
Future	
  Dilepton	
  Measurements	
  
at	
  STAR	
  

Frank	
  Geurts	
  
Rice	
  University	
  



Outline	
  

•  STAR	
  dielectron	
  results:	
  a	
  brief	
  summary	
  
•  Immediate	
  Future:	
  2014-­‐2016	
  
– STAR	
  detector	
  upgrades	
  
– dilepton	
  physics	
  

•  Beam	
  Energy	
  Scan,	
  2nd	
  Phase:	
  2018-­‐2019	
  
– dilepton	
  measurements	
  
– proposed	
  detector	
  upgrades	
  

•  Outlook	
  

TPD	
  RBRC	
  Workshop	
  -­‐	
  BNL	
  Aug.'14	
   F.	
  Geurts	
  (Rice	
  Univ.)	
   2	
  



The	
  STAR	
  experiment	
  
Large	
  &	
  uniform	
  acceptance	
  electron	
  ID	
  

	
  |η|<	
  1	
  	
  and	
  0<	
  φ<	
  2π	
  
•  Time	
  Projec_on	
  Chamber	
  

–  tracking,	
  dE/dx	
  PID	
  
•  Time-­‐of-­‐Flight	
  detector	
  

–  removal	
  of	
  “slow”	
  hadrons	
  
–  improves	
  electron	
  purity	
  

•  Electromagne_c	
  Calorimeter	
  
–  high-­‐pT	
  trigger	
  

•  Fast	
  data	
  acquisi_on	
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Brief	
  Summary	
  
Current	
  state	
  of	
  dielectron	
  measurements	
  at	
  STAR	
  
	
  
•  At	
  this	
  workshop	
  

–  dielectron	
  produc_on	
  and	
  ellip_c	
  flow	
  at	
  200	
  GeV	
  (Xin	
  Dong)	
  
–  direct	
  virtual	
  photon	
  produc_on	
  at	
  200	
  GeV	
  (Bingchu	
  Huang)	
  
–  dielectron	
  produc_on	
  from	
  RHIC	
  BES	
  (Joey	
  Bukerworth)	
  

	
  
	
  
•  At	
  QM’14	
  

–  3	
  parallel	
  talks	
  (Patrick	
  Huck,	
  Chi	
  Yang,	
  Wangmei	
  Zha)	
  
–  8	
  posters	
  (Joey	
  Bukerworth,	
  Yi	
  Guo,	
  Kefeng	
  Xin,	
  Ota	
  Kukral,	
  Barbara	
  

Trzeciak,	
  Robert	
  Vertesi,	
  Qian	
  Yang,	
  Guannan	
  Xie,)	
  	
  
•  	
  incl.	
  low-­‐mass	
  dimuons	
  based	
  on	
  TPC+TOF!	
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Dielectron	
  Produc_on	
  at	
  200GeV	
  
p+p	
  baseline:	
  2012	
  -­‐
much	
  improved	
  sta_s_cs	
  

Au+Au:	
  2010+2011	
  
combined	
  sta_s_cs	
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Centrality / pT Dependence 

9 

Run 10/11 combined statistics 

•  Enhancement ratio w.r.t the hadronic cocktail – no strong dependence on centrality and pT 

•  Model calculations reasonably describe the centrality and pT dependence  
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Centrality / pT Dependence 

9 

Run 10/11 combined statistics 

•  Enhancement ratio w.r.t the hadronic cocktail – no strong dependence on centrality and pT 

•  Model calculations reasonably describe the centrality and pT dependence  

Ø  good	
  descrip_on	
  by	
  hadron	
  
cocktails	
  

Ø  no	
  strong	
  pT	
  or	
  centrality	
  dependence	
  
of	
  the	
  low-­‐mass	
  enhancement	
  

Ø  indica_ons	
  of	
  modified	
  charm	
  in	
  
intermediate	
  mass	
  range	
  

Q
M
2014	
  



Dielectron	
  Ellip_c	
  Flow	
  at	
  200GeV	
  
Combined	
  sta_s_cs	
  of	
  Au+Au	
  
runs	
  in	
  2010	
  and	
  2011	
  (760M)	
  

–  	
  precision	
  s_ll	
  limited	
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Ø  	
  v2(Mee)	
  is	
  consistent	
  with	
  cocktail	
  
simula_ons	
  
•  Increase	
  sta_s_cs	
  
•  Disentangle	
  charm	
  contribu_ons	
  

X. Dong Aug. 20-22, 2014                TPD RBRC Workshop, BNL 

Dielectron v2 

12 

Dielectron v2 consistent with cocktail simulations given the current precision 

STAR, arXiv: 1402.1791 

STAR	
  arXiv:1402.1791	
  

Ø  v2(pT)	
  consistent	
  with	
  
simula_ons	
  &	
  measurements	
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FIG. 11. (Color online) The dielectron v2 in the ⇡0 Dalitz decay region (star symbol) as a function of pT in di↵erent centralities
from Au+Au collisions at

p
sNN = 200 GeV. Also shown are the charged (square) [47], neutral (triangle) [38] pion v2, and

the expected dielectron v2 (dashed curve) from ⇡

0 Dalitz decay. The bars and bands represent statistical and systematic
uncertainties, respectively.
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FIG. 12. (Color online) Panels (a-f): The dielectron v2 as a function of pT in minimum-bias Au+Au collisions at
p
sNN = 200

GeV for six di↵erent mass regions: ⇡

0, ⌘, charm + ⇢

0, !, �, and charm+QGP thermal radiation. Also shown are the neutral
pion [38] v2 and the � meson v2 [40] measured through the decay channel � ! K

+
K

�. The expected dielectron v2 (dashed
curves) from ⇡

0, ⌘, ! and � decays in the relevant mass regions are shown in panels (a-e) while that from cc̄ contributions is
shown in panel (f). The bars and bands represent statistical and systematic uncertainties, respectively.

tion for |y
e

+
e

� |< 1 for minimum-bias Au+Au collisions
at

p
sNN = 200 GeV. Also shown are the corresponding

dielectron v

2

simulated from ⇡

0, ⌘, !, and � decays and
the cc̄ contribution.

For M
ee

< 1.1 GeV/c2, the v

2

from simulated ⇡

0, ⌘, !
and � decays is consistent with the measured dielectron

v

2

within experimental uncertainties. For the measured
range 1.1 < M

ee

< 2.9 GeV/c2, the estimated v

2

mag-
nitude from the simulated cc̄ contribution is consistent
with the measurement.

We also observe the measured dielectron integral v
2

as
a function of M

ee

to be comparable to the hadron v

2

at
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Comparison 

���Bingchu Huang� TRD workshop at BNL, Aug 20-22, 2014 

In the high pT range (5~10GeV/
c): 
"  the yield is consistent with 

a TAA scaled fit function to 
PHENIX pp data. 

[A. Adare et al. Phys.Rev.C.81:034911, (2010)] 
[S.S. Adler et al. Phys.Rev.Lett., 98:012002, (2007)] 

 
In the pT range 1~5GeV/c: 
"  Compared to the pp 

reference,  
      an excess is observed. 

QM 2014 

Direct	
  Virtual	
  Photon	
  at	
  200GeV	
  
STAR	
  measurements	
  compared	
  
to	
  PHENIX	
  p+p	
  TAA-­‐scaled	
  fit:	
  

•  Consistent	
  with	
  high-­‐pT	
  p+p	
  
reference	
  
–  dominated	
  by	
  ini_al	
  hard	
  

scakering	
  
	
  
•  Excess	
  for	
  1	
  <	
  pT	
  <	
  5	
  GeV/c	
  	
  

–  dominated	
  by	
  QGP	
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Ø  Large	
  uncertain_es	
  for	
  pT	
  <	
  2GeV/c	
  
–  Lack	
  of	
  η	
  measurements	
  at	
  low	
  pT	
  



8/20/2014J.Butterworth : Rice University 14
Rapp + Wabach, private communication
Adv. Nucl. Phys. 25, I (2000), Phys. Rept. 363, 85(2002), 
PRC 63 (2001) 054907, Adv. High Energy Phys. 2013 148253

� Au+Au 19.6, 27, 39, & 62.4 GeV MB

� pTe > 0.2 GeV/c, |Ke| < 1, |Yee| < 1

� Cocktail + Model contributions consistent 
with Data as a function of Mee & pTee
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PRC 63 (2001) 054907, Adv. High Energy Phys. 2013 148253

� Au+Au 19.6, 27, 39, & 62.4 GeV MB

� pTe > 0.2 GeV/c, |Ke| < 1, |Yee| < 1

� Cocktail + Model contributions consistent 
with Data as a function of Mee & pTee

QM2014	
  

BES	
  Dielectron	
  Produc_on	
  
Systema_c	
  measurement	
  of	
  dielectron	
  produc_on	
  from	
  top	
  
RHIC	
  energies	
  down	
  to	
  SPS	
  energies	
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� gcfd
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Rapp + Wabach, private communication
Adv. Nucl. Phys. 25, I (2000), Phys. Rept. 363, 85(2002), 
PRC 63 (2001) 054907, Adv. High Energy Phys. 2013 148253

Ø  Cocktail	
  +	
  Model	
  contribu_ons	
  consistent	
  with	
  measurements	
  (Mee	
  and	
  pT)	
  

� Complete evolution (HG + QGP)

� In-medium modified U spectral function—“U melts”
� Dependent on total baryon density

� QGP emission rates that are lQCD inspired

8/20/2014J.Butterworth : Rice University 12

arXiv:0901.3289

� Run 10 AuAu 200 GeV MB

� Vacuum U gives an inadequate description

� Model agrees within uncertainties

PRL 113 022301 

200	
  GeV	
  

PRL	
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Immediate	
  Future:	
  2014-­‐2016	
  
•  RHIC	
  upgrades	
  
–  fully	
  implemented	
  stochas_c	
  cooling	
  

•  STAR	
  upgrades	
  
–  Heavy	
  Flavor	
  Tracker	
  
– Muon	
  Telescope	
  Detector	
  

dedicated	
  muon	
  triggers:	
  e.g.	
  e-­‐muon	
  

•  2014:	
  Au+Au	
  sta_s_cs	
  
–  200	
  GeV:	
  1.2B	
  events	
  
–  14.6	
  GeV:	
  20M	
  events	
  

•  2015:	
  p+p	
  (9wks),	
  p+Au,Si	
  (5+2wks)	
  
•  2016:	
  Au+Au	
  (10wks)	
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Heavy	
  Flavor	
  Physics	
  
Open	
  Heavy	
  Flavor	
  
•  HFT	
  op_mized	
  for	
  D0	
  reconstruc_on	
  in	
  

the	
  pT	
  range	
  where	
  hydro	
  flow	
  is	
  
dominant	
  	
  
–  RAA	
  for	
  D0	
  from	
  fully	
  topological	
  

reconstruc_on	
  (cτ≈120μm)	
  
Charmonium	
  
•  MTD	
  Dimuon	
  trigger	
  
•  Combina_on	
  of	
  HFT	
  and	
  MTD	
  

significantly	
  improves	
  direct	
  J/ψ	
  
measurements	
  
–  measure	
  B→J/ψ→μμ	
  by	
  combining	
  HFT,	
  

TPC,	
  and	
  MTD	
  	
  (cτ≈500μm)	
  
•  MTD	
  Υ(1S,	
  2S,	
  3S)	
  measurements	
  

–  Υ-­‐>e+e-­‐	
  significant	
  bremsstrahlung	
  losses	
  
à	
  large	
  tail	
  

–  Υ-­‐>μ+μ-­‐	
  channel	
  less	
  affected	
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Patrick Huck / 13Quark Matter 2014, Darmstadt

Dielectron Production in Au+Au Collisions at BES Energies

05/19/2014

Summary & Outlook
‣ STAR BES provides a unique opportunity to address 

long-standing questions regarding the consequences 
of in-medium modifications on dielectron spectra!

‣ comprehensive data serves the better understanding 
of LMR enhancement (pT & energy dependence)!

‣ in-medium modifications to ρ spectral function 
consistently account for LMR excess at all energies 
no strong energy dependence due to ~constant total baryon density? 
can high-statistics BES-II confirm trend with total baryon density?

11

Thanks

ccbar contribution to total cocktail 
for 0.4 < Mee < 0.7 GeV/c2

Outlook!

‣ BES II [~2018+2019]  
iTPC, Enhanced Statistics, Dimuons!

‣ HFT & MTD upgrades allow for study of  
- possibly medium-modified charm continuum 
- QGP radiation  

MTD	
  Dilepton	
  Physics	
  
Significant	
  charm	
  contribu_on	
  spanning	
  both	
  
intermediate	
  and	
  low	
  mass	
  range	
  

–  especially	
  relevant	
  in	
  LMR	
  at	
  high	
  energies	
  
–  Dis_nguish	
  thermal	
  and	
  charm	
  produc_on	
  
Ø  use	
  e-­‐μ	
  correla_on	
  to	
  get	
  a	
  handle	
  on	
  charm	
  

contribu_ons	
  
Dimuon	
  con_nuum:	
  

Ø  LMR:	
  vector	
  meson	
  in-­‐medium	
  modifica_ons	
  
Ø  IMR:	
  radia_on	
  from	
  QGP	
  
Ø  Dimuon	
  ellip_c	
  flow	
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Npart scaling in the π0 and η dominant region and then rises
towards the Nbin scaling at ∼0.7 GeV=c2. This can be
explained by the hadronic medium ρ contribution, which
is expected to increase faster than Npart [31,36], and the
contribution from correlated charm which, if not modified,

should follow the Nbin dependence. Possible charm decor-
relation has negligible impact in this mass region. (ii) In the
mass region of 1–3 GeV=c2, the ratio between the central
and minimum bias spectra shows a moderate deviation
from the Nbin scaling (1.8σ deviation for the data point at
1.8–2.8 GeV=c2). We have used two extreme scenarios to
model the charm decay dielectron pairs: The dashed line in
Fig. 4(a) depicts the PYTHIA calculation with charm corre-
lations preserved; the dotted-dashed line assumes a fully
randomized azimuthal correlation between charmed hadron
pairs, and pT the suppression factor on the single electron
spectrum from RHIC measurements is also included [37].
The difference in themass region 1–3 GeV=c2, if confirmed
with better precision, would constrain the magnitude of
the de-correlating effect on charm pairs while traversing
the QCD medium and/or possible other dielectron sources
(e.g., QGP thermal radiation) in this mass region from
central Auþ Au collisions.
In summary, we present STAR measurements of dielec-

tron production inAuþ Aucollisions at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV.
The dielectron yields in the ω and ϕ mass regions are well
described by the hadronic cocktail model while yields at
higher mass, 1–3 GeV=c2, can be understood as mostly
fromdecay leptons of charmpairs. In the0.30–0.76 GeV=c2

region, however, there exists a clear excess over the hadronic
cocktail that cannot be explained by a pure vacuum ρ. This
enhancement is significantly lower than what has been
reported by PHENIX. Compared to the yields in the ω
and ϕ regions, the excess yields in the ρ region exhibit
stronger growth with more central collisions. Theoretical
model calculations that include a broadened ρ spectral
function from interactions with the hadronic medium can
describe the STAR measured dielectron excess at the low
mass region.

We thank the RHIC Operations Group and RCF at BNL,
the NERSC Center at LBNL, the KISTI Center in Korea,
and the Open Science Grid consortium for providing
resources and support. This work was supported in part
by theOffices of NP andHEPwithin theU.S. DOEOffice of
Science, the U.S. NSF, CNRS/IN2P3, FAPESP CNPq of
Brazil, theMinistry of Education and Science of the Russian
Federation, the NNSFC, the MoST of China (973 Program
No. 2014CB845400), CAS, the MoE of China, the Korean
Research Foundation, GA and MSMT of the Czech
Republic, FIAS of Germany, DAE, DST, and CSIR of
India, the National Science Centre of Poland, National
Research Foundation (Grant No. NRF-2012004024), the
Ministry of Science, Education andSports of theRepublic of
Croatia, and RosAtom of Russia.
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FIG. 3 (color online). Integrated dielectron yields in the mass
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(ϕ-like) GeV=c2 compared to hadronic cocktails within the
STAR acceptance as a function of centrality (a) and dielectron
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PRL 113, 022301 (2014) P HY S I CA L R EV I EW LE T T ER S
week ending
11 JULY 2014

022301-6

PRL	
  113	
  022301	
  

red:	
  PYTHIA	
  ccbar-­‐>	
  eμ	
  
black:	
  de-­‐correlated	
  +	
  energy	
  loss	
  
	
  S/B	
  >2	
  for	
  M(eμ)>3GeV/c2	
  

MTD	
  Simula8ons	
  



STAR	
  Beam	
  Energy	
  Scan	
  Program	
  
Objec_ves:	
  
Ø  search	
  for	
  threshold	
  energies	
  for	
  QGP	
  

signatures	
  
Ø  search	
  for	
  signatures	
  of	
  1st	
  order	
  phase	
  

transi_ons	
  
Ø  search	
  for	
  a	
  Cri_cal	
  Point	
  
	
  
Vary	
  beam	
  energy	
  ⟹	
  vary	
  (T,	
  μB)	
  
	
  
STAR:	
  a	
  mid-­‐rapidity	
  collider	
  experiment	
  
•  uniform	
  acceptance	
  
•  uniform	
  par_cle	
  ID	
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The Beam Energy Scan at the Relativistic Heavy Ion Collider 3

Figure 1. A conjectured QCD phase diagram with boundaries that define various states of QCD matter.

1. Introduction

A major goal of high-energy nuclear collisions is to determine the phase diagram for
matter that interacts via the strong nuclear force. In contrast to the countless, very distinct
phase diagrams found in condensed matter physics, the phase diagram probed in heavy-ion
collisions is a unique and fundamental feature of Quantum Chromodynamics (QCD). The
most experimentally accessible way to characterize the QCD phase diagram [1] is in the plane
of temperature (T ) and the baryon chemical potential (µB) [2]. Figure 1 is a conjectured
version with µB on the horizontal axis. It shows a schematic layout of the phases, along with
hypothesized indications of the regions crossed in the early stages of nuclear collisions at
various beam energies.

Hadronic matter is a state in which the fundamental constituents, quarks and gluons, are
confined in composite particles, namely baryons and mesons. At high energy densities, QCD
predicts a phase transition from a hadronic gas (HG) to a state of deconfined, partonic matter
called the quark-gluon plasma (QGP) [3, 4]. In hot and dense QCD matter, the hadrons are
melted into their constituent quarks, and the strong interaction becomes the dominant feature
of the physics. In addition to the confined-deconfined transition, a chiral phase transition is
postulated. Since the intrinsic scale of QCD is LQCD ⇠ 200 MeV, it is conceivable that the
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Table 1. An overview of Beam Energy Scan Phase-I. The µB values are estimated from the systematics
of central collisions in Ref. [19]. The 200 GeV is also listed in the table as a reference.
Beam Energy Baryon Chemical Year of Event Statistics Beam Time
(in GeV) Potential (in MeV) Data Taking (Millions) (Weeks)

200 20 2010 350 11
62.4 70 2010 67 1.5
39 115 2010 130 2.0
27 155 2011 70 1.0
19.6 205 2011 36 1.5
14.5 260 2014 20 3.0
11.5 315 2010 12 2.0
7.7 420 2010 4 4.0

beam energies through electron cooling at RHIC, and briefly discuss our proposed detector
upgrades to enhance the scientific/technical quality of the various results. Finally, in Section
4, we summarize the scientific part of the RHIC BES program.

2. Review of BES-I Results and Theory Status

2.1. Region of the Phase Diagram Accessed in BES-I

Experimentally, different regions of the phase diagram are accessed by changing the beam
energy. Both initial T and µB vary as functions of the center-of-mass energy (

p
sNN) [16].

This is the strategy adopted in the BES program at RHIC [14, 15]. It is possible to estimate
the T and µB regions of the phase diagram accessed for a given collision energy through
the study of the hadron spectra. These spectra reflect the properties of the bulk matter at
kinetic freeze-out, after elastic collisions among the hadrons have ceased. Information on
the earlier stages can be deduced from the integrated yields of the different hadron species,
which change only via inelastic collisions. The point in time at which these inelastic collisions
cease is referred to as chemical freeze-out, which takes place before kinetic freeze-out. In the
BES-I program at RHIC, almost all species of hadrons in the light and strange quark sectors,
including p

±, K±(K0
S ), p( p̄), f, L, X, and W have been detected and yields were measured

as a function of collision centrality. As an example, Fig. 2 shows a representative plot of the
invariant yields of p

+, K+, K0
S , f, p, L and X

� as a function of mT - m, where mT =
q

m2 + p2
T

is the transverse mass, m is the rest mass of the hadron and pT the transverse momentum. The
results are shown for various collision centralities in Au+Au collisions at

p
sNN = 11.5 GeV.

Within a statistical model which assumes thermodynamic equilibrium, the particle yields
at chemical freeze-out in a system of volume V can be given by

Ni/V =
gi

(2p)3 g

Si
S

Z 1

exp
⇣

Ei�µBBi�µSSi
Tch

⌘
±1

d3 p , (1)

where Ni is the abundance of particle species i, gi is the spin degeneracy, Bi and Si are the
baryon number and strangeness number, respectively, Ei is the particle energy, and the integral
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Table 2. Event statistics (in millions) needed for Beam Energy Scan Phase-II for various observables.
Collision Energy (GeV) 7.7 9.1 11.5 14.5 19.6
µB (MeV) in 0-5% central collisions 420 370 315 260 205

Observables

RCP up to pT = 5 GeV/c – 160 125 92
Elliptic Flow (f mesons) 100 150 200 200 400
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 50 75 100 100 200
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 80 100 120 200 400
Dileptons 100 160 230 300 400
Required Number of Events 100 160 230 300 400

3.1.1. RCP of identified hadrons up to pT = 5 GeV/c High-pT suppression is seen as an
indication of the energy loss of leading partons in a colored medium. Therefore, the RAA

measurements are one of the clearest signatures for the formation of the quark-gluon plasma.
Because there was not a comparable p+ p energy scan, the BES analysis has had to resort
to RCP measurements as a proxy. Still the study of the shape of RCP(pT ) will allow us
to quantitatively address the evolution of the phenomenon of jet-quenching to lower beam
energies. A very clear change in behavior as a function of beam energy is seen in these
data (see Figs. 12 and 13); at the lowest energies (7.7 and 11.5 GeV) there is no evidence of
suppression for the highest pT values that are reached. However, it should be noted that for
these energies the BES-I measurements are only able to reach 3-4 GeV/c for inclusive hadrons
and 2-3 GeV/c for identified hadrons. Typically, one considers pT of 5 GeV/c and above to be
dominated by partonic behavior. Therefore, although the BES-I RCP results are suggestive of
a disappearance of this QGP signature, they are not conclusive. The pT reach expected in the
proposed BES Phase-II measurements will be crucial in drawing definitive conclusions about
evidence for the creation of QGP at a given collision energy.

Although the BES-I spectra do not reach high enough pT to extend into the purely hard-
scattering regime, they do allow us to make detailed projections of how many events would be
needed to reach a given pT for a given beam energy. We propose to acquire about 400 tracks
in the pT range of 4-5 GeV/c for the 11.5, 14.5, and 19.6 GeV energies. At the lower energies
of 7.7 and 9.1 GeV, there is simply not enough kinematic reach to get out to 4-5 GeV/c. These
required numbers of events are listed in Table 2

We have used the yields of identified particles measured in BES-I to make projections of
the expected errors for the RCP measurements with increased statistics expected to be available
in BES Phase-II. For each particle species, energy, and centrality, we have used a exponential
extrapolation (note that this is a more conservative estimate than the power law extrapolation)
to estimate the expected number of particles to be measured in each pT bin based on the
expected number of events at each energy shown in Table 2. From this expected number of
particles per bin, we can estimate the statistical error for the central and peripheral bins and
propagate these to estimate the expected error on the RCP measurements. These projected
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Figure 1. A conjectured QCD phase diagram with boundaries that define various states of QCD matter.

1. Introduction

A major goal of high-energy nuclear collisions is to determine the phase diagram for
matter that interacts via the strong nuclear force. In contrast to the countless, very distinct
phase diagrams found in condensed matter physics, the phase diagram probed in heavy-ion
collisions is a unique and fundamental feature of Quantum Chromodynamics (QCD). The
most experimentally accessible way to characterize the QCD phase diagram [1] is in the plane
of temperature (T ) and the baryon chemical potential (µB) [2]. Figure 1 is a conjectured
version with µB on the horizontal axis. It shows a schematic layout of the phases, along with
hypothesized indications of the regions crossed in the early stages of nuclear collisions at
various beam energies.

Hadronic matter is a state in which the fundamental constituents, quarks and gluons, are
confined in composite particles, namely baryons and mesons. At high energy densities, QCD
predicts a phase transition from a hadronic gas (HG) to a state of deconfined, partonic matter
called the quark-gluon plasma (QGP) [3, 4]. In hot and dense QCD matter, the hadrons are
melted into their constituent quarks, and the strong interaction becomes the dominant feature
of the physics. In addition to the confined-deconfined transition, a chiral phase transition is
postulated. Since the intrinsic scale of QCD is LQCD ⇠ 200 MeV, it is conceivable that the
chiral phase transition line extends from around T ⇠ LQCD at low baryon number density (nB)
to around nB ⇠ L

3
QCD ⇠ 1/fm�3 at low T .

Lattice QCD calculations have established that the quark-hadron transition to be a
crossover transition at the temperature around 154 MeV for µB = 0 [5, 6, 7, 8, 9]. On the
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!
Figure 30. Projection of averaged store luminosity within ±1 m vertex for Au ions in RHIC. The
lines represent the optimistic (red) and pessimistic (blue) estimates for the luminosity which will be
achieved with electron cooling. The open squares are the luminosities reached in BES-I.

3.5. Collider Performance

As discussed above, the major thrust of the BES Phase-II program is to make high statistics
measurements of the observables presented in this document for Au+Au collisions at

p
sNN <

20 GeV. This requires the operation of RHIC with luminosities significantly increased over
those which were achieved during BES-I. This will be accomplished by constructing an
electron cooling system to reduce the transverse beam emittance and by developing the ability
to stretch the bunches longitudinally to reduce the intra-beam Coulomb scattering.

The original design of RHIC optimized the luminosity at
p

sNN = 200 GeV. At lower
energies, the beam is not as well-focused and the collision rate is low. In order to provide
adequate intensity for BES Phase-II, the RHIC Collider Accelerator Division has been
undertaking,as mentioned above, an upgrade with electron cooling (Fig. 30). According to
simulations, with the proposed electron superconducting RF gun, the luminosity will increase
by a factor of 2-5 at

p
sNN = 7.7 GeV and by a factor of 8-20 at

p
sNN= 20 GeV. Additional

luminosity increases will be made possible by stretching the beam bunches beyond the usual
6 ns length.

All of these advances make it possible to achieve the event statistics required for the key
measurements listed in Table 2.

3.6. Detector Upgrades

The following aspects of BES Phase-II physics program will benefit from presently planned
improvements and upgrades to the various sub-systems of the STAR detector.
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iTPC	
  Upgrade	
  
•  STAR	
  TPC:	
  
– 24	
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  (12	
  on	
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  side)	
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  (1990s):	
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Physics	
  Mo_va_on	
  
•  Increase	
  η	
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Outlook	
  
•  The	
  TOF	
  detector,	
  2010,	
  kicked	
  off	
  STAR’s	
  dielectron	
  program	
  

–  e+e-­‐	
  top	
  energy	
  spectra,	
  e+e-­‐	
  v2,	
  direct	
  virtual	
  photon,	
  systema_c	
  
measurements	
  of	
  LMR	
  excess	
  

–  Beam	
  Energy	
  Scan	
  Phase	
  1	
  allowed	
  for	
  a	
  systema_c	
  measurement	
  
of	
  the	
  LMR	
  excess	
  from	
  top	
  RHIC	
  down	
  to	
  top	
  SPS	
  energies	
  

•  The	
  MTD,	
  now,	
  marks	
  the	
  start	
  of	
  STAR’s	
  muon	
  detec_on	
  
capabili_es	
  
–  2014	
  –	
  2016:	
  high	
  sta_s_cs	
  Au+Au,	
  p+p,	
  and	
  p+A	
  
–  dilepton	
  program:	
  revisit	
  top	
  energies,	
  disentangle	
  charm,	
  dimuon	
  
con_nuum,	
  charmonium	
  

•  BES	
  Phase	
  2	
  (2018-­‐2019):	
  systema_c	
  dilepton	
  measurements	
  
down	
  to	
  √sNN=7.7	
  GeV	
  
–  measure	
  baryon	
  density	
  dependence	
  
–  measure	
  pT	
  slopes	
  both	
  in	
  LMR	
  and	
  IMR	
  
–  look	
  for	
  anomalous	
  increases	
  in	
  yield,	
  sugges_ve	
  of	
  a	
  cri_cal	
  point	
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