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Outline

Flavor in CMS:
up down charm strange bottom

• Light Flavor: up, down, strange and multi-strange hadron

• Heavy Flavor: charm, bottom, top

Collective Phenomena:

In large system ( A-A collisions ): 

• What are the properties of the medium created?

• How partons interact with the medium?


In small system ( p-p and p-A collisions ): 

• Do we observe similar effect in small system as in large 
system?

top
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Introduction:Two Particle Correlation
Long range(|Δη| > 2), near side(Δɸ≃0) angular correlation
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Similar ridge observed 
in pp and pPb also

PbPb

pPb

Phys. Rev. Lett. 120, 092301 (2018)

Phys. Lett. B 724 (2013) 213
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Nature of the ridge
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✦ Is this a sign of hydro in small system?

✦ Is it collectivity in small system?
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Collective nature:

• Multi particle correlation

• Similar pattern for all the system 

{2} ≃ {4} ≃ {6} ≃ {8}

{2} ≥ {4} ≃ {6} ≃ {8}

v2 v2 v2 v2

v2 v2 v2 v2

pp

pPb and PbPb

Phys. Lett. B 765 (2017) 193
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Phys. Rev. Lett. 120, 092301 (2018)

Collective behavior !
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Ridge in strange hadron
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Phys. Lett. B 742 (2015) 200

Low multiplicity 

High multiplicity

pPb



CMS Detector
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Strange hadron v2

• Significant pT dependent  in both 
pPb and PbPb


• Follow mass ordering at low pT 

(Radial flow)


• Number of constituent quark 
scaling:

‣ Strange hadrons following universal 

trend in pPb

‣ Violation in PbPb up to 25% compared 

to pPb in higher  

v2

KET/nq

pT dependence  of  from 
long range correlation

v2 k0
S, Λ

Phys. Lett. B 742 (2015) 200

pPb PbPb
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Strange hadron v3
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• Significant pT dependent  in 
both pPb and PbPb

• Positive  signifies geometry 
driven fluctuation


• Both pPb and PbPb showing 
similar  behavior for strange 
hadron.

‣ Similar origin? 
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pT dependence  of  from 
long range correlation

v3 k0
S, Λ
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Strange hadron v2
pT dependence  of  from multi-particle correlationv2 k0

S
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Strange hadron v2
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pT dependence  of  from multi-particle correlationv2 Λ
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Charm hadron v2
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pT dependence  of prompt v2 D0

pPb PbPb• Heavy quarks are produced in the early 
stage of collisions

‣ Experience the full evolution of the produced 

medium


• Clear trend of rising and declining with pT 


• Clear mass ordering at pT < 2 GeV in pPb

‣ Indicating significant collective behavior of charm 

quark in small system

•  of D0 in  < 1.5 GeV, is 
smaller than strange hadron in pPb

‣ Weaker collectivity of charm quark in pPb


• In PbPb, following universal trend in 
 < 1.0 GeV

‣ Strong collectivity in PbPb

vsub
2 /nq KET/nq

KET/nq
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Charm hadron v2
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Multiplicity dependence  of prompt v2 D0

• Significant positive  down to Ntrk ≈ 50 for 
2 < pT < 4 GeV in pPb


• Compatible magnitude of  between pp 
and pPb for region with similar multiplicity 
in 2 < pT < 4 GeV


•  signal tend to diminish in pPb as 
multiplicity decrease for pT > 6 GeV


v2

v2

v2

pp , pPb

Phys. Lett. B 813 (2021) 136036
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Charm hadron v2
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pPb

—

• Heavy quarks are produced in the early 
stage of collisions

‣ Experience the full evolution of the produced 

medium


• Positive  value in 2 < pT < 8 GeV 


• (D0) and (J/𝛙) smaller than strange 
hadron in entire pT range

‣ (c) < (u, d, s)

‣ Flavor hierarchy

• (J/𝛙)   < (D0), for > 
1.0 GeV

‣ D0(c,u), J/𝛙(c,c)

v2

v2 v2

v2 v2

vsub
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—

              Raghunath Pradhan, IITM                     PANIC 2021, Portugal, 5-10 Sep 2021                                                     13      

https://arxiv.org/abs/2009.12628
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Charm hadron v2
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Surprisingly! 

•  of J/𝛙 in < 1.0 GeV, is greater than  of 
D0 in pPb


• From hydrodynamic model calculation,  of J/𝛙 should come 
below D0
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Adding prompt J/ψ

✦ Final state interaction alone can not explain this.  

JHEP10(2020)141
ALICE PbPb

pPb

JHEP03(2019)015
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Prediction from CGC model
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• Prediction of  J/𝛙  from CGC model

‣ Correlations between partons originated 

from the projectile proton and dense gluons 
inside the target nucleus


• Qualitative agreement between data and 
theory for J/𝛙
‣ Suggesting that initial-state effects may 

play an important role in the generation 
of collectivity for these particles in pPb 
collisions

v2

pPb
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Bottom hadron v2
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pT dependence  of non prompt  v2 D0

• Non-prompt D0 originate primarily from B 
hadron

‣ Contain 50% of B transverse momenta based on MC 

simulations using PYTHIA 8.209 and tune CUETP8M1


• Have a larger distance of closest approach


•  of non-prompt D0 consistent with zero in low 
pT, while in high pT , hint of a positive 

• (prompt D0) > (non-prompt D0) in 2< pT < 5 
GeV


• Indication of Flavor hierarchy of collectivity 
signal


‣ Heavier quark tend to develop a weaker collective 
signal

v2
v2

v2 v2

v2

Phys. Lett. B 813 (2021) 136036
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Bottom hadron v2
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Centrality and pT dependence  of   and v2 Υ(1S) Υ(2S)

•  of  and  consistent with zero within the statistical uncertaintiesv2 Υ(1S) Υ(2S)

Phys. Lett. B 819 (2021) 136385

http://dx.doi.org/10.1016/j.physletb.2021.136385
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• Significant pT dependent  and  observed for the strange hadrons in pPb and PbPb


• Strange hadron flow fluctuation is larger in pPb than PbPb


• D0 and J/𝛙  is smaller than strange hadron in entire pT range


• Evidence of weaker collectivity of charm quark in pPb than PbPb


• Multiplicity dependence  measured for D0 meson in pPb


• Qualitative agreement from CGC model for J/𝛙

• Non-prompt D0  consistent with zero in low pT, while in high pT , hint of a positive 

•  of   and  consistent with zero within the statistical uncertainties 

v2 v3

v2

v2

v2 v2

v2 Υ(1S) Υ(2S)
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Thank You for your attention

😊
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Strange hadron  Signal extractionv2



Jet related non-flow in pPb
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• v2{4} < v2{6}!! Large jet related non-flow at low Ntrk


• To remove non-flow, veto jet method used

•CMS anti-kt PF hets with bkg subtraction

• Reject events with at least one jet pT > 20 GeV
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V2 Signal extraction: 
•  Two particle correlation technique    

•  extracted from charge reference 
particle(0.3 < pT < 3.0 GeV)
v2

•   is the signal fraction extracted from 
mass fit
fsig

• For back-to-back jet correction
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D0  Signal extraction: 
•  Two particle correlation technique    

v2

•   extracted from charge reference particle(0.3 < pT 

< 3.0 GeV)

‣ Assuming  to be the product of single-particle 

anisotropies

v2

VnΔ

• Fit the  vs. mass to extract   vs+b
2 vs

2

• For back-to-back jet correction
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