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Theoretical studies

-1950: E. Fermi

statistical hadron production at T=T = SNN1/4

Prog. Theor. Phys. 5, 570 (1950)

-1951: I. Pomeranchuk

freeze-out at T. ~m
FO L
Dokl. Akad. Nauk Ser. Fiz. 78, 889 (1951)

-1953: L.D. Landau
hydrodynamical expansion from T to T,

Izv. Akad. Nauk Ser. Fiz. 17, 51 (1953)

5/61



Theoretical studies

~1965: R. Hagedorn
statistical hadron production at TC = TH = 160 MeV

R. Hagedorn, Nuovo Cimento , LIl A, 4 (1967)

~1978: E. Shuryak
QCD quark-gluon plasma (T = 500 MeV)

E. Shuryak, Phys. Lett. B78, 150 (1978), Sov. J. Nucl. Phys. 28, 408 (1978), Yad. Fiz. 28, 796 (1978).

~1980: R. Hagedorn, J. Rafelski
T_=T_ =160 MeV

~1980: J. Rafelski, B. Mueller, T. Matsui, H. Satz

QCD-inspired models of QGP signals, strangeness

enhancement and J/y suppression o6



R. Hagedorn

IL NTOVD CIMENTO Vor. LITA, N, 4 21 Dicembre 1967

On the Hadronie Mass Speetrum.

E. HAGEDORN
OERN - Ganeva

(ricevato il 10 Cttobre 1087}

A fireball i=

——= @ statistical equilibrinm of an undetermined
{('T) ‘ number of all kinds of fireballs, each of which,
in fturn, is considered to be —

t
(3 olm) > = exp m/T,] (7).

It follows that T is the highest possible temperalture—a kind of ¢ boiling point of hadronie
matter » in whose vieinity particle creation becomes so vehement that the temperature
cannot increase anymore, no matter how much energy is fed in.

Fig. 1. — The experimental mass spootrum
smoothed by Gaoges fupotiona (dashed lines)
and a At by a simpla function with tha
asymptotin behaviour required by eq. (3.
The constant @ Is a (ree parameler (with =
value suggested by o priori conslderntions).
a — 2,50-104 (MeW™t, my — 500 MoV, T, ~
=180 Mo¥, o Ocbober 1064 (8006 states);
b) April 1968 (071 states), e) Janoary 1987
{1432 mstatea). A particle or resonanse is
pounted with its statistical weipht £=(27 +
+102r +1)2" [s= 1 If parlicle # antipar-
Licle, == 0 Il particle~ aatiparticle], and
then roprescnted by o Oouss funclisa nor-
malized to r with width 200 MaV,
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Phase diagram
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Fig. 1. Schematic phase diagram of hadronic matter. pg is the
density of baryonic number, Quarks are confined in phase I
and unconfined in phase Il

EXPONENTIAL HADRONIC SPECTRUM AND QUARK LIBERATIONN.
CABIBBO G. PARISI Phys.Lett. 59B p.67 1975



QGP phase diagram

Temperature T [MeV]

3
< e Quarks and Gluons
%i - {Fgritical point?
c , e deoo”ﬁnemen!
| l = Hadrons “etion
g 5 :
0 & rkyonic phase

Neutronstars  conductor

——

Net baryon'density n/ n,

Compact Stars (
n,=0.16 fm=3

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.

. 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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QCD Critical point quest

M. Stephanov

XX1V International Symposium on Lattice Field Theory
July 23-28 2006
Tucson Arizona, US

Comparison of predictions for the location of the QCD critical point on
the phase diagram. Black points are model predictions: NJLa89,
NJLb89 —[12], CO94 —[13, 14], INJLI98 - [15], RM98 — [16], LSMO01,
NJLO1 - [17], HB02 — [18], CJT02 — [19], 3NJLO05 — [20], PNJLO06 —
[21]. Green points are lattice predictions: LR01, LR04 — [22], LTE03 —
[23], LTEO4 — [24]. The two dashed lines are parabolas with slopes
corresponding to lattice predictions of the slope dT /d uB 2 of the
transition line at uB = 0 [23, 25]. The red circles are locations of the
freezeout points for heavy ion collisions at corresponding center of
mass energies per nucleon (indicated by labels in GeV)

[13] A. Barducci, R. Casalbuoni, S. De Curtis, R. Gatto and G. Pettini, Phys. Lett.
B 231 (1989) 463; Phys.

200 | Rev. D 41 (1990) 1610.
130 . Barducci, R. Casalbuoni, G. Pettini and R. Gatto, Phys. Rev.
[14] A. Barducci, R. Casalbuoni, G. Pettini and R. G Phys. Rev. D 49 (1994)
s LTEO: HBO2 | 1gos o i iv:
T§ T - - - A [15] J. Berges and K. Rajagopal, Nucl. Phys. B 538 (1999) 215 [arXiv:hep-
MeV 110 F5e T “SsugalROI ph/9804233].
o - . [16] M. A. Halasz, A. D. Jackson, R. E. Shrock, M. A. Stephanov and J. J. M.
150 F LRO4 o Wy = _ Verbaarschot, Phys. Rev. D
9 i 58 (1998) 096007 [arXiv:hep-ph/9804290].
Lt [17] O. Scavenius, A. Mocsy, I. N. Mishustin and D. H. Rischke, Phys. Rev. C 64
. (2001), 045202
5 v ¢ ® [arXiv:nucl-th/0007030].
INJL9S RM98 [18] N. G. Antoniou and A. S. Kapoyannis, Phys. Lett. B 563 (2003) 165
[arXiv:hep-ph/0211392].
100 * . ®PNILO6 & [19] Y. Hatta and T. Tkeda, Phys. Rev. D 67 (2003) 014028 [arXiv:hep-
CITO2 ph/0210284].
C0Y4 LSMO01 [20] A. Barducci, R. Casalbuoni, G. Pettini and L. Ravagli, Phys. Rev. D 72,
2 056002 (2005)
NJL89b [arXiv:hep-ph/0508117].
NJILO1 * [21] S. Roessner, C. Ratti and W. Weise, arXiv:hep-ph/0609281.
50 F o _ [22] Z. Fodor and S. D. Katz, JHEP 0203 (2002) 014 [arXiv:hep-1at/0106002];
JHEP 0404, 050 (2004)
‘ : * [arXiv:hep-lat/0402006].
3NJLOS NJL89a [231 S. Ejiri, C. R. Allton, S. J. Hands, O. Kaczmarek, F. Karsch, E. Laermann
and C. Schmidt, Prog.
Theor. Phys. Suppl. 153, 118 (2004) [arXiv:hep-lat/0312006].
[24] R. V. Gavai and S. Gupta, Phys. Rev. D 71, 114014 (2005) [arXiv:hep-
0 : : : : : : ‘ 1at/0412035].
0 200 400 600 800 1000 1200 1400 1600 [25] P. de Forcrand and O. Philipsen, arXiv:hep-ph/0301209; Nucl. Phys. B 673
n. MeV (2003) 170
1B, [arXiv:hep-1at/0307020]; Nucl. Phys. Proc. Suppl. 129, 521 (2004) [arXiv:hep-
1at/03091091.
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Experiments

Pioneering ideas/experiments:

» 1980/00: AGS/SPS experiments with heavy ions discovery of
strongly interacting matter (large volume, in = equilibrium)

»2000: M.Gazdzicki, M. Gorenstein statistical model predictions
of the phase transition at the SPS energies

»2000: NA49 at the CERN SPS discovery of phase transition of
strongly interacting matter

»2000-...: rRHIC experiments study the properties of QGP
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Experiments

AGS

Experiments

E802, E866, K877,

AGS E891, E895, E917

SPS NA45, NA49, NA57,
(NA44, WA98)

RHIC STAR, PHENIX,

BRAHMS, PHOBOS

E,.. (A GeV)

2-10.7

20-158

» SPS

Vs, (GeV)

2.7-49

6.3-17.3

20.0-200.0

v

System

Au+Au

Pb+Pb

Au+Au

RHIC

Particles
T, K, p, A

Tc? K) p’ (I)’ A’
E, Q,...

T, K, p, 9, A,
E Q, ..
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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 Physics 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

13/61



The Quark-Gluon-Plasma is Found at RHIC
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White papers (Nuclear Physics A 757 (2005))
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STAR BES program

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. I. Abelev et al.)

Introduction & Summary

We present an overview of the main Ideas that have emerged from dlscussions within STAR for the Beam Energy

O,U ark-Gluon Plasma Scan (BES). The formulation of this concise and abridged document is facilitated by the existence of a much longer

and more comprehensive com panlon document entitled Experimental Exploration of the JC0 Phase Diegram:

Seorch far the Critlcal Point [1). The compelling arguments and motivations for the physics of our proposed Beam

Energy Scan program, which have a particular rele In gulding the run plan (see p_ 13) as set out In our discussion of

Tables 1 and 2, are (not In order of priority):

A, A search for turn-off of new phenomena already established at higher RHIC energles; QGP clgnatures are the

rnest obvious example, but we define this tategar'y rore broadly. If our current understanding of RHIC
physics and theaas ot gaadires, and such

corroborationis an essentlal part of the "unfinished business” of QGP discovery [2] The particular

abservables that STAR has identified as the essential drivers of our run plan are:

(f-1) Constituent-guark-number scaling of v, Indicating partonic degrees of freedom;

{A-2] Hadron suppression In central collislons as characterized by the ratlo Ry

{A-3] Untriggered pair correlations In the space of pair separation in azimuth and pseudorapidity, which
elucldate the ridge phenomenon;

{A-4} Local parity violation In strong interactions, an emerging and Important &RHIC discovery in Its own right,
Iz ganerally believed to require deconfinement, and thus also |s expacted to turn-off at lower energles.

B. A search for signatures of a phase transition and 2 critical point. The particular observables that we have

Identifiad as the essentlal drivers of our run plan are:

[B-1] Elliptic & directed flow for charged particles and for Identifled protons and plans, which have been
[dentified by many theorlsts as highly promising indicators of 2 “softest point” in the nuclear equation of
state;

(B-2] Azimuthally-sensitive ferntoscopy, which adds to the standard H8T observables by allowing the tilt
angle of the ellipsold-like particle source In coordinate space to be measured; these measurerments haold
promise for [dentifying a softest paint, and complements the momentum-space infarmation revealed by
flow measurements, and

(B-3] Fluctuation measures, indicated by large jumps In the baryan, charge and strangeness susceptibilities,
as a function of system temperature — the most obvlous expected manifestation of eritical phenomena.
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Event centrality

Peripheral Collision (near) Central Collision
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Fourier Harmonics

First to use Fourier harmonics:
1+ 2vy cos(¢p — Wgrp) + 2va cos|2(¢p — Wgp)] 4

Vo = (cos[n(¢y — Wgp)|)

Event plane resolution correction made for each harmonic

Unfiltered theory can be compared to experiment!

First to use mixed harmonics
First to use the terms directed and elliptic flow for v, and v,

S. Voloshin and Y. Zhang, hep-ph/940782; Z. Phys. C 70, 665 (1996)

See also, J.-Y. Ollitrault, arXiv nucl-ex/9711003 (1997)
and J.-Y. Ollitrault, Nucl. Phys. A590, 561c (1995)
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Elliptic flow energy scan

Elliptic Flow
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Elliptic Flow:disappearance of partonic

collectivity ?
NCQ scaling of v,

Indication for partonic flow

Au+Au at \'s,, = 200 GeV:
03l 8 a3 PHENIE) % K, (STAR) ) I\L'IE;QTI;J;]I | -
B KK (PHENDY) ) pep (PHENIY) [ =2 (STAR) _loa
u.z; d;.‘:':-%j{ L:’-- EIFJ ,:—_;}35} ? - ™,
‘-LF 1.

OO

(AN AP TP T
3 410 1 2 K] 4 0 0.5 1 1.5 2
my +m (Gev) {my < mijin, (Gev)

¢ Meson seems to deviate

at low energies
Scaling still ok at Vsyy = 39 GeV

Low hadronic cross section of ¢
— less partonic flow seen ?

Breaking of NCQ scaling?

'u'zul'nq

Au+Au (0-80%), n-sub EP

| 39 GeV 4 t

X. Zhang, SQM11
Md. Nasim, SQM11

STAR Prellmlnary
| 1 [} I 1

0.1+
3 0.05F
=
TRy
=

'115Gev | .

:+ STAR Preliminary]

“nt ep

05 1 15
(m_-my)/ncq (GeV/c?)
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Direct flow energy scan

L. Adamczyk, et al. (STAR Collaboration),
Phys. Rev.Lett. 112, 162301 (2014).
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High p_ suppression

i STAR Preliminary
i Stat. errors only ¢ T7.7GeV
5 11.5GeV
10 — Not feed-down corrected
a R 19.6GeV
T L v 27GeV
% - e ¥ 39GeV
E I B 52.4GeV
;ﬁ I STAR(2003) 200GeV
é L ] : ) » ¥ * »
a 1-: -------- B o T SRR RN S
o : - —. v ¥ ¥
L +—-—._|_
Hpﬂ!.:'!:- . * T
. STAR Preliminary b— |
1n-1 oo d g ada s aal g ol osaaly s by gaal s aalygs
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J p‘{GeWcl
B d2 N, /dp,dy Without nuclear effects:
Runlpr)= T,.(d*c /dp,dy) Rz =1
5 ;
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Horn
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Local parity violation (CME effect)

5 Z -+ STAR AuAu 200 GeV| _|
9_‘& 0.4 " HIJING - ﬂil-F 2a, sin(9p—-¥ ;) +...
- & HUJING + v, E d¢
ﬁ."ﬂu 2 % * URQMD %
e i » MEVSIM .
;es 5 o |1 the coefficient a represents the size of the
o O _,* ''''''' L P sl v  parity-violating signal, and the remaining
(o] K 4 terms (not shown explicitly) are the
= 02F } - familiar ones with coefficients vn for
: |1 directed and elliptic flow, etc.
- STARPreliminary -1  However, the coefficient a averages to zero
-0.41 st e | when integrated over many parity-
P O 1 violating domains in many events.

IR . i i s s e e If parity violation takes place, a non-zero
70 60 50 40 30 20 10  average signal can be obtained.

% Most central
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CME energy scan
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3 \ 19.6 GeV Au+Au - 11.5 GeV Au+Au 7.7 GeV Au+Au
e T e s

Gang Wang QM12

N

$ 7 62.4 GeV Au+Au
{R i 39 GeV Au+Au
i

- ALICE, arXiv:1207.0900 :
o 2.76 TeV Pb+Pb
:_i i 200 GeV Au+Au -
g_ Opposite sign _g

?

!

27 GeV Au+Au

|

=
TT 11

%% Most Central

% Most Central
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Ridge @ 200 GeV

PHYSICAL REVIEW C 75, 054913 (2007)
PHYSICAL REVIEW C 80, 064912 (2009)

(a) final p+p data 200 GeV
Au+Au central -
B{F}tmgﬁ:‘i GeV/c s

assoc trig
3<inl <45 2GeV/c<pT <p,

180° < ¢ < 180°
5 x 10° 200-GeV and 8 x 10° 410-GeV p+p events
Iz | <10 cm along the beam axis.
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Current & future experiments

Facility SPS RHIC Nuclotron-M NICA SIS/100 LHC
BES (300)
Laboratory CERN BNL JINR Dubna JINR FAIR GSI CERN
Geneva | Brookhaven Dubna | Darmstadt | Geneva
Experiment NAG1 STAR BM@N MPD HADES ALICE
SHINE PHENIX CBM ATLAS
CMS
Start of data 2011 2010 2015 2019 2017/18 2009
taking
CMC energy | 5.1 —-17.3 7.7 — 200 <3.5 4-11 2.3-4.5 up to 5500
GeV/(N+N)
Physics CP & OD CP & OD HDM OD & OD & CP PDM
HDM
CP - critical point
OD - onset of deconfinement, mixed phase, 1% order phase transition

HDM — hadrons in dense matter
PDM - properties of deconfined matter
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from Nuclotron (1993) ...

— superconducting accelerator for ions and polarized particle
— physics of ultrarelativistic heavy ions, high energy spin physics

Nuclotron provides now performance of experiments on accelerated
proton and ion beams (up to Xe42+, A=124) with energies up to 6 AGeV
(Z/A =1/2)
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To NICA ...
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Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments
area (b.205)
Extracted beams from

Spin Physics
Detector (SPD)

Nuclotron
g/ A HV
T e e-cooler
> al
KRION-6T \
and HIlLac

(35 Mev/u) \ e
SPP and ' {\' Booster (3-660 MeV/u)
an S o

Multi-Purpose

inside Synchrophasotron Detector (MPD)
LU-20

(S MeV/u) Nuclotron yeike

0,6-4,5 GeV/u

Cryogenics

NICA parameters:

“ Energy range: /sy, = 4-11 GeV

" Beams: from p to Au
" Luminosity: L~10%7 (Au), 1032 (p)
" Detectors: MPD (ions), SPD (spin physics)
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Veksler & Baldin Laboratory of High Energy Physics, JINR

FT experlment area o -~

sy gy | e
Sk e




NICA location

1390 %2011 %0 931 GE0 ST

ivideon
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Nuclotron
beams

Beam

‘He
dt
Li

11,10B

12C
24Mg

14N

24 Ay
*Fe
8Kr
124X e

197Au

Nuclotron beam intensity (particle per cycle)

Current status

3.101
5-101°
8-108
2.108
8-108
1.109¢
5-109
2.107
1.107
1.10°
2.106
110
1.10*

Ion source type

Duoplasmotron

6T”)

New 10on source

+ booster
5-101'2
5-1012
1-1012
1-10
5-10!

2-101!

5-101°

2.101
5-101°
1-10°
1-10°

1-10°
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NICA beams

Heavy ion colliding beams up to 7Au™* x 97Au’*
at \/SNN =4 + 11 GeV, L — 121027 em2-s7!

average
Light-Heavy ion colliding beams of the same energy range and L
Polarized beams of protons and deuterons in collider mode:
plpTvs, =12+ 26 Loyorage = 1610% cm?s!
d7dT Vsyy =4 + 13.8 GeV

Extracted beams of light ions and polarized protons and deuterons
for fixed target experiments:

Li +Au =1 +4.5 GeV/u ion kinetic energy
p,pT=5+12.6 GeV kinetic energy

d,dT=2+59GeV/u ion kinetic energy

Applied research in ion beams at kinetic energy

starting from from 0.3 GeV'/u
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Unique SC heavy ion source KRION

a7

%y ki 7
{:,‘,I% 1| ] .
.
[ s 4 P
20 [ 7
e
L Lol
%..&,— !‘*\
y A
£ — s
. Transition i
A e A MR &
LA o N1
2 B b A S
. 1 \‘a& X
\“fl\‘& ’Q\T" ,A I~
et@n ’L‘ /‘ "\,
65 BV, b Vi ” f
Ly i
;’{«@ \’%4 Y
% A 4
S D
e’;‘ v
.'9& &#I, 3
EE A, Sy Z
Ve @g\ 3
e o Mz
22 CINET
f0 I Measured critical current for
L different prototypes of solenoids

Permanent sextupole
assembly & RF-cells
adjustment mechanism

Py g == BR1355815E 35BS R B S BEI ES1 SRS SR R BE R b B el BRI SRR SR e ER |
. 1w 0 10 50 | A

‘ Dissociator & Sextupole magnets
vacuum chamber

Assembly of the charge-exchange plasma ionizer

Sextupole
magnet

Solenoid

Extraction chamber

Mass
spectrometr

Mass
spectrometer
vacuum chamber

'

Leak detector
TH-14

Collaboration with
INR RAS: high | "™
intensity polarized
particle source: up to
10! particles/pulse

Pump Turbo-V 3K-T 5L D2&02
2300 I/s Hz cylinders

Atomic Beam Source setup general view
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The booster inside Synchrophasotron
yoke

I.N.Meshkov
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Magnets for the booster

LA

€A = Quadrupol
NN e lense
el |

Booster dipole at cryo-test (9690A) and
magnetic measurements

Sextupole corrector prototype (for SIS100 and
NICA booster) at assembly
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Magnets for the collider

Cryo-tests (autumn 2012), magnetic measurements, new cryo-plant at b.217
(power convertors, cryogenics, etc.)serial production...

38/61



Multi Purpose Detector

SC Call

Cryostat

IT
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MPD TPC

Length of the TPC 340 cm | Full length : 400cm
Outer radius of vessel 140cm
Inner radius of vessel 27 cm

Length of the drift volume

170cm (of each half)

Magnetic field strength

0,5 Tesla

Electric field strength

~140V/cm;

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

Gas amplification factor ~10°

Drift velocity 5,45 cm/ys;

Drift time < 31ps

Temperature stability <0.1°C

Pad size 4x12mm? and 5x18mm?
Number of pads ~ 110 000

Pad raw numbers 53

Maximal event rate £ 5 kHz { Lum. 10%")
Signal to noise ratio 30:1
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TPC prototype

Test with laser beam

Field cage 41/61



Time of Flight detector

mRPC prototype with a strip ' _tdc_dt_chb
L%4500 E Entries 42144
= E =89_ Mean 0.07346
' 40001 GPRPC1-\[_§-63 ps RMS 0.1126
3500 2 I ndf 366 /15
= Constant 4366+ 29.6
5000 = Mean  0.06225+ 0.00047
2500 Sigma  0.08862+ 0.00044
2000
1500
1000
500~
0 -1 Il Il Il Il -0|‘5 L Il 1 0 Il Il Il 1 05 1 L 1 J1

TerectTprpcar NS

(T1-T2) for two mRPCs

Full scale mRPC prototype with a
Strip
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Electromagnetic calorimeter

Setup for testing ECAL

Design of the ECAL
module.

Pb(0.35 mm)+Scint.(1.56 mm)
4x4 cm?, L ~35 cm (~ 14 X,)

read-out: WLS fibers + MAPD

Energy resolution 6. /E, %

¥ Prototype 1, PMT/ADC
O  Prototype 2, APD/ADC
- @ Prototype 2, AFD/WFD

0= 0.3 04
Photon energy, (GelV

Energy

resolution

43/61



Zero Degree Calorimeter

Module assembling at

Transverse size

10x10 cm?, length~160
cm, weight ~120 kg.

60 lead/scintillator sandwiches.

6 fiber/MAPD

10 MAPDs/module

Counts

Counts

2 GeV

0.1 0.2 0.3
Edep
5 GeV
0.1 0.2 E 0.3

dep

Counts

Beam test at CERN

1

4 GeV

0.1 0.2

0.3
dep

6 GeV

0.1 0.2

0.3

dep
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Fast Forward Detector (FFD)

FFD, FFDy
Beam line 1 7 . 17 ///)E
5 MPD Icenter 5 H

Optical fiber

21200 dt_FFD1_FFD2_ch0
¢ i Entries 6471
WL Mean -0.001711
1000 Orpp— \F_38 pPs RMS 0.05683
i %2 I ndf 23.76 {17
8001~ Constant 1143 + 18.1
C Mean  -0.001697 + 0.000680
600 N Sigma 0.05421 + 0.00052
400 :—
200 :—
0 1 1 Dl 5 1 - 1 Ul 1 I | 0'5 1 1 1 | ‘ll
Terni Teroe: NS
> Time difference (T1-T2) for 2 FFD
TOF detecfor” modules measured in Dec’12
prototypes ey | 1

Test facility at Nucltron
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Observables

| stage:: mid rapidity region (good performance)

Particle yields and spectra (,K,p,clusters,A, = ,0)
Event-by-event fluctuations

Femtoscopy involving m, K, p, A

Collective flow for identified hadron species
Electromagnetic probes (electrons, gammas)

Il stage:: extended rapidity + ITS

Q' Total particle multiplicities

O Asymmetries study (better reaction plane determination)
QO Di-Lepton precise study (Endcap Calorimeter)

Q Charm

Q Exotics (soft photons, hypernuclei)

Measurements regarded as complementary to RHIC/BES and CERN/NA61,
However, higher statistics & (close to) the total yields for rare probes at MPD

No boost invariance at NICA — more accurate source parameters fit without rapidity cut
Rapidity dependence of the fireball thermal parameters will be possible at NICA
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Barionic Matter at Nuclotron

1-st stage:

-flows & azhimuthal
correlations
-femtoscopy

2-nd stage :
(sub)threshold production of cascades
— to obtain the information on EOS

Entries / (MeV/c?)

5000~

Ozn._j._l.__k ; e
1.3 135 14 145 1.5

m,_ (GeV/c?) 47/61
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International Cooperation
@ Nuclotron-VI / NICA experiments

U Joint Institute for Nuclear Research

0 The University of Sidney, Australia

U Physics Institute Az.AS, Azerbaijan

U Particle Physics Center of Belarusian State University, Belarus

U Institute for Nuclear Research & Nuclear Energy BAS, Sofia, Bulgaria
U Hilendarski University of Plovdiv, Bulgaria

U Blagoevgrad University, Blagoevgrad, Bulgaria

U University of Science and Technology of China, Hefei, China

0 Department of Engineering Physics, Tsinghua University, Beijing, China
U Osaka University, Japan

0 RIKEN, Japan

Q GSI, Darmstadt, Germany

O Aristotel University of Thessaloniki, Greece

O Institute of Applied Physics, AS, Moldova

U Institute of Physics & Technology of MAS, University of Mongolia

0 Warsaw Technological University, Warsaw, Poland

O Institute for Nuclear Research, RAS, RF

U Nuclear Physics Institute of MSU, RF

U St.Petersburg State University, RF

U Institute Theoretical & Experimental Physics, RF

U University of Cape Town, RSA

U Bogolyubov Institute for Theoretical Physics, NAS, Ukraine

O Institute for Scintillation Materials, Kharkov, Ukraine

U State Enterprise Science & Tech. Research Design Institute, Kharkov, Ukraine
0 TJNAF (Jefferson Laboratory), USA
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Thank you for attention

More information: nica.jinr.ru
mpd.jinr.ru




MPD challenge

the systematic measurements of
high quality,
large coverage,
high statistics

of observables as a function of beam energy
and nuclear size

@
NICA energy range
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Back up
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Tracking

Efficiency

=
]

0.6

0.4

0.2

Ap J'pT, %

—

| TPC tracking efficiency for |n|< 1.2

B N -

0 02 04 06 08 1 12 14 16 18 2

P, ‘GeVic

[Ap Tp, InTPCTor =12 |

111 | 111 | 111 I 111 | 111 I 111 I 11 1 I 111 I 111 | 11 1
0 02 04 06 038 1 12 14 16 18 2
P, GeVic

Vertex resolution, um

w
o
o

200

100

Low-p cutoff ~ 100 MeV
for a 0.5 T magnetic field

-TPC only

4 ITS+TPC

A A A

|
400 600
Charged multiplicity
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Charged Particle ID

E =9 GeV, 2000 events, UrQMD

—
[=]

[=2] -~ (2] w

dE/dx (keV/cm)
=~ w

e

]

—y

WOTTTTTFETTTTT IIII|IIII|IIII|IIII|IIII|IIII|IIII

[=]

-2 0
Rigidity (GeV/c)

P (GeV/e)

pd .
s

TPC
PID: Ionization loss
(dE/dx) Separation:
e/h —1.3..3 GeV/c
/K - 0.1..0.6 GeV/c
K/p-0.1..1.2 GeV/c

MPD PID (TOF):
O 7/K separation up to p=1.7 GeV/c,
above 2 GeV/c - extrapolating the
fitted 3G parameters
1 Protons up to 3 GeV/c
[ dE/dx provide extra PID capability
for electrons and low momentum

hadrons
[P =1.3-1.5 GeWic | —+ Data
'?_Em Parameterization: .
= 3G + bkg. exponents _
4000

1
M (Gevile®)
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From synchrophasotron (1957-2002)

Vladimir 1.
Veksler :

GUINNESS
__ 1985 BOOK OF
_WORLD RECORDS _

Editors and Coppikra
MORRIS McWHIRTER
{06 MoWHIRTEE 1585%=1975)
AT g
IAVID A BOEHL Amscin T

| P

Heaviest Mag net

The heaviest magnet is one measuring 196 fi in diameter, with a
weight of 40,000 tons, for the 10 GeV synchrophasotron in the Joint In-
sttute for Nuclear Research at Dubna, near Moscow.
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Phase space

Straw EC Trocker

BBC |

CPC Tracker

Cryostat

6500

@ 1600

MPD registers on average :
~380 charged pions
~85 protons
~30 K+

in an event (central Au+Au at 8

GeV)

810

pT (GeV/c)
N
%

(9= I I O O N O R

2 3
CM rapidity

10?

1

s S
= C - .
b} _ + 10
O 251
2 T
2F 10*
1.5: i
=
E 10
0.5
L i .
% 2 3
CM rapidity
g °F
% C
Q 25F K+ .
|_ [
o L
21
- 10°
15F
17 10
0.5F
L 1
%

2 3
CM rapidity
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High P_Hadron Suppression @ LHC

Francois Arleo
QM 2011

L) 1 I | I 1 1 |
ALICE, charged parlicles, Pb-Pb

oy ™ 2.76 TaV, 1| < 0.8

sl i1

= 0-10%
& 20-40%
& 40-80% -&E
ALICE Preliminary
i i i i i PR i | i i e
40 60 a0 100
p. (GeVic)
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Superconducting Solenoid
Silicon Tracker

Tile Ioflmahrs
: LA hadronic end-cap and

. forward calorimeters
/ Pixel defector
----- Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solencid magnet | Transition radiafion fracker Calsiiatas , /
Semiconductor tracker Electromagnetic : 4, 2
Calorimeter ’? ﬁ : AN

Compact Muon Solenoid

ATLAS: 46 m long, 25 m high and 25 m wide; 7 000 tonnes
CMS: 21.6 m long, 15 m diameter; 12 500 tonnes
ALICE: 26 m long, 16 m diameter; 10 000 tonnes

ABSORBER

ACORDE MUON FILTER

HMPID = TRIGGER CHAMBER®
fi

ONE 'O
r!

N\ /1

8
- [IMAGNET =

TRACKING CHAMBERS
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Facility for Antiproton and lon Research

§ CBM is one of the
four scientific

J ‘ / pillars at FAIR

[' w § Civil construction

of FAIR has started

Ilsynchrotroh |
'shs 100, M |

\ SIS-100 / SIS-300:

. L == § protons:
== 2 - 29/89 GeV

P, —— § ions:
| = B 2 - 14/44 AGeV,
HE ~HsNN=1.9 - 4.5/
4.2 -9 GeV

Iy
i
L}

il
4
I

[E[irlrllulr ;
e
wn

|

| intensities:
-~ up to 109 ions per

i
catll
I

|

second at CBM
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The CBM experiment

Transition Resistive Plate

Ring Imaging .
Cherenkov Si?elifrg /Chambers (TOF) Electro-
Detector magnetic
Sl Calorimeter
ilicon
Tracking
System
Projectile
Micro Spectator
Vertex Detector
Detector (Calorimeter)
Target
Dipole
Magnet

Muon _ two configurations:
Detection |
System - electron-hadron

- and muon setup
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