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What are the building blocks and how they organize?

  Spectroscopy
  Heavy-ion collisions 
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QCD has a rich dynamical structure

[MILC Collaboration 2006]

Equation of state

First example: Equation of State (EoS)

Naïve estimation:Let’s fix µ = 0, the pressure of an ideal gas (of
massless particles) is proportional to the number of d.o.f: P ∝ NT 4. So,

Pπ ∝ 3 × T 4 ; PQGP ∝ (2 × 2 × 3
︸ ︷︷ ︸

quarks

+ 2 × 8
︸ ︷︷ ︸

gluons

) × T 4

So, one expects a large difference (factor ∼ 10) between the two

phases.
Lattice results (Karsch et al.)
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Two broken symmetries in the QCD vacuum
 confinement
 chiral symmetry is broken

Restored at high-temperatures ← asymptotic freedom

Phase diagram

[Fodor, et al. 2004]
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Where?Where?: Experiments

SPS at CERN.

Have collided pA at plab = 450 GeV/c, SU at plab = 200 AGeV/c and
PbPb at plab = 158 AGeV/c.

The program is almost finished now

RHIC at BNL

pp, dAu, AuAu and CuCu at
√

s = 20 . . . 200 AGeV

RHIC II will improve detectors for rare processes and enhance
statistics

LHC at CERN

Will collide PbPb at
√

s = 5500 AGeV also pPb or dPb (under
discussion) at

√
s = 8200

ALICE is a dedicated HI experiment

CMS and ATLAS have own programs of heavy ion collisions

Frascati, May 2006 QGP and HIC – p.7   ECT*, February 2008                                                            Medium-Modified FF: overview  



real data from STAR @ RHIC
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What do we expect to learn?
How?

Specific questions in heavy-ion collisions

What is the initial state of the system and how is it produced?

What is the structure of the colliding objects?

What is the asymptotic limit of QCD?

What is the mechanism of thermalization?

How is thermal equilibrium reached?

What is the temperature of the created system?

What are the properties of the produced medium?

How to measured them? – signals

What is the relation with lattice QCD?

Frascati, May 2006 QGP and HIC – p.8
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Hard probes in heavy-ion collisionsHard probes: heavy ion experiments

SPS
√

s = 20 GeV (Q ∼ 1 GeV) −→ marginal access to HP

RHIC
√

s = 200 GeV (Q ∼ 10 GeV) −→ access to HP

LHC
√

s = 5500 GeV (Q ! 100 GeV) −→ HP and QCD evolution

σpp→h = fp(x1, Q
2) ⊗ fp(x2, Q

2) ⊗ σ(x1, x2, Q
2)

︸ ︷︷ ︸
⊗D(z, Q2) +

(
1

Q2

)n

RHIC SPS

LHC

Q2 & 1 =⇒ short distances pieces not affected by the medium

Modification of long-distance parts fp(x, Q2) and D(z, Q2)

new dynamics (evolution eqs.) −→ properties of the medium.

Cracow, July 2006 Heavy ions theory review – p.5

The extension of the medium modifies the long-distance terms 
 New evolution equations for 

Kinematical access to evolution: large-    , small-   → LHCQ2 x

fA(x,Q2);D(z,Q2)
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A conceptually simple example,         suppressionA simple example: J/Ψ suppression

A J/Ψ is a cc̄ bound state.

σhh→J/Ψ = fi(x1, Q
2)⊗fj(x2, Q

2)⊗σij→[cc̄](x1, x2, Q
2)〈O([cc̄] → J/Ψ)〉

The potential is screened by the medium

The long-distance part is modified 〈O([cc̄] → J/Ψ)〉 → 0

The J/Ψ production is suppressed [Matsui, Satz 1986]

Kyoto, November 2006 Hard Probes to QGP – p.6
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DGLAP evolution in vacuum

Ordered gluon splitting given by DGLAP

∂f(x, t)
∂ log t

=
∫ 1

x

dz

z

αs

2π
P (z)f(x/z, t)

splitting function

f(x,t) are the PDFs or the FF

       plays the role of timet = Q2
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RAA at 200 GeV

• Direct γ, π0 and η in Au+Au
– Direct γ RAA with measured p+p reference!

=> RAA of η and π0 consistent, both show suppression
=> RAA of γ is smaller than 1 at very high pT

0-10% central events

mesons 

photons 

Experimental observations

Photons don’t interact with the medium quarks and gluons do

RAA =
dNAA/dpt

NcolldNpp/dpt
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Calibration

Well calibrated and abundant probes of the medium
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QCD at high densities

 Modification of the PDFs

 Modification of the jet evolution
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Particle propagation in matter: Eikonal limit

At high energies → Eikonal approximation E ! k⊥

Particle does not change 
its direction of propagation 

The medium rotates the color
of the probe 

|α〉 |β〉 = Wβα|α〉

W (x) = P exp
{

i

∫
dz−T aA+

a (x, z−)
}

Wilson line

[See e.g. J. Casalderrey-Solana and C.A. Salgado arXiv:0712.3443]

Recoil is neglected → medium is a background field

x x
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A simple model: potential scattering

   ECT*, February 2008                                                            Medium-Modified FF: overview  

Example: 2 scatterings

The contribution of two scatterings to the S-matrix is

S2(p
′, p) =

∫

d4k

(2π)4

{

−ig(kµ + p′µ)

∫

d4x2A
µ(x2)e

ix2(p
′
−k)

}

i

k2 + iε

{

−ig(pµ + kµ)

∫

d4x1A
µ(x1)e

ix1(k−p)

}

The high-energy limit (p+ → ∞) gives

S2 = 2πδ(p′+ − p+)2p+

∫

d2k⊥

(2π)2

∫

d3x1 [−igA−(x1)]

∫

d3x2 [−igA−(x2)] ×

× exp {ik⊥(x1⊥ − x2⊥)} exp {i(x2⊥p2⊥ − x1⊥p1⊥)} exp

{

i
k⊥

2

p+
(x1+ − x2+)

}

Coherence factor⇒ coherence length lcoh ∼ 2p+/k2
⊥

lcoh ' size of the system⇒ totally coherent.

lcoh ( size of the system⇒ S2 → 0 only one scattering contribution
survives: totally incoherent→ independent scatterings.

Islamabad, March 2004 HIC and the search for the QGP - 2. Initial state. – p.10

The contribution from 2 scattering centers to the S-matrix
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The contribution from 2 scattering centers to the S-matrix

Arbitrary number of scatterings

In the totally coherent limit, the contributions of an arbitrary number of
scatterings can be summed and the S-matrix is

S =

∫

d2x⊥e−ix⊥(p′

⊥
−p⊥) P exp

{

−
ig

2

∫

dx+A−(x+, x⊥)

}

(where P means path ordering (x1+ > x2+ > . . . ).

Islamabad, March 2004 HIC and the search for the QGP - 2. Initial state. – p.11
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Taking the eikonal limit p+ →∞
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The medium-induced gluon radiation I
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W (x⊥, x0+, x+) W (x⊥, x+, L+)

G(x⊥, x+;y⊥, L+)

G(x⊥, x+;y⊥, L+) =
∫
Dr(x+) exp

{
i
p+

2

∫
dx+

[
dr

dx+

]2
}

W (r)

Takes into account non-eikonal corrections for the gluon 



〈
Waa1(0, x0+, x+)T c1

a1b1

∂

∂y
Gc1c(y = 0, x+;x, L+)Wb1b(0, x+, L+)×

W †
bb̄1

(0, x̄+, L+)
∂

∂ȳ
Gcc̄1(x̄, L+; ȳ = 0, x̄+)T c̄1

b̄1ā1
W †

ā1a(0, x0+, x̄+)
〉
−

16

The medium-induced gluon radiation II
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2

〈|Ma→bc|2〉 =
g2

N2 − 1
2Re

[
1

k2
+

∫ L+

x0+

dx+

∫ L+

x+

dx̄+

∫
dxdx̄ eik⊥(x−x̄)×

− 2
k+

k⊥
k2
⊥

∫ L+

x0+

dx+

∫
dxeik⊥x

〈
Waa1(0, x0+, x+)T c1

a1b1

∂

∂y
Gc1c(y = 0, x+;x, L+)×

Wb1b(0, x+, L+)T c1
bā1

W †
ā1a(0, x0+, L+)

〉]
+

4g2CR

k2
⊥
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Gcc̄1(x̄, L+; ȳ = 0, x̄+)T c̄1

b̄1ā1
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⊥

∫ L+

x0+

dx+

∫
dxeik⊥x

〈
Waa1(0, x0+, x+)T c1

a1b1

∂

∂y
Gc1c(y = 0, x+;x, L+)×

Wb1b(0, x+, L+)T c1
bā1
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What are the        ??

 Opaque medium, many scatterings

〈...〉

All the medium properties are encoded in the medium-averages
of the Wilson lines. 

Several prescriptions used

 Opacity expansion → small medium, few scatterings

1
N

Tr
〈
W (x⊥)W †(x̄⊥)

〉
≈ 1−

∫
dx−n(x−)σ(x⊥ − x̄⊥)

 .... [See e.g. J. Casalderrey-Solana and C.A. Salgado arXiv:0712.3443;
 Kovner and Wiedemann, PRD64 (2001)114002]

text hidden 
in here by a 
white box

1
N

Tr
〈
WA(x⊥)WA†(x̄⊥)

〉
≈ exp

{
−1

4
q̂L(x⊥ − x̄⊥)2

}
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Medium-induced gluon radiation spectrum

Medium-modification of the jet evolution

 Energy loss
 Jet broadening

Two main predictions

∆E ∼ αsq̂L
2

〈kt〉 ∼ q̂L =⇒ 〈θ〉 ∼ (q̂/ω3)1/4

E

ω, k2
⊥ Gluon formation time

Radiation suppressed for tform ≥ L

tform ∼ ω/k2
⊥

Transport coefficient

q̂ ! 〈k2
⊥〉
λ

∝ n(ξ)
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Medium-modification of  the evolution

dI

dzdk2
t

=
αs

2π

1
k2

t

P (z) +
dImed

dzdk2
t

Total spectrum: vacuum+medium

P tot(z) = P (z) + ∆P (z)Take as a model

Previous related approaches
 Medium-effects as higher-twist corrections to lA DIS find similar 
modification of the splitting function [Guo-Wang-Majumder]

 Constant factor                                    [Borghini, Wiedemann 2005]P (z)→ (1 + fmed)P (z)

Two main modifications w.r.t. vacuum 
 Modified radiation structure 
 Enhanced number of splittings → faster evolution 
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Sudakov prescription

∆(t) ≡ exp
[
−

∫ t

t0

dt′

t′

∫
dz

αs

2π
P (z)

]

dP(t, z) =
dt

t
dz

αs

2π
P (z)∆(t)

f(x, t) = ∆(t)f(x, t0) +
∫

dt′

t′
∆(t)
∆(t′)

∫
dz

z

αs

2π
P (z)f(x/z, t′)

The probability of no radiation between two scales

The probability of one splitting

Iterating, an equivalent to DGLAP is obtained (at LO in     )αs

Probabilistic interpretation well suited for MC event generators
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Results
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Agreement with QW framework when 
QW overestimates suppression when 

Q2 ! E2
jet

[Armesto, Cunqueiro, Salgado, Xiang 2007]
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Poisson approximation for the medium

∆tot(t) = exp
[
−

∫ t

t0

dt′

t′

∫
dz

αs

2π
[P (z) + ∆P (z, t)]

]
= ∆vac(t)∆med(t)

Ignoring virtuality, i.e. setting the limits to the kinematical ones

For                   and                       → Quenching Weights 

∆med(t) = p0 ≡ exp
[
−

∫
dω dk2

t
dImed

dωdk2
t

]

The Sudakov form factor contains now the vacuum and medium

x = 1− z " 1

The iterative solution to this equation reads

D(x, t) = ∆(t)D(x, t0) + ∆(t)
∞

∑

n=1

∫ t

t0

dt1
t1

∫ t1

t0

dt2
t2

· · ·

∫ tn−1

t0

dtn
tn

∫

dz1

z1

∫

dz2

z2
· · ·

∫

dzn

zn

× P (z1)P (z2) · · ·P (zn)D

(

x

z1z2 · · · zn

, t0

)

= ∆(t)D(x, t0) + ∆(t)

∫

dε

1 − ε

∞
∑

n=1

∫ t

t0

dt1
t1

∫ t1

t0

dt2
t2

· · ·

∫ tn−1

t0

dtn
tn

n
∏

i=1

∫

dzi P (zi)

× δ (z1z2 · · · zn − [1 − ε]) D

(

x

1 − ε
, t0

)

. (A.2)

Now we consider xj = 1 − zj # 1, j = 1, 2, . . . , n i.e. the succesive emissions to take a small
fraction of the parent energy-momentum, which results in

δ (z1z2 · · · zn − [1 − ε]) $ δ

(

ε −
n

∑

j=1

xj

)

(A.3)

and

D(x, t) $ ∆(t)D(x, t0) + ∆(t)

∫

dε

1 − ε

∞
∑

n=1

1

n!

n
∏

i=1

∫ t

t0

dti
ti

∫

dzi P (zi)

× δ

(

ε −
n

∑

j=1

xj

)

D

(

x

1 − ε
, t0

)

. (A.4)

Equation (A.4) holds both for emissions in the vacuum (with ∆vac(t), P vac(z) and Dvac(x, t)) and
in the medium (with ∆med(t), P med(z) and Dmed(x, t)). Taking into account that in our approach,
due to the property (2.2), we have

P (z) = P vac(z) + P med(z), ∆(t) = ∆vac(t)∆med(t), (A.5)

we get

D(x, t) $ ∆med(t)Dvac(x, t) + ∆med(t)

∫

dε

1 − ε

∞
∑

n=1

1

n!

n
∏

i=1

∫ t

t0

dti
ti

∫

dzi P
med(zi)

× δ

(

ε −
n

∑

j=1

xj

)

Dvac

(

x

1 − ε
, t

)

, (A.6)

where the sum and product run now over medium-induced emissions and we have used the fact that
∫

dε

1 − ε
δ

(

ε −
∑

vac

xi −
∑

med

xj

)

D

(

x

1 − ε
, t0

)

(A.7)

$

∫

dε′

1 − ε′
δ

(

ε′ −
∑

med

xj

)

∫

dε′′

1 − ε′′
δ

(

ε′′ −
∑

vac

xi

)

D

(

x

(1 − ε′)(1 − ε′′)
, t0

)

,

– 8 –

[Armesto, Cunqueiro, Salgado, Xiang 2007]

Q ∼ E " 1
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Description of  the suppressionRAA for light mesons at RHIC

dσAA→h+X
(med) =

∑

f

dσAA→f+X
(vac) ⊗ Pf (∆E, L, q̂) ⊗ D(vac)

f→h(z, µ2
F ) .

[Eskola, Honkanen, Salgado, Wiedemann (2004)]

Multiple emission:

Poisson distribution

Hadronization in vacuum

at high-pt

Data favors a large time-averaged transport coefficient

q̂ ∼ 5 . . . 15
GeV 2

fm

[Gyulassy, Levai, Vitev 2002; Arleo 2002; Dainese, Loizides, Paic 2004; Wang, Wang 2005; Drees,

Feng, Jia 2005; Turbide, Gale, Jeon, Moore 2005...]

Frascati, May 2006 QGP and HIC – p.34

Virtuality neglected

Poisson distribution for 
multiple gluon radiation

[Gyulassy, Levai, Vitev 2002; Arleo 2002; Dainese, Loizides, Paic 2004; Wang, Wang 2005; Drees, 
Feng Jia 2005; Turbide, Gale, Jeon, Moore 2005; Renk, Ruppert, Nonaka, Bass 2007...]
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This approach provides a straightforward 
implementation in Monte Carlo codes

 Just change the vacuum splitting by the 
medium+vacuum one in the shower algorithm
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Results from an implementation in Pythia

xiv

Entries  88879

Mean   0.1124
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Main medium-modifications in agreement with expectations
 Particle spectrum softens (energy loss)
 Larger emission angles (jet broadening)
 Larger multiplicity [Armesto, Cunqueiro, Salgado in preparation]
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More results 
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Effect of  hadronization 

   ECT*, February 2008                                                            Medium-Modified FF: overview  

Preliminary results. Role of hadronization to be clarified

[Armesto, Corcella, Cunqueiro, Salgado]



Jets in HIC

Kyoto, November 2006 Hard Probes to QGP – p.17

Jets in HIC
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Jets in HIC
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Jets in HIC

Kyoto, November 2006 Hard Probes to QGP – p.17

Jets in HICJets in HIC?

Multiplicity background for RHIC (LHC)

Ebg ∼ 20 (100) GeV in a cone R=0.3

Ebg ∼ 50 (250) GeV in a cone R=0.5

Intrinsic uncertainties for jet-energy calibration

Out-of-cone fluctuations — decrease with R

Background fluctuations — increase with R

Compromise, LHC, R ∼ 0.3÷0.5 + small-pt cuts

+ different methods of background substraction

kT jet algorithm? [Cacciari, Salam 2005]

Cracow, July 2006 Heavy ions theory review – p.17
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RHIC: two particle correlations

RHIC: two-particle correlations

Strong suppression of high-pt particles – large partonic energy loss

Reappearance of this energy as softer particles at large angle

STAR Preliminary
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Kyoto, November 2006 Hard Probes to QGP – p.19

trigger particle

associated particles

Transverse plane

∆Φ
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Kyoto, November 2006 Hard Probes to QGP – p.19
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Transverse plane

∆Φ

Unchanged

Suppression but 
no broadening
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Removing the cut-off  at RHIC 

Away-side shape: pT,trig dependence

0-12%

4.0 < pT
trig < 6.0 GeV/c 6.0 < pT

trig < 10.0 GeV/c3.0 < pT
trig < 4.0 GeV/c

Preliminary

0-12%
1.3 < pT

assoc < 1.8 GeV/cSTAR, M. Horner

Away-side flatter for larger pT,trigger

But broadening at low pT,assoc persist

Nontrivial angular dependences in the away-side
 Large broadening
 Two-peaks when ptrigg

t ∼ passoc
t

[Similar results for PHENIX and also SPS (Ceres)]

QM 2006
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Two opposite assumptions:
 All energy deposited in the medium

     +hydrodynamical evolution
 Recoil-less medium-induced radiation
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A way to understand the 
energy deposition in the medium

Two opposite assumptions:
 All energy deposited in the medium

     +hydrodynamical evolution
 Recoil-less medium-induced radiation
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Interpretations...

1

A
trigger jet

2

!M

B

C
Shock waves in hydrodynamical medium

A hydrodynamical medium produces shock waves IF the energy is 
deposited fast enough
[Casalderrey-Solana, Shuryak, 
Teaney; Stoeker; Muller, Renk, Ruppert; 
Manuel, Mannarelli ...]

Also Cherenkov radiation proposed
[Dremin; Majumder, Wang]
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Fig. 2. Calculated 2-particle correlation on the away side for |y| < 0.35 and
1.0 < pT < 2.5 GeV. Indicated are also the partial contributions originating from
away side partons going into different rapidity intervals given a trigger parton at
midrapidity.

In Fig. 2 we show a comparison of our calculation with the PHENIX two-
particle correlation data [2] on the away-side for f = 0.75 1 . Note that zero
degrees is chosen such that it is opposite to the trigger, i.e. at the expected av-
erage position of the away side parton. We also show the relative contribution
to this signal from Mach cones excited by away-side partons from different ra-
pidity intervals. Contributions emerging from Mach cones from away-side jets
produced at |y| > 2 are suppressed since only part of the cone contributes in
the detector’s rapidity window |y| < 0.35. The maximum of the φ distribution
is shifted to lower angles φ ! φmax, where φmax is the maximum of the cal-
culated correlation signal for all y. Contributions emerging from Mach cones
from away-side jets produced at 0.5 < |y| < 2 contribute significantly at angle
φ ∼ φmax. The contribution at low angles φ < 40 degrees is dominated by con-
tributions from the bow shock (i.e. the (1 − f) contribution to the deposited
energy) emerging from away-side jets at |y| < 0.5. Contributions of away side
jets at |y| < 0.5 are also important for the correlation signal around φ ∼ φmax.
This bow shock contribution falls almost completely out of the acceptance of
the detector for away-side jets with |y| > 0.5 as it is always very close to the
rapidity of the away side parton.

Fig. 3 illustrates what correlation signal would be expected if all away-side
jets were confined to mid-rapidity (P (y) = δ(y)) and no flow would be present
in comparison to the case where the rapidity distribution of the away-side jet
P (y) as calculated in section (2) is appropriately taken into account. The cal-
culation is performed for the two-particle correlation signal as it is measured
in the PHENIX detector’s acceptance region |η| < 0.35. The contribution for

1 This value of f differs somewhat from that one previously determined in [6] were
we used to make somewhat more simplistic assumptions about the rapidity structure
of the source.
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Parton shower for opaque mediaParton Shower for opaque media

When ω ! q̂1/3

totally coherent limit and large angle radiation

dImed

dω dk2
t
!

αsCR

16π
L

1

ω2
=⇒

dImed

dz dk2
t
!

αsCR

16π
L

1

E z2

The probability of only one splitting

dP = dz dθ
αsCR

8π
E L sin θ cos θ exp

{

−
αsCR

16π
E L cos2 θ

}

Non-trivial angular dependence for the medium-induced gluon
radiation. Two peaks in the laboratory variables η, Φ for (η ! 0)

Φmax = ±arccos

√

8π

E L αs CR

QM06, Shanghai November 2006 Jet shapes in opaque media – p.9
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A simple model to compare with dataA simple model to compare with data

Smearing in longitudinal (η) and transverse (Φ) variables

dP

d∆Φdz
=

1

N

∫ ∆η

−∆η
dη

∫

dΦ′ dP

dΦ′dzdη
e−

(∆Φ−Φ′)2

2σ
2

[Polosa, Salgado hep-ph/0607295]

A perturbative mechanism, the medium-induced gluon radiation, is

able to reproduce the observed 2-peak structure in the away side jet.
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Geometry plays a crucial role

Model of the medium? sQGP?

[Baier 2003]

Interpretation of  the value of q̂

q̂ideal gas !
72
π

ξ(3)α2
sT

3 ! 2ε3/4

What is the order of magnitude of the NLO correction?
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What are the degrees of freedom?

 Above 3Tc quark and gluon quasiparticles (pert. QCD)
 Below 3Tc (where experiments are)

 Possible existence of bound states (lattice)
 Large Interaction cross sections (viscosity, jet quenching)
 Still unclear → several proposals

 Ideal fluid formed by colored bound states, diquarks...?
 Strongly coupled Quark Gluon Plasma (sQGP)?
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Exotic meson spectroscopy and HICCounting quarks in HIC

high-pt observables sensitive to the quark content of the hadron for
pt ! 5 − 6 GeV

Frascati, May 2006 QGP and HIC – p.47

L. Maiani et al. / Physics Letters B 645 (2007) 138–145 143

ness suppression factor in p + p, as it was also found for the
total yields at SPS energies [14,15], and in agreement with [13].

Figs. 4 and 5 illustrate clearly our main result, namely that
there is a large difference between the suppression for the
f0(980) when assumed to be a four-quark state or a quark–
antiquark meson. For both RCP and RAA, the nuclear modi-
fication ratio for the 4-quark state is in the range of the strange
baryon ratio, while it is closer to the KS signal for a ss̄ state.
The difference is particularly large in the experimentally acces-
sible range of p⊥ ! 6 GeV.

Fig. 3. RCP , Eq. (25), for π0 and p + p̄ in Au + Au at RHIC. Peripheral
collisions at b = 12 fm. Data from [36].

Fig. 4. Red curves: RCP for KS and Λ + Λ̄, Au + Au at RHIC. Periph-
eral collisions at b = 12 fm. Blue curves: predictions for f0 = ss̄ (dashed) or
f0 = [qs][q̄ s̄] (full). Data from [37]. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
Letter.)

Taking our calculations at face value, the effect is larger in
the case of RAA, but the uncertainties are also larger, due to
the implementation of the unknown fragmentation functions for
these mesons, which in the case of RCP cancel to some extent.
Nonetheless, even if the effect could be overemphasized in the
present formalism, we expect RAA for the four-quark state to be
in the range of the corresponding values for Λ + Λ̄ and Ξ− +
Ξ̄+. This gives still a large leeway to distinguish the valence
quark structure of the f0(980).

To extend the formalism to the case of the LHC we extrapo-
late the parameters as discussed in Section 2, both for the hard
part of the spectrum, given by fragmentation, and for the soft
part. For peripheral collisions we take b = 14 fm. The corre-
sponding predictions with this set of extrapolating parameters
are presented in Figs. 6 and 7.

The RCP and RAA signals are considerably reduced, pre-
sumably due to the large increase of gluon and sea-quark densi-
ties in the proton, which entails an increase in the fragmentation
component. This conclusion, however, is strongly sensitive to
the assumed value of the recombination volume, τA⊥, of the
fugacities at LHC as well as to the values of v⊥ [26]. Cross
section data are needed for a more reliable assessment of the
parameters of the model, as is the case at RHIC. Nonetheless,
the correlation of the RCP/AA ratios of a 4-quark f0 with the
baryon ratios is still borne out by our calculation.

5. Discussion

We have presented experimentally observable quantities,
which in the region of intermediate transverse momentum in
heavy ion collisions are sensitive to the constituent quark con-
tent of the resonances. For this purpose, we use a simple but
successful model based on a hadronization by recombination
of the quarks in the fireball produced after a heavy ion colli-
sion [8]. We extend this model to the multi-strange and multi-
quark hadrons, finding a good description of both RAA and RCP

with the usual assumptions on strangeness suppression. We ex-
trapolate the model to the LHC by fitting to the available results
in more refined calculations of both the soft [12] and the hard
contributions to the spectrum. Uncertainties however remain in
the values of the parameters at the LHC, which will be possible
to eliminate when cross section data will become available.

Fig. 5. Starting from below: RAA , Eq. (26), for π , KS , f0(980) as a ss̄ state, p + p̄, Λ + Λ̄, f0(980) as a 4-quark state and Ξ− + Ξ̄+ . Data from Ref. [38].

[qs][q̄s̄]

ss̄

[Nonaka, Muller, Asakawa, Bass, Fries 2004; Chen, Ko, Liu, Nielsen, Greco, Lee, Liu 2004, 2007]

Baryon/meson hierarchy of suppressions observed at RHIC

A nice possibility for a clean measurement of the exotic structure

f0(980) = ss̄ OR [qs][q̄s̄] ? [Maiani, Polosa, Riquer, Salgado (2007)]
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Summary

Successful phenomenology of jet-quenching at RHIC

 Improvements needed for jets at the LHC

A new implementation of medium-effects presented

 Modification of the splitting function taken from medium-induced 

gluon radiation

 Consistent treatment of vacuum+medium splittings, energy 

conservation and virtuality evolution

 Implemented in PYTHIA and HERWIG (work in progress)

Some points to be clarified

 Length evolution

 Hadronization

 Virtuality 
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