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A

A.l. Multiplicities.

A.2.Azimuthal asymmetries.

A.The bulk:

A.3. Hadronic flavor observables.

| A.4. Correlations at low pr.

B Hard and ! B.l. High-pTt observables and jets.

EM probes:

B.2. Heavy quarks and quarkonium.

v B.3. Leptonic probes and photons.

Only predictions for PbPb.
See also Borghini and Wiedemann, arXiv:0707.0654.
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Charged multiplicity for n=0 in central Pb+Pb at sNN=5.5 TeV

Wolschinetal. 1 ¢ ! ! dN/dh, 6% I st = d ay
Porteboeuf et al. : dN/dn, N =350
Kharzeev et al. : : : : dN/dn, N =350 b b I

: : : : part
Jeon et al. : : : : dN/dn, N =350 o s e rva e 9
Fujii et al. : 5 5 5 dN/dn, N =350

Eskola et al. dN/dn, 5% key i n p u t i n

El et al. : : : : dN/dn, 3%

Dias de Deus etal. ! l l l dN/dn, N =350 I t I I
1 1 1 1 part

Chen et al. 5 5 : : dN/dn, b<3 fm a m O S a

Capella et al. 5 5 5 5 dN/dn, N =350

Busza o E E E dN/ch, N, =350 other

Bopp et al. : : : : dN/dn, 10%

Topor Pop et al. : : : : dN/dn, 5%

° °
Armesto et al. @+ dN/dn, Npart=350 p re d I Ct I o n s o

Albacete L e : : 5 dN/dv, 6%
Abreu et al. 5 5 5 5 dN/dy, N =346.6

1000 2000 3000 4000 5000 6000

% |<b> (fm) | <Npare> | <Neor> | dNev/dyly=0|  dNen/dn[n=0

To unify the discussion, | ‘rescale’” [ &2 1 19 | 3% | 1584 | 3149 2633
0-5 24 375 1490 2956 2472
to chh/ dr]\n=o for Npart=350 0-6 2.7 367 | 1447 | 2872 2402

0-7.5 3.0 357 1390 2759 2306

using a Monte Carlo
(Amelin et al., EPJC22(2001)149): 51T 52 [ 34 | 1356 | 2625 ——
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dN_,/dnl _in Pb+Pb at\[s\=5.5 TeV for N_, =350

n=0

Wolschin et al. | corr., RDM
EPOS

saturation

Porteboeuf et al. ,

Kharzeev et al.

Jeon et al. data driven, limiting frag

T_--____________

Fujii et al. fcBK evolution

o
1

Eskola et al.
El et al.

Dias de Deus et al.

corr., EKS98+geom. sat.
corr., BAMPS

percolation

Chen et al. , corr., AMPT+gluon shad.
DPM+Gribov shad.
data driven, limiting frag
corr., DPMJET Il
corr., HIJING/BB v2.0

geom. scaling

Capella et al.

Busza PHOBQOS
Bopp et al.

o E

o E
Topor Pop et al. ———
Armesto et al.

Albacete
Abreu et al.

F@H
corr., rcBK evolution
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dN_/dnl__ in Pb+Pb at\[s,=5.5 TeV for N,, =350

Wolschinetal. — 1 . corr., RDM
Porteboeufetal. N EPOS

I I I I
Kharzeav at al eatniratinn

~ Generic expectatlow less than 2000.
~ Most models include now a large degree of
collectivity: strong gluon shadowing, strong
color flelds, saturatlon,...

Busza PHOBOS o data driven, limiting frag
Bopp et al. : 5 5 5 corr., DPMJET lil

Topor Pop etal. | : « corr., HUING/BB v2.0

Armesto et al. Lo ! geom. scaling
Albacete Y corr., rcBK evolution

Abreu et al. e corr., logistic evol. eq.
] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ]
0 1000 2000 3000 4000 5000 6000
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pT-integrated v; is expected to increase from RHIC to the
LHC: origin? Hydro predictions do not coincide with naive
extrapolations.

£ y=0, mid-central -

Au-Au collisions 0-40% centrality

T | T T T T T
m— 55 TeV

® PHOEOS 200 GeV

B PHOBOS 130 GeV |7

# DPHOBOS 624 GeV
PHOBOS 196 GeV

LN T T T T T T T
% i - . 0.07 STAR 200 GeV

LHC
STAR
PHOBOS | 1
PHENIX
NA49 _
CERES
ESTT
E895
EOS
FOPI

From BWV.
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| hyciro fixed couﬁling I ] D re S C h e r et aI o9

hydro running coupling ===
0=5.5 mb fixed coupling ---=------

[ o e cpping smaller
o [ ] [ J
deviation
Rl rom hydro
‘.‘ . [ ] [ )

L limit than at
50 100 150 200 250 300 350 400

RHIC.

Bluhm et al., QPM EQOS,

PN p— ] results < RHIC at low pr.

p (Sp=117 fm3)

—— LHC eBC
LHC eWN

—— RHIC eBC
RHIC eWN

b=7 fm J[lEskola et al.; NS
 dNa/dy(b=0)=1200 hydro valid
for PT<4
GeV (also

minimum bias

Kestin et al.

1.5 2 25 3
pr [GeV]
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Drescher et al.,
smaller | So—330 fm'3

deviation

E>Gener|c expectatlow v2 similar or sllghtly
decreasing at low pr.
~ A strong decrease would probably signal an

increase in /s, but initial conditions have to
be settled.

b=7 fm [llEskola et al.;EESsENS

| dNch/dy(b=0)=1200 h)’dl"O valid ) 015
for PT<4 o1l

peSvEa N GeV (also
Kestin et al. Arleo et al.). P
pr [GeV]
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Ca
o

minimum bias AMPT with string melting (o =10 mb)

Pb+Pb@s =55 TeV and b=8 fm

Porteboeuf

o
on

—Hi— T

Chen et al.,

et al,, E [ i“i%
AMPT, & o
EPOS, g
parton + [REE
hydro -
hadron EJ
COre, transport © P
° -
V2~ RH IC . P V/od Eﬁuumu@-s“*":zm GeV and b=8 fr

—— Au+Au, min. visc
Pb-+Pb. min. V?C‘

% Molnar, MPC
S parton cascade,
/7 QHIC I QERIC = 1 5 fixed n /s=0.08.

70 = 0.6 fm., b = 8 fm

5
P, [GeV/c]

Capella et al., comovers.
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J | 1 | J | J
- AMPT with stnng melting ( =10 mb)

Porteboeuf 5 | Pb+Pb@s"” =55 TeV and b=8 fm
Chen et al., “as @\_
et al., 7

cros AMPT BER //ﬁ

parton +
hydro hadron /
core,

transport.

minimum bias

*
*

vz of light hadrons (%)

.

E>Gener'|c expectatlow V2 increases at Iow p-r.

w A strong increase is not expected in any
hydro description.

P]D+P]) 111111 v “a( i . ; . id-central n® PHENIX (13%-26%) _;

Molnar, MPC
parton cascade,
PANCASE I fixed n/s=0.08.

= 0.6 fm., b =8 fm

pT [Ge\:‘r] ! pTS[GeWc]

Capella et al., comovers.
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Z/= Q/Q

/=t K /K? plp A/A

- z-0.007 1 01 2(;
10057097 1.0134)

1.001(0) 0.995(4)(0.948;33@ 0.997 000

Andronic et al.,, equilibrium values for
Up=0.8 MeV, T=161 MeV.

Kraus et al., (grand-)canonical, T and
Rc may be determined.
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T[MeV]
dV/dv[ fm?]
dsS |dy
dhen/dy
A’/ dy

140*
2036
1517
1150*
1351

140"
4187
15262
2351
2797*

1627
6200*
18021

2430

2797

1000 - (1q,s— 1)
uB,s[MeV]
Yq,s

5.6% 2.1

1.62,2.42

24,05

5.6% 2.1
2.3,0.5
1.6%, 2.6

5.6%,2.0

2.7,0.6

s/S
E/b
E/TS
P/E
E/V[MeV/fm’ ]
P[MeV]

0.034*
420"
1.02
0.165
530
87

0.037*
428
1.05

0.164
538
88

0.025
408
0.86

0.162
400

65

(b+ 1
K:I:
¢
A

25/45
6
0.335
49/67
94
14
19/28

49/95
5.3
0.345
99/126
207
33
41/62

66/104
6.1
0.363
103/126
175
23
37/50

9.5

4
32

2.08

5.8

098

Rafelski et al., non-equilibrium

scenarios; non-strange
resonances reduced.




n /nm% K /K* plp

A/A

—1 | r—
N
[umby Jyan

Q/Q

1.013(4)

T[MeV]
dV/dv[ fm?]

20011 1 (120007
0.997 0008 1905 5001 ds |dy

dhch/d}"

1.001(0) 0.995(4)(0.94813%3
s/ dy

Andronic et al., equilibrium values for T
e

~ Different statistical scenarios may be
distinguished.
~ This becomes of great importance for open

charm and charmonium: different scenarios

lead to marked differences in production.
egomey | me=imev | dkeleTelaTaTaT TTT T E 99/126 | 103/126

7O MeV ny =1 MeV
_ — QK i 207 175
I | —— rim %5 ] E

Ziw x05 33 23
0/p x ﬂif 41/62 37/50
9.5 5.8

. 208 | 098~
Rafelski et al., non-equilibrium

scenarios; non-strange
resonances reduced.
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p-pbar<4 at N=0 (BJ: Topor Pop et al., Bopp et al.; hydro: Eskola et
al.; EPOS: Porteboeuf et al., RDM:Wolschin et al.).

and
Kestin et al. predict larger baryon/meson
R ratios than

)

—_
=]
T e =

eV ¢
ke
(=]

o--—0p
— at RHIC

—h
c:.

—
- =

; the
latter predicts Cronin for
protons.

_L
DI

iy
L]
]
na

_.
DI
&

d’N/(2np,dp,dy) (-0.5<y<0.5) (G

« = 5.0 GeV/fm
mKp A= Q

[ IR IR N B S
) ] § 0 2 4 6 B)
Cunqueiro et al. Topor et al. pr(GeV/c
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p-pbar<4 at N=0 (BJ: Topor Pop et al., Bopp et al.; hydro: Eskola et
al.; EPOS: Porteboeuf et al., RDM:Wolschin et al.).

=~ Cronin effect for protons will strongly
constrain models.
~ Ratios will further clarify the hadronization
mechanism.

~ A large b-bbar at n=0 would be a real
surprise.

* T pbar/m* 0-10 %

w

B . - x = 5.0 GeV/fm

2 3 | T l L T KpAZQ
p(GeV) et ﬂ...;...;...é...é)
Cunqueiro et al. Topor et al. pr(GeV/c
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+  PHENIX - +  PHENIX

——— HKM, £,=30 GeV/im" (RHIC) - ——— HKM, ,=30 GeV/fim’ (RHIC)

——— HKM, £,=70 GeV/im®* (LHC) B ——— HKM, £,=70 GeVAm® (LHC)
HKM, £,=110 GeV/int (LHC) - \ HKM, £,=110 GeV/nt (LHC)

ey
=,
Fa

Hydro: same problems
as at RHIC - Roue (k7),

Rside(kT), Roue™>> Rside;
— ool o | oo out- = in-plane shape.

——— HKM, g,=70 GaVifm (LHC)
HKM, =,=110 GeV/nt (LHC) HKM, ;=110 GeVifinf (LHC)

d*N(2n p,dp dy) [GeV ]

(-] [] = [, [=r] -l [=-] w
TTTTITITTTITTIT[TTITT ITTIT[TTTITI]TTITT

[T

S - Frodermann et al.
dN_ /dy

Sinyukov et al., HKM; also e i e
Karpenko et al.,, FASTMC.

Chen et al,, Chojnacki et al.,
AMPT, b=0, 0712.0947, hydro+stat., | R e S

JE— =00GeV @—pgm =0.6 GeV
K K

0.3<kr<lI.5 b=1 fm, kt=0.3 GeV | e T Ry TR e

3.60/4.23
3.52/4.70

. - T, e, ot L _—_t_ - = - 8- - N _“_ - - _j -A
| . | | | . | | 2 | | 400 |
3.23/4.86 K, (GeV) s,(fm”)
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Hydro: same problems

as at RHIC - Roue (k7),
P\side(kT) Rout™> Rside;
out- = in-plane shape.

@ R’s Increase from RHIC to the LHC in all
models.
~ But the predictive power is limited by the
problems at RHIC.
~ Dissipative effects on HBT are not well
understood yet

3.60/4.23 5.4/6.0-6.5
. Rae |  3.52/4.70 4.3/5.3-6.3 P

3.23/4.86 6.1/7.6-8.6
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L4 " This work. EPSOS
1.2 EKS98
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0.8
0.6
0.4
0.2

{).{) 4 3 .
10 10 10~ 10

Eskola et al.,0802.0139 £z
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Yellg\;v Report on Hard Progés, 2004
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L4 " This work. EPSOS
1.2 EKS98

1.0

0.8

0.6

0.4

0.2
TR R R AN B R AT NI

_ 0t 100 107 10

o8 T e Eskola et al., 0802.0139

Yellow Report on Hard Probes, 2004 ~*

~ To avoid this uncertainty within the LHC
frame, an accurate control of the benchmark
will be required (as it was at RHIC).
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"“IPHENIX n° (Au+Au 0-5% Central)
:_Glnbal Systematic Uncertainty + 12%

arXiv:0801.1665

0.2

0.1

e e b b b P b P Py Py g
00 2 4 6 8 1012141618 20
p_(GeV/c)
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prpb(pT=20,50 GeV,=0) in central Pb+Pb at \\sNN=5.5 TeV

Wang et al., 7, 5 % (§~3.35"'°), WW eloss+1d exp., shadowing

5"

=
oK/

RHIG

Vitev, ©°, 10 %, GLV+g-feedb.+cold eloss, dN’/dy~1.7-3.3(dN “/dy)

RHIC

Pantuev, charged, N =350, tg2=1.2 fm~0.5(vgc;

Lokhtin et al., charged, 10 % (dNCh/d n~2700), rad.+coll. eloss in MC
Kopeliovich et al., 7°, 10 %, early hadronization

Liu et al., ", p:ighe5t=40, 10 %, 2<->2 w. conv., transv. exp.

Jeon et al., %, p"'°"**'=40, 10 % (2.=1 fm), BH eloss+QW, {E=(4F)™"

@)
[

RHIC

Wicks et al., 7, 10 %, rad.+coll. eloss, dN”/dy~1.75-2.9(dN “/dy)

[
O
l

___f_____________o_____________
@
|

Qin et al., charged, 10 % (dN*"/dn~2500), AMY+hydro, o. =0.25-0.33
S

Renk et al., i, 10 % (dN°"/d~2500), BDMPS QW with hydro evol.

o ..

Dainese et al., 1°, 10 %, BDMPS QW with WS, §~2-74" ©

|

Cunqueiro et al., °, 10 % (dN""/d~1500), percolation

Capella et al., 7°, 10 % (chh/d 1n~1800), comovers, kinematics

__________________(_)___

8 .
(o]

0.8
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prpb(pT=2IO,5(\) GeV,=0) in central Pb+Pb at \\sNN=5.5 TeV

LOn ! Wang et al., n°, 5 % (5,~3.362"'°), WW eloss+1d exp., shadowing
I I eO

RHIG

o— —L 00— Vitev,n 10 %, GLV+g-feedb.+cold eloss, dN’/dy~1.7-3.3(dN “/dy)

I
1
RHIC

Pantuev, charged, N =350, Toan=1.2 fm~0.5(tor)

e O Lokhtin et al., charged, 10 % (dN /dn~2700), rad.+coll. eloss in MC

Koneliovich et al._ °. 10 %. earlv hadronization

> Radiative energy loss favors Raa~0.1-0.2 at
pt~20 GeV and increasing with increasing pr.

"—— '—()—"' ' VICRKS €l dl., 7T , 1V 70, IdU.+COUIl. €105S, UN /Uy~ 1./9-<.9(UN /QY)

Qin et al., charged, 10 % (dN*"/dn~2500), AMY+hydro, o. =0.25-0.33
S

Renk et al., i, 10 % (dN°"/d~2500), BDMPS QW with hydro evol.
Dainese et al., 1°, 10 %, BDMPS QW with WS, §~2-74" ©
Cunqueiro et al., °, 10 % (dN""/d~1500), percolation

Capella et al., 7°, 10 % (chh/d 1n~1800), comovers, kinematics

__________________(_)__

0.8
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E, =50 GeV

Ktin*
Sapeta et al.

1.0 p=r=—r

- am - p+p E MRST—NLO—AKK, PbFh =& m, K.puts"':aﬁmm
Pb+Pb +conv.
Pb+Pb w/o conv.

0.8

Ratios of dN h.-’r.lp

06

due to elastic
+conversions,
rad. eloss or
modified jet
radiation.

+
=
—

04¢

0.2

0.0
15 20 25 30 35 40

Liu et al.Pr(GeV)

Barnafoldi et al.

Jet fragmentation function

—~10°
N

* PbPb. no energy loss

« PbPb. PYQUEN energy loss i

- Lokhtin et al.,

E,et> 100 GeV

27030405 06 0.7 08 09
z=p\}/

, both for jets
(elastictradiative in
PYQUEN) and for the

hadron-triggered case
(WWV rad. model).
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(] B
2 107 ¢

(]

F 20<p!°<30GeV

5500GeV NLO p=1.2p,
p+p—hh’ .
Pb+Pb—h'h" 0-5% ¢,=5.6 7
JQ with EKS ]

-~ JQ with nDS

JQ with nPDF
— JQ with HIJ




===ptp
Pb+Pb +conv.
Pb+Pb w/o conv.

due to elastic
+conversions,
rad. eloss or

0.
5 10' ’15 2'D 25 30 35 4D

~ Chemical comp05|t|on and more dlfferentlal

E, =50 GeV

L no medium

P e
s | Sapeta et al.

observables will be key to establish the

« FbPb, PYUYUENEe

- Ee>100 GeV }HF

508 04 05 08 07”68"09"'1

= (VW rad. model).
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, both for jets G
(elastictradiative in

ELOkht'“ etal, ", PYQUEN) and for the
hadron-triggered case [REAGKACE =

04 [

10" E

mechanlsm underlying jet quenchmg

F 20<p!°<30GeV

Pb+Pb—hh 0-5% £=5.6 A

—JQ with EKS
- JQ with nDS
JQ with nPDF

— JQ with HIJ

03f =

P T T N T T N N T O T T T T N T T N O B A B B B
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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| WiC||(SI e1]: a' N l.'er Y . Dresg ===

€_= L. - ay -

| L 5 i . - - . ..lr‘ DPQCD — — 7

— Charm dN_/dy = 1750 - Tea,. "ta, _ ]

Bottom dN_ /dy = 1750 A L B resg =sssses
— Bottom dN_/dy = . s et

4 : e r.,‘ EPQCD [

— = Charm d‘dgfﬂy-EﬂﬂD X - ; ]

— - Bottom dhqid}r-EBUUq 3 ——

L
lll...h. =
o e
1'.I.

E - van Hees et al.
. 5_1'55.:::: [=04-073 GeV
E Pb-Pb V5=5.5 TeV (b=7 fm)

pQCD-based models valid for
outside the medium, so
for high pt (see also Vitev).
are sensitive to
mass effects until quite high pt and
offer possibilities to discriminate
models for HQ jet quenching

(Horowitz et al.).
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: . : : : r
Wicks et al. . 4,=04
I — Charm dN_/dy = 1750 ]
— Bottorn dN_/dy = 1750 -
— = Charm d"d:-"ﬂy = 2900
— . Bottom dh:;.fdy = 2900 |

vinh LlAaAnce A+ Al . "

~ LHC will provide Raa for both leptons an
mesons.

~ Double ratios will become available.
~ This will clarify the mechanism for HQ jet
quenching and hadronization.

mesons

are sensitive to
mass effects until quite high pt and

offer possibilities to discriminate
models for HQ jet quenching

(Horowitz et al.).
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Andronic et al.: e gt i
dependence on charm  [HIEEEEEE,
cross section; Thews et al.: g
pr-broadening to verify E
recombination, with
uncertainties from cold

matter effects (Kang et al.).

do, /dy (mb) 1.28 - ]

------- shadowing
-------- C =0 - no recombination

dependent T

\s = 5500 GeV ]

T =] [ o :
i/ T 00 eV [/ 2 AT, screening, no
1 |

E—— . regeneration;
o i H. Liu et al., A _
suppression at T

part

T, =850 MeV{ | /o 1 |
1, 7S T I arger pT.
it =P Capella et al., 0712.4331,

-+
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[ ]
[ ] i . r .
An d ro n I C et aI LA L @  Initial production, A" = RHIC value
| wmmm Tnifial production, 2" = 10 x RHIC value

d e P en d ence on c h arm [ Inmedium formation, 2 = RHIC value

30— In-medium formation, & = 10 x BEHIC value

L] cross section; Thews et al.: gk
064 3 3

fl  pr-broadening to verify

do, /dy (mb) 1.28 - =

—

0.43

N

C>Con5|derable uncertainties both in the
production and in the suppression
mechanisms limit our predictive power.

= SR
II : -------- G 0 - no recombination

— v Vogt: pT1- G p—

- C=5

i IRVl dependent
T, = 11T, K 7 ) jy:

0 arouer ] [ Ty =21, screening, no

M P £ . . _ . u.a:
E———— I cgeneration,;
“ e H. Liu et al.,

suppression at b s oo a3

part

\s = 5500 GeV ]

- T,= 850 MeVY | S - |
T ZAA R R arger pr.
(G py(Gen) St P Capella et al,, 0712.4331,

comoyverstreco.
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Pb-Pb — y+X, 5.5 TeV [0-10% centrall

: quenching
GRS in fragmentation | —

_!_IL'ETl- SRl

coll’ Tlgss

Thermal: QGP i m— Cronin + HTS + EMC + Edoss

Thermal: HRG (also Ar’l eO) . == == Cronon -+ HTS + E-loss + QGP Edoss ™

T,(1,=0.1 fm/c) = 650 MeV

d’N/(r dp;dy) (GeV/c)™

=
IIIII|'|T| IIIII|T1 IIII|'|T|'| IIII|'|T|'| IIIII|'|T| IIIII|'|'| III.I.TI:I'!'!._.I.

107

L e.s.
conversions,
msg thermal,... | ) '

10° Arleo et al. : 100 B
B I I expected (also Vitev pr[GeV]

o 1 2 3 4 5 6 7 8
pT(Gew::}

Rezaeian et al.).

T T T T | T T T T | T T T T T T T T T T T T | I//I’ T T

s
Thermal Photons
b="7 fm

Chatterjee etal. .~

o—e v,(QM+HM)@LHC
o= o v,(QM+HM)@RHIC
»—= v,(QM)@LHC
&~ v,(QM)@RHIC

- | 5 g v 02y (HM)@LHC
with conv jet-photon conv 0.047 | / e 02 GaRAC
[ 20%--30% = =jetfragment | " 20%— 30%
- Pb+Pb = = = initial production ] -0.06 - pPb+Pb
I slj'ffﬁ.ﬁ Tey  =—total 1 I s::f =55
6 8 0 12 14 0'084 6 8 10 12 14

Pr (GVIE) Ljy et al., 0801.0453P: GeVi e

Py (GeV)

——total
= « = initial production ]
TeV = = jetfragment
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[ ]
: quenching
Pb-Pb — y+X, 5.5 TeV [0-10% centrall

Totaly: prompt + thermal i M _
S N fragmentation [ —
Thermal: QGP ] inecs ¥ == Cronin + HTS + EMC + E-oss

Thermal: HRG (also Ar’l eO) . == == Cronon -+ HTS + E-loss + QOGP Eoss

T,(1,=0.1 fm/c) = 650 MeV

d’N/(r dp;dy) (GeV/c)™

N,

N\ €&

C>At the LHGC, all the regions up to very high p-r
can be studied.

~ Control of the benchmark, from pp to PbPb,
key to dlsentangle thermal productlon.

Chatterjee etal. .~

0.00 OOTSj

L . o—s v,(QM+HM)@LHC | |
-0.02} - . i v . o= o v,(QM+HM)@RHIC | |
}N ) g == v,(QM)@LHC
~ ,/ & —-a v,(QW)@RHIC
- . i } | | - i = v—v 0.2%v,(HM)@LHC
T with conv jet-photon conv 0.04 i p

v—- 0.2%v,(HM)@RHIC B

- 20%--30% = =jetfragment | - 20%- 30%
06+ Pb+Pb » initial production -0.06 - Pb+Ph
[ 12—55Te\! —tctal 1

——total
. = = nitial production
- S;f =55TeV = = jetfragment

5 8 10 12 14 W = 10 12 14
P; (GeVIC) iy et al., 0801.0453P; (GeVic)
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T T T
— — HM
Total (QM+HM) E

—— HM

Total (O [+H‘I.I|

LHC (dN/dy=24000)

—— HM
Total (QM+HM) |

LHC {dN/dy=4730)

— — HM

Total (QM+HA T

-

“JdydM " (GeV )

10”° heavy quarks decay
== = irell-Yan (direct)
qofw & jet-therm HTL
10 jet-frag (E-loss)

. — theriln thﬂfﬂ'l H

dN°

PI =

' L B E—

0-10% Central
Ti= 845 MeV
Vg =0,

ly | <0.5

shows a plateau at
large pt of thermal origin,
independently of details of
expansion, EOS,...

Dremin: Cherenkov radiation as
the origin of the ‘broadening’ of

the p.

Central Pb+Pb \Vs=5.5 ATeV 02 Central Pb+Pb \c, 5. ~., ATeV

8 GeV

10—

dN/dy=5625

7 8
Fries et al.

——teetc  dN_/dy=1400 ] ]
— w?fned HG v <0 35y T : d|\Il’_:|‘|fdy_-I 400 gaGdPron Gas ]
QGP Yo — = Drell-Yan

e
p, =0.2GeV — 5um 3
DD t = corr. charm ]

DI
&

ly 1<0.35

ee

dN_/(dM dy) [GeV]

AT =
Illl\li

06 08 1.0
_[Gev]  van Hees et aI
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om ek REC ——Q shows a plateau at
| large pt of thermal origin,

L independently of details of

e expansion, EOS,..

— — HM | — — HM '

E> Both low and hlgh M and pT required to
disentangle different mechanisms.

LHC (dN/dy=4000 I

~ But the huge HQ contribution looks really
challenging.

y,=0. ly <05

Central o+Fb s 2.0 ATV 102 Central Pb+Pb Vvs=5.5 ATeV

— — free HG i : —— Hadron Gas 3
— m med HG |y |<U 35 E : d[\-.ll::“_."‘d}-'=1400 (]GP E
QGP - - — = Drell-Yan |

p,>>0. 2GeV E 2 — Sum E
DD t ] : = corr. charm ]

fdydM “ (GeV ™)

ly 1<0.35

9 heavy quarks decay

107F__ . Direll-Yan (direct)

o n » jet-therm, HTL
jet-frag (E-loss) _ 7 = g
1-—|thermthﬂm11-TLl IPI'}ISG‘T' | ; 550 08 08 10 12
10751 374 5 6 1 8 9 _[GeV] van Hees et al.
dN/dy=5625 M(GeV) Fries et al.
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Observable at RHIC | Standard interpretation | Prediction for the LHC

Low multiplicity Strong coherence in dNch/dN|n=0<2000 for

particle production central collisions
v2in iilgeraelef?;zrg with Almost ideal fluid Similar or smaller v2(pT)
Strong jet quenching Opaque medium Raa(20 GeV)~0.1-0.2 for 1

*This picture has motivated
application of AdS/CFT, early thermalization, viscous hydro, CGC

* will enlarge our understanding

of Ultra-Relativistic Heavy-lon Collisions: naive extrapolations tend
to disagree with those from successful models at RHIC.

* : higher pr, jets, higher

quarkonium states,... demand
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e ‘WFFD R Charged multiplicity for =0 in central Pb+Pb at \[s,=5.5 TeV

I Hog

i}%}%dﬁ{m%d}{hq}:zzzzzugg P b Pb @ 6 ATe
b< 3 fm

ALICE TDR

pre-RHIC predictions, IJMPA15 (2000) 2019

CERN workshop
LELET—I

PHOBOS extrapolation

RHIC

o SF re—=tasio

| I T I

1996 1998 2000 2002 2004 2006 2008 2010 2012
year
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Thanks to J.Albacete, F. Bopp, W. Busza, L. Cunqueiro, A. Dainese, A. El, K. Eskola, U. Heinz, C.-
M. Ko, |. Lokhtin, G. Milhano, C. Pajares,V. Pantuey, T. Renk, V. Topor Pop, R.Venugopalan, |.Vitey,
X.N.Wang, K.Werner and G.Wolschin for feedback on their predictions, and to J. Albacete,
J. Casalderrey-Solana, K. Eskola, E. Ferreiro, U. Heinz, P. Jacobs, C. Salgado, X. N.Wang and U.

Wiedemann for discussions on the talk.
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1.4

1.2

: saturation for R
light (Armesto et al.,, |38
Boer et al.) and heavy
(Fuijii et al., Tuchin), or
absence of saturation o

Tuchin
(Arsene et al.); A
polarization
(Boer et al.).

0.6

10 12 14 16

P (GeV/c)

Kopeliovich et al.

lancu etal. Within CGC, total
shadowing due to
fluctuations (Kozlov et al.)
or running coupling
effects.
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_~Bauchle et al,
, peak displaced
from naive expectation;
Betz et al., gradual energy
deposition required. Other
mechanism possible:
(Dremin), and
(Mannarelli et
al.) - unstable modes for
_ (np)/(nF) jets with speed larger than
L+ R/nF) cs, which peak at larger
angles for larger speed.

. : 2 e
(ng)yp=a+bng, b=D%,/Dir,
FEB FF

| /K=D?2p/<nF><np>

b

Dias de Deus et al.:
may help to establish the dynamics of
particle production.
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lf\l dvin

dy NN, Torrieri: fluctuations in particle

P{ E"-"'-'{-'J‘" . .
N, )= ratios as a tool to verify the

_ M-y OACEEVENRLAON i tistical model and decide which

(N (N5 )? “(N1)(N2) : '
1)* 2/ ensemble or non-eq. situation holds.

l{rf"{l
a:f Vi ; ff Vi

VLN, = TN )'—'Tx N, Oy

Cunqueiro et al.: multiplicity fluctuations
determined by the number of coherent
particle sources, possibility to verify
phase transition scenarios.

Figure 71: Scaled variance on negatively

charged particles at, from up to down, LHC,

RHIC and SPS.
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full jet guenching parameter =

individual segments
neightorng segments e

T3 14) ~ - s P
dsym = Fﬁ 7 VAL .;; -

—
|',.-;|_"’ 5

1.3

) II'SQ(-.D ~ o LA
docp = \/ - gN=4 = \/ 120 Gn=4 =0.634Nn-4 §

SN=4

;iﬂﬂ 150 200 250 300
E (GeV)
First-principle c%lculations of khe vdccum correlator
model (Antonov et al.),in N=4 SYM (H Liu et al.) and in ThFT
with coherence effects (Casalderrey et al.).

18 e

Inclusion of elastic eloss in DGLAP-like 1R -
AR 1.75

evolution (Pirner et al.) and AESH
consideration of a

in GLV eloss (Djordjevic et al.)/

r'j |'3

M [GeV]
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Arsene et al.,

Gribov
shadowing (HT).

0

Vogt, effect of npdf’s (LT: EKS and/) My -

nDSg): results very similar to )
other approaches.

~ .1 Pb-Pb, E loss, no cuts
= -~
(

1.0
4 solid:g=0 . ) o
i g E:I?c:rct-c?ash:ﬂﬁ:2SGeV%ﬁm KO e I I0VIC h et 0.9 Central PbPb
s L@\ long-dash: q=100GeV~/fm : _ A K

—_—pfromW, Z, c b

.o
p from W, Z : I I I + H I - 0.7 e RHIC N
e 1 frOM € , o epvmsfieAn, a— 9 7 A AN
~ & -’ = L o P
L from b r o u.c
#

| . s
; y pProcess N
|

__________________________

-
--------------

A . dependent
shadowing.

Conesa del Valle et al.: muons
from W,Z as a reference for Raa.

rapidity
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Arsene et al.,
Gribov
shadowing (HT).

i00 350 400
part

E E Pb-Pb, E loss, no cuts
4  solid:G=0

Lo B i Kopeliovich et
N o] panll ol LT+HT

> process-
dependent

shadowing.

Conesa del Valle et al.: muons
from W,Z as a reference for Raa.

rapidity
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D~ /Dt Do/Dy D*/D** D;/D¥ A.JA. D*/Dy  D**/Dqg
1.00(0) 1.01(0) 1.01(0) 1.00(1) 1.00(1) 0.425(18) 0.387(15) AndI‘OI‘IIC et aI.: ratios

at equilibrium in the
statistical model.

I):_ I,-'Ir I) 0 ;\ o I.-'Ir }__) 0 fT"El"r I,-"r { I_-'Ef ! ! o I,-'Ir fl_'{f }1 el I,-'Ir ff._'ﬂf }1 e I."II. { I_-{l"
0.349(14) 0.163(16) 0.031(3) 0.617(14) 0.086(5) 0.110(8)

Kuznetsova et al.:
strangeness over-
saturation may lead
to modifications in
the ratios and to a
suppression in the
production of ccbar
states.
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D-/D*  Dyo/Do D*/D** D;/DfY A, A. D*/Do  D**/Dg

1.00(0)  1.01(0) 1.01(0) 1.00(1) 1.00(1) 0.425(18) 0.387(15) Andronlc et aI.: ratios
at equilibrium in the

DY /Do Ac/Do 1Y Ne/W Xel/W Ye2 U .. | CI |

0.349(14) 0.163(16) 0.031(3) 0.617(14) 0.086(5) 0.110(8) statistical model.

Chemical composition studies will have
iImplications on recombination modeils for

quarkonium.
saturation may lead ‘
to modifications in
the ratios and to a
suppression in the
production of ccbar

states.

| = T=180 MeV - TATOMeY, y=F=151
T-140 Mev, gH-89° 1,156

ke,

JMIIS "r'mzﬁ h:’f -

5
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Mocsy et al,,
state_ e Y/ J T xp dissociation T in
o Tmhe e Amie 2he potential models.

Table 7: Upper bound on quarkonium dissociation temperatures.

H. Liu et al., screening lengths
INOVOESRONPIEESFENOEFFMOIRS]  through the medium, new
suppression at larger prif
produced inside the medium

LHC: PbPb —> PbPb + (V,, = p,o,0.J¥)

= Next-to-leading order

= = Leading order

0

Zhang et al., thermal S T
charm at NLO. Goncalves et al., charm in UPC,

test of production and npdf’s.
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Becattini et al.: in peripheral
collisions, a highly spinning QGP
may be formed — decreasing
Mmu, larger v, polarization.

J../TR3=01
Centrality 15-45%

Stocker et al.: creation of black holes in HIC due to low-scale extra
dimensions: suppression of dijets, remmants.

Lee et al.: coalescence formation of charmed exotic, multiquark
hadrons, test of particle production mechanism.

Lokhtin et al.: exotic phenomena in HE CR, like alignment of tracks,
may become visible at the LHC.
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