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Collectivity in small systems
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Collectivity of bulk particle production in small systems
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Collectivity of bulk particle production in small systems
QM2018: what about heavier quarks (i.e., ¢,b)?



Heavy quarks in QGP

Large AA systems

Charms expected to flow!!
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Heavy quarks in small systems

Collectivity (v,) for heavy quarks in small system?

U\~ INteraction with a (tiny) QGP?
:) D™ Thermalization for a small size?

e.g., in pA/pp
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Heavy quarks in small systems

Collectivity (v,) for heavy quarks in small system?

. , Interaction with a (tiny) QGP?
B :) D™ Thermalization for a small size?
e.g., in pA/pp OR

A new window for initial correlations?
(Y. Ma et. al., arXiv:1803.11093)

Comparing to bulk system (light quarks/gluons)

KOS, A, E', ()" (also 15t time in small systems)

CMS, arXiv:1804.09767, submitted to PRL



D° meson in pPb

at CMS
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Strange hadron reconstruction
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Well established in many earlier measurements



185 < N, < 250
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DO — charged hadron correlations
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Strange and charm hadron v, in pPb

CMS pPb 8.16TeV
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Strange and charm hadron v, in pPb
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Strange and charm hadron v, in pPb
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Strange and charm hadron v, in pPb

CMS pPb 8.16TeV
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Significant D° v,, follow mass ordering at low p+
DO similar to K% (both mesons) at higher p+



Strange and charm hadron v, in pPb
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Quark number scaling in pPb
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Quark number scaling in pPb
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Quark number scaling in pPb
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Different trend in species dependence from PbPb
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Quark number scaling in pPb
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In hydro-QGP picture:

Less flow/thermalization for charm quarks in pPb
due to a much reduced small system size?

Interpretations in CGC/glasma picture?



One more thing ...

Collectivity of Charmonia in small system?
> Recombination of flowing cc
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One more thing ...

Collectivity of Charmonia in small system?

C
2?2 | JW > Initial correlations from Glasma?
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Entries / 10 MeV

J/W(=>utu) reconstruction in pPb
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Same technique as for
DO and strange hadrons

Entries / 10 MeV

J/W — charged hadron correlation
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Prompt J/AV meson v,_in pPb

“Nonflow” oMS CMS-PAS-HIN-18-010 P 8.16ToV

removed . | | | | | | | | | | | | | | | | | |
- [l Prompt JAp, -2.86 < y,,<-1.860r094<y <194 -

0.0l ® PromptD’,-1.46<y_<0.54
- D Kg, -1.46<y <0.54
cm

A D -
Dmﬂj *+’ E 8 ]
T%85<Ntrk<25o (N, .<35) n

0 6|||8||
pT<GeV>

sub
V2
o

0.0

Significant J/W v, = most direct evidence of charm v,
J/W comparable to D%? Both below light flavor KO



Prompt J/AV meson v,_in pPb
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Prompt J/AV meson v,_in pPb
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Summary

New results of charm (D9, J/W) and strange flow in pPb

CMS pPb 8.16TeV
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i : o + .
0.00] ; ffffffffffffff ]
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0 1

2 3
KE,/n, (GeV)

Clear observation of v, signal for charm quarks
» Weaker collectivity than light quarks (?)
» Different trend in species dependence from PbPb

New insights to the origin of “Ridge” in small systems

(eps. with better precision, bottom; also in pp in the future)
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D% meson in pPb at CMS

Suppress nonprompt D° from B mesons
arXiv:1804.09767
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