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Collectivity in small systems
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ÅPositive v2 of light flavor hadrons
ÅMass order shows common velocity
ÅSimilar observations to large systems

Pb Pb p Pb

A smaller system

Is the origin of collectivity in pPbcollisions 
the same as that in PbPb? ςfrom the hot 
medium effects?
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Heavy flavor in large systems

ÅQGP droplet in heavy ion collisions
ÅHot dense medium, partonsinteracts strongly
ÅPerfect fluid, Initial geometric eccentricity 

hydrodynamically propagate to final states

ÅHeavy flavor quarks ςgood probes to initial 
condition
Åcan only be created at initial stage
ÅExperience the entire evolution
ÅLarge v2 for open charm mesons and charmonia

PRL 120, 202301 (2018), PRL 121, 082301 (2018)

PRL 119, 242301 (2017)
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Heavy flavor in large systems

ÅNuclear modification
ÅOpen charm suppression, suffer energy loss
ÅCharmonium suppression, Debye screening radius < binding radius

EPJC 77 (2017) 252

PLB 782 (2018) 474 
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Hot medium effects in small systems?

ÅPossibly find similar observations in small systems if there is any hot medium effect
ÅCollectivity, 
Å v2 for prompt D0 mesons, prompt J/̞ ƳŜǎƻƴǎΣ ōŜŀǳǘȅ ǉǳŀǊƪǎ Χ

ÅNuclear modifications
ÅRpPbfor prompt D0 mesons, prompt J/̞ ƳŜǎƻƴǎ Χ

ÅΧΧ 

Observable Large system Small system

v2 for light flavor V V

v2 for open charm/ charmonia V/ V V/V

v2 for open bottom/ bottomonia V/ V V

Modifications for light flavor V V

Modifications for open charm/ charmonia V/ V V/V

Modifications for open bottom/ bottomonia V/ V U/V
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Prompt D0 (Ŏǹ) in pPbCollisions

ÅMass order at low pT --
common flow velocity

ÅSimilar toPbPb
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PRL 120, 202301 (2018)
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Prompt J/̞ (ÃÃ) in pPbCollisions
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ÅCan also observe positive v2

signal for prompt  J/̞

ÅCalculations based on medium 
effects inconsistent with data

ÅCaveat: medium effects may not 
strong enough in MB samples

v2 for
Prompt  J/̞
Prompt D0
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ÅCan also observe positive v2

signal for prompt  J/̞

ÅCalculations based on medium 
effects inconsistent with data

ÅCaveat: medium effects may not 
strong enough in MB samples

In-medium J/ɣ in MB pPb

(Du, Rapp, JHEP 03 (2019) 015)
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ÅCan also observe positive v2

signal for prompt  J/̞

ÅCalculations based on medium 
effects inconsistent with data

ÅCaveat: medium effects may not 
strong enough in MB samples

In-medium J/ɣ in MB pPb

(Du, Rapp, JHEP 03 (2019) 015)
low temperature 

(energy density), weak 
hot medium effect

high temperature, 
strong hot medium 

effects
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Modifications for charmoniain pPbcollisions

ÅModifications for prompt J/̞ andprompt (̞2S)consistent with unity
Å (̞2S) slightly suppressed in backward (Pb-going) compared to J/̞
ÅA hint  for final state effects

PLB 790 (2019) 509 

Small pT

Large pT
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Modifications for charmoniain pPbcollisions

ÅModifications for J/̞ and ̞ (2S) consistent with unity
ÅPrompt ̞ (2S) slightly suppressed in backward (Pb-going) compared to prompt J/̞
ÅA hint  for final-state effects?

PLB 790 (2019) 509 

p-goingPb-going
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Medium effectsin pPbCollisions

ÅMultiplicity (system size) has an impact?
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Lower multiplicity

Higher multiplicity
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An alternative scenario

ÅAn alternative scenario based on initial state 
interactions ςColor Glass Condensate
ÅBefore collisions, non-zero color electric fields exist

ÅNon-geometry-related and non-hydrodynamical 
evolution

ÅPredict large v2 for ɭand prompt J/̞

Lappi, Schenke, Schlichting, Venugopalan
JHEP 01 (2016) 061
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In-medium J/ ɣin MB pPb

(Du, Rapp, JHEP 03 (2019) 015)
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Beauty quarks in pPbCollisions

ÅCan we observe collectivity of even heavier quarks?

Åb quarks are very heavy and hard to thermalize

ÅCGC calculations predict large v2 for ɭcomparable to prompt J/̞ (PRL 122 (2019), 172302) 

Åb quarks provide new opportunities to study the medium effects and CGC
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