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QCD 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.

. 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)
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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
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The Quark-Gluon-Plasma is Found at RHIC
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RHIC White papers
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Hunting the Quark Gluon Plasma

RESULTS FROM THE FIRST 3 YEARS AT RHIC

April 18,2005
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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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Current & future experiments

Facility SPS RHIC Nuclotron NICA SIS/100 LHC
BES M (300)
Laboratory CERN BNL JINR JINR FAIR CERN
Genev | Brookhave Dubna Dubna GSI Geneva oy .
CP — critical point
a n Darmsta
dt OD — onset of
deconfinement,
Experiment NAG61 STAR BM@N MPD HADES ALICE mixed phase,
SHIN PHENIX CBM ATLAS CMS 1% order phase
E transition
Start of data 2011 2010 2015 2019 2017/18 2009 HDM — hadrons in
taking dense matter
CMC energy = 5.1 7.7 — 200 <35 4-11 | 2.3-45 to 5500 PDM — properties of
energy 11— 7 - ) - 3 -4, up to
GeV/(N+N) 173 deconfined
matter
Physics CP & CP & OD HDM 0D & OD & PDM
OD HDM (@] X
Low Intermediate Ultra-High E, . [A GeV]
L 2 2 s aaasl M I EET | M AT EET | 1 A EET | 1 T | 1 TN EET |
0.1 1 10 100 1000 10000 100000
| ——— |
Nuclotron
SIS (8m@N) FAIR NICA RHIC LHC
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Barion density & hypernuclei production
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NICA physics

http://theor.jinr.ru/twiki-cgi/view/NICA/WebHome

Draft v 10.01
January 24, 2014

SEARCHING for a QCD MIXED PHASE at the
NUCLOTRON-BASED ION COLLIDER FACILITY
(NICA White Paper)

Contents

1) NICA priorities

2) General aspects

3) Phases of QCD matter at high baryon density

4) Hydrodynamics and hadronic observables

5) Femtoscopy, correlations and fluctuations

6) Mechanisms of multi-particle production

7) Electromagnetic probes and chiral symmetry
in dense QCD matter

8) Local P and CP violation in hot QCD matter

9) Cumulative processes

10) Polarization effects and spin physics

11) Related topics

12) Fixed Target Experiments

13) Hypernuclei Production in Heavy Ion
collisions
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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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Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments Spin Physics
area (b.205) Detector (SPD)

Extracted beams from —

Nuclotron

KRION-6T
and HIlLac

(3.5 MeV/u) \ e

y Booster (3-660 MeV/u) Multi-Purpose
SE: Elzftle inside Synchrophasotron Detector (MPD)
(S MeV/u) Nuclotron e
0,6-4,5 GeV/u

Cryogenics

NICA parameters:

“ Energy range: /sy, = 4-11 GeV

" Beams: from p to Au
= Luminosity: L~1027 (Au), 1032 (p)
= Detectors: MPD (ions), SPD (spin physics) 14/52




Facility Operation Scenario
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Nuclotron (1993)

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

“ ‘.

ok &5
Lod -‘ G

Nuclotron provides now performance of experiments on accelerated
proton and ion beams (up to Xe**, A=124) with energies up to 6 AGeV
(Z/A =1/2) 16/52



Booster (synchrophasotron (1957-2002))

GUINNESS
__ 1985 BOOK OF
_ WORLD RECORDS
Editars and Comgrlers
MORRIS McWHIRTER
{BOGS MoWHIRTER 193 %ai 975 )
e DA ez
DAVID A BOEHIAL A o Tl b
MARES CARARS, Sporm Edenr

T RN, Spsns i drmir

i A

Heaviest z gnet

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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Collider — heavy ion mode
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Veksler & Baldin Laboratory of High Energy Physics, JINR

FT experlment area o -~
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Unique SC heavy ion source

Heavy ion source: Krion-6T ESIS
5.4 Tesla magnetic field was reached

E.D.Donets, E.E.Donets — \

Source for polarized particles the goal:
107° deuterons per pulse

Test gold ion beams have been produced
Audtr = Au32%2+, 6-10° ppp, T. . = 20 ms

ioniz
Ion beams Au®™* + Au*** are produced.
New goal : Au®* + Aub%
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The booster inside Synchrophasotron
yoke

V.V.Putin

I.N.Meshkov
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Nuclotron beams

Parameter Project (2017) Achieved
Magnetic field, T 2.0(Bp=42.8T-m) 2.0
Field ramp, T/s 1.0 0.8
Repetition period, s 5.0 8.0
Energy, GeV/u | lons/ cycle | Energy, GeV/u | lons/ cycle

Light ions = d 6.0 5.1010 5.6 1.1010
Heavy ions With KRION-6T & Booster Without KRION-2
40Ari8+ 49 2.10%0 3.5 5.106
56Fe26+ 5.4 1.1010 2.5 2.106
124){ e48/a2+ 4.0 2.10° 1.5 1.108
197 Au78+ 4.5 2.10° —e= ---
Polarized beams With SPI & Siberian snake With POLARIS

pT 11.9 1.1010 -

dt 5.6 1.101° 2.0 5.108
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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

——a g

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



Multi Purpose Detector

SC Call

Cryostat

IT
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MPD Conseptual Design Report

http://nica.jinr.ru

Version 1.4

The MultiPurpose Detector — MPD

to study Heavy Ton Colhisions af NICA
{Conceptual Design Report)

Project leaders: | A.N. Sissakian, | A.S. Sorin, V.D. Kekelidze

Editorial board:
V.Golovatyuk, V.Kekelidze, V.Kolesnikov, DMadigoghin, YuMurin, WV .Nikitin,
(O Hogachevsky

Internal referee board:
N.Gorbunov, V.Kolesnikov, IMeshlov, A.Olshevski, Yu.Potrebenikov, N Topilin,

LTyapkin, Yu.Zanevsky, A.Kurenin : Contents
The MPD Collaboration:®

Eh. U Abraamyan, 5.V Afanasiev, V.5 Alleev, N Anfimoy, DArkhipking P.Zh. Aslanyan,
WV.A.Babkin, 5.N.Bazylev, D Blaschke, DNN.Bogosloveky, LV. Boguslavsld, A.V.Butenko,
V.V.Chalyshev, S5.P.Chernenko, V.F.Chepurnov, V0L.F.Chepurnov, G A Cheremukhina,
LE.Chirikev-Zorin, D.EDonetz, K Davkov, V.Davkov, DK.Dryablov, D.Drnojan,

V.B.Dunin, L.GEfimov, AAEfemov, EEgorov, DD Emelyanov, OV Fateey, 1, MPD PhYS]_CS Goals

YulFedotov, AV Friesen, O.F Gavrischuk, K.V.Gertsenberger, V. M.Golovatyuk,

ILN.Goncharov, N.V.Gorbunov, Yu A Gornushkin, N.Grigalashvili, A V. Guskov, 2. MPD Concept

AYuTsupov, V.N.Jejer, M.G.Kadykov, M Kapishin, A.O.Kechechyan, V.D.Kekelidze, . .

G.D Kekelidze, H.G Khodshibagiyan, Yu T Kiryushin, V.1 Kolesnikov, ADKovalenko, 3. Trlgger, DAQ and Computlng
N.Krahotin, Z V. Krumshtein, N_A_Kuz'min, R Lednicky, A.G Litvinenko, EI Litvinenko, . .

YuYuLobanov, S.PLobastov, VMLysan, LLytkin, JLukstine, V.M Lucenko, 4. Integratlon and Services

D.T Madigozhin, ~ ALMalakhov, INMeshkov, V.V Mialkovski, LLMigulina, . lati

N.AMalokanova, S.AMovchan, YuAMurn, G.JMusulmanbekov, D Nikitin, 5. Simulation and Detector

V.ANikitin, AG.Olshevskd, V.F.Peresedov, D.V.Peshekhonov, V.D.Peshekhonov,

LA Polenkevich, YuK.Potrebenikov, V.S.Pronskikh, A.M Raportirenko, 5.V Rasin, Performance

OV . Rogachevsky, A B Sadovsky, Z.Sadygov, BLA Salmin, A A Savenkov W. Scheinast, .

5.V Bergeev, B.G.Shchinow, AV .Shabunov, A.O.Sidorin, LV .Slepnev, V.M Slepnev, 6' PhySICS Performance

LPSlepoy, ASSorin, OV.Teryaev, V.V.Tichomirov, V.D.Toneev, N.D.Topilin, M M M
G.V.Trubnikov, LATyapkin, NMVladimirovs, A.8.Vodop'yanov, S.V.Volgin, 7. MPD Project Cost and Timelines

AS Yukaev, V.ILYurevich, Yo V. Zapevsky, AL Zinchenko, V.IN. Zrjuev, Yu. R Zulkarneeva
Joint Institute for Nuclear Research, Dubna, RF

VoA Matveev, M.B.Golubeva, F.F.Guber, AP Ivashkin, L.V Kravehock, A B Kurepin,
T.L Karavicheva, A T Masvskaya, A LHesheting E.A Usenko
Institute for Nuclear Research, RAS, Troitsk, RF

IThe list of participating Institutes ks carrently a subject of update,
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MPD solenoid
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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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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)
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Charged Particle ID

E =9 GeV, 2000 events, UrQMD
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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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Tracking

Efficiency
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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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TPC prototype

Test with laser beam

Field cage 33/52



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

34/52



Electromagnetic calorimeter

Design of the ECAL
module.

Pb(0.35 mm)+Scint.(1.5 mm)
dx4d cm?, L ~35cm (~ 14 X,)

read-out: WLS fibers +
MAPD

Energy resolution 6. /E, %

Setup for testing ECAL

e

Xl |

8
by

ol ‘\‘\\ﬂ

! Energy
-l resolution

¥ Prototype 1, PMT/ADC

2o Prototype 2, APD/ADC

- @ Prototype 2, APD/WFD
“—%z B3  oa

Photon energy, (GelV
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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, FFDg
Beam line 17 . 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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Barionic Matter at Nuclotron

UrQMD, Au+Au,
4 AGeV




BM@N Conseptual Design Report

http://nica.jinr.ru

Conceptual Design Report

BM@N — Baryonic Matter at Nuclotron

Study of Strange Matter Production in
Heavy-Ion Collisions at the Nuclotron

LW DN =

0 30 Ot~

Contents

. Introduction
. Achievements at SIS and AGS
. Physical program: Strangeness at

Nuclotron

. Simulation studies

. BM@N setup

. Data acquisition (DAQ) system

. Beam requirements and tests

. BM@N project cost and timelines
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Experimental cave

counting rooms

H'lf'li q"hl 4"" “l ‘
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BM@N detectors

* Tracking is based on 12
GEM detector planes placed
at 30 - 360 cm from target

Target
mRPC-1

GEM

* GEM plane size is optimized for
detection of =- A1, A—pTI-

« Strip pitch 400 um in planes 1-4,
800 pm in planes 5-12

« Strip inclination 0, +15¢ in odd,
0, -15¢< in even planes

mRPC-2

ZDC
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Zero Degree Calorimeter

ZDC platform test in Kramatorsk

11x150=1650

150 R

Sci-Pb sandwich calorimeter with

PMT readout, 104 modules

L s
--l-'l-ﬁ_..- e = b
5 10

- et -

1010

1200
1450

* Energy deposited in ZDC vs collision impact parameter

AE, Giald
|

- :.J_ .. S
12 14 16

b, ferimi 31
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Radiation doses at BM@N

Counting
rooms

{4

Equivalent Doses (mkSv/hour):
Loy | “117] | Beam FLUKA simulation, Au+Au,
=8 1A dump

= 7| 4 GeV/nuclon, intensity 10’

i |

ol i Au/sec, Vacuum beam line
Zh _ . T n:.= -2 .m/:' /;
s SRS

[ \Exp. housing:

m 'FI-I-I.__H.L Flot #1597 DODE=FY [nkiw/hour

¥ Gas system
s <

i \\"'\-\
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Spin Physics Detector

draft version 2.1
14.06.2010

THE SPIN PHYSICS DETECTOR- SPD
to study spin structure of the nucleon and polarization effects at NICA
(Conceptual Design Report)

JINR Dubna 2010

Contents

INTRODUCTION
1. PHYSICS MOTIVATION

1.1 Drell-Yan processes

1.2 Jhy production processes

1.3 Spin effects in elastic pp pd and dd scattering
1.4 Spin effects in inclusive high-pr reactions
1.5 Polarization effects in heavy ions collisions

2. THE POLARIZED BEAMS AT NICA COLLIDER

3. THE SOURSE OF POLARIZED IONS

4. POLARIMETRY AT NUCLOTRON-M AND NICA COLLIDER
5. PROPOSED MEASUREMENTS

5.1 Studies of Drell-Yan and J/y production processes

5.2 Studies of the spin effects in baryon, meson and photon productions.

8.3 Cross sections, helicity amplidudes and double spin asymmetries (Krisch effect) in
elastic reactions.

5.4 Studies of polarization effects in heavy ion collisions

6. DETECTOR

6.1 Toriod magnet for precision momentum measurements.
6.2 Silicon Vertex Detector

6.3 Drift Chambers for tracking system

6.4 EM Calorimeter

6.5 Trigger Hodoscopes

6.6 Range System

6.7 Ingeneering systems and services

7. COST ESTIMATION

References

45/52



NICA - basic milestones

The project of NICA complex was approved 2010
The 1-st stage of Nuclotron modernization was 2010
completed

The project approval — completion
NICA accelerator complex 2010 — 2019
MPD (MultiPurpose Detector) 2010 — 2019
BM@N (Barionic Matter at Nuclotron) | stage 2012 - 2017

SPD ( Spin Physics Detector) IS In progress
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NICA Complex Civil
Engineering

' { DN
he State pertlse — Oct. 2013

Internatiol: ﬁr - 2013 «ﬂf i—m

pe—

"Weparato,ry works complei.ed/ 2014 |
;t fontract with Gene?J Contractor —

Civil construction will bg completed by 2018
Start ypasersion of NICA Collider:
commissioning is foreseen in 2019




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:
nieca jine e
mpd.jinr.ru




Back up
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QUARK-GLUON PLASMA

QGP Signatures From Big Bang to Little Bang

© K. Yagi. T. Hatsuda and Y. Miake 2005

e o)
. S
(1) A second rise in the average transverse momentum of
M n € i hadrons due to a jump in entropy density at the phase
transition.
. —- £ l c
Volume & o v % (2) Measurement of the size. of the fireboll by particle
as (igh p,) interferometry with identical hadrons (Hanbury-Brown

and Twiss effect).

@ @ k (3) Enhanced production of strangeness and charm from QGP.

— . (4) Enhanced production of anti-particles in QGP.

Neharm, strange Mneevy quarkonia ) ..
! (5) An increase of an elliptic flow of hadrons from early

/_ AET thermalization of an anisotropic initial configuration.
3) (8) s

v (6) Suppression of the event-by-event fluctuations of conserved
- charges

4 (7) Suppression of high-p, hadrons due to the energy loss of a

ko parton in QGP
(8) ?Mdification of the 77?7%i’% of heavy mesons (J/W, W', Y, Y'}

| - ' due to the color Debye screening in QGP.

Ve N (9) Modifications of the mass and width of the light vector
7%ons due to chiral symmetry restoration.

) /— (10) f (10) Enhancement of thermal photons and diieptons due to the
emission from deconfined QCD plasma




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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