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Heavy quark production and energy loss in high-energy collisions

Heavy quarks mc,b ≫ ΛQCD

=⇒ short-distance perturbative production.

Scattering with Quark Gluon Plasma
=⇒ long-distance gluon radiation c → cg

Observed modification of pT spectra
=⇒ heavy flavour quenching

New effect: interaction with the medium modifies g → cc̄ splitting rate!

gluon radiation cc̄ radiation
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Colinear splitting g → cc̄ in parton shower

Factorization in the colinear limit

σgg→cc̄X = σgg→gg︸ ︷︷ ︸
hard gluons

⊗αs

2π

1

Q2
Pg→cc̄︸ ︷︷ ︸

splitting function

Formation time tform ∼ Eg

Q2

=⇒ boosted pairs are produced late

Interaction with the medium changes
the number of charmed hadrons.

Modification of 1
Q2Pg→cc̄ calculable in the perturbative BDMPS-Z framework.

See arXiv:2203.11241, talk by Sohyun Park, Wed, 08:40
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g → cc̄ splitting function: Pg→cc̄

In vacuum, e.g., Pythia shower,(
1

Q2
Pg→c c̄

)vac

=
1

Q4z(1− z)
(m2

c+κ2[z2+(1−z)2])

where κ = 1
2(kc − kc̄)

In medium Pg→cc̄ is modified see arXiv:2203.11241, talk by Sohyun Park, Wed, 08:40(
1

Q2
Pg→c c̄

)tot

= 2Re
1

4E 2
g z(1− z)

∫ t∞

tinit

dt

∫ t∞

t
dt̄ e

i
m2
c

2Eg z(1−z)
(t−t̄)

∫
drout

× e−
1
2

∫∞
t̄ dξ n(ξ)σ3(rout,z) e−i κ·rout

[
m2

c +
∂

∂rin
· ∂

∂rout
[z2 + (1− z)2]

]
K [rin, t; rout, t̄]

In multiple soft scattering approximation

n(ξ)σ3(rout, z) =
1

2
ˆ̄q(CF − Ncz(1− z))r2out, CF =

4

3

Various model estimates 1GeV2 ≲ CF ˆ̄qL ≲ 8GeV2
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Broadening and enhancement of cc̄ pairs

We observe enhancement of the splitting function over wide phase-space.
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1
Q2 Pg→c c̄

)tot(
1
Q2 Pg→c c̄

)vac = 1+

weight

Idea: reweight vacuum shower (Pythia) with medium modified splitting functions.
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Medium-induced charm meson production inside jets

Consider the fraction of jets with D0, D̄0 pairs ⇒ contains g → cc̄ splitting.

Reweight each g → cc̄ splitting ⇒ explore range of q̂ values for for PbPb.

Compare with the unmodified pp fraction.

Fraction of D0D̄0 tagged jets w/out modification

see arXiv:2203.11241, talk by Sohyun Park, Wed, 08:40

10-40% enhancement of D0D̄0 tagged jets ⇒ novel test of BDMPS-Z picture.
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Statistics estimates of D0D̄0 tagged jets

Expected PbPb luminosity L = 10 nb−1 =⇒ equivalent Lpp = 0.1 fb−1
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At pT ∼ 80GeV expect to measure O(1000) D0D̄0 jets via K−π+ channel.
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Effect of enhanced gluon radiation to cc̄ splitting

Gluon no-splitting probability given by Sudakov factor:

S tot
g→All = exp

[
−αs

2π

∫
dQ2

Q2
dz

(
Pvac
g→cc̄ + Pmed

g→cc̄ + Pvac
g→X + Pmed

g→X

)]
= S tot

g→cc̄ S
tot
g→X ,

Probability (to split into cc̄) & (not to split in anything else):(
1− S tot

g→cc̄

)
S tot
g→X(

1− Svac
g→cc̄

)
Svac
g→X

=

∫
dQ2

Q2 dz
(
Pvac
g→cc̄ + Pmed

g→cc̄

)∫
dQ2

Q2 dzP
vac
g→cc̄

exp

[
−αs

2π

∫
dQ2

Q2
dzPmed

g→X

]
.

However relative probability (not to split in anything else) is suppressed by αS

exp

[
−αs

2π

∫
dQ2

Q2
dzPmed

g→X

]
∼ e

−αs
2π#

(
q̂L
Q2

c
− q̂L
Q2

h

)
= 1−O(αs) .

While medium enhancement probability (to split into cc̄) is not suppressed.
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