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Plasma de quarks et de gluons
* Big Bang

— haute température (10'? K) — grande densité d *énergie

— 10¢s. : Plasma — matiére confinée

Big quark-gluon proton & neatron formation of formation of star dispersion of ey
Bang plasma formation low-mass nucle neuiral atoms formation massive elements
10" K 10" K 10 K 4,000 K W H-3 K < R-3 K K
1 5 % inin 'i-l,.ll:lll:l'lll:l ¥r 1 = 11 ; Vi =1 = 1k ¥ 1% = 10 ¥T

* Etoiles a neutrons
— effondrement d ’étoile
— forte densité de matiére

(5 a 10 fois la densité nucléaire classique)

— matiere confinée — plasma
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SFP-C'gen

PQG : transition de phase

QCD sur reseau
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PQG : diagramme de phase

. Plasma de quarks
Big Bang et de gluons

Collisions
d ’ions lourds

Température

~200 MeV

Etoile
a neutrons

Matiére Nucléaire
ordinaire

1 S—10 Densité (p/p,)
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PQG : collisions d’1ons lourds
* 15 ans de recherche au CERN
- 1986 - 1987 : Oxygéne @ 60 & 200 GeV/nucléon

* 1987 -1992 : Soufre @ 200 GeV/nucléon
* 1994 - 2000 : Plomb @ 40, 80 & 158 GeV/nucléon

+ pp et pA
pour des études
de référence

2000 A hadrons
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strangelets
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PQG : collisions d’1ons lourds

e Collisions

région centrale
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PQG : Le « Petit Bang »
* Quelques resultats du CERN - SPS

collision Hadronisation expansion

— Suppression du J/psi (déconfinemen
— Augmentation d ’¢trangete (plasma)
— photons directs et di-leptons (plasma)
— gel chimique (hadronisation)

— gel thermique (expansion)

Déconfinement
+ plasma

ma)
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Petit Bang : signatures du PQG

* Plasma — écrantage de couleur— suppression du J/VY

quarkonium

absorption
' nucléaire
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Petit Bang : signatures du PQG

* Augmentation anormale d ’étrangete

— plasma — augmentation de la production de
particules étranges

(2 (sss) > & (dss) > A(uds) — —
_ 44
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= Q (sss) > x 17
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Petit bang : signatures du PQG

e photons direct e di-¢lectrons

Plasma — augmentation de la production = plasma — augmentation de la production

—
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de photons directs a grand PT de di-leptons.
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» compatible avec modele hydro (T~330MeV) e données p-A correctement reproduites
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Petit Bang : gel chimique

 Abondances

density of the particles of species i 1n an equilibrated fireball:

i freo Ii'l.'l‘ -:Illr
s !’II

T2y TEme T L]

with particle density n;, spin degeneracy g;, i = ¢ = 1, momentum p, total energy F and

chemcal |Jt1te'lltii1l Hi = p,l,urf. ;:_-,-."a'_. g J'.;I.
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Petit Bang : gel thermique

* Spectre des particules

WA97, CERN-EP-2000-001
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Petit Bang : bilan

* La vision globale

expansion

Gel

augmentation thermique

d ’étrangeté
Gel

Photons du J/psi

directs

Exces de
di-leptons

SFP-C'gen
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New State of Matter created
at CERN

At a special seminar on 10 February, spokespersons from the experiments on CERNF “s
Heavy lon 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 ar sbour 10 microseconds after the Big
Bang, before the formation of matter as we know it today, but until now it had net 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
nuclel, about three minutes after the Big Bang, has with these results now been
eaperimentally tested back to 2 point only 2 few microseconds after the Big Bang.



PQG a RHIC

 [.a machine

Démarrage : 2000

BRAHMS

== « Collisionneur

» Circonférence = 3.8 km

* Energie :

; * 300 GeV en p-p

' <200 GeV en Au-Au

A+ Luminosité

o e Au-Au: 2 x 1026 cm™2 s
*p-p :2x 1032 cm™2 s71

M 2o e T
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SFP-C'gen

PQG a RHIC

RHIC Experiment Integrated Luminosity — Gold lon Oparations
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PQG a RHIC

* Premiers résultats : densite d ’energie
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PQG a RHIC

* Premiers résultats : transparence

Avant la
collision
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PQG a RHIC
Premiers resultats : gel thermique
— flot radial plus important a RHIC — plus forte pression

d*N/(2rm,dm-dy) (c*/GeV?)
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PQG a RHIC

* Premiers resultats : jet quenching

hadrons 4 /cading (X, N. Wang, hep-ph/0111404)
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PQG a RHIC
 Donneées 2000 :

expansion
o o Gel
collision > augmentation thermique
\cps d ’étrangeté
4 suppression Gel
du J/psi chimique

Jet Exces de
uenching di-leptons

e Données 2001 : tempyg

— J/W, étrangete, photons directs, di-leptons
— premiers resultats - QM2002 : Nantes (18-24 juillet)
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PQG au LHC

 [.a machine
LHC PROJECT ﬂ l_l

‘ Démarrage : 2007 ‘

Point 3

 Collisionneur
e Circonférence =27 km
* Energie :

14 TeV en p-p

*5,5 TeV/A en Pb-Pb
* Luminosité 5=

* p-p: 103334 cm2 1

« Pb-Pb :10%7 cm2 5!

. Point 2 /
/ Existing Structures

| HC Project Structures
LHC Excavatad Structures

il ST-CE/lyr
s | HC Completed Structures {CE) ATLAS 2650 120010
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« LHC .vs. plasma

PQG au LHC

| SPS RHIC LHC
— plus dense
| ; Vs (GeV) 17 200 5500
— pis gtan DNa/dy 500 650  3-8x10°
— plus longtemps |, Gevim’) 25 5 15-40
Vfm’)  10°  7x10°  2x10*
Tplas. (fm/c) <1 1.5'4 4'10
* physique du plasma
abondances
étrangeté quarkonia Spectre
W des hadrons
Photons
directs transparence
Jet ALICE densité
quenching d’énergie

SFP-C'gen
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PQG au LHC
* L ’expérience ALICE
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Conclusion

« CERN-SPS

— 1986 — 2000

— collisions Pb-Pb a 17 GeV/A

— « un nouvel état de la matiere créé¢ au CERN »
 BNL-RHIC

— collisions Au-Au a 200 GeV/A

— confirmation et premicres ¢tudes
— 2000 —» ~ 2007

o CERN-LHC
— collisions Pb-Pb a 5,5 TeV/A
— ¢tude complete
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THE ' FINAL" PICTURE

NEW STATE OF MATTER
CREATED AT CERN- SPS

&
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PG :aupres des collisionneurs
 AGS/SPS/RHIC/LHC

11 6eV/u Au-79+ ™
el 1991  Au-beam 1994 : Pb beam 158 GeV/u

! 5TeV/u  Pb Beam

100+1 00 GeV/u Au Beam
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SFP-C'gen

Temperature

120 MeV

Thermal masses
chiral symmetry restoration

Equation of State

170 MeV | Critical temperature
| and energy density

190 MeV

Heavy Quark Potential,
screening
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pad chambers

beam

WA97

PTC

silicon oﬁ
telescope '.
Sch

0.5M channels

scintillator a
petals multiplicity
Pb target detectors

B

SFP-C'gen

SPS

WA98

highly segmented Lead-Glass Calorimeter
(identification of photons, =* and 1 -mesons)

Forward-
Calorimeter
Time of Flight (#2)
(PID of positive hadrons) Had.-Calorimeter

(transverse energy)

highly segmented Photon-

Streamer Tubes Multiplicity-Detector

Pad Chambers __

Goliath Magnet Charged Particle

Veto-Detector
© Time of Flight (#1)
Target H-'g,\'(n (PID of negative hadrons)

nside Plastic-Ball)
Multistep Avalanche Chambers

Start
Counter with CCD-readout (tracking of
a charged panticles)
<!
Plastic-Ball
(=", p, ... Ha in Silicon-Pad and

. Silicon-Drift Detectors
target region)  (pseudorapidity-dist. of
chal parlicles)
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SPS

Beam
N A 4 9 Target - TPC colls

Vertex TPCs NA45/CERES experimental setu

with radial drift TPC . - -
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Imem) | e e
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mirror 2
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e

Forward ~~
Calorimeter
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RHIC
» PHOBOS & BRAHMS

An experiment with a philosophy:

PHOBOS DETECTORS

TOF panel e
‘.‘Nli

Spectrometer ™ :
Arm
Magnet polé"‘*-l«"““

Ring counters
Rachid Nouicer APS, March 1999 Atlenier, Geargic

Forward Spectrometer

J. 23<0< 30

Muttiplicity

Heam Besm counters

— Global phenomena
=> large spatial sizes
=> small momenta
— Minimize the number of technologies:
* All Si-strip tracking
* Si multiplicity detection
« PMT-based TOF
— Unbiased global look at very large number of
collisions (~107)

.\ An experiment with an emphasis:

Quality PID spectra over a broad range of rapidity
and py

Special emphasis:

*  Where do the baryons go?

* How is directed energy transferred to the reaction
products?

Two magnetic dipole spectrometers in “classic” fixed-
target configuration
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RHIC
» STAR & PHENIX

STAR Detector ) e An experiment with a challenge:
Collg  Mmgmat e — Track ~ 2000 charged particles in n| < 1
EM.ee ¢ Large acceptance

b " Time Projection
Cha I!rlher

e
Prstionie

*  An experiment with something for everybody

:' * A complex apparatus to measure
Vi — Hadrons
/ —  Muons
— Electrons
— Photons

Executive summary:
;,ﬁ 5 % . .
e — High resolution

ELECTROMAGNETIC
CALORIMETER

vy

=/ y — High granularity
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SFP-C'gen

(PID) Acceptances

RaBCS >
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Petit Bang : signatures du QGP

* Suppression anormale du J/'Y

— plasma — €crantage de couleur

o S quarkonium
' -A - Pb-Pb
pa  >° N L]

- T

(Satz et al.)
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Physics Menu

* Needs upgrade
BRAHMS [ PHENIX [ PHOBOS | STAR

Multiplicity NA49, WAS0 X X X X
Global E; NA49, WAS0 X X
and Spectra and ratios All X X X X
Hadrons | Flow & Correlations NA44+ ... X X
Multi — strange WA 97 X
Photons WA98, CERES X X

Low-mass e*e CERES X"

Vector mesons p ® NASO X

2> [T NAS50 X

Rare / ¢

. KK NA49 X X
Penetrating Ty e % %

Probes ut NA50 )¢

Y > ptw X"
Open charm NA60 X* X*
High p; (CERES, WA98) X X

SFP-C'gen
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