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Outline of the Talk

Characteristics of the non-Abelian energy loss in the GLV approach

• Distribution in gluon energy and angular distribution of radiative gluons

• Mean energy loss, gluon number and probability distributions in Pb+Pb at the LHC

Light hadron production and suppression at the LHC
• Light hadron cross sections at the LHC. High transverse momentum suppression

• Redistribution of the lost energy and impact on inclusive particle production.

• Importance of cold nuclear matter effects in p+A and A+A collisions

Direct photon production and suppression at the LHC
• Production cross sections at RHIC and the LHC

• Cold nuclear matter effects on pions versus direct photons in p+A reactions

• Direct photon quenching in Pb+Pb collisions at the LHC

Heavy meson production and suppression at the LHC
• Heavy flavor production and back-to-back correlations at the LHC

• Dissociation: new approach to D- and B-mesons suppression in the QGP

• Results for the LHC: inclusive charm and beauty and single electron quenching

Four classes of predictions submitted to this workshop
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Medium-Induced Energy Loss in GLV
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Probability Distributions and Medium Properties

•  Small probability not to radiate

1 1

0 0

 ( ') 1,        ( ')
E

d P d P
E

= =

  

E

E
1

0
1

gN
P e=

  

 d
0

1 dN
g

d
( ') = N

g 0 ( ) ( ) gN
P e=

…

…

1

n

i

i E=

=

  

 
E

g

E
q

9

4

Medium properties

RHIC LHC
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Gluon Energy and Angular Distributions

Gluon energy:   

Conditions: central Pb+Pb at the LHC
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Hard Probes from Factorized PQCD

• Single and double inclusive hard production

  in PQCD - applicable from photons to heavy

  quarks

• Single and double inclusive hard production

  in PQCD - applicable from photons to heavy

  quarks
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Ivan Vitev, LANL

 Gluon Feedback to Single Inclusives  

• The redistribution of the lost energy is

   very important at the LHC. 100%

   correction and pT<15 GeV affected
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• High pT  suppression at the LHC can be

   comparable and smaller than at RHIC

• LHC quenching follows the steepness

   of the partonic spectra.
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Cold Nuclear Matter Effects

• Effect of cold nuclear matter energy

   loss is equal to the doubling of the

   parton rapidity density

• Initial-state E-loss
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•  Fragmentation functions: Owens

Direct Photon Production at RHIC and the LHC

•  Direct photon production calculated in

  the  QCD factorization approach

D
/
(z) = (z 1)

D
/q
(z)

D
/g
(z)

Prompt photons

Fragmentation photons

Suppressed

•  Same ratio in NLO, Wogelsang
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Cold Nuclear Matter Effects for 0 and Direct 

• Where it starts from

• Dynamical shadowing (coherent final

  state scattering)

• Cronin effect (initial state transverse

  momentum diffusion)

• Initial state energy loss (final state at

  these energies - negligible)

x
F
= x

1
x
2

x
1



Ivan Vitev

11

Direct Photon Quenching at the LHC

Reminder: isospin and 

Initial-state energy loss 

effects

Nuclear modification RAA( )

follows the ratio: 

R =
d / dyd

2
pT ( fragmentation)

d / dyd
2
pT (prompt)

Correction to the energy 

in photon-tagged jets
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Heavy Quark Production and Correlations

D
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D
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• Possibility for novel studies of heavy

   quark-triggered  (D and B) jets: hadron

   composition of associated yields

• Fast convergence of the perturbative

  series
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Conceptually Different Approach to D / B

•  Fragmentation and dissociation of hadrons from heavy quarks  inside the QGP

• Problem: treated in the same way  as light quarks
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Heavy Meson Dissociation at RHIC and LHC

Coupled rate equations 

• The asymptotic solution in the QGP -

  sensitive to t0~0.6 fm and expansion 

  dynamics

• Features of energy loss

• B-mesons as suppressed as D-mesons

  at pT~ 15-20 GeV at the LHC  
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Quenching of Non-Photonic Electrons

• B-mesons are included. They give a

  major contribution to (e++e-)

• Similar to light       , however, different

  physics mechanism
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References to the Four Contributions, Collabs.

Light hadrons

Energy loss

Direct photons

Heavy flavor
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Conclusions

Looking forward to 

jet physics at the LHC 
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Scales in Thermalized QGP (GP)
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I.V., Phys.Lett.B 639 (2006)

Light Hadron Quenching in A+A (E-Loss)
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• Theoretical reason:              the only way

to formulate energy loss without unphysical

sensitivity to the formation time
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indicative a theoretical inconsistency 
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E-loss in Back-to-Back Di-jets and Correlations
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I.Vitev, Phys.Lett.B630 (2005)

• Multi-particle modification• Angular gluon distribution
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/Pb Pb p PbR R
+ +

preliminary

When One  One

• Theoretical results: cancellation

between factor of 4 Cronin enhancement

and 2- to 3-fold quenching

Ncoll,Pb+Pb = 807 ± 81 

• Experimental findings:

S.Bathe., LANL seminarI.V., Phys.Lett.B  632 (2005) 

•  With any multiple scattering effect  there is no reason to expect 1)( =
TAB

PR

•  If one understands this in A+A collisions one should also accept this is

   p+A collisions
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Langevin Simulation of Heavy Quark Diffusion

Radiative energy loss is dominant except for b-quarks and very small systems

Input in a Langevin simulation of heavy quark diffusion

H. van Hees, I.V., R. Rapp, in preparation

• Drag coefficient:
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Transport + Quenching Approach

• The suppression and v2 are large when e-loss and q-resonance interactions are

  combined

• Normal hierarchy: c quarks are significantly more suppressed than b-quarks

Numerical results for heavy quark diffusion

H. van Hees, I.V., R. Rapp, in preparationResults are preliminary
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Comparison to Other Models

Wicks et al. 

Ivan Vitev, LANL

How do you build
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•  Cancellation  of collinear radiation
 

 

 

I.V., Phys.Lett.B630 (2005)

What Happens to Medium-Induced Radiation?

In A+A
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