HEAVY (ON PHYSICS AT THE CERN Ses

® VvoCcARULARY
® on T™HE WAY TO SPs (< (386)
® QGP AT THE TOP SPS ENERGY (1986 - 2003 )

® CRITICAL STRUCTURES IN THE 2D-ScANS (1933 -2017)
T
O B

et

NS

M. GAZP2(CcKl, FRANKFURT KIELCE



D VOCARULAR Y @

THE Q6P HYPATHESIS (1965-1975)

heavy ions at CERN

Phases of strongly interacting matter % | L quark-gluon plasma
H
2 |
|_
LHC
FT  SPS
100

hadronic matter

l; iL':-: CP

*Beyond
“Colliders

i
EARLY OMIVERSE 200 u, (MeV)
NEVUTRON STARS /a

HEAVY ION (OLLISIONS

SIS NUCL
i NICA y.PARC  HIAF




® VOCARULARY

guark-gluon plasma

100

l ; PRySics

‘Beyond
Colliders




T (MeV)

100

® VOCARVLARY

e e B

heavy ions at CERN

RHIC

hadronic matter

500

SIS
NICA §.PARC

quark-gluon plasma

CP

L (MeV)

NUCL
HIAF

CRITICAL STRUCTORES':

N

- ONSET 0F VDECANFINERNENT (OD) —

REGINING OF QGP CREATIONS WITH

INCREASING ColLLISION ENERGY

-~ CRimicaL PoinT (CP)~ END POINT OF
FIRST ORDER TRANSITION LINE

THAT HAS PROPERTIES OF SECOND
ORDER PT



) ON THE WAY TO SPS (< 1386)

QUARK-GLUVON PLASHIA HYPOTHESIS

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

1364 . QUARK MONEL OF HADRONS CLASSIFICATION
a-eu.-nanu! CUEIG

3¢5-  QUARK MATTER IN SUPERDENSE STAR CORES
13751 IVANENKO, KURDGELAINZE ITOH COLLINS, PERRY

1368° DISCOVERY OF PARTON S (SLAC.)

Phases of strongly interacting matter

13T QC AS THEORY OF STRONG (NTERACTIONS
GELL- MANN, FRIT2SCH GROSS, WILLC2EK, POLITZER

1425' QCD QVUARK-GLUON PLASTA

SHORYAK ——:D

1379:  DISCOVERY OF GLuoNS (PESY )




® 0w THe WAy To S (< 138¢)

FIRST RELATI\FISTIC HEAVY 10N EXPERIMENTS:

- SINCE IS70° AT SYNCHROPHASATRON IN DUBNA
(P To=5A Gev)

= SINCE 1825 AT BEVELAC IN BERKELEY
(UP TO =2A GEV)

U

OBSERVATION OF COLLECTIVE [FFFECTS
(FLow | STRANGEMESS BNHANCEMENT .. )

l

U
STRONGLY |NTERACTING MATTER (SiM)
(s PRANDUVCED (N HEAWY ON (CQLLISIONS




@ oN THE WAY TO SPs (< 1386)
h

STRONGLY INTERACNTNG MATTER

THEORY . EXPERIMENT:
SIM AT HIGH ENERGY SIM IS PRODVCED IN RELATIVISTIC

AUARK GLUON RPLASMA

&

COLLIPE HEAVUY IONS AT THE MAX(MUM
POSSIBLE ENERSY AND DISCOVER QGR

~ HIC AT THE CERN SPS

ST s e e D

EDITORS: BOECK AND STocK
OPENING TALK: WILLIS
SUMMARY . SPECHT

BEGI NMING OF QUARK MATTER CONFERENCE



® Q6P AT THE TOP sps ENERGY (1386 -2003)

PRENDICTED QGP SIGNALS:

— DILEPTOMN/PHOTON QGP RADIATION ((SHURYAK, 1880 )

- STRANGEMESS AND MULTI-STRANGE HYPERON ENHANCEMENT
(RrarELsKl, HULER | 1382 )

- J/4 SUPPRESSION (MATSUL, SATZ 1386)

MEASURMENTS ;

~ 1386 -1387: OXYGEN AND SULPHUR AT 200A GEV/
(WA34-2, 35, 36, 38, Waso, 8BS, 34)

~ 13996-2003: LEAD AMD INDIUM AT IS8R GE\
(Np,qc“ 45, 49, 50, 52, 57 €0, wAS7F 98 )



® QéP AT THE TOP sps ENERGCY (1386-2003) ©

m

RESULTS ARE COQNSISTENT WITH A Q6P REeING CREATED

W

QAGP TEMPERATURE

T & 200 MEV STRANGENES anh  MuLTI-STRANGE 3/ MELTING IN QGP

A+B at 20 GeV
350 | . HYPERON . 40
1 NAGBO In-In N ——— | B Y - -
| dNy/dn>30 o | | ' = ENHANCEMENT o ® Pb-Pb 1996
. + VYLMR “ |¥ 3}'5 _— H = T B 2 Pb-Pb 1996 with Minimum Bias
® IMR, w;g DY ‘ X 1 | “\I QG’P ; L ® °Pb-Pb 1998 with Minimum Bias
: | l o ‘?“_
i " hadrons (r, 1, p, ®, %) [ i | %
250" S+tAg 0, |y-Y,l<0.5 m 25 -
. | | s 0.1 pi'p | ; o ,.l.tl'r:i:' Q+Qf 20 -
{ ' | i String and Wounded Nucleon Models d
P an : : & - pia s I 15 - —=
! | | | : | T - | .
150?. e H&‘E mu e - s B Etlilfﬁ ﬁlﬁﬂﬂl‘phﬂﬂ ° N +
. o , | : | a8 g = ] Spieles et al.
j Phys. | 3 HELIOS /AA34-2 S+ | “A 35 INALls E s E_' 5 :
5 :}‘;‘ P T ifferential cross—sectis I L1 1 1111 | L1 i1 1iil | L1 1 1.1l __
100 r £ :n;::. N S ;; : t 0 g Armesto et al.
| ._1 g y i —0.1 < 1 < B or = 2 -
0 0-‘ ' 200 GeV/nuc. ®S—nucleus collisions s A E 1 10 10 ﬁ - ”Aso
E e Ag - W 0 ] ] ] | ] ] ] | ] ] I | ] | ] I | I ] | ] ] | 1 |
| Nﬂ?l-t  E E AB T e _ 0O 20 40 60 80 100 120 140
o Phb . F : E E. B Zi’_' A

E, (GeV)

i S B |
) %WW 1AR0 EvEReYy T ] i

E

5 =, ‘*. v N : L

| * . | DENSTY f . i

L T % b 5 - lewﬁsl}( NASF
* SRR P A G"'V/ f'“ : P

1 10 1 0
th 3 3 LN s
3L b1\ d
- An=5.6 [ %



0.5

T4 (GeV)

0.3

0.2

@® QP AT THE TOP Sps ENERGY (138¢-2003)
e 1 Rt ST

¢ vo MATTER EXPANDS , RANIATES PHATONS AN DILEPTANS

TRANSVERSE EXPANSION

O NA49 |
O NA 44 .-&
v WA 97
)y =
P #A #_
)\ N
= P *£I+Q+
K% Ks
Tm
0 05 15 2
M (GeV)

10 ¢

e

10

1/Ng,E &N, /d’p (GeV™?)

i
]

-2
10

PHOTON RAMATION

II.].IILJII

. _ Hydro. Srivastava, T,=160 5%
: T=250 |
L e T=200

pQCD (s = 17.3 GeV, y=0), Wﬂng~'el1al.
------- CTEQ4, <p;2>=0.9 GeV?
pQCD + QM, T=300 T_=200 |
IlIIll]IIIIIIJIILJIILMIMJIII:

|

158 A Gev °°Pb + ?®pp
Central Collisions

wWASS

\r'l'

L]
=
L]
L
L
L
L]
L]
" 5
Y .
EY =y
Y
1
1
u
L
s,
L]
%
!
[}
L L
'\I.
' &
L]
[
L

0.5

/

e 2 2.5 k 3. Kl
Transverse Momentum (GeV/c)

4.5

®o

MHOON RANDIATICON

—_—
o
>»

1 lllllll]

—_—
<
-

1 ll'illlll

=
&

| IITIIIII

(d°N,,/dndM)/(dN _ /din) (20 MeV)’

—_—
=
w

In-In dN_ /dn>30

vy excess dimuons

¥ Renk/Ruppert

® Hees/Rapp
% Dusling/Zahed

10
107

Y T
- L] h ;
_ NABO Sy 7
L 1 1 1 | L 1 4 | | i 1 1 | | P 1 1 | I i I | ! 7
05 1 15 2 55

M (GeV)






