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Heavy-quark observables

• Nuclear modification factor: RAA = dσAA/dpt
Nbindσpp/dpt

.

• Low pt : (partial) thermalization of heavy quarks with the medium.
• High pt : elastic collisions + gluon bremsstrahlung⇒ energy loss.
• v2 from pt -broadening and flow of the medium.

Study of two-particle correlations:

• Properties of the energy loss model: path length dependence?
Parton mass dependence?

• Properties of the interaction inside a medium: drag coefficient,
q̂?

• Influence of hadronization, flow contributions, etc.?



Heavy-quark propagation in the QGP

• Production process: single-particle momentum distribution from FONLL, Q and Q̄
are initially produced back-to-back.

• Interaction with the medium: purely collisional and collisional+radiative
(+LPM) energy loss scenarios.

• Hadronization: Coalescence (predominantly at small pt ) and fragmentation
(predominantly at large pt ).

For details: remember Pol’s talk!
P. B. Gossiaux, R. Bierkandt and J. Aichelin, PRC 79 (2009), P. B. Gossiaux and J. Aichelin, PRC 78 (2008);
P. B. Gossiaux, J. Aichelin, T. Gousset and V. Guiho, J. Phys. G 37 (2010)



The medium description

given by fluid dynamic simulations from EPOS initial conditions:
K. Werner, I. .Karpenko, M. Bleicher, T. Pierog and S. Porteboeuf-Houssais, PRC 85 (2012)

• non-viscous

• equation of state from lattice QCD

• 3 + 1 d

• finite initial radial velocity

• event-by-event fluctuating initial conditions

pt spectra:

Light quark sector under control!

v2 of charged particles:



RAA and v2

• Reasonable agreement for the
RAA for D and B mesons above
pt > 5 GeV.

• Reasonable agreement for the v2
of D mesons.

• Need to include shadowing in the
low pt region.

• The agreement is better for purely
collisional energy loss scenarios!



Properties of the interaction

• Studied in a static, infinite medium at T = 0.4 GeV, for charm quarks.

collision rate dNcoll
dt drag coefficient A =

d〈∆p||〉
dt q̂ =

d〈p2
t 〉

dt

• Clear differences in the energy loss scenarios.

• Purely collisional energy loss consists of many soft scatterings.

• Collisional+radiative energy loss consists of a few hard scatterings.

• The drag coefficient rises linerally for collisional+radiative, only logarithmically for
purely collisional⇒ reflected in the RAA at larger pt !

• Larger q̂ for purely collisional energy loss in the entire momentum range⇒
expect an impact on the azimuthal correlations!



Properties of the interaction

• Studied in a static, infinite medium at T = 0.4 GeV, for charm quarks.

q̂ =
d〈p2

t 〉
dt

time evolution of 〈p2
t 〉

• In the initial phase of the evolution 〈p2
t 〉 increases rapidly.

• Faster increase and higher maximal value for higher initial momentum p||,ini.

• At later times 〈p2
t 〉 becomes smaller again as p|| decreases, too.

• More pronounced behavior for collisional energy loss scenario.



Correlations in azimuthal angle
Charm quarks

• Correlate all QQ̄ pairs per event:

central 0− 20% peripheral 40− 60%

• At small pt the initial correlation of cc̄ pairs is lost due to thermalization.

• Correlations from back-to-back cc̄ pairs survive during propagation in the
medium for larger pt .

• Due to less interaction with the medium correlations are more visible in peripheral
collisions.



Correlations in azimuthal angle
Bottom quarks

• Correlate all QQ̄ pairs per event:

central 0− 20% peripheral 40− 60%

• At small pt the bb̄ pairs thermalize less than cc̄ pairs.

• For larger pt correlation peaks from back-to-back bb̄ pairs are more pronounced
than for cc̄ pairs.

• Due to less interaction with the medium correlations are more visible in peripheral
collisions.



Correlations in azimuthal angle
Collisional versus collisional plus radiative energy loss

charm quarks bottom quarks

• Comparable total numbers for collisional and coll+radiative energy loss models.

• Broader peak structure for the collisional energy loss model due to larger q̂.



Correlations in azimuthal angle
Analysis of the variances in ∆φ

• Ratio of the variance of the ∆φ distribution around ∆φ ' π for collisional over
collisional+radiative energy loss:

charm quarks bottom quarks

• Variance of the correlation distribution slightly larger for the collisional energy loss
model for charm and bottom quarks.

• No clear dependency on centrality or trigger-pt classes.



Correlations in azimuthal angle
Flow contribution

• Switch off the fluid velocity by hand (this is not a physically meaningful
simulation!):

pt -trigger class [1,4] GeV pt -trigger class [4,10] GeV

• No fluid velocity⇒ lower mean-pt for low-pt heavy quarks⇒ absolut numbers
are higher at low-pt .

• Slightly enhanced correlations around ∆φ ' 0 at low pt due to flow.

• Flat background for higher pt .

• Effect on the away-side correlations?



Transverse momentum and azimuthal angle
Central collisions



Transverse momentum and azimuthal angle
Peripheral collisions



Transverse momentum and azimuthal angle
Analysis of the variances in ∆pt

• Ratio of the variance of the ∆pt distribution around ∆φ ' π for
collisional+radiative over collisional energy loss:

charm quarks bottom quarks

• Larger spread in ∆pt for
collisional+radiative than for purely
collisional energy loss models.

• Most prominent for highest pt .

• No significant centrality
dependence.

energy transfer probability:



Transverse momentum correlations

• charm quarks

central 0− 20% peripheral 40− 60%



Transverse momentum correlation

• Distribution of charm-quark pt after binning the anti-charm quark in
pt /Gev ∈ [20,30]:

central 0− 20% peripheral 40− 60%

• Different patterns emerge for collisional and collisional+radiative energy loss
models.

• The initial momentum conservation at the production, pt ,Q = −pt ,Q̄ , breaks up
more easily in the collisional+radiative energy loss scenario, due to few, hard
scatterings.



Conclusion

• Monte-Carlo approach to in-medium heavy-quark propagation
coupled to EPOS gives a reasonable agreement for the RAA and
the v2 of heavy quarks.

• Heavy-quark correlation observables are a promising observable
to learn more about the in-medium energy loss:

• At small pt : the correlations in ∆φ are washed out.
• At larger pt : initially correlated QQ̄ pairs show a residual

∆φ-correlation over the background after propagation in the
medium.

• The peak of the ∆φ correlation distribution is slightly broader for the
purely collisional energy loss scenario due to a larger q̂.

• The spread in ∆pt -correlations is larger for the collisional plus
radiative energy loss scenario, due to fewer collisions with larger
energy transfer.

• No significant effect from flow contributions at higher pt .

• NEXT: Include additional production mechanisms, like gluon
splitting, and perfom systematic studies!


