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  J/Ψ,	
  and	
  Υ	
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–  jets	
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  photon	
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  measurements	
  
– dihadron	
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  correla@ons	
  in	
  d+Au	
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  anisotropy	
  in	
  U+U	
  

•  Future	
  of	
  HF	
  Measurements	
  at	
  STAR	
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The	
  STAR	
  experiment	
  

STAR	
  detectors	
  in	
  
these	
  analyses	
  

–  TPC	
  (dE/dx)	
  
–  TOF	
  (1/β)	
  
–  BEMC	
  (E/p)	
  
–  VPD,	
  ZDC,	
  FTPC	
  	
  

•  Large	
  and	
  uniform	
  acceptance	
  at	
  
mid-­‐rapidity	
  

	
  |η|<	
  1	
  	
  and	
  0<	
  φ<	
  2π	
  
•  Excellent	
  par@cle	
  iden@fica@on	
  
•  Fast	
  data	
  acquisi@on	
  
•  Upcoming	
  upgrades	
  targeted	
  at	
  

heavy-­‐flavor	
  measurements	
  
–  improve	
  tracking	
  
–  improve	
  muon	
  PID	
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Heavy-­‐Flavor	
  Measurements	
  
•  Heavy	
  Flavor	
  primarily	
  from	
  ini@al	
  hard	
  scagering	
  

–  important	
  probe	
  for	
  studying	
  proper@es	
  of	
  the	
  QGP	
  
–  sensi@ve	
  to	
  the	
  ini@al	
  gluon	
  distribu@on	
  &	
  density	
  
–  parton	
  energy	
  loss	
  in	
  the	
  medium	
  

•  Hadronic	
  decay	
  
–  small	
  branching	
  ra@o	
  
–  fully	
  reconstructed	
  

•  direct	
  access	
  to	
  heavy	
  quark	
  kinema@cs	
  

–  large	
  combinatorial	
  background	
  (if	
  no	
  secondary	
  vertex)	
  

•  Semi-­‐leptonic	
  decay	
  
–  large	
  branching	
  ra@o	
  
–  single	
  e±:	
  indirect	
  access	
  to	
  kinema@cs	
  
–  background	
  from	
  conversion	
  and	
  light	
  hadron	
  decay	
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D0	
  in	
  Au+Au	
  and	
  U+U	
  	
  
Hadronic	
  channel	
  in	
  Au+Au	
  at	
  √sNN=200	
  GeV	
  
•  Enhancement	
  structure	
  at	
  low	
  pT	
  

–  consistent	
  with	
  coalescence	
  models	
  
•  Strong	
  suppression	
  for	
  D0	
  at	
  high	
  pT	
  

–  similar	
  to	
  RAA	
  of	
  π±	
  

–  similar	
  in	
  Au+Au	
  and	
  U+U	
  (√sNN=193	
  GeV)	
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Zhenyu	
  YE	
  –	
  Monday	
  14h30	
  



Non-­‐Photonic	
  Electrons	
  
Au+Au	
  at	
  √sNN=200	
  GeV	
  
•  Strong	
  suppression	
  for	
  NPE	
  

–  Data	
  disfavors	
  radia@ve	
  energy-­‐loss-­‐only	
  
models	
  

–  need	
  improvement	
  	
  p+p	
  precision	
  
–  no	
  indica@on	
  of	
  suppression	
  at	
  62GeV	
  
	
   	
  when	
  comparing	
  to	
  FONLL	
  ref.	
  

•  Significant	
  v2	
  for	
  NPE	
  
–  coalescence	
  with	
  light	
  quarks	
  or	
  

charm	
  quark	
  flow?	
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Quarkonia	
  
•  Sensi@ve	
  to	
  color	
  screening	
  of	
  quark	
  poten@al:	
  

dissocia@on	
  in	
  QGP	
  
•  Suppression	
  of	
  different	
  states	
  determined	
  by	
  

medium	
  temperature	
  and	
  their	
  binding	
  energy	
  
–  QGP	
  thermometer	
  

•  Produc@on	
  mechanism	
  not	
  completely	
  understood	
  
–  p+p:	
  Color-­‐Singlet	
  	
  or	
  Color-­‐Octet?	
  

	
  
But,	
  …	
  
•  Measured	
  J/Ψ	
  yields	
  include	
  significant	
  feeddown	
  

contribu@ons	
  
–  B	
  mesons	
  carry	
  10-­‐25%	
  of	
  charmonium	
  yield	
  	
  

•  Contribu@ons	
  from	
  Cold	
  Nuclear	
  Medium	
  effects	
  
–  suppression	
  mechanisms,	
  e.g.	
  nuclear	
  absorp@on,	
  

gluon	
  shadowing,	
  ini@al	
  state	
  energy	
  loss	
  
–  enhancement	
  mechanisms,	
  Cronin	
  effect	
  

•  Contribu@ons	
  from	
  hot	
  &	
  dense	
  medium	
  effects	
  
–  recombina@on	
  from	
  uncorrelated	
  charm	
  pairs	
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Jaro	
  BIELCIK	
  –	
  Friday	
  9h30	
  
H.	
  Satz,	
  N

ucl.	
  Phys.	
  A	
  (783):249-­‐260(2007)	
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J/Ψ	
  in	
  p+p	
  and	
  d+Au	
  
• pT	
  range	
  in	
  p+p	
  extended	
  to	
  14	
  GeV/c	
  	
  

–  prompt	
  NLO	
  CS+CO	
  describes	
  data	
  
–  prompt	
  CEM	
  describes	
  data	
  at	
  high	
  pT	
  
–  direct	
  NNLO	
  CS	
  underpredicts	
  high	
  pT	
  

• RdAU	
  consistent	
  with	
  model	
  calcula@ons	
  
–  shadowing	
  from	
  EPS09	
  nPDF	
  
–  nuclear	
  absorp@on:	
  σabsJ/Ψ=3mb	
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PLB	
  722	
  (2013)	
  55	
  

STAR	
  Preliminary	
   STAR	
  Preliminary	
  



J/Ψ	
  in	
  Au+Au	
  
• Au+Au	
  at	
  200	
  GeV:	
  suppression	
  observed	
  

–  increase	
  with	
  centrality	
  
–  decrease	
  with	
  pT	
  

• Au+Au	
  at	
  39	
  and	
  62.4	
  GeV	
  
–  similar	
  centrality	
  and	
  pT	
  dependence	
  

• Au+Au	
  v2:	
  consistent	
  with	
  no	
  flow	
  
–  disfavors	
  produc@on	
  by	
  coalescence	
  of	
  

thermalized	
  charm	
  (for	
  pT>2	
  GeV/c)	
  

Ø  J/Ψ	
  in	
  U+U	
  see	
  poster	
  Ota	
  KUKRAL	
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PRL	
  111	
  52301	
  (2011)	
  

Au+Au	
  200	
  GeV	
  0-­‐80%	
  v2	
  



Υ	
  in	
  Au+Au	
  at	
  200	
  GeV	
  
•  Advantages	
  over	
  J/Ψ:	
  

–  negligible	
  recombina@on	
  effect	
  
•  at	
  RHIC:	
  σcc(~800μb)	
  >>	
  σbb(~1-­‐2μb)	
  

–  less	
  co-­‐mover	
  absorp@on	
  effect	
  
•  Υ(1S)	
  @ghtly	
  bound,	
  thus	
  large	
  kinema@c	
  
threshold	
  

•  expect	
  σΥabs	
  ~0.2mb	
  	
  <	
  	
  σJ/Ψabs	
  
Lin	
  &	
  Ko,	
  PLB	
  503	
  (2001)	
  104	
  

•  Disadvantage:	
  low	
  produc@on	
  rate	
  …	
  
–  STAR	
  upgrades!	
  

•  Suppression	
  of	
  Υ(1S+2S+3S)	
  observed	
  
–  RAA	
  decreases	
  with	
  centrality	
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Joey	
  BUTTERWORTH–	
  Wed	
  11h00	
  

Dielectron	
  Measurements	
  
•  Intermediate	
  Mass	
  Range	
  

–  QGP	
  thermal	
  radia@on	
  
–  heavy-­‐flavor	
  modifica@on	
  

•  Low	
  Mass	
  Range	
  
–  in-­‐medium	
  modifica@on	
  of	
  vector	
  mesons	
  
–  possible	
  link	
  to	
  chiral	
  symmetry	
  restora@on	
  

•  Advantage:	
  
–  very	
  low	
  cross	
  sec@on	
  with	
  QCD	
  medium	
  
–  created	
  throughout	
  evolu@on	
  of	
  the	
  system	
  

•  Disadvantage	
  
–  (very)	
  low	
  signal/background	
  
–  requires	
  low	
  material	
  budget	
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Figure 1.2: Expected sources for dilepton production as a function of invariant mass in ultrarela-
tivistic heavy-ion collisions[16].

transition is associated with deconfinement (the so-called ’Wilson line’), again realized in a strong
first-order transition. Thus, for heavy quarks one might hope to become sensitive to features of
deconfinement. This seems indeed to be the case: the confining potential within heavy quarkonium
states (J/Ψ, Υ) will be Debye-screened due to freely moving color charges in a QGP leading to a
dissolution of the bound states [17]. As a consequence the final abundance of, e.g., J/Ψ mesons
– and thus their contribution to the dilepton spectrum – is suppressed, signaling (the onset of)
the deconfinement transition. This very important topic will not be covered in the present review,
see Refs. [18] for the recent exciting developments. Finally, the intermediate-mass region (IMR)
might allow insights into aspects of quark-hadron ’duality’. As is evident from the saturation of
the vacuum annihilation cross section e+e− → hadrons by perturbative QCD above ∼ 1.5 GeV,
the essentially structureless thermal ’continuum’ up to the J/Ψ can be equally well described by
either hadronic or quark-gluon degrees of freedom. However, as a QGP can only be formed at
higher temperatures than a hadronic gas, the intermediate mass region might be suitable to ob-
serve a thermal signal from plasma radiation [9, 19] in terms of absolute yield. The most severe
’background’ in this regime is arising from decays of ’open-charm’ mesons, i.e., pairwise produced
DD̄ mesons followed by individual semileptonic decays. Although an enhanced charm production
is interesting in itself – probably related to the very early collision stages – it may easily mask a
thermal plasma signal. To a somewhat lesser extent, this also holds true for the lower-mass tail of
Drell-Yan production.

Until today, the measurement of dilepton spectra in URHIC’s has mainly been carried out at
the CERN-SpS by three collaborations: CERES/NA45 is dedicated to dielectron measurements in
the low-mass region [20, 21, 22, 23], HELIOS-3 [24] has measured dimuon spectra from threshold

6
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Vector	
  Meson	
  Modifica@on	
  
•  STAR	
  and	
  PHENIX	
  confirm	
  significant	
  LMR	
  

excess	
  
•  already	
  observed	
  at	
  SPS	
  energies	
  

–  vacuum	
  ρ	
  descrip@on	
  essen@ally	
  fails	
  
•  SPS:	
  ρ	
  broadening	
  

–  PHENIX:	
  yet	
  to	
  be	
  explained	
  by	
  models	
  
–  STAR:	
  less	
  excess,	
  agreement	
  with	
  models	
  

•  which	
  involve	
  ρ	
  broadening	
  
•  At	
  SPS:	
  significant	
  net-­‐baryon	
  density,	
  

baryons	
  main	
  contributor	
  
•  At	
  RHIC:	
  vanishing	
  net	
  baryon	
  density,	
  but	
  

comparable	
  total	
  baryon	
  density	
  	
  
–  STAR	
  Beam	
  Energy	
  Scan:	
  close	
  gap	
  between	
  

RHIC	
  &	
  SPS	
  
	
  
Measurements	
  at	
  √sNN	
  =	
  19.6,	
  27,	
  39,	
  62.4	
  GeV	
  

LINNYK, CASSING, MANNINEN, BRATKOVSKAYA, AND KO PHYSICAL REVIEW C 85, 024910 (2012)

FIG. 9. (Color online) The PHSD results for the invariant mass
spectra of inclusive dileptons in Au + Au collisions at

√
sNN =

200 GeV for M = 0–1.2 GeV and 0%–80% centrality within the
cuts of the STAR experiment; see Eq. (2). The preliminary data from
the STAR Collaboration are adopted from Ref. [60].

good agreement with the preliminary data from the STAR
Collaboration [60] for 0%–80% centrality in the whole mass
regime. Surprisingly, our calculations are also roughly in line
with the low-mass dilepton spectrum from STAR [60] in the
case of central collisions, whereas the PHSD results severely
underestimate the PHENIX data for the cuts given in Eq. (1)
(cf. Fig. 3). The observed yield from STAR can be accounted
for by the known hadronic sources, i.e., the decays of the
π0, η, η′, ω, ρ, φ, and a1 mesons, of the & particle, and
the semileptonic decays of the D and D̄ mesons, where the
collisional broadening of the ρ meson is taken into account. At
first sight this observation might point toward an inconsistency
between the data sets from PHENIX and STAR, but we have
to stress that the actual experimental acceptance cuts are more
sophisticated than those given in Eqs. (1) and (2). This problem
will have to be investigated more closely by the experimental
collaborations. Furthermore, the upgrade of the PHENIX

FIG. 10. (Color online) Same as Fig. 9 for M = 0–4 GeV.

experiment with a hadron blind detector [62] should provide
decisive information on the origin of the low-mass dileptons
produced in the heavy-ion collisions at

√
s = 200 GeV.

We also observe a slight overestimation of the dilepton yield
from PHSD in 0%–10% central collisions at masses from 1.3
to 1.8 GeV, where the dominant contributions to the spectrum
are the radiation from the sQGP and the semileptonic decays
of the D and D̄ mesons. We speculate that the suppression of
dileptons from the D and D̄ mesons might be underestimated
in the PHSD calculations in central collisions. The upgrade
of the STAR detector [63] will be promising in independently
measuring the correlated D and D̄ meson contributions.

IV. SUMMARY

In this study, we have addressed dilepton production in
Au + Au collisions at

√
sNN = 200 GeV by employing the

parton-hadron-string dynamics (PHSD) off-shell transport
approach. This work is a continuation of our earlier studies
for heavy-ion collisions at the SIS energies of 1–2 A GeV
[27] and the SPS energies from 40 to 158 A GeV [11,14],
essentially within the same dynamical transport model. Within
the PHSD one solves generalized transport equations on the
basis of the off-shell Kadanoff-Baym equations for effective
Green’s functions in phase-space representation (beyond the
quasiparticle approximation) for quarks, antiquarks and gluons
as well as for the hadrons and their excited states. The
PHSD approach consistently describes the full evolution of a
relativistic heavy-ion collision, from the initial hard scatterings
and string formation, through the dynamical deconfinement
phase transition to the quark-gluon plasma (QGP) as well as
hadronization, to the subsequent interactions in the hadronic
phase. It was shown in previous studies that the PHSD
approach well describes the various hadron abundancies,
their longitudinal rapidity distributions, as well as transverse
momentum distributions from lower SPS to top RHIC en-
ergies [21,22]. Also, the collective flow v2(pt ) is roughly
in accordance with the experimental observations by the
PHOBOS, STAR, and PHENIX Collaborations at RHIC [22].
The latter findings allow us explore the dynamics of subleading
or rare probes within the dynamical environment of partons
and hadrons during the complex time evolution of a relativistic
heavy-ion collision.

The present study has been devoted particularly to the
calculation of dilepton radiation from partonic interactions
through the reactions qq̄ → γ ∗, qq̄ → γ ∗ + g, and qg →
γ ∗q (q̄g → γ ∗q̄) in the early stage of relativistic heavy-ion
collisions at the top RHIC energy. We recall that the differ-
ential cross sections for electromagnetic radiation have been
calculated with the same propagators as those incorporated in
the PHSD transport approach. By comparing our calculated
results to the data from the PHENIX Collaboration, we have
studied the relative importance of different dilepton production
mechanisms and addressed in particular the “PHENIX puzzle”
of a large enhancement of dileptons in the mass range from
0.15 to 0.6 GeV as compared to the emission of hadronic states.
Our studies have demonstrated that the observed excess in
the low-mass dilepton regime cannot be attributed to partonic
productions as expected earlier. Thus the PHENIX puzzle

024910-8
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Rapp,	
  PRC	
  63	
  (2001)	
  054907;	
  	
  priv.com
m
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  et	
  al.	
  PRC	
  85	
  024910	
  (2012)	
  



Beam	
  Energy	
  Scan:	
  Dielectrons	
  

•  LMR	
  excess	
  observed	
  for	
  all	
  energies	
  
•  systema@c	
  measurement	
  of	
  excess	
  
•  Model	
  calcula@ons	
  appear	
  to	
  provide	
  

robust	
  descrip@on	
  from	
  RHIC	
  down	
  to	
  SPS	
  
energies	
  

•  Measurements	
  consistent	
  with	
  in-­‐medium	
  
ρ	
  broadening	
  
–  expected	
  to	
  depend	
  on	
  total	
  baryon	
  density	
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Jets	
  as	
  Probes	
  of	
  Nuclear	
  Mager	
  

•  In	
  p+p:	
  hard-­‐scagered	
  partons	
  
fragment	
  and	
  hadronize	
  into	
  
collimated	
  sprays	
  of	
  hadrons,	
  i.e.	
  jets	
  

•  In	
  A+A:	
  expect	
  jet	
  quenching	
  in	
  hot	
  &	
  
dense	
  medium	
  
–  so�ening	
  and	
  broadening	
  of	
  

fragmenta@on	
  when	
  compared	
  to	
  p+p	
  

Ø  Jets	
  probe	
  nuclear	
  medium	
  
–  but,	
  very	
  challenging	
  in	
  high	
  mul@plicity	
  

environment	
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Jan	
  RUSNAK	
  –	
  Tue	
  9h00	
  



HQ’12	
  arxiv:1304.5945	
  

Inclusive	
  Charged	
  Jet	
  RAA	
  
Jet	
  reconstruc@on	
  method	
  similar	
  to	
  ALICE	
  

–  dominant	
  uncertainty:	
  tracking	
  efficiency	
  
•  RAA	
  >	
  0.5	
  for	
  Au+Au	
  at	
  200GeV	
  
•  RAA(RHIC)	
  >	
  RAA(LHC)	
  

–  at	
  same	
  jet	
  pT	
  
•  Central	
  RAA	
  value	
  increase	
  with	
  size	
  of	
  jet	
  R	
  ?	
  

–  uncertain@es	
  large	
  
–  careful	
  assessment	
  of	
  correlated/uncorrelated	
  
errors	
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R=0.2	
  

R=0.3	
  

R=0.4	
  



v2	
  of	
  direct	
  photons	
  
At	
  high	
  pT,	
  the	
  azimuthal	
  anisotropy	
  could	
  constrain	
  the	
  path	
  length	
  

dependence	
  of	
  energy	
  loss	
  “jet	
  quenching”	
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Ahmed	
  HAMED	
  
@High-­‐pT	
  Physics	
  at	
  LHC	
  (Sept.2013)	
  

Run	
  2007	
  

Expect v2
γ-dir

 ~ 0 at high pT 
•  no preferred direction  w.r.t. reaction plane 
ü  Event-plane reconstruction biases. 
ü  Fragmentation photons contributions? 

Run	
  2011	
  

Ø  v2	
  (FTPC)	
  of	
  direct	
  photons	
  is	
  zero	
  
Ø  v2	
  of	
  π0	
  using	
  the	
  FTPC	
  	
  apparently	
  due	
  to	
  

the	
  path-­‐length	
  dependence	
  of	
  energy	
  loss.	
  	
  	
  



Central	
  –	
  Peripheral	
  	
  

STAR	
  Preliminary	
  

Dihadron	
  correla@ons	
  in	
  d+Au	
  
Ridge	
  seen	
  in	
  smaller	
  systems	
  at	
  LHC	
  
•  Ridge	
  in	
  d+Au	
  at	
  RHIC?	
  

Ø  STAR:	
  large	
  acceptance	
  |ΔηTPC|<2	
  
–  with	
  FTPC	
  1.8	
  <	
  |ΔηFTPC|<	
  4.8	
  

•  central-­‐peripheral	
  technique	
  
–  should	
  remove	
  centrality-­‐independent	
  

correla@ons	
  
Ø  Central-­‐peripheral	
  resembles	
  jet	
  correla@ons	
  

–  FTPC-­‐Au	
  mul@plicity	
  selec@on	
  biases	
  jets	
  in	
  TPC	
  

Ø  Fourier	
  decomposi@on	
  of	
  correla@ons	
  
func@ons:	
  
–  correla@ons	
  have	
  V1	
  and	
  V2	
  components	
  
–  V1	
  appears	
  ~1/mul@plicity	
  
–  V2	
  is	
  approximately	
  constant	
  vs.	
  mul@plicity	
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Fuqiang	
  WANG	
  –	
  Thu	
  14h30	
  

1	
  <	
  pTtrig,	
  pTassoc	
  <	
  3	
  GeV/c	
  

V 2
	
  =
	
  v
22	
  

v2=7%	
  

STAR	
  Preliminary	
  



Paul	
  SORENSEN	
  –	
  Mon.	
  16h00	
  

Azimuthal	
  Anisotropy	
  in	
  U+U	
  	
  
•  Prolate	
  shape	
  of	
  Uranium	
  nucleus	
  

provides	
  possibili@es	
  to	
  study	
  …	
  
–  mul@plicity	
  dependence	
  on	
  Npart	
  

and	
  Ncoll	
  
–  path-­‐length	
  dependence	
  of	
  jet	
  

quenching	
  
•  Can	
  we	
  see	
  the	
  differences	
  

between	
  Au+Au	
  and	
  U+U?	
  
–  and,	
  can	
  we	
  separate	
  between	
  

body-­‐body	
  and	
  @p-­‐@p	
  collisions?	
   What	
  to	
  expect?	
  
• body-­‐body:	
  

–  large	
  ini@al	
  ε,	
  thus	
  large	
  v2	
  
• @p-­‐@p:	
  

–  larger	
  Ncoll	
  (given	
  Npart),	
  thus	
  larger	
  
dN/dη	
  

Ø large	
  dN/dη	
  correlates	
  with	
  small	
  v2?	
  
–  simula@ons	
  say	
  yes	
  
–  knee	
  structure	
  in	
  v2	
  at	
  high	
  dN/dη	
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+	
  
Oblate	
  

Au+Au	
  Collisions	
  

+	
  

+	
  

U+U	
  Collisions	
  

Prolate	
  

PRL	
  105	
  172301	
  (2010)	
  



Mul@plicity	
  dependence	
  of	
  v2	
  in	
  
Central	
  U+U	
  and	
  Au+Au	
  Collisions	
  

•  No	
  evidence	
  of	
  kink	
  structure	
  
–  addi@onal	
  fluctua@ons	
  besides	
  NBD?	
  

•  v2{4}	
  data	
  dis@nguishes	
  central	
  Au+Au	
  from	
  U+U	
  
–  v2≠0	
  due	
  to	
  intrinsic	
  prolate	
  shape	
  

•  v2/ε2	
  drops	
  in	
  very	
  central	
  collisions	
  
–  overes@ma@on	
  ε2?	
  
–  non-­‐flow,	
  fluctua@ons?	
  

Ø  Combine	
  slope	
  of	
  v2	
  vs.	
  mul@plicity	
  and	
  compare	
  
with	
  ZDC	
  to	
  enhance	
  samples	
  for	
  body-­‐body	
  and	
  
@p-­‐@p	
  	
  
–  expect	
  in	
  central	
  (ZDC)	
  larger	
  v2	
  with	
  small	
  dN/dy	
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Mult:	
  |η|<1	
  

Glauber	
  

U+U	
  

Au+Au	
  

top	
  1%	
  ZDC	
   top	
  0.1%	
  ZDC	
  

Mult/⟨Mult⟩	
   Mult/⟨Mult⟩	
  



STAR	
  Upgrades:	
  HFT	
  +MTD	
  

•  Heavy	
  Flavor	
  Tracker	
  +	
  Muon	
  Telescope	
  
Detector	
  on	
  track	
  for	
  RHIC	
  Run	
  14	
  
–  major	
  focus:	
  heavy-­‐flavor	
  &	
  dilepton	
  

measurements	
  
–  revisit	
  Au+Au,	
  p+p,	
  and	
  p+Au	
  at	
  √sNN=200	
  GeV	
  

•  Separate	
  charm	
  and	
  bogom,	
  study	
  open	
  heavy	
  
flavor	
  (HFT),	
  quarkonia	
  (MTD),	
  thermal	
  
dileptons	
  (MTD)	
  
–  combine	
  HFT+MTD:	
  separate	
  secondary	
  J/Ψ	
  

from	
  prompt	
  
–  combine	
  MTD+BEMC:	
  trigger	
  on	
  e-­‐μ	
  pairs	
  to	
  

disentangle	
  charm	
  contribu@ons	
  to	
  the	
  dilepton	
  
IMR	
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Heavy	
  Flavor	
  Tracker	
  

	
  Muon	
  Telescope	
  Detector	
  



Summary	
  
Ø  STAR	
  @	
  HP2013:	
  wide	
  range	
  of	
  results	
  from	
  hard	
  probes,	
  

electromagne@c	
  probes,	
  ini@al	
  condi@ons	
  based	
  on	
  TPC,	
  TOF,	
  EMC	
  
–  but	
  also	
  forward	
  detectors	
  such	
  as	
  ZDC	
  and	
  FTPC	
  

	
  
Ø  HF-­‐I	
  (2014-­‐2016)	
  

–  Au+Au,	
  p+p,	
  p+Au	
  
–  HFT	
  and	
  MTD	
  upgrades	
  

significantly	
  improve	
  
STAR’s	
  hard-­‐probes	
  
poten@al	
  

Ø  HF-­‐II/pA	
  (2021/2022)	
  
–  A+A	
  and	
  p+A	
  
–  further	
  upgrades	
  to	
  

improve	
  B,	
  ΛC,	
  and	
  jet	
  
physics	
  in	
  A+A	
  

–  CNM	
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2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 

STAR: Upgrade Plan  

HF-I, (e,µ) 

eSTAR  
HF-II, p↑A  

BESII  
HFT/MTD 

e-Cooling, iTPC 

HFT’, Tracking, EM/HCAL (West side) 

EMCAL (East side) 

physics upgrade 

-  HFT: Charm 
-  Di-lepton  

sQGP properties 

- QCD phase 
structure  

- Critical Point 

AA:  HFT’: B, ΛC 
   Jet, γ-jet 

pA: CNM, p-spin 

Matter structure 
with dense 

gluon 

Nu	
  Xu	
  



STAR	
  Contribu@ons	
  at	
  HP’13	
  
Monday	
  

Parallel:	
  High	
  Transverse	
  Momentum	
  Light	
  and	
  Heavy	
  Flavor	
  Hadrons	
  …	
  
–  80	
  Zhenyu	
  Ye	
  -­‐	
  Measurements	
  of	
  Open	
  Heavy	
  Flavor	
  Hadrons	
  in	
  STAR	
  Experiment	
  

Parallel:	
  Ini@al	
  State	
  and	
  Proton-­‐Nucleus	
  Collision	
  Phenomena	
  …	
  
–  83	
  Paul	
  Sorensen	
  -­‐	
  Azimuthal	
  anisotropy	
  v2	
  in	
  U+U	
  collisions	
  at	
  STAR	
  

Tuesday	
  
–  187	
  Jan	
  Rusnak	
  -­‐	
  Fully	
  Reconstructed	
  Charged	
  Jets	
  in	
  Central	
  Au+Au	
  Collisions	
  at	
  

√sNN=200	
  GeV	
  from	
  STAR	
  	
  

Wednesday	
  
–  197	
  Joey	
  BuVerworth	
  -­‐	
  Dielectron	
  producYon	
  in	
  Au+Au	
  collisions	
  at	
  √sNN	
  =	
  19.6,	
  27,	
  39,	
  

and	
  62.4	
  GeV	
  from	
  STAR	
  

Thursday	
  
Parallel:	
  	
  Ini@al	
  State	
  and	
  Proton-­‐Nucleus	
  Collision	
  Phenomena	
  …	
  

–  86	
  Fuqiang	
  Wang	
  -­‐	
  Dihadron	
  azimuthal	
  correlaYons	
  at	
  large	
  pseudo-­‐rapidity	
  difference	
  
in	
  mulYplicity-­‐selected	
  d+Au	
  collisions	
  by	
  STAR	
  

Friday	
  
–  209	
  Jaro	
  Bielcik	
  -­‐	
  Quarkonium	
  measurements	
  in	
  the	
  STAR	
  experiment	
  	
  

Poster	
  
–  Ota	
  Kukral	
  –	
  J/Ψ	
  producYon	
  in	
  U+U	
  collisions	
  at	
  193	
  GeV	
  in	
  the	
  STAR	
  experiment	
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