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Phase diagram of QCD:
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Present status:

Observable at RHIC Standard interpretation

Low multiplicity (~2/3 expectations| Strong coherence in particle production:

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

v2 in agreement with ideal hydro [Almost ideal fluid, very fast thermalization/
(N/s~a few/(411)) isotropization, strongly/weakly coupled!?

Strong jet quenching (Raa(10 GeV) Opaque partonic medium, radiative

~0.2 for T1°, disappearance of back- (+elastic) energy loss, weak/strong
to-back correlations) interaction with the medium!?

e Aim of the talk:show some new directions in theory and
experiment, and confront the standard interpretations with the

first LHC data.
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Multiplicities: RHIC
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Azimuthal asymmetries:

AN, ANy,

&

‘ 1 4+ 2vycos (¢ — or
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p: — D,
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Tanneba.um ’Oé . é - 2 < o (Q) (-)R)> < ])% >

® vy, also called elliptic flow, is usually interpreted in terms of a
final momentum anisotropy dictated by an initial space anisotropy.

® |deal hydro: plus an (lattice) equation of state, initial conditions
and a hadronization prescription, reproduces data.

® Non-ideal hydro: dissipative (viscous) corrections. (Bulk and)
shear viscosity decrease va.
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Azimuthal asymmetries:

e 1/s=1/(41T) and T=0 in CFT:KSS bound.
® 1N/s=0.1-1 in pure glue lattice QCD.
e C has a peak around T¢ in QCD (Dobado et al.).

A
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Fourier decomposition shows interplay of even and odd contributions:
“ridge” and “cone” appear as consequences of global event properties

® Good comparison with data,

(To<I| fm/c!) but uncertainties:
i.c., hadronization, fluctuations.

® Models with shadowing plus
rescattering work (Pajares et al).

® Basis for background

subtraction of non-flow effects.
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Hard probes:

dN;i+
dydpr

dNNN
<Nc0ll> dyépr

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

Raaly,pr) = =| if no nuclear effects

dO'[A + B — h—l—X] X /[dai]:fz/ACE@)J@Irfj/B(iCJ} 2y dé‘[@ —|—j — k —|—X](S£E7;£Ej) ®:D[l€ — h —I—X](Z)I

[ Y [ |
\ cold and
cold nuclear
, hot nuclear
matter effects:
, matter effects
nuclear pdf’s

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

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

Heavy lons: 2. Pre-LHC situation. 9



Hard probes:

dN 4
dydpr

Raa(y,pr) =
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High-pt @ RHIC:
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® Data well described by models
implementing radiative energy loss.

e Other possibilities: collisional,
hadronic rescattering, strong color
fields, drag,...

e Jets (@ RHIC suffer from huge
background: dAu?
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High-pt @ RHIC:
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Open problems: HQ and QQbar

® Heavy quarks: radiative eloss
predicts (expansion in mqo/E)

AE(g) >[color charge] AE(qQ) >[mass effect]
AE(Q).

® Raa® ~Raa™at RHIC!! b+c
contributions mixed.

T <= T, T = 1.2 T, T =

II

LI (1

VXV Y xpY X, oW
® Quarkonium:

* Dissociation by screening in the

plasma: thermometer?

* Dissociation by comovers.

* Regeneration (c+cbar—|/\,...).

* Scaling with Npart.

* Larger forward suppression?!

Y be’

Heavy lons: 2. Pre-LHC situation.
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Open problems: HQ and QQbar
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® Heavy quarks: radiative eloss @ 1o @ owsems . Amestoetal0
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Open problems: theory

e Multiplicities lack of a firm theoretical framework: perturbative
techniques!?

e |nitial conditions for hydro/transport: fast isotropization/
thermalization, transport coefficients, weak or strong coupling.

® [heory developments: CGC,AdS/CFT applied to HIC.
® High pT:relation density <> medium modeling, refine theoretical

tools for radiative eloss (Monte Carlo, coherence - talks by Pérez-
Ramos and Casalderrey, in-medium jet calculus), jet reconstruction.

® P and CP violation in the QGP (O-term): CME — charge
asymmetry with respect to the reaction plane.

® P violation in the hadronic phase modifyies Y*) dispersion
relations and yields (Andrianov, Espriu, Planells).

® Elongated structures in pseudorapidity: the ridge.
Heavy lons: 2. Pre-LHC situation. 12
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HIC@LHC

Integrated nucleon nucleon Ium|n03|ty for LHC beam species in 2010

® | HC started accelerating ion

beams on 04.11.2010: /s=2.76
TeV/n. Ist collisions in 4 days.

® Now ~ 108 recorded events in
ALICE+ATLAS+CMS in | month.

® |6 papers until now:

* ALICE: 7 (2 on multiplicities, 2 on flow, 2 on jet quenching, | on

interferometry).

*ATLAS: 4 (1 on multiplicities, | on elliptic flow, | on jets, | on J/ and Z).

*CMS:5 (I onjets, I,onW/Z, | on correlations, | on QQbar, | on

multiplicities).

+ many new results in QM201 | (http://gm?201 |.in2p3.fr/).

Heavy lons: 3. HIC@LHC.
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Data on multiplicities:
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the small-x glue).

® Multiplicity larger than expected in data-driven extrapolations.
® |[n agreement with saturation models (based on the behavior of

® Problems to reconcile the energy behavior of pp and AA (Dias de
Deus et al, Capella et al.,...).

Heavy lons: 3. HIC@LHC.
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Data on centrality dependence:
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Azimuthal asymmetries:

° LI ] LN ) LI LI LN LI LI LN LI 0.3
>N 0 12 : | | | | | | | | : g
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centrality percentile

® Behavior compatible with hydro | *
assuming NLHc >~ NRHIC.

® The scQGP claims remain.

® Many things to be settled; higher
harmonics to constrain the initial
condition and transport coefficients.
Heavy lons: 3. HIC@LHC.
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Azimuthal asymmetries:

Schenke et al., .I I02;057SI

Hirano et al., 1012.3955
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Results for Raa:

AN
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® Behavior compatible with radiative eloss.
® Similar for charged hadrons, for D’s, and for jets!?!
e Reference crucial!!! (pp@2.76 TeV 03.11, ~107 coll/exp, only

used till now in QQbar and back-to-back correlations in ALICE).
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Results for Raa:

mg 2;r T ] T 1T rJ]rrr]rrrJrr Ty T l: 2IlllclMlslPllIIilillllllllllllllllllllllllll
= - B reliminary -
1'8: Pb-Pb \sy=2.76 TeV +» DY Raa 0-20% CC - - ~  PbPby[s,, =276TeV l<144 f Ldt=68ub"
1.6 > « D'R,, 0-20% CC s |
. \ - o -1 @)
: AR . 2 151 PhOtOnS—
141 e a* Ry, 0-20% CC £
u imi _ Q. - 7
12 ALICE Preliminary = e i i
: 1| s [ = 4 B
o 5 . —*"'—:_f—_r:f—___—::::
0.8 ] o) i
- . % i —e— PbPb(0-10%)/pp(CT10
a.6F- E 2 I (0-10%)/pp(CT10)
[ + N ~ 0.5 Systematic uncertainty _|
04 :— "+ — :tt - I .. scale uncertainty
- o B —— — NLO Scale uncertainty
0'2:_ B i — — CT10 PDF uncertainties |
0 " T | | T T | ] 0lllllllllllllllllllllllllllllllllllll
0 2 4 6 8 10 12 G {/7 10 20 30 40 50 60 70 80
P, [GeVic] Photon E; (GeV)

® Behavior compatible with radiative eloss.
® Similar for charged hadrons, for D’s, and for jets!?!
e Reference crucial!!! (pp@2.76 TeV 03.11, ~107 coll/exp, only

used till now in QQbar and back-to-back correlations in ALICE).
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Results for RAA
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GLV: dNJdy =
GLV: dN,jdy = 2000-4000

1400

— YaJEM-D
— elastic, small P__

— elastic, large P__

| | | | | | | I |

1.5 .
S —— E
_) 0-5_+_ ’ + + + T; 0 1 | I S l 1 1 I | l
OE %0 1 2 34 10 20 100 200
Centrality [%] p_ (GeVic)

® Behavior compatible with radiative eloss.
® Similar for charged hadrons, for D’s, and for jets!?!
e Reference crucial!!! (pp@2.76 TeV 03.11, ~107 coll/exp, only

used till now in QQbar and back-to-back correlations in ALICE).

Heavy lons: 3. HIC@LHC.
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Results for Raa:

AA

N

—

Ratio of yields per trigger,

O

| | | | | | | | | | | | | | | | I | | | | | | | | | | | | | | | | |

- Near-side 8 GeV/e < P g < 15 GeV/e -+ Away-side ALICE
_0._\( Sy = 2-76 TeV Pt’%%c <Pmig <10 _ _

i T 0-5% Pb-Pb/pp  60-90% Pb-Pb/pp

u 1 [0 Flat bkg B Flat bkg
5—_ T ¢ v, bkg ¢ v,bkg N
-~ @] 1 O m-gap ® nJdap

i & oyt gt T
oMUY P T P — oo n gz -

: r " T L B ™

i 4 @] i

L -1 I i = I
5t EORE S R L

i a) —— Pythia gluon filtering il i
O_ | ] 1 ] | 1 1 ] | 1 ] ] | 1 ] ] | T | ] 1 ] | ] 1 ] | ] 1 ] | 1 ] ] | |
T2 4 6 8 10 2 4 6 8 10

P (GeV/e) Py (GeV/e)

® Behavior compatible with radiative eloss.
® Similar for charged hadrons, for D’s, and for jets!?!
e Reference crucial!!! (pp@2.76 TeV 03.11, ~107 coll/exp, only

used till now in QQbar and back-to-back correlations in ALICE).

Heavy lons: 3. HIC@LHC.
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LHC-specific: dijets

f B [GeV] AT LAS

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET

o
?

60 P, [GeV]

“ B Tracks
304

antl-I(T, D=0.4 g 276 TeV 0-10%
E E X Pb+Pb
L7y — Lo T,
As = ET1+ET2’A¢> 2
ET2=ET|/2 =

A= 1/3
e CMS got
similar results,

plus particles.
Heavy lons: 3. HIC@LHC. 19




ET2=ET|/2 =

A= 1/3

o CMS got
similar results,
plus particles.

Heavy lons: 3. HIC@LHC.
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1

1 E, [GeV]

LHC-specific: dijets

60 P, [GeV]

ATLAS

Run: 169045
Event: 1914004
Date: 2010-11-12
Time: 04:11:44 CET

S LI N I U I LS IUME LIS I SN UL IR LR
L(a)cMms |Ldt=35.1pb (b) |Ldt=67ub (c)
C J g J 50-100% 30-50%
P ® pp\sE=7.0TeV e PbPbVs, =276 TeV P,,> 120 GeVic
810 - ——PYTHIA —— PYTHIA+DATA P,,> 50 GeVic
B Antik,, R=0.5 Ilterative Cone, R=0.5
@
I
-2 |
‘510 3 *
>
w
103 F
F(d) (e) )
- 20-30% 10-20% 0-1D%
107F
c
k=l
8
= ¢
102k
gt ¢
>
TN R
103 L‘ i
,_.Ijll. Ao Lol bl 1 1 .ml 1 | | i ||11|T|1_)1|| c el
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LHC-spec

ific: dijets

—

LI | LI |

In-Cone

T (b) .I > 0.5 GeV/ic

T LI B R N B B
' (@)
v 40|— PYTHIA+HYDJET 0-30%

i =y Out-of-Cone _
e 2.0 - 4.0 GeV/c N
I 4.0- 8.0 GeVic
I > 8.0 GeV/ic o
E——

p, , >120GeV/c

— p.. >50GeV/c —
T2 5 _

anti-kt, D=0.4 R ianaans

| CMS 0-30%

i
(=)

— Pb+Pb V5 _=2.76 TeV

T I LI D B |

In-Cone

AR<0.8

III III|III
llllIIllIIIlIIlIIIIIIIII

1 t-of-Cone _
B >0.8 ]

|
=

Erq — Erpg m N
J—ET1+ET2’A¢>§ _20F '[Ldt .
2 -
> [
Er=ET\/2 = % 0
K2

N
o

A= 1/3
o CMS got

N
o

ﬂ{”ll' = Z _p!l‘ cos (¢ — Pleading ]et)‘ _

lIlIIIIIIIIIIIIIIIIIIIII-

similar results, =1 02 05

01 02 03 04
AJ

plus particles.
Heavy lons: 3. HIC@LHC.
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Dijets (ll):

Jets are involved observables: background subtraction!
Pythia with Gaussian smearing

5

1/N dN/dA,

0 02 04 06 08 1

A,

10 g

—

E

1/N dN/dA¢
=
™

—
<
nN

R
F LHC, Vs=2.76 TeV pe
[ anti-k;, R=0.4

—rg 10

. -
o 3 1

é 102

Heavy lons: 3. HIC@LHC.

N ;
0 02 04 06 08 1

Gir=10GeV

.

A,

S ——
Pythia 6.4 a
V<28, 1a0bw2  o®

8
0886

L_Jo]

2 2.5 3
Ad

5

A N N

0 02 04 06 08
A,

1 0 02 04 06 08 1

E T ™ | ™ L | L B
E pyy>100 GeV

é p; o> 25 GeV oBN!

Cacciarietal., 1101.2878

A,
L ? 10 L
- ® p{""=30Ge
pf =70 GeV
1 1 F o "pp reference \, @
- .. a
1 [seeee®® O
3 10 0®
; o°
| -2 o0
1
a 0 ,.9.0. PR | PR 2
2 2.5 3
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Dijets (ll):

e All in all, it looks as if you have energy loss (degradation) with
no broadening, and the energy has been carried away by soft
particles.

® Several explanations: radiative (+collisional) eloss (Vitev et al,,
Lokhtin et al., Qin et al., Gale et al.), collimation (Casalderrey et al.),...

® Conceptual problems for models of radiative eloss which go

through large angle, semihard emissions. £

e Still a long way to become quantitative!
Background subtraction crucial.

® Many recent theoretical studies:
coherence between emitters (Salgado et al.,
Casalderrey-lancu), energy corrections
(Grigoryan-Vitev, d’Eramo et al.), color
reconnections (Beraudo et al.,Aurenche et al.),...
Heavy lons: 3. HIC@LHC. 20
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Quarkonia:

© 1.5 4
“;) IS suppre[ssea ,,,,,,,,,,,, S [ ATLAS o inclusive J/y in Pb-Pb \[s, = 2.76 TeV, 2.5<y<4, p >0
C 14 CMS Prellmmary . I Pb+Pb \[syy = 2.76 TeV J/LI) 1
i PbPb \ /sy, = 2.76 TeV ! |
1'2:_ = Prompt Jiy B oo oo - .......... - 0.8
1—. * Non-prompt J/y - - 06—— ﬂ
[ + Y(1S) - 1 6 +
0.8 0-20% —}— + : s ] & AH”*#H
: 1 05 :
o | + : + , @
0.4 + + = - ALICE preliminary
O 0, : 0, ‘ 0, 0,
0.2 —00< IyI < 2.4 L — - 40-80% 20-40% 10-20 c/:e?-,—t:; i/toy
- 65<p' <30.0GeVic 0.0 <pY <20.0 GeV/c ot
RN AT Y 0O 20 40 60 80 100
0 50 100 150 200 250 300 350 400 1-Centrality %
Npart Z. Hu (TODAY), T. Dahm
3‘( R | | | | | I
Y(25+35)/Y(1S)|,, =0.787}5 £0.02 Y(2S +38)/Y(1S) | pppp =0.247513 £0.02 | & 2 ® RHIC data E
Y(2S +3S)/Y(1S e T
( )/ XAS) =0.3177; £0.03 AN
(25 +3S)/Y(15)|, o + | -
® |/ results do not show enhancement. " HE‘E‘ _______ :
- Model E:
® Higher BBbar states show larger B ;
. ol v bbby 1y
suppression (CMS): thermometer? o 0 w0 %0
Andronic et al '|Q e

Heavy lons: 3. HIC@LHC.
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Quarkonia:

""l"l"l'"'I""I""I""l"" Pt

CMS Preliminary
PbPb \% =2.76 TeV

1.4

AA
R

1.4 - m ALICE (Pb-Pby\ s, = 2.76 TeV), 2.5<y<4, p >0 (preliminary)
. o PHENIX (Au-Auy s, = 0.2 TeV), 1.2<|y|<2.2, p >0 (arXiv:1103.6269)
o PHENIX (Au-Auy s, = 0.2 TeV), |y|<0.35, p >0 (nucl-ex/0611020)

-
N

1.2

m  Prompt J/y

|
l

—
—
m T | L | I

AuAu \}s =200 GeV
¢ STAR preliminary

pT I> 5 GeVlce, ly|<1.0
g |

o
€
o
Qo

=]
=
=
- =
[~ ]
III|III|IIICIDIII|IIT
—

0.8

0.6

A | |
0.4F @ 5 B 0.4 "
0.2:— £ g 0.2~ 0.0<|y| <24 0 0

5<p < 30.0 GeV/c

(* ) ALICE <N e is wenghted by N

ll l l l - l IlIIIIIlI|IIlI|IIII|IIII|IIII|IIII[IIII

11l 1 1 1 1 l 1 1 1 1
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
<Npart*> Npart

oO
)

ALI-PREL-5537

® |/ results do not show enhancement.

® Higher BBbar states show larger
suppression (CMS): thermometer!?

Heavy lons: 3. HIC@LHC. 2|




WI/Z (LHC-specific):

~—~. 100
0
O 90F @ CMSPbPb72ub’at\[5 =276TeV
S
[30-1001%
2 80
= 70
-~ H )8 5
— T T i B e ieaaionele:
Q 60 =
A 50
Vv
> 40
— 3 ——— POWHEG + PYTHIA 6.4
> F e — Paukkunen et al., CT10+isospin
O 20 UL Paukkunen et al., idem+EPS09
prd ——— Neufeld et al, MSTW+igospin
© 10 —.—— Neufeld et al_, idem+eloss
TOP1 POTT1 FTTE PRTTS PR PTT DOT T POrea i
0O 50 100 150 200 250 300 350 400
Npm

® First Z/VW measurement
in heavy-ion collisions!!!
Benchmark (nuclear pdf’s,
Ncol-scaling) for future.

Heavy lons: 3. HIC@LHC.

© | ATLAS Preliminary ’

x10°

llllllllllllllllllllllllllllllllllll
[ D)  CMSPbPb72ub"anE =278 TeV

e T e .
...............................

[ ® cMms

[ —— POWHEG + PYTHIAG.4

[ e - Paukkunen et al., CT10+iso2pin

" {i=== Paukkunen et al., idem+EPS09

- —— Neufeld ot al., MSTW+izospin

[ -.—-.- Neufeld et al_, idem+eloss
O-llllllllllllllllllllllllllllllllllllll
0 02040608 1 121416 18 2
Rapidity

OZ_bIII|IIII|IIII|IIIIIIIII|IIIIIIIIIlIIIIIIIIIlIII_

- +Data 2010 S
- []Total uncertainty

s sl _[ L~5pub’ Sy =2.76 TeV -

111 |IIllIlllllllllIllllIlll_
02030405060.70809 1
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Rapidity correlations:
Pbe@Z 76 TeV/n

(a) cms ILdt 31pb”

(d) N>110, 1.OGeVIc<pT<3.OGeVIc

2 POPD\[arg; = 276 TeV. 0-5Acmuahty'fﬁ_,.-..-~
2
3 _ §. g —6.4
' 6.6{"
S@ i 6.2
—lF 58%
' 4
PP@7 TeV Similar “ridge” in high multiplicity pp —>

(even similar p; dependence)

® N-elongated structure in the two-particle correlation in the
near (ridge) and away side regions in central pp and AuAu/PbPb.

® | ong range y-correlations natural in string models, CGC,...

® Origin of the elongation in N for the ridge unsettled yet:
coupling fragmentation < flowing medium, ISR, flow itself (v3;

thus no longer a signature of jet-medium response),...
Heavy lons: 3. HIC@LHC. 23




Femtoscopy:

b) |

B B
b L °® b
3 ol © 3 Qe 1 .
< o oo <9 . %, 1|® Information
| Seo : L %0, Y0 g o
4 Tted b T " Habout the
of 1 gl 11 . .
o aucerbmozeter] | | lIdimensions of the
| © STAR Au-Au 200 GeV | I l
Ol Ol . .
0 02 04 06 08 1 0 02 04 06 08 1
(k) (GeVic) (k) (GeVic) reglon Of PartICIe
o S — : 1
" 71 4,741 |production through
2 8- Y ] \g A R .
el [ o @ 1 oC 12_ !z \' ]
6L ‘o °. ] [/ 3o N ___: Plon
: %, Yo g4 1L * %321 |:
g e el 1 “ee¥sllinterferometry.
0'8:’ ——— KRAKOW ":
2r ] 0.6F — — /TEMYDRO
[ ] [ = HRM ]
% 02040608 1 9% 02040608 1
(kT) (GeVl/c) (kT) (GeVl/c)

® Source enlarges with collision energy as
expected.

® Transverse momentum dependence
problematic for hydro: viscosity, i.c.,
fluctuations!?

Heavy lons: 3. HIC@LHC.
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Summary:

Observable at RHIC

Standard interpretation

Prediction for the LHC

Low multiplicity

Strong coherence in
particle production

dNch/dNn|n=0<1700 for
central collisions ‘/

v2 in agreement with
ideal hydro

Almost ideal fluid

Similar or smaller v2(pT)

)/

Strong jet quenching

Opaque medium

Raa(20 GeV)~0.1-0,2 for T1°

9

® The very first data seem, at first sight, not to be in dispute with
the claims at RHIC - the problems remain, too.

® Already new things: jets, Y family, ridge in pp, higher harmonics.

e | HC offers new opportunities, both enlarging the lever arm (in
energy, in pT,...) for existing observables and offering new ones

(identified HQ, jets, Z,Y+jet, correlations,...).VWe have just begun!!!

Heavy lons.
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Summary:

Plans:

=» PbPb @ 2.76 ATeV:four weeks at the end of 201 | starting
14.11; at least 3 times the luminosity in 2010. End of 2012?

=» pPb @ 4.4 ATeV: studies during the 2011 PbPb run, run at the

end of 2012 to get 0.1 pb-'?: benchmarking (nuclear pdf’s and cold

nuclear matter effects on jets, HQ and QQbar), small-x dynamics
and UPCs (see Salgado et al., [ 105.3919 [hep-ph]).

wm Decission in Chamonix 02.2012, depending on luminosity in
201 | and prospects in 2012.

Heavy lons.
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Backup:



Lattice QCD:

14 Phase diagram of
. quark-gluon 0051
® | attice Ll-.. plasma :
R . deconfined, AR
haS Y -symmetric
. hadron gas 015}
achieved confined,
x-SB 02
great \ color
superconductor 0.5}
accuracy. © i .
Lo, fewtimes nuclear | 0355 1 15 2 25 3 35 4
matter density
L B e T B ey g (£-3 P)/ T Borsanyi et al.’ 10
i B R I ’ I O S 15 : | 4 I 1 I 1 ' : ' 'l 'lI' l 1 1 I I I 1 1 :
- orsanyi et al. 5 et Nom§ :
= 4 — 4
I _ 5 ]
F B - 10 | < g 2 ] 3
S 1 8 § x
L i 1 L rirT I I B .
w i wr N,=6 i d ~ 100 150 200 250 300 2
-_ o Nt=8 3 i _' > ] \\"\ ... _: 1
- ¢ N=10 .. 1 - ]
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L 1 I 1 1 1 l 1 1 1 I 1 1 L I L 1 1 200 400 600 800 1000
208 400 600 800 1000 T[Mev]
Energy density timev
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L

R,(x,Q*=5 GeV?)
RHIC

new HIJING

" Nellow Repoft on -
Hard Probes, 2004

e Available DGLAP
analysis at NLO
show large
uncertainties at small
scales and x.
® pPb may help
(studies this year, it

may happen in 2012).
Heavy lons: 2. Pre-LHC situation.

The benchmark: nPDFs

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

I —nDS —FGS10
. - H KN07 (Q%=4 GeV?)

10° 10° 10* 10° 102 10" 1

—EPS09 ]
—nDS —FGS10
— HKNO7

0
10°  10° 10* 10° 102 10" 1

o e ¢ <
()

+ Ry (x,1.69 GeV?)

| | ni
10° 10° 10* 10° 102 10" 1 10® 10° 10* 10° 102 10" 1




Energy loss:

\¢ Wiedemann

— 4o
WJ/ S S < g
g
— —— > — # ”«. ?“ l_X)E
----------------------- ® L @ o
edium

® RHIC has measured Raa<I (e.g.0.2 for TT° at midrapidity in
central AuAu), and disappearance of back-to-back correlations.
e |t is standardly interpreted as the result of partonic energy
loss: interplay with the slope of the partonic spectrum.

® Radiative eloss
1, AA AE AE\ doPP characterized by a
g B /d (F) r (f) i (P TAE) density parameter
and by medium

length / geometry.
Heavy lons: 2. Pre-LHC situation. 29




Statistical model:

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

densities can be computed: T,4,V (Ys to include chemical non-
equilibrium effects).

® Good description of particle o (T o) = NN, /oo dmp?dp

. . . Aq@\= > Fg) 2 2T,
ratios in AB, with T~T¢ (and Ys~ | (2m)2 Jo  (VPPEmEE)/T |
at RHIC): partonic equilibrium?

» = [
o -— -— -_— pro— -— * . n - -—
3 p/p A/A Z/E QIQm/n K/IK'K/m p/mK°/h ¢o/h” Ah” 2hQ/r*10 °  plp K/K K/n p/m€2/h™*50
L = v T hame - ===
™ N\ . .*,. ——— ] A : #&‘ -
:’i!;:. P
- n
n
I n
.
o
B vr STAR x : "'i"‘*.
v E PHENIX . : —
= O PHOBOS T - . i
- ¥
- A BRAHMS -%— : X
_— o
B S, =130 GeV X ; S, =200 GeV
. Model re-fit with all data ‘ T :[ Model prediction for
107 |— T=176 MeV, u, =41 MeV X i| T=177 MeV, u, =29 MeV
I n
- —_— .
A
Braun-Munzinger et al., PLB 518 (2001) 41 D. Magestro (updated July 22, 2002)

Heavy lons: 2. Pre-LHC situation.
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Statistical model:

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

densities can be computed: T,4,V (Ys to include chemical non-
equilibrium effects).

® Good description of particle ~ NeNg o< Amp*dp

: : : Paa) (1 1ta) = (27)3 / (\/P2+m2Fpg)/T
ratios in AB, with T~T. (and Ys~ | D R R A |
at RHIC): partonic eauilibrinim?

IIIIII T IIIIIIII T llllllll T TTTI T I'IIIIIII T IIIIIIII T IIIIIIII LI 800

E‘:
o - 160 | # AAAAAAAAAAA El AAAAAAAAAAAAAAAAAAAAAAAAA i i | 1
2 — - [ ’- Py s -
T p/p Al , : I p/ﬂil/h 50
(4 . - ~' i | = .
1 = : 600
[ L - . | |
e 120~ ¢ - X
= % : '3‘. %
B = 2 - & —400 =
® W : 80~ = ] "" Q i{—
" E o . R a
- i A
- — — 200 ?
B = 40 -
B 200 GeV
. -' N ion for
10 :_ 0 SNEEETIT BRI B ERTI BT — vl 1l 'l T 'l"l*O ;nh-29 MeV
= 1 10 100 1000 1 10 100 lOOO
s Syy (GeV) (GeV) 2, 2002)

Borghlnl Wiedemann, CW
Heavy lons: 2. Pre-LHC situation.
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Photons and dileptons:

® 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 *

Conversion Y/Y*
sl i

—Fragmentation Y/Y*

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

Heavy lons: 2. Pre-LHC situation. 31
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10“7 s s e b a et s b s s b aa e b e by g e L

Photons:

Thermal photons: AueAu < 1 X [0=10% central) l
-« D@ Crteria-0 Pornssonig T, = 500 MoV, ¢ =015 fmt
DyMasarme vt aly Ty = 800 WiuY, 4 017 Iimiw
DX Stvastava, T, » 450600 MaV,  »0.2 feve
S.Tuice otol T, « 370 MoV, 1, +0.33 tme
+ JAIam et al T, « 300 MoV, 0.5 'mc
[5) PHENIX AcsAu (01045 contrl]
Frvrgl 7. D g GO0 A T (071074)
k ° ;
g Au+Au 0-20%
Oh 2N
2 AN e
\’ ...‘L I\- \,\
¢ -y
-’:
.
e

0

3 4 5 6 7 8

p; (GeV/c)

Heavy lons: 2. Pre-LHC situation.

® Small-pt excess compatible
with thermal production:

*Tin=300-600 MeV.
* T0=0.15-0.5 fm/c.

Early thermalization and
high temperature, well
about deconfinement.
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Dileptons:

., 4000r _
kS - In-In SemiCentral
> : Rapp/Wambach
Q 3500 all p Brown/Rho
= T \Vac )
p dN Vacuum p
N 3000 <d_1;5:140 cockt. p (dashed)
6 DD (dashed)
Q- -
s 2500
o
B
=
T 2000
1500(
1000}
5001

Ottt ARTATY 60t i ik i I scdiazhe e
0 0.2 0.4 0.6 0.8 1 1.2 14

NA60 ¢07 M (GeV/C2)

e PHENIX sees an excess in
the region M<| GeV/c2.

Heavy lons: 2. Pre-LHC situation.

e NA60 sees an excess in the
region M<| GeV/c?, compatible with

pD-broadening (but no mass shift).

e NAG60 sees an excess in the
region |<M<I1.5 GeV/c? which is not
charm: thermal?
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&N A Large lon Collider Experiment O

= ALIC

EMCAL L3 Magnet
y , T, jets TOVO B=05T ACORDE

= Trigger , : \ —| Cosmic trigger

\ HMPID
TRD | | ‘\w PID (RICH) @ high p;
Electron ID (TR) \&” <o .
\ f."“' ' g "”':

| PMD 'A‘I\‘!"m - - - 3 L PID
y multiplicity [~ S e |

RASE U e — - Dlpole
TPC ' Ay ~ i
Tracking, -

PID (dE/dx) " YMUON arm
| Low p, tracking | "=l pairs
PID + Vertexing 2

Charged | i

multiplicity Not shown: ZDC (at £116m)
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y multipl
10

multiplicity

A Large lon Collider Experiment Q'é

ALIC

Heavy lons: 3. HIC@LHC.

jger

Not shown: ZDC (at £116m)
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Rapidity correlations:

Signal distribution:
1 d*N=
1) dAndAg

-5 AT

Same event pairs -
Ratio Signal/Background

g 9
'''''

An=n-n,

Ap =9, -9,
PTRTR: oMspp7TeV %@ g 7 %
)
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Background distribution:

1 d’N™

Mixed event pairs

).

pr-inclusive two-particle
angular correlations in
min bias collisions

3

Sy(An,Ap)
R(An.Agp)={ (N -1 -
Ll <( )(BN(An,AqJ)




