Integral statistics, events x 10°

run date

arxiv:2303.1624ep-ex]

-700 O’I\a 10°1 Ar+Sn—mt+X
— g o E,;,=3.2 AGeV/c?
S~ 2 \
= 102 F : e W
500 B i ——
I ..S‘ % .
400 > 1 e - a
S 107! e
0.4 S &0 ‘
| 200 T 1073 * y=1.65 (x128) « y=2.50 (x8)
0.2 4F * y=1.90 (x64) =« y=2.70 (x4)
. 100 10 E ¢ y=210(x32) « y=2.90(x2)
% . 10°° Mmmmqﬁmm
—6 L | P R AN WO TR TN WU NN TN SN N S N SO SO S|
123 456 7 8 910 1070 T~ "02 03 0.4 0.5 0.6

/q, GeV/c/
e " P, (GeV/c)
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MPD superconducting solenoid unique
equipment providing ahigh level of field homg w
Magnetic field).56 T )
Volumé 54 mx 6.4 m
Weight 440 ton




MPD TPCi 3DIstcj € j to

HV-electrode

Sketch of TPC 3400 / ~28kV

—

Au+Au@ 9GeV

~110 000 readout channels

_ o “TimeProjection Chamber (TPC):
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MPD Time-of-Flight (TOF) system

EndCaplrOF [

g Tlime r::nfﬂightt
1

1/b=ct/L, where
L ¢ track length,

t ¢ time of flight,
c¢speed of light

Time resolution is a crucial paramet
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Measure of total energy in MPD (Calorimetry)

Particles (neutratcharged) incident on a block of material deposit their energy throug
or excitation of the atoms of n\M#ssiveblocksA fulll attenuation

ARSOREER

A A high energyelectronor photoninitiatesa
cascade=lectomagneti(EM)shower of e, g
viabremstralurandpairproduction

Characteristiengthdefinedy the propertiesf the
materiaheavyelementlaveshortetength

_ 716gcm “A
Z(Z +1) In(287/ JZ) A depth > 25,X4s needed to contain EM showers







