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Global Varlables and Comelations

INITIAL CONDITIONS AND FLUCTUATIONS...

» cross roads: state-of-the-art modeling of initial conditions meets

extremely precise experimental measurements of fluctuations !

Initial energy density (arb. units)
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B.Schenke, P.Tribedy and Rr.;\fenugnpalan,
Phys. Rev. Lett 108, 252301 (2012)

Spectacularly good level of agreement:
Talk of B.Schenke: 3A

“real QM time"” matching of EbyE P(vn=2.4) V5. Vn=2.4 by ATLAS
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1. Hadron suppression
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Re-discovery of suppression
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Suppression at RHIC and LHC

<
<
o

i 60-80% Pb-Pb |s,, = 2.76 TeV
" . ]

LA L L I L L O L O

i

ALICE ol
o PRELIMINARY ° K'+K —
¢ p+p
Ll 1 Il 1 ] Ll I Ll l L1 1 Ll ! Ll 1 Ll J L1 1 -
0o 2 4 6 8 10 12 14 16 18 20
p, (GeVic)
LI | 1T ‘ LI ‘ L | LI ‘ 1T ‘ LI L T
n:é
1 j [=]PHENIX 7% ¥s = 200 GeV, Au-Au i
B [= ] ALICE unident. charged particles, Vs = 2.76 TeV, Pb-Pb |
Phys. Lett. B 696 (2011) 30-39
| — CDF for interpolation N
B NLO scaling 1
1 0-1 7I 11 | | | ‘ | L1 ‘ L1 | | 111 ‘ | | ‘ | L1 | L1 | | 1
4 6 8 10 12 14 16 18 20
p, (Ge

< L L L B L I LU B BB B BB BUR
o 0-5% Pb-Pb | sy = 2.76 TeV -
1 % o w4 —
+ f ALICE e K%K |
o PRELIMINARY
p+p referénce . 01D ]
0.5 [Fli e —
el o
‘ el
IIllllllllllLIlll]lllllllllllll]lllllll
0 2 4 6 8 10 12 14 16 18 20
pT(GeWc)
\\\‘\I\l\l\l\\\‘l\lllll \I\‘\\\ T
rré

10—

\V/c
LIII\/I2012—12

@] PHENIX 1i°% ¥s = 200 GeV, Au-Au
[®] ALICE unident. charged particles, Vs = 2.76 TeV, Pb-Pb
arXiv:1208.2711

¥
ls L i
et i e ¥
I — ‘ L1 | | L1 | | I — ‘ | | | 111 | L1 | ‘ I — ‘ Ii
4 6 10 12 16 20
P, (GeVic)



Suppression at high-p-
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Summary of hadron R,

Suppression turns on at around
Vsyn = 30 GeV

At high Vs, for p;>10 GeV/c all
particle species are equally
suppressed

Suppression reaches minimum at
~ 7GeV/c

LHC results are consistent
between experiments

At minimum, suppression at LHC
is ¥50% larger than at RHIC
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2. Jet suppression
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JetR,, at LHC
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B-jet suppression
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Di-jet correlation

PRL 105 (2010) 252303
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ngh Pr hadron and jetv,
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3. CNM effects



Enhancement in dAu
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The experimental results

Outline:
« Heavy flavor: D, B, and their decayed
e and p

 Quarkonia: J/y, Y and their excited states
 Controlled Probes: W, Z, and y

« Thermal di-leptons and photons: vy, e*e,
and prpw

HIM2012-12



The measurements presented at QM2012

Experiment | Heavy flavor Quarkonia Electroweak
PHENIX w: 1.2<|y|<2.2 Jhy, Y=>uu v, di-electron
e: |y|<0.35 Jhy, Y->ee
STAR e, D: |y|<1 Jly, Y>ee di-electron
ALICE w: 2.5<|y|<4 Jy~> np v
e,D: |y|<0.9 Jhy—-> ee
B2>J/yX—>eeX
ATLAS w: ly|<1.05, v lyI<1.3, E; (45-200 GeV)
p>4 GeV/c W-2puv: |n#<2.7,p1(n)>7 GeV/c

Z>pu (ee): y|<2.7 (ly|<2.5)

CMS B> J/yX>uuX Jhy=> v: |y|<1.44, E; (20-80 GeV)
ly|<2.4, Wuv: |n#|<2.1,p+(1)>25 GeVic
0:>6.5 GeV/c | Z o lyl<2.1

Y>up ly|<2.4
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Surprising results at QM2012
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PHENIX: Rya, () < Ryau(J/y) by a
factor of 5in most central d+Au

CMS: At 1.6<|y|<2.4, 3<p;+<30 GeV,
y(2S) less suppressed than Jhy in

central Pb+Pb, not confirmed by
ALICE with 2.5<|y|<4, 3<p.<8 GeV.

CMS: Mironov, Moon, Roland; ALICE: Arnaldi, Safarik, Scomparin
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: centrality dependence

J/V results in A+A

04mb ...

4oz

- Stat. Hadron Model (A. Andronic et al)
100

B ALICE Preliminary, 2.76 TeV Pb+Pb, |y|<0.9
2 Transport Model | (Y.-P. Liu et al), LHC

e PHENIX, 200 GeV Au+Au, |y|<0.35

22727 Transport Model 1l (X. Zhao et al), LHC
—— Transport Model I, RHIC

mid-rapidity

0

o
"
o "

0

4
1.2 7% Transport Model |, RHIC

1

LA

et
&

b

[oaatatets
ststotetotelel
botettetteds

S
Bt
Toelelele!

i

=0.15mb -

0.25mb
aiele!
5

o

’:’:’
o
<
:‘:‘:
£

{2

¢t
o5
255
o%es
1995
s
2058
9%

L
&
-

<
&
2
993
s?
gt
5
ct

s&

sg

<
S,

¥
’:

£
W
aralgt
o

i
&
o~
i
%
&

]

<5
S5
2505
50
e
J
"o
:

150 200 250 300 350 400

- Stat. Hadron Model (A. Andronic et al)
|
100
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N,ar: dependence of J/y Ry, less suppression at LHC compared to at RHIC in

central collisions
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ALICE: Arnaldi, Arsene, Safarik, Scomparin

PHENIX: PRC84(2001)054912
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J/y results in A+A: p; dependence

PHENIX: PRL98(2007)232301

2" o STAR, 200 GeV Au+Au, 0-60%, ly|<1

O PHENIX, 200 GeV Au+Au, 0-60%, |y[<0.35 1

1.8~ m ALICE Preliminary, 2.76 TeV Pb+Pb, 0-90%, 2.5<y<4 |
------- Transport Model | (Y.-P. Liu et al), RHIC .

1.6~ —— Transport Model Il, (X. Zhao et al), RHIC —
—— Transport Model Il, LHC, w/ shadowing 4

1.4 Transport Model I, LHC, w/o shadowing _|

§ 1.2 mid-rapidity

1.6

1.4

STAR: arXiv: 1208.2736, Trzeciak, Xie

CMS: Mironov, Moon, Roland

1.2

e STAR, 200 GeV AutAu, 5<pT<1 0 GeVlc, |y|=1 —

m CMS, 2.76 TeV Pb+Pb, 6.5<p_<30 GeV/c, |y|<2.4
------- Transport Model | (Y.-P. Liu et al), RHIC
—— Transport Model Il (X. Zhao et al), RHIC

I —— Transport Model I, LHC

forward rapidity |

o 1.2 3 4 5 6 7 8

ALICE: Arnaldi, Safarik, Scomparin, Yang P (
Jhy R, decreases from low tb

O_II\I||\|||||||‘|||\||||||||||||\|||\||||||||

9 10
GeV/c)

high p;at LHC.
Jly R, increases from low to high p;at RHIC. £
At high p-, J/w more suppressed at LHC.

Hint for possible J/y flow at p:=3 GeV/c at LHC.
Models incorporating color screening and
recombination can consistently describe the J/\pF
suppression pattern and flow measurements.
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Y results in A+A
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Y(1s) suppression magr O 02 04 06 0B T2 :Suppression.

Y(2S) strongly suppress

Binding energy [GeV]

Now is the perfect time to study color screening features of hot, dense
medium in light of RHIC and LHC precise ﬂluMa?I&)I:(LE)?Zium measurements.

Model: M.Strickland and D. Baxow, arXiv:1112.2761v4
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Data/Cocktail

The discrepancy is in 0-20% central Au+Au collisions. The 0-20% HBD results will

RHIC di-lepton results at last QM

wd

STAR Preliminary  Au+Au 200 GeV MinBias |
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B e ann R L L
min. bias Aut+Au at \|s,,, = 200 GeV
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PHENIX PRC 81 (2010) 034911

Enhancement factor in 0.15<M_.<0.75 Gev/c2

Minbias (value x stat & sys)

Central (value £ stat & sys)

1.53 £ 0.07 £ 0.41 (w/o p)

1.72 & 0.10 £ 0.50 (w/o p)

STAR 1.40 £+ 0.06 % 0.38 (w/ p) 1.54 £+ 0.09 + 0.45 (w/ p)
PHENIX 47+ 041+ 15 76 +05+13
Difference 200 4.2 ¢

be important to clarify the discrepancy experimhéPeatly.



Energy dependence of di-electron spectra
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5 ° 39GeV x1 =3
S 10 . 5 ¢ 196Gevx005 1 2 3
@ 0 00,7 % | 1 £ .C
O 10 T age STAR Preliminary S10°E
— -1 e ] ™ .é f‘! b ﬁ c\%?. E
% 10 ,‘__?‘ of | B, -“"w‘ ; "‘ 4 o o Z
= 2 [ '-qb Oé--' N Mgm’“""“%"p!«w"" [} ,‘ ] 'EEI ?
2 107 0o o il 7o' 2
Sw ,~3Ff 20 75 o L gt T / ’? 1 10°E
5107 b, 2 T x10™®
% E g § ? - 80 L
<2 10% | \\”:T i o~
Q | o B
< 10% | % \i/ i Jf >
10 E 1 1 1 1 1 U
0 05 1 15 2 = i
dielectron invariant mass, M, > 60
STAR: Dong, Geurts, Huang, Huck =
PHENIX HBD results at 200 GeV : col & -
STAR results: systematically study t 5
GeV. Note: enhancement factor (EF % | $
using cocktail as a reference, which 401~
centrality dependence from STAR ex i
30 1 1 1

using N, as areference, there is ce

I T T T T I T T | T
@ Data

Au+Au \s, = 200GeV cocktail
20-40% centrallty — ml>y ete
Iy"<0.35, p3>0.2 GeV/e - >y efe”

e p-> ete”
PH:--ENIX w->y e'e” & nle'e
preliminary = . n'->y e'e

- >y e'e & nete
——————— Jip->ete

STAR Preliminary 7]

0.15<M_,<0.75 GeV/c?

+

Au+Au @\/sy = 200 GeV

[ 1 L1
100 200 300

-— - ce->e*e” (MC@NLO)
-~ bb->e*e” (MC@NLO)

| IIIIIIII| IIIIIIII| L 11




Ed’N/dp®(GeV-%?) or Ed’a/dp® (mb GeV3c?)

Direct photon spectra and elliptic flow v,

4 4 AuAu Min. Bias x10*
S % AuAu0-20% xiD?

=] = Aufu 20-40% x10

@ v p+p

------ — Turbide et al. PRC&9

: PHENIX; PRL104 (201 o|)1|I23o1 "'""1*-*1».4;
1 L1 1 11 1 1 1 L1 1

I =

1

2 3 4 5 6
p. (GeV/ic)

7

0.25
0.15 [
0.05 |

0.05 |

0.2

0.1}

L PHENIX, o Xire. 1 1Q5

107

0-40% Pb-Pb, |s,=2.76 TeV

ALICE

PRELIMINARY

—4— Direct photons
== Direct photon NLO forp=0510 2.0 P (scaled pp)

—— Exponential fit: Ax exp(-p /T), T=304+ 5T Mev

te

\d

ALICE: Wilde, Safarik

0o 2 4 6 8 10 12
pr (GeV/c)

0

2

4 6 8 10 12 14
P (GeVic)

Low py diréct photon elliptic flow measurement could provide direct constraints on QGP dynamics (n/s, T, t;...).
Excess of direct photon yield over p+p: T,4=221 + 19 + 19 MeV in 0-20% Au+Au;

substantial positive v, observed at p;<4 GeV/c.
Excess of direct photon yield over p+p at p;<4 GeV/c: T,4=304 + 51 MeV in 0-40% Pb+Pb.

Di-lepton v, versus p; & M;;: probe the properties of the medium from hadron-gas dominated to QGP dominated.
(R. Chatterjee, D. K. Srivastava, U. Heinz, C. Gale, PRC75(2007)054909)
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A Large lon Collider Experiment

The objectives of heavy-ion physics
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A Large lon Collider Experiment

OBJECTIVES ALICE

« EXTEND THE STANDARD MODEL OF PARTICLE
PHYSICS (SM) TO DYNAMICAL COMPLEX SYSTEM
OF FINITE SIZE
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A Large lon Collider Experiment %

OBJECTIVES ALICE

« EXTEND THE STANDARD MODEL OF PARTICLE
PHYSICS (SM) TO DYNAMICAL COMPLEX SYSTEM

OF FINITE SIZE

* UNDERSTAND HOW MACROSCOPIC PROPERTIES
OF MATTER EMERGE FROM THE FUNDAMENTAL
MICROSCOPIC LAWS OF PARTICLE PHYSICS
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OBJECTIVES ALICE

« EXTEND THE STANDARD MODEL OF PARTICLE
PHYSICS (SM) TO DYNAMICAL COMPLEX SYSTEM
OF FINITE SIZE

« UNDERSTAND HOW MACROSCOPIC PROPERTIES
OF MATTER EMERGE FROM THE FUNDAMENTAL
MICROSCOPIC LAWS OF PARTICLE PHYSICS

« STUDY THE QGP, THE STATE OF MATTER
BETWEEN THE ELECTROWEAK PHASE
TRANSITION (T ~ 100 GEV) AND THE HADRON
PHASE TRANSITION (T ~ 170 MEV)

HIM2012-12



A Large lon Collider Experiment %

ALICE

THE STANDARD MODEL OF HEAVY-
JION COLLISIONS: SM,,




A Large lon Collider Experiment %

SI\/IHIC ALICE

Kinetic freeze out

Hadrons — kinetic theory

QGP — ideal hydro

g & q egquiibrgm — viscous hydrodynamics
Strong fields — classical dynamics

Vie oo

HIM2012-12



A Large lon Collider Experiment

ALICE

WHERE DO WE START FROM AND
WHERE TO WE END AT ?

HIM2012-12




A Large lon Collider Experiment

TEST THE INITIAL STATE

HIJING:
« ALICE NSD ----2.1 no shad. [6]

—2.15=0.28 [6
Sat. Models: 9 6]

BB2.0 with shad. [4]
DPMJET [32]

arXiv:1210.3615v1

BB2.0 no shad. [4] _

A

 pQCD processes + soft
Interactions + shadowing
models =

« Saturation models in difficulty
?

HIM2012-12



A Large lon Collider Experiment

TEMPERATURE: CHEMICAL FO ‘5}’

y

« Particle abundance
described by statistical
thermal model:

T=152 MeV !l, yg =1 MeV

« Extrapolation from lower

Data; ALICE, 0-|20% (_pr'elin;inal'ys energ €S ’)

Thermal model fit, x2/N,=39.6/ 9 : | 3

o152 MoV, V=5300 4 = 1 MoV fied) |77 « Do final state interactions in
—— T=164MeV,p = 1 MeV, V=3776 fn hadronic phase modlfy the

chemical composition ?

arXiv:1208.1974v1 HIM2012-12



A Large lon Collider Experiment

TEMPERATURE: KINETIC FO ‘F!/

y

—o— ALICE, Pb-Pb {5, = 2.76 TeV
—#— STAR, Au-Au, |[s,,, = 200 GeV
—= PHENIX, Au-Au, \‘% =200 GeV

T

1/N,, 1/2pp_ d®N/(dp_dy) (GeV/c)™?

o+ (* 100) e Collective transverse
3 ‘ expansion + hadronic FSI:
o (B7) =0.65, T,;, = 95 MeV

W Krakow

 Final state interactions in the
hadronic phase may modify
the chemical composition

o]
©
o
=
3
©
(@]

. BB annihilation ?

P, (GeV/c)

arXiv:1208.1974v1 HIM2012-12



A Large lon Collider Experiment

FSI: PROTON-ANTI-PROTON v!/

y

Pb-Pb\ s\ =2.76 TeV
{ kT> =0.9 GeV/c
® ppo-10% %
B pp10-30% . —
PP 30-50% ALICE « BB femtoscopy

PRELIMINARY

« Large densities may
suppress p and A by
annihilation

0.2 0.25 0.3
k* (GeV/c)

QM2012 HIM2012-12



A Large lon Collider Experiment

FSI: A-ANTI-A ‘F!/

y

BB femtoscopy

0-10% centrality == Lal’ge denSItIes ma.y

10-40% centrality

40-60% centrality Suppr_ess p and /\ by
annihilation

QM2012 HIM2012-12



A Large lon Collider Experiment

DIRECT PHOTONS

Peripheral PbPb

40-80% Pb-Pb, \s, = 2.76 TeV

ALICE

PRELIMINARY

—e— Direct photon double ratio 1
—— NLO prediction: 1 + (Ncollydlrect.pp.NLO/Ydecay) * pQC D d I reCt phOtonS

forp=0.5,1.0,2.0 P,

QM2012 HIM2012-12



A Large lon Collider Experiment

DIRECT PHOTONS

Central PbPb

0-40% Pb-Pb, \sy, = 2.76 TeV

ALICE

PRELIMINARY

= NG prediton 1 (N ) « pQCD direct photons

coll direct,pp,NLO/ decay
for p=0.5,1.0,2.0 P,

« Thermal direct photons

QM2012 HIM2012-12



A Large lon Collider Experiment

INITIAL

QM2012

TEMPERATURE

0-40% Pb-Pb, \sy, = 2.76 TeV

ALICE

PRELIMINARY

—+— Direct photons
—— Direct photon NLO for p = 0.5,1.0,2.0 P, (scaled pp)
—— Exponential fit: A x exp(-pT/T), T =304+51 MeV

[ ]

T > 300 MeV
Remember
e £ > 15 GeV/fm?3
« V> 5000 fm3
« T~ 10fm/c
* Yg=1MeV

HIM2012-12



A Large lon Collider Experiment

QGP

Learning about the properties of hot QCD matter
EVERYTHING FLOWS (dynamics)
EVERYTHING IS QUENCHED (transport)

HIM2012-12
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A Large lon Collider Experiment

QGP ‘57 LIE

Learning about the properties of hot QCD matter
EVERYTHING FLOWS
EVERYTHING IS QUENCHED

=220 (1+2v, cos(J - ¥,) +2v, cosg2 (F - Y, )i+ )

20

HIM2012-12



A Large lon Collider Experiment

LIGHT FLAVOURS FLOW

40-50% centrality

ALICE

PRELIMINARY

. \ Pb-Pb \s, = 2.76 TeV 40-50%

« Mass ordering
pr <2.5GeVic

V,{SP, [An|>1}  V,{EP, |An|>2}

oL B « Baryon/meson ordering
[®]p+p arXiv:1205.5761 pT > 25 GeV/C

V,{SP}
op
5 6
P (GeV/c)

QM2012 HIM2012-12



A Large lon Collider Experiment

QUARK SCALING

40-50% centrality

Pb-Pb {S, = 2.76 TeV 40-50%

T

* Hydro flow at partonic level
pr<2.5GeV/c
V(SP, nb1) (EP,Jni>2) * Quark coalescence
- [SJ™  arxiv:1205.5761
Ep+§ pT > 2.5 GeV/C

V,{SP}

2 2.5 3
(m_-m,)/n_ (GeV/c)
T g More

Minwoo Kim (id flow)
Zhong Bao Yin (s & ms)

QM2012 HIM2012-12




A Large lon Collider Experiment

CHARM FLOW

QM2012

Pb-Pb  {5y=2.76 TeV-
Centrality 30-50%

Charged hadrons, EP, |An|>2.0

D%, EP 2 A¢ bins

D', EP 2 A¢ bins Empty box: syst. from data
D™, EP 2A¢ bins Filled box: syst. from B feed-down_

65 8 10 12 14 16 18
p. (GeV/c)

c quarks produced in early
stage of collision

thermalize in the medium and
hadronize via recombination ?

HIM2012-12



A Large lon Collider Experiment

HIDDEN CHARM (J/W) FLOW

Pb-Pb \s,, = 2.76 TeV, Centrality 20% - 60%
Jy:25<y<4.0, p, = 0 GeV/c

ALICE g ALICE preliminary: 6-A¢ method with VZERO-A EP
PRELIMINARY

* Hint for finite flow, an
additional indication for charm
recombination

Transport model: P. Zhuang et al., b thermalizedi(priv. comm.)

Transport model: P. Zhuang et al., b not thermalized (priv. comm.)

QM2012 HIM2012-12



A Large lon Collider Experiment

HADRONIZATION

Pb-Pb \s,,=2.76 TeV
* 0-5%
aaw * 20-40%
ALICE .« 60-30%

PRELIMINARY

hydrodynamic flow
pr <2.5GeV/c

(p+p)(p"+p)

PP
= {s=7 TeV

recombination
2.5<p; <10 GeV/c

parton fragmentation
pr >10 GeV/c

18 20
p. (GeVlc)

QM2012 HIM2012-12



A Large lon Collider Experiment

HIGH p ANISOTROPY

ALICE h*+h (10-50%)
03[~ Pb-Pb \sy =2.76 TeV o+ (10-50%)
p+p (10-50%)
n° PHENIX (10-50%)
n° WHDG LHC

Extrapolation (20-50%) * Anisotropy from jet quenching
pr > 10 GeV/c

arXiv:1205.5761v1 HIM2012-12



A Large lon Collider Experiment

QGP

Learning about the properties of hot QCD matter
EVERYTHING FLOWS
EVERYTHING IS QUENCHED

HIM2012-12



A Large lon Collider Experiment

CHARGED HADRONS

ALICE, Pb-Pb, \s,, =2.76 TeV
charged particles, n| < 0.8

E

PRELIMINARY

..,{'{.*?* ¢ +

« Energy loss in medium

® ALICE (0-5%)

Phys. Lett. B 696 (2011) 30-39, HIM2012-12



A Large lon Collider Experiment

IDENTIFIED HADRONS

0-5% Pb-Pb |5, = 2.76 TeV

o T+

ALICE e K%K

PRELIMINARY _
* p+p

10 12 14 16 18 20
pT(GeV/c)

QM2012

ldentical quenching
magnitude for baryons and
mesons at high p-

Baryon to meson anomaly at
low p;

HIM2012-12



A Large lon Collider Experiment

ALICE, charged particles
e p-Pb \s,, =5.02TeV, NSD,|n_ |<0.3
» Pb-Pb \s,, =2.76 TeV, 0-5% central, | n| < 0.8

8 10 12 14 16
P, (GeV/c)

18 20

http://arxiv.org/abs/1210.4520v1

« The quenching effect is
definitively a final state effect
due to QGP!

HIM2012-12



A Large lon Collider Experiment

CHARMED MESONS

N

4 D° meson, |y|<0.5
[Jtotal syst. uncertainties

= pp reference syst. uncertainties ALICE
PRELIMINARY

—
o)

Raa Prompt D
o

0-7.5% centrality
Pb-Pb, \ s, = 2.76 TeV

—
~

Filled markers : pp rescaled reference
Open markers: pp pT—extrapolated reference L4 DO

arXiv:1203.2160

HIM2012-12



A Large lon Collider Experiment

CHARMED MESONS

N

# D" meson, |y|<0.5
[Jtotal syst. uncertainties

Z pp reference syst. uncertainties A E
PRELIMINARY

—
®

Rya Prompt D
>

0-7.5% centrality
Pb-Pb, \ s\, =2.76 TeV

—
~

Filled markers : pp rescaled reference
Open markers: pp pT—extrapoIated reference L4 DO

arXiv:1203.2160

HIM2012-12



A Large lon Collider Experiment

CHARMED MESONS

N

¢ D™ meson, |y|<0.5
[ Jtotal syst. uncertainties

— pp reference syst. uncertainties ALICE
PRELIMINARY

0-7.5% centrality
Pb-Pb, \ s\, =2.76 TeV

—
®

Rya Prompt D
>

—
~

Filled markers : pp rescaled reference
Open markers: pp pT—extrapoIated reference L4 DO

o« D*t

arXiv:1203.2160

HIM2012-12



A Large lon Collider Experiment

CHARMED MESONS

N

AD°

—_
(0 0]

ED* |y|<0.5

—_
22)

ALICE

.D*+ PRELIMINARY
0-7.5% centrality
Pb-Pb, \ s, =2.76 TeV

Raa prompt D

—
»

Filled markers : pp rescaled reference
Open markers: pp pT—extrapolated reference L4 DO

o« D*t

arXiv:1203.2160

HIM2012-12



A Large lon Collider Experiment

g, q, Q TRANSPORT

e Average D°,D*,.D", |y|<0.5, 0-7.5%

with pp pT-extrapoIated reference

o Charged hadrons, n|<0.8, 0-10% .
- Charged pions, [n|<0.8, 0-10% I__Ieavy quarks suppressed as
light quark and gluons !

« Color charge and mass
dependence of parton
transport ?

10 15 20 25 30 35 40
P, (GeV/c) More

Renu Bala (HF)
Jianhui Zhu (single u)
Shingo Sakai (HF e)
Tomoya Tsuji (119)

arXiv:1203.2160 HIM2012-12




A Large lon Collider Experiment

c, S RECOMBINATION

N

—_
(0 0]

—

ALICE

0-7.5% centrality
Pb-Pb, \ s, =2.76 TeV

Raa prompt D

—

Filled markers : pp rescaled reference

Open markers: pp pT—extrapolated reference L4

c quarks from hard processes

hadronize with s quarks from
the QGP ?

QM2012

HIM2012-12



A Large lon Collider Experiment

J/p transport in QGP

m ALICE (Pb-Pb \s,,, = 2.76 TeV), 2.5<y<4 global sys.=+ 12%
® PHENIX (Au-Au\s,, = 200 GeV), 1.2<|y|<2.2 global sys.=+9.2%
PHENIX (Au-Au\s,,, = 200 GeV), |y|<0.35 global sys.=+ 12%

Sy = =

* Less suppression at LHC
than at RHIC !

» Suppression via Debye

screening
150 200 250 300 350 400 , _ ~
(N ) » Regeneration via cC
recombination

QM2012 HIM2012-12



A Large lon Collider Experiment

J/p transport in QGP

Inclusive J/vy, 2.5<y<4
Pb-Pb |5, =2.76 TeV, L= 70 ub™" . zhao et al, NPA 859(2011) 114

global sys.= +6% --- primordial

PRELIMINARY .
— regeneration

. O<,oT<2 GeV/c

* Atlow p; suppression
compensated by regeneration

* Remember finite v,

100 150 200 250 300 35(2N 490

part

QM2012 HIM2012-12



A Large lon Collider Experiment

J/p transport in QGP

Inclusive J/vy, 2.5<y<4
Pb-Pb |5, =2.76 TeV, L= 70 ub™" . zhao et al, NPA 859(2011) 114

global sys.= +6% --- primordial

PRELIMINARY .
— regeneration

* At high p; regeneration
vanishes

« Debye screening,
thermometer ?

part

QM2012 HIM2012-12



A Large lon Collider Experiment

g’ different from J/g ?

QM2012

ALICE inclusive J/y and y(2S), 2.5<y<4

Pb-Pb, | s,=2.76 TeV, L=~ 70 ub” ‘

pp, 1s=7 TeV o ALICE
‘.’ PRELIMINARY

@ ALICE, O<pT<3 GeV/c, 2.5<y<4

@ ALICE, 3<pT<8 GeV/c, 2.5<y<4

@ CMS, 3<pT<3O GeVic, 1.6<ly|<24 |

(CMS-HIN-12-007)

95% CL

200 250 300 350 400

(N__)

part

HIM2012-12



A Large lon Collider Experiment

JETS ARE QUENCHED AS WELL

Pb-Pb | ,=2.76 TeV

Centrality [ correlated uncertainty
0-10% (] shape uncertainty
10-30%

30-50%

50-80% ALICE

PRELIMINARY

<4 » H @

« But this is a different story

 How is energy inside jet

Charged Jets redistributed ?
Anti-k; R = 0.2
p‘Tr“k > 0.15 GeV/c

10 20 30 40 50 60 70 80 90 100 110

piharged (GeV/c)

QM2012 HIM2012-12



A Large lon Collider Experiment

JET ANATOMY

Pb-Pb, \s,, = 2.76TeV, 0-10% central

Bulk Ratio (-0.52 < A0 < 0.52,+0.6 < A1) < +1.5)

Peak - Bulk Ratio (-0.52 < A¢ < 0.52, -0.4 <A1 < 0.4)
ALICE

PRELIMINRAY . .
Pythia (Peak - Bulk Ratio)

5.0< Pr1rig < 10.0 GeV/c

1 11 1 | 1 1 1 1 | 1 1 1 1 | L 1 1 1 | I ‘ 11 1 1 | 1 11 1

S

—

1.5 2 2.5 3 3.5 4 4.5
P (GeV/c)

T,assoc

QM2012

RANR

HIM2012-12
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MANY MORE RESULTS ...
LHC: pp, pA, AA, YA e o =

RCTETETTH it
ALICE

P _ﬁ*ﬂ_*

00-5%
o AT ! S b +_g

i CGC based model ©10-20% i b : . H

Pb-Pb g i
(S=2.76Tev *20-30 %
ALICE

PRELIMINARY | e, 5 2 ‘\q::rad)

Pb-Pb, S, = 2.76 TeV @

8 ALICE
# Average D°, D', D™ 0-7.5%, |y|<0.5 BRELIMINARY
# Heavy flavor decay e* 0-10%, [n|<0.6
4 Heavy flavor decay u* 0-10%, 2.5<y<4.0

Emply boxes: syst. uncertainties

2

e ALICE: Pb-Pb,m =276 TeV, 20-40%, |n|<0.7
BAMPS
Rapp et al.
=== POWLANG

£ R e )
E o ohR quorpne

9.5¢10° events 2 Coned et onearans
pp o Sents = Conatedsyst.unceramves
Vo 2V 3 uncoretted syst. uncoranis

Centrality 30-50%
Anticorrelated syst. uncerlinties

Filled markers : pp rescaled reference
I Giobal norm. uncertainty

Open markers: pp p, -extrapolated or FONLL reference

Wil

20 25 30 35 40
P, (GeVlc)

N

Rpa prompt D°

ALICE

PRELIMINARY

. . . . . 5
T[T Tl T[T T[T TT T 17T

-

© o 9
[\ N )

Nm
i

T T T
| IS T R RS RS R

Heavy flavour decay electron v

P PN AN AN AN AV YT VAT W
2 4 6 8 10 12 14 16 18

p. (GeV/c)

particle+anti-particle 5 - e
= Pb-Pb,\(s,,=2.76 TeV — — Red (W

ALICE 4.5 Centrality: 0-20% Rad + dissoc (Vilev) 2 4 6 8
PRELIMINAR . E A"ﬁ?rﬁeapxlflg%s' i ggvs‘ WHDG rad-+coll (Horowitz Inclusive J/ y
£ Gharged pions, /<0.8 AGS/CFT Drag (Horowiz) 4 ALICE, pp V5=276 ToV, 2.5<y <4
en ALICE, Pb-Pb {5 =2.76 TeV, 2.5<y<4 _ALICE
PHENIX, pp Ys=200 GeV, 1.2<|y|<2.2
PHENIX, Au-Au |5 =200 GeV, 1.2<[y|<2.2
NABD, p-A 15=17,3 GeV, D<y=<1

o
w

I
n
a0

o
[

CUJET1.0 (Buzzatti)

relative to pions

PD+Pb — Pb+Pb+J/y (S = 276 TV
T T T T

3t

T
ALICE
36<y<26

E ALICE
250 prniieznanr | Data
E Sum
Coherent Jiy
ncoherent J/y
- Jiy from ' decays
o R

2

B |S,,=2.76 TeV (ALICE, 0-20%, preliminary)
|$=0.2 TeV (STAR)
.2 TeV (BRAHMS)
|$=0.2 TeV (PHENIX)
| —— Model, T=164 MeV
- Model, T=152 MeV

Jiy candidates / ( 40 MeV/c)

05 06

. : N
5 0, - - > . 07
px3  Ax4  Ex30 Q%200 x20 K"x10 Dimuon pT(G




