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QGP phase diagram
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The collision of two heavy nuclei which
approach and smash against each other
with almost the speed of light. According to
Einstein’s theory of special relativity they
look like thin pancakes. This “Little Bang”
creates in the laboratory the primordial
state of matter, called Quark-Gluon Plasma
(QGP). The QGP expands like a fireball,
cools and finally turns into ordinary matter,
not unlike vapour turning into water

. The thousands of particles produced will
be recorded by detectors. The tracks that
those particles leave in the detectors will be
analysed by modern powerful software
tools.

The challenge is to infer the properties of
the QGP state of matter by studying the
different particles that arrive in the
detectors.
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Melting hadrons

What is Hagedorn Temperature?

Hagedorn temperature T , ~ 1.8x10 > K is the maximum

temperature at which matter can exist in the usual form.
At T > T, all individual material particles dissolve into

the quark-gluon plasma. This transformation can occur at
a lower temperature in the presence of dense nuclear
matter. At densities an order of magnitude greater than

M e l ti n g H a d rO n S’ the nuclear density this transformation probably can

occur near to, or even at, zero temperature.

BO i I i n g Q u a rkS The value of T ; is measured by the way of the exponential

growth of the hadron mass spectrum,

Johann Rafelski Editor

From Hagedorn Temperature
to Ultra-Relativistic Heavy-lon
Collisions at CERN

p(m) oc m™" exp(m/Ty)

T, is thus uniquely defined independent of the question, if

With a Tribute to Rolf Hagedorn the conversion of matter into quark-gluon plasma is a
sharp boundary, or a continuous transformation.
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Hagedorn temperature

Statistical Thermodynamics
of Sirong Interactions at High Energies.

E. HAGEDORN
CERN - Geneva

(ricevuto il 12 Marze 1965)
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Experimental data:

4627 states of mid ’90s.

1o BOO0 1600 2400
m [MoV]
& (m —m,)*
Oexp {m} :;/—: E‘F" exp ['—- —-‘TT-‘——‘ 3 =200 MEV;

where the sum goes from the pion mass
To the highest known resonances

1432 states known in 1967;

J. Cleymans and D. Worku
Modern Physics Letters A
Vol. 26, No. 16 (2011) 1197-1209

I 4| =—= hadron spectra
—— Hagedorn fit
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. - c m
pr(m) = (m?2 + mi)>/4 -y Ta

Parameter

c (GeV)3/2 0.16 + 0.02
mg (GeV) 0.5

Tu (GeV) 0.174 + 0.011

Bootstrap statistical model
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QGP in nucleus collisions
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Heavy lon collisions

STAR AuAu v/s=200 GeV

N ~ 2000

particles

ALICE PbPb Vvs=2.76 TeV

N ~ 5000

particle

MPD AuAu vs=11 GeV

N ~ 1000

particle
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QCD Phase diagram for NICA
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HIC studies

Synchro- JINR

Phasatron Dubna 1971 - 1985 3.6 AGeV d, He, C
LBNL C,Ca,Nb,
Bevalac Bekeley 1972 - 1984 < 2AGeV NiAdw,...
BNL, :
AGS 1986 - 1994 14,5/11,5 AGeV Si, Au
Brookhaven
SPS CERN, Geneva 1986 - 2002 200/158 AGeV 0,S,In,Pb
SIS 18 GSI,Darmstadt 1992 - today 2 AGeV Kr,Au
JINR p, d, He,C,Li,
Nuclotron Dubna 1993 - today <4.5 AGeV Mg, Kr
BNL, _
RHIC Brookhaven 2000 - today VSxn = 200 GeV Cu, Au
LHC CERN, Geneva 2010 VSwy = 5.5 TeV Pb
JINR
? =4 - -
NICA Dubna 202" VSnn = 4 -11 GeV p - Au

SIS 100 GSI,Darmstadt 2025 2-11 AGeV Au



Theoretical predictions

SIGNATURES The Search for the Quark-Gluon
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arXiv:hep-ph/9602235
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AGS experiments
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Strangeness enhancement

Nature Physics 13 (2017) 535

J. Rafelski and B. Miiller, PRL 48, 1066 (1982)

Strangeness Production in the Quark-Gluon Plasma

Johann Rafelski and Berndt Miller
Institul fiir Theoretische Phystk, Johann Wolfgang Coethe -Universitat, D-6000 Frankfurt am Main, Germany
{Received 11 January 1962)

Rates are calculated for the processes gg—s5 and wii ,dd =57 in highly excited quark-
gluon plasma. For temperature T = 160 MeV the strangeness abundance saturates during
the lifetime (~10°™ gec) of the plasma created in high-energy nuclear collisions, The
chemical equilibration time for gluons and Light quarks is found to be less than 10" ™ sec,

PACS numbers: 12.35.Ht, 21.65.+f

We thus conclude that strangeness abundance
saturates in sufficiently excited quark-gluon plas-
ma (T >160 MeV, E >1 GeV/fm®), allowing us to
utilize enhanced abundances of rare, strange had-
rons (A, @1, etc.) as indicators for the formation
of the plasma state in nuclear collisions.
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First observation of a multiplicity dependent
strangeness enhancement in high-multiplicity pp

collisions

* enhancement is due to strangeness content and not

due to mass

* multiplicity dependence of the enhancement is
strikingly similar in pp and p-Pb, and approaches
values similar to those measured in central Pb-Pb

* QCD inspired MC generators fail to describe these

observations

* measurements in pp @ 13 TeV seems to indicate that
hadrochemistry is driven by event activity regardless
of collision energy
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SPS ion experiments
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CERN 2000

January 31, 2000

Evidence for a New State of Matter:
An Assessment of the Results from the CERN Lead Beam Programme

Ulrich Heinz and Maurice Jacob
Theoretical Physies Division, CERN, CH-1211 Geneva 23, Switzerland

A common assessment of the collected data leads us to conclude that
we now have compelling evidence that a new state of matter has indeed
been created, at energy densities which had never been reached over
appreciable volumes in laboratory experiments before and which exceed
by more than a factor 20 that of normal nuclear matter. The new state
of matter found in heavy ion collisions at the SPS features many of the
characteristics of the theoretically predicted quark-gluon plasma.

arXiv:nucl-th/0002042v1 16 Feb 2000
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RHIC

BNL - RHIC (from 2000):

Vs = 200 GeV, Au + Au collisions
4 large experiments: BRAHMS, PHENIX, PHOBOS, STAR.
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C experiments

PHOBOS Detector

Forward Spectrometer
23<0<30

Paddle Trigger Counter

Spectrometer

Octagon+Vertex

* 96000 Silicon Pad channels
+ 47 Multiplicity Array
+ Mid-rapidity Spectrometer <!>
« Scintillator Paddles + Zero Degree

Calorimeter for triggering
« TOF wall for high-momentum PID

Mid Rapidity Spectrometer
M<O<os

D1,02,03,04,05 : dipole magnels
T1,T2,T3,T4,T5, TPC1 TPCZ: tracking detectors
H1,H2, TOFW : Time-of-flight detectors

RICH, GASC : Cherenkov detecfors

|Beam-Beam Counter

|Mdﬂglcityé‘\f$m % :

STAR Detector

Coils Magnet racker

Muon Tracking
Chambers |

E-M

Calorimeter

Time Projection
Chainb

er

Muon ID Steel

CENTRAL MAGNET

__________ % \ | Ring-Imaging
| Cherenkov Detector

Electronics
Platforms

[Muon Kdentifier - - 2
Forward Time Projection Chamber A | ‘Ebc?m:!g&erm PH%ENIX
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The Quark-Gluon-Plasma is Found at RHIC

Hunting the Quark Gluon Plasma

REsuULTS FROM THE FIRST 3 YEARS AT RHIC

ASSESEMBENTS By iE EXPERIMESIT AL DOLLARDRATION

April 18,2005

RcERE
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CONTENTS

Cruark Gleon Plasma aed Color Glass Condensate at RHICT
The Perspectve from the BRAHMS Experiment.. ... ....oiiianin 1

Formation of Dense Partonic Matter in Belativistic Mucleus-Nocleas Collisions
&t RHIC: Experimenial Evaluation by the PHENIDX Collaboration ............oceuvee 33

The FHOBOS Perspective om Discoverbes at RHIC .o, 159

Experimental and Theoretical Challenges |n the: Search for the
Cruark Glwon Plagma: The STAR Collaboraton’s Critical Assessment
of the Evidence from RHIC ColllBEONE ... .o st iman e smmee s s snme smmms o 253

The early measurements have revealed compelling
evidence for the existence of a new form of nuclear
matter at extremely high density and temperature —
a medium in which the predictions of QCD can be
tested, and new phenomena explored, under
conditions where the relevant degrees of freedom,
over nuclear volumes, are expected to be those of
quarks and gluons, rather than of hadrons. This is
the realm of the quark gluon plasma, the predicted
state of matter whose existence and properties are
now being explored by the RHIC experiments.
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STAR BES program

Quark-Gluon Plasma

Experimental Study of the QCD Phase Diagram and Search for the Critical Point:
Selected Arguments for the Run-10 Beam Energy Scan at RHIC

The STAR Collaboration (B. |. Abelev et al.)

Introduction & Summary

We present an gverview of the main ideas that have emerged from dlscussions within 5TAR tor the Beam Energy
bran (BES). The formulatien of this conclse and abridged document s facilitared by the exstence of & much langar
and more comgrehensive companion document entitled Experimental Exploration of the OC0 Phese Diogram:
Seorch for the Critlcal Polet [1]. The compelling arguments and motivatlons for the physics of our proposed Beam
Energy Sean program, which have a particalar role (s guiding the run hlan fsee p13) as setout I our discussion of
Tables 1 and 2, are {not in order of prionty):

A A search for tum-off of new phenomena already established at higher RHIC energies; QGP slgnatures ara the
st abwious example, but we defina this ::ategc-r'y rore broadly. If our carrant understanding of #HIC
physies and ek SRR R R R e e gaad 75, and such
corrabrti Jine paricatar
ohservables that STAR has identitiad as The essential drivers of our fun planare:

(A-1) Constituent-guark-number smlung of iy, Indicating partonic degrees of freedom;

[A-2} Hadron suppression in central tollisions a5 characterized by the ratio R,

[A-3) Untriggered pair cofrelations in the space of pair separation in azimuth and pseudorapidity, which
elucidate the ridge ghenomencn;

[A-a) Local parity violation instrong interactions, an emerging and important RHIC discavery in (s owm right,
is generally believed to require deconfinement; and thus akzo is expected to turn-off at bower energies.

B A search forsignatures of @ phase transition and 2 eritical polnt. The partioular observablies that we have
identified as the essential divers of our run plan are:

[B-1] Elliptic & directed flow for charged partlcles and far dentifled protons and plons, which have been
identifted by many theorlsts as highly aromising indicators of 2 *softest point” in the nuclear equation of
state;

{8-2} Azimuthally-sensitive femtozcopy, which adds to the standard H&T observables by allowing the tilt
angle of the allipsold-like particle source In coordinate space to be measured; these measurements hold
prom|se for (dentifying a softest point, and complements the momentum-space infarmation revealed by
flow measurements, and

(8-3) Fluctuation medsures, indlcated by large jumps in the baryon, charge and strangeness susceptibilives,
as.a function of system temperature - the mest obvious expected manifesiation of eritical phenomena
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STAR beam energy scan

7.7 GeV

Quark-Gluon Plasma

Temperatura (MeV)

Hadronic Gas

o 250 500 750 1000
Baryon Chemical Potential u; (MeV)

200 GeV
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Nucleus collisions

Peripheral Collision (near) Central Collision
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STAR Beam Energy Scan results

Number of constituent quarks scaling
Phys. Rev. C88, (2013), 014902

Chiral Magnetic Effect

0-1_-":-7 iwo E;G ';p'.r(-: Liis@ey | jo6Gev ' ]
u+Au, 0-80% 4A O 2
. n-sub EP A #KS = T ? T ' T T ' ' T
0.05- * <o g - o - - 1of ‘% 276 TeVPb+Pb + ¢ 200 GeV Au+Au
fp ;.:] 51 ' —pa B
....... f 3 o] ol
A Q @_@ ﬁ— ﬁ'aﬁ : E _*E_.g ﬁ-ﬂ
| g T w* w = = 5
b e 10 (@) L ¥ (b)
£ for %’ 62.4 GeV Au+Au - {;} 39 GeV Au+Au -
......... ] % 5 - = a =
0 05 1 15 20 05 1 15 20 05 1 15 2 Eﬂ_ g, _{r e
(m_-mg)/n_ (GeV/c?) @ 8 L = s & wae
‘_?'r -5 +* #' @ EF (@) J
ngh PT suppression .7 27GeVAusAu T4 196 GeVAu+Au |
< .
w ¥r ite ch T '
Stephen Horvat  Quark Matter 2015 8 g g :;‘,’1‘;“;,?;9:'“9 +
= b = = 13 Y 0 -
_ STAR Preliminary . 7.7GeV U 0, (&) AT ()
statistical errors only «  11.5GeV i n—k%geg;—_@% L =% :E B—R-6-0-
210 . 14.5GeV i |. : i | il i : .| ! 1
2 . v 19.6GeV
S v 27Gev ik % 11.5GeV Au+Au | = 7.7GeV Au+Au |
2 = 39GeV
e 62.4GeV s + $ .
L T . 0- + % .
g T '_ e _'_ " %. !
= ey e e S e '. " @ T & (h) |
D:% 2 H=p=] o w BQ e.aeel . 3-;'& R A B-
N B Sl + &0 ) i) pIi] U 80 50 30 20
=t Ll Collision centrality (% Most Central)
L | | | S| P | P T sy g ey ]
o 1 2 3 o (CRV/c) 7 8 9 10

20/57



STAR B E S l res u |ts S. Jowzaee, Quark Matter 2011\7HCA

Ridge effect

B. Abelev et al., Phys. Rev. C80, 064912 (2009).
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STAR Beam Energy Scan program

BESI

Sun Mg MinBias Events Time Year
( GeV) (MeV) (109) (weeks)

4.3 2010

2011
2010
k- Year
» ﬁ:mjp\r.&‘ﬁ Quark-Gluon Plasma
e 2017
@& 39 GeV 5%
ey B
e | 2018

g 19.6GeV k

145 GeV @
& 115GeV
/ w776V Runl4 2019

BES 11

Needed

Events

1.7
0.1
115
145
19.6
| System and Energy
* ptp @ 500 GeV
* AutAu @ 624 GeV
» Zr+Zr, Ru+Ru @ 200 GeV
* Aut+Au @ 27 GeV

Au+Au @ 14.5-20 GeV +
fixed target

Au+Au @7-11 GeV + fixed
target

* Aut+Au @ 200 GeV
* p+A/p+p @ 200 GeV

420
370
315

260
205

‘ Physics/Observables

* Spin sign change
diffractive

« Jets

* CME, di-leptons
+CVE

* QCD critical point
* Phase transition
«CME, CVE,...

* QCD critical point
* Phase transition
*CME, CVE,...

* Unbiased jets, open beauty
« PID FF, Drell-Yan,
longitudinal correlations

100
160
230

300
400

‘ Upgrade
FMS post-shower,
EPD (1/8%), eTOF
prototype
Full EPD?
eTOF prototype

Full iTPC, eTOF, and
EPD
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NICA complex

Beams — p,d(h)..**’Au’®*

Collision energy Vs= 4-11 GeV/u (Au), 12-27 (p)
Beam energy (fixed target) - 1-6 GeV/u
Luminosity: 10 cm=2s?(Au), 103 (p)

Experiments:
2 Interaction points — MPD and SPD
Fixed target experiment BM@N
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I‘  Target & TO
detector

Analyzing
magnet

NICA experiments

'd
s
we//
IT /GEM/ECT/ >
/ / . \
CPC Tracker/ ZDC/ ™M \TOF
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NICA
Nuclotron, buster, ... Uy

_GUINNESS

1985 BOOK OF

_ WORLD RECORDS
Editam and Congn ko

MNORRIS McWHIRTER
SRS MORTHIETER 195 %474

wmt AT
ERANID A BOEHIA, Assnicin Ddins
MARLE CARARD, Spors By
W0 AMTERE &nsmnr Bdavs
JOM WA AL, Bt Wimiyas et

Heaviest Magnet

The heaviest magnet is one measuring 196 ft in diameter, with a
weight of 40,000 tons, for the 10 GeV synchrophasotron in the Joint In-
stitute for Nuclear Research at Dubna, near Moscow.
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NICA storage rings

May 2022

. B i
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L
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Qe
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BM®@N experiment at Nuclotron &cA

0 Analyzing magnel

1 B Trigger detectors

2 MWPC [Multi-Wire Proportional Chambery
fl . ST (Sikcon Tracker)

4 [l EM(Gas Electron Multiplier)

5 . ECAL (Eleciromagnetic Calorimeter)

6 Wl cscicathods Strip Chamber)

7 TOF1 (Time-Of-Flight detector)

8 [ DCH (Drift Chamber)

\ 9 TOF2 {Time-04-Flight detactor)

10 [ ZOC (Zero-Degree Calorimeter)

AuAu E =4 GeV
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MPD experiment at collider
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MPD geometry for stage 1

TPC

TOF
ECal

MCord

FHCal pipe FFD
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Item Dimension
Length of the TPC 340cm
Outer radius of vessel 140cm
Inner radius of vessel 27 cm
Outer radius of the drift | 133cm
volume
Inner radius of the drift | 34cm
volume
Length of the drift 170cm (of each half)
volume
HYV electrode Membrane at the center of the TPC
Electric field strength ~140V/cm;
Magnetic field strength [ 0.5 Tesla

Drift gas

90% Ar+10% Methane, Atmospheric
pres. + 2 mbar

Gas amplification ~10*
factor

Drift velocity 5.45 cm/ps;
Drift time < 30ps;
Temperature stability <0.5°C

Number of readout

24 (12 per each end-plate)

chambers

Segmentation in @ 30°

Pad size 5x12mm? and 5x18mm?
Number of pads 95232

Pad raw numbers 53

Pad numbers after zero | < 10%

suppression

Maximal event rate

<7 kHz (Lum. 10%")

Electronics shaping
time

~180 ns (FWHM)

Signal-to-noise ratio 30:1
Signal dynamical range | 10 bits
Sampling rate 10 MHz

Sampling depth

310 time buckets

MPD Time Projection Chamber®®
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Spin Physics Detector

Range System .= ~

EM Calorimeter

Coordinate Detector

Silicon Vertex e !
Detector == _ ) i
= 4
e, o — A
' (YY)

\

Torrod Magnet "y

System | 5/ ' ! \ .--l

Spin program with polarized beams

The spin program is an important and integral part of the NICA project. Indeed, ever since
the “spin crisis” of 1987, the composition of the nucleon spin in terms of the fundamental
constituents - quarks and gluons - remains in the focus of attention of many physicists.
The highlights of the NICA spin program include measurements of Drell-Yan processes with
longitudinally polarized proton and deuteron beams, spin effects in inclusive and exclusive
production of baryons, light and heavy mesons and direct photons, and studies of helicity
amplitudes and double spin asymmetries in elastic scattering. The SPD detector at NICA
would allow to contribute significantly to the current and planned international program in
spin physics.
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FEASIBILITY STUDY OF HEAVY ION PHYSICS
PROGRAM AT NICA

The European Physical Journal volume 52 - number 8 - august - 2016 P. N. Batyuk ' V. D. Kekelidze *, V. 1. Kolesnikov !,
0. V. Rogachevsky*, A. 8. Sarin 2, V. V. Varonvuk *
on behalf of the BM@N and MPD collaborations

! Joint Institute for Muckear Research, Dubna
2 National Research Nuclear University
@ Recognized by European Physical Socisty "Mascow Engineering Physics Institute” [MEPHI), Moscow

, There is strong experimental and theoretical evidence that in collisions of heavy ions
H ad rons aﬂd N uc |e| at relatvistic energies the nuclesr matier undergoes a phase wansition o the deconfined
state — Quark—Gloon Plasma. The caused energy reégion of such a ransilion was not
found at high energy at SPS and RHIC, and search for this energy is shifted o lower
energies. which will be covered by the future NICA (Dubna), FAIR (Darmstadt) facilities
and BES IT at RHIC. Fixed target and collider experiments at the NICA facility will work
.. R R ) e - in the energy range from a few AGeV up o V? = 11 GeV and will study the most
Topical Issue on Exploring Strongly Interacting Matter interésting area on the nuclear matter phase diagram.
at High ' hit r The most remarkable results were observed in the study of collective phenomena
s¢ & .t Fr occurting 10 the early stage of auclear collisions: Investigauon of the collective fow will
provide information on Equation of State (Eo8) for nuclear matter. Study of the event-by-
event fuctuations and cormelations can give us signals of critical behavior of the system.
Femtoscopy analysis provides the space-time history of the collisions. Also, it was found
that baryon stopping power revealing itself as a “wiggle™ in the excitation function of
curvature of the (set) proton rapidity spectrum relates m the order of the phase transition.
The available ohservations of an enhancement of dilepton rates ai low invariant masses
may serve as a sigual of the chiral symmetry restoration in hot and dense matter. Due
o this Tact. measurements of the dilepton spectra are considered to be an important part
of the NICA physics program. The study of strange particles and hypernuclei production
gives additional information on the EoS and "strange”™ axis of the QCD phase diagram.
In this paper a feasibility of the considéred investigations is shown by the detailed
Monte Carlo simulations applied to the planned experiments (BM@N, MPD) at NICA,

INTRODUCTION 1005
PHYSICS STUDIES FOR THE MPD 1011
PHYSICS STUDIES AT THE NUCLOTORON ENERGIES 1041
THE NICA WHITE PAPER PROPOSALS 1044
SUMMARY 1046
REFEREMCES 1046
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Current & future HI experiments

o RHIC Nuclotron- SIS/100
Facility SPS — iy NICA | (5002?) LHC
Laboratory | CERN BNL JINR JINR | FAIRGSI | CERN | 0P _ critical point
Geneva | Brookhaven Dubna Dubna | Darmstadt Geneva OD — onset of
deconfinement,
ALICE mixed phase

. NAG61 STAR HADES ’

Experiment SHINE PHENIX BM@N MPD CBM ATLAS 1st or(?_e.r phase
CMS transition
Start of data HDM — hadrons in
taking 2011 2010 2015 2023 2025 2009 dense matter
PDM — properties of
J deconfined
San 49-173 | 7.7-200 <35 4-11 | 2.3-(4.5) | up to5500 matter
: CP & OD &
Physics oD CP & OD HDM HDM OD & CP PDM
Low Intermediate Higl Ultra-High . \/SNN GeV
L A AR T | a3 3 sl AR | L sl M AW | AR |
0.1 1 10 100 1000 10000 100000
| Se——
Nuclotron .
SIS (BM@N) FAIR NICA SPS RHIC LHC
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Simulation

Reconstruction

Determine particle properties Storage
Event Generator ] at target vertex Levels

[ Transport ] Transport particles through
the detector material

[ Digitizer J ‘ Determine detector response

Determine physical space point
parameters from detector hits

] Determine momentum vector
and PID for all tracks

Physics Analysis ] AOL
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Detectors geometry
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Detectors responses
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HEP experiments framework

PHOBOS Detector

® STAR - root4star
® PHENIX — PISA/Fun4all

® PHOBOS — Phobos Analysis Toolkit

® BRAMS -

® ATLAS — ATHENA
® CMS — cmssw

® ALICE - aliroot

® LHCb - GAUDI
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C B M rOOt - Fa i rROOt https://fairroot.gsi.de

The FairRoot framework is an object oriented simulation, reconstruction and data analysis framework
based on ROQOT. It includes core services for detector simulation and offline analysis. The framework
delivers base classes which enable the users to easily construct their experimental setup in a fast and
convenient way. By using the Virtual Monte Carlo concept it is possible to perform the simulations using
either Geant3 or Geant4 without changing the user code or the geometry description.

FairRoot

HOME  |NSTALLATION CLASS DOCUMENTATION  REPOSITORY ABOUT HOWTO  @GSI CONTACT

The basic idea of FairRoot is to provide a unified package with generic mechanisms to deal with most commonly used tasks
in HEP. FairRoot allow the physicist to:

X Focus on physics deliverables while reusing pre-tested software components.
X Do not submerge into low-level details, use pre-built and well-tested code for common tasks.

X Allows physicists to concentrate on detector performance details, avoiding purely software

38/57
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MpdRoot history

SPD@NICA
joined

u Panda decided to
Start test hg j.OII"I — oct. EIC (Electron SO.F‘IA SHIP (Search
the VMC FairRoot: base R3B lon Collider (Studies On tor Hidden
concept for package for P BNL) Fission with ol
experiments joined ) Part tles)
CBM _ Aladin) -
) 2006 ) 2010 ) 2011 ) 2012 ) 2013 ) 2014

i ALICE

2015

FAIR

| S |

physics exp.

||
First MPD@NICA ASYEOS GEM-TPC ENSAR-ROOT BM@N@NICA
Release of started with joined separated Collect bn of started with
CbmRoot FairRoot from PANDA modules used by FairRoot
structural nuclear

2007 Letter of Intent
2014 Conceptual Design Report
2015 ... Detectors TDRs

”“1 ;‘
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MpdRoot structure

V|rtuaI MC

S Geometry
E Manager

EMCal

Passive . \
Cave RunTime Configuration,
Pi G
s e DataBase Coi
é 5
'd Active: 10 Manager ]_
— TPC
P E ) G
FHCal Magnetic Event
Field } [Generator} Tasks /

J

) UrQMD 4 Tracking
g TPC [ CFqnls(;c II\:/IIeld J DC-QGSM ClusterFinder Event
8 TOF I€ld Map 3FD Digitizer Display
VHLLE
nc: FHCal PHSD Physics
o EMCal Shield Analyses
s FFD N /

" B— /
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Mpdroot program git repository ~ (NICA

Last commit Lastupdate

BampdBase ok 1 month a
Eampdost i
B mpdFiald dFiald
BampdPassive ot
B mpdPid
Name Last commit
///
_—
_—
B3 cmake emaoved s r =
E3 config 3 Mame Last comenit Last update
£ core
=13 manth 890
B4 detectors pied mention
3 bmd
B3 doxygen manth ago
Moved ihetrack to reconstruction/ir 1 manth ago
B3 geonfig 3
B ffd Moved directony Amostack faimulatio wnth ago
£3 geometry né g -
] meoed Moved directory fmestack J a
B3 input 1 week ago Monved directory o manth ago
=121 Mored kalman tofreconstraction, trackin nar i
B3 macro that they a...
B e Files ingide 5imulztion ulation/generstors/mpdGen week ag
B macros/commeon :
B zde Fix of hesder files not being cof 1 week ag:
E3 physics 1
B3 reconstruction/tracking Ronth ago
_— 77—\\
B2 scripts remove
Mame Last commit Last update
3 simulation "
[ \
E3 tools B ebye Maved
1 .clang-format stylefile from cem £ famte
B3 nicafemto
€ .gitignore id Cent0S7 and Cen e
B3 photons ctlon/tracking
& _gitlab-ci.yml
B CMakelists.tx
@ gitmodules . = MpdanalysisEvent cxx
E CMakelists txt 4 h MpdanalysisCventh
[ CODEOWNERS 1 month ago £ MpdAnalysisManager cix
h MpdAnalysisManagerh
#+ README.md on
€+ MpdAnalysis Task.cxx
] SetEm.sh fle which ia n
h MpdanalyzisTeskh r framework implemented
h MpdPhysicalinkDef h Analysiz manager fran ted
o« MpdRolnvMassTask cxox foved flict mestack

ound

h MpdRoinvMassTask h

=+ README.md k implements
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MPD detectors geometry

Drawing GEANT
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Simulated + experimental

events databases

BM@N Experiment
Database

documentation

The Unified Database is designed as a
comprehensive relational data storage for
offline data analysis in the fixed target
experiment BM@N of the NICA project. The
use of the BM@N database provides correct
muilti-user access to actual information of the

experiment for data processing.
BM@N Runs and Geometries
Detectors and Parameters

Simulation Files Parameter Values

Account

v UrQMD
v QGSM
v PHSD

v Hybrid UrQMD
v VHLLE_UrQMD
v 3FD(Theseus)

BM@N Runs ©
Distribution of runs by run periods (show information on all
periods)

Period 1: 53

~— Perlod 2: 115
Period 3: 204

Period 6: 468

i Period 4: 13
Perlod 5: 200

Period 7: 1887

Exp. data
d + C,Al, Cu, Pb
C+C,CH

24

Ar + C, Cu, Sn, Pb
Kr + Cu, Sn, Pb

Simulation Files ¢

Distribution of simulation files by generators

vHLLE UrQMD: 1389

‘ IFD: 12411

UrQMmD: 15963

QGSM: 3044

LAQGSM: 4231

PHSD: 87

E =4 GeV, 3.5 GeV
Al, Cu, Pb

E=3.2GeV
E =294

E=4GeV
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MPD Run Control System

Displays Analysis Archiving

Information Monitoring
Monitors Data Quality Diglk

Monitoring Archiving

Histogram Web Archive
Presenter Monitoring Browser

[
S W Wi
T Giaty heipiesk wnhnﬂwn [:}) E EJ'
gy 1 Flk
HybnLIT testhgrdnel ) 'm_n
services talt.Jta \-

Openiebula PanDa
A development testhed
2 testhed M

|&L§L§ gt Ra
-g} i';

Bytinc

DiesktapGaid

Common Object Request Broker Architectue |
first prototype is developed (CORBA)

lapjing 1Uang mey

on LIT Virtual Machines
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The Unified Database for offline data processing

' raw data processing _
- event reconstruction Leadl_ng ?jnd
physical analysis changing data
BmnRoot / MpdRoot
A A
|
e | v

C++ database
interface

; >
Post_gre-S-QL
automatic backup

Web interface is required

configuration, calibration, parameter
and algorithm data

Slow Control System
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Anti Sigma-minus hyperon discovery
(Dubna 1960)

A beam of protons with energies of 10 GeV from a synchrophasotron were used to bombard a target and form approximately = mesons of high energy.
With the help of magnetic lens and focusing magnets a beam of approximately - mesons with an energy of 8.3 GeV was separated and directed into a
propane bubble chamber at a constant magnetic field tension of 13,700 OE (oersteds). On analyzing 40,000 photographs which recorded tens of

thousands of other nuclear interactions, proof of the existence of an unstable antiparticle, the antisigma minus hyperon, was found. It decays in 10-1°
seconds to approximately " and an antineutron.

T + C — _2_3_—|— KO—I— I_(O—I— K™+ p+—|— 7T+—|— 7 + nucleus recotl
> = a' +77(1.18£0.07) - 10719 5



50 rule e

Five-sigma corresponds to a p-value, or probability, of 3x107, or about 1 in 3.5 million.

Statistical Thermodynamics
of Sirong Interactions at High Energies.

R. HAGEDORN
CERN - Geneva

ioorato 0 12 Samso 1965, Experimental data:

our asymptatic
mass spectrum

azs soectrum 1432 states known in 1967;
sl T T 4627 states of mid ’90s.

A A

-
-

i i A
800 1600 2400

m [M.V]
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Events / 2 GeV

Events - Fitted bkg

10000—

8000

6000

2000

4000 —

{s=8TeV

\s=?TeVJ

Ldt=481"

Ldt=20.7 b’

ATLAS

Data 201142012

s SM Higgs boson mH:126.8 GeV (fit)

Bkg (4th order polynomial)

Hoyy

.I:
@J

500
400
300
200
100

-100
-200

—a—
——
E
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5;;|||i|||1m
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T

T

0

m,. [GeV]

116! ~ 10%2pp events

Over a period of time, two streams of

particles with a cross-sectional area, measured in
femtobarns, are directed to collide. The total
number of collisions is directly proportional to
the luminosity of the collisions measured over
this time.




Find Quark Gluon Plasma

Run: 244918

Time: 2015-11-25 10:36:18
’ e Colliding system: Pb-Pb

ALICE Collision energy: 5.02 TeV
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Computing resources used for MPD

| | pess = §
by =—— it

* NICA offline cluster 250 cores (limit for users) LHEP
« GOVORUN 818 cores A
* Tierl 920 cores

* Tier2 1000 cores

e Clouds 70 cores p
« UNAM 100 cores Mexico

> LIT
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JINR computing resources for
MPDmtegratmn

THE INTERWARE

. \ dCoche
e o~ The DIRAC Interware is a software
g8 which provides various interfaces for
the integration of distributed hetero-
\ geneous computing and storage re-
" : ’)I dig ¥ i ] :

{_ ODIRAC —y=

sources.

Instead of using all JINR storage and

. . computing resources individually,
Tier-1 CICC/Tier-2 Cloud Govorun NICA Cluster DIRAC allows processing of large
amounts of data through uiiiied sin-
gle system.

Running Running Running  To be
included

Monte-Carlo mass production for MPD were successfully
performed on the integrated system of Tier-1, Tier-2, Gov-
orun and NICA cluster via DIRAC. JINR and Member-States
cloud resources have been tested and ready to accept jobs.
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Computing resources

for NICA @ LIT

] S
253CPU cores;
7728 CUDA cores;
aBa !\:IC cores; o &
Y -2,5Th RAM; distribu m: EOS
) " DEaTH a0, bateh s SLURM
HARDWARE Ry
——e R i ,‘
——
. " b

B Chassis
ealculation blades for run user tasks.

2 ‘ HyhLIT
{E 1N VORI

Computation component HybrillT
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MPD data mass production  (ica

23 mass production requests were done

8 Cev
11 Gev
= 4 Cev
' y T Gev
% 7.7 Gev
115 Cew 9 Cev
Reconstructed,gup
Data
WHLLE_UrCIMIDY
11 Cew

7.7 Gew
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MPD at NIKS (The National Research Computer Network of (NICA

Russia)
http://www.jinr.ru/posts/obedinennaya-superkompyuternaya-infrastruktura-na-baze-niks-zapushhena/
January 2022
ﬂAHHb]E LleHTp ynpasnenus 3AﬂAqM

BUPTYaNbHbIM 3KCNEPUMEHTOM
Multi-Purpose Detector

504 GB

3.86 s
I§9.1 GB | = S :
1,937 . A m —.— B
J_’.\M NONUTEX . .
JSC RAS MLIT JINR SPbPU
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Collective phenomena

Volume 1578, number 2.3 PHYSICS LETTERS

11 July 1985

TRANSYERSE MOMENTUM ANALYSIS OF COLLECTIVE MOTION

IN RELATIVISTIC NUCLEAR COLLISIONS *

P. DANIELEWICZ ' and G. ODYNIEC

Nuclear Science Division, Lawrence Berkeley Lab > L v of Calife

Received 15 March 1985

A novel

Berkeley, CA 24720, USA

hrig unudmmnl}gdurpd-panﬁ:uduand-u!otmﬂsnwmmme

Ar+KCl reaction at 1.8 GeV /nucleon. Previous analysis of this

the d y tensor,

no significant effect. In the present analysis, collective effects are uhurved and they are uhru.mlully HW than in the

Cugnon cascade model. but weaker than in the hydrodynamical model.

Evidence for collectivity in pp collisions at the

LHC
The CMS Collaboration

x107° _ : CMS
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Katarina Gajdosova ISMD 2017

ALICE has not measured a definitive flow-
like signature in pp collisions using c 2 {4}
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Tracking in MPD TPC

Primaries
I Devirmampina Kl e 44 bl 4 921
2 i P:rimarie_s: Nh“s; 14, hﬂ <13 |
Q o
o Lo _ :
.§ 807 : —e— :Effjcienéy
E i ¢ <-4~ Clones
40+
20-*
:...4...,,,i___.i..,1_._._J
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T
efficiency Transverse momentum

resolution
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