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Central	Arm	Spectrometer	
(DC,	PCs,	TEC,	RHIC,		
ACC,	TOF,	EMCAL)	

PHENIX	detectors	

RXN	(Scin8llator	+	Pb	conv.)	 BBC	(Quartz	Cherenkov)	

MPC	(PWO	EMcal	)	 FVTX											SVTX											FVTX	
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CNT(DC,PC,TOF,EMC) tracking & PID detectors	

RXN : scintillation paddles 	

FVTX : silicon tracker	

VTX : silicon pixel/strip tracker	

BBC : quart cherenkov 	

MPC : EMcal	

dN/dη	

ZDC/SMD : Hcal	
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CNT	2-par8cle	correla8ons	
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v2(pT)	(|η|<0.35)	in	pAu,	dAu	and	3HeAu	collisions		
central	(0-5%)	at	200GeV	
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Hydro-models	and	parton-cascade	can	
generally	describe	the		measurements.	



Comparison	among	pAu,	dAu	and	3HeAu	collisions	
with	and	without	ε2Glauber	scaling		
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Higher	ini8al	density	in	pAu?	



v2	and	v3	in	dAu	and	3HeAu	collisions	
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sizable	v3	seen	in	3HeAu	



v2	with	PID	in	pAu,	dAu	and	3HeAu	collisions	
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mass	spligng	+	Baryon/Meson	difference	are	seen	



Comparison	among	pAu,	dAu	and	3HeAu	collisions	
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π+ + π-	 p	+	p	

mostly	reduc8on	of	v2	 or		 increasing	pT	(v2/ε was	larger	in	pA)	
	

•  simultaneous	comparison	of	pT	distribu8on		
•  comparison	of	v2/ε (	/nCQ	)	at	a	fixed	mul8plicity		



N-quark	scaling	between	π	and	(an8-)protons	
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KET	/	nq	(GeV)	

mostly	scaled	with	nCQ	for	all	systems	
some	scaling	breaks	more	in	smaller	system	towards	pp?	



Comparison	with	(hydro-	or	cascade-)	models	
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super	SONIC	

AMPT	

mass	spligng	well	described	at	low	pT	in	both	models	(but	not	much	for	B/M	diff.)			



Au																																																			d		
BBCS	

South	 North	

BBCN	

FVTXS	 FVTXN	

CNT	

2-parOcle	correlaOons	FVTXS-FVTXN		

Beam	energy	dependence		
of	2-par8cle	correla8ons		

in	dAu	collisions		
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Beam	energy	dependence	of	v2(pT)	(|η|<0.35)		
in	central	(0-5,	-10,	-20%)	collisions	
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AMPT	(parton	plane)	

AMPT	(hadron	plane)	

super	SONIC	

SONIC	

EP	–	PP	difference		
could	be	taken	
as	non-flow…	

v2{EP}	:	total	v2	
v2{PP}	:	v2	from		
Ini8al	geometry			



20 GeV	

Au																																																			d		
BBCS	

South	 North	

BBCN	

FVTXS	 FVTXN	

CNT	

Eta	dependence	of	v2	at	
20,	39,	62	and	200GeV	dAu		
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AMPT	(parton	plane)	

AMPT	(hadron	plane)	

some	hint	of	
	squeeze-out?		



AMPT	simula8on	:	dNch/dη	and	v2(η)	
at	20,	39,	62	and	200GeV	dAu	collisions	
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Parton	plane	“true”	v2	
from	iniOal	geometry	(model)	
	
	
or	Event	plane	“real”	v2	
from	final	hadrons	(experiment)	
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v2	with	mul8-par8cle	correla8ons	
among	200,	62,	39,	20GeV	dAu	
collisions	at	similar	mul8plicity	
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arXiv:1707.06108	(v2{6}	:	new)	

•  real	values	of	v2{4}	in	dAu	(as	pPb	at	LHC)	
•  complex	values	v2{4}	in	pAu		

v2{4}	=	(	-	c2{4}	)1/4		,	where	c2{4}>0	



M.B.	 Low	mult.	 High	mult.	

Reference	Fit		F(x)	=	A	+	B*f(x)	
f(x)		
from	M.B.		

AMPT	simula8on	with	pp	at	500GeV		---	test	of	reference	figng	---	

•  RHIC	beam	energy	at	200,	500	GeV	
•  string	mel8ng	on	with	σ	=	0	,	3	mb	
•  mult.	class	mul1:(|η|<3)	,	mul2:(3<|η|<4)	
•  par8cles	pairs	in	|η|<3	,	|η|<1	&	3<|η|<4	
•  η-gap	cut	:	2.5<|Δη|<5.0	
•  single	pT	cut	:	pT	>	0.2	GeV/c	

AMPT	data	C2	/	Fieed	F(x)	~	1	+	C2	–	F(x)	
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ATLAS,	CMS	v2	extrac8on	
in	pp		contradicts	with	
each	other,	just	because	of	
the	different	defini8on	of	
v2,	both	with	un-modified	
jet	assump8on.	

jets	

flow	in	ref.	

flow	signal	
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C2			(correla8on	func.)	

Fourier	Fit	to	get	v22	

correla8on	shape	changes	with	mult.	(by	jet-modifica8on	or	flow-evolu8on)	
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Summary	
	
•  Charged	par8cle	and	iden8fied	par8cle	v2	(and	v3)	

are	measured	in	central	pA,	dA	and	3HeA	at	200GeV	
•  Beam	energy	(pT	,	η)	dependence	of	v2	is	measure		

in	dA	collisions	at	20	–	200GeV	
•  Sizable	flow	in	small	systems	at	RHIC,	which	is	driven		

by	ini8al	density	with	its	geometry	
•  Centrality	(mul8plicity)	and	η	dependence	to	come		
•  Simula8on	studies	---	how	we	see	flow	in	small	system	


