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Two major hadronization mechanisms

2022/5/6 3Ziyang, QM review



In-medium Hadronization is Important
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In-medium Hadronization is Complicated
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Λc -- CMS
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Study Coalescence with Baryons 
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Λc Signals
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Λc in pp Collisions (1/4) 
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Λc in pp Collisions (2/4) 
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MPI: multiple parton interactions 



Λc in pp Collisions (3/4) 
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Why coalescence in pp?



Λc in pp Collisions (4/4) 
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SHM: statistical hadronization model



Λc in PbPb Collisions (1/2) 
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Summary of Λc in CMS
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STAR – AuAu
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Open Heavy Flavor Production in 200 GeV Au+Au Collisions 
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Open Heavy Flavor Production in 200 GeV Au+Au Collisions 
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� Nuclear modification factor:

� Systematic uncertainty of p+p reference 
plotted separately for D± (grey band),  
for D0 included in brackets

� High-pT D± and D0 suppressed in 
central Au+Au collisions

� Similar level of suppression and 
centrality dependence for D± and D0

� Strong interactions between charm 
quarks and the medium
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p+p reference (STAR): Phys. Rev. D 86, 072013, (2012) 
D0 (STAR): Phys. Rev. C 99, 034908, (2019).
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� Ȧc/D0 and Ds/D0 yield ratios enhanced in 
Au+Au collisions with respect to PYTHA 
calculations

� Enhancement consistent with 
coalescence hadronization of charm 
quarks in QGP

Ds (STAR): Phys. Rev. Lett. 127, 092301 (2021).
Catania: Eur. Phys. J. C 78, 348, (2018).
Tsinghua: arXiv1805.10858, (2018).
He, Rapp, Phys. Rev. Lett. 124, 042301 (2020)
Cao, Ko et al.: Phys. Lett. B 807, 135561 (2020). 08. 04. 2022

ȿc (STAR): Phys. Rev. Lett. 124, 172301, (2020)
p/ʋ (STAR): Phys. Rev. Lett. 97, 152301 (2006)
ȿ�/K (STAR): Phys. Rev. Lett. 108, 072301 (2012)
Catania: Eur. Phys. J. C 78, 348, (2018)

2022/5/6 Ziyang, QM review 21



D0

D0
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� Total charm production cross section per binary 
collision in Au+Au extracted from the 
measurements of open-charm hadrons

� The Au+Au result is consistent with that measured 
in p+p collisions within the uncertainties

� Redistribution of charm quarks among open ²
charm hadron species in Au+Au collisions 
compared to p+p collisions

Coll. system Hadron dɐNN/dy [ʅb]

Au+Au at 200 GeV
Centrality: 10-40%
0 < pT < 8 GeV/c

D0 39 ± 1 ± 1

D± 18 ± 1 ± 3

Ds 15 ± 2 ± 4

ȿc 40 ± 6 ± 27*

Total: 112 ± 6 ± 27

p+p at 200 GeV Total: 130 ± 30 ± 26 D0 2014 (STAR): Phys. Rev. C 99, 034908, (2019).
D0 2010/11 (STAR): Phys. Rev. Lett. 113, 142301 (2014), 
erratum: Phys. Rev. Lett. 121, 229901 (2018).
p+p (STAR): Phys. Rev. D 86 072013, (2012).
Ds (STAR): Phys. Rev. Lett. 127, 092301 (2021).
ȿc (STAR): Phys. Rev. Lett. 124, 172301, (2020).

*The ȿc cross section is derived using the ȿc/D0 yield ratio
Dц cross section calculated using preliminary invariant yields 
Remaining cross sections calculated using published results

08. 04. 2022Acknowledgement: This research is funded by the project LTT18002 of 
the Ministry of Education, Youth, and Sport of the Czech Republic
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Summay of STAR
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LHCb – pPb and peripheral PbPb
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Summary of LHCb
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᙭(3872) -- CMS
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Study Coalescence with Exotic Hadrons 
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᙭(3872) in Heavy-ion Collisions 
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᙭(3872) in HIC (1/2): Coalescence
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᙭(3872) in HIC (2/2): Breakup

2022/5/6 Ziyang, QM review 36



᙭(3872) in High-Multiplicity pp Collisions 
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᙭(3872) in High-Multiplicity pp Collisions 
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᙭(3872) in Heavy-ion Collisions 
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᙭(3872) in Heavy-ion Collisions 
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᙭(3872) Signals
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᙭(3872)/ψ(2S) Ratio in PbPb
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᙭(3872)/ψ(2S) Ratio in PbPb
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᙭(3872)/ψ(2S) Ratio in PbPb
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᙭(3872)/ψ(2S) Ratio in Different Systems
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Theoretical calculation (1) 
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Theoretical calculation (2) 
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Theoretical calculation (3) 
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Summary of CMS
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Summay of CMS
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Have Some Fun with Heavy Flavors!

https://boundino.github.io/hinHFplot/



Summary
• CMS:
• Λc measured	in	pp	and	PbPb collisions
• First	evidence	of	X(3872)	In	heavy-ion	collisions	

• STAR:
• Open	heavy	flavor	production	in	Au+Au collisions

• LHCb:
• Open-charm	production	in	pPb collisions	
• Λ+

c -to-D0 ratio	in	peripheral	PbPb collisions	
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