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Recent	  results	  with	  photons	  and	  jets	  at	  RHIC	  	  
and	  sPHENIX	  upgrade	  including	  pre-‐shower	  detector	

ShinIchi	  Esumi	  
Inst.	  of	  Physics,	  Univ.	  of	  Tsukuba	

•  recent	  results	  with	  γ,	  jet	  
•  sPHENIX	  upgrade	  	  
•  pre-‐shower	  detector	  
•  simula.ons	  	  	



arXiv:1405.3940	

Enhanced	  thermal	  photon	  produc.on	  at	  low	  pT	

•  Virtual	  and	  real	  photon	  measurements	  via	  
internal	  and	  external	  conversion	  methods	  
with	  electron	  pair	  measurements	  

•  Real	  photon	  measurements	  with	  EMcal	  	  
•  Ini.al	  temperature	  of	  300∼600MeV	

independent	  slope	  w.r.t.	  centrality	
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PHENIX,	  QM14	

Direct	  (thermal)	  photon	  v2	  and	  v3	  

•  comparable	  to	  hadron	  for	  both	  v2	  and	  v3	  at	  2∼3GeV/c	  
•  significant	  contribu.on	  from	  photons	  from	  later	  stages	  	  

(inconsistent	  with	  early	  photons	  from	  hoaer	  period)	  
•  flaaer	  pT	  dependence	  of	  v2	  at	  low	  pT	  

v2	 v3	

v2	

v3	

vn	  =	  <	  cos	  n(φ par.cle -‐	  Φn
plane)	  >	  

(n=2	  :	  ellip.c	  flow),	  (n=3	  :	  triangular	  flow)	
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PRL 109 (2012) 152302 
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PRL 109 (2012) 122302 

High	  pT	  direct	  photon	  	  
as	  penetra.ng	  probe	

v2	

π0	 γdir	

γinc	

2.76TeV	  Pb+Pb	

π0	  
	  	  

(surface)	

γ	

N	  (A+A)	  
Ncoll	  N(p+p)	  

RAA	  =	  	

rela.ve	  yield	  with	  respect	  
to	  a	  simple	  independent	  
superposi.on	  of	  pp	  data	  

pT	  >	  5	  GeV/c	 hadron	 γdir	

RAA	 < 1	 ∼ 1	

v2	 > 0	 ∼ 0	
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PRL	  111	  (2013)	  032301	

Energy	  loss	  at	  high	  pT	  and	  re-‐distribu.on	  	  
of	  the	  lost-‐energy	  at	  low	  pT	  at	  RHIC	

prompt	  photon	  -‐	  hadron	  correla=on	  	  
NPTY	  =	  associate	  hadron	  yield	  per	  trigger	  γ	  
IAA	  =	  NPTY(AA)	  /	  NPTY(pp)	

γ	

h	

High	  pT	 Low	  pT	

High	  pT	  suppression	

Low	  pT	  enhancement	
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STAR,	  QM14	

Jet	  quenching	  at	  RHIC	  vs	  LHC	  	  
(AJ	  :	  di-‐jet	  energy	  asymmetry)	  	  

•  visible	  effect	  with	  smaller	  jet	  cone	  R∼0.2	  at	  RHIC	  
•  lower	  jet	  energy	  than	  LHC,	  	  

smaller	  effect	  than	  LHC	  
•  mostly	  recovered	  jet	  energy	  	  

within	  larger	  jet	  cone	  R∼0.4	  
•  Somewhat	  contradic.ng	  with	  large	  angle	  	  

emission	  of	  low	  pT	  par.cles	  (jet	  selec.on	  bias…)	

The	  difference	  	  
is	  mostly	  gone.	

PT,1	  -	  PT,2	  
	  	  

PT,1	  +	  PT,2	  
AJ	  =	  	

Jet1	  	  
(pT,1)	

Jet2	  	  
(pT,2)	

R∼0.2	  
R∼0.4	  
in	  (φ,η)	
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π0 (hadron) 

Jet (+hadron) 

Jet (large R) 

Gamma 

Closer and closer to  
the initial parton energy 

more and more surface bias 
given by energy loss 

surface	center	

	  jet-‐suppression	  by	  partonic	  energy	  loss	  
	   	  and/or	  modifica.on	  of	  fragmenta.on	  func.on	

Jet	  reconstruc.on	  is	  to	  
recover	  the	  lost	  energy	  to	  
get	  the	  original	  parton	  
depending	  on	  parameters.	  
	  
Jet	  as	  a	  control	  tool	  to	  
define	  path	  length	  
	  
quark/gluon	  contribu.on	  
should	  also	  be	  considered	

Jet (small R) 

QGP	

(These	  two	  can	  not	  clearly	  	  
be	  separated	  experimentally!)	



DOE	  review	  of	  sPHENIX	  science,	  1-‐2/July/2014	  at	  BNL	  

Major	  Instrumenta.on	  and	  Equipment	  (MIE)	  
proposal	  to	  be	  updated	  by	  Nov/2014	  	  	

•  Jet	  measurements	  
•  Upsilon	  program	  
•  B-‐jet	  tagging	  

•  EM+hadronic	  calorimetry	  	  
over	  |η|	  <	  1.1	  	  

•  Re-‐use	  exis.ng	  BaBar	  1.5T	  solenoid	  	  
•  Silicon	  tracking	  
•  Pre-‐shower	  detector	  	  
•  DAQ	  rate	  ~	  10	  kHz	  	  
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end	  of	  exis.ng	  PHENIX	  detector	
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Detector	  concept	
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1.5T	  solenoid	  	  
from	  BaBar	
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	  	  	  	  	  	  	  	  	  	  cm	  
radial	  distance	  	  
from	  beam	  line	

beam	  view	

H-‐cal	  	  
	  
	  

EM-‐cal	
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pre-‐shower	  	

Pre-‐Shower	  detector	  proposal	  	
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pre-‐shower	  	R	  =	  88	  cm	
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Pre-‐Shower	  detector	  design	  parameters	  
	  

	  Requirements	  
	  
(1)	  Direct	  photon	  iden.fica.on	  above	  ~10GeV/c	  
(2)	  π0	  iden.fica.on	  up	  to	  ~40GeV/c	  
	  

	  Detector	  parameters	  
	  
(a)	  ~25%	  azimuthal	  coverage	  of	  |η|<1.1	  	  
	  	  	  	  	  (~3m2	  at	  R~0.88m)	  
(b)	  one	  layer	  of	  Tungsten	  converter	  	  
	  	  	  	  	  (~2X0	  ,	  ~7mm)	  
(c)	  one	  layer	  of	  silicon	  pad-‐readout	  	  
	  	  	  	  	  (5x5	  ~	  10x10cm2	  pad	  ,	  30	  ~	  120k	  channels)	  
(d)	  Occupancy	  ~	  3%	  in	  central	  200GeV	  Au+Au	  	
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Photons	  and	  heavy	  quark	  jets	
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EM	  and	  Hadronic	  shower	  in	  Geant	

simula.on	
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Single	  par.cle	  and	  jet	  energy	  resolu.on	

simula.on	

Pythia	  +	  Hijing	

Pythia	  alone	

R=0.2	  	  	  vs	  	  	  R=0.4	
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Reconstruc.on	  of	  jet	  energy	  distribu.on	
simula.on	
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R=0.2	  :	  ET	  >	  20	  GeV	  	  
R=0.3	  :	  ET	  >	  28	  GeV	  
R=0.4	  :	  ET	  >	  36	  GeV	

Compe..on	  with	  underlying	  H.I.	  B.G.	
simula.on	
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Aj	  distribu.on	  -‐-‐-‐	  “LHC	  vs	  RHIC”	  	
PT,1	  -	  PT,2	  

	  	  

PT,1	  +	  PT,2	  
AJ	  =	  	
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Length	  and	  .me	  scale	  	  vs	  	  energy	  of	  probe	
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Di-‐jet	  (AJ)	   	   	   	   	   	  γ-‐jet	  (EJet/Eγ)	

measured	 measured	

true	  and	  unfolded	 true	  and	  unfolded	

Pythia	  p+p	  
(vacuum)	  	  

	  
Pyquen	  Au+Au	  	  
(10%	  central)	

simula.on	
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γ-‐hadron	  correla.on	

Pyquen	  Au+Au	  	  
(10%	  central)	

Pythia	  p+p	  
(vacuum)	  	  

Lower	  pT	  enhanced	  
(re-‐distribu.on)	

Higher	  pT	  suppressed	  
(energy	  loss)	

IAA	

simula.on	
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Surface	  bias	  control	  parameters	

Gamma	  –	  jet,	  hadron	

smaller	  cone	  jet	 larger	  cone	  jet	

hard	  core	  jet	 sow	  fragmenta.on	
maximum	  	  
biased	  trigger	

less	  biased	  	  
trigger	

jet	  –	  jet,	  hadron	hadron	  –	  hadron,	  jet	
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Summary	  
	  

•  recent	  results	  with	  γ,	  jet	  at	  RHIC	  
•  sPHENIX	  upgrade	  with	  pre-‐shower	  detector	  
•  detector	  and	  physics	  simula.ons	  	  	


