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Event-by-event	 fluctuations	 of	 conserved	 quantities	 have	 been	 extensively	 used	 to	 study	 the	 thermodynamic	 properties	 near	 the	 phase	 transition	 region	 of	 the	 QCD	 matter.	
According	to	the	lattice	QCD	calculation,	the	off-diagonal	cumulants	of	net-charge	(Q),	net-baryon	(B)	and	net-strangeness	(S)	and	their	ratios	to	diagonal	cumulants	are	sensitive	to	
the	evolution	of	the	system	and	the	freeze-out	parameters	on	the	QCD	phase	diagram	[1,2].	In	this	poster,	we	report	the	first	measurements	of	2nd-order	off-diagonal	cumulants	of	
net-charge,	net-proton	and	net-kaon	multiplicity	distributions	at	RHIC	in	Au+Au	collisions	at	√sNN	=	7.7,	11.5,	14.5,	19.6,	27,	39,	62.4	and	200	GeV.	We	study	beam	energy,	centrality,	
and	acceptance	(η)	dependence	of	off-diagonal	cumulants	after	implementing	efficiency	and	other	experimental	corrections.	Both	non-thermal	and	thermal	resonance	production	
implemented	in	UrQMD	and	HRG	respectively,	can	not	explain	the	data,	indicating	the	measured	correlations	can	have	a	possible	contribution	from	the	partonic	phase.

Results

Abstract

Summary
➢ First	measurements	of	full	2nd-order	cumulant	matrix	elements	of	net-p,k,	and	Q	for	

Au+Au	collisions	√sNN	=	7.7	to	200	GeV	are	presented.	Detailed	results	are	shown	for	
the	uniform	kinematic	acceptance	range	as	well	as	with	different	|η|window.		

➢ Cpk	shows	anti-correlations	for	central	collisions	for	√sNN	>	27	GeV.			
➢ Significant	excess	correlation	observed	in	CQk	and	CQp	with	respect	to	peripheral	

collisions.	These	correlations	increase	with	beam	energy.		
➢ UrQMD	and	HRG	models	cannot	describe	the	data.

η	window	dependence
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➢ Both	diagonal	and	off-diagonal	cumulants	of	net-Q,	p	and	k		increase	linearly	
with|η|	acceptance	window	compared	to	peripheral	ones.

Energy	dependence	of	cumulant	ratios

➢ Normalized	correlation	between	net-p	and	k	
are	positive	at	low	and	negative	at	high	
energies.		

➢ Significant	excess	correlation,	in	net-Q-k	and	
Q-p,	is	observed	with	respect	to	peripheral	
collisions.	These	excess	correlations	increase	
with	beam	energy.	

➢ These	correlations	increase	with	beam	
energy	and	cannot	be	explained	from	the	
thermal	(HRG)	[7]	and	non-thermal	(UrQMD)	
hadronic	model	calculations .

Centrality	dependence	of	cumulants	

➢ Self-correlation	increases	linearly	with	centrality.
➢ Covariance	between	net	p-k	decreases	

with	beam	energy	from	positive	to	
negative.
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➢ Event-by-event	fluctuations	of	conserved	quantities,	such	as	net-baryon	[proxy:	
net-proton	(p)],	net-charge	(Q),	net-strangeness	[proxy:	net-kaon	(k)]	are	
sensitive	tools	to	study	the	QCD	phase	diagram.		

➢ The	2nd-order	diagonal	and	off-diagonal	cumulants	of	net-p,	Q	and	k	can	
provide	a	better	understanding	on	the	freeze-out	parameters	and	constrain	the	
hadron	models	[1-4].

➢ Only	diagonal	cumulants	of	net-p,	Q	and	k	measured	before	[5].

➢ First	measurement	of	the	2nd-order	off-diagonal	cumulants.

x,y = p/k/Q 
p = net-proton     
 k = net-kaon 

Q = net-charge 
V = volume 

T = Temperature 

Observables (Connection to thermodynamic susceptibilities)
V T�

x

= �

2
x

= hx2i � hxi2
<latexit sha1_base64="SLiLPuWiGR8r6N0IhUXpKlC+5XU="></latexit><latexit sha1_base64="SLiLPuWiGR8r6N0IhUXpKlC+5XU="></latexit><latexit sha1_base64="SLiLPuWiGR8r6N0IhUXpKlC+5XU="></latexit><latexit sha1_base64="SLiLPuWiGR8r6N0IhUXpKlC+5XU="></latexit>

V T�

x,y

= �

1,1
x,y

= hxyi � hxihyi
<latexit sha1_base64="3w4a3UyYDBizohwzjEnTZaQ91nA="></latexit><latexit sha1_base64="3w4a3UyYDBizohwzjEnTZaQ91nA="></latexit><latexit sha1_base64="3w4a3UyYDBizohwzjEnTZaQ91nA="></latexit><latexit sha1_base64="3w4a3UyYDBizohwzjEnTZaQ91nA="></latexit>

�
x,y

/�
x

= C
x,y

= �1,1
x,y

/�2
y

<latexit sha1_base64="w34dgapRFqG5gCuplTn3Y3lhbUg=">AAACKnicbZBNS8MwGMdTX+d8q3r0EhyChzHbIehFmO7icYJ7gbWWNMu2sDQtSSqW0s/jxa/iZQdlePWDmG0VdPOBwI/f84Tk+fsRo1JZ1sRYWV1b39gsbBW3d3b39s2Dw5YMY4FJE4csFB0fScIoJ01FFSOdSBAU+Iy0/VF92m8/ESFpyB9UEhE3QANO+xQjpZVn3jh4SL30uZxk5zlm8BrW50qTI+kgQI+pXbazn7lcVbVIMs8sWRVrVnAZ7BxKIK+GZ46dXojjgHCFGZKya1uRclMkFMWMZEUnliRCeIQGpKuRo4BIN52tmsFTbXqwHwp9uIIz+/tGigIpk8DXkwFSQ7nYm8r/et1Y9a/clPIoVoTj+UP9mEEVwmlusEcFwYolGhAWVP8V4iESCCudblGHYC+uvAytasW2Kvb9Ral2m8dRAMfgBJwBG1yCGrgDDdAEGLyAN/AOPoxXY2xMjM/56IqR3zkCf8r4+gZHd6cx</latexit><latexit sha1_base64="w34dgapRFqG5gCuplTn3Y3lhbUg=">AAACKnicbZBNS8MwGMdTX+d8q3r0EhyChzHbIehFmO7icYJ7gbWWNMu2sDQtSSqW0s/jxa/iZQdlePWDmG0VdPOBwI/f84Tk+fsRo1JZ1sRYWV1b39gsbBW3d3b39s2Dw5YMY4FJE4csFB0fScIoJ01FFSOdSBAU+Iy0/VF92m8/ESFpyB9UEhE3QANO+xQjpZVn3jh4SL30uZxk5zlm8BrW50qTI+kgQI+pXbazn7lcVbVIMs8sWRVrVnAZ7BxKIK+GZ46dXojjgHCFGZKya1uRclMkFMWMZEUnliRCeIQGpKuRo4BIN52tmsFTbXqwHwp9uIIz+/tGigIpk8DXkwFSQ7nYm8r/et1Y9a/clPIoVoTj+UP9mEEVwmlusEcFwYolGhAWVP8V4iESCCudblGHYC+uvAytasW2Kvb9Ral2m8dRAMfgBJwBG1yCGrgDDdAEGLyAN/AOPoxXY2xMjM/56IqR3zkCf8r4+gZHd6cx</latexit><latexit sha1_base64="w34dgapRFqG5gCuplTn3Y3lhbUg=">AAACKnicbZBNS8MwGMdTX+d8q3r0EhyChzHbIehFmO7icYJ7gbWWNMu2sDQtSSqW0s/jxa/iZQdlePWDmG0VdPOBwI/f84Tk+fsRo1JZ1sRYWV1b39gsbBW3d3b39s2Dw5YMY4FJE4csFB0fScIoJ01FFSOdSBAU+Iy0/VF92m8/ESFpyB9UEhE3QANO+xQjpZVn3jh4SL30uZxk5zlm8BrW50qTI+kgQI+pXbazn7lcVbVIMs8sWRVrVnAZ7BxKIK+GZ46dXojjgHCFGZKya1uRclMkFMWMZEUnliRCeIQGpKuRo4BIN52tmsFTbXqwHwp9uIIz+/tGigIpk8DXkwFSQ7nYm8r/et1Y9a/clPIoVoTj+UP9mEEVwmlusEcFwYolGhAWVP8V4iESCCudblGHYC+uvAytasW2Kvb9Ral2m8dRAMfgBJwBG1yCGrgDDdAEGLyAN/AOPoxXY2xMjM/56IqR3zkCf8r4+gZHd6cx</latexit><latexit sha1_base64="w34dgapRFqG5gCuplTn3Y3lhbUg=">AAACKnicbZBNS8MwGMdTX+d8q3r0EhyChzHbIehFmO7icYJ7gbWWNMu2sDQtSSqW0s/jxa/iZQdlePWDmG0VdPOBwI/f84Tk+fsRo1JZ1sRYWV1b39gsbBW3d3b39s2Dw5YMY4FJE4csFB0fScIoJ01FFSOdSBAU+Iy0/VF92m8/ESFpyB9UEhE3QANO+xQjpZVn3jh4SL30uZxk5zlm8BrW50qTI+kgQI+pXbazn7lcVbVIMs8sWRVrVnAZ7BxKIK+GZ46dXojjgHCFGZKya1uRclMkFMWMZEUnliRCeIQGpKuRo4BIN52tmsFTbXqwHwp9uIIz+/tGigIpk8DXkwFSQ7nYm8r/et1Y9a/clPIoVoTj+UP9mEEVwmlusEcFwYolGhAWVP8V4iESCCudblGHYC+uvAytasW2Kvb9Ral2m8dRAMfgBJwBG1yCGrgDDdAEGLyAN/AOPoxXY2xMjM/56IqR3zkCf8r4+gZHd6cx</latexit>

➢σ2:	Self	correlation
➢σ1,1:	Cross	correlation
➢Cx,y:	(σ1,1/σ2):	Excess	correlation	
							compared	to	self	correlation	[1]

The  Solenoidal Tracker At RHICExperiment
➢ Uniform	acceptance

➢ Particle	Identification		(|η|	<	0.5		&		0.4	<	pT	<	1.6	GeV/c)	

➢ Centrality	determination:	charged	particles		within		0.5	<	|η|	<	1.0	
➢ Centrality	bin	width	correction:	to	suppress	the	volume	fluctuation.		
➢ Efficiency	correction	:	Binomial	efficiency	assumption.
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One can use x or y in the denominator. 
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