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The	STAR	experimental	setup	
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Chemical	freeze-out	and	Baryon	density	

Baryon	density	is	also	known	to	have	a	peak	
at	about	8	GeV	based	on	transport	models.	

Baryon	density	increases	with	
decreasing	beam	energy.		

STAR,	Phys.	Rev.	C	96	(2017)	44904	
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STAR,	Phys.	Rev.	C	96	(2017)	44904	Blast-wave	fit	at	kine9c	freeze-out	
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Tch	

µB	 βT	further	increases	
and	Tkin	decreases	
by	expansion		
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v2	evolu9on		
with	beam	energy		

and	quark	coalescence		

STAR,	Phys.	Rev.	Le[.	116	(2016)	062301	

•  Squeeze-out	and	sign	change	
•  Mass	spli_ng	from	hydro	expansion	
•  Number	of	cons@tuent	quark	scaling	
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STAR,	Phys.	Rev.	Le[.	118	(2017)	212301	
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Large	directed	flow	of	open	charm	and	ΛC	enhancement	

STAR,	QM18	STAR,	QM18	

much	larger	slope	(dv1/dy)	than	other	par@cles	
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Ellip9c	flow	extrac9on	in	small	system		

Beam	energy	scan	with	d+Au	collisions	at	RHIC,	Mul@plicity-	(ini@al	density-)	dependent		
ellip@c	flow	is	observed	in	small	systems	with	two	extreme	non-flow	subtrac@ons.	

STAR,	QM18	



STAR,	PRC	96	(2017)	24905	
jet	

h	

parton	

ATHIC2018,	3/Nov/2018,	USTC,	China	 ShinIchi	Esumi,	Univ.	of	Tsukuba,	TCHoU	 8	

Di-jet	asymmetry	and	hadron-jet	spectra	

STAR,	QM18	

Centrality	dependence	of	Aj	at	RHIC	

Re-distribu@on	of	lost	energy		
at	lower	pT	and	wider	angle	



Event	Shape	Engineering	cut	is	applied	
Large	q2	selec@on	->	Large	v2	event	for	a	given	centrality	

Jet	quenching/modifica9on	and	rela9on	with	v2	

2nd	order	E.P.	Φ2	direc@on	

trigger	direc@on	
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STAR,	QM18	

•  Jet	shape	is	modified	by	v2	
•  v2	is	affected	by	jet	

(Δφ	=	φAsso. – φTrig.)	

central	 mid-central	 more	peripheral	
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Directed	flow	v1	and		
its	slope	with	respect	to	rapidity			

STAR,	PRL	120	
(2018)	62301	
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•  Density	
•  Pressure	
•  E.O.S.	



The	higher	density,		
the	higher	pT	

larger	
spectator	

Directed	flow	v1		
in	asymmetric	system	Cu+Au	

STAR,	Phys.	Rev.	C	98	(2018)	14915	
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shiR	in	pZ	
	
	
	
shiR	in	pX	
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Source	9lt	via	HBT	w.r.t.	Φ1	plane	

Au+Au	200	GeV	

Cu+Au	200	GeV	

note	:	E.P.	resolu@on	
correc@on	has	not	yet	
been	applied	for	both	
data	sets.	(σEP	:	0.2-0.3)	

STAR,	APS/JPS	2018	

Posi@ve	@lt,	which	is	expected	
to	be	much	smaller	than	
earlier	AGS	data	



Global	polariza9on	
via	Lambda	decay	

STAR,	Phys.	Rev.	C	98	(2018)	14910	
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Clearly	posi@ve	L	signal	
Possible	hint	of	B	signal	

y	

z	



Lambda	polariza9on	

•  Strong	centrality	
dependence		

•  No	significant	pT	and	
η	dependence	

centrality	dep.	

pT	dep.	 η	dep.	
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STAR,	Phys.	Rev.	C	98	(2018)	14910	



out-of-plane	

in-plane	

Lambda	polariza9on	

Significant	azimuthal	angle	dependence	

N+	-	N-	

N+	+	N-	

Ach		=	
x	

y	
φ	

STAR,	QM18	

ATHIC2018,	3/Nov/2018,	USTC,	China	 ShinIchi	Esumi,	Univ.	of	Tsukuba,	TCHoU	 15	

STAR,	Phys.	Rev.	C	98	(2018)	14910	

Sizable	charge	asymmetry	dependence	

Hydrodynamics	
predicts	opposite	
trend	in	azimuthal	
dependence.	



Lambda	longitudinal-local	polariza9on	

STAR,	QM18	
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Hydrodynamics	predicts	
opposite	trend	here	again	...	

Clear	sin-like	curve		
is	observed	in	ZPOL	



B	

R.P.	
R.P.	

Chiral	magne9c	effect		
via	γos,ss	correlator	

Phys.	Rev.	Le[.	113	(2014)	052302	

STAR,	QM18	

γ	=	<	cos	(φA	+	φB	–	2ΦRP)	>		
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Possible	signal	over	the	BG	is		
seen	in	about	1-2	sigma	



Chiral	magne9c	effect		
via	R.P.	projected	event-by-event		
charge	asymmetry	distribu9on	

<sinφ+>	-	<sinφ->		
	

with	“charge	shuffling	+	cos	term”	normaliza9on	
---	Ajit	correlator	---	

	

STAR,	QM18,	Chirality	workshop	2018,	experimental	data	
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model	
simula@on		

Possible	CME	signal	
with	a	different	way	
by	integra@ng	the	
charge	separately	
instead	of	taking	all	
pair	combina@ons		



Net-proton	as	a	proxy	for	conserved	net-baryon	fluctua9on	

full	phase	space	

acceptance	cut	

STAR,	QM15	

ATHIC2018,	3/Nov/2018,	USTC,	China	 ShinIchi	Esumi,	Univ.	of	Tsukuba,	TCHoU	 19	

Net-Kaon	

Possible	cri@cal	fluctua@on	
depending	on	centrality,		
more	data	in	BES-II		

STAR,	Phys.	Le[.	B	785	(2018)	551	



6th-order	cumulants		
of	net-proton	and		

net-charge		

Higher-order	cumulants	are	expected	
to	be	more	sensi@ve	to	the	cri@cal	
fluctua@on	than	lower	orders.	
Even	more	sta@s@cs	needed	though	...		

STAR,	QM18	 STAR,	QM17	
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TPC	inner	sector	readout	
with	more	segmenta@on	

Event	Plane	Detector	(EPD)	

iTPC		
upgrade	

TPC	

Endcap	Time-of-Flight		
(eTOF)	from	FAIR-CBM		

EPD	

EPD	

eTOF	

Fixed-target	mode	

STAR	detector	upgrade		
for	BES-II	
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RUN17	
	
RUN18	

500	GeV	p+p	
54	GeV	Au+Au	
200	GeV	Zr+Zr,	Ru+Ru	
27	GeV	Au+Au	
Fixed-target	test	run	

RUN19	
RUN20	
RUN21	

14.5	-	20	GeV	Au+Au	
7	-	11	GeV	Au+Au	
Fixed-target	runs	

TPC	



Summary	

FAIR,	NICA,	HIAF,	J-PARC	

•  Collec@ve	expansion	and	
thermal	freeze-out	

•  Flow	correla@on	with	jet	
quenching,	energy	loss	

•  Vor@cal	correla@on,	chiral	
magne@c	fluid	

•  Cri@cal	fluctua@on	to	look	
for	cri@cal	point	

•  BES-II	plans	for	fluctua@on,	
vor@city,	CME	and	v1	
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Back-up	slides		
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Beam	Energy	Scan	II	@	STAR		

2019-2022	(BES-II	@	STAR)		

STAR,	FXT	
FAIR	etc	

STAR,	BES-II	

LHC,	sPHENIX	
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Jet	quenching/modifica9on	and	rela9on	with	v2	

①	
②	 ③	

④	

•  Trigger	angle	dependence	of	di-hadron	correla@on	
•  Flow	subtracted	shape	shows	strong	trigger	angle	dependence.	
•  More	associated	par@cles	are	seen	in	Φ2	E.P.	direc@on.	
•  The	effect	is	stronger	in	large	q2	(v2)	events.		

STAR,	QM18,	APS/JPS2018	
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Test	Exp.	input	

Test	Exp.	output	

Uin	

Uout	

Sin	

Sout	 Df	=	Uout	-	Sout	

Diff.	of	outputs	

Reversed	
response	
matrix	

Correc@on	factor	

Df	→	Cf	

Correc@on	to	Sin	

Response		
matrix	

Snext	=	Sin	+	α	Cf	

Auer	itera@ons	

Snext		→	Sfinal		

50th	1st	

•  volume	fluctua@on	can	be	included	as	a	part	of	response	matrix	
•  temperature	fluctua@on	could	be	unfolded	via	<pT>	fluctua@on	

together	with	the	number	fluctua@on,	which	is	done	in	4D-R.M.		

Unfolding	of	“unkown	and	cri9cal”	net-distribu9on			

EMMI	workshop		
in	Wuhan	2017	

ATHIC2018,	3/Nov/2018,	USTC,	China	 ShinIchi	Esumi,	Univ.	of	Tsukuba,	TCHoU	 26	

test	simula@on	



T1	

T2	

N1	

N2	

P1	

P2	
<pT>	corr.	

N1	

P1	

N1	

T1	

T1	

P1	

N2	

P2	

N2	

T2	

T2	

P2	

mult.	corr.	 temp.	corr.	

test	sample	
with	correla@ons	
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True	
	
	
MC	1st	
	
	
MC	2nd	
	
	
MC	12th	
	
	
MC	22th	
	
	
MC	32th	
	
	
MC	42th	

N1	vs	N2	 T1	vs	T2	 N1	vs	T1	 N2	vs	T2	 N1	vs	T2	 N2	vs	T1	

6	different		
2D	projec@ons	
of	4D	correla@on	
(N1,	N2,	T1,	T2)	
along	with		
itera@on	
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True	
	
	
MC	1st	
	
	
MC	2nd	
	
	
MC	12th	
	
	
MC	22th	
	
	
MC	32th	
	
	
MC	42th	

M1	vs	M2	 P1	vs	P2	 M1	vs	P1	 M2	vs	P2	 M1	vs	P2	 M2	vs	P1	

the	same		
itera@on	viewed	
in	the	measured	
coordinates	:	
(M1,	M2,	P1,	P2)	
	
Mi	=	Nmeasured		
Pi	=	<pT>measured		
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True	answer	 Ini@al	MC	trial	 Transformed	diff.	

2nd	MC	auer	1st	correc@on	49th	MC	trial	 48th	trans.	diff.	

20*N1+T1	
20
*N

2+
T 2

	

N1	vs	N2	corr.	recovered	

4D-correla@on	(N1	,	N2	,	T1	,	T2)	plo[ed	as	{	f(N1	,	T1)	,	f(N2	,	T2)	}			
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20*N1+T1	
20
*N

2+
T 2

	True	answer	 Ini@al	MC	trial	 Transformed	diff.	

2nd	MC	auer	1st	correc@on	49th	MC	trial	 48th	trans.	diff.	

Expanded	view,	to	show	the	recovery	of	correla@on	(T1	vs	T2)	

T1	vs	T2	corr.	recovered	

ATHIC2018,	3/Nov/2018,	USTC,	China	 ShinIchi	Esumi,	Univ.	of	Tsukuba,	TCHoU	 31	


