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Introduction:

e URHIC is an interdisciplinary field, whose goal is the
understanding of confinement through the study of matter at high

parton densities = through asymptotic freedom — QGP.

® Experiments at RHIC claim (NPA757 °05): the creation of

partonic matter with €>€cic(HM—QGP), with large coherence in
soft particle production, very early behaving like a quasi-ideal fluid

and extremely opaque to energetic partons traversing it.

® ‘Medium’ (‘bulk’):

momenta ~ <p~> (T) freeze-out
hadron gas

® Hard probes: pQCD- mixed phase??
computable in vacuum, WGP

: production and ther-
whose medium- malization
modification characterizes it.
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Introduction:

e URHIC is an interdisciplinary field, whose goal is the
understanding of confinement through the study of matter at high

parton densities = through asymptotic freedom — QGP.

® Experiments at RHIC claim (NPA757 °05): the creation of

partonic matter with €>€cri(H™M—" P --ieh lnwmm ==b===qcein
soft particle production, very ":‘as‘°°'°"”"'°""—»%: fluid
Induced

and extremely opaque to ener " gluon

g: fast colour octet 199" radiation

® ‘Medium’ (‘bUII(’): Q: slow colour ‘ Energy
triplet g \QQ‘ ™ /
momenta ~ <p> (T).

QQ: slow colour

e Hard probes: pQCD- i singlevoctet T gDiesociation
computable in vacuum, T i —

whose medium- ¥: eolonriess - Controls
modification characterizes it. QCD medium
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Why!:

Observable at RHIC Standard interpretation

Low multiplicity (~2/3 expectations . . .
plicity ( P Strong coherence in particle production:

dNch/dNn|n=0~1000 for central CGC, collectivity, strong gluon
shadowing!?

collisions)

v2 in agreement with ideal hydro [Almost ideal fluid, very fast thermalization/
(N/s~2/(41m), see Heinz’s talk) isotropization, strongly/weakly coupled!?

Strong jet quenching (Raa(10 GeV) Opaque partonic medium, radiative
~0.2 for 1, disappearance of back- (+elastic) energy loss, weak/strong
to-back correlations) interaction with the medium!?

Comparing predictions - done within RHIC tested models - for
different observables to LHC data, will help to:

® Check our theoretical explanations of the probes.
® Constrain our understanding of medium properties.
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e ALICE and CMS: assume 10()8 collisions, Ggeom~10* mb, 106 s =

2010-2011:

® Energy will be 2.76 ATeV, not 5.5 ATeV.

luminosity~10-3)? mb-'s-'=nominal/50(0).
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2010-2011:

® Energy will be 2.76 AleV, not 5.5 AleV.
e ALICE and CMS: assume 10()8 collisions, Ggeom~10* mb, 106 s =

luminosity~10-3)? mb-'s-'=nominal/50(0).

Hard cross sections:
Pb-Pb,\'s = 5.5 TeV
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Aim of the talk:

® | will present available predictions for a collection of
observables, stressing multiplicities, elliptic flow and high pr.

® When possible, | will rescale/discuss them at 2.76 ATeV, not at 5.5
AleV:rescaling of multiplicities driven by pp results.

® Note: charged multiplicity at midrapidity is a key observable that

will determine - through €,T.... - the predictions for most
observables. E.g. Bjorken estimate plus |1+| expansion + CGC
considerations make this connection:

T; (GeV)

dN A4 /dn|p=o

<7-the'r'm. > ( flll)

(e) (GeV/fm?)
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Why!:

e Multiplicity is a difficult observable for theory: perturbative or
not?!; which factorization?; how hadronization proceeds/;...

® |st-day observable, determines most things:
*T, €: initial conditions.
*The density of the system.

*The background for signals: jets, Y’s,
(di)leptons..

Spectators

e Naive parametrization: NpartcA, Ncojoc A*3 Participants

-~

*Npa'rt + xNeont|, 0 <z <1

2

ATAA ATNN .
dN 7y B dN ., [1——1
n=0

dn |,—o dn
*x=1 (Ncon scaling) in collinear factorization and in many soft
models at large scales/energies.

* x diminishes with shadowing of npdf’s, non-linear QCD
dynamics, collective effects,... = N, scaling.
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Raw predictions:

Charged multiplicity for n=0 in central PbPb at 5.5 TeV

_ASW-like (A=0.26)
L evin et al.
__HIJING 2.0

_ Wolschin et al.
_Sarkisyan et al.
__Sa et al.
__Porteboeuf et al.
_Mitrovski et al.
1 okhtin et al.
__Kharzeev et al.
_Jeon et al.
_Humanic

_Fujii et al.
__Eskola et al. :
_El et al. !
__Dias de Deus et al. !
_Chen et al. :
_Capella et al. :
_Chaudhuri Y
Bzdak !
_Busza ‘@1

dN/dn, N =350
dN/dn, 655"
dN/dn, N =350
dN/dv, 6%"
dN/dn, N =350
dN/dv, 16%
dN/dn, N =350
dN/dn, 5%
dN/dv, 5%
dN/dn, N =350
dN/dn, N*"=350
dN/dn, 5%"
dN/dn, N =350
dN/dn, 5%"
dN/dv, 3%
dN/dn, N =350
. dN/dv, b243 fm
dN/dn, N =350
dN/dn, N*"=350
dN/dn, b2%5 fm
dN/dn, N =350
dN/dn, 16%
dN/dn, 5%
dN/dn, N =350
dN/dn, N°**=350
dN/dn, 16%
dN/dn, 6%
dN/dy, N =346.6
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Rescaling in centrality and y/n:

® | use a Monte Carlo model (PSM: Amelin et al. '01) to rescale to
a common centrality and observable.

® |t should not be more precise than 5 %.

(b) (fm) | (Npart) | (Neot1) | dNeh/dyly=0 | dNen/dn|n=0
1.9 390 1584 3149 2633
2.4 377 1490 295¢ 2472
2.7 3€ 1447 287 2402
3.0 35 1390 277 230¢
3.1 1354 20! 22!
3.2 3 1336
3.4 3 1303

Predictions for the LHC heavy-ion programme: an update: 2. Multiplicities.



Rescaling in centrality and y/n:

dN,,/dnl__ in PbPb at\[s,,=5.5 TeV for N,

art=350
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Rescaling in centrality and y/n:

dN,,/dnl__ in PbPb at\[s,=5.5 TeV for N,

| ASW-like (A.=0.26) @
' Levin et al. @1

HUING 5.0 Monte Carlo: coherence
Wolschin et al. ,
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art
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Rescaling in centrality and y/n:

dN_/d nlﬂ=Q

in PbPb at \\sNN=5.5 TeV for Np

=350

art

| ASW-like (1=0.26)
1 evin et al.
HIJING 2.0
Wolschin et al. ,

®
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Rescaling in centrality and y/n:

o/dnl _ in PbPb at\[s,=5.5 TeV for N =350
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L evin et al.
 HIJING 2.0
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I
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Rescaling in centrality and y/n:

o/dnl _ in PbPb at\[s,=5.5 TeV for N =350
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Rescaling in energy:

® Several attempts .., scom ASWV ‘04 5o/

to fit dNchPP/dN|n=0: 3 o0 3]

power laws <E.,*» 2.7 )

©

(MclLerran et al.’ 10,
A=0.23;ASW,
A=0.288; Levin et al
'10).

® They give
correction factors in
the range

A=0.80-0.85.1 use

0.835 and assume
factorization of E-

and Npart'
dependencies.
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Rescaling in energy:

Charged multiplicity for n=0 in central PbPb at 2.76 TeV

| ASW-like (1.=0.26) L@
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dN,,/dnl__ in PbPb at\[s,,=2.76 TeV for N,

All in all:
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All in all:

dN,,/dnl__ in PbPb at\[s,=2.76 TeV for N,,,,=350
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All in all:

dN,,/dnl _ in PbPb at\[s,=2.76 TeV for N,,,,=350
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momentum anisotropy dictated by an initial space anisotropy.

@ | Hydromodel = PHENIXData  STAR Data _

[ i O T & KS
>N0.25: K*iK' ® A+A |
> p+p

[1 + 2vy cos (¢ — o)

xb

€Er —

o
w

0.2}
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o
N
T

Anisotropy Parameter v ,
o

o
T

30
(1/S) dN_, /dy

.o ] _ Transverse Momentum p ; (GeV/c)
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Relativistic hydrodynamics:

® |deal hydro:plus an (lattice) EOS, initial conditions and a

hadronization prescription.
A!': (J-q Ug,U Y Uy )

(2) = (e(@) +p(a) ) u (@)u” () - p() ¢
O ];5;1/(3)

f)#, ]f ! ()

UMt =

LV
T(O)

_O’
— 0,

® Non-ideal hydro: dissipative
(viscous) corrections.

.T,u.l/

- T
e [1"Vintroduces bulk viscosity plus gradients of u: Ist order (shear
viscosity), 2nd order (5 constants for a CFT),...

® Bulk and shear viscosity decrease vx.

. Song & Hu]]/ U()“‘) E”lpth ﬂOW V2

Au+Au. b=7 fm
EOS L.

- - ideal hydro
— viscous hydro (shear only) -
viscous hydro (bulk only) | -

l 1.5
p(GeV)

[ Lt

® Bulk (shear) viscosity | (T) with T for T>Tci (talk by Bluhm).

Predictions for the LHC heavy-ion programme: an update: 3. Azimuthal asymmetries.



Data-driven expectations:

® pr-integrated v, is expected to increase from RHIC to the LHC

in a—” aPPrOaCheS. Au-Au collisions 0-40% centrality
Tat . 1n‘07-°8""""|'|'|'

0.08 B w— 55 TeV
i ] 0.07 STAR 200 GeV
PHOBOS 200 GeV
0.06 - PHOBOS 130 GeV |1
i ] 0.06 PHOBOS 62.4 GeV
PHOBOS 19.6 GeV

0.04
N 0.05

£ 004
;‘N

0.03

0.02

Ll
100

Vo GV

® Hydrodynamical predictions do not
coincide with naive extrapolations
nor with results from absorption/

transport models. z )
(1/S) dN_, /dy

Predictions for the LHC heavy-ion programme: an update: 3. Azimuthal asymmetries.




v2 in hydro:

| hycllro fixed couplling l -] D re S C h e r et aI o9

hydro running coupling ===~

0=5.5 mb fixed coupling ----------

o33 mb rnnng cogplng | smaller | s0=330 fm-3
deviation

| from ideal hydro
1 limit than at

50 100 150 200 250 300 350 400
RHIC.

1 g (L'Nrt ot 1

€ 0

K~

Vg OX - = = — ‘ |
1+ K/0.7 Sover Ay /3 Bluhm et al., QPM EQOS,

results < RHIC at low pr.

t (Sp=117 fm™®) —— -
P (Sp=117 fm?) 0.25
p (Sg=271 fm™®) § ' —— LHC eBC

LHC eWN

——— RHIC eBC
oo L RHIC eWN

', Eskola et al,; ™| —gaz:
"7 dNan/dy(b=0)=1200 hydro valid =
= for pt<4 o1 |

I‘I 1I.5 I2 2I.5 ’I3 3I.5 4 Gev (also

Pt (GeV)
Arleo et al.).

minimum bias

Kestin et al.

0 05 1 1.5 2 2.5 3
pt [GeV]
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v2 in hydro:

l hy<liro fixed couplling I "] D re S C h e r et a.I o9

hydro running coupling ===+

0=5.5 mb fixed coupling ===

=53 roming coulng | smaller | s0=330 fm-
deviation : b=5.2 fm
| from ideal hydro

low pr.

l® A strong decrease would probably signal an increase in
N/s, but initial conditions, fluctuations (EbE), EOS and the
|role of bulk viscosity and of the hadronic phase, have to
1be settled.

< T =OTITTa T arey —— PHENIX T"

" dNa/dy(b=0)=1200 hydro valid =
for PT<4 0.1 f
1I.5 2 2I.5 3 3|.5 4 Gev (also

pr (GeV)

Kestin et al. Arleo et al.).

minimum bias

0 0.5 1 1.5 2 25 3
pr [GeV]
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V> in others:

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

Porteboeuf 95 | Pb+Pb@s 5.5 TeV and b=8 fm
Chen et al., -
et al.,

EPOS, NPT,

parton +
hydro hadron
core,

v»~RHIC. transport.

N
o

|IIII|IIII|IIII

—_
o

v, of light hadrons (%
o

N

== o o e
)

4
pt

® Generic expectation: vz at low pr 0 05 M0 15 20
higher than at RHIC.

T T T T . - . Mid-central t° PHENIX (13%-26%) .

—— Au+Au, min. visc

- Pb+Pb, min. visc 1 Molnar’ MPC
| parton cascade,
fixed 1/s=0.08.

QUIC/QIIC = 1.5

70 = 0.6 fm, b = 8 fm

1 2 3
pr |GeV]

5
P, [GeV/c]

Capella et al., comovers.
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Recent predictions:

Luzum et al.’09,
,,,,,, ~ dNcn/dy=1800,
bPb, 5.5 ATeV"

0.06

RHIC Glauber 0.04
RHIC CGC '

0.5 ep/ex (= vyle,)

LHC Glauber ; CGC.M/s=0.16 =
LHC CGC TERIREEY 00_ Glallber’ n/S:OOS
1 PHOBOS/CGC +—=— PHOBOS (RHIC) +—=—
~ "PHOBOS/Glauber —e—i Coo

20 30 40 50 o060 70 80 50 100 150 200 250 300 350 400

(1/S gyeriap) (AN /dY) [fin ] Npart

- ___Bozek et al.” | Ogpqy f
LHC predlctlon for Pb+Pb @ 2 76 TeV . 2000

* Au-Au 200GeV (PHOBOS)
— Au-Au 200GeV (0=0.14) |
[ Pb-Pb 2.76TeV (0=0.16) .-

1500 o

charged

1000
20 - 30 %

T; = 735 MeV
7i = 0.25 fm
Tf = 150 MeV

~05 1.0 15 20 25 3.0 e ——
pr [GeV]
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Introduction:

® Within the grand-canonical ensemble, equilibrium hadron/parton

densities can be computed: T4,V (Ys to include chemical non-
equilibrium effects).

® The statistical model gives an good description of particle ratios
in AB, with T~T¢ (and Ys~| at RHIC): hint of partonic equilibrium.

plp N/A Z/E Q/Qr/n KIK'K/m pir K h ¢/h™ A/h Z/hQix*10 * Plp K/K K/n p/m€2/h™50

I

BRI

¥ STAR

O PHENIX
O PHOBOS
\ BRAHMS

Sn=130 GeV

Model re-fit with all data
T=176 MeV, Uy = 41 MeV

[ IIIIII|

Sn=200 GeV

Model prediction for
T=177 MeV, u, = 29 MeV

I||I|

Braun-Munzinger et al., PLB 518 (2001) 41 D. Magestro (updated July 22, 2002)
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Introduction:

® Within the grand-canonical ensemble, equilibrium hadron/parton

densities can be computed: T4,V (Ys to include chemical non-
equilibrium effects).

® The statistical model gives an good description of particle ratios
in AB, with T~T. (and ys~l at RHIC): hint of partonlc equilibrium.

llll T IIIIIII llll LI 800

I

E
plp A . & ] Cin p/n2/h™50
- _ ;
l

1 Ilélll|
S

[ IIIIII|

=200 GeV

iion for
u, = 29 MeV

L L1 1 L1111 | llllllll 1 111 — 1 1111l [ | | llil.l.ll | |
10 ~_ 100 1000 1 10 100 1000

w (GeV) (GeV) 2, 2002)
Borghlnl Wiedemann, (ﬁ
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K~ /K*

= f p—
ot
T —

Predictions for 5.5 AleV:

1.001(0) 0.993(4)(0.948;8;85%)

-0.011 -0.007
O'997+0.OO4 1'005+0.001

1.013(4)

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

T[MeV]
dV/dy[ fm?]
dsS /dy
dhen/dy
A’ /dy

140*
2036
7517
1150*
1351

140*
4187
15262
2351
2797*

162*
6200*
18021
2430

2797

1000 - (1g,s— 1)
uB,s[MeV]
Yq,s

5.6% 2.1
24,05

1.62,2.42

5.6% 2.1
2.3,05
1.6%,2.6

5.6%,2.0
2.7,0.6
1%, 17

Note: ALICE pbar/p=0.966+0.014+0.013
(0.999+£0.006+0.013) in pp at 0.9(7) TeV.

Kraus et al., (grand-)canonical, T and
e determined.

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

Rc may b
Tty
— Q/K
| —— Q'

Z/w x05
| ——@rp x02

E.I-I.I.I.I.I [ I.I | Ié

+ 1

0.1 7%
K:t
¢
A

——
—

25/45
2.6
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

4

9.5

5.8

e =
» Grand Canonical,, ., 3

L\
— K /K

\ i u Canonicagp. RC=2fm

AQ“ 82 2.08 ﬂ/>
Rafelski et al., non-equilibrium

scenarios; non-strange

resonances reduced.
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Predictions for 5.5 AleV:

~/x* K /K* p/p AJA Z/2 Q/Q T[MeV] 140 140" 162

_ Yo YT o007 _, dV/dy[ fm?] 2036 4187 | 6200*
1.001(0) 0.993(4)(0.948+0;00§> 0.997 goos 1005 0001  1.013(4) is /dy 2517 15062 | 18001

dhen/dy 1150* 2351 2430

. cpel e A’ /dy 1351 2797 | 2797
Andronic et al., equilibrium values for D 56 2T |56 21 5520

Hb=0.8 MeV,T=I6I MeV 15 s[MeV] 24,05 | 23,05 | 27,06

Yq,s 1.62,242 |1 1.6%, 2.6 1* 1*
s/S 0034 | 0.037° | 0025

Note: ALICE pbar/p=0.966+0.014+£0.013 E/b 4200 | 48 | 408

E/TS 1.02 1.05 0.86

(0.999+0.006+0.013) in pp at 0.9(7) TeV. || 7z | ows | o1 | o1

E/V[MeV/fm’ ] 530 538 400

P[MeV] 87 88 65

Kraus et al., (grand-)canonical, T and : T
Rc may be determined. 26 | 53 | 61

0.335 0.345 0.363

L H0.02

0.1-7* 49/67 99/126 | 103/126

- _ : o1/ | 37/50
| ' j =" 4 95 %>

Grand CanonicaLm

) anonica = % Q— 82 208 09
« C e R=2 fm . —)/

70 MeV g =1 MeV 1 .
&k : : E.. , é . . 207 175
e Different statistical scenarios could be distinguished.| 33 | 2

O - ' " ‘\‘. .4
Q/Q ot 10 Canonical,, R =1.5fm

—t -
c— / ™)
- =

—x \ [~ cusal, .t im Rafelski et al., non-equilibrium
T w owm w 0E e dugEree e scenarios; non-strange

’ '§\Z|§]“+c°-k'¥<'ll]c'§:§
- , resonances reduced.
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Baryons at low pr:

® p-pbar<4 at N=0 (B): Topor Pop et al,, Bopp et al.; hydro: Eskola et
al.; EPOS: Porteboeuf et al.,, RDM:Wolschin et al.).

Hydro and recombination . ~AMPT, b<3 fmm
Kestin et al. predict larger baryon/meson =
R ratios than models with
higher string tension; the
latter predicts Cronin for
protons.

— —
(=] o
N w

—
o
r=3 -

—_
ol

i
S

2 -2 2
d"N/(2rp,dp,dy) (-0.5<y<0.5) (GeV "¢")
)

‘t Chenetal ™

0 05 1 15 2
p; (GeVic)

-
o
&

HIVING/BB v2.0

* ' pbar/mt 0-10 % f' (=)
- P 0-5%

: i . : « = 5.0 GeV/fm
2 3 T i & - mKpAZQ
p(GeV) . ' 0 2 4 6 8)

Cunqueiro et al. Topor et al. pr(GeV/c
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Baryons at low pr:

® p-pbar<4 at N=0 (BJ: Topor Pop et al., Bopp et al.; hydro: Eskola et

al.;

EPOS: Partahnauf ot al RNDM-\Wnlechin ot 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.

10
Mehtar-Tani et al.‘08

« = 5.0 GeV/fm

~ - ) m, K, p,/\,E,Q
I L 2

I)T(Gev) == = = = 10 o 2 4 6
Cunqueiro et al. Topor et al. Pr (Cev/c)
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|. Introduction.

2. Multiplicities.

3.Azimuthal asymmetries.

4. Hadronic flavor observables.

5. Correlations at low pt (see the talk by Bialas and
Pajares).

6. High-pt observables and jets.
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9. Summary.

Predictions for the LHC heavy-ion programme: an update.



Correlatlons at low pT: HBT

4+ PHENIX

—— HKM, £,=30 GeV/im* (RHIC)

——— HKM, g,=70 GeV/im® (LHC)
HKM, g,=110 GeV/in?’ (LHC)

d*Ni(2n p dp. dy) [GeV?]

-y
LILLL

|
02 04 06 08 i2 14 16 18 2
p, [GeV]

SE 4+ PHENIX

——— HKM, 5,=30 GeV/fm® (RHIC)
—— HKM, g,=70 GeV/fim® (LHC)
HKM, g,=110 GeV/fnT (LHC)

3

7E
65F

— SSE
45;
4E
35F

/f
/

3F

P I | PRI R
04 .6 0. 12
p, [GeVl

ofT I llll
oF

C ——— HKM, £,=70 GeV/m® (LHC)
o HKM, £,=110 GeV/inT (LHC)
- b

- P

4 PHENIX
—— HKM, g,=30 GeV/fm® (RHIC)

\ , i

N w B W = ~ @ =
LI T T TTTrprrrrprirTpreTT

s PHENIX

——— HKM, g,=30 GeV/im® (RHIC)
HKM, £,=70 GeV/im® (LHC)
HKM, £,=110 GeV/fnf’ (LHC)

~—

P I RS B
06 .
plGVl

Slnyukov et al,, HKM also

Karpenko et al,,

RHIC/LHC
0.3<kr<I1.5

Chen et al.,
AMPT, b=0,

Chojnacki et al., hydro
+stat., b=1 fm, kt=0.3
GeV

3.60/4.23

5.4/6.0-6.5

3.52/4.70

4.3/5.3-6.3

3.23/4.86

6.1/7.6-8.6

® |deal hydro: same
problems as at RHIC -

Rout (I(T),
P\side(kT), Rout™> Rside;

out- — in-plane shape.

Frodermann et al.

dN _/dy
ch
680 980 1280 1580 1880

T T T T T 1

_KT 0.0 GeV HKT 0.6 GeV
- K;=02GeV 6..0 K =08GeV
—— K =04GeV - +_\.Kr 1.0 GeV

I0.4I0.6I.I I'_’I [400I
K, (GeV) so(fm_s)

Predictions for the LHC heavy-ion programme: an update: 5. Correlations at low pr.



Correlatlons at low pT: HBT

4 PHENIX

4 PHENIX

——t - ! N UM o220 Ga\litn” (SHIC)

® R’s increase from Bozek etal.’|0_
RHIC to the LHC |
~-in all models.

_.
-
° <X

TT T T A TAT

dN(2n p dp, dy) [GeV 7]

® But the predictive : _:
s power is limited by 5 ' In et al
Sinyuk|the problems at RHIC. | e B e

=0.25tm
Te= 150 MeV
Karper | % §

RHIC/LHC | |® Dissipative effects on
HBT are not
well understood yet.

Fluctuations!? | “kr 1GeV]

3.23/4.86 6.1/7.6-8.6 N O
Predictions for the LHC heavy-ion programme: an update: 5. Correlations at low pr.
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Long range y-correlations:

® Rapidity correlations may offer information about the mechanism
of particle production (flux tubes/Glasma, hydro,...).

D%, N (nFnp) — (nr)(nB)
Dgp (ng) — (nB)?

o, Brogueira et eTL

(np)(ng) =a+bng, b=

— 200 GeV (RHIC)
5500 GeV (LHC)

10 12 14 16 18
An
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2. Multiplicities.
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4. Hadronic flavor observables.
5. Correlations at low pr.

6. High-pt observables and jets (see the talks by
Corcella, Dremin, Leonidov, Majumder, Marquet,
Mateos, Quiroga, Rajagopal, Soyez and Wang).

/. Heavy quarks and quarkonium.
8. Leptonic probes and photons.
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Hard probes:

— =1 if no nuclear effects

® Assume collinear factorization works for the reference (pp) and
for the probe:

da[A+B—>h+X]oc/[da:]fz/A(xz) ©f;(25) ® o

\ / cold\and

cold nuclear

matter effects: hot nuclear
matter effects
NnPDFs

® pA, eA: check factorization and constrain cold nuclear matter
effects.

® AB: (check factorization and) characterize the medium.

Predictions for the LHC heavy-ion programme: an update: 6. High-pt observables and jets.



L

The benchmark: nPDFs

R,(x,Q*=5 GeV)

® Models give vastly different results for
small scales and x.

new HIJING
1.6

R, (x,1.69 GeV?) | b Rg(x,1.69 GeV?)

1.2F

Yellow Report on 1
Hard Probes, 2004 | |

. J" 0.6:
. —EPS09 ] 04
—nDS —FGS10

¢ Available DGLAP | l00 00
analysis at NLO |
show large

1.2F

uncertainties at small I

0.8} 0.8
|

scales and x.

0aF — EPS09 -C 0.4
—nDS —FGS10
02 HKNO7 4 0.2

0 0 0
10®  10° 10* 10° 102 10" 1 10°  10° 10* 10° 102 10" 1 10°®  10° 10* 10°
X X

E Rp’(x,100 GeV?)
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Energy loss:

<" [PHENIX n° (Au+Au 0-5% Central)
- Global Systematic Uncertainty + 12%

T N N
2141618 20
p.(GeV/c)

bl
8 101

J

® RHIC has measured Raa<I (e.g. 0.2 for
¥ at midrapidity in central AuAu), and
the disappearance of back-to-back
correlations.

® |t is standardly interpreted as the result
of partonic energy loss: interplay with the
slope of the partonic spectrum.

Dmed( ) _ / de P(E)Dvac <
1 —e€ 1 —e€
® Radiative eloss
o=xE characterized by
”fT different density
e parameters related
to multiplicity:
ghat=<k¢>/Noec€3/4,

Predictions for the LHC heavy-ion programme: an update: 6. High-pt observables and jets.



Predictions for Raa:

=20,§0 GeVn=0) in central Pb+Pb at \|s,,,=5.5 TeV

RHIC

Zakharov,x°, 5 % (T0=404 MeV=1.26T, ), rad.+coll.+1d exp., shad.

Wang et al., 7%, 5 % (&,~3.3€5/°), WW eloss+1d exp., shadowing

Vitev, 2°, 10 %, GLV+g-feedb.+cold eloss, dN*/dy~1.7-3.3(dN%/dy)""'

Pantuev, charged, N | =350, Than=1.2 fm~0.5(x5¢n RHIC

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

Kopeliovich et al., n°, 10 %, early hadronization

highest
T

Jeon et al., n°, pl"9"**'=40, 10 % (1=1 fm), BH eloss+QW, 4F=(3F)™"°

Liu et al., t*, p =40, 10 %, 2<->2 w. conv., transv. exp.

Wicks et al., 1%, 10 %, rad.+coll. eloss, dN*/dy~1.75-2.9(dN/dy) """

Qin et al., charged, 10 % (dN°"/dn~2500), AMY+hydro, a._=0.25-0.33
Renk et al., 7°, 10 % (dN*"/dn~2500), BDMPS QW with hydro evol.
Dainese et al., °, 10 %, BDMPS QW with WS, §~2-79
Cunqueiro et al., 7°, 10 % (chh/dn~1 500), percolation

Capella et al., 7%, 10 % (chh/dn~1 800), comovers, kinematics

O Arleo et al., charged, 10 % (dN"/dn~1300),0_=50 GeV
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Predictions for Raa:

prpb(pT=20,§O GeVn=0) in central Pb+Pb at \|s,,,=5.5 TeV

Zakharov, %, 5 % (T,=404 MeV=1 .26T§ "% rad.+coll.+1d exp., shad.

Wang et al., 7%, 5% (eo~3_3e§”'°), WW eloss+1d exp., ¢ EI astic
Vitev, 7°, 10 %, GLV+g-feedb.+cold eloss, dN"/dy~1.7-3.3(dN"7dy) ™"

Pantuev, charged, N | =350, Than=1.2 fm~0.5(x5¢n RHIC

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

Kopeliovich et al., n°, 10 %, early hadronization

highest
T

Jeon et al., n°, p*"**'=40, 10 % (A=1 fm), BH eloss+QW, Aéi:(Aéi)

Liu et al., t*, p =40, 10 %, 2<->2 w. conv., transv. exp.

RHIC

Wicks et al., 1%, 10 %, rad.+coll. eloss, dN*/dy~1.75-2.9(dN/dy) """

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

Renk et al., 7°, 10 % (dN*"/dn~2500), BDMPS QW with hydro evol.
Dainese et al., °, 10 %, BDMPS QW with WS, §~2-79
Cunqueiro et al., 7°, 10 % (chh/dn~1 500), percolation
Capella et al., 7%, 10 % (chh/dn~1 800), comovers, kinematics

O Arleo et al., charged, 10 % (dN"/dn~1300),0_=50 GeV

06 08 1 1.2
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Predictions for Raa:

?0 GeVn=0) in central Pb+Pb at \|s,,=5.5 TeV

Zakharov, %, 5 % (T,=404 MeV=1 .26T§ "% rad.+coll.+1d exp., shad.

Wang et al., 7%, 5% (eo~3_3e§”'°), WW eloss+1d exp., ¢ EI asti C
Vitev, 7°, 10 %, GLV+g-feedb.+cold eloss, dN"/dy~1.7-3.3(dN"7dy) ™"

form RHIC
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Pantuev, charged, Npart=350, Toap=1-2 fm~0.5(

Lokhtin et al., charged, 10 % (dN*"/dn~2700), rad.+coll Ra d IatIV e

Kopeliovich et al., 7%, 10 %, early hadronization
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=40, 10 %, 2<->2 w. conv., transv. exp.

Jeon et al., n°, pl"9"**'=40, 10 % (1=1 fm), BH eloss+QW, 4F=(3F)™"°

Wicks et al., 1%, 10 %, rad.+coll. eloss, dN*/dy~1.75-2.9(dN/dy) """

Qin et al., charged, 10 % (dN""/dn~2500), AMY-+hydro, o._=0.25-0.33
Renk et al., x°, 10 % (dN°"/dn~2500), BDMPS QW with hydro evol.

Dainese et al., 7°, 10 %, BDMPS QW with WS, g~2-75

Cunqueiro et al., 7°, 10 % (chh/dn~1 500), percolation
Capella et al., 7%, 10 % (chh/dn~1 800), comovers, kinematics

(©) Arleo etal., charged, 10 % (dN*"/dn~1300),0 =50 GeV
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Predictions for Raa:
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Predictions for Raa:
20, 50 GeVn=0) in central Pb+Pb at \|s,,,=5.5 TeV
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Vitev, i°, 10 %, GLV+g-feedb.+cold eloss, dN"/dy~1.7-3.3(dN"/dy)™

Pantuev, charged, N | =350, Than=1.2 fm~0.5(x5¢n RHIC

Lokhtin et al., charged, 10 % (dN*"/dn~2700), rad.+coll Ra d IatIV e

Kopeliovich et al., 7%, 10 %, early hadronization

highest

Liu et al., it P, =40, 10 %, 2<->2 w. conv., transv. exp.
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Jeon et al., x°, p/*"**'=40, 10 % (k=1 fm), BH eloss+QV
Wicks et al., n°, 10 %, rad.+coll. eloss, ng/dy~1 75-2.9

Qin et al., charged, 10 % (dN°"/dn~2500), AMY+hydro,
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Dainese et al., 7°, 10 %, BDMPS QW with WS, §~2-75 1~
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Predictions for Raa:

20,?0 GeVn=0) in central Pb+Pb at \|s,,,=5.5 TeV
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Zakharov, %, 5 % (T,=404 MeV=1 .26T§ "% rad.+coll.+1d exp., shad.

14 : : : Wang et al., 7%, 5 % (5,~3.365"'°), WW eloss+1d exp., ¢ EIaStl C
Vitev, °, 10 %, GLV+g-feedb.+cold eloss, dN"/dy~1.7-3.3(dN"/dy)™ "

RHIC

12 E E E Pantuev, charged, Npart=350, Than=1.2 fm~0.5(t5an)

Lokhtin et al., charged, 10 % (dN*"/dn~2700), rad.+coll Ra d IatIV e

10 : : : : Kopeliovich et al., n°, 10 %, early hadronization

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

Qin et al,, charged, 10 % (AN"dn~2500), AMY+hydro, | A 1ATIVE

Renk et al., 7°, 10 % (dN*"/dn~2500), BDMPS QW with hydro evol.
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Cunqueiro et al., °, 10 % (dN°"/dn~1500), percolation Oth ers
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Hadrochemistry and FF:

:"l""l LI B L
06 | K*n*

o5 t Sapeta et al.
04 F J—

E, =50GeV

1.0

08 —— Pb+Pb +conv. MOdiﬁcation Of
05| PrPowloconv.  hadrochemistry

+
S~
Q

2
=~ [ MRST—NLO—AKK, PbPb —> m, K, p at s'?=5500 GeV

Ratiosof dN"/d p

03 £, )

02 E.

01 F
o |

06

05

04§ i due to elastic
02, | tconversions,

0.0

"5 10 15 20 25 30 35 40 rad. eloss or o -
P, (GGV) . . - 10 .'?; con z'f : |
Liu et al. modified jet Barnafoldi et al. ’

02 —

radiation.

O :llllllllllllll 1
5 Jet fragmentation function .
/:110 EIIIIIIIIIIIIILIIIIIIIIIIIIIlIIIIIIlIIIIIE Modlﬁed

10

1 [ IR A |

5 10 15 20
L DAL B DL B 'E
5500GeV NLO p=1.2p,
A C - iﬁ ;c\)(enevrgy loss ' ] p+poshih’ ]
y » PYQUEN energy loss - 10' Pb+Pb-sh’h" 0-5% £,=5.6
: =56 3

10'} fragmentation
- i ' ——JQ :«Nv::: :BSF

functions, both for jets « %k
(e I aSti C + rad i ative i n 10" 3

- 20<p!"<30GeV

Lokhtnecal, % PYQUEN) and for the = _
" Ee>100 GeV .
I badron-triggered case " Wangetal.

b2 03 0.4 05 06 0.7 08 09 1 =
Z=p;l—/p]‘?t (WW rad [ I I I O d e I) [ ] 03 :_l ljl\f’li.:';’; PO NN T TN N T T N T N T T N T T T N U T O A B T
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

z,

Predictions for the LHC heavy-ion programme: an update: 6. High-pt observables and jets.



Hadrochemlstry and FF:

E, =50GeV

12 r :
€[ MRST-NLO-AKK, PbPb —> m, K, p at s"*=5500 Gev _; 06 E Kfn* 3

osf  __poonscone. | M1Odification of 20

o Chemlcal composition and more differential observables will be
key to establish the mechanism underlying jet quenching.

® Problems with pp at 2.76 TeV:
* Interpolation between 7 TeV and Tevatron? (Albino et al.,Arleo
et al., Cacciari et al, Sassot et al. | 0).
* Rep instead of Raa!?

® |ets:
* New techniques to deal with the background.
* Effects of limited energy resolution in HIC?
* Need of MC with medium modifications.
* Need of strategies to disentangle medium effects.
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Interpolatlon 7TeV — lower \'s:

T s o e Either you rely on NLO pQCD
which works without K-factors.

\/s-scaling factors
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2. Multiplicities.

3.Azimuthal asymmetries.

4. Hadronic flavor observables.
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6. High-pt observables and jets .
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Asakawa, Beraudo, lancu, Kiritsis and Satz).

8. Leptonic probes and photons.

9. Summary.
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Introduction:

® Heavy quarks offer an additional possibility to constrain the
mechanism of energy loss. In the radiative case:

AE(g) <(color charge) AE(q) <(mass effect) AE(Q).

® Ran® ~Raa™at RHIC!!! Several mechanisms may compete:

* Radiative.

* Collisional: perturbative or not.

* Dissociation of mesons inside the medium.

* Secondary production by partonic rescattering (> at the LHC).

® Quarkonium may get dissolved in the plasma (Matsui-Satz). But

the dynamics is more complex:
* Dissociation by Debye screening in the plasma.

* Dissociation by comovers.
* Regeneration via coalescence.

Predictions for the LHC heavy-ion programme: an update: /. Heavy quarks and quarkonium.
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a, =04 s'% = 200 GeV

Heavy quarks: predictions (l)

T I T ] L I T I T
- Wicks et al. .
—— Charm dN g/dy = 1750 s B+D mesons+baryons

—— B mesons+ baryons
s rad.+coll. _ sotom dN,/dy = 1750 - = - D mesons+baryons
- = Charm ng/dy = 2900
- - Bottom qu/dy - 2900 |

[~ Central Au+Au at RHIC (ng/dy =1175) |~ Central Cu+Cu at RHIC (ng/dy =350) "
1 2 | 2 L 1 X |

5%, = 5500 GevVitev [ | s"%,,=5500Gev
coll. diss.

™ Central Pb+Pb at LHC (dN%dy =2000) [~ Central Pb+Pb at LHC (dN%dy = 3500) "]

I L I L L I L I L
10 20 0 10 20 30
P, [GeV] P, [GeV]

® pQCD-based models valid for
hadronization outside the medium, so for
high pr.

® Double ratios B/D are sensitive to mass
effects until quite high pt and offer
possibilities to discriminate models for

pr (GeV) HQ jet quenching (Horowitz et al.).

Predictions for the LHC heavy-ion programme: an update: /. Heavy quarks and quarkonium.
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Heavy quarks: predictions (ll)

16

" Dasetal.’l0
diffusion - . :
—-—‘; -------- . ki" -'-'-H'-T_-

Y&, :

R, (D/B)

[ ~, Y

L van Hees etal. S ">
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L rad.+diffusion =

5 reso: T=0.4-0.75 GeV
[ Pb-Pb Vs=5.5 TeV (b=7 fm)

3 4
p; (GeV)
el B+ ramine o« e ® Raa for meson and leptons will be

rescaling: K= 1.8 avallable-

model C: a,(2xT) ; k=0.15

rescaling: ® Large suppression expected,
decreasing with pr.
® The large coverage in pt for
LHC (mod C) . .

muons makes it possible a self-

GOSS:?u'X etIaF. GVl " calibration with EWV bosons
COIllISIONa .
(Dainese et al.).
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Quarkonlum predlctlons

70

o RHIC data § Andronic et al.“10; Eree— e

——Ilulpdu n, A° 10RHIC1

¢  In-medium formation, 2" = RHIC value

1 strong regeneration .- IS
1 (FONLL g<b2); Thews
1 et al.:pr-broadening to
verify recombination,
with uncertainties from
cold matter effects.

----- shadowing
-------- C =0 - no recombination
—C=2
— C=35
—e=-C =5

Vogt: pT- |1 [I——

i/ T, = 700 MeV

inill N S dependent
: T screening, no
regeneration.
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Quarkonlum predlctlons

70

o RHIC data § Andronic et al.“10; Eree— e

60| w=— Initi lpd = 10 x RHIC value
¢  In-medium formation, 2" = RHIC value

: _ StrOng I’egenel"athn 50-_ In-medium formation, A” = 10 RHIC value
- H ﬂ 1 (FONLL gc®); Thews ¢

r:'}_}o_

® Considerable uncertainties both in the production and in the
suppression mechanisms limit our predictive power.

® Lowering the energy should favor suppression over
recombination.

® The uncertainties in the reference (pp at 2.76 TeV) will be large
|for charm and quarkonium.

INg, NO :
=5 regeneration.

i’ ;s T NN FEETE EEEEE R RN RN WA S i
/T, =850 MeV] | /. - © 50 100 150 200 250 300 350 400
L. | 7 IR R part
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D, (6T Py (GeV) Capella et al. comovers+reco.
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Contents:

. Introduction.

2. Multiplicities.

3.Azimuthal asymmetries.

4. Hadronic flavor observables.
5. Correlations at low pr.

6. High-pT observables and jets .
/. Heavy quarks and quarkonium.

8. Leptonic probes and photons (see the talk by
Lublinsky).

9. Summary.
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Introduction:

® Photons and dileptons (EM probes) may be produced by decays
and by direct sources:

*Thermal (black-body) radiation, direct proof of T.

* From the hard parton scattering: benchmark.

* From fragmentation of partons: affected by medium.

* From jet conversions: determined by the medium.

Direct *

= Conpversion Y/Y*
\ /

—Fragmentation Y/Y*

® All these mechanisms have to be implemented within a realistic
medium model: density and evolution.

Predictions for the LHC heavy-ion programme: an update: 8. Leptonic probes and photons.



I: h otons:
[
Pb-Pb — y+X, 5.5 TeV [0-10% centrall

High p1: quenching
T oot e IN fragmentation
E:(Z;;EEE)_WM v (also Arleo).
R Low pT: new
effects e.g.
conversions,
" oo %55 e
thermal,... o— — L
expected (also Vitev pr(GeV

Rezaeian et al.).
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Photons:
High pt: quenching

T hemoonew-we| IN fragmentation 1 — T

o
3 Pb-Pb — y+X, 5.5 TeV [0-10% centrall
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Dlleptons
o10%cat ] @ Both low and high M and pr

)T;;(i“iyﬁﬁfs i required to disentangle different

mechanisms.

® But the huge HQ contribution

s ey qurks decay ~._"q{ looks really challenging.

o " et therm FL . ] e Anisotropies in the initial stage
. — therm-thenn, HTL T :

00 increase the yields of both v and |*

M (GeV) .
dN/dy=5625 (Martinez et al., Bhattacharya et al.).

Central Pb+Pb \s=5.5 ATeV 02 Central pb+pb \S 5. s ATeV
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9.Summary:

Observable at RHIC | Standard interpretation | Prediction for the LHC

Strong coherence in dNcv/dN|n=0<1700 for

Low multiplicity . . .
particle production central collisions

v2 in agreement with

ideal hydro Almost ideal fluid Similar or smaller v2(pr)

Strong jet quenching Opaque medium Raa(20 GeV)~0.1-0.2 for m°

® Most valuable information will come from the very first day!!!

® A good amount of predictions is ready to be confronted to data.
From their success or failure we will enlarge substantially our
knowledge about both the medium and how to treat the probes.

e Still a lot of theoretical work is needed e.g. to deal with jets.

Predictions for the LHC heavy-ion programme: an update.



9.Summary:

Observable at RHIC | Standard interpretation | Prediction for the LHC

Strong coherence in dNcv/dN|n=0<1700 for

Low multiplicity . . .
particle production central collisions

v2 in agreement with
ideal hydro

® Apologies to those whose predictions | may have skipped!!!

Almost ideal fluid Similar or smaller v2(pT)

® Thanks a lot to Andrea, David, Guilherme, Javier, Jorge, Kari, Peter
and Urs for information and discussions!!!

® A good amount of predictions is ready to be confronted to data.
From their success or failure we will enlarge substantially our
knowledge about both the medium and how to treat the probes.

e Still a lot of theoretical work is needed e.g. to deal with jets.
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