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Transport equation
Transport	model
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𝑉 = 𝑈

Philosophy:   charmonium states can survive and regenerated 

inside QGP with 𝑻 > 𝑻𝒄

𝐻Ψ = 𝐸Ψ

Phase	space	density	 Hot	medium	effect
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Ø decay	rate	𝛼-:	
① Color	screening	effect:	included	by	taking	a	in-medium	binding	energy	in	𝝈𝒈𝝍

take	a	constant	(500MeV)	
② Inelastic	collisions	with	partons:					terms	with		𝝈𝒈𝝍 𝑝, 𝑘, 𝑇 	𝒇𝒈(𝒌, 𝑻)
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Temperature	dependence	
in	charmonium dissociation	rate:	
mainly	induced	by	gluon	bose-distribution		

𝒇𝒈(𝒌, 𝑻)

Tsinghua
TAMU Chin.Phys. C43 (2019), 124101
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① Proportional	to	charm	and	anti-charm	quark	density	in	(x,p),	and	cross	section

② Regeneration	can	happen	inside	QGP	and	also	at	the	hadronization surface

③ Regenerated	charmonium depends	on	charm	evolution	(flow):	

Transport equation
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Dynamical	
evolution

𝝏𝝁 𝝆𝒄𝒖𝑸𝑮𝑷
𝝁 = 𝟎

Ø Regeneration	term	𝜷𝝍 

Charm	quark	kinetic	equilibrium							(strongly	coupled	with	QGP	):

1)	momentum	distribution	:			𝑓2(�⃗�2, 𝑇) normalized	fermi-distribution

2)	spatial	distribution	: 𝝏𝝁 𝝆𝒄𝒖𝑸𝑮𝑷
𝝁 = 𝟎 𝒖𝑸𝑮𝑷

𝝁 :			hydro	fluid	velocity



CNM effect & QGP expansion

5.02	TeV Pb-Pb,	
Cent.	0-10%
Temp	in	the	center	of	QGP

CNM	effect:	
① Shadowing	effect:			calculated	with	EPS09	NLO	model,

added	in	the	charmonium initial	distribution

② Cronin	effect: partons get	extra	energy	to	increase	the	𝑝o of		
initial	charmonium before	𝑔𝑔(𝑞𝑞p) → 𝐽/𝜓 + 𝑔

QGP	expansion: （2+1）dimension	

𝝏𝝁𝑻𝝁𝝂 = 𝟎

Momentum	distribution	from	pp

Phys.Lett. B765 (2017) 323-327

𝑔𝑔(𝑞𝑞p) → 𝐽/𝜓 + 𝑔

5EoS:			Ideal	gas	(QGP)	+	HRG		with	first-order	transition



Charmonium yield

Charmonium direct	yield
w/o	feed-down

5.02	TeV,	Pb-Pb,	

Up	and	low	limits:		
𝒅𝝈𝒑𝒑𝒄𝒄p 𝒅𝒚⁄ 	𝐬𝐡𝐢𝐟𝐭𝐞𝐝 ± 𝟐𝟎%

2S:	geometry	scale	with	1S
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Prompt	charmonium
Cent.	0-10%
5.02	TeV Pb-Pb

Charmonium 5TeV,    Chin.Phys. C43 (2019), 124101
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bottomonium
Parameters:		
bottomonium binding	energy	in	medium	is	taken	as	(60%,	80%)	of	the	
vacuum	value	to	consider	the	different	color	screening	effects	from	QGP.		

Plotted by Andronic Anton
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bottomonium

Prompt	upsilon
5.02	TeV Pb-Pb

No	regeneration	included	in	the	below	calculations

5.02	TeV Pb-Pb,		cent.0-100%,	prompt

Both	figure	absent	regeneration		 9



summary

Thank	you	for	your	attention	!

This	slide	briefly	introduce	the	details	of	Tsinghua	Transport	model,	

and	also	show	some	results	about	charmonium and	bottomonium

at	5	TeV
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