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Relativistic Heavy Ion Collider 
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A discovery machine! 

Little bang 



Solenoidal Tracker At RHIC 
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EMC 



STAR physics program 
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1)  Initial condition -  search for Color-
Glass-Condensate (CGC) 

2)  sQGP properties 
•  Anisotropic flow 
•  Local-Parity-Violation (LPV) 
•  Dileptons 
•  Jet v2 
•  Particle correlations 
•  Heavy flavor 
•  Exotic particles 
•  HBT 

3) Beam Energy Scan 
•  Freeze-out parameters 
•  Turn-off of sQGP signatures 
•  Search for 1st order phase transition 
•  Critical point 

4) Spin 
 

Blue: Selected in this talk 

M. LISA 4th Sep Section 1 
H. Zborszczyk 31st Aug Section 5   

S. Kabana 5th Sep Section 4   



5 Aug 28, 2013 ICNFP 2013, Kolymbari, Crete.    Bingchu Huang 

Anisotropic flow  
Reaction plane 

Higher density à Larger pressure 

One signature of QGP: 
Collective flow follows 
Number of Constituent 
Quark (NCQ) scaling  



Identified hadron v2 
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Test NCQ scaling of v2: 
•  Deviation from NCQ scaling in peripheral collisions for multi-strange 

hadrons in mT-m0>1 GeV/c2 in 30-80% centrality. 
Provide constraints on QGP properties (EOS, η/s …). 



v2 and Slope parameter in U+U 
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•  Slope parameters are different between U+U 
and Au+Au.  

 
Offer new information to the initial condition. 
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Prolate shape provides possibility to 
study initial condition of QGP. 
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Heavy Flavor 

D0 
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•  From initial hard scatterings. 
•  Conserve in total number 
•  Sensitive to medium interaction. 

Good probe to QGP! 

Non-photonic electron(NPE), D0… J/ψ, ψ, ϒ… 



Open charm D0 meson 
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•  Suppression at high pT(>3 GeV/c) in Au+Au collisions. 
•  Enhancement at intermediate pT, similar in theoretical calculation.  
•  Charm production cross section follows Nbin scaling with improved precision. 

Mostly produced via initial hard scattering. 

He,Fries,Rapp: PRC86,014903;  
arXiv:1204.4442; private comm. 
P. Gossiaux: arXiv: 1207.5445 



Non-photonic electron 

10 Aug 28, 2013 ICNFP 2013, Kolymbari, Crete.    Bingchu Huang 

•  NPE strongly suppressed in central 
collisions at high pT. 

•  D0, NPE results seems to be consistent.  



J/ψ spectra in 200GeV Au+Au collisions 
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Tsallis Blast-Wave model: ZBT et al., arXiv:1101.1912 
Yunpeng Liu et al.,, PLB 678:72 (2009) and private comminication 
Xingbo Zhao et al., PRC 82,064905(2010) and private communication 

•  J/ψ spectra are softer than light hadron’s, indicate a small radial flow or a 
significant contribution from charm quark recombination. 

•  Suppression in central collisions is larger. RAA is consistent with models including 
regeneration and color-screening effect.  

Phys. Lett. B 722 (2013) 55 



V2 measurements from NPE, D0 and J/ψ 
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•  Large NPE v2 at low pT indicates strong charm-medium 
interaction. 

•  J/ψ v2 at pT>2 GeV/c consistent with zero. Disfavors the 
case dominantly produced by coalescence from 
thermalized charm and anti-charm quarks. 

Phys. Rev. Lett. 111 (2013) 52301 
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Di-lepton measurements  

Excellent penetrating probe: 
•  Created throughout evolution of system. 
•  Very low cross-section with QCD medium. 
Related to many physics interests: 
•  In-medium modification of vector mesons, link to chiral symmetry restoration. 
•  QGP thermal radiation and heavy-flavor modification. 

Chiral symmetry restoration 



Di-electron spectra 
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Phys. Rev. C 86, 024906 (2012)  

•  p+p reference is consistent with hadronic cocktail simulation. 
•  Low mass enhancement structure w.r.t the hadronic cokctail. 
•  Simulation overshoot data in central Au+Au collisions, hint of charm 

modifications. 



Compare to theoretical calculations 
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R. Rapp, Phys.Rev. C 63 (2001) 054907 
R. Rapp & J. Wambach, EPJ A 6 (1999) 415 

ANALYSIS OF DILEPTON PRODUCTION IN Au + Au . . . PHYSICAL REVIEW C 85, 024910 (2012)

FIG. 7. (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].

inclusive dileptons in Au + Au collisions at
!

sNN = 200 GeV
in the low-mass region (M = 0–1.2 GeV) as calculated within
(1) PHSD (red solid line) taking into account the in-medium
modification of the ! as well as the dilepton radiation from
the partonic phase; (2) HSD in the free-! scenario; and (3) the
extended statistical hadronization model [10] in comparison
to the data from the PHENIX Collaboration [7,8].

The extended statistical hadronization model (ESHM) [10]
is an extension to the statistical hadronization model (SHM)
which has been applied [42–55] to high-energy elementary and
especially heavy-ion collision experiments in order to calculate
the yields of different hadron species. In the SHM, the state
of the “thermal” fireball is specified by its temperature T ,
volume V , and the chemical potentials µB , µQ, and µS for
baryon, electric, and strangeness charges, respectively. While
µS and µQ are zero in central Au + Au collisions at

!
sNN =

200 GeV, µB is about 30 MeV. The effect of the strangeness
undersaturation parameter or fugacity "S on the dielectron
invariant mass spectrum as a function of centrality was studied
in detail in Ref. [10], and the effect was found to be moderate.
We employ the value "S = 0.6 in this work for the minimum-
bias Au + Au collisions. The overall normalization (fireball
volume) at different centralities was fitted to experimental data
in Ref. [10], and we use the same values throughout. For the
temperature we use the value T = 170 MeV.

Since the measured rapidity and transverse momentum
spectra of hadrons emitted in the high-energy collision experi-
ments do not resemble thermal distributions, the SHM has been
extended in Ref. [10] by boosting (event by event) the “fireball”
along the beam axis so that the rapidity distributions of pions
become compatible with the BRAHMS measurements [56].
Also, the problem that the SHM tends to overpopulate the
low-pT part of the spectrum compared with the experimental
distributions was solved in the ESHM by assuming that the
created clusters’ transverse momentum is normally distributed
with the width fitted together with the system volume V to the
PHENIX data [57] in p + p collisions and in 11 different

FIG. 8. (Color online) Same as Fig. 7 for M = 0–4 GeV.

centrality classes in the case of Au+Au collisions. For further
details we refer the reader to Ref. [10].

We find in Fig. 6 that the HSD and the ESHM give
approximately the same results on the level of 30% for the
dilepton invariant mass spectra. This might be surprising since
the HSD includes not only the direct and Dalitz decays of
hadrons but also meson-meson and meson-baryon channels
for dileptons. Indeed, the enhancement of the HSD result
from 0.55 to 0.75 GeV can be traced back to pion-pion
annihilation which, however, gives only a small contribution
at the top RHIC energy. Our actual PHSD calculations show
some more dilepton yield in the !-mass regime as a result of the
broadened ! spectral function employed in the calculations.
In the free-! scenario, the results from HSD and PHSD are
identical within statistics, since the partonic channels give only
a small contribution in this mass range. The conclusion that
the dilepton spectrum at masses below 1 GeV is dominated by
the hadronic sources is also supported by the studies in other
available models [58,59].

E. Predictions for STAR and comparison to preliminary data

The PHSD calculations allow us to match with the different
experimental conditions and thus to provide a theoretical
link between the different measurements. To this extent, we
have provided the differential data tables for our theoretical
predictions on our web site [61] so that any acceptance cuts
and experimental mass and transverse momentum resolutions
can be applied.

The STAR Collaboration at RHIC has recently measured
dileptons from Au + Au collisions at

!
sNN = 200 GeV with

the acceptance following cuts on single electron transverse
momenta peT , single electron pseudorapidities #e, and the
dilepton pair rapidity y:

0.2 < peT < 5 GeV,
(2)

|#e| < 1, |y| < 1.

Our predictions for the dilepton yield within these cuts are
shown in Figs. 7 and 8 for 0%–80% centrality and in Figs. 9
and 10 for 0%–10% centrality. One can observe generally a
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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
!0, ", "", #, $, %, and a1 mesons, of the & particle, and
the semileptonic decays of the D and D̄ mesons, where the
collisional broadening of the $ 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 # ' $, qq̄ # ' $ + g, and qg #
' $q (q̄g # ' $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

Parton-Hadron String-Dynamics 
O. Linnyk et al., Phys. Rev. 
C 85 024910 (2012) 
H. Xu et al., Phys. Rev. C 85 
024906 (2012) 

Good in MB 

 
Overshoot IMR  
in central 

•  Agree with theoretical calculations 
(QGP+HG) of in-medium ρ broadening. 
Baryon density plays the essential role. Link to Chiral Symmetry Restoration! 



Di-electron v2 in Au+Au at 200 GeV 
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•  First measurements from STAR.  
•  Consistent with hadronic source v2 simulations 

and measurements. 
More data are coming. 

ChaZerjee et al., Phys Rev. C 75 (2007) 054909 

Combination of pT and Mll can set observational 
windows on specific stages of the expansion  



Di-electron at lower beam energies 
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•  Low mass enhancement persists from 200 
down to 19.6 GeV. 

•  Consistently describe top RHIC down to SPS 
energies. 
-  Expected to depend on total baryon density. 
 
Tool for looking chiral symmetry 
restoration! 



Heavy Flavor Tracker 
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3 PXL sectors were installed in year 2013 



Physics with HFT 
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Precise measurements of RAA and v2 for heavy flavor. 



Muon Telescope Detector 
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0.9mm 

Multi-gap Resistive Plate Chamber (MRPC):  
gas detector, avalanche mode 
 
A detector with long-MRPCs covers the 
whole iron bars and leave the gaps in- 
 between uncovered. Acceptance: 45% at 
 |η|<0.5 
 
118 modules, 1416 readout strips, 2832 readout 
channels 
 
Long-MRPC detector technology, electronics 
 same as used in STAR-TOF 
 
63% installed in 2013. 100% prior to 2014. 



Physics for MTD 
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•  Precise measurements of RAA and v2 for 
J/ψ. 

•  Different ϒ state measurements. 
•  e-µ correlation. 



HFT and MTD performance in 2013 
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HFT PXL 

MTD 

Single sensor resolution = 20 /√2 = 14 microns 
~ 12 microns resolution of designed goal. 

Successfully 
commissioned muon 
trigger in year 2013 
run! 



Summary 

■  Elliptic flow v2: 
–  Precise measurements of v2 provide constrains on QGP 

properties. 
–  U+U offers more initial condition information. 

■  Heavy flavor: 
–  Observed strong charm-medium interaction in central Au+Au 

collisions at 200 GeV. 
–  J/ψ stronger suppression in central Au+Au collisions, models 

suggest regeneration and color-screening effect. 
■  Di-electron measurement: 

–  Observed low mass enhancement from 200 to 19.6 GeV.  
–  Consistent with theoretical calculations including in-medium 

modifications of vector meson and thermal radiation. 
■  HFT and MTD will bring exciting results. 
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