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20 YEARS AFTER MISCOVERY OF A NEW STATE OF MATTER
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CERN PRESS RELEASE ((FER 2000)
m

PRO1.00
Organisation Européenne pour la Recherche Nucleaire 10.02.00

European Organization for Nuclear Research

New State of Matter created at CERN

i
K

L

Y'Y
s P
.o

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.

f.

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.

20uaI0g « AJO)S . 9SEed|al 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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PRENDICTED QGP SIGNALS:

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

~ STRANGEMNESS AND MULTI-STRANGE HYPERON ENHANCEMENT
(RAFELSKI, MULLER |332)

- J/4 SupPRESSION (MATSUL, SATZ 1‘386)
MEASURMENTS

~ 1386 -1387: OXYGEN ANDQ SULPHUR AT 200A GV
(WA34-2, 35, 36, 38, WaB0, 85, 34 )

— 1996-2003: LEAD AMD (NDIUM AT IS8A GE\Y W 7 4
(NA‘I‘! | 45 { a9 I Soy 52( 57‘ CO' WA 37*l 38 ) NA49 Pb-Pb

158 GeV/nucleon
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RESULTS ARE CQNSISTENT WITH A Q6P REING CREATED
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®

e oo AND AFTER STATISTICAL HANRANIZATIAN, THE MATTER IS STIW
DENSE ENOUGH TO HMODIFY HANDRAON PROPERTIES
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CERM PRESS ReceEase ((FER 2000 )
-—-————\

PRO1.00
@ Organisation Européenne pour la Recherche Nucléaire 10.02.00
Z A | 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.
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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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INTERMEZ220 1: STRANGENESS PRODUCTION AND Q&P @

DYNAMICAL HMOLEL

HAPRON GAS QUARK-GLUON PLASMA
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STATISTICAL MHONEL OF THRE EARLY STAGE
HAPRON GAS QRUARK-GLUON PLASMA
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- = HORW - LIKE STRUCTURE

MG, GORENSTE W , 1836 +
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INTERMEZ220 T: STRANGENESS PRODUCTION AND Q6P
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PHASE I . SEARCHING FOR ONSET OF QGP CREATIAN
—_\—-—\__

PREPICTED S|IGNALS?

~ PION YIELD ENHANCEMENT AND
STRANGENESS To PION YIEW suPPRESSION (MG, GORENSTEW 1338)

~ SOFTENING OF COLLECTIVE FLOW
(G‘OREUS‘TEIM‘NG‘ RUGAE\S 2003' STOGCKER 2004, RLE|ICHER 2005')

MEASUREMENSTS:

~ 1393-2002: Pb BFAMS AT 20A,30A, 40A, 80A I58A GEV 4 CERN SP5
(NR4S | NA4S, NASZ, NAED) —b

—d 20i10~2014: Au BEAMS AT fQRUIV. 20A- 200A GES4~ RBRNSL RHIC
(STAR, PHENIX : BEST)
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PHASE I ' SEARCHING FOR ONSET OF QGP CREATIAN
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PHASE |1 : SEARCHING FOR CR\TICAL POINT

APRIL 2004 . WORICSHAP IN ECT TRENTY.

~© RESVULTS ARE COMNSISTENT WITH QGP ONSET IN PotPb AT LOW SPS ENERGIES —D
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> |
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PHASE |11 SEARCHING FOR CR\TicAL POINT

PREPICTED S|\GNALS ®

~ MAXIMUM OF RLUCTUATIONGS IN
(CoLLision ENERGY) - (NUCLEAR MASS NUMBER) PLANE !

~ INTERMITTENCY AND PROTON FLUCTUATIONS
(BIALAS , HWA (38 ANTONIOU, RIAKANOS, ISAPOYANILS 2006, STEPHANON 2011 )

- PlaN  P_-N FLUCTUATIONS
(STEPHANDY ) RAJAGOPAL, SHURYAIC 13338 )

MEASUREMENTS;

-~ 2004 - 2018 g SCAN |IN @uN-A
(NACI/SHINE AT CERN SPS)

- 2010- 2020 ScAN IN (SLy WITH Aw
(STAR, PHENIX AT BNL RHIC;RES | /1)
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PHASE |11 SEARCHING POR CR\TiCcAL POINT

CP INDICATIONS — DIFFERENT ENERG ES{RE‘HC.TlOMS
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PHASE |11 SEARCHING FoR CR\TicAL POINT

AS FOR NOW EXPERIMENTAL AN THEORETICAL
RESULTS ARE ISCONCLUSI(NE / CONFUSING
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INTERMEZ20 IT: CHAR™ PRADUCTIaoN) AND QGP @
T e e e e ey

DYNAMICAL HMOLEL

ELEMEMTARY  pyp PbtPb WITH QRGP
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sTATISTIcAL. HAPROMIZATION MODEL

ELEMEMTARY  pyp PbtPb WITH QRGP
© 2
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*
PYMAMICAL VEBRSVUS HADROMIZATION MODELS
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POTENTIAL FOR DATA ON CHARM
LHC and RHIC at high energies (\/Syy =

200 GeV):
LANDSCAPE QF PRESENT AnD FUTURE measurements in limited phase space
HEAVY [ON EXPER\MENT S due to collider geometry and kinematics
RHIC BES (3 — 39 GeV):
LHC measurement not under consideration
uark—gluon plasma
|RHIC 1 & P NICA (< 11 GeV):
rapid cross—over|SPS | . yi;ca1 noint under consideration during stage 2
mesonic matter NICA J-PARC (< 6 GeV) :
maybe possible after 2025
J-PARC
hadronic FAIR| \ first order transition FAIR 5IS-100 (< 5 GeV):
matter not possible at SIS-100,
Naci/sHiNE (8 17 GeV):
baryonic matter < C< > IN 202| -202¢
I, M ’
NACO + ( 617 GeV )

I+ <cCc> AFTER 202¢
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BEB B NESTNG FUTURES
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ONSET OF FIREBALL - RECENT UHGIZSHNE. [DISCONERY

50.25 = T
1 "~ 150A GeV/c ]
o, i o
B I e HRG -
E 0.21° - B | Ar+Sc <
-7 . : ,{;b T oh STATISTICAL MOPELS
0.15 - - A T ONSET OF FIREBAL
: UrQMD N
: - %f*'Pi"” STRING ~ RESONANCE MONELS
i Mgy [ e REEEE 1 A
I R Sl - P
0.1~ & WNM  _
- p+tp  BetBe Ar+Sc Pb+Pb
0.05 LR SATTE AR SR

10 10°

G

(W)



BEBE B NVENTING FUTURES @

10 |

T I R e R

ONSET OF FIREBALL =D DETAWLED Scam 1IN (( NUCLEAR MASS NUMBER)~

~(COLLIS\ONY ENERGY) SHOVLD BF POSSIBLE AT

NICA (( 1 GeV). 2022+
. fz; Pb+Pb
~ a . FAIR ((SGQV): 2025t
~ . ) 2
W, O
_ONSET OF 2 rreeae | Artsc SPS (5-— V2 Ga\f); 2025+
I } g » Sv = =m # - ~-PARC (( 663\{)' 2
© 1%, be+ Be . o
Q © . ' @ ©
Il o ¥ Q)
1 2 | p+p

{
'ﬂ.
Q
7]
L4
—
&
<
gt



SUMMARY
ONSET OF QGP (DECONFINENENT ) _.

- OBSEAVED (N PbtPb/AutAn AT ® 8 GEV ( SPs | Rhic RBEs)

= RESOLTS TO BE COMPLETED BY CHARM (<cTD| J/4+) MEASURENENTS
(SPs, MICA| 3-PARC ? )

CRITICAL POINT

-~ INCONCLUSIVE INDICATIONS FRAM SPS AND RHIC

= OHING  RESUCTS FROM NAGI/SHINE AND STAR BES |
SHOUL O (AT LEAST PARTLY) REMOVE THE TENSiaW AMD
ALLOW TO NEFINE NEXT STEPS

ONSET OF FIREGALL:

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

- PETAILED Scan  ( VEY,, K 20 GEV, A K i00 ) IS MEEDED
(Mca | sps, S1S100 | 3~PARC 2)
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