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Heavy Quarks as Hard Probes

Gwang-Jun Kim, Heavy Ion Quarkonia and Heavy Flavor CMS+ATLAS Results (2019.07.31)

• Open Heavy Flavor

- Produced by hard scattering at the early stage

- Perturbative QCD calculation available

- Strong interaction with expanding QGP

→ In-medium energy loss, collective flow of quarks

→ Key observables: Nuclear Modification Factor RAA

Azimuthal Anisotropy vn

• Hidden Heavy Flavor (Quarkonia)

- Temperature dependent modification of

QCD potential based on LQCD.

- Various sizes of quarkonia make them

melt at different temperatures

→ Key observables: Suppression Pattern
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Color screening from LQCD

High T

Low T

v2



Flavor Dependent Energy Loss
JHEP 04 (2017) 039

PLB 782 (2018) 474

• Prompt D0 meson is strongly suppressed in PbPb.

• Low pT : Hint of less suppression of D0 than charged hadrons

• High pT : RAA (prompt D0) ≈ RAA (charged hadrons)

D0

h±

Charm

vs

Charged hadrons

?
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Flavor Dependent Energy Loss
EPJC 78 (2018) 509

PLB 782 (2018) 474

• Low pT : RAA (b → J/ψ) > RAA (prompt D0) → Flavor hierarchy

D0

b → J/ψ

Charm

vs

Beauty (→ J/ψ)

4
Gwang-Jun Kim, Heavy Ion Quarkonia and Heavy Flavor CMS+ATLAS Results (2019.07.31)



Flavor Dependent Energy Loss
arXiv:1810.11102

PLB 782 (2018) 474

• Low pT : RAA (b → D0) > RAA (prompt D0) → Flavor hierarchy

b → D0

Charm

vs

Beauty (→ D0)
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D0



Flavor Dependent Energy Loss
PRL 119 (2017) 15230

PLB 782 (2018) 474

• Mid pT : 1st measurement of fully reconstructed B±

→ Large uncertainties will be reduced with 2018 Data.

Charm

vs

Beauty meson
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B±D0



Heavy Flavor Hadronization

• 1st measurement of BS

hadronization in PbPb.

• Indication of enhanced BS

production over B+ in PbPb.

BS

B+

BS/B+ in PbPb
arxiv:1906.03322PLB 796 (2019) 168
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ΛC/D0 in pp and PbPb

• 1st Measurement of ΛC in PbPb

at high pT



Heavy Flavor Hadronization

• 1st measurement of BS

hadronization in PbPb.

• Indication of enhanced BS

production over B+ in PbPb.

BS

B+

BS/B+ in PbPb
arxiv:1906.03322PLB 796 (2019) 168
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ΛC/D0 in pp and PbPb

• Is ΛC/D0 enhanced in PbPb than in 

pp?

• No significant indication at high pT

pp PbPb



Quarkonia Sequential Suppression in PbPb

• ψ(2S) shows stronger suppression 

than J/ψ

• No sign of 𝜰(3S) in 2015 PbPb.

• RAA (𝜰(1S)) > RAA (𝜰(2S))

• Agree with models w/ and w/o

𝜰 regeneration

Charmonia Bottomonia

ψ(2S)

J/ψ

PLB 790 (2019) 270EPJC 78 (2018) 509

𝜰(2S)

𝜰(3S)

𝜰(1S)
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Heavy Quark Flow: Charm

• v2 peaks at around 3 GeV

• v2 (D
0) < v2 (charged particles)

• v2 increase from central to peripheral events

D0

h±

PRL 120 (2018) 202301
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v2



Heavy Quark Flow: Beauty

• Indication of positive v2 from beauty quark

• Is v2 (beauty) < v2 (charm) ? → Will be explored further.

b → J/ψ

Beauty vs Charm

b → J/ψ

D0

h±

PRL 120 (2018) 202301EPJC 78 (2018) 762
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Probing Initial Fluctuation by D0 v3

• 1st measurement of nonzero D0 v3 ≈ charged hadrons

• No significant centrality dependence

• Charm can feel small initial stage fluctuations

PRL 120 (2018) 202301
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D0

h±

v3



Flow In Small System

• Positive prompt D0 v2 in pPb ( < D0 v2 in PbPb)

• v2 (prompt J/ψ = c  𝑐) ≈ v2 (prompt D0 = c 𝑢) ≠ 0 → Charm indeed flows!

J/ψ (pPb)

D0 (pPb)

D0 (PbPb)

PRL 121 (2018) 082301

PLB 791 (2019) 172
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Heavy Quarkonia in Small Systems

• 𝜰 sequential suppression also 

observed in pPb

→ What is the origin?

• Suppression of prompt ψ(2S) in 

Pb-going direction

• Different behavior of ψ(2S) and J/ψ

cannot be explained by CNM only.

ψ(2S) and J/ψ in pPb 𝜰(nS)/𝜰(1S) in pPb

Pb-going p-going

J/ψ

ψ(2S)

EPJC 78 (2018) 762PLB 790 (2019) 509
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𝜰(2S)/ 𝜰(1S)

𝜰(3S)/ 𝜰(1S)

RAA Ratio



Summary

• Heavy flavor measurement at CMS and ATLAS have explored:

- Flavor dependent parton energy loss

- Heavy quark hadronization mechanisms

- Sequential suppression of heavy quarkonia

- Initial stage geometry and fluctuation

- QGP-like properties in small system

• Future upgrades of LHC will increase the statistical significance of heavy 

flavor measurements and enrich our understanding of QGP.
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Current Luminosity Future Luminosity arxiv:1812.06772



Backup Slides
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Prompt J/ψ vs D0
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EPJC 78 (2018) 509

PLB 782 (2018) 474



Prompt J/ψ with respect to Centrality

18
Gwang-Jun Kim, Heavy Ion Quarkonia and Heavy Flavor CMS+ATLAS Results (2019.07.31)

EPJC 78 (2018) 762



Charmonia in PbPb

• Suppression of ψ(2S) 

yield compared to J/ψ.

• Double ratio of RAA(ψ(2S)) and RAA(J/ψ).

• Prompt ψ(2S) suppressed more than J/ψ

→ Sequential suppression

Non-prompt ψ(2S) suppressed by similar 

amount to J/ψ

→ both are produced in B hadron decays
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EPJC 78 (2018) 762



Theoretical model comparison
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EPJC 78 (2018) 762

PLB 782 (2018) 474 / PRL 119 (2017) 15230 / PRL 120 (2018) 202301



System with Intermediate Size 

• QGP from different size nuclei Xe and Pb are studied in terms of RAA

→ New way to probe QGP which differs from PbPb, pPb, and pp collision.

• Small system Xe shows feature slightly less suppression.
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JHEP 10 (2018) 138



Future Plan: High-Luminosity LHC

22
Gwang-Jun Kim, Heavy Ion Quarkonia and Heavy Flavor CMS+ATLAS Results (2019.07.31)

arxiv:1812.06772

• Future improvements will include:

- Statistics ↑ in low pT

- Acceptance ↑ to |y|< 4

- L1 and DAQ improvements (up to 60 GB/s) → Sophisticated trigger.

- Time resolution up to 30ps → Allow PID with time-of-flight



CMS Detector @LHC
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ATLAS Detector @LHC
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