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HQ energy loss in pp roughly 10%!

0 5 10 15 20
0.7

0.8

0.9

1

1.1

1.2
pp@7TeV (~ 4 x average yield)

pT [GeV]

R
AA

 (c
 q

ua
rk

s)



The next 30 minutes...

• Why care?

• Why pp?

• The tools: EPOS and MC@sHQ

• Does it work?

• Conclusions + Outlook



Why Heavy Quarks?

Heavy quarks are heavy...



➜ produced in the initial collisions
➜ number is roughly conserved   
➜ late time evolution has little effect on HQ spectra
➜ allows for some pQCD calculations
➜ interesting decay topologies (dileptons, hadrons...)
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Why Heavy Quarks?

Heavy quarks are heavy...

➜ It seems we found ourselves a nice probe!



Why pp?
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Energy densities comparable!
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Ingredients for HQ spectra

Medium
(input)

(probe it)

Interaction
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Interaction
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Fragmentation
(fixed by CNV*)

* Cacchiari, Nason, Vogt, Phys.Rev.Lett. 95 (2005) 122001
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EPOS
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z

x

•Energy conserving 
quantum mechanical 
multiple scattering 
approach,based on

•Partons (parton ladders)

•Off-shell remnants, and

•Splitting of  parton 
ladders.
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EPOS

K. Werner, Nuclear Physics B 175, 2008 
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EPOS

K. Werner, Nuclear Physics B 175, 2008 

elastic



EPOS - pp cross section



EPOS - pp cross section

no ladder splitting

full
calculation
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MC@sHQ - as a cartoon

Monte Carlo with running αS for Heavy Quarks



MC@sHQ - as a cartoon

: QGP 

Monte Carlo with running αS for Heavy Quarks



MC@sHQ - as a cartoon

: mixed phase



MC@sHQ - as a cartoon

: hadronic phase (not taken into account)



MC@sHQ - as a cartoon

: hard collisions in initial NN collisions



MC@sHQ - as a cartoon

: HQ evolution according to Boltzmann equation 
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MC@sHQ - as a cartoon
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MC@sHQ - energy loss

collisional energy loss

infrared 
regulator

running 
coupling
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α

t− κm2
D(T )

κ ∼ 0.2

assume:

determine parameters in agreement with 
HTL+hard dE/dx calculations

Gossiaux, Aichelin, Phys.Rev. C78 (2008) 014904

infrared regulator



running coupling

possibility to define an 
infrared finite running 

coupling

Dokshitzer, Marchesini, Webber, NPB469, 1996
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αeff(t)

t− κm̃2
D(T )

MC@sHQ - collisional energy loss

Gossiaux, Aichelin, Phys.Rev. C78 (2008) 014904

ingredients:
- running coupling
- self-consistent Debye mass
- infrared regulator adjusted to HTL+hard
- radiative energy loss (not covered here)



MC@sHQ in AuAu @ RHIC

Gossiaux, Aichelin, Gousset, Guiho, J.Phys.G 37 094019 (2010)



HQ energy loss in pp roughly 10%!
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RHM/LM =
dN/dpT,HM

< NHM>

dN/dpT,LM

<NLM>

Link to experiment

Problem: Experimental reference is not well defined!



Link to experiment
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Take home messages

•Heavy Quark energy loss in pp @ LHC 
is a measurable effect

•RHM/LM could be used as an 
experimental observable  

•Multiplicity dependent studies are a 
valuable tool for pp@LHC



Outlook

•Dynamically generate
the HQ in EPOS

•Further model adjustments 
(e.g. HQ production, coherence ...) 

•Tune the medium description to light 
quark data 
       ⇒ learn about HQ interaction



Outlook

•Dynamically generate
the HQ in EPOS

•Further model adjustments 
(e.g. HQ production, coherence ...) 

•Tune the medium description to light 
quark data 
       ⇒ learn about HQ interaction

Thanks!
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energy loss of  bottom
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