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BES-2 Statistics & Production

Updates:
ü Run-21 Au+Au 17.3 GeV: production finished
üRun-21 Au+Au 7.7 GeV: centrality completed
üRun-20 Au+Au 3.5, 3.9 FXT: centrality completed
§ Run-20  9.2GeV: run-by-run QA in progress
§ Run-20 11.5 GeV: run-by-run QA in progress
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STAR Recent Publications
• 2022: 21 published papers

• 6 PRL, 5 PRC, 5 PRD, 4 PLB, 1 EJPC
• 2023: 19+1 published and accepted

• 5 PRL, 8 PRC, 3+1 PLB, 2 Sci/Nat, 1 JHEP
• Journal review: 10

•  collaboration review: 8; active GPCs: 31

v3GeV FXT (Run-18): 10 papers
v27GeV (Run-18): 8 papers

ü 98% of STAR papers uploaded to HEPdata
• integral part of the publication workflow

Tomography of ultra-relativistic nuclei with 
polarized photon-gluon collisions

• Sciences Advances 9 (2023) 3903
Pattern of global spin alignment of ɸ and 
K*0 mesons in heavy-ion collisions

• Nature 614 (2023) 224
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Light Flavor Spectra & UPC
• Measurements of dielectron production in Au+Au Collisions at √sNN= 27, 39, and 62.4 GeV, PRC 107 (2023) L061901
• Beam Energy Dependence of Triton Production and Yield Ratio (NtNp/Nd

2) in Au+Au Collisions at RHIC, PRL 130 (2023) 202301
• K0 production in Au+Au collisions at √sNN = 7.7, 11.5, 14.5, 19.6, 27 and 39 GeV from RHIC beam energy scan, PRC 107 (2023) 034907
• Tomography of Ultra-relativistic Nuclei with Polarized Photon-gluon Collisions, Sci. Adv. 9 (2023) 3903
• Measurement of 4H4Λ and 4He4Λ binding energy in Au+Au collisions at √sNN = 3GeV, PLB 834 (2022) 137449
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Entangled enabled interference

Science Advances 9 (2023) 3903
Quantum interference enabled nuclear tomography:
• a novel approach to extract the strong-interaction nuclear radii, 

which were found to be larger than the nuclear charge radii
6

Tomography of ultra-relativistic nuclei with polarized photon-gluon collisions 
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BES-1 dielectron measurements
• BES-1 LMR dielectron program completed
• Models consistently reproduce LMR excess
• No significant √sNN dependence of the 

dNch/dy-normalized integrated LMR excess

PRC 107 (2023) L061901
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Binding energy of hypernuclei masses
• Charge symmetry breaking observed between triton and 3He 
• Study hyper-nucleon (YN) interactions:

• Λ is neutral: expect Λ-p and Λ-n interactions to be similar
• however, binding energy difference ΔB4

Λ(0+
gs) between  4HΛ and 4HeΛ much larger

• Ab initio chiral effective field calculations that include CSB effect claim ΔB4
Λ(1+

exc) ≈ − ΔB4
Λ(0+

gs) < 0
Ø confirmed by STAR using Au+Au at √sNN =3GeV data set

PLB 834 (2022) 137449
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BES-1 ::  K*0 measurements
• K*0  short-lived resonance (4.16 fm/c) → ideal candidate to 

probe hadronic phase between chemical and kinetic FO
• competing rescattering and regeneration
• measure the K*0/K ratio in central Au+Au collisions

• K*0/K observed to be smaller than in small systems (e.g., 
e+e, p+p)

• similar decreasing centrality dependence as in previous RHIC 
and LHC measurements
• compare with φ/K ratio which is mostly independent from 

centrality

Ø in support of a dominance of K*0  hadron rescattering over 
regeneration

• estimate (lower limit) of lifetime between chemical and 
kinetic FO, assuming
• all losses are due to hadronic rescattering
• no regeneration

PRC 107 (2023) 034907
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Light nuclei yield ratio

• ratio NtNp/Nd
2 : sensitive to fluctuations of the local neutron density

• enhancements relative to coalescence baseline
• significance (0-10%)

• 19.6 GeV → 2.3𝝈
• 27 GeV    → 3.4𝝈

 
ØConstrain production dynamics of light nuclei and our understanding of QCD phase diagram

10

PRL 130 (2023) 202301
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Light hadron production U+U @ √sNN=193 GeV

• Comprehensive paper releasing π+/-, K+/-, (anti)proton spectra
• various bulk observables, e.g. particle yields, <pT>, particle ratios,

• compared with published Au+Au @ √sNN=200 GeV  and AMPT models
Ø consistency with 200GeV measurements in similar <Npart> ranges
• suggests that when combining all (different) initial state orientations of U+U collisions the 

resulting final state approximates what is observed in spherically symmetry nuclei, i.e. governed 
by <Npart>

PRC 107 (2023) 024901
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2 4/12/2023 Chun Yuen Tsang, GHP 2023

Conventional picture

Baryon junction [1, 2]

What carries baryon number, valence quark vs. 
baryon junction?

[1]: Artru, X. String Model with Baryons: Topology, Classical Motion. Nucl. Phys. B 85, 442±460 (1975).
[2]: Rossi, G. C. & Veneziano, G. A Possible Description of Baryon Dynamics in Dual and Gauge Theories. Nucl. Phys. B 123, 507±545 (1977) 

Chun Yuen Tsang, Quark Matter 2023

Valence quark 
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Valence quark 

Search for evidence of the baryon junction
• What carries baryon number?

• valence quark vs baryon junction?

• Valence quark carry most of the momentum
• Junction carries lower momentum

• enhanced baryon stopping ad midrapidity

Three tests:
1. net-B vs net-Q in isobar collisions
2. net-B in photonuclear collisions
3. net-proton yield vs rapidity in hadronic
      Au+Au collisions

12
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Experimental result on Net-Charge and Net-Baryon 

4/12/2023 Chun Yuen Tsang, GHP 2023

� B/ǻ𝑄∗ǻZ/A ൐ 𝟏 

� Model calculations (Herwig 𝑝 + 𝑝 (B/Q*Z/A, 
Z=A=1) [1] and UrQMD [2]) cannot 
describe our data

� Decrease with decreasing 𝑵𝒑𝒂𝒓𝒕

� Similar trend seen in Trento model [3] 
� Trento model accounts for initial conditions only
� Consistent with change in neutron skin thickness 

differences 
[1]:J. Bellm et al, Eur. Phys. J.C. 80 5, 452 (2020)
[2]: M. Bleicher et al, J. Phys. G. 25, 1859 (1999)
[3]: H. Xu et al, PRC 105, L011901 (2022)

Chun Yuen Tsang, Quark Matter 2023

Test 1
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Net-proton exponential slope (𝜶𝑩)

� 𝜶𝑩~ 0.6 for Au+Au [1, 2]
� 𝜶𝑩~ 𝟏 for 𝜸 ൅ 𝐀𝐮
� Predicted values from HERWIG and 

PYTHIA (both versions) disagree with 
data
� PYTHIA 8 includes a junction-like 

mechanism in final-state hadronization [3]

� Slopes for Junction-Junction (J+J) 
and Junction-Pomeron (J+P) 
predictions are more compatible with 
data [4]

[1] STAR, PRC 79, 034909 (2009) 
[2] STAR, PRC 96, 044904 (2017)
[3] Christiansen, J. R. & Skands, P. Z. String Formation Beyond Leading 
Colour. JHEP 08, 003 (2015). 1505.01681.

[4] Kharzeev, D. Can gluons trace baryon number? Phys. Lett. B 378, 238±
246 (1996).nucl-th/9602027.

Chun Yuen Tsang, Quark Matter 2023

STAR Preliminary

Test 3

14

Net-proton yield as a proxy 
for Net-Baryon

4/12/2023 Chun Yuen Tsang, GHP 2023

� Net-proton yield is described by 
𝒆𝒙𝒑 𝟏. 𝟏𝟑 േ 𝟎. 𝟑𝟐 𝒚 ൌ
 𝒆𝒙𝒑 െ 𝟏. 𝟏𝟑 േ 𝟎. 𝟑𝟐 𝜹𝒚

� Recall that 𝜹𝒚 ൌ  𝒚𝒃𝒆𝒂𝒎 െ 𝒚 and 𝒚𝒃𝒆𝒂𝒎 = 0 
in C.M. frame. 

� PYTHIA-6, which has valence 
quarks as baryon number carrier, 
predicts a dependence of 
𝒆𝒙𝒑ሺെ𝟐. 𝟒𝟑𝜹𝒚ሻ[1, 2, 3]

[1]: J. D. Brandenburg, N. Lewis, P. Tribedy, Z. Xu, arXiv:2205.05685 (2022)
[2]: B. Andersson, G. Gustafson, G. Ingelman, and T. Sj ࡇostrand, Physics Reports 97, 31±145 
(1983).
[3]: Torbjorn Sjostrand, Stephen Mrenna, and Peter Z. Skands, JHEP 05, 026 (2006), 
arXiv:hep-ph/0603175.

Chun Yuen Tsang, Quark Matter 2023

Test 2

net-p yield described by
PYTHIA predicts 

𝑒!(#.%&±(.%&)*+
𝑒!(&.,%)*+

Model calculations cannot 
describe isobar data

slopes of net-p yields <  PYTHIA/HERWIG

Ø Simple valance quark picture 
not  compatible with data
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Flow, Chirality, and Vorticity
• Observation of Global Spin Alignment of φ and K*0 Vector Mesons in Nuclear Collisions, Nature 614 (2023) 244
• Collision-system and beam-energy dependence of anisotropic flow fluctuations, PRL 129 (2022) 252301
• Observation of Directed Flow of Hypernuclei 3HΛ and 4HΛ in √sNN = 3 GeV Au+Au Collisions at RHIC, PRL 130 (2023) 212301
• Measurements of the elliptic and triangular azimuthal anisotropies in central 3He+Au, d+Au and p+Au collisions at √sNN = 200 

GeV, PRL 130 (2023) 242301
• Beam energy dependence of the linear and mode-coupled flow harmonics in Au+Au collisions, PLB 839 (2023) 137755
• Search for the Chiral Magnetic Effect in Au+Au collisions at √sNN = 27 GeV with the STAR forward Event Plane Detectors, PLB 839 

(2023) 137779
• Centrality and transverse momentum dependence of higher-order flow harmonics of identified hadrons in Au+Au collisions at 

√sNN = 200 GeV, PRC 105 (2022) 64911
• Pair invariant mass to isolate background in the search for the chiral magnetic effect in Au+Au collisions at √sNN = 200 GeV, PRC 

106 (2022) 34908
• Azimuthal anisotropy measurement of (multi)strange hadrons in Au+Au collisions at √sNN = 54.4 GeV, PRC 107 (2023) 24912
• Search for the chiral magnetic wave using anisotropic flow of identified particles at RHIC, PRC 108 (2023) 14908
• Event-by-event correlations between Λ (anti-Λ) hyperon global polarization and handedness with charged hadron azimuthal 

separation in Au+Au collisions at √sNN = 27 GeV from STAR, PRC 108 (2023) 14909
• Global polarization of Λ and anti-Λ hyperons in Au+Au collisions at √sNN = 19.6 and 27 GeV, PRC 108 (2023) 14910
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Global spin alignment of vector mesons

Nature 614 (2023) 224
• Surprising pattern observed: φ-meson ρ00 > 1/3 by 7.4σ
• possible explanation with a strong vector meson field;
• provides a potential new avenue for understanding the strong interaction at 

work at the subnucleon level
14

L-like (-10-5)
Electric field (10-5)

Vorticity tensor (-10-4)

Vector meson field
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Search for the Chiral Magnetic Wave
• Look for differences in v2 between positive and negatively 

charged particles
• STAR comprehensive study; results include Au+Au √sNN= 27 – 

200GeV, UU at 193GeV, and p/d+Au 200GeV

• at LHC,  r2=dΔv2/dAch  slopes similar in p+Pb and Pb+Pb at 
5.02TeV
• suggests r2 slopes in Pb+Pb not arising from CMW

• Potential difference in physics mechanism at RHIC vs LHC
• could magnetic field strength at LHC drop faster than at RHIC 

energies?
• Compare small systems, p/d+Au with Au+Au, U+U

Ø  r2 measurements in small systems at RHIC compatible with 0
§  absence of CMW signal in small system -> supports decoupling 

B-field and 2nd order event plane

PRC 108 (2023) 014908 8
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FIG. 10. The r2 slope for pions vs. Npart in p+Au, d+Au,
U+U and Au+Au collisions.

D. The r2 slopes for ⇡± in p+Au, d+Au and U+U
collisions

The experimental observation of the CMW relies on
the assumption that the direction of the initial intense
magnetic field is on average perpendicular to the event
plane reconstructed with final-state particles. The angu-
lar correlation between the magnetic field and the second-
order event plane (reconstructed using the elliptic flow
information of particles at midrapidities) is strongest in
the intermediate centrality range, and becomes much
weaker in central and peripheral collisions [43]. This ef-
fect partially explains the rise-and-fall trend observed in
the centrality dependence of the r2 slope as shown in
previous figures. If the underlying physics is indeed the
CMW, then the measured slope parameter is expected
to approach zero in very central and very peripheral col-
lisions, where the magnetic field and the second-order
event plane both su↵er from very strong event-by-event
fluctuations, and the correlation between them is almost
destroyed.

In small collision systems such as p+Au and d+Au,
the orientation of the magnetic field is presumably de-
coupled from the second-order event plane [26], which
makes such small systems an ideal testing ground for the
observation of the disappearance of the r2 slope. The
CMS measurements [25] have observed similarities be-
tween the r2 slopes for p+Pb and Pb+Pb at 5.02 TeV,
supporting the LCC picture and challenging the CMW
scenario at LHC energies. For p+Au and d+Au colli-
sions at 200 GeV, we present the pion r2 results (ana-
lyzed with the second-order event plane from the TPC)
in Fig. 10 as a function of Npart. Data from Au+Au col-
lisions at 200 GeV and U+U collisions at 193 GeV are
also shown for comparison. The r2 values in both p+Au
and d+Au are consistent with zero within uncertainties,
and corroborate the falling trend previously observed in
smaller (peripheral Au+Au) systems. The disappearance

of any CMW-like signal in these small systems supports
the picture of decoupling between the magnetic field and
the second-order event plane [26], and demonstrates the
smallness of the possible background in the measurement
of the CMW signal. The r2 values in U+U collisions are
systematically higher than the results in Au+Au colli-
sions in the centrality range where both are prominent.
This can be qualitatively explained by the CMW picture,
because a uranium nucleus has 13 more protons than a
gold nucleus, leading to a stronger magnetic field at the
same Npart.

V. SUMMARY

The previous experimental evidence of the CMW, the
r2 slope for pions, has been challenged by interpretations
arising from the LCC e↵ect and the isospin e↵ect. In
this paper, we present the r2 slopes for low-pT kaons
(0.15 < pT < 1 GeV/c) in Au+Au collisions at

p
sNN =

27, 39, 62.4, and 200 GeV. The similarity between pion
and kaon slopes suggests that the isospin e↵ect is not the
dominant contribution to the pion or kaon slopes. The
isospin e↵ect, however, remains a potential contributor
to the proton slopes in Au+Au collisions at

p
sNN = 200

GeV.
The LCC background remains a possible explanation

for the positive r2 values for pions and kaons. The hpT i
and h|⌘|i e↵ect on Ach (and further on �v2) has also
been discussed in detail, which seems to be in line with
the model study of LCC. The normalized pion r3 slopes,
after correction for nonflow e↵ects, are consistent with
both zero and the corresponding normalized r2 slopes
within large statistical uncertainties in Au+Au collisions
at

p
sNN = 200 GeV. A much larger data set, e.g., from

the recent isobar collisions (96Ru+96Ru and 96Zr+96Zr)
at RHIC, is required to draw a firm conclusion on such
a test.
The pion r2 slopes have also been reported for p+Au

and d+Au collisions at
p
sNN = 200 GeV and U+U col-

lisions at
p
sNN = 193 GeV. In the small systems, the

CMW signals are expected to disappear owing to the
orientation decoupling between the magnetic field and
the second-order event plane, and the measured slopes
are consistent with zero. The di↵erence in the pion r2
slope between Au+Au and U+U is qualitatively consis-
tent with the expectation from the CMW picture.
Further investigations of the background are needed to

draw a firm conclusion on the existence of the CMW in
heavy-ion collisions at RHIC. The large sample of iso-
bar collisions provides just such an opportunity because
the magnetic fields are significantly di↵erent in the two
isobaric systems. The second phase of the RHIC Beam
Energy Scan program allows for the test of whether the
CMW observable vanishes at low beam energies, e.g.,
7.7 GeV, where the partonic interactions are supposed
to be dominated by the hadronic ones. New analysis
approaches [44, 45] and new physical mechanisms [46–
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BES-2: Global hyperon polarization
• Polarization measured across wide range of beam energies
• is there splitting between P(Λ) and P(Λbar)?

• suggested from late-stage B-field 

• High-statistics samples for Au+Au for 19.6 and 27 GeV
Ø upper limits for P(Λbar) - P(Λ) < 0.24% and < 0.35%, respectively
§ with (naïve) assumptions, B-field estimates B < 9.4x1012 T and 

<1.4x1013 T, respectively
§ call for better theory understanding of late-stage B field, and 

higher statistics, and study of y-dependence

M. I. ABDULHAMID et al. PHYSICAL REVIEW C 108, 014910 (2023)

FIG. 2. The midcentral PH measurements reported in this work
are shown alongside previous measurements in the upper panel, and
are consistent with previous measurements at the energies studied
here. The difference between integrated P!̄ and P! is shown at√

sNN = 19.6 and 27 GeV alongside previous measurements in the
lower panel. The splittings observed with these high-statistics data
sets are consistent with zero. Statistical uncertainties are represented
as lines while systematic uncertainties are represented as boxes.
The previous P!̄ − P! result at

√
sNN = 7.7 GeV is outside the axis

range, but is consistent with zero within 2σ .

netic field strength through

|B| ≈ Ts|P!̄ − P!|
2|µ!|

, (3)

where Ts is the temperature of the emitting source, taken to be
150 MeV, and µ! is the magnetic moment of the ! hyperon,
−1.93 × 10−14 MeV/T. Our extracted magnetic field is con-
sistent with zero, and we are able to place an upper limit, using
a 95% confidence level, on the late-stage magnetic field of
B < 9.4 × 1012 T and B < 1.4 × 1013 T for the measurements
at

√
sNN = 19.6 and 27 GeV, respectively. This measurement

FIG. 3. PH measurements are shown as a function of collision
centrality at

√
sNN = 19.6 and 27 GeV. Statistical uncertainties

are represented as lines while systematic uncertainties are repre-
sented as boxes. PH increases with collision centrality at

√
sNN =

19.6 and 27 GeV, as expected from an angular-momentum-driven
phenomenon.

is consistent with the predictions of the electric conductivity
of the QGP made by lattice QCD calculations [32].

While the above procedure allows us to quote a value for
the magnetic field, it makes naive assumptions and therefore
should be used cautiously. A major factor, which is not taken
into account here, is the difference between the production
times of ! and !̄ hyperons. !̄ hyperons may be produced
later in the collision [45] when the overall magnetic field is
smaller, and would therefore experience a weaker effect of
the magnetic field that is expected to enhance the measured
P!̄. Furthermore, vorticity is expected to drop in magnitude as
the QGP evolves; because !̄ hyperons may be produced later
in time, this effect would reduce the measured P!̄ [45]. In the
absence of a magnetic field, one would then expect P!̄ < P!.
In such a case, even an agreement between P! and P!̄ could

014910-6

PRC 108 (2023) 014910
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Global P(Λ) correlation measurements

• Use event-by-event correlations between global Λ polarization  
measurements and CME observables in Au+Au at 27 GeV

Ø Covariance of PΛ(bar) and parity-even azimuthal correlator Δγ=γOS - γSS consistent with 0
§ correlations less than 10-4 but needs theory input to appreciate the 

significance in terms of CME

EVENT-BY-EVENT CORRELATIONS BETWEEN … PHYSICAL REVIEW C 108, 014909 (2023)
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FIG. 10. Covariances between the parity-even observables P! and "γ (left), between P!̄ and "γ (middle), and their difference (right) as
functions of centrality in Au + Au collisions at

√
sNN = 27 GeV. Hadrons used to reconstruct ! or !̄ in the mass peak region are excluded

from "γ . The statistical uncertainty is shown by error bars, while the systematic uncertainty is shown by hollow boxes. The on-peak signal
data points are shifted slightly to the left along the x axis, while the off-peak background to the right symmetrically, for better visualization.

the inclusive handedness imbalance "nobs(! + !̄) > 0.
Thus, in Fig. 8, the deviations from zero are solely
detector-specific, and not physical. Although the individual
measurements of "nobs (Fig. 8) are influenced by the
detector effect of ! reconstruction inefficiency (Sec. II E),
this automatically cancels out in the correlation covariance
[Eq. (11)].

Figure 9 shows the observed correlation between "a1 and
"nobs in each centrality class. Both the signal (using !’s
reconstructed in the mass peak) and the background (using
off-peak background !’s) covariances are consistent with
zero with the current uncertainties.

Figure 10 shows the observed correlation between "γ and
polarizations (Cov[P!,"γ ], Cov[P!̄,"γ ], and their differ-
ence) as functions of centrality. With the current statistics,
both the signal and background are consistent with zero.

The uncertainties of our measurements are of the order of a
few times 10−5 for both Cov["nobs,"a1] and Cov["P,"γ ]
correlations. Our null results suggest that these correlations
are likely smaller than 10−4. Since the correlation strengths
depend on details of the physics underlying the correlations,
the implication of our results in terms of the chiral magnetic
effect and the magnetic field in heavy-ion collisions requires
theoretical input.

V. SUMMARY

In conclusion, this paper reports measurements of event-
by-event correlations between the observed ! handedness
and the charged hadron "a1, and between ! polarizations
and charged hadron "γ , in Au + Au collisions at

√
sNN =

27 GeV using the STAR detector. These correlation observ-
ables have been deployed to measure the chiral magnetic
effect and the presence of a strong magnetic field in heavy-ion
collisions.

Neither of these measurements has yielded a nonzero cor-
relation result within the statistical precision of the present
dataset. However, looking toward the future, these correla-
tion measurements should be largely insensitive to the typical
physics backgrounds that plague measurements of CME-
sensitive observables, and it is possible that such correlation
measurements will ultimately offer better sensitivity than in-
dividual measurements of these quantities to investigate the
chiral magnetic effect.
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BES-1/2: √sNN dependence flow correlations

• BES-1 comprehensive measurement† of v2{k} k=2,4,6
• comparison to model calculations and LHC suggest initial-

state-driven fluctuations dominate the flow fluctuations

• BES-2 (27 and 54.4 GeV) Normalized Symmetric 
Cumulants††

• distinguish between different IS models
• pin down T, μB dependence of specific shear viscosity η/s

Ø NSC(2,4) and NSC(2,3) nearly beam independent
• consistent with significant role from IS effects

†PRL 129 (2022) 252301
†† PLB 839 (2023) 137755
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BES-2 v2 of identified particles
• azimuthal anisotropy of identified particles vs pT 

and centrality
• help put substantial constraints on transport and 

hydro models

• Run-17 54 GeV data for (multi)strange hadrons 
published
Ø nq scaling of v2 holds within 10%

• Preliminary BES-2 results at 14.6 and 19.6 GeV
§ indicate nq scaling for multi-strange particles is 

violated

PRC 107 (2023) 024912

Strangeness Quark Matter 2022 - Li-Ke Liu2022/ 06/ 14 /15

Test of NCQ Scaling at 19.6 GeV
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•NCQ scaling of v2 (v3) holds within 10(15)% for anti-particles, 20(30)% for particles 
quantify the NCQ scaling -> benefit from enhanced statistics of BES-II 

Indicating the collective flow has been built up in the partonic stage 
•NCQ scaling of anti-particles is better than particles: produced vs. transported quarks

NCQ scaling of v3
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Elliptic & triangular flow in small-sized systems
v2 (3He+Au) ~ v2 (d+Au) > v2 (p+Au)
v3 (3He+Au) ~ v3 (d+Au) ~ v3 (p+Au)
Ø Suggest an influence on eccentricity from sub-

nucleonic fluctuations in small-sized systems
§ provide stringent constraints on the hydrodynamic 

modeling 
Next: Run-21 d+Au data with forward upgrades 
to explore mid-mid vs mid-forward correlations

PRL 130 (2023) 242301

Flow in O+O at 200GeV (preliminary, QM23)

• v2{4} drops faster than v2{2} in central O+O

Øε2{4}/ε2{2} from nucleon or quark Glauber model with 
clusters describe v2{4}/ v2{2} better than without
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Directed Flow of Hyper-nuclei

• First observation of significant hypernuclei directed flow in high energy nuclear collisions
• Fixed target program: Au+Au at 3GeV 

• Midrapidity v1 slopes follow baryon number scaling
• implying that coalescence is the dominant production mechanism 

Ø Constrain hyperon-nucleon interactions at high baryon density

PRL 130 (2023) 212301
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Correlations & Fluctuations
• Observation of Global Spin Alignment of phi and K*0 Vector Mesons in Nuclear Collisions, Nature 614 (2023) 244
• Beam Energy Dependence of Fifth and Sixth-Order Net-proton Number Fluctuations in Au+Au Collisions at RHIC, PRL 130 (2023) 

82301
• Higher-order cumulants and correlation functions of proton multiplicity distributions in sqrt{sNN} = 3 GeV Au+Au collisions at 

the RHIC STAR experiment, PRC 107 (2023) 24908
• Energy Dependence of Intermittency for Charged Particle in Au+Au at RHIC, accepted by PLB
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BES-1/2: Hyper-order Cumulant Ratios
• Higher-order cumulants more sensitive to correlation length
• Cumulant ratios cancel volume dependence

• directly related to susceptibilities

• 7 – 200GeV: falling trend of with rising order
Ø C3/C1   >  C4/C2   >  C5/C1  >  C6/C2

§ predicted by LQCD

PRL 130 (2023) 082301

• 3 GeV: 
Ø rising trend with rising order
§ in agreement with UrQMD
§ suggestive of hadronic matter
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Net-proton analysis status at BES-II energies
Strategy: 
• multiple analysis teams
• no preliminary releases
• collider energies and FXT each
    in single paper

near completion*
√sNN = 3.2 (FXT),
 7.7, 14.6, 19.6, 27 GeV

pending* = due to unavailability of embedding
√sNN = 3.5 (FXT), 3.9 (FXT), 4.5 (FXT), 
            9.2, 11.5, 17.3 GeV

Baseline calculations (UrQMD/CE) for all collision energies 
near completion
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Hard Probes
• Elliptic Flow of Heavy-Flavor Decay Electrons in Au+Au Collisions at √sNN = 27 and 54.4 GeV at RHIC, PLB 844 (2023) 138071
• Measurement of electrons from open heavy-flavor hadron decays in Au+Au collisions at √sNN = 200 GeV, JHEP 176 (2023) 2023
• Measurement of sequential Upsilon suppression in Au+Au collisions at √sNN = 200 GeV, PRL 130 (2023) 112301
• Evidence of Mass Ordering of Charm and Bottom Quark Energy Loss in Au+Au Collisions at RHIC, EPJC 82 (2022) 1150
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Sequential Upsilon Suppression
• ϒ(1S), ϒ(2S), ϒ(3S)

• sizes: 0.28, 0.56, 0.78 fm 
• Combined results from dimuon (Run-14-16) and dielectron 

channels (Run-10)

• At RHIC energies, negligible contributions from b and b-bar 
recombination

• Excellent probe to study color screening in QGP

Ø magnitude ϒ(1S) suppression comparable to LHC energies
§ RAA vs pT and centrality for ϒ(1S) and ϒ(2S)
§ upper limit for ϒ(3S) suppression

Ø Observe sequential ϒ suppression at RHIC

PRL 130 (2023) 112301
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Jet-hadron correlation with respect to event plane
Measure yields and widths in three categories, 
based on the angle between the trigger jet and   
the event plane: 
• Less than π/6 (in-plane)
• Between π/6 and π/3 (mid-plane)
• Greater than π/3 (out-of-plane) 

submitted to PRC
2307.13891

For near-side and away-side yields and widths:
Ø no dependence on orientation of the jet axis with respect to the event plane 

is seen within the uncertainties in the kinematic region studied
279/11/23 BNL NPP PAC Meeting



Measurement of in-medium jet modification 
using direct γ+jet and π0+jet correlations

First measurement of jet quenching via γ+jet correlations in central Au+Au collisions at 200GeV 
• based on previous STAR photon and jet measurements (mixed-events)

9/11/23 BNL NPP PAC Meeting 28

Jet shape: R-dependence of recoil jet yield
• Jet shape in pp well-described by PYTHIA
• Jet shape broadened in central Au+Au for both triggers
IAA: R=0.5 compatible with unity
Ø  new measurements of angular distribution of quenching-induced radiation
Ønot well-described by models

Comparison of γ and π0 triggers: 
• variation in q/g fraction of recoil population
• variation in geometric bias
• significant test of model calculations

submitted to PRL (2309.00156)
and PRC (2309.00145)



QuarkMatter ‘23 Conference
• Record number of STAR contributions

• 24 parallel speakers
• 45 contributed posters
• 5 plenary speakers

• incl. STAR highlights talk
• 1 flash speaker (poster award)
• 1 best presentation award

• Gender balance
• internal abstract submission ~27% female

• compared to STAR: 17 ± 5% (”juniors” 22 ± 6%)
• STAR QM speakers (incl. plenary): 20%

• compared to QM23 (parallel):  22%
Many STAR results featured in various plenary overview talks,
cf. Rosi Reed’s overview talk for the latest preliminary results:
https://indico.cern.ch/event/1139644/contributions/5343956/
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Summary
• STAR’s publication record continues to be on a rise

• large fraction of STAR collaborators is involved in the publication process
• First BES-2 publications from high-statistics 27, 19.6, and 3GeV

• 10 papers that include results from 3 GeV (FXT, 2018)
• 8 papers that include results from 27 GeV
• 1 paper that includes results from 19.6 GeV

• Production of all BES-2 collider data finished
• FXT production (2021) underway

• Net-proton analyses:
• no release preliminary results
• publications for collider energies in ~6 months

• Many preliminary results from all BES-2 collider energies at QM’23
• next: prepare for publications
• continue to rely on involvement of the full collaboration
• continue to rely on the support from BNL

2 3 4 5 6 10 20 30 100 200
1−

0

1

2

3

4

BES-II (near completion)
BES-II (pending)

Pr
ot

on
(- 

0.
5 

< 
y 

< 
0)

Analysis Status

   
 < 2.0 GeV/c, |y| < 0.5

T
0.4 < p
Net-proton
Most Central Au+Au collisions

BES-I

50

2
σκ

N
et

-p
ro

to
n 

,      UrQMD 

STAR FXT

 (GeV)NNsCollision Energy 

309/11/23 BNL NPP PAC Meeting



9/11/23 BNL NPP PAC Meeting 31


