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OUTLINE: A MELTING POT OF...

Quark gluon plasma physics and definitions
Findings at RHIC (200 GeV)

Capabilities of CMS (2.76 TeV)
Heavy-ions collisions started this week in LHC

An Intriguing result in p+p (7 TeV)



© THE ORIGIN OF (OUR) MASS...

Atomic mass = e
: 100000 OQCD mass
~ 02% from nggS 10000/ | L8 Hodmr
1000
100 -
~ 02% not yet seen... 10 -
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We are then mostly made of confinement...
This talk is all about de-confinement...
But remember, it’'s only 5% of the universe! ®
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THE STRONG INTERACTION...

... IS strong at low energy, i.e. short distance (=1fm)
as seen from data (HERA...), and described by
guantum chromodynamics (QCD)

— No free quark 0zs  SUENEN
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... but weak at high energy — “asymptotic freedom”
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Lattice QCD predicts a

phase transition froma (] Enerey density/ T =
Hadron Gas to a Quark 2o ey
Gluon Plasma (QGP) ‘Zz | =0
TC ~ 190 MeV (2X1012 K) 6.0 | 3 flavour
~20 000 x T, a0 I b
e ~1 GeV/fm3 201 B i |
(.ICN_I_\A\.;V/IIII 0.0 ; !

i 1.0 1.3 2.0 2.2 3.0 3.5 4.0
~ 6 X huclear density

Karsch et al, hep-lat/0106019
Lect. Notes Phys.583 (2002) 209

Doesn’t tell us much about the matter’s properties

(equation of state, order of phase transition...)



WHERE/WHEN CAN WE FIND THE QGP?

jarks . Neutron
Quarks .

1. Early in the universe (t < 10 us) &
But very little chance to leave relics e
Cold dark matter clumps? AR 5 ©
Inhomogeneous nucleosynthesis? | "
Baryonic CDM (strange nuggets)?
2. Core of compact stars

But no smoking gun candidate so far

3. In the lab, by colliding heavy ions
Freedom for the quarks...
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HEAVY ION COLLISIONS

1986 BNL - AGS 4 GeV

1994 CERN - SPS 20 GeV

1stepisode 2nd episode

2000 BNL - RHIC 200 GeV 2010 CERN - LHC 5 TeV

3" episode 4t episode

e

n
-
>

——mo x> -

T @) i @ B o

UI'I'I><_'I'I‘

~  (simulations © RQMD)



Quark Gluon Plasma CMS - raphael@in2p3.fr 10/11/2010

3RP EPISODE: RHIC

Relativistic Heavy lon Collider
@ Brookhaven National Lab.

First collisions in 2000, running... =

2 large (STAR & PHENIX) >2x600M "N

+ experlments
Can collide anything from p+p (up to 500GeV, in 2009)
to Au+Au (up to 200GeV per nucleon palrs)




CMS heavy ions - Bruxelles - raphael@in2p3.fr  June 8th 2010
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At CERN, always higher in
energy (i.e. temperature) o |
New regime, 14xRHIC sy, @

Nominal is x 30

ptp @ 7 TeV in 2010
Nominal is 14 TeV

Pb+Pb @ Vs, = 2.76 TeV
started this week!
Nominal is b.b TeV

R

Will look at heavy ions:
One experiment dedicated to heavy-ions: ALICE
Two multi-purpose experiments: CMS and ATLAS



Quark Gluon Plasma CMS - raphael@in2p3.fr 10/11/2010

CMS (COMPACT MUON SOLENOID)

12 500 tons heavy
15 meters high
21.6 meters long
>2000 physicists
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PARTICLE DETECTION
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THREE TECHNICAL ASPECTS

Large trigger Large angular coverage
bandwidth More than @ RHIC

Level 1 = All Pb-Pb 2

collisions (=5 kHz) |

High Level Trigger (HLT) ‘ .‘

— 100 Hz |

3J45.4.202468Tl

3.8 Tesla magnetic
field

—> Very large acceptance, especially at high p;

2
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Predict a QGP signature

Look at it versus A+A
collision centrality >

Compare to p+p
Nuclear modification factor

d NAuAu

dNPP X <|\lcoll>

Without QGP, hard probes
should have Ry, = 1
Compare to p+A (or d+A)

Check that normal nuclear
matter cannot account for
deviations...

Raa =

Non zero impact parameter
Number of spectators
Number of participants N,
Number of NN collisions N

> Derive a QGP property

(temperature, density...)



71 1 (1 | Al 11

WHICH SIGNATURES?

1. Total multiplicity ~ “Color Glass Condensate”
2. Elliptic flow ~ “Perfect fluid”

3. High p; suppression _

4. Back to back jets } 7| Mo ITHE TS TR
H—Eorienlrresor 7. J/W suppression

G —FlogeytHevonr & —thorras raciotor

But they are not the only ones!

“There was a general feeling that if the quark-gluon plasma
was indeed produced, it would manifest itself in a variety of
unknown but dramatic ways, including...

H. Satz @ Lattice 2000 hep-ph/0009099 3
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1. Total multiplicity
2. Elliptic flow |
3' H Igh pT Su ppreSSIOn Feady for &fﬁsmfﬁgﬁma:ﬂ ﬂgfs';éeps&s‘s fz’m’sﬁ%g
dowches fo fhe on coliider
4. Back to back jets Big Bang machine could destroy
Earth
H—Eorienlrresor S e e
Science Fditor

A NUCLEAR accelerator designed to replicate the Big Bang is
67—H'ea¥y—ﬂ-a-‘v‘9-b|-lﬁ under investigation by international physicists because of fears
that it might cause "perturbations of the universe” that could
destroy the Earth, Cne theory even suggests that it could create

But they are not the only ones! b

“There was a general feeling that if the quark-gluon plasma
was indeed produced, it would manifest itself in a variety of
unknown but dramatic ways, including... the end of the world”
H. Satz @ Lattice 2000 hep-ph/0009099

1K)
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A "T/\"T"A 1 RALTILITIMNI IANAI"T'\7 /AANIIN
L. TUIAL IVIULIIFLIUVIIY (AND
800 N
dNg/dn|-o= 670 .
(6000 particles total) 600; N3
Less than expected! 400 A %
1000 from p+p fragmentation i L =
200 =& | &
Low Xxg; gluon start to overlap, - T
recombine, saturate... o' (3
(AviAnan man~rAa At FAvriamAarA ramiA o)
\UVU” IH1OUIC Al Ul vwdlUu |C|}J|U|L)’} > n

“Color Glass Condensate”
dE;/dn| -, related

The (initial) matter saturates to energy density
@ LHC, even worse! xg < 1073 £ > 6 GeV/fm3 > g_!

dNg/dn o~ 1600 - 2100

16
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MULTIPLICITY @ LHC ? SOON...

ms i CMS Experiment at LHC, CERN

el { Data recorded: Mon Nov 8 11:30:53 2010 CEST

s \| Run/Event: 150431 / 630470
‘ Lumi section: 173

Real data!
Stay tuned

Last Monday: First heavy ions collision in LHC (here in CMS)
http://cms.web.cern.ch/cms/News/2010/Lead-Collisions/index.html 47




CMS Experime

Real data!




RHIC serves the perfect liquid...

PARTONIC COLLECTIVE BEHAVIOUR




PHENIX, PRL 91 (
Huovinen & al, PLB

Pressure gradient

V, = <CO0S 2¢>

0
) B (GeVic)
B 0% L .
i ¥ Strong collective behavior
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LINZIMPOYARMNV/AIARAINACD
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ldeal hydrodynamics... ... reproduces fairly well
QGP equation of state, 1. Single hadron p; spectra
Early thermalization (mass dependence)
(0.6 fm/c) <p;>~0.6

High density 2. Elliptic flow

(~30 GeV/fm3) Not the foreseen ideal
Little need for viscosity! partonic gas!

First estimations are > “sQGP” (s stands for
approaching the quantum strong, not super ©)
limit n/s = i/4n |
lower than Helium at T, > “Perfect fluid”

- The matter Is strongly interacting and liquid like

@ LHC, could it approach a quark gluon gas?
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Voloshin & Pokskanzer, PLB 474 (2000) 27

= B, /A= 110 GeV, AutAy. B8F
= 0,,/A=40 GeV. Pb+Pb NAGY
——— B, /A=168 GoV. Pb+Pb.

HYDRO (Eo$ H)
HYDRO (EoS Q)

—e— \[5,,,=200 GeV, Au+Au
—e— s, =62 GeV, AutAu
—=— s, =200 GeV, Cu+Cuj
—a— 5,262 GeV, Cu+Cu
STAR Prelim,, v, {ZDCHe_
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With the kinetic energy

per constituent quarks
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PHENIX, PRL98 (2007) 162301
(and other particles)

2. ELLIPTIC FLOW (SCALINGS)

3"-\3

q
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The smoking gun signature @ RHIC...

JET QUENCHING




3. HIGH P SUPPRESSION

RHIC smoking
gun signature !

Two PRL covers

Energy loss in
the matter,
ooking at “high”
0; (>2GeV/c)
nadrons

Mostly from jet
fragmentation

“Jet quenching’”

P-P

A-A

hadrons/ leading

leading
particle

Tf/‘ particle

REVIEW
LLETTERS

PHYSICAL
REVIEW
LETTERS

24
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<—O Au-Au (80-92%) d+Au (60-88%)
€ 2T T 1T =12
.y [ AusAu80.92% b : di Au 60-88%
o u+Au o +Au
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p; (GeVic) p; (GeV/c)

MOST PERIPHERAL COLLISIONS...

(slightly old, but pedagogical, data) PHENIX, PRL 91 (2003) 072303 Al



( ) Au-Au (50-60%) d+Au (40-60%)

<2|_"'|"'1"""'|" 425...,‘..1...,...,..
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- lcharged hadrons - L Echarged hadrons
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LESS PERIPHERAL COLLISIONS...

(slightly old, but pedagogical, data) PHENIX, PRL 91 (2003) 072303 A



' Au-Au (20-30%) d+Au (20-40%)

52-“"“'{“"”"” %25...,
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MORE CENTRAL COLLISIONS...

(slightly old, but pedagogical, data) PHENIX, PRL 91 (2003) 072303 Al



RAA

1.5

0.5

MOST CENTRAL COLLISIONS!

Au-Au (0-10%)

T T Y T T Y T Y YTy T

[ AusAu0-10%
- Eicharged hadrons
@neutral pions

Suppression 1
by a factor 5! ]

(slightly old, but pedagogical, data)

RdA

1.5

0.5

d+Au (0-20%)

BN UL B A N R SO S [ R

-t d+Au 0-20%
-t Echarged
I Oneutral pions

hadrons

ﬁp# M

« Cronin effect »
Multiple scattering
of initial partons

2 4

PHENIX, PRL 91 (2003) 072303
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3. HIGH P; SUPPRESSION

2
1.8
1.6
14
1.2
1
0.8
0.6
0.4
0.2

Quark Gluon Plasma CMS - raphael@in2p3.f

| AutAu, 5 = 200 GeV § direct y 0=10% [ 1 0=10%

_'F*HEHIX Preliminary § =" 0-10% (PRL, 101, 232301}
7 Blind photons!

S
C &
R PP s sunsmanhanurpana s snnmans caand
/ ' y ¥ 1n
B L] [®] i L] &
— ks ve gve 20 0 g g a0 ™

1 2 3 4 5 6 7 8 9 10
pT{Gqut}

The matter is dense ! >1000 gluons per Ay

r 10/11/2010

PHENIX, PRC77 (2008) 064907

Comparisons to
models, including
experimental errors
provide physical
properties, e.g.
dNgyons/dy = 1400

+200

-375
% 0.8 PHENIX ' (AueRu 0-0% Contrall |
o 0 ahhmsww@umﬂgﬂﬂ
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A ffw

0- A _NJ"'KH::::__._“ et

e
==

2T e 0 1274 18 18 20
P, (Ge¥ic)

@ LHC, should be even denser...

0%



4. BACK TO BACK JETS

Quite difficult in Au+Au central collisions @ 200 GeV




Peripheral collisions (60-80%) Central collisions (0-5%)

near side away
trigger :ﬁc >

side
' “f;ﬁ@n Samejet STAR 200 QeV [A 1 |<1.4 — i ‘ﬁ{f““ STAR 200 GaV |A 1y |<1.4
i o 80-80% AusAu =N « Central 0-5% Au+Au
—flow: v2 u 24.4% % —flow; v2 = 7.4%
02 —— pp datu + flow =~ —— pp data + flow
pd
g -
&
0.4 Zg
. Opposite jet i
A ¢ (radians)
Take a “trigger” particle (p>4GeV/c) and In central collision, opposite jets
look at the others (p;>2GeV/c) azimuth disappear because of jet quenching

3. BACK TO BACK JETS
ANOTHER LOOK TO JET QUENCHING...
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As always, it is very
important to check for
d+Au

PHYSICAL
REVIEW
LLETTERS

Articles published week ending
15 AUGUST 2003

10/11/2010

+AI |) STAR, PRL 91 (2003) 072304
| . d:AUFTPC-AUO20%
02? . ——p+p min. bias is}'\ﬂn \
: * Au+Au Central !
0.1 |

3 L -—6-‘- -‘.k._.*._:'*:_.*.-. L .'*..'- 13!

l 1 (B (] 1 I I 1 1 1 I 1 I 1 1 I L 1 1 1 l L 1 1 1 I [l 1 1
-1 0 1 2 3 4

A ¢ (radians)

- The matter is opaque!

More @ LHC

82
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CMS TDR add, JPG34 (2007) 2307

Further than @ RHIC

p; reach > 250 GeV/c
60 GeV/c first run

And correlations

4

1 II|IIII|III |IIII|IIII| III|IIII|IIII|IIII|III
LI.'I_ 10 Celorimeter Jets rj<2

0-10% central

10-20% central, x 107
20-80" central, x 107%
80-40% central, x 10°
40-50% central, x 107
BO-80% central, x 10
80-70% central, x 10°
70-80% central, x 107

N/d
a 3
] ... @
Py

Better than @ RHIC e :,:';-.,__“:--... : .au:miemmmn*
Fully reconstructed jet > 11001: .-.._._::: : : c :
Photon-jet 1012 :;:.;?:\'\:::’: : s : Z E

New? 107 Py : i\ =

Z-jet > quark/gluon jet

awa
photon,Z aAnAAO y)

side

88



Here, all plots from STAR, see also PHENIX: PRC78 (2008) 014901

- pp In or out ’?
0.1 " AutAn, in-plane
¢ AntAu, ou i-af- plam . | |
-1 G 1 y) 3 4 .
eMaoh cone ? M(t‘ﬂdmnﬂ) Three partlcles (central Au+Au)

STAR: PRL102
(2009) 052302




Minimum bias p+p High multplicity p+p

(b} MinBias, 1.0GeViesp, <3.0GeVie (d) N>110,)1.0@eV/asp_<3.0GeVio
g i,
= o

| -4
JHEP 09 (2010) 091, Ap=0 s.truoture,
arxiv:1009.4122 new in p+p

CORRELATIONS @ CMS IN P+P ALREADY!

2}



CORRELATIONS @ CMS IN P+P ALREADY!

A new phenomenon is seen in high multiplicity (N4 > 100)
p+p events

And not in “normal” p+p events
It was seen in A+A events at RHIC
Was eventually interpreted as a sign of QGP (collectivity)
But not only (saturation...), not a golden signature
And it was not the key signature of QGP
But rather one of the weaker and one of the latest
Moreover, much more jets at LHC, to be investigated
5-6 per high multiplicity
However, possibility of QGP in p+p are considered
N=100 same multiplicity as Cu+Cu

So let’s be extremely cautious and not jump on conclusions

Look for other signatures in p+p JHEP 09 (2010) 091

arxiv:1009.4122




The originally thought “unambiguous signature”
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7 4 |
(.J/WY

J/w (cc) can melt in QGP
Matsui & Satz, PLB178 (1986) 416
Golden signhature @ SPS
(@ CERN Vs ~ 20 GeV)
- QGP discovery claim!

@RHIC, same rapidity,
suppression looks
surprisingly similar
While density is higher
Stronger @ forward
While density is lower

Puzzling signature @ RHIC...

A . quarl@lmn plasma
g ) ol

A% 2000 billion degrees !

bof
e . . V e
e .

“Bonpa Teye
a [ O MA3S, Scomparin's talk at QMOR
e 2 ®  NAGO, Soomparin's talk at GRDE
- B PHENIX. nuckex0611020, Authu [vjs(1.2.2.2)
- ®  PHENIX nuokex0811020, Aushu lyl<0.36
e T T T SR R AR R R
0. %
0.6 @ %
i - EH
0.4 H m H E
0.2 8 E
-|||||||||I||||I||||I||||I||||I||||I||||
q) 8¢ 100 180 200 2850 3200 350 440

PHENIX, PRL98 (2007) 232301 38
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Cold matter can further

= L IR TR LA

Pairing of uncorrelated c
and c pairs, more @

suppress J/p @ forward = 2F do,/dy (mb) 128 -
pdf modifications, 2178 e‘\"‘\
saturation = T e
I IE % 0.86 .-
QGP can regenerate J/y  Frast ik
%
S

iiiiIiIIIIIIIIIIIIIIIiiIiIIIIIIIIIIIIliiiil

forward ok
LHC could bring the 025
answer - Ge i LTSS NRARRSRARR ERAY
50 100 160 200 250 300 380
J/y enhancement wrt Nyar
centrality could be the R
smoking sun . Andronic et al., ( )
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QUARHKONIA IN CMS

proton+proton data

uﬁ*
3
%10’ Y(1,2,38)
410t -
1u*é—
10°
CMS Preliminary
10
Ns=7TeV, L =3.1pb”
1
1l ! AFSRR AN

1 10 1
n e mass ?éﬂ'ﬁffczi

Much more background in Pb+Pb but still feasible
Also Z-bosons that were never measured in Pb+Pb

40



IN SUMMARY...

The RHIC Au+Au matter is:

Gluon saturated, dense and opaque, strongly
interacting and liquid-like, partonic and deconfining,
tough and hot...

... thus likely to be a quark-gluon plasma
LHC Pb+Pb matter to come

Bringing new surprises

And nice PhD theses ©

Bibliography: NPA757 (2005), PHENIX:
RHIC Experimental “white papers”: Quckex/0410003
Interesting reviews, for instance: RGAC, arXiv:0707.0328

CMS Physics TDR, add. 2 IUMP A22(2008)6043

CMS, JPG34 (2007) 2307



'BACK UP SLIDES...
Uil it
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1. ENERGY DENSITY ESTIMATION

dN,,/dn/(0.5 N,)

—h

dE/dn/(0.5 N,))

-—h

Transverse energy @ y=0

B
| |

N
T

w 8o

N

WAQB:\]SNN= 17.2 GeV
CERES: \Jsy,= 8.7 GeV
B ] 2 1 B

PHENIX: \Js,,,= 200, 130 GeV

| e > 6 GeV/fm?3

o

2 [ |
100 200 300

200 Bjorken, PRD27 (1983) 140

Participants number 43
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O PHENIX Preliminary

| Au+Au, \[s,, =200 GeV § direct y 0-10%

# n° 0-10% (PRL,

_-_

§ 00-10%

b (p+P)/2 0-5% (PRC, 74, 024904)

$ (K+K')/2 0-5% (PRC, 74, 024904)
B] open HE " 0-20%

+ n 0-10%
101, 232301)

+ w 0-20%

8 9 10
pT(GeWc)
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2.HIGHER PT

2
3 1 ﬁ: PHEMI Preliminary PhS! & Phic w  dimcty R G105
“E A2 Ge¥ # Ry, 0108 (0601 4020
1.6— T 1 R CI0%

[ i
14— PH- - EBNIX
12 ?

‘lr:--— ...rr-‘-'rr-'.:-.: - i W i g aEwE e
oaf- * Ty
= a5 [
“E = 3 i t {
0.25 Somgma®pggne® 9 '
: 1 I 11 I_I L1 I (] (| I L _I I 1 I [] I_I_I I 11 I_I_I_ 1 1
% 2 4 s 16 1z 4 16 18 20
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dawa
2.NEW TOOL: GAMMA-JET photon anano Sidey>
o TV TR T | b D
Photon ~ unmodified : B hehly, 810 34 Govie ]
“reconstructed” jet 05 Tl ITTT CL TR TR s
Suppression is similar _% %F B !
Yield per trigger particle ©.4f @ X
Normalized to p+p 0.2F y -
Can start addressing SERRRRERRRAA L] R0 L L., part,
G 50100 150 200 250 300 350

the question of modified
fragmentation function

ZT= phadron/ pphoton _)

PHENIX: arXiv/0903.3399
M. Connors, QuarkMatterO9

1

" Run 7 Au+Au 0-20% Directy-h 1F
Head Region (JA ¢ - x| < /5 rad)-

PH ENIX |
Preliminary’ |

:

5< p;‘:?Gew:E 7<p"‘re:sﬁewc

Lt 46




First reconstructed jets in AA
Use of fastjet algorithms

Ray=1 for large cone R=0.4

Jet broadening R,,<<1 for R=0.2
Promising preliminary data

—fr—

AHI'IH kt I
) R Easier
A = R=0.2 antl-kt Gl
= o -
I r-‘.i"ﬂ e bt :_R:DA'
:\x; STAR Preliminary
% l-;_"""
"Iﬂ __ : " apleas <A 10T
STAR preliminary - A, i,:::‘:‘:r'!-:«f?'g:' =2 I
| s T "'*--ya,Th;ZII——l
lyigiyl EEREEEE NI NNEEL] TRRA N il )

M. Polskon, Quark Matter 09
http://www.lpthe.jussieu.fr/~salam/fastjet
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P. Kolb and R. Rapp,

4.HYDRO FIT OF SPECTRA PRC 67 044903 (2003)

“ PHENIX prelim.
* STAR prelim. 4
+ PHOBOS prelim
7 BRAHMS prelim

= 883" hydre




4.VISCOSITY/ENTROPY RATIO

(CGC) J(Glauber)
¥ STAR Z v, (2009)

CAT R LALRNTY |

=N (CGC) AL si"mﬁ Chg. v, (2009)
e e PHENIX v, WWNDOS
Lacey et al, PRL 092301 (2007) g
Drescher et al. PRCT6 024905 (2007) g

(Joe) (cfhuber) STAR p, aorilaihn (2009) 5

Gavin & Abdel-Aziz, PRL 97 162302 (2006
th correlation) ® (number density cn{rrelaﬂunl

Hydre. ealeulations. Song QMO8 Heipz WYYNLDO9
1

N

P. Romatschke & U, Romatschke, PRL 99 172301 (2007)
PHENIX PRL 98 172301 (2007)
Hees et al., arXiv:0808.3710
G. Wang @ QuarkMatter09

H. Meyer, FTRE;thq{}mmm; (2007) [Lattice QCD]

conjectured
quantum limit

Demir & Bass, arXiv:0812,2422 (2009) [hadron gas]

IR LRI RNTR BILE RN RILE RNLR RRCAT DA RICT RACE CNIR LR RHT Y |

_ Heat T,

2 4 6 8 10 12
4 n/s

o
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STAR, PRL 97 (2006) 152301

'-|-|1-|--I---I---I---I-.-"---I---I---I_|-|-I1---I---I
& W12 Avsin =r v grg pIpHEMI Tl
(a)piw* t o
e} A& -F0% Sebin Ebjﬁ; o HwaRecombination
Spectrum cartoon | !x @ deAn 1 === FriesiCoalesconceJet |
.. . { _

Coalescence

: e 0] ﬁ\.
0@ € | iﬁ“wl | § T
u A ] 8 ‘QT

F ArmEERTET=REEEE

g daaa g s a1yl Ig.uuluuuluuuluu'ul|||I|||I'

.
Fragmentation ™ b Lluif
e 2 4 B & 10 120 2 4 & & 10 12

Baryon favored Transverse Momentum P (GeVic)

Not fragmentation! > The matter is partonic

Coalescence or (constituent scaling, coalescence...)
recombination




Quark Gluon Plasma CMS - raphael@in2p3.fr 10/11/2010

N 11 AN I\I PN | APRNIZONA PHENIX, PRC76 (2007) 034904
0. AEAVY QUARNSY
Note that R,,=1 for most of charm
1-8_""A""I""I""I“"‘\""I""I""I""
Electrons from heavy & g e —— Amesioetal0
flavour's decay (D,B — e...) ' : w1
! ST N LR S 12(2rT) Teaney (Il
suffer (large) quenching (s L R 1
and flow! Was a surprise! oo
Thermalization? ME L teeeemeim A 3
Lot L EEREE R R T RN
What makes the charm T _'+ e
quench ? FEITTET } « Pv.p, 2600 |
oaF & ofR,, etviF L
Gluon density is to low! g —~~— ]
Beauty contribution? : ity

Elastic energy loss? 11}
Not well understood yet 9 The matter IS tough...
@ LHC, more thermalization?



6.0PEN CHARM

g 107 19
=E 0.8 ® centrality binned E
&/ /%7 W min-bias E: 10 to 20 cc pairs
;— 0.6 n dh p+p @ Ve =200 GeV
g o5 : li M } .
§ dfE [ "HO T T == T T X N, Scaling
T [ L d; 0.15 g
0.3 i
azE T 01 3 25% systematics
0.1 0.06 (need for a vertex
0 YRR EAREFERREANED detector)
0200 400 600 900 1000 1200
Neon
T AurAu @5, = 200 Gev
- g H PHENIX, PRL 94 (2005) 082301
i J D PHENIX, PRC76 (2007) 034904
M e apr0aceVe i 3 -
p2leO &%:p.7 3.0 GaVie ® 3
E . i‘i':':p_l_‘-" 4.0 GeVie E
"s;-""5’&'”'xéc:'”ﬁée'"'zéa””za'u”'bc'm”“:-%u;“'n;r;
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7. J/W SUPPRESSION (FROM D+AU)

Cold nuclear matter can & | — —— rmwswmmispaseam
a|SO sSu ppreSS J/LIJ - Cata Ditven Fickation of Sokl Hikar Matker ERfsqt
pdf modifications? i ? Survival = 38 +ggfy

absorption? ,-_,_E,:_
Extrapolation from d+Au MZ_
Data driven, mostly i

model independent 02 /
Large uncertainty 1 IF?Ir\INard rap'd'tly |
56 10 10 400
More d+Au on ta pe Hlmberofl'-?anlelpﬂmsﬂm-ﬁu
(2008 = 30 x 2003) RGAC, J.Phys.G34 (2007) S955

i1 PHENIX, PRC 77 (2008) 024912
Preliminary @ QMQ09 ( )
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7. J/W “ANOMALOUS” SUPPRESSION
Survival beyond (safe) "’m Survival probability

nuclear extrapolation:
Anomalous suppression

could be the same at 1 % ------------------
both rapidity b

Alternate explanation: -

uncorrelated c+c il

recombination (>10 pairs g4

in a central collision) s rbegdbyaiyl

0.2 *
However, J/y do melt! Ml ‘"'“Emiz-ﬂ-————————

PHENIX, PRL98 (2007) 232301

divided by @ LHC recombination Ry, >17 B2
PHENIX, PRC77 (2008) 024912

(data driven method) @ LHC Upsilon studies !
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Still one or two slide to go...

THERMAL RADIATION
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O TILIFPAIAI DARIATINANNRNI The matter is hot !
O. | AERIVIAL RAVDIAIIVUN
@LHC, T~ 1 GeV ?
Direct photon from SO opfitscaled 5 . e vm
Real (pT > 4 GeV/C) %1‘}3 by N *  AuAu 0:20% X102
Virtual (m,, < 300 MeV/c?) WK l’ AT
In p+p PQCD works well 3 e v
down to p;=1 GeV/c 2> B OF O\ A
& 107 "
In Au+Au, excess below 'E“‘"
pP=2.5 GeV/c %
; . =10
Simple fit: £ 04
<Temperature> ~ 220 MeV  diqqg* |
Hydrodynamical fits: 10K ppand NLO pQCD. S
Initial temp. 300 to 600 MeV 107 =g =g %ﬂﬁ;
Time 0.15 to 0.6 fm/c PHENIX, arXiv:0804.4168 "
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From these seminal observations,
a lot more jet-related observables...

And new tools are showing up....

OTHER JETS OBSERVABLES AND TOOLS




