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Introduction

Quarkonium	producJon	mechanisms	 in	hadron	 collisions	 are	not	 fully	 understood.	Different	models	 on	quarkonium	producJon	 can	describe	 the	measured	producJon	 cross-secJons	 in	p+p	
collisions	but	have	significantly	different	predicJons	on	quarkonium	polarizaJon.	Measurements	of	J/Ψ	polarizaJon	in	p+p	collisions	can	disJnguish	these	models	to	test	the	fundamental	theory	
on	quarkonium	producJon.	Measurements	of	J/Ψ	polarizaJon	in	p+Au	and	Au+Au	collisions	may	provide	insights	into	cold	and	hot	nuclear	maPer	effects	on	quarkonium	producJon,	which	has	
been	used	extensively	to	study	the	properJes	of	Quark-Gluon	Plasma.	In	this	poster,	we	present	the	measurements	of	J/Ψ	polarizaJon	in	p+p	collisions	at	√s	=	200	GeV	using	data	taken	in	2012	
by	the	STAR	experiment.	We	also	present	the	progress	on	J/Ψ	polarizaJon	measurements	in	p+Au	and	Au+Au	collisions	at	√sNN	=	200	GeV	using	the	data	taken	in	2011	and	2015.	

Improved method

Fig.1	Angular	distribuJon	of	decayed	leptons	from	transversely	(a)	and	longitudinally	(b)	
polarized	J/Ψ	in	the	J/Ψ	rest	frame.[1]

The	angular	distribuJon	of	the	leptons	from	J/Ψ	decay	in	the	J/Ψ	rest	frame	reflects	J/Ψ	polarizaJon.	It	
can	be	wriPen	as	2D	Fourier	expansion,	whose	leading-order	term	coefficients	are	directly	related	to	the	
direcJon	and	magnitude	of	the	J/Ψ	polarizaJon.	

The	angular	distribuJon	of	the	decayed	leptons	can	be	wriPen	as	the	following:	
	 

The	goal	of	our	study	is	to	extract	parameters,	λθ and	λφ,	using	the	data	taken	by	the	STAR	experiment.	 

Method

d 2σ
d(cosθ )dφ

=1+λθ cos
2θ +λφ sin

2θ cos(2φ)+λθφ sin(2θ )cosφ
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The	corrected	J/Ψ	yield	as	a	funcJon	of	cosθ	is	obtained	by	dividing	raw	J/Ψ	yield	by	the	reconstrucJon	

efficiency	and	then	fiPed	with	funcJon																																																						. 

The	same	approach	can	be	applied	to	the	corrected	J/Ψ	yield	as	a	funcJon	of	φ,	which	is	fiPed	with	the	

funcJon																																																											. 
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1.   The	measurement	is	extended	up	to	8	GeV/c	with	Run12	data.	
	
2.	The	previous	measurement	indicates	a	declining	trend	of	λθ	towards	high	pT,	but	the	result	using	Run12	
data	does	not	seem	to	follow	this	trend.	
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Fig.3	DistribuJon	of	unlike-sign,	like-sign	dielectron	pairs	as	well	as	J/Ψ	
candidates	as	a	funcJon	of	cosθ	in	p+p	collisions	using	data	taken	in	2012.		

Fig.4		J/Ψ	reconstrucJon	efficiency	as	a	funcJon	of	cosθ	.	
Efficiency	is	extracted	from	Geant	detector	simulaJon.	

Fig.5	Corrected	J/Ψ	yield	as	a	funcJon	of	cosθ.		

f(λθ ,λφ ) (cosθ,φ) = (
∂2σ

∂cosθ∂φ
*eff )NJ /psi

− ln(L(λθ ,λφ )) = −ln( f(λθ ,λφ ) (cosθ,φ)
k
∏ ) = − ln f (

k
∑ cosθ,φ) = − NJ /psi * ln(

∂2σ
∂cosθ∂φ

*eff )
k
∑

Nega*ve	logarithmic	likelihood	func*on		 − ln(L(λθ ,λφ ))

Density	func*on		 f(λθ ,λφ ) (cosθ,φ)

1.	 	λθ is extracted up to 8 GeV/c using the STAR Run12 data. Results don’t seem to indicate the negative 
trend at high pT seen in previous measurements. 
2. Extraction of λφ	and λinv	 in both helicity and Collins-Soper frames using Run12 data is underway.  
3. The 200 GeV p+p and p+Au data taken in 2015 have significantly more statistics to improve the 
measurement and possibly distinguish different models. 
4. J/Ψ polarization measurement in Au+Au collisions using 2011data may help to understand  the formation 
of the Quark-Gluon Plasma phase at temperatures where the      bound state dissociates due to the screening 
of the color potential by surrounding quarks and gluons. 

A	toy	Monte	Carlo	study	is	preformed	with	input	polarizaJon	parameters	equal	to	zero.	The	calculated	
negaJve	logarithmic	likelihood	funcJon	from	one	pseudo-experiment	is	shown	in	Fig.7.	The	contour	of	
minimum	 negaJve	 logarithmic	 likelihood	 value	 plus	 1/2	 is	 used	 to	 esJmate	 the	 uncertainty	 of	
parameters	 and	 these	 results	 from	 ~250	 pseudo-experiments	 are	 shown	 in	 Fig.8.	 The	 extracted	
polarizaJon	parameters	are	consistent	with	the	input	values,	and	the	uncertainJes	associated	with	the	
parameters	are	also	esJmated.		

STAR	Preliminary	

Fig.6	The	result	of	λθ	as	a	funcJon	of	pT	from	different	
measurements.	[2,3,4,5]		

STAR	Preliminary	

																								where,	k	is	J/Ψ	candidate	index	for	each	cosθ	and	φ	bin.		
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cc

Fig.8	A	Toy	Monte	Carlo	study	of	the	improved	method

The	 true	 decayed-lepton	 angular	 distribuJon	 funcJon	minimizes	 the	 negaJve	 logarithmic	 likelihood	
funcJon	among	all	possible	angular	distribuJons.		
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 Minimization of negative logarithmic likelihood 
function
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