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Heavy quarks as probes of QGP

hadronic phase
QGP and and freeze-out
hydrodynamic expansion
initial state
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C
A :theirinitial production can be well described by pQCD

c,b quark

: thermal abundance in QGP is negligible ~ final multiplicity set by the initial hard production

: many soft scatterings necessary to change significantly the momentum of HQ~Brownian motion

1



Heavy quarks as probes of QGP

[for illustration] Collisional en. loss
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® Energy loss via (in)elastic interaction with the medium constituents
v" gluon radiation (inelastic) and collisional (elastic)
v" interplay between them ~ the collisional energy loss is nontrivial at low and

moderate energy Phys. Rev. C 74 (2006) 064907



Soft-hard factorization model

® Divergence from t-channel contribution: — | 2| = ~infrared divergence when -0
o Flim: - : ) - = =
Eliminate this divergence via a soft-hard approach f—m dt — ft " f—m At
L, .
hard CC?”ISIC?I’]S. .| | > .| |, where the pQCD Born soft hard
approximation is valid

v soft collisions: | | <| |, where the #-channel long wavelength gluons are screened by
the mediums ~ they feel the presence of the medium and require the resummation ~

Hard Thermal Loop (HTL) approximation 3



Collision energy loss for heavy quarks
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Collision energy loss for heavy quarks

® Soft components: | | <] | The relationship between the self-energy
and the interaction rate

| P, |
\\(/ [(E) = = o (1 = np(E) u(P + M) InfSP]
M 'E’f)ft(El T) =Clrg" f/dw np(w)d(w—v1-q)
g g

Lova) + 521~ (01 7] or(na)

v the indicates the dressed gluon
propagator (_ , _) and ( , ) are the transverse and
_ , longitudinal parts of the HTL gluon spectral function,
v the medium effects are embedded in respectively

the HTL gluon self-energy

H. A. Weldon, Phys. Rev. D 28, 2007 (1983) o



Collision energy loss for heavy quarks

® Hard components: | |>]| |

- [ 20 [
¢ (B T) = 2E, |,. 2E, 2F 2E4
<(M2|%4(2m) 6 (py + p2 — p3 — pa)

® Other contributions : s+u channel

\ / \\ / i N )_L/ ”(EQ)/ L/ n(Eq)
f E ' . H‘u ) 28 Jp, 2FE2 Jp, 2E3 J,, 2E4

IMRISa ) (27) 6™ (p1 + p2 — ps — p4)
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Collision energy loss for heavy quarks
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Collision energy loss for heavy quarks
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® s + u channel contributions are negligible
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® the soft contribution is close to the combined result, reflecting its

dominance in the whole temperature range.




Collision energy loss for heavy quarks
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® Energy loss behave with a mild sensitivity to the intermediate cutoff
scale , supporting the validity of the soft-hard approach when the
coupling is not terribly small.



High-energy approximation (HEA)

1.High energy approach [/; — o0 2.Weak coupling approximation m% < —t* <« T?

3.Large momentum transfer —t ~ i~ s> m? <= -1 <5~ s

_ = — ~ e g T In——
EVEA
hard—IEA dFE 4 N B
- . o N (3BT 3 ) [_ _] 4 [(1 Ly
[ _ d_E] L 42 JQqn A Ea >_ 4z | ggrQq 3 6 Wp
dz hard—HEA 9 BT
e _ e T~ _2 + —In + d(Ny)|,
[ dE] { dE] hard—HEA NCQ 1 - (l AET 5 N ) Phys.Rev.D 77,114017(2008)
_ o _as _ . 5 S
dz | () A2 | gg(stu) 4327 26 y,

® The sum of these contributions cancels the -dependence 10



High-energy approximation (HEA)
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B gorken Fermilab Report No. PUB-82/59-THY (1982) Lin-Pisarski-Skokov
Limit high energy (heavy quark mass is zero) S. Lin, R. D. Pisarski, and V. V. Skokov, Physics Letters

B 730, 236 (2014).

Consider the velocity of the heavy quark Work in the semi Quark-Gluon Plasma, which
; S assumes that this region is dominated by the non-trivial
v=y /B —mg/E holonomy of the thermal Wilson line. Collisional energy

Kinematic reduction of maximum momentum loss is suppressed by powers of the Polyakov loop
transfer

Thoma-Gyulassy Nuclear Physics B 351, 491 (1991)

® Qualitatively, all the models give similar results. 11



Transport coefficient
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It is found that the soft components are significant

at low energy, while they are compatible at larger
values.
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Summary

® \We compute the energy loss per traveling distance of a heavy quark dE/dz from elastic scattering off
thermal quarks and gluons at a temperature T, including the thermal perturbative description of soft
scatterings (— <— ) and a perturbative QCD-based calculation for hard collisions (— >— ).

® |t is found that the full dE/dz has a mild sensitivity to the intermediate scale , supporting the validity of
the soft-hard model when the coupling is not terribly small.

® \We make a simplification of the complete results and obtain analytical results for the high-energy
approximation. And are compared with the other models, qualitatively, all models give similar results

® Finally, we have used a soft-hard factorized model to investigate the heavy quark momentum diffusion
coefficients , in the quark-gluon plasma

Thank you for your attention
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Appendix
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