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Motivation
❖ Heavy	quarks	are	produced	early	and	experience	the	full	evolution	of	the	

medium.
❖ Involve	a	variety	of	E-loss	mechanisms

n Gluon	radiation,	collisional	energy	loss,	collisional	dissociation,	…
n Allow	further	understanding	of	the	medium	properties.

❖ 𝛬%# is	essential	for	understanding:
n Heavy	quarks	transport	in	QGP	and	hadronic	phase	of	the	

medium
n Charm	quark	hadronization including	coalescence

Ø Enhance	𝛬%#/𝐷( in	AA	over	pp	collisions
Ø Measurements	in	broad	𝑝* range	needed
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Motivation
❖ ALICE	ratios	from	pp	and	pPb are	larger	than		LHCb ones.
❖ ALICE	ratio	for	6	<	𝑝* <	12	GeV/c	in	PbPb are	larger	than	ALICE	ratios	in	

pp	and	pPb.

JHEP	04	(2018)	108

Phys.	Lett.	B	793	(2019)	212

JHEP	02	(2019)	102
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CMS	Detector
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❖ cτ	(Λ0#)	~	60	𝜇m		

❖ Λ0# → P#		K:π# BR~6.23%

❖Topological	selections:
n pp

Ø 2D	decay	length	significance	
with	respect	to	BS	

Ø Vertex	probability
Ø 2D	pointing	angle	with	
respect	to	BS	

Ø Daughter	track	𝑝* ratio

n PbPb
Ø 3D	decay	length	significance	
with	respect	to	PV	

Ø Vertex	probability
Ø 3D	pointing	angle	with	respect	
to	PV

Ø Daughter	track	𝑝* ratio

𝜦𝑪# reconstruction
❖ 2015	HI	run	at	5.02	TeV at	LHC

❖ Both	pp	and	PbPb:	minimum	bias	events.
■ pp:	2B	minimum	bias	events
■ PbPb:	300M	minimum	bias	events.
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𝜦𝑪# signal	extraction

Invariant	mass	fitted	with:

❖ Double	Gaussian	for	signal

❖ 3rd order	Chebyshev	
polynomial	function	for	
combinatorial	background
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❖ Representative	invariant	mass	plots.

𝜦𝑪# signal	extraction
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𝒑𝑻 spectra
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❖ 𝑝* distribution	shape	in	pp	
collisions	is	consistent	with	
PYTHIA8	.

arXiv:	1906:03322
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Nuclear	modification	factor	𝑹𝑨𝑨
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❖ Conclusion:

n A	hint:	the	production	of	𝛬%# is	
suppressed	in	PbPb for	𝑝*
>10	GeV/c.

n Evidence:	more	suppression	
in	the	more	central	PbPb
collisions.	

arXiv:	1906.03322
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𝜦𝑪# 𝑫𝟎⁄ production	ratio
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❖ PbPb	~	pp	result	in	10-20	GeV/c,	
suggests	no	significant	contribution	
from	coalescence	in	PbPb for	𝑝* >	10	
GeV/c	.
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𝜦𝑪# 𝑫𝟎⁄ production	ratio
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JHEP	08	(2015)	003

❖ PbPb	~	pp	result	in	10-20	GeV/c,	
suggests	no	significant	contribution	
from	coalescence	in	PbPb for	𝑝* >	10	
GeV/c	.

❖ pp	result	~	PYTHIA8	in	shape	(	tune:	
CUETP8M1.)

❖ PYTHIA8	+	color	reconnection	
describes	data.
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𝜦𝑪# 𝑫𝟎⁄ production	ratio

❖ Solid	line:	predicts	a	stronger		𝑝*
dependence	and	underestimate	𝑝* >	
10	GeV/c.	
n Coalescence	+	fragmentation.
n S.	Plumari et	al	

❖ PbPb	~	pp	result	in	10-20	GeV/c,	
suggests	no	significant	contribution	
from	coalescence	in	PbPb for	𝑝* >	10	
GeV/c	.

❖ pp	result	~	PYTHIA8	in	shape	(	tune:	
CUETP8M1.)

❖ PYTHIA8	+	color	reconnection	
describes	data.

 (GeV/c)
T

p
4 6 8 10 12 14 16 18 20

)0 D
+ 0

) /
 (D

− C
Λ

 +
 

+ C
Λ(

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7  (5.02 TeV)-1, pp 38 nb-1bµPbPb 44 

CMS pp
Data
PYTHIA8
PYTHIA8 + CR
EPJC78 (2018) 348
arXiv:1902.08889

PbPb
Data: Cent. 0-100%

|y| < 1.0



Rui	Xiao 13SQM	2019

𝜦𝑪# 𝑫𝟎⁄ production	ratio
❖ PbPb	~	pp	result	in	10-20	GeV/c,	
suggests	no	significant	contribution	
from	coalescence	in	PbPb for	𝑝* >	10	
GeV/c	.

❖ pp	result	~	PYTHIA8	in	shape	(	tune:	
CUETP8M1.)

❖ PYTHIA8	+	color	reconnection	
describes	data.
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❖ Solid	line:	predicts	a	stronger		𝑝*
dependence	and	underestimate	𝑝* >	
10	GeV/c.	
n Coalescence	+	fragmentation.
n S.	Plumari et	al	

❖ Dashed	line:	provide	reasonable	
description	of	pp	data	𝑝* <	10	GeV/c.
n Include	excited	charm	baryons	
states	beyond	PDG.

n M.	He	and	R.	Rapp	arXiv:	1906:03322
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Outlook
❖ More	precise	with	expanded	𝑝* ranges	in	the	near	future.

n ~20X	MB	data	statistics	in	year	2018
n Pixel	detector	upgrade:	layers:	3	→ 4

current

previous

CERN-LHCC-2012-016
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Summary
❖ Λ�# differential	cross	section	is	measured	in	pp	and	PbPb.

■ 𝑝* distribution	shape	in	pp	collisions	is	consistent	with	PYTHIA8	.

❖ Λ�# 𝑅}} is	measured	in	PbPb.
■ Evidence:	more	suppression	in	the	more	central	collisions.

n PbPb result	~	pp	in	10-20	GeV/c	,	suggests	that	
there	is	no	significant	contribution	from	the	
coalescence	process	for	𝑝* >	10	GeV/c	in	PbPb.

n The	standard	color	reconnection	model	is	
consistent	with	the	pp	result.

❖ More	precise	measurement	with	2018	Run	data.
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❖ Λ�# 𝐷(⁄ production	ratio	is	measured	in	pp	and	PbPb.
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Thank		you	!
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Back	Up



Rui	Xiao 18SQM	2019

Systematic	uncertainties
❖ Signal	extraction	systematics

n Changing	the	background	fit	function	
effect:	4-10%	(pp)	and	7-9%	(PbPb).

n Changing	signal	fit	function:	10-32%	
(pp)	and	6-13%	(PbPb).

❖ Systematic	uncertainty	on	
selection	cut
n Comparing	data	and	MC	efficiency	of	
different	cut	selections	(6%	for	pp	
and	19%	for	PbPb).

n Tacking	efficiency	systematic.

❖ Systematic	uncertainty	
for	𝑫𝟎 in	CMS

❖ Systematic	uncertainty	on	
𝒑𝑻 shape
n Changing	the	MC	𝑝* shape	(0-
10%	for	pp	and	3-4%	for	PbPb).

❖Branching	ratio	systematic
n 5.3%	from	PDG.
n Varying	the	branching	ratio	for	
each	sub-channel	in	the	
uncertainty	from	PDG.	(8%	for	pp	
and	for	PbPb).
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CR	Modes	parameters	setting

JHEP	08	(2015)	003
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Transverse	Momentum	𝑝* (GeV/c)

arXiv:nucl-ex/0601042

Baryon/Meson	Ratios


