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Rapa (€ quarks)

HQ energy loss in pp roughly 10%:!
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The next 30 minutes...

e Why care?

* Why pp?

* The tools: EPOS and MC@sHQ
* Does it work?

e Conclusions + Outlook
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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...)

=2 It seems we found ourselves a nice probe!



Why pp?

(a) CMS MinBias, pT>0.1GeV/c (b) CMS MinBias, 1.0GeV/c<pT<3.OGeV/c
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Why pp?
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Energy densities comparable!

energy density [GeV/fm3] (eta_s=0.0, tau=0.6fm) C 1
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Ingredients for HQ spectra

Production
(fixed by FONLL)
Medium Interaction
(EPOS) (MC@sHQ)
Fragmentation
(fixed by CNV*)

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



Ingredients for HQ spectra

Medium
(EPOS)

Interaction
(MC@sHQ)

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



EPOS

*Energy conserving
quantum mechanical

ePartons (parton ladders)

eOff-shell remnants, and

oSplitting of parton
ladders.




EPOS

Fluxtube initial
conditions
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Fluxtube initial
conditions

EPOS

complete set of
hadronic resonances
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Fluxtube initial
conditions

EPOS

4 p
Corona: EPOS (tuned
to elementary
reactions)

Event by event
calculations
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EPOS

Cx

projectile
remnant
excitation

parton
ladder

@:

target
remnant
excitation

K. Werner, Nuclear Physics B 175, 2008



EPOS

projectile projectile
partons = partons =
target -~ target

partons partons
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EPOS

projectile projectile
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EPOS

projectile projectile
partons - partons =
- - elastic
target — target
partons partons

K. Werner, Nuclear Physics B 175, 2008



elastic and total CS

EPOS - pp cross section
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elastic and total CS

EPOS - pp cross section
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Core/ Corona

Core: treated hydrodynamically

o ——
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Corona: treated as pp
collisions with EPOS
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mean pt

EPOS

- p+p — chrg at 900 GeV *

1.2 _—Jn‘<2.5 pt>500MeV
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EPOS - hydro

Pressure: P =Dpg T A(T) (pH — pQ)



EPOS - hydro
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EPOS - hydro

Pressure: P =Dpq + )‘(T) (pH _ pQ)
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EPOS - hydro

Pressure: pP=DpqQ T+ NT) (pu — pQ)

Entropy density: S = gf]; — SQ -+ A (SH SQ) | g; (pH — p@)
. . O\

Flavor densities: n’ = @5 — nQ + A (nH 7@) | (f)luz' (pH _ pQ)

Energy density: e=15+ Z SR



EPOS - hydro

one free parameter

(in T dependence) "=
Pressure: P = PqQ @(pH — pQ)

ap O\

Entropy density: S = aT — SQ + A (SH SQ) | T (pH — pQ)
N, . O
Flavor densities: n’ = (9,5 — nQ + A (nH 7@) | auz‘ (pH — pQ)

Energy density: e=15+ Z qunz — P



p/T4

S = NN W B U N J o0

EPOS - EOS
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EPOS - EOS

p/T4
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MC@sHQ - as a cartoon

Monte Carlo with running s for Heavy Quarks
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MC@sHQ - as a cartoon




MC@sHQ - as a cartoon

C D : 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



MC@sHQ - as a cartoon

Medium
Description by
EPOS+Hydro
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MC@sHQ - as a cartoon

Coalescence

Medium
Description by
EPOS+Hydro

HQ energy
lOoSS



MC@sHQ - as a cartoon

Coalescence

Quarkonia
formation in QGP

Medium
Description by
EPOS+Hydro

HQ energy
lOoSS



MC@sHQ - energy loss

collisional energy loss

infrared running
regulator coupling




infrared regulator

gluon propagator




infrared regulator

gluon propagator
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infrared regulator

gluon propagator
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infrared regulator

gluon propagator

usual choices:

thermal gluon mass (not from first principles!)
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infrared regulator

assume.

o
t — km(T)

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

Kk ~ (.2

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



running coupling

possibility to define an
infrared finite running
coupling

A eff

0.2

0*(GeV?)

Dokshitzer, Marchesini, Webber, NPB469, 1996



running coupling

Dokshitzer, Marchesini, Webber, NPB469, 1996



MC@sHQ - collisional energy loss

Y off (t)
t — kmt (T)

ingredients:

- running coupling

- self-consistent Debye mass

- infrared regulator adjusted to HTL+hard

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



MC@sHQ in AuAu @ RHIC
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Rapa (€ quarks)

HQ energy loss in pp roughly 10%:!
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Link to experiment

Problem: Experimental reference is not well defined!

dN /dpT 1M

dN/dpT.rm
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Link to experiment

no calculation, just a guessed trend!
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Take home messages

Heavy Quark energy loss in pp @ LHC
IS a measurable effect

* Rumim could be used as an
experimental observable

 Multiplicity dependent studies are a
valuable tool for pp@LHC



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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Raa (Quarks)
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Matrix elements - radiative

f A‘}f
Pa > P1 Pa > > P1 Pa > > P1

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



