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Achievements: 2017-19
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Ph.D. Theses: 21 (2017) 15 (2018), 9 (2019) 

New Institutions:  
Abilene Christian (USA), American University in Cairo (Egypt), Eotvos (Hungary), Fudan 
(China), Heidelberg (Germany), Huzhou (China), IISER Berhampuer (India), IIT Patna (India), 
IISER Tirupati (India), Rutgers (USA) 

     

2017 Secretary of Energy Achievement 
Award: 

STAR-BNL Group 
2017 Top 100 Science Stories - Discover 

Magazine: 
QGPs vorticity  

DoE Science Highlights: 
pion and (di)jet ALL, W AL, D0 flow,   
Λ polarization 

30

Local Support group 
spares no effort 
in supporting the 
facility

Thank you!

2017 DOE Secretary Achievement Award

Awards and Recognition 
Chinese Academy of Sciences: 

Yu-Gang Ma (SINAP) 
APS Fellows: 

Helen Caines (Yale), Grazyna Odyniec 
(LBNL), Ernst Sichtermann (LBNL) 

Humboldt Research Award: 
 Elke-Caroline Aschenauer (BNL)  

BNL Science and Technology Award: 
Elke-Caroline Aschenauer (BNL) 

DNP 2019 Thesis Award: 
Isaac Upsal (OSU) 

2019 DoE Certificate of Appreciation (iTPC): 
Flemming Videbaek 

2017&18 RHIC/AGS Thesis Awards: 
Zilong Chan (Texas A&M), Ting Lin 

(Indiana), Jan Rusnak (CTI),  
Prashanth Shanmuganathan (Kent State)
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Publication record
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2018:  17 papers published  3 PRL, 5 PLB, 4 PRC, 5 PRD - Record publication year! 
2019:  13 papers published/accepted  3 PRL, 3 PLB, 4 PRC, 3 PRD 

8 papers in journal review

5 papers in collaboration review

30 (22+8) active GPCs


Continued strong 
publication and presentation 

record across all Physics 
Working groups

>100 talks/posters 
presented so far this year 

19 talks - Quark Matter 19 
24 talks + 5 posters (CEU) 
- DNP conference
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STAR citations
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Citations (as per September 4, 2019)
• 29,805 citations
• 229 peer-reviewed scientific 

papers
• 2005 white paper: 2930
• average citations/paper: 130.2

Renowned and Famous Papers:  
2019: 11 + 20 
2018: 11 + 19 
2017: 11 + 14 
2016: 11 + 11 

Continued steady growth in citations



Recent 
Highlights

Science Trip  … discover the beauty, 
mystery, wildness and audacity of 

science.  
- Washington Post 

Aug 15 2019

“and then comes the pièce de résistance, a 
$600 million marvel of engineering buried 

in a looping dirt berm 2.4 miles long 

Behold the Relativistic Heavy Ion Collider.”
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Sea quark contribution to proton spin
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PRD 99 (2019) 051102

Significant press coverage - including 
science magazine

Significant preference for                                     over 0.05 < x < 0.25 at Q2= 10 (GeV/c)2

W± production access to flavored quark and anti-quark polarization


�ū(x,Q2) > �d̄(x,Q2)

Opposite to flavor asymmetry observed in spin-averaged quark-sea distributions

Completion of NSAC Milestone HP8:“Measure flavor-identified q and contributions to the spin of the 
proton via the longitudinal-spin asymmetry of W production”
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Probing gluon spin via inclusive jets and dijets
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PRD 100 (2019) 052005

Dijets: 

different topologies access different x 
regions

important new constraints on shape of 
∆g(x) 


ALL results sensitive of 0.015< x < 0.2


Inclusive jets: key new constraints on magnitude 
of gluon polarization


Region x <0.05 previously largely 
unconstrained by data in global 

analyses of polarized PDFs
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First direct observation of non-zero polarization 
at top RHIC energies

First observation of local quadrupole 
structure of polarization along beam 

direction

PRC 98 (2018) 014910

Strong centrality dependence 

No significant pT dependence 

5-7σ significance  

     - comparable to 7.7-39 GeV combined result 

Opposite trend to AMPT predictions 
- AMPT: X. Xia, H. Li, Z. Tang, Q. Wang, arXiv:1803.0086  

arXiv: 1905.11917 accepted PRL 

Λ polarization in Au-Au at 200 GeV



Helen Caines - S&T Review - Sept. 2019 

J/ψ production in pp and Au-Au
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arXiv:1904.11658, accepted PRL 

arXiv:1905.13669, accepted PLB 

Include MTD data 
from Run 13-16

pp differential cross-section 
reasonably reproduced by theory

ψ(2S)/J/ψ - no obvious collision 
energy dependence 


Significant excess at low 
pT in peripheral Au-Au and 
U+U collisions - Coherent 
photo-nucleus 
interactions? 

Increasing suppression 
with increasing centrality

- Consistent with:


- color screening at 
RHIC 


- Little to no cc 
recombination


arXiv:1905.06075, accepted PRD 

-
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Charm-medium interactions 
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PRC 99 (2019) 034908

HFT data :

 Greatly enhanced precision especially at low pT 

RCP: 
  Comparable to light hadrons for pT > 5 GeV/c 
     - charm quarks lose significant energy  
        traversing QGP 

D0 gain less radial collectivity than π, K, p 
Similar kinetic freeze-out as multi-strange particles

D0 collectively flowing with medium 
but freeze-out from system early 
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Partial thermalization of source
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PRC 99 (2019) 44918

No non-monotonic behavior observed as 
function of beam energy 

Theory calculations needed for lower √s 

 Evidence for only partial 
thermalization in peripheral events

Relative dynamical correlations scale as  
1/(Npart)1/2 for 200 and 2.76 TeV data 

  - particle production from uncorrelated 
sources 

Power-law scaling breaks for 7.7 GeV data

Boltzmann-Langevin model
S. Gavin, G. Moschelli, and C. Zin
Phys. Rev. C 95, 064901 (2017).

Partial thermalization
in more peripheral collisions

Eur. Phys. J. C 74, 3077 (2014)

Power law fit to 200 GeV Au+Au
of the form 22.32/ Npart

Eur. Phys. J. C 74, 3077 (2014)
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Constraining initial conditions
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3-particle mixed-harmonic correlations 

 Cm,n,m+1 = 〈cos(mφa+nφb−(m+n)φc)⟩    
                  m, n = 1−3 

Inform on 3-D structure of initial collision 
zone and its fluctuations 

PLB 790 (2019) 81
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FIG. 2. (color online) Dependence of mixed harmonic corre-
lators C1,2,3 and C2,2,4 on relative pseudorapidity. HIJING
calculations are shown to quantify short-range nonflow corre-
lations [60]. AMPT model [66] calculations from Ref [67] are
also compared to demonstrate the e↵ects of 3D initial geom-
etry and transport on three particle correlations.

to the symmetry of collision geometry.
As mentioned before, since C1,2,3 involves the first or-

der harmonic it may have contributions from nonflow
correlations such as global momentum conservation [35].
However, such contributions have been argued to be in-
dependent of �⌘ in leading order [35, 64, 65]. One, there-
fore, can not explain the strong variation of C1,2,3 with
|�⌘ac| even up to 2, which is strongest in the mid-central
events, to be only as an artifact of momentum conserva-
tion.

The HIJING model comparisons shown in Fig. 2
demonstrate that nonflow contributions due to mini-jets
can not explain data. On the other hand the AMPT
model [66] calculations from Ref. [67] that involves mo-
mentum conservation, mini-jets, as well as collectivity
due to multiphase transport, and three-dimensional ini-
tial state seem to provide a better description of the
�⌘ dependence of C1,2,3 above �⌘ > 0.5; at smaller
�⌘ < 0.5 AMPT under predicts the data.

In Fig. 2 (b) we present the �⌘ dependence of C2,2,4.
We find much weaker �⌘ dependence for C2,2,4 than for
C1,2,3; while C1,2,3 changes sign, C2,2,4 only varies by
20% over the range of our measurements. This is not
surprising since the second harmonic event plane domi-
nates C2,2,4. The dependence of C2,2,4 is also stronger
for |�⌘ac| than it is for |�⌘ab|. Once again, the HIJING

predictions (not shown in this figure) are much smaller
and consistent with zero. The AMPT predictions from
Ref [67] do a very good job in describing the magnitude of
the correlation, it however, seem to slightly under predict
the slope of the �⌘ dependence.
We find that all the correlators exhibit a significant �⌘

dependence except C2,2,4 and C2,3,5 which vary by only
20% [26]. The variation of Cm,n,m+n with �⌘ makes
it di�cult to compare the data to models that assume
a longitudinally invariant two-dimensional (boost invari-
ant) initial geometry. Until those simplifying assump-
tions are relaxed, C2,2,4 and C2,3,5 having the smallest
relative variation on �⌘ provide the best opportunity
for comparison of �⌘-integrated quantities with hydro-
dynamic models.
In Fig. 3 we show centrality dependence of �⌘-

integrated Cm,n,m+n. We multiply the quantity
Cm,n,m+n by N2

part to account for the natural dilu-
tion of correlations expected from superpositions of
independent sources. We find that HIJING model
predicts a magnitude of three-particle correlations
that is consistent with zero for all harmonics. We
also estimate the expectations for Cm,n,m+n ⇡
h"m"n"m+n cos(m�m + n�n � (m+ n)�m+n)i from
purely initial state geometry using a Monte-Carlo
Glauber model [68]. We find that the Glauber
model predicts negative values for all combinations
of Cm,n,m+n [69]. Since only a fraction of the initial
state geometry is converted to final state anisotropy,
i.e., vn . 0.1 ⇥ "n [44], one therefore expects
hvmvnvm+n cos(m m + n n � (m+ n) m+n)i .
10�3 ⇥ h"m"n"m+n cos(m�m + n�n � (m+ n)�m+n)i,
we therefore scale the Glauber model calculations by
factors of ⇠ 10�3�10�4 to make a consistent data to
model comparison [44].
We compare our results with three di↵erent boost-

invariant hydrodynamic model calculations that have
been constrained by the global data on azimuthal cor-
relations available so far at RHIC and the LHC. The
models include : 1) 2+1 dimensional hydrodynamic sim-
ulations with ⌘/s = 1/4⇡ with MC-Glauber initial con-
ditions by Teaney and Yan [37, 45], 2) hydrodynamic
simulations MUSIC with boost invariant IP-Glasma ini-
tial conditions [70, 71] that include a constant ⌘/s = 0.06
and a temperature dependent bulk viscosity ⇣/s (T ) [72]
and UrQMD afterburner [73], 3) the perturbative-
QCD+saturation+hydro based “EKRT” model [51] that
uses two di↵erent parameterizations of the viscosity with
constant ⌘/s = 0.2 and temperature dependent ⌘/s (T )
with a minimum of (⌘/s (T ))min = 1.5/4⇡ at a corre-
sponding transition temperature between a QGP and
hadronic phase of Tc = 150 MeV and 4) viscous hy-
drodynamic model v-USPhydro [74, 75] with event-by-
event TRENTO initial conditions [76] tuned to IP-
Glasma [70], that uses ⌘/s = 0.05, a freeze-out temper-
ature of TFO = 150 MeV [77] and the most recent 2+1

Constrain T-dependence of 
transport coefficients

𝛥η dependence - longitudinal invariance broken?                          

Boost-invariant hydrodynamic 
models constrained by global 
data 

None good match to all data 
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Constraining system size dependence
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PRL 122 172301 (2019): First Run-15 publication 

v2 system dependent 
    - for fixed Nch strong dependence of ε2 on system  

Different species —> Differing 
initial state effects and transport 

coefficients 

ln(v2/ε2) scales with Nch-1/3  independent of system

10

Small and Large Systems at RHIC top energy

STAR, Phys. Rev. Lett. 122 (2019) 172301

U + U Au + Au Cu + Au Cu + Cu d + Au p + Au

Different colliding species à initial state effects and transport coefficients.  

- Azimuthal anisotropy is system-dependent.
- Scale by system size after dividing by eccentricity
- Similar behavior for d+Au in BES after non-flow correction (model).

First publication from run 15

Azimuthal harmonics in large & small systems 
6
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Fig. 3. Comparison of the ⟨Nch⟩ dependence of veven1 (a), v3 (b) and v2 (c) for all collision systems for the pT selections
indicated. The ⟨Nch⟩ values for p+Au and d+Au correspond to ∼ 0-20% central collisions. The inset in (a) compares the
extracted values of K vs. ⟨Nch⟩−1 for each system; the dashed line is drawn to guide the eye.
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Fig. 4. v2/ε2 vs. ⟨Nch⟩−1/3 for U+U, Au+Au, Cu+Au,
Cu+Cu, d+Au and p+Au collisions as indicated. The open
boxes indicate systematic uncertainties. The v2 data is the
same as in Fig. 3(c). The dotted line represents an exponen-
tial fit to the data with Eq. 4. The inset shows the respective
ratios of the slopes extracted for each system relative to the
slope extracted from a fit to the combined data sets (⟨Slope⟩
= 8.2 × 10−1 ± 0.02).

and 2(i). Here, the sizable uncertainties for the p+Au
and d+Au data points for ⟨Nch⟩ ∼ 21 reflect the system-
atic uncertainty estimates for residual non-flow contribu-
tions which are smaller for these pT-integrated measure-
ments. The striking system-dependent patterns shown in
Fig. 3(c) can be attributed to the strong dependence of
ε2 on system size for a fixed value of ⟨Nch⟩. This shape
dependence, which weakens for low ⟨Nch⟩, is confirmed
via the plot of v2/ε2 vs. ⟨Nch⟩−1/3 shown in Fig. 4. A
similar plot, reflecting the n2 dependence of viscous at-
tenuation [35, 36], was obtained for v3/ε3 vs. ⟨Nch⟩−1/3.
The inset in Fig. 4 indicates a marked similarity between
the slopes of the eccentricity-scaled v2 for U+U, Au+Au,
Cu+Au and Cu+Cu collisions. The eccentricity-scaled
results for d+Au and p+Au also follow the data trend
for these heavier collision species with larger systematic
uncertainty. Hydrodynamic simulations for Au+Au col-
lisions [60] exhibit similar scaling trends within the same
range of ⟨Nch⟩.
In summary, we have used the two-particle correlation

method to carry out a comprehensive set of measure-
ments of veven1 , v2, and v3 as a function of pT and ⟨Nch⟩ in

U+U (
√
s
NN

= 193 GeV) and Au+Au, Cu+Au, Cu+Cu,
d+Au, and p+Au collisions at

√
s
NN

= 200 GeV. The
detailed comparisons of the measurements highlight the
sensitivity of vn to the magnitude of the initial-state ec-
centricity, system size and the final-state interactions in
the expanding matter. The wealth of the A+A measure-
ments lead to data collapse of ln(vn/εn) vs. ⟨Nch⟩−1/3

onto a single curve. Similarly scaled results for d+Au and
p+Au (for ⟨Nch⟩ ∼ 21) are also observed with larger un-
certainty. The combined measurements and their scaling
properties provide a new set of constraints which could
prove invaluable for the interpretation of collectivity in
small systems and for detailed theoretical extraction of
the temperature-dependent η

s .
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slope extracted from a fit to the combined data sets (⟨Slope⟩
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and 2(i). Here, the sizable uncertainties for the p+Au
and d+Au data points for ⟨Nch⟩ ∼ 21 reflect the system-
atic uncertainty estimates for residual non-flow contribu-
tions which are smaller for these pT-integrated measure-
ments. The striking system-dependent patterns shown in
Fig. 3(c) can be attributed to the strong dependence of
ε2 on system size for a fixed value of ⟨Nch⟩. This shape
dependence, which weakens for low ⟨Nch⟩, is confirmed
via the plot of v2/ε2 vs. ⟨Nch⟩−1/3 shown in Fig. 4. A
similar plot, reflecting the n2 dependence of viscous at-
tenuation [35, 36], was obtained for v3/ε3 vs. ⟨Nch⟩−1/3.
The inset in Fig. 4 indicates a marked similarity between
the slopes of the eccentricity-scaled v2 for U+U, Au+Au,
Cu+Au and Cu+Cu collisions. The eccentricity-scaled
results for d+Au and p+Au also follow the data trend
for these heavier collision species with larger systematic
uncertainty. Hydrodynamic simulations for Au+Au col-
lisions [60] exhibit similar scaling trends within the same
range of ⟨Nch⟩.
In summary, we have used the two-particle correlation

method to carry out a comprehensive set of measure-
ments of veven1 , v2, and v3 as a function of pT and ⟨Nch⟩ in

U+U (
√
s
NN

= 193 GeV) and Au+Au, Cu+Au, Cu+Cu,
d+Au, and p+Au collisions at

√
s
NN

= 200 GeV. The
detailed comparisons of the measurements highlight the
sensitivity of vn to the magnitude of the initial-state ec-
centricity, system size and the final-state interactions in
the expanding matter. The wealth of the A+A measure-
ments lead to data collapse of ln(vn/εn) vs. ⟨Nch⟩−1/3

onto a single curve. Similarly scaled results for d+Au and
p+Au (for ⟨Nch⟩ ∼ 21) are also observed with larger un-
certainty. The combined measurements and their scaling
properties provide a new set of constraints which could
prove invaluable for the interpretation of collectivity in
small systems and for detailed theoretical extraction of
the temperature-dependent η

s .
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Constraining hadron production models
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PRC 100 (2019) 14902

Correlated production of two different conserved 
charges, crucial tests for hadronic models

Baryon-strangeness correlations 

Cp,k,  = off-diagonal cumulants/diagonal cumulants 
(Remove trivial volume dependence) 

HRG considerations 
Λ(1520)→p+K  
         increases net-proton, decreases net-kaon 
          —> anti-correlation  
          —> negative Cp,k at lower energies 

Data - negative at high beam energies 
         - positive at low beam energies 

UrQMD and HRG:  
           - positive, or consistent with 0, for all beam 
energies 

Production from  QGP and hadronic 
phases not well modeled
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Nucleon freeze-out volume
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PRC 99 (2019) 64905

20 < √sNN  < 40 GeV :

                           B2 : anti-deuterons < deuterons 

Correlation volume : anti-deuterons > deuterons

Broad minimum: implications for 
change in equation of state?

2017/1/30 3

Light Nuclei
� Light (anti)nuclei with small binding energy, such as ! and !̅ (# = 2.2

MeV) are formed through final-state coalescence.
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� In thermodynamic with chemical and thermal equilibrium, *& is related to 
the nucleon freeze-out correlation volume or baryon density,

*& ∝ 345.&, *6 =
68'9-+:;
:+634
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� Light nuclei may serve as probes of space-momentum density and
correlation of nucleons at freeze-out. 
László P. Csernai, Joseph I. Kapusta Phys. Reps, 131,223(1986)
B. Monreal and et. al. PRC60,031901(1999),PRC60,051902(1999)
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� Light nuclei may serve as probes of space-momentum density and
correlation of nucleons at freeze-out. 
László P. Csernai, Joseph I. Kapusta Phys. Reps, 131,223(1986)
B. Monreal and et. al. PRC60,031901(1999),PRC60,051902(1999)

QM2017

Light nuclei: final state coalescence 
Invariant yield nuclei ∝ invariant yield nucleons

BA  

Reflects probability of nucleon 
coalescence 

Related to local nucleon density

B2 / Veff
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Evidence for bound proton-Ω states
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PLB 790 (2019) 490

Ratio of peripheral/central 
collisions: 

 Sensitive to presence of a 
nucleon-Ω bound state 

 Less sensitive to Coulomb 
interaction 

k* < 40 MeV/c:   

Data < 1   
Background = 1 

Best agreement with expanding 
source and interaction potential 
VIII 

Slight favoring for bound system with a binding energy of ~27 MeV

7

action potentials VI , VII and VIII for the 0-40% Au+Au
collisions as shown in Figure 3(a). However, due to lim-
ited statistics at lower k⇤, strong enhancement due to
Coulomb interaction is not visible in the 40-80% Au+Au
collisions in Figure 3(b).

Spin-2 p⌦ potentials VI VII VIII

Eb (MeV) - 6.3 26.9

a0 (fm) -1.12 5.79 1.29

re↵ (fm) 1.16 0.96 0.65

TABLE II. Binding energy (Eb), scattering length (a0) and
e↵ective range (re↵ ) for the Spin-2 proton-⌦ potentials [22].

The measured proton-⌦ and antiproton-⌦̄ correlation
function includes three e↵ects coming from the elastic
scattering in the 5S2 channel, the strong absorption in
the 3S1 channel and the long-range Coulomb interac-
tions. The Coulomb interaction between the positively
charged proton and negatively charged ⌦ introduces a
strong enhancement in the correlation function at small
k⇤, as seen in Figure 3. One can remove the Coulomb
enhancement using a Gamow correction, however, this
simple correction is not good enough to extract the char-
acteristic feature of correlation function from strong in-
teraction. A full correction with source-size dependence
is needed to isolate the e↵ect of strong interaction from
Coulomb enhancement. Therefore the ratio of correla-
tion function between small and large collision systems,
is proposed in [22] as a model-independent way to access
the strong interaction with less contamination from the
Coulomb interaction.

The ratio of combined proton-⌦ and antiproton-⌦̄ cor-
relation function from peripheral (40-80%) to central (0-
40%) collisions, defined as R = C40�80/C0�40, for proton-
⌦ and antiproton-⌦̄ (P⌦+P̄ ⌦̄) is shown in Figure 4. The
systematic uncertainties are propagated from the mea-
sured correlation functions for 0-40% and 40-80% cen-
trality and are shown as caps. For the background study,
the candidates from the side-bands of ⌦ invariant mass
were combined with protons to construct the correlation
function. The same ratio, R, for the background is unity
and is shown as open crosses in Figure 4. Previous mea-
surements of source size for ⇡-⇡, K0

S-K
0
S , proton-proton

and proton-⇤ correlations show that the source size de-
creases as the transverse mass increases [21, 38–41]. Us-
ing this transverse mass dependence [41], the expected
source size for proton-⌦ is 2-3 fm for peripheral collisions
and 3-5 fm for central collisions. The predictions for the
ratio of small system to large system from Refs. [22, 42]
for proton-⌦ interaction potentials VI , VII and VIII for
static source with di↵erent source sizes (S,L) = (2,3),
(2,4), (2.5, 5) and (3,5) fm, where S and L correspond to
small and large collision sytem, are shown in Figure 4(a-
d). A small variation in the source size does not change
the characteristic of the ratio for the choice of three po-
tentials.

Predictions for the ratio of small to large system with
the e↵ects of collective expansion are also shown in the
Figure 4(e) [22]. The transverse source sizes are taken as
Rtr

p = Rtr
⌦ = 2.5 fm for small system and Rtr

p = Rtr
⌦ =

5 fm for large system. The temperature at the thermal
freeze-out is Tp,⌦ = 164 MeV for peripheral collisions and
Tp,⌦ = 120 MeV for the central collisions [43, 44] and the
proper-time at the thermal freeze-out is ⌧p(⌧⌦) = 3(2)
fm/c for the peripheral collisions and ⌧p(⌧⌦) = 20(10)
fm/c for the central collisions [45].
The predictions with expanding source for the proton-

⌦ interaction potentials VI and VII are 3� larger than the
data at k⇤ = 20 MeV/c. The prediction for the proton-
⌦ interaction potential VIII with expanding source and
static source are within 1� of the data at k⇤ = 20 MeV/c.
As shown in Figure 4, the measured ratios at k⇤ =20 and
60 MeV/c are R= 0.28± 0.35stat ± 0.03sys (background
= 0.96±0.13stat) and R= 0.81±0.22stat±0.08sys (back-
ground = 0.97±0.05stat), respectively. Comparing these
values with the model calculations shown in Figure 5(b)
of the Ref. [22], where a bound state with Eb ⇠27 MeV
for the proton-⌦ system is assumed in calculation, we
conclude that our data favor a positive scattering length
for the proton-⌦ interactions. The positive scattering
length and the measured ratio of proton-⌦ correlation
function from peripheral to central collisions less than
unity for k⇤ < 40 MeV/c favors the proton-⌦ interaction
potential VIII with Eb ⇠27 MeV for proton and ⌦.

CONCLUSIONS

The first measurement of the proton-⌦ correlation
function in heavy-ion collisions for Au+Au collisions atp
sNN =200 GeV is presented in this Letter. The mea-

sured ratio of proton-⌦ correlation function from pe-
ripheral to central collisions is compared with the pre-
dictions based on proton-⌦ interaction extracted from
(2+1)-flavor lattice QCD simulations. At present, due
to limited statistics, it is not possible to extract the in-
teraction parameters. However the measured ratio of
proton-⌦ correlation function from peripheral to central
collisions less than unity for k⇤ < 40 MeV/c within 1�
indicates that the scattering length is positive for the
proton-⌦ interaction and favors the proton-⌦ bound state
hypothesis.
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Publications coming soon
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Submitted papers: 
Beam-energy dependence of identified two-particle angular correlations in Au+Au collisions  

Charge-dependent pair correlations relative to a third particle in p+Au and d+Au collisions at 
RHIC  

Observation of D0 directed flow in 200 GeV Au+Au collisions at RHIC 

Measurement of jet correlation devoid of flow background in Au+Au collisions at 200 GeV 

Bulk properties of the system formed in Au+Au collisions at √sNN =14.5 GeV using the STAR 
detector at RHIC  

Strange hadron production in Au+Au collisions at √sNN =7.7, 11.5, 19.6, 27 and 39 GeV 

Precise measurement of mass difference and binding energy B𝚲of hypertriton and anti-hypertriton  

Measurements of dielectron production in Au+Au collisions at √sNN =27, 39 and 62.4 GeV from the 
STAR experiment

Papers aiming for submission by QM: 
CME studies in p+A 

Probing EM field with di-leptons 

First FXT results 

Net-proton fluctuations 

Inclusive jet RAA 

ΛC production 

Underlying event in pp 

Splitting functions in pp 
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Blind Analysis Plan and Status
Analysis Blinding Committee recommendation: https://drupal.star.bnl.gov/STAR/starnotes/private/psn0683
• A draft of the recommendation is written for submission to the arXiv
Initial steps: “Mock data challenge” Sanity-check of feasibility and implementation

• Au+Au 27 GeV data produced and analyzed in same way as blind isobar analysis
Step-1: Provided output files composed of events from a mix of the isobar species
• Production and analysis Q/A underway

Step-2: Provide files that obscure true runnumber but do not mix events across different runs
• Only allow run-by-run corrections and code alteration directly resulting from these corrections
Full un-blinding

1

Run-by-Run QA (Primary Track variables)

-0.005

 0

 0.005

 0.01

 0.015

 0.02

      0       1       2       3       4       5       6       7       8

Au+Au 27 GeV (0.0067152±5.0σ band)

〈 
η

  
〉

RunId

 0.547

 0.548

 0.549

 0.55

 0.551

 0.552

 0.553

 0.554

 0.555

      0       1       2       3       4       5       6       7       8

Au+Au 27 GeV (0.551431±5.0σ band)

〈 
p

T
 〉

 [
G

e
V

]

RunId

Prithwish Tribedy 27 GeV Run 18 QA 23/1

Mock data: Step-1

Run-by-Run QA (Primary Track variables)

-0.02

-0.015

-0.01

-0.005

 0

 0.005

 0.01

 0.015

 0.02

      0       2       4       6       8      10

Au+Au 27 GeV (-0.00048±5.0σ band)

〈 
η

  〉

RunId

 0.545

 0.55

 0.555

 0.56

 0.565

 0.57

      0       2       4       6       8      10

Au+Au 27 GeV (0.56±5.0σ band)

〈 
p

T
 〉

 [
G

e
V

]

RunId

Prithwish Tribedy 27GeV QA 11/24

Mock data: Step-2

Run-by-Run QA (Primary Track variables)

-0.01

-0.005

 0

 0.005

 0.01

 0.015

 0.02

 0.025

      0       1       2       3       4       5       6       7       8

Au+Au 27 GeV (0.00728916±5.0σ band)

〈 
η

  〉

RunId

 0.546

 0.548

 0.55

 0.552

 0.554

 0.556

      0       1       2       3       4       5       6       7       8

Au+Au 27 GeV (0.551798±5.0σ band)

〈 
p

T
 〉

 [
G

e
V

]

RunId

Prithwish Tribedy 27 GeV Run 18 QA 22/33

Mock data: Un-blindRun-by-Run QA (Primary Track variables)

 0.0065

 0.007

 0.0075

 0.008

 0.0085

 0.009

      0       1       2       3       4       5       6       7

Isobar-Mixed 200 GeV (0.00779327±7.5σ band)

〈 
η

  〉

RunId

84
01

84
05

84
11

85
06

85
09

85
12

 0.5674
 0.5676
 0.5678
 0.568

 0.5682
 0.5684
 0.5686
 0.5688
 0.569

 0.5692

      0       1       2       3       4       5       6       7

Isobar-Mixed 200 GeV (0.568289±7.5σ band)

〈 
p

T
 〉

 [
G

e
V

]

RunId

84
01

84
05

84
11

85
06

85
09

85
12

Fudan-BNL blind analysis Isobar-Mixed QA 13/30

Helen Caines - S&T Review - Sept. 2019 

Isobar CME analyses
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Ru+Ru 10% larger B-field but otherwise similar conditions as for Zr+Zr
3.1B events each for Isobar

GPC already formed to allow rapid publication of final results



Commissioning with cosmic rays was very successful: 
new detectors are ready

TPC eTOF

TPC
EPD – East versus West

TPCTPC:

iTPC fully
integrated and 
working well

TPC outer
electronics all
removed and
replaced and
working better
than usual

Very uniform 
acceptance ➔
no holes.

eTOF:

Most channels  
are working, 
still some 
improvements 
likely.

EPD:

Commissioned in 
2018.

Now the primary
trigger detector.

Important to
classify triggers.

Good
Bad

Run-19 
BES-II 
begins
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Run 19 - Overall went very well 
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Took  
19.6 - 580 M “good” minbias  
14.6 - 324 M “good” minbias 
200  - 138 M “good” minbias  
9.2   - 1.0 M  “good” minbias  
7.7   - 2.9 M  “good” minbias 
FXT: 
31.2 - 51 M “good” minbias  
7.3   - 42 M “good” minbias  
4.59 - 201 M “good” minbias  
3.85 - 3.7 M “good” minbias 
(+300M in Run-18) 

Goal

19.6 
Ended April 4th

14.6 
Ended June 3rd
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Continuous data QA 
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T. Niida, Mar.14/2019 5

- Very stable event activity
- periodically lower values in day75-76

which correspond to runs in the beginning of fill 
(just after injection run)

- RunLog for run20076022
“Beam condition seams suboptimal.
Huge peak in RS7 (see attached file).”

T. Niida, Mar.14/2019 6

<-day72-74->

- Acceptance change around day72-74?
- partly due to iTPC RDO out, and 

perhaps the rest due to <vz> shift?

Data QA occurs: On shift while data being taken, via fast offline reconstruction 
QA shift, HLT monitoring and weekly meeting of detector and PWG experts

2 plots from a weekly QA meeting  

iTPC RDO out

Runs immediately after injection

Issues rapidly identified, fast feedback to C-AD and/or shift crew
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Figure 50: (Left) Correlation between  1,East vs.  1,West as measured by the EPD in semi-central
Au+Au collisions at p

sNN = 27 GeV. (Right) The event plane resolution in the same data for the
BBC inner tiles in blue, the EPD inner tiles in green and the entire EPD in red. The first two
centrality bins are roughly 0-5% and 5-10%, the other bins have a width of 10% in centrality.

3.3 Endcap Time-of-Flight Detector
The addition of an endcap Time-of-Flight (eTOF) detector to STAR strengthens the physics
potential of the experiment during the BES-II experimental campaign [148]. The eTOF
detector crucially complements the particle identification capabilities at forward-to-mid ra-
pidities for the collider and fixed target programs. eTOF is a joint project between the STAR
collaboration and institutions from the CBM collaboration: University of Heidelberg, Tech-
nical University of Darmstadt, GSI-Helmholtz Center for Heavy-Ion Research, Tsinghua,
Central China Normal University, and University of Science and Technology of China. This
synergy project is a part of the so-called FAIR Phase-0 program and provides CBM with
important operational experience via a large-scale integration test of the future CBM TOF.

The eTOF wall contains two types of Multi-gap Resistive Plate Chambers (MRPCs) [164]:
(i) 36 high rate capability counters (MRPC3a) with 0.7 mm thick low resistive glass as elec-
trode material were produced at Nuctech in Beijing; (ii) 72 counters (MRPC3b) with normal
float glass at a thickness of 0.28 mm as electrode material were produced at USTC/Hefei [165].
Both counter types are full size prototypes for the CBM TOF. Most of them were tested and
delivered to Heidelberg University where integration into modules took place. Each module
consists of 3 MRPCs with a 32 strip segmented readout electrode. Each strip is read out
from both sides (to achieve a position resolution below 5 mm along the strip), thus a total
of 6912 readout channels build up the eTOF wheel. The module production was finished
in August 2018, all modules were extensively tested using a cosmic setup (installed at Hei-
delberg University) prior to shipping to BNL. The eTOF was installed at the East end of
STAR in the small gap between the poletip and the TPC; behind its readout electronics.
The modules are arranged in 12 sectors matching those of the TPC. The installation of the
eTOF was completed in November 2018.
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Event Plane Performance
1st order Event Plane Resolution 
→ Significant improvement across all centrality

6/7/19 Daniel Brandenburg | BNL 16

Added coverage from EPD
→ Allows measurement of <$ over ~10 units of "!

All tiles operational for Run-18 and Run-19 : 2.1 < |η| < 5.1 

Run-19: Main trigger detector 
             Greater acceptance than VPD or ZDC 
             Better timing resolution than BBC (0.75 ns)

EPD: Enhanced event plane resolution

Event plane (and centrality) outside of iTPC acceptance

�22EPD data in 3 QM physics talks



Helen Caines - S&T Review - Sept. 2019 

iTPC: Enhanced acceptance

�23

Successfully integrated into data-taking since day 1 of  Run-19 

Passed DoE close-out review
All KPP and UPPs met or passed

Increased pseudorapidity coverage Improved dE/dx resolution

Demonstrated improvement:

6.9% 8%8%

(Plots normalized)
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ETOF Performance in 2019 Running 
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Figure 55: (Left) The inverse velocity vs momentum of matched TPC tracks to eTOF hits from
a fixed target test run. (Right) Transverse momentum versus rapidity distribution of identified
protons in the Au+Au 14.6 GeV run. The red curves indicate the extension of coverage enabled by
the eTOF upgrade.

3.4 Forward Detector Upgrades
As described in Sect. 1.2 and 2.2 recent STAR efforts using the FMS and a pre- and post-
shower detector upgrade from data taken during 2015-2017 have demonstrated the existence
of outstanding QCD physics opportunities in the forward region. However, superior de-
tection capability for neutral pions, photons, electrons, jets and leading hadrons covering
a region of 2.5 < ⌘ < 4.5 are required. Therefore we have proposed a forward detector
system, realized by combining tracking with electromagnetic and hadronic calorimeters for
the years beyond 2020. The design of the Forward Calorimeter System (FCS) is driven by
consideration of detector performance, integration into STAR and cost optimization. The
refurbished PHENIX sampling ECal is used and the hadronic calorimeter will be a sand-
wich iron scintillator plate sampling type, based on the extensive STAR Forward Upgrade
and EIC Calorimeter Consortium R&D and will utilize STAR’s existing Forward Preshower
Detector. Both calorimeters share the same cost-effective readout electronics, with SiPMs
as photo-sensors. This FCS system will have very good (⇠ 10%/

p
E) electromagnetic and

(⇠ 50%/
p
E + 10%) hadronic energy resolutions. Integration into STAR requires minimal

modification of existing infrastructure. In addition, a Forward Tracking System (FTS) is
proposed. The FTS must be capable of discriminating hadron charge sign for transverse
asymmetry and Drell-Yan measurements in p+A. In heavy ion collisions, measurements of
charged particle transverse momenta of 0.2 < pT < 2 GeV/c with 20-30% momentum res-
olution are required. To keep multiple scattering and photon conversion background under
control, the material budget of the FTS must be small. Hence, the FTS design is based on
three Silicon mini-strip detectors that consists of disks with a wedge-shaped design to cover
the full azimuth and 2.5 < ⌘ < 4.0; they are read out radially from the outside to minimize
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Figure 55: (Left) The inverse velocity vs momentum of matched TPC tracks to eTOF hits from
a fixed target test run. (Right) Transverse momentum versus rapidity distribution of identified
protons in the Au+Au 14.6 GeV run. The red curves indicate the extension of coverage enabled by
the eTOF upgrade.

3.4 Forward Detector Upgrades
As described in Sect. 1.2 and 2.2 recent STAR efforts using the FMS and a pre- and post-
shower detector upgrade from data taken during 2015-2017 have demonstrated the existence
of outstanding QCD physics opportunities in the forward region. However, superior de-
tection capability for neutral pions, photons, electrons, jets and leading hadrons covering
a region of 2.5 < ⌘ < 4.5 are required. Therefore we have proposed a forward detector
system, realized by combining tracking with electromagnetic and hadronic calorimeters for
the years beyond 2020. The design of the Forward Calorimeter System (FCS) is driven by
consideration of detector performance, integration into STAR and cost optimization. The
refurbished PHENIX sampling ECal is used and the hadronic calorimeter will be a sand-
wich iron scintillator plate sampling type, based on the extensive STAR Forward Upgrade
and EIC Calorimeter Consortium R&D and will utilize STAR’s existing Forward Preshower
Detector. Both calorimeters share the same cost-effective readout electronics, with SiPMs
as photo-sensors. This FCS system will have very good (⇠ 10%/

p
E) electromagnetic and

(⇠ 50%/
p
E + 10%) hadronic energy resolutions. Integration into STAR requires minimal

modification of existing infrastructure. In addition, a Forward Tracking System (FTS) is
proposed. The FTS must be capable of discriminating hadron charge sign for transverse
asymmetry and Drell-Yan measurements in p+A. In heavy ion collisions, measurements of
charged particle transverse momenta of 0.2 < pT < 2 GeV/c with 20-30% momentum res-
olution are required. To keep multiple scattering and photon conversion background under
control, the material budget of the FTS must be small. Hence, the FTS design is based on
three Silicon mini-strip detectors that consists of disks with a wedge-shaped design to cover
the full azimuth and 2.5 < ⌘ < 4.0; they are read out radially from the outside to minimize
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Region in red lines shows extended 
coverage added by eTOF for 

identified protons

Identified Protons : Au+Au 14.6 GeV Particle Identification : Fixed Target test run

Achieved expected time resolution →
particle bands are clearly distinguished over 

large momentum range

ETOF Performance in 2019 Running 
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Figure 55: (Left) The inverse velocity vs momentum of matched TPC tracks to eTOF hits from
a fixed target test run. (Right) Transverse momentum versus rapidity distribution of identified
protons in the Au+Au 14.6 GeV run. The red curves indicate the extension of coverage enabled by
the eTOF upgrade.

3.4 Forward Detector Upgrades
As described in Sect. 1.2 and 2.2 recent STAR efforts using the FMS and a pre- and post-
shower detector upgrade from data taken during 2015-2017 have demonstrated the existence
of outstanding QCD physics opportunities in the forward region. However, superior de-
tection capability for neutral pions, photons, electrons, jets and leading hadrons covering
a region of 2.5 < ⌘ < 4.5 are required. Therefore we have proposed a forward detector
system, realized by combining tracking with electromagnetic and hadronic calorimeters for
the years beyond 2020. The design of the Forward Calorimeter System (FCS) is driven by
consideration of detector performance, integration into STAR and cost optimization. The
refurbished PHENIX sampling ECal is used and the hadronic calorimeter will be a sand-
wich iron scintillator plate sampling type, based on the extensive STAR Forward Upgrade
and EIC Calorimeter Consortium R&D and will utilize STAR’s existing Forward Preshower
Detector. Both calorimeters share the same cost-effective readout electronics, with SiPMs
as photo-sensors. This FCS system will have very good (⇠ 10%/

p
E) electromagnetic and

(⇠ 50%/
p
E + 10%) hadronic energy resolutions. Integration into STAR requires minimal

modification of existing infrastructure. In addition, a Forward Tracking System (FTS) is
proposed. The FTS must be capable of discriminating hadron charge sign for transverse
asymmetry and Drell-Yan measurements in p+A. In heavy ion collisions, measurements of
charged particle transverse momenta of 0.2 < pT < 2 GeV/c with 20-30% momentum res-
olution are required. To keep multiple scattering and photon conversion background under
control, the material budget of the FTS must be small. Hence, the FTS design is based on
three Silicon mini-strip detectors that consists of disks with a wedge-shaped design to cover
the full azimuth and 2.5 < ⌘ < 4.0; they are read out radially from the outside to minimize
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Figure 55: (Left) The inverse velocity vs momentum of matched TPC tracks to eTOF hits from
a fixed target test run. (Right) Transverse momentum versus rapidity distribution of identified
protons in the Au+Au 14.6 GeV run. The red curves indicate the extension of coverage enabled by
the eTOF upgrade.

3.4 Forward Detector Upgrades
As described in Sect. 1.2 and 2.2 recent STAR efforts using the FMS and a pre- and post-
shower detector upgrade from data taken during 2015-2017 have demonstrated the existence
of outstanding QCD physics opportunities in the forward region. However, superior de-
tection capability for neutral pions, photons, electrons, jets and leading hadrons covering
a region of 2.5 < ⌘ < 4.5 are required. Therefore we have proposed a forward detector
system, realized by combining tracking with electromagnetic and hadronic calorimeters for
the years beyond 2020. The design of the Forward Calorimeter System (FCS) is driven by
consideration of detector performance, integration into STAR and cost optimization. The
refurbished PHENIX sampling ECal is used and the hadronic calorimeter will be a sand-
wich iron scintillator plate sampling type, based on the extensive STAR Forward Upgrade
and EIC Calorimeter Consortium R&D and will utilize STAR’s existing Forward Preshower
Detector. Both calorimeters share the same cost-effective readout electronics, with SiPMs
as photo-sensors. This FCS system will have very good (⇠ 10%/

p
E) electromagnetic and

(⇠ 50%/
p
E + 10%) hadronic energy resolutions. Integration into STAR requires minimal

modification of existing infrastructure. In addition, a Forward Tracking System (FTS) is
proposed. The FTS must be capable of discriminating hadron charge sign for transverse
asymmetry and Drell-Yan measurements in p+A. In heavy ion collisions, measurements of
charged particle transverse momenta of 0.2 < pT < 2 GeV/c with 20-30% momentum res-
olution are required. To keep multiple scattering and photon conversion background under
control, the material budget of the FTS must be small. Hence, the FTS design is based on
three Silicon mini-strip detectors that consists of disks with a wedge-shaped design to cover
the full azimuth and 2.5 < ⌘ < 4.0; they are read out radially from the outside to minimize
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Region in red lines shows extended 
coverage added by eTOF for 

identified protons

Identified Protons : Au+Au 14.6 GeV Particle Identification : Fixed Target test run

Achieved expected time resolution →
particle bands are clearly distinguished over 

large momentum range

eTOF: Enhanced PID

Run-19 
Initially: Channels 100% working 
              Good timing resolution (80ps) 
              Clear PID bands 
              Extended coverage
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Enhancing stability of long term operation: 

Occurrence and handling of noisy channels - Gas mixture changed 
and improved channel masking 

Intermittent failure of GBTx boards configuring  - Improvements of 
eTOF/DAQ code   

Clock jumps in data occur - Improvement to clock distribution, 
offline handing of eTOF timing

System started to lose performance  
Loss of ~50% of readout channels (PADI) - beam related events

Joint FAIR Phase-0 CBM / STAR project

Experience from Run-18 commissioning 
 - Real operating conditions 
 - Integration into STAR/collider mode 
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eTOF: Beam loss induced damage 

�25

Loss of yellow beam causes instantaneous high current in readout electrode 
and power supply in turn caused HV trip  

More damaged channels on USTC counters than Tsinghua counters 
-  due to larger E-field energy (~30% more at operating voltage) 

- Threshold behavior in channel destruction 
   - Distinct pattern of damaged channels is visible on USTC counters 
   - Not all beam loss events caused damage

Hypothesis:  beam loss events → high flux of particles → induced high current in 
very short time in readout electrodes → damaged PADI input stage
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eTOF: Avoiding future damage
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- Replace all PADI preamplifier boards 
  - New preamplifier boards have protection diode (ESD 113-B1) 
  - Prototype boards exist and are being tested 

- Change gas mixture to include 1% SF6 
- Ramp to full voltage only after both beams are stable 
- Lower standby voltage

New PADI board schematics Mitigation plans underway 
STAR Readiness Review yesterday 

Full eTOF ready for Run-20 
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Summary
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Continue to be highly productive, many papers in the works, many 
ideas for future analyses

9+4+8 papers published/accepted/submitted so far in 2019
including 3 PRL

Published or preliminary results from most datasets in circulation
19 talks at QM, 24 talks+5 CEU posters at DNP 

BES-II underway! 
iTPC and EPD in all data taken - more details in Zhangbu’s talk 

Forward program planned for FY2022+ 
   Funding identified for upgrades, construction underway - more details in 
Zhangbu’s talk 
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BACK UP
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Do we need something on net-proton and RUn-17? 
Just put in back-up, 

Don’t mention?
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Au+Au √sNN = 3.9 GeV: FXT test
Quick test during LEReC operations 

Data taking for 1 hr  
recorded ~4M good events 
Trigger effic. 90% 

Confident can trigger and 
collect data requested

Clear PID, including heavy fragments

�30
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Event statistics requirements: Collider

�31

Typically factor 20 more than for BES-I

dileptons drive the event request

2 Proposed Program

2.1 Continuation of Beam Energy Scan Phase 2
RHIC has already begun the BES-II physics program. Specific details of the physics goals
and required statistics for each goal at each collider energy are given below in Table 7.
Because in the RHIC collider mode, the lowest collision energy available is psNN = 7.7 GeV,
the BES-II collider program has been expanded to include a fixed target program. The
beam energies used in the fixed-target part of the program have already been developed for
BES-I or will be used in the BES-II collider program. Details of the fixed-target physics
statistics requirements for each physics goal at each energy are shown in Table 8, which
also includes the single-beam total energy, the center-of-mass rapidity, as this gives insight
into the acceptance of STAR for a given energy, and the expected chemical potential, which
indicates the region of the QCD phase diagram to be studied.

Table 7: Event statistics (in millions) needed in the collider part of the BES-II program for various
observables. This table updates estimates originally documented in STAR Note 598.

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 (� mesons) 80 120 160 160 320
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 20 30 35 45 50
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 70 85 100 170 340
Dileptons 100 160 230 300 400
>5� Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400

As noted, the BES-II program has already started and the achieved performance in the
energies completed or in progress can be used to refine the estimates of performance in the
upcoming two years. For the collider program, we review the performance for the 27 GeV
run from 2018, the 19.6 GeV run completed in 2019, and the data currently being taken at
14.6 GeV1. For the fixed-target part of the program we will review the performance for the
3.0 GeV run and the 7.2 GeV test run, both of which occurred in 2018, and a brief test at
3.9 GeV which took place this year.

For the collider system at 27 GeV, we expected a luminosity increase of a factor of 3.3.
Based on the good event rate of 190 Hz achieved in the 2014 run we hence inferred a data

1In 2014, collisions were run at a collider energy of 14.546 GeV, which was rounded to 14.5 GeV. This
year, we are running at a slightly different energy, 14.618 GeV, which is rounded to 14.6 GeV.
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Event statistics requirements: FXT
Table 8: Event statistics (in millions) needed in the fixed-target part of the BES-II program for
various observables.

p
sNN (GeV) 3.0 3.2 3.5 3.9 4.5 5.2 6.2 7.7

Single Beam Energy (GeV) 3.85 4.55 5.75 7.3 9.8 13.5 19.5 31.2
µB (MeV) 721 699 666 633 589 541 487 420
Rapidity yCM 1.06 1.13 1.25 1.37 1.52 1.68 1.87 2.10
Observables
Elliptic Flow (kaons) 300 150 80 40 20 40 60 80
Chiral Magnetic Effect 70 60 50 50 50 70 80 100
Directed Flow (protons) 20 30 35 45 50 60 70 90
Femtoscopy (tilt angle) 60 50 40 50 65 70 80 100
Net-Proton Kurtosis 36 50 75 125 200 400 950 NA
Multi-strange baryons 300 100 60 40 25 30 50 100
Hypertritons 200 100 80 50 50 60 70 100
Requested Number of Events 300 100 100 100 100 100 100 100

taking rate of 627 Hz. The rate of good events achieved for the 2018 run was 620 Hz,
consistent with these expectations. Although in the 2018 isobars run STAR achieved an
average of 15 hours per day of data taking, the average for the 27 GeV run was only 9 hours
because beam time was shared with Coherent electron Cooling (CeC) development.

For the 19.6 GeV collider system, we had two ways to project the expected performance.
First, we could extrapolate the performance from the 19.6 GeV run in 2011. In that run,
STAR achieved a good event rate of 100 Hz; the expected increase in luminosity was a factor
of 3.3, which suggested we should expect a good event rate of 330 Hz. Second, we could scale
the performance of the 27 GeV run from 2018; the performance of RHIC typically scales as
�
2 for accelerated beams; scaling the 620 Hz achieved for 27 GeV by (9.8/13.5)2 predicted

a good event rate of 335. The actual achieved rate in 2019 was 400 Hz as seen in Fig. 31a,
which exceeded expectations. The average data taking time per day for the 19.6 GeV run was
11 hours; this time this was below 15 hours per day due to time share with the development
of Low Energy RHIC electron Cooling (LEReC).

For the 14.6 GeV collider run, we could not really scale from the 2014 performance
because the achieved event rate of 17 Hz had been unusually low due to the challenge of
separating the good events from the background off of the small beam used while the Heavy
Flavor Tracker was installed in STAR. RHIC performance typically scales as �

3 for beams
below the nominal injection energy. Scaling the expected performance at 19.6 GeV of 335 Hz
by (7.3/9.8)3, we expected a good event rate of 138 HZ. Scaling the achieved performance at
19.6 GeV of 400 Hz, we expected a rate of 160 Hz. The achieved rate has now approached
160 Hz as seen in Fig. 31b. Thus the performance for 14.6 GeV is as expected.

For the projections for the newly proposed 16.7 GeV run, we have scaled the achieved
19.6 GeV performance of 400 Hz by (8.35/9.8)3 to project a good event rate of 245 Hz.
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Transverse	Spin	Asymmetry

9

universality	and	factorization:	
• First	non-zero	Collins	Effect	(Fragmentation)	in	p+p collisions
• First	measurement	(Collins-like)	sensitive	to	gluon	linear	polarization
• Interference	Fragmentation	Function	(first	measure	Transversity at	high	Q2)
Run17	goals	with	forward	DY/gamma	and	mid-rapidity	W+-:	
calibration	and	analyses	on	progress	

Phys. Lett. B 780 (2018) 332Phys. Rev. D 97 (2018) 32004

Helen Caines - DoE Site Visit - Sept 2018 

Transverse spin measurements

*33

PRD 97 (2018) 032004  
First observation of non-zero Collins Effect in 
pp collisions and first limit on linearly polarized 
gluons in polarized proton 

Models-based entirely on SIDIS   
   - 𝛑+ reasonable description of despite being 
1-2 order magnitude higher Q2 

   - 𝛑- new constraints -  d-quark transversity 
not well determined previously 

TMD evolution effects appear small 

PLB 780 (2018) 332 
Interference fragmentation functions at 200 

and 500 GeV 

First inclusion of RHIC data in transversity 
determination at high Q2  

(Radici and Bacchetta PRL 120, 192001 (2018))

Transverse	Spin	Asymmetry

9

universality	and	factorization:	
• First	non-zero	Collins	Effect	(Fragmentation)	in	p+p collisions
• First	measurement	(Collins-like)	sensitive	to	gluon	linear	polarization
• Interference	Fragmentation	Function	(first	measure	Transversity at	high	Q2)
Run17	goals	with	forward	DY/gamma	and	mid-rapidity	W+-:	
calibration	and	analyses	on	progress	

Phys. Lett. B 780 (2018) 332Phys. Rev. D 97 (2018) 32004

Suggests factorization and universality 
of Collins function

STAR data significantly reduces uncertaintiesW and Z AN  and Drell-Yan from Run 17 
510 GeV - data being analyzed



C. Dilks Gluon Helicity at STAR 21

Forward Pions at 510 GeV in 2012 & 2013

x > 0.001

Pushing even farther forward probes x 
down to 0.001

Provides constraints to the unexplored 
low-x region, which is abundant with soft 
gluons

Shown for two pseudorapidity regions

Analysis for 200 GeV is underway, and 
although it will not probe to as low of x, it 
will help improve constraints on Δg(x)

Phys.Rev.D 98 (2018) no.3, 032013

Helen Caines - DoE Site Visit - Sept 2018 

Proton spin: gluon helicity contribution
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Pushing forward access  down to x=0.01 

First forward dijet ALL with 3 different 
topologies 

PRD 98 (2018) 032011 

PRD 98 (2018) 032013 

Moving to higher √s access down to x=0.001 

~0.2 for x>0.05: Unconstrained at low-x 

First extension of gluon polarization 
measurements beyond mid-rapidity

Constrains unexplored low-x region - abundant soft gluons 

C. Dilks Gluon Helicity at STAR 21

Forward Pions at 510 GeV in 2012 & 2013

x > 0.001

Pushing even farther forward probes x 
down to 0.001

Provides constraints to the unexplored 
low-x region, which is abundant with soft 
gluons

Shown for two pseudorapidity regions

Analysis for 200 GeV is underway, and 
although it will not probe to as low of x, it 
will help improve constraints on Δg(x)

Phys.Rev.D 98 (2018) no.3, 032013

Good agreement with theory
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Au+Au √sNN = 19.6 GeV
Efficient data-taking and high 
quality stable beams 

~60 min fills, 
turn around ~20mins 

Good event fraction 40-55%

Concluded on April 4th 

580 M minbias “good” events collected 
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Au+Au √sNN = 14.6 GeV
Ever-increasing collision rate as 
C-AD enhanced beam  

~45 min fills,  
turn around ~20mins 

Good event fraction 35-40%

Concluded on June 3rd 

324 M minbias “good” events collected 

2 Proposed Program

2.1 Continuation of Beam Energy Scan Phase 2
RHIC has already begun the BES-II physics program. Specific details of the physics goals
and required statistics for each goal at each collider energy are given below in Table 7.
Because in the RHIC collider mode, the lowest collision energy available is psNN = 7.7 GeV,
the BES-II collider program has been expanded to include a fixed target program. The
beam energies used in the fixed-target part of the program have already been developed for
BES-I or will be used in the BES-II collider program. Details of the fixed-target physics
statistics requirements for each physics goal at each energy are shown in Table 8, which
also includes the single-beam total energy, the center-of-mass rapidity, as this gives insight
into the acceptance of STAR for a given energy, and the expected chemical potential, which
indicates the region of the QCD phase diagram to be studied.

Table 7: Event statistics (in millions) needed in the collider part of the BES-II program for various
observables. This table updates estimates originally documented in STAR Note 598.

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 (� mesons) 80 120 160 160 320
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 20 30 35 45 50
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 70 85 100 170 340
Dileptons 100 160 230 300 400
>5� Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400

As noted, the BES-II program has already started and the achieved performance in the
energies completed or in progress can be used to refine the estimates of performance in the
upcoming two years. For the collider program, we review the performance for the 27 GeV
run from 2018, the 19.6 GeV run completed in 2019, and the data currently being taken at
14.6 GeV1. For the fixed-target part of the program we will review the performance for the
3.0 GeV run and the 7.2 GeV test run, both of which occurred in 2018, and a brief test at
3.9 GeV which took place this year.

For the collider system at 27 GeV, we expected a luminosity increase of a factor of 3.3.
Based on the good event rate of 190 Hz achieved in the 2014 run we hence inferred a data

1In 2014, collisions were run at a collider energy of 14.546 GeV, which was rounded to 14.5 GeV. This
year, we are running at a slightly different energy, 14.618 GeV, which is rounded to 14.6 GeV.
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Au+Au √sNN = 14.6 GeV
Ever-increasing collision rate as 
C-AD enhanced beam  

~45 min fills,  
turn around ~20mins 

Good event fraction 35-40%

Concluded on June 3rd 

324 M minbias “good” events collected 

2 Proposed Program

2.1 Continuation of Beam Energy Scan Phase 2
RHIC has already begun the BES-II physics program. Specific details of the physics goals
and required statistics for each goal at each collider energy are given below in Table 7.
Because in the RHIC collider mode, the lowest collision energy available is psNN = 7.7 GeV,
the BES-II collider program has been expanded to include a fixed target program. The
beam energies used in the fixed-target part of the program have already been developed for
BES-I or will be used in the BES-II collider program. Details of the fixed-target physics
statistics requirements for each physics goal at each energy are shown in Table 8, which
also includes the single-beam total energy, the center-of-mass rapidity, as this gives insight
into the acceptance of STAR for a given energy, and the expected chemical potential, which
indicates the region of the QCD phase diagram to be studied.

Table 7: Event statistics (in millions) needed in the collider part of the BES-II program for various
observables. This table updates estimates originally documented in STAR Note 598.

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 (� mesons) 80 120 160 160 320
Chiral Magnetic Effect 50 50 50 50 50
Directed Flow (protons) 20 30 35 45 50
Azimuthal Femtoscopy (protons) 35 40 50 65 80
Net-Proton Kurtosis 70 85 100 170 340
Dileptons 100 160 230 300 400
>5� Magnetic Field Significance 50 80 110 150 200
Required Number of Events 100 160 230 300 400

As noted, the BES-II program has already started and the achieved performance in the
energies completed or in progress can be used to refine the estimates of performance in the
upcoming two years. For the collider program, we review the performance for the 27 GeV
run from 2018, the 19.6 GeV run completed in 2019, and the data currently being taken at
14.6 GeV1. For the fixed-target part of the program we will review the performance for the
3.0 GeV run and the 7.2 GeV test run, both of which occurred in 2018, and a brief test at
3.9 GeV which took place this year.

For the collider system at 27 GeV, we expected a luminosity increase of a factor of 3.3.
Based on the good event rate of 190 Hz achieved in the 2014 run we hence inferred a data

1In 2014, collisions were run at a collider energy of 14.546 GeV, which was rounded to 14.5 GeV. This
year, we are running at a slightly different energy, 14.618 GeV, which is rounded to 14.6 GeV.

29

�37

Mon Jun  3 15:01:05 2019
04 Apr 18 Apr 02 May 16 May 30 May 13 Jun

N
ev

en
ts

0

50

100

150

200

250

300

350

610×
minbias-hltgoodminbias-hltgood

Goal



Papers Published in 2019
• Polarization of Lambda hyperons along the beam direction in Au+Au collisions at 200 GeV 

• Phys. Rev. Lett. (accepted) Submit: 5/28/2019; Accept: 8/27/2019 
• Collision Energy Dependence of Second-order Off-diagonal and Diagonal Cumulants of 

Net-charge, Net-proton and Net-kaon Multiplicity Distributions in Au+Au Collisions 
• Phys. Rev. C 100 (2019) 014902 Submit: 3/13/2019; Publish: 7/8/2019 

• Azimuthal Harmonics in Small and Large Collision Systems at RHIC Top Energies 
• Phys. Rev. Lett. 122 (2019) 172301 Submit: 1/23/2019; Publish: 4/30/2019 

• Collision Energy Dependence of pT Correlations in Au+Au Collisions at RHIC 
• Phys. Rev. C 99 (2019) 044918 Submit: 1/3/2019; Publish: 4/26/2019 

• Constraining the initial conditions and temperature dependent transport with three-particle 
correlations in Au+Au collisions 
• Phys. Lett. B 790 (2019) 81 Submit: 1/23/2017; Publish: 3/10/2019 

• The proton-Omega correlation function in Au+Au collisions at sqrt(sNN)=200 GeV 
• Phys. Lett. B 790 (2019) 490 Submit: 8/7/2018; Publish: 3/10/2019 

• Beam Energy Dependence of (anti)deuteron Production in Au+Au Collisions at RHIC 
• Phys. Rev. C 99 (2019) 064905 Submit: 3/29/2019; Publish: 6/21/2019

*38 6 BulkCorr, 1 LFSUPC



Papers Published in 2019
• Observation of excess of J/psi yield at very low transverse momenta in Au+Au collisions at 

sqrt(sNN)=200 GeV and U+U collisions at sqrt(sNN)=193 GeV by STAR 
• Phys. Rev. Lett. (accepted) Submit: 4/26/2019; Accept: 9/4/2019 

• Measurements of inclusive J/psi suppression in Au+Au collisions at sqrt(sNN) = 200 GeV 
through the dimuon channel at STAR 
• Phys. Lett. B (accepted) Submit: 5/31/2019; Accept: 9/3/2019 

• Measurements of the differential cross-sections of J/psi production in proton-proton 
collisions at 510 and 500 GeV with STAR 
• Phys. Rev. D (accepted) Submit: 5/15/2019; Accept: 8/26/2019 

• Centrality and transverse momentum dependence of D0 meson production at mid-rapidity in 
Au+Au collisions at 200 GeV 
• Phys. Rev. C 99 (2019) 034908 Submit: 12/26/2018; Publish: 3/20/2019 

• Longitudinal double-spin asymmetry for inclusive jet and dijet production in pp collisions at 
sqrt{s}=510 GeV 
• Phys. Rev. D (accepted) Submit: 12/12/2018; Accept: 8/8/2019 

• Measurement of the longitudinal spin asymmetries for weak boson production in proton-
proton collisions at sqrt(s)=510 GeV 
• Phys. Rev. D 99 (2019) 051102 Submit: 12/12/2018; Publish: 3/14/2019

*39 4 HF, 2 Spin/ColdQCD



Papers in Journal Review
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• Beam-energy dependence of identified two-particle angular correlations in Au+Au collisions 
• Submitted to Phys. Rev. C: 6/24/2019 

• Charge-dependent pair correlations relative to a third particle in p+Au and d+Au collisions at RHIC 
• Submitted to Phys. Lett. B: 6/8/2019 

• Observation of D0 directed flow in 200 GeV Au+Au collisions at RHIC 
• Submitted to Phys. Rev. Lett.: 5/7/2019 

• Measurement of jet correlation devoid of flow background in Au+Au collisions at 200 GeV 
• Submitted to Phys. Rev. C: 6/22/2019 

• Bulk properties of the system formed in Au+Au collisions at sqrt(sNN) =14.5 GeV using the STAR 
detector at RHIC 
• Submitted to Phys. Rev. C: 8/9/2019 

• Strange hadron production in Au+Au collisions at sqrt(sNN)=7.7, 11.5, 19.6, 27 and 39 GeV 
• Submitted to Phys. Rev. C: 6/9/2019 

• Precise measurement of the mass difference and the binding energy B_Lambda of hypertriton and 
anti-hypertriton 
• Submitted to Nature Physics: 4/24/2019 

• Measurements of dielectron production in Au+Au collisions at sqrt(sNN)=27, 39 and 62.4 GeV from 
the STAR experiment 
• Submitted to Phys. Rev. Lett.: 10/29/2018

2 BulkCorr, 1 HF, 1 JetCorr, 4 LFS/UPC



Papers in Collaboration Review
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• Search for the Chiral Magnetic Wave with anisotropic flow of identified 
particles at RHIC 
• Collaboration review: 2/6/2019 

• Charge Separation Measurements in p(d)+Au and Au+Au Collisions; 
Implications for the Chiral Magnetic Effect 
• Collaboration review: 9/2/2019 

• Measurements of Dihadron Correlations Relative to the Event Plane in Au+Au 
Collisions at sqrt(s) = 200 GeV 
• Collaboration review: 5/2/2019 

• Underlying Event Measurements in p+p Collisions at sqrt(s)=200 GeV 
• Collaboration review: 6/8/2019 

• Probing Extreme Electromagnetic Fields with the Breit-Wheeler Process 
• Collaboration review: 9/2/2019

2 BulkCorr, 2 JetCorr, 1 LFSUPC



Active GPCs
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(#) @ April 2019

http://www.star.bnl.gov/protected/common/GPCs/gpc-active.xml

   Total 30 (24) active GPCs  
• 20 (10) pre collaboration review 
•   2 (10) in/post collaboration review 
•   8 (  4) submitted, journal review

13 BulkCorr, 4 HF, 5 JetCorr, 9 LFS/UPC

3 in pipelines

http://www.star.bnl.gov/protected/common/GPCs/gpc-active.xml


Published Papers in 2018
• Beam-energy dependence of directed flow of Lambda, Anti-Lambda, K plus, K minus, K0 

short and phi in Au+Au collisions 
• Phys. Rev. Lett. 120 (2018) 062301 Submit: 8/23/2017; Publish: 2/6/2018 

• Global Polarization of Lambda Hyperons in Au+Au Collisions at 200 GeV 
• Phys. Rev. C 98 (2018) 014910 Submit: 5/11/2018; Publish: 7/23/2018 

• Systematic Study of Azimuthal Anisotropy in Cu+Au Collisions at 200 GeV 
• Phys. Rev. C 98 (2018) 014915  Submit: 12/5/2017; Publish: 7/31/2018 

• Correlation measurements between flow harmonics in Au+Au collisions at RHIC 
• Phys. Lett. B 783 (2018) 459 Submit: 3/11/2018; Publish: 8/10/2018 

• Beam Energy Dependence of Rapidity-Even Dipolar Flow in Au+Au Collisions 
• Phys. Lett. B 784 (2018) 26 Submit: 4/23/2018; Publish: 9/10/2018 

• Harmonic decomposition of three-particle azimuthal correlations at RHIC 
• Phys. Rev. C 98 (2018) 034918 Submit: 1/24/2017; Publish: 9/28/2018 

• Energy Dependence of Moments of Net-kaon Multiplicity Distributions at RHIC   
• Phys. Lett. B 785 (2018) 551 Submit: 9/2/2017; Publish: 10/10/2018

*43 7 BulkCorr

http://link.aps.org/abstract/PRL/V120/P062301
http://link.aps.org/abstract/PRC/V98/P014910
http://link.aps.org/abstract/PRC/V98/P014915
http://dx.doi.org/10.1016/j.physletb.2018.05.076
http://dx.doi.org/10.1016/j.physletb.2018.07.013


Published Papers in 2018
• Azimuthal transverse single-spin asymmetries of inclusive jets and charged pions within jets 

from polarized-proton collisions at sqrt(s) = 500 GeV  
• Phys. Rev. D 97 (2018) 032004 Submit: 8/23/2017; Publish: 2/2/2018 

• Transverse spin-dependent azimuthal correlations of charged pion pairs measured in 
p$^\uparrow$+p collisions at $\sqrt{s}$ = 500 GeV 
• Phys. Lett. B 780 (2018) 332 Submit: 10/27/2017; Publish: 3/10/2018 

• Longitudinal Double-Spin Asymmetries for * ’s in the Forward Direction for 510 GeV 
Polarized pp Collisions 
• Phys. Rev. D 98 (2018) 032013 Submit: 5/24/2018; Publish: 8/17/2018 

• Longitudinal Double-Spin Asymmetries for Dijet Production at Intermediate Pseudorapidity 
in Polarized p+p Collisions at 200 GeV 
• Phys. Rev. D 98 (2018) 032011 Submit: 5/29/2018; Publish: 8/17/2018 

• Transverse spin transfer to Lambda and anti-Lambda hyperons in polarized proton-proton 
collisions at sqrt(s)=200 GeV 
• Phys. Rev. D 98 (2018) 091103 Submit: 8/24/2018; Publish 11/29/2018 

• Improved measurement of the longitudinal spin transfer to Lambda and anti-Lambda 
hyperons in polarized proton-proton collisions at sqrt(s)=200 GeV 
• Phys. Rev. D 98 (2018) 112009 Submit: 8/23/2018; Publish: 12/20/2018

𝜋0

*44 6 ColdQCD/Spin

http://link.aps.org/abstract/PRD/V97/P32004
http://dx.doi.org/10.1016/j.physletb.2017.04.050
http://dx.doi.org/10.1016/j.physletb.2018.02.069
http://link.aps.org/abstract/PRD/V98/P032013
http://link.aps.org/abstract/PRD/V98/P032011


Published Papers in 2018
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