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Beam	
  Energy	
  Scan	
  studies	
  at	
  RHIC	
  
Flow	
  studies	
  in	
  small	
  system	
  

for	
  “Heavy-­‐Ion	
  Mee=ng	
  (HIM	
  :	
  force)”	
  just	
  aNer	
  KPS2016	
  fall	
  mee+ng	
  
in	
  Chonnam	
  Na=onal	
  University,	
  Gwangju,	
  Korea	
  
	
  
Heavy-­‐Ion	
  Café	
  mee+ng	
  :	
  in	
  Tokyo-­‐Tsukuba-­‐KEK	
  area	
  (East	
  side	
  of	
  Japan)	
  
Heavy-­‐Ion	
  Pub	
  mee+ng	
  in	
  Hiroshima-­‐Osaka-­‐Nara-­‐Nagoya	
  area	
  (West	
  side	
  of	
  Japan)	


ShinIchi	
  Esumi	
  
Inst.	
  of	
  Physics,	
  Univ.	
  of	
  Tsukuba	
  
Center	
  for	
  Integrated	
  Research	
  in	
  	
  

Fundamental	
  Science	
  and	
  Engineering	
  (CiRfSE)	
  



Z.	
  Xu,	
  ICPAQGP2015	


RHIC	
  beam	
  energy	
  scan	
  (BES)	
  program	
  	
  
from	
  phase	
  I	
  to	
  phase	
  II	
  

Cri=cal	
  Point	
  ?	


2019	
  ~	
~	
  2016	
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Chemical	
  and	
  Thermal	
  kine=c	
  	
  
freeze-­‐out	
  with	
  radial	
  flow	
  

Hadron	
  yields	
  are	
  fi`ed	
  with	
  	
  
chemical	
  thermal	
  model	
  	
  in	
  order	
  to	
  

extract	
  (Tch,	
  µB)	
  parameters.	


increasing	
  Ebeam	
  and	
  centrality	


Hadron	
  pT	
  spectra	
  are	
  fi`ed	
  with	
  	
  
Blast-­‐wave	
  model	
  	
  in	
  order	
  to	
  extract	
  

(Tkin,	
  βT)	
  parameters.	


V.	
  Bairathi,	
  QM2015	
  
B.	
  Mohanty,	
  SQM2016	
  
Adv.	
  High	
  Energy	
  Phys.	
  	
  
2015	
  (2015)	
  349013	
  	
  

PRC	
  79	
  (2009)	
  034909	
  	
  	
  
PRC	
  88	
  (2013)	
  044910	
  

:	
  	
  Baryon	
  density	
 :	
  	
  Transverse	
  flow	


T	


µB	


QGP	


Hadron	


Tkin(Ebeam)	


Tch(Ebeam)	
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arXiv:1506.07605	




PRC93	
  (2016)	
  021903R	


PRL116	
  (2016)	
  162301	


System	
  Evolu=on	
  
from	
  Partonic	
  	
  
to	
  Hadronic	
  

Phase	
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ks	
  =	
  N(Ω)/N(φ)	




Heavy	
  Ion	
  Mee+ng	
  (HIM	
  force),	
  22/Oct/2016,	
  Gwangju,	
  Korea	
 ShinIchi	
  Esumi,	
  CiRfSE,	
  Univ.	
  of	
  Tsukuba	
 7	


arXiv	
  :	
  1601.07692	
  

Directed	
  flow	
  (v1)	
  
	
  

nega+ve	
  slope	
  of	
  dv1/dy	
  for	
  net-­‐proton	
  
soNening	
  of	
  Equa+on	
  of	
  State	
  

Phys.	
  Rev.	
  Le`.	
  112	
  (2014)	
  162301	
  



arXiv:1401.3043 
PRL112 (2014) 16, 162301 
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arXiv	
  :	
  1601.07692	
  



arXiv:1301.2347 
PRL110 (2013) 14, 142301	


Ellip=c	
  Flow	
  	
  	
  	
  v2	
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arXiv:1301.2347, PRL110 (2013) 14, 142301	




PRC88 (2013) 014902	

Ellip=c	
  Flow	
  v2	
  	
  -­‐-­‐-­‐	
  departure	
  from	
  quark	
  number	
  scaling	
  -­‐-­‐-­‐	
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PRL116	
  (2016)	
  112302	

Beam	
  energy	
  dependence	
  of	
  v32	
  

Heavy	
  Ion	
  Mee+ng	
  (HIM	
  force),	
  22/Oct/2016,	
  Gwangju,	
  Korea	
 ShinIchi	
  Esumi,	
  CiRfSE,	
  Univ.	
  of	
  Tsukuba	
 13	




PRL116	
  (2016)	
  112302	


Beam	
  energy	
  dependence	
  of	
  v32/nch,PP	
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extrac=on	
  of	
  freeze-­‐out	
  eccentricity	
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arXiv:1403.4972, PRC92 (2015) 1, 014904	




arXiv:1410.2559	


Energy	
  dependence	
  of	
  
(1)  freeze-­‐out	
  shape	
  εFinal	

(2)  dura=on	
  =me	
  	
  	
  
(3)  expansion	
  velocity	
  
from	
  HBT	
  data	
  	
  

arXiv:1403.4972, PRC92 (2015) 1, 014904	
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L or B 

＋	


＋	


Strong B-field	


charge	
  separa=on	
  signal	
  w.r.t.	
  reac=on	
  
plane	
  from	
  local	
  parity	
  viola=on	
  	
  	


collision	
  centrality	
  (%)	


arXiv:1404.1433 
Phys.Rev.Lett. 113 (2014) 052302	


1s

2s

1c
2c1!

2! X 

Y 

dN/dφ	
  ~	
  1	
  +	
  2vncos(n(φ-­‐Φ))	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  2a+/-sin(φ-­‐Φ)	
  
<cos(φ1+φ2-­‐2Φ)>	
  ~	
  -­‐<a1a2>	
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charge	
  dependent	
  v2	
  w.r.t.	
  charge	
  asymmetry	


+	


-	


-	

+	


arXiv:1504.02175 
Phys.Rev.Lett. 114 (2015) 25, 252302	
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Slope	
  :	
  	
  
	
  	
  	
  r	
  =	
  Δv2	
  /	
  ΔAch	


arXiv:1504.02175 
Phys.Rev.Lett. 114 (2015) 25, 252302	
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arXiv	
  :	
  1512.05739	
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PLB	
  666	
  (2008)	
  425	

PRL	
  86	
  (2001)	
  5019	


KEK-­‐PS	
 CERN-­‐SPS	
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Patrick	
  Huck,	
  QM14	
  

STAR	
  Preliminary	
  
200GeV	
  Au+Au	


final	
  results	
  for	
  19.6,	
  200	
  GeV	
  
and	
  comparison	
  to	
  SPS	
  at	
  
Phys.	
  Le`.	
  B	
  750	
  (2015)	
  64	


Long	
  standing	
  discrepancy	
  
between	
  star	
  and	
  phenix	
  
has	
  been	
  resolved	
  with	
  an	
  
improved	
  and	
  updated	
  
analysis	
  with	
  Hadron	
  Blind	
  
Detector	
  (HBD)	
  in	
  phenix	
  :	
  
Phys.	
  Rev.	
  C	
  93	
  (2016)	
  
014904	
  

Low-­‐mass	
  ee-­‐pair	
  excess	
  	
  
	
  

-­‐-­‐-­‐	
  ρ	
  shape	
  modifica+on	
  -­‐-­‐-­‐	
  
-­‐-­‐-­‐	
  dura+on	
  +me	
  of	
  QGP	
  -­‐-­‐-­‐	
  	
  	




arXiv:1501.05341 
PLB750 (2015) 64-71 
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SPS-­‐NA60	


SPS-­‐CERES	


EPJC	
  61	
  (2009)	
  711	


PLB	
  666	
  (2008)	
  425	




arXiv:1309.5681 
Phys.Rev.Lett. 112 (2014) 032302	


Shape	
  of	
  net-­‐proton	
  distribu=on	
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X. Luo, CPOD2014	
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STAR,	
  QM15	


Possible	
  cri=cal	
  
signature	
  	
  

-­‐	
  large	
  errors	
  :	
  comparable	
  
	
  	
  	
  to	
  the	
  cri+cal	
  signal	
  
-­‐	
  need	
  for	
  Beam	
  Energy	
  
	
  	
  	
  Scan	
  Phase	
  2	
  (2019-­‐)	
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End	
  Cap	
  MRPC-­‐TOF	
  from	
  Fair-­‐CBM	
  (fixed	
  target	
  and	
  coll.	
  modes)	
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2nd	
  half	
  starts	
  here,	
  on	
  flow	
  and	
  correla=on	
  
studies	
  including	
  small	
  systems…	




Event-shape engineering �

! Much variation in event geometry at fixed centrality 
!  Can not (should not) use centrality as proxy for event geometry 
!  Select different geometries at fixed centrality 

v3 in events with same 
size but different shape 

!"

Event	
  Shape	
  Engineering	
  (ESE),	
  Event	
  Shape	
  Selec=on	
  
	
   	
   	
  -­‐-­‐-­‐	
  for	
  a	
  given	
  centrality	
  -­‐-­‐-­‐	
  	


Large	
  v3	
  events	


Small	
  v3	
  events	


Large	
  v2	
  events	


Small	
  v2	
  events	


flat	
  pT	
  dependence	
  -­‐>	
  indica=ve	
  for	
  an	
  ini=al	
  geometry	
  	


PRC93	
  (2016)	
  034916	
 PRC92	
  (2015)	
  034903	
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  Applica=ons	
  of	
  ESE	
  
	
  
•  correla=on	
  between	
  radial	
  (βT)	
  and	
  ellip=c	
  (v2)	
  flows	
  
•  correla=on	
  between	
  HBT	
  eccentricity	
  (ε2final)	
  and	
  v2	
  
•  correla=on	
  between	
  di-­‐jet	
  w.r.t.	
  Φ2	
  and	
  v2	


PRC93	
  (2016)	
  034916	
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ESE	
  applica=on	
  	
  
to	
  HBT	
  

εfinal via HBT interferometry	


PHENIX,	
  QM14	
  

relation : ε2
initial – v2 – ε2

final 

ε 2
fin

al
	
  

Elliptic and Triangular shape : RHBT
Φ2, RHBT

Φ3	


n=2	

n=3	


PRL112 (2014) 222301 	
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-­‐π/2	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  π/2	
  	
  	
  	
  	
  	
  π	


Δφ	
  =	
  φAsso.	
  –	
  φTrig.	


PHENIX	
  preliminary	


1/
N

tr
ig

   
 d

N
Pa

ir/
dΔ

φ	


-­‐π/2	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  π/2	
  	
  	
  	
  	
  	
  π	


trig.	

beam	
  view	


Possible	
  applica=on	
  (on	
  going)	
  of	
  ESE	
  
Shape	
  and	
  flow	
  rela=on	
  to	
  the	
  jet	
  modifica=on	
  	




Δφ 	
  vs	
  	
  φJet-­‐ΦR.P.	
 Δη	
  	
  vs	
  	
  ηJet	


Jet	
  axis	
  dependence	
  	
  
with	
  respect	
  to	
  geometry	


T1	


T2	


T2	

T1	


Jet-­‐medium	
  interac+on	
  :	
  hard-­‐soN	
  interplay	
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beam	


Δη	
  =	
  ηAsso	
  -­‐	
  ηTrig	

-­‐4	
  	
  -­‐2	
  	
  	
  0	
  	
  	
  2	
  	
  	
  4	


1/
N
Tr
ig
	
  d
N
As
so
	
  /	
  
dΔ
η
	
Forward-­‐backward	
  

asymmetry	
  is	
  visible	
  
in	
  AMPT	
  simula+on.	
  
Near	
  side	
  Δη	
  peak	
  is	
  
backward	
  shiNed	
  w.r.t.	
  
trigger	
  η direc+on.	


ηTrig	
  ~	
  -­‐1	


Forward-Backward Asymmetry 
in Δη Shape with respect to 
Trigger η	


　  
(associate yield per trigger 
with AMPT simulation)	


AMPT	
  mid-­‐central	
  bimp	
  =	
  4	
  -­‐	
  10	
  fm	


AMPT	
  Peripheral	
  bimp	
  =	
  10	
  -­‐	
  fm	


|Δφ| <	
  π/4 near side 
|Δφ| >	
  π/4 away side 

ηTrigger	


-1.0	
 1.0	
0.0	
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Event-plane rotation�
!  Measure EP rotations via two-particle correlations: 

vn! ("
a ,"b ) = vn ("

a )vn ("
b ) vn! ("

a ,"b ) = vn ("
a )vn ("

b )cos n#n ("
a )$ n#n ("

a )( )

!"#

Event-plane rotation�
! Longitudinal geometry fluctuations 
! Forward (backward) eccentricity determined by forward  
(backward) going participants. 
! Expect rotation of event plane angles from forward to backward 
rapidity 

!"#$%&'#$()'#$*(+",,-./0-(12#'34.5(66(
78(

CMS,	
  QM15	


η	
  dependent	
  	
  
event	
  plane	
  fluctua=on	
  
(reac=on	
  plane	
  twist)	
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extract	
  :	
  Fnη	


stronger	
  non-­‐flow	
  
from	
  short	
  range	


Stronger	
  de-­‐correla=on	
  of	
  E.P.	
  with	
  η-­‐gap	

PRC92	
  (2015)	
  034911	
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