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THE QUARK-GLUON PLASHA HYPATHES(S
(13¢5 ~13%5)

Phases of strongly interacting matter
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heavy lons at CERN
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QUARK-GLVON PLASHIA HYPOTHESIS

DISCOVERIES OF HADRON'S (CR, BNL, LBL, CERN PS )

1364 . QUARK MONEL OF HADRONS CLASSIFICATION
G’GLL—nANN‘ CUEIG

ISAS-  SUNRE TINTIER 1N SUMESDRGIE STAR CORES
1375 IVANENKO, KURDGELAIDZE ITOH COLLINS  PERRY

1368 DISCOVERY OF PARTONS ( SLAC_) Phases of strongly interacting matter

QT2 QC AS THEORY OF STRONG (NTERACTIONS
GELL- MANN, FRIT2SCH, GROSS, WILCZEK, POLITZER

1423' QRCD QUARK-GLUON PLASTA

SHURYAK —

1323;  NDISCOVERY OF GLUONS (nssy)
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FIRST RELATI\FISTIC HEAVY 10N EXPERIMENTS:

- SINCE I1370) AT SYNCHROPHASATRON IN DUBNA
( JP TO =SA G—E\f)

—~ SINCE I875: AT BEVELAC IN BERKELEY
(UP TO =2A GEV)

U

OBSERVSATION OF COLLECTIVE FCFFECTS

(FLow | STRANGEMESS BNHANCEMENT, )

U
STRONGLY |INTERACTING MATTER (SIM)
(s PRONVUCED (N HEANY |ON (CQLLISIONS
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PREDICTED QGP SIGNALS:

~ DILEPTON/PHOTON QGP RADIATION ((SHURYAK, 1380 )

- STRANGEMESS AND MULTI-STRANGE HYPERON ENHANCEMENT
RAFELSKI, MULLER I332)

= 3/ SuPPRESSION (MATSUL, SATZ, (386 )
MEASURMENTS ;

— 198€ -1S8F: OXYGEN ANQ SULPHUR AT 200A GE\S
(WA34-2, 35, 36, 38, Waso, 8BS, 34)

— 1996-2003: LEAD AND INDIUM AT IS8A GE\S
(Na44q 45 43, 50, 52, 57 €0, WwASF 38 )

NA49 Pb-Pb
158 GeV/nucleon
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QAGP TEMPERATURE
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. .. AND AFTER STATISTICAL HANRAOMIZATIAN, THE MATTER IS ST
DENSE ENOUGH TO MODIFY HANDRAON PROPERTIES
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CERN PRESS RELEASe ((FER 2000 )
-—-——-—-—-_——"H

PRO1.00
@‘ Organisation Européenne pour la Recherche Nucléaire 10.02.00
SZ-\ | European Organization for Nuclear Research

New State of Matter created at CERN

At a special seminar on 10 February, spokespersons from the experiments on CERN's
Heavy Ion programme presented compelling evidence for the existence of a new state of
matter in which quarks, instead of being bound up into more complex particles such as
protons and neutrons, are liberated to roam freely.

Theory predicts that this state must have existed at about 10 microseconds after the Big
Bang, before the formation of matter as we know it today, but until now it had not been
confirmed experimentally. Our understanding of how the universe was created, which
was previously unverified theory for any point in time before the formation of ordinary
atomic nuclei, about three minutes after the Big Bang, has with these results now been
experimentally tested back to a point only a few microseconds after the Big Bang.

30UaI0S « AI0)S « 9SE9|a) SSald

Professor Luciano Maiani, CERN' Director General, said “The combined data coming from
the seven experiments on CERN's Heavy Ion programme have given a clear picture of a new state
of matter. This result verifies an important prediction of the present theory of fundamental forces
between quarks. It is also an important step forward in the understanding of the early evolution of
the universe. We now have evidence of a new state of matter where quarks and gluons are not
confined. There is still an entirely new territory to be explored concerning the physical properties
of quark-gluon matter. The challenge now passes to the Relativistic Heavy Ion Collider at the
Brookhaven National Laboratory and later to CERN's Large Hadron Collider.”
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— SEARCH FOR THE ONSET OF QGP CREAT|ON —p COLLISION ENERCY SCAN AT SPS
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S —————

PHASE I : SEARCHING FOR ONSET OF QRGP CREATIAN
_—\_\*_—

PREPICTED SIGNALS?

- PION YIELD ENHANCEMENT AND
STRANGENESS To PION YIELW suPPRESSION (MG, GORENSTEW 1338)

~ SOFTENING OF COLLECTIVE FLOW
(GORENSTEIN MG, BUGAEY 2003 | STOECKER 2004, BLEICHER 2005)

MEASUREMENTS:

~ 1393 -2002: Pb BFAMS AT 20A, 30A, 40A, 80A 1584 GEV ¥ CERN SP5
(NA4S | NA4S, NASE, uhso) —D

—b 20i0~-2014: Au BEAMS AT fQRUIV. 20A- 200A GES4~ BNL RHIC
(STAR | PHENIX * BEST )
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PHASE I . SEARCHING FOR ONSET OF QGP CREATIAN
H—
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‘
PHASE |11 SEARCHING FOR CR\TicAL POINT

APRIL 2004 . WORICSHAP IN BCT TRENTSH .

~® RESVULTS ARE COMNSISTENT WITH QGP ONSET N Po+Pb AT LOW SPS ENERGIES —D

HEAVY IONS —D SEARCH FOR CRITICAL PO INT
- SCAN INfM ENERGY AND

\

3 W hen quarks NUCLEAR MASS NUMBER

§ and g]uons quark—gluon plasma

v fr

(L

¢ become free

>

I

! Recent results and future experiments

&  were the topics in a workshop to look into MG

O  exactly what happens as strongly SEYROTH

Interacting matter becomes deconfined. SHURYAK =

BEGINING OF CRITICAL POINT g
AND ONSET OF NECONFINEMENT hadron gas colour superconductor

o= —

LSORILSHOPS :

baryo-chemical potential



DAY AND CPOD

Critical Point and Onset of Deconfinement (CPOD)

23 -29 August 2010 at Joint Institute for Muclear Research

6th International Workshop on
Critical Point and Onset of Deconfinement

Local Organizing Committee

International advisory committee Organization committee
A.N. Sissakian - Chairman

A.S. Sorin - Vice-chairman » Francesco Becattini (Florence) =g+ David Blaschke (Wroctaw and
D. Blaschke - Scientific Secretary q—b bugﬁgd Blaschke (Wroctaw and -DUhéI;*aﬁ]me DR .
V.D. Kekelidze « Xin Dong (Berke_]eg) . {(rz sztof Redlich (Wroctaw)
E.A. Kolganova « Marek Gazdzicki (Frankfurt) « Chihiro Sasaki (Wroctaw)
o . « Larry McLerran (Upton) « Ludwik Turko (Wroclaw)
A.S. Khvorostukhin « Edwin Laermann (Bielefeld)
R. Lednicky g Ef{fgg yﬁ%ﬁﬁﬁﬂ%ﬂ ) Local organization committee
V.V. Nesterenko « Jorgen Randrup (Berkeley)
V'V Voronov « Dieter Rohrich (Bergen) + Tobias Fischer (Wroctaw)
1 « Peter Senger (Darmstadt) « Thomas Klahn (Wroclaw)
D.S. Zablocki « Peter Seyboth (Munich) « Pok Man Lo (Wroclaw)
T.S. Donskova - Secretary » Edward Shuryak (Stony Brook) « Michat Marczenko (Wroctaw)
« Alexander Sorin (Dubna) « Michat Naskret (Wroctaw)
« Misha Stephanov (Chicago)
« Joachim Stroth (Genf)
« NuXu {Berkel\?r)
« Daicui Zhou (Wuhan)

Critical Point and Onset of Deconfinement 2016@

and
Working Group Meeting of COST Action MP1304

Wroctaw, Poland
May 30th - June 4th, 2016

e



BB ® B CRTICAL STRUCTURES
S —

PHASE 111 SEARCHING PFOR CR\TicAL POINT

-h_—~___—-—\——_——-

PREPICTED S|GNALS

~ MAXIMUM OF RLUCTUATIONG IN
(CoLLISION ENERGY) = (NVUCLEAR MASS NUMBER) PLANE

~ INTERMITTENCY AND PROTON FLUCTUATIONS
(BIALAS , HWA (38 ), ANTOMIOU RIAKONOS, IKAPOYANLS 2.006‘ STCEPHANONS 2011 )

- PiaN PT—N FLUCTUATIONS
(STEPHANOV) RAJAGOPAL, SHURYAIK 1838 )

MEASURENENTS;

~ 2008 - 2018 ¢ SCAN IN Yshuv-A
(MNAGI/SHINE AT CERN SPS)

- 2010- 2020 SCAN IN (L WITH Au
(STAR, PHEWIX AT BNL RAIC;BES | /1)
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PHASE |11 SEARCHING FOR CR\TicAL POINT

CP INDICATIONS — DIFFERENT ENERGlESZREACTlOMS

HIGHER ORDER HMONENTS PRATON INTERTNTTENCY LIGHT IONS SHORT-RANGE CORRELATIONS
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PHASE |1 © SEARCHING FOR CR\TicAL POINT

AS FOR NOW EXPERINMENTAL AN THEORETICAL
RESULTS ARE INCONCLUSINE / CONFUSING

4™ moment of 200 ,

g net-proton dist.: T, & lattice
o sy MeV | e~ - HBO2 | TED3 ¢ model

(Au+Au) g *.ﬂ | .
N B ¢ - T ---¢LROI B cxperimental

150 - L[{U"l _-__“-..h T

r
a Proton intermittency: O

~ 17 GeV
N Si+Si *

d Ar+S
(Si+Si and Ar+Sc) INJL‘JS’ RM98
8 W ¢ SPNILOS
g Light ion production: C294 Lsmo1 (10
3 ~~ 20 GeV N
8 (Autin) w0l NJLO *
S 3 03 .
NJLOS

s Pion interferometry: NILS%e

~ 47 GeV

(AU']‘A“) O | I l

1 | 1 !
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NEW RESULTS EXPECTED SOON FROM NALI/SHINE AND STAR RESs I
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QGP ONSET AND CHARM QUARKS

LANDSCAPE QF PRESENT AND FUTURE POTEMTIAL FOR L cCD> HEASURMENT S
HEAVY [ON EXPER\MENT S

LHC and RHIC at high energies (1/Syn =

LHC 200 GeV): -
quark—gluon plasma measurements in limited phase space
RHIC due to collider geometry and kinematics
rapid cross—over|SPS | ... :
LR g RHIC BES (3 — 39 GeV):

mesonic matter . .
measurement not under consideration

NICA (< 11 GeV):

first order transition under consideration during stage P

J-PARC (< 6 GeV) :
maybe possible after 2025
S ———————

FAIR SIS-100 (< 5 GeV):
He H not possible at SIS-100,

NAGI/ SHINE (81 \? Cm\l) _'
PLAMNED IN 2021-24

hadronic
matter

baryonic matter
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ONSET OF FIREBALL =D DETAWLED Scan 1N (NOCLEAR MASS NUMBER)~-

.....((_04_“5\0;\) ENERGY) SHoVLD B3F POSSIBRLE AT:

NicA (< 1IGeV), 2022+

FAIR (< 56ev) 2025

5ps (S5- 17 Ge\f)' 2025+
/

J-PARe (< 6GeV): 2

ONSET OF DECONFINEMENT



DAV AND NICA

The European Physical Journal A
Exploring strongly interacting matter at high densities - NICA White Paper

David Blaschke, Jorg Aichelin, Elena Bratkovskaya, Volker Friese, Marek Gazdzicki, Jorgen Randrup, Oleg
Rogachevsky, Oleg Teryaev and Viacheslav Toneev

sters at NICA Energles Eng. Inst. g Dubna, JIN
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SUMMARY

ONSET OF _QGP (IDECONFINENENT )

- OBSERVED IN PbtPb/AnrAu AT & 8 GEV (SPs | RHiC BES)

— RESULTS TO BE COMPLETED BY OPEN (HARM MEASURMENTS
(sPs, MICA| J-PARC ? )

CRITICAL POINT ¢

~ INCONCLUSIVE INDICATIONS FRAM SPS AND RHIC

— COMING  RESVUCTS FROM NAGI/SHINE AND STAR BES )
SHOUL O (AT LEAST PARTLY) REMOVE THE TENSIaW AND
ALLOW TO DEFINE NEXT STEPS

ONSET OF FIREBALL

~ INPICATIONS FROM 2D SCAN AT SPS (NAG(/SHINE )

- peTAILED scav (W), K 20 GEV, A < 100 ) 1S MEEDED
(Mica | ses, S1S100 | 3-PARC 2)



