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Abstract

We develop a data-driven method to isolate
charm and beauty contributions from inclu-
sive heavy �avor electrons (HFE) based on re-
cent charmed hadron measurements at RHIC
and LHC. The individual electron transverse
momentum (pT) spectra, nuclear modi�ca-
tion factors (RAA) and elliptic �ows (v2) from
charm and beauty decays are reported. Com-
parisons of charm and beauty behaviors at
RHIC and LHC energies are given.

Heavy quarks: charm & beauty
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� Produced early and experience full time evolution of QGP.
� Calculable by pQCD and numbers are conserved.
� Sensitive to properties of QGP: di�usion, η/s, transport, etc.
� Predicted mass-dependent energy loss: ∆Eg > ∆Eu,d,s > ∆Ec > ∆Eb.
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“a”) can be described by

p · ∂fa(x, p) = E(Cel + Cinel), (1)

where Cel and Cinel denote collision integrals for elastic
and inelastic scatterings, respectively.
For an elastic scattering process (a+ b → c+ d),

Cel =
∑

b,c,d

γb
2E

∫
d3pb

(2π)32Eb

∫
d3pc

(2π)32Ec

∫
d3pd

(2π)32Ed

×
{
fc(~pc)fd(~pd) [1± fa(~p)] [1± fb(~pb)]−

fa(~p)fb(~pb) [1± fc(~pc)] [1± fd(~pd)]
}
S2(s, t, u)

× (2π)4δ(4)(p+ pb − pc − pd)|Mab→cd|2, (2)

where γb represents the spin-color degeneracy of parton
“b” and the “±” signs denote the Bose-enhancement and
Pauli-blocking effects. In Eq. (2), S2(s, t, u) = θ(s ≥
2µ2

D)θ(−s + µ2
D ≤ t ≤ −µ2

D) is introduced to regulate
the collinear (u, t → 0) divergence of the matrix element
|Mab→cd|2 where µ2

D = g2T 2(Nc + Nf/2)/3 is the De-
bye screening mass. In our work, light partons are as-
sumed to be massless, and for heavy flavor quarks we
take mc =1.27 GeV and mb =4.19 GeV. The leading-
order matrix elements are used for elastic scattering pro-
cesses. The above equation contains both gain and loss
terms for fa, from the latter we may obtain the elastic
“scattering rate” for parton “a” as

Γa
el =

∑

b,c,d

γb
2E

∫
d3pb

(2π)32Eb

∫
d3pc

(2π)32Ec

∫
d3pd

(2π)32Ed

× fb(~pb) [1± fc(~pc)] [1± fd(~pd)]S2(s, t, u)

× (2π)4δ(4)(p+ pb − pc − pd)|Mab→cd|2. (3)

With this rate, the probability of elastic scattering for
parton “a” in each small time step ∆t can be obtained:
P a
el = 1 − e−Γa

el∆t. The jet transport coefficients q̂a and
êa (energy loss rate) due to elastic scattering may be ob-
tained from the above integral weighted by the transverse
momentum broadening or energy loss of parton “a”.
To include the inelastic process of medium-induced

gluon radiation, we first calculate the average number
of emitted gluons from a hard parton in each time step
∆t:

〈Na
g 〉(E, T, t,∆t) = ∆t

∫
dxdk2⊥

dNa
g

dxdk2⊥dt
. (4)

In our work, the gluon radiation spectrum is taken from
the higher-twist energy loss formalism [10, 14, 47]:

dNa
g

dxdk2⊥dt
=

2αsCAq̂aPa(x)k
4
⊥

π (k2⊥ + x2m2)
4 sin2

(
t− ti
2τf

)
, (5)

where x and k⊥ are the fractional energy and transverse
momentum of the emitted gluon with respect to its par-
ent parton, αs is the strong coupling constant, Pa(x)
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FIG. 1: (Color online) Parton energy loss due to elastic and
inelastic interactions in a static medium: semi-analytical cal-
culation vs. Monte-Carlo simulation.

is the splitting function, and q̂a is the transport coeffi-
cient due to elastic scattering. Eq. (5) also contains the
mass dependence for heavy quark radiative energy loss.
ti denotes an “initial time” or the production time of the
“parent” parton from which the gluon is radiated, and
τf = 2Ex(1− x)/(k2⊥ + x2m2) is the formation time of
the radiation. We apply a lower energy cut-off for the
emitted gluon xmin = µD/E in our calculation to regu-
late the divergence as x → 0. Multiple gluon radiation
is allowed during each time step, where the number n of
radiated gluons is assumed to follow a Poisson distribu-
tion with the mean taken as 〈Na

g 〉. Thus, the probability
for the inelastic scattering process is P a

inel = 1 − e−〈Na
g 〉.

Note for g → gg process, 〈Ng
g 〉/2 is taken as the mean

for the Poisson distribution to avoid double counting.

Given the probabilities of elastic and inelastic scatter-
ing processes at each time step, the total scattering prob-
ability is P a

tot = P a
el + P a

inel − P a
elP

a
inel, which may be di-

vided into two regions: pure elastic scattering with prob-
ability P a

el(1− P a
inel) and inelastic scattering with proba-

bility P a
inel. Using these probabilities and the information

about the propagating jet parton and the medium profiles
at each time step, a Monte-Carlo (MC) method is applied
to determine whether a given jet parton is scattered with
the medium constituents, and whether the scattering is
elastic or inelastic. If a scattering happens, the branch-
ing ratio Γa

el,i/Γ
a
el is utilized to determine the scattering

channel, and the corresponding differential rate [in Eq.
(3)] is used to sample the four-momenta of outgoing par-
tons. If the scattering is inelastic, we first sample the
number n of radiated gluons using Poisson distribution,
and then obtain the momenta of these n gluons according
to their differential spectra [Eq. (5)]. We treat the inelas-
tic radiative contribution as 2 → 2 + n process and the
energy-momentum conservation is respected accordingly
in kinematics.

As a verification of our LBT model, the MC results
of the cumulative energy loss for different parton species
as a function of time is compared to the semi-analytical

Data-driven method
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c → e = D0 → e + D± → e

+ Ds → e + Λc → e

(+J/ψ → e@LHC)

Charmed hadron inputs
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Charmed
hadron

Mass
(MeV/c2)

B.R.
(→eX) (%)

D0(D̄0) 1864.83 6.49
D± 1869.65 16.07
D±

s 1968.34 6.5
Λ±
c 2286.46 3.95

J/ψ 3096.90 5.971

RAA isolation
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� Consistent with STAR [6] & ALICE [7].
� Centrality dependence of suppression.
� Similar beauty energy loss at RHIC and
LHC energies.

� Stronger suppression of charm than
beauty.
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� Agree with STAR [6] & ALICE [10].
� Non-zero vb→e

2 observed at RHIC
(pT > 3 GeV/c) and LHC.

vb→e
2 =

vHFE
2 −

(
1− fb→e

AA

)
vc→e
2

fb→e
AA

� Clear deviation of vb→e
2 from the curve assuming B-meson v2 follows

NCQ scaling at intermediate pT.
� Beauty is unlikely thermalized at RHIC and incompletely thermalized
at LHC.

� Larger deviation of vb→e
2 from NCQ scaling at LHC than at RHIC.
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