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STAR detector

ETOF ((1.6<n<-1.1, ITPC (-1.5<n < 1.5)
-2.1 <n<-1.5in FXT)

FST, sTGC (2.5<n<4.0)

FCS, ECAL (2.5 <n<4.0)

FCS, HCAL
(2.5 <n<4.0)

eToF calibration
M. Labonte, Tue. 4:30pm

EPD (2.1 <Inl <5.1)

STAR BES-Il and Forward Upgrades: Enhanced acceptance and expanded physics opportunities.
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STAR datasets Experimental overview of the BES-I|
L. Ruan, Tue. 9:00am

* High statistics BES-Il datasets covering large baryon
chemical potential range: 100 < ug < 760 MeV.

* Varied collision systems: U+U, Au+Au, Ru+Ru/Zr+/Zr,

O+0, d+Au, p+Au, (polarized) p+p, etc. Odyniec, G. (2022). Probing the QCD Phase
Diagram with Heavy-lon Collision Experiments.
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Outline

* QCD Phase Structure
* Flow

* Heavy Flavor & Jets

* EM Probes

* Spin & Polarization
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Outline

* QCD Phase Structure: critical point.
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Net-proton higher order cumulants | C./Cx(= xo?) Com & Cym €
276, Ly ™

0-5% Au+Au CollisionsatRHC |/ | baseline
1 CJC, STAR o NG
- §I—§‘/’ - * Precision measurements of high-
L I @ QT order (factorial) cumulants for
O y — collision energies from 7.7 to 19.6
. = = GeV and FXT energies at 3.2, 3.5,
B " @BESLI e HRG CE - and 3.9 GeV.
it [] | F:(-ih:fi;};z(?'\fo UrQMD -0.5<y<0.5 _ |
5 3 GeV UrQMD —0.5<y-y <0 *In 3.2 - 3.9 GeV, C4/C: is consistent
L i | . with UrQMD. Deviations can be seen

S 1 EB7Een N =

at higher energies.
Collision Energy Ysy, (GeV) J 9
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Net-proton higher order cumulants

* Precision measurements: statistical uncertainty is reduced by
factor of 4.5 and systematic uncertainty is reduced by 3-4.

STAR: arXiv: 2504.00817

| ..
N Dewglons o

I
)

Z. Sweger, Tue. 9:30am
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2 - 50 deviation
from calculations
without CP.

The largest
deviation occurs at

/syw = 19.6 GeV.



Outline

, = (cos[n(¢d — ¥,)|)

* Flow: azimuthal anisotropy & nuclear imaging. |

~
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Anisotropic Flow: directed flow (v4) S. Sharma, Wed. 4:00pm
Anisotropic flow is sensitive to the equation of state and o T (RE)
early times in the evolution of the system. i 1%
0.4 — ]
B Au+Au Collisions - 00 .: ‘J =
- / \\ Centrality: 10-40% _— N f‘ B perticoent 2one
03__ ’I \ b q) O K+ @“ O i)rOJei:tile s;:etctators
: ' ‘ ” p x E (O target spectators
i 0.2__ | ’I A A vV A
> L :
2 E L n * The v1 slope of ¢ meson shows
= // STAR Preliminary unexpected similar trends to that
B %73/ of p and Ain high ps region.
!, PR g @gﬁ@m « Kaons show sign change as
B Y ™ protons with minimum between
G.. S T e Ry e e O NEE R e 4.5and 7.7 GeV.

Collision Energy \s,,(GeV)
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S. Sharma, Wed. 4:00pm

Anisotropic Flow: elliptic flow (v2)

0.()6[—I + ' ' s ' ' I
. I | ¥ ot ¥ K AAVE
* NCQ scaling completely breaks below 3.2 GeV I AL SR FALLLL S
. . . . . . 0.02 T -+ $1E T EA 4% d 8
indicates dominance of hadronic interactions. ! %ﬁ ___________ _"_%,gg?-_‘f_‘_z_________;_g?'%;__.'_ __________ FAA.
» Partonic collectivity at 7.7 GeV and above. 3T Feevexn] s2cevexn)] 3569\«9«{;} 3.9 GeV(FXT)
Zoor T +T |
':o.osn— ) —+ {{‘ - ’“{"‘ e 4*‘3‘4&‘%
1.5¢ —] - = 8 . %[ P I A
3 ¥
(a) (b) S oef g{‘ ~ 1 il I |
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i © oo gﬁw 1 gﬁw S i &éﬁﬁw = 1 Centrality: 10-40%
80.5_ T u g | | ﬁf - Particles
5 T STAR Preliminary °'°ff:4§<=ewcou . 17agevicou) ___I_i_agsey@e%z STAR Preliminary
O Au+Au 10-40% collisions m ’ " " Nea Scaled1KE, [(.on moyno:GeV/c )
Ovy/n,of p/K*atKE;/n,=0.41 O pK atKE/n,=0.4 |
0.5 Ovy/n, of n*/K*at KE/n,=0.4| O /K atKE/n;=0.4 _
' Avy/ngof AKgatKE/n,=0.4 A A/Kg at KE/n, = 0.4 NCQ scaling: number of constituent
o | * WK atKE/ng=04 7 quark scaling.
3 5 7 10 7 10 20 Hadron flows follow the same scaling.
Collision Energy s, (GeV)
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Origin of anisotropy in small systems
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Number of Tracks (Nch)

S. Paul, Wed. 2:00pm

160 60 160 160
@ Symmetric Ez(d+AU) > Ez(O'l'O)

* vo/e2: d+Au and O+0O show
consistent collective response to
geometry.

 Both v2 and v3 scale well with
eccentricities from sub-nucleon
Glauber.

 Wildly different initial geometries are
converted to the final state flow.

* Hallmark of collective response
from QGP in small systems.

11



Nuclear imaging in HIC

* Nuclear structure leaves imprints on vn and vn - pt correlations.
 Extract U+U shape parameters (32 and y:

 Large quadrupole deformation, consistent with low-energy
measurements and indication of small triaxiality in U+U

ground state.
STAR, Nature 635, 67-72 (2024)

a | 0-0.5% centrality b
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Pau
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Outline

trigger
hadron

jet

* Heavy Flavor & Jets: hadronization and jet quenching.
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p/T

Baryon to Meson ratio in jets A. Tamis, Wed. 9:50am

R=0.3 Jet p'rI"aw >0 GEV/C p%ons > 2 Gev/c in-Jet Ratios, 2.0 < pf;aCk < 3.0 GeV/c
o )8 ’
0.51
le— STAR Preliminary —o— pipin-Jet = - STARPreliminary  Anti-k; R=0.3, Jet p™" > 9.0 GeV/c
L 4R P o 400 ™ 0.45FH cons .
l S Py > 20 Geve * Inclusive baryon to meson
1 K% Au+Au, 0-20%, inclusive 04 — AU+AU 0 100/0
[PRL97(2006)152301] A Ad 1 I
e, D 5 —— tota sys unc ratios enhanced in A+A
R KRR, [PLB637(2006)161] 0.351 [ ] uncorrelated unc
0.8k R RRRRRIIIS : ' compare d to P+P.
F IS 03[ —e— p+p
i 92000 95909 g - .
! e = » Coalescence hadronization
0.61— 3RRRRRIRIIRARIRKK 0.25H [ O
L S ESEIES . a | in QGP
! R 0.0k # | -
% “E 1 | .
04 = * How about the B/M ratio
B 0.15 *{7 _____ |
- L 77777 ‘ ] n n ?
: oib S— within jets”
02 — ~ ‘
* r 005 ;_ ——
) —— Lo v b b vy P Py 0 - Lo v v b by by
2 2.5 3 3.5 4 4.5 5 0 0.05 0.1 015 02  0.25 0.3

pr [GeV/c] Ar

* For measured kinematics, no significant modification of p/1 yield ratio within jets between
p+p and Au+Au.

* No baryon enhancement observed over momentum range scanned, except hint at AR = 0.15.
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Jet quenChlng in O+0 A. Tamis, Wed. 9:50am
Inclusive hadrons and jets Semi-inclusive h+jets
< AR AR R o0 e
o 1 6b STAR Preliminary -~ ch. hadron - [ halei 7:Npmg<30 caV/e '
L | O+0 Ysyy =200 GeV ~e-ch. jet ) ol anti-k_ R 0.2 N
« Jet quenching in small 1.4 s  0-10% / 60-80% :
system? ' | i )
» No significant radial : 190 B
.................................... 2 4 i
dependence. I = :
 Effects other than —— | L A . ]
. E ¢ i
guenching may be : - | : . i + :
present. 0.4[ 0-10%/60-80% g - 0.5 N
[ anti-k; Fijet =0.2 * Z [ )
0.2'-_l S I S I S I S I S I e l—r O—; l-erlRl IPrlelIi{',li,l,al’lyl | |- - | - — I | M- - I | l—
5 10 15 20 25 30 6 8 10 12 14 16 18
P P, (GeVic) e (GeVic)

T, jet

Hint of high-pt jet suppression in O+0O collisions.
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Outline

 EM Probes: spectrometer & thermometer.
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Thermal dielectrons

Normalized integrated excess yield: hint of decreasing
trend towards lower collision energy.

Normalized excess yield
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Direct virtual photons

2 [ o143 +0.04 (stat)) = 0.04 (sys.)
~ % -  STAR, Au+Au, 1.0 < p.< 3.0 GeV/c
=10 —A(chh/dn)a Fit to STAR Data ( +10) . . C e
_% E v 200 Gev Yield of direct photons vs. multiplicity
- STAR Preliminary from 14.6 to 200 GeV.
S 34-‘(‘}G6V « Common scale factor for yields from
~ 7 GeV
. ° 14.6 to 200 GeV measurements by
. > 19.6 GeV
10-' + 14.6 GeV STAR.
— o
B Q
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oL et a = 1.43%0.04 +0.04
= 1L 502 TeV
11 H
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10—3 - —s— 200 GeV
= —— 624 GeV
B —s— 39 GeV
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102 10°
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Outline

Sensitive to orbital
angular momentum

- Spin & Polarization: Sivers effect & Collins effect. sensivero ™ X“

transversity
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Measurements of A, with jets J. Nam, Tue. 11:25am

Inclusive Jet Ay STAR, arXiv:2305.10359

nth,)
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« Inclusive jet Ay consistent with O, unlike in SIDIS: pQCD suggests

cancellations of u and d quarks at initial and final states.
2(k) ~ (kf), (k7 %) = 0

* First hint of non-zero Sivers effect in dijet at pp collisions.
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Investigation of Collins effect J. Nam, Tue. 11:25am

—x . ;I 0_04§STAR Pre!iminal;y
T - STAR Preliminary S o3P P iet+ X 0.1<z<0.2
£ 004 P'+p ojet+ w4 X S 002 =0 %+ @
< [ X%>0 o.oé— & ¥ ; . @
0.02 _0.0%: ---------- ] 9 5 2 . j; """"""""""
- . ? &j s ~0.02E- k
- cen ® * ec?® * —0.03§— /s = 510 GeV, R=0.5, (p!") = 31.9 GeV/c
O ﬂl'gﬁ.@.g. _________________________________________________ T —0-04§— 15 = 200 GeV, R=05, (¢ = 13.3 GeVic
_0_02__ * % <§+ %l o_o4f_ 02<z<03
- e =" 510 GeV Preliminary -
Colli L -l e ey IR o i P
oLlins . -0.04— O 7 © » 07201 e === === ) SO, SN Si0is. S
AUT X h’l (x) ® Hl (Z,] T) . 1.4%/3.2% Scale Uncertainty Not Shown | | _OOZE_ R B g +
_ , 0 005 041 015 02 025 03 E ] +
Transversity @ Collins FF ot (2p /1) —0.045— ?
~ 1.4%/3.2% Scaie Uhcelrtal ty Not Shown
0.04— 0.3<z<0.8
» Hadron-jet correlation measurements: a more direct probe of : ___________________________ + éﬂ%&ﬁ _____________
transversity than SIDIS: Collinear (pp, hy(x)) vs. TMD (SIDIS, hy (x, k1)) RS SRV
* By varying z and jt, STAR simultaneously explores both the 004 ﬂ:;ggg:y;::g:ggg;;gffg
transversity distribution and the Collins FF. 10" Ceevig
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Summary

 Detector fully upgraded with BES-Il and
Forward capabilities — expanding acceptance
and precision.

Run 23: July 18, 2023

Collisions: Au+Au vsnn = 200 GeV
Run: 24199032

Event: 878465

 STAR delivers important results across key
QCD physics topics.

« 2023-2025: high-statistics data with the full
STAR detector.

* building the bridge to the future EIC.

* Expect many more exciting results spanning

diverse topics for many years to come. A guarter-century of pushing the boundaries
in high-energy nuclear physics research.

05/22/2025 RHIC/AGS Annual User’s Meeting — Chenliang
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We thank C-AD for successful and reliable beam operations, and SDCC &
NERSC for their excellent computing support.

Thank you for
your attention

~ STAR Collaboration Meeting, 03/27/2025



Back Up
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Net-proton higher order cumulants Z. Sweger, Tue. 9:30am

» Higher-order cumulants of conserved charges serve as an ! C,/C,(= ng)
Important probe in the search for QCD critical end point.

« Cumulants are related to the correlation length ¢. ¢ diverges at
the critical point.

baseline

L Vs
C2N52, C4ch7

=

Non-monotonic energy dependence
of C4/C> for the conserved baryon
number indicates the existence of a

critical region.

M.A. Stephanov: Phys. Rev. Lett. 107, 052301 (2011)
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Net-proton cumulant ratios: rapidity scan

1.05F

llllllll

7.7 GeV 9.2 GeV 11.5 GeV 14.6 GeV 17.3 GeV 19.6 GeV 27 GeV
o L L L L T T
°
oosr @ o OOMNNMM‘M
0.9} ... - 0.. + 0‘ 1 0. o + .20-- .20-- e
w» 0850 C/<p+p> ® - ° ®e - ®e ° °
(_) "ttt t+ 4
© 1'"""""". """"""""""""""""""""" K ""R""é'o'ﬁ'—"'
% 0.8_(:?%“ M “% | % | O.OOOO | .:OOOO - .':Oo
e [ .‘. | ®e, ®e ®e U LI ®o
=y ¢ | C e ®9 ®e ® | o |
S | C/C, | star & 2% Au + Au Collisions at RHIC
8 t t+ f——— STAR Preliminary 0.4<pT<2.OGeV/c ——t—
0-5% ) Net-proton lyl <y™*
| ‘ & { ¢ O" .’¢ i ’¢ o . ’¢¢
* ¢4 X + 49 ¢ } o0
0-c4/c2
0 02 04 06 0 02 04 06 0 02 04 06 0 02 04 06 0 '0'2'014'0'6'6 02 04 06 0 02 04 06
Rapidity Acceptance y™
» Cumulant ratios decrease smoothly along rapidity window
 Deviation from UrQMD increases with y acceptance.
05/22/2025 RHIC/AGS Annual User’s Meeting — Chenliang

Widening y(pT) windows
of measurement
enhances potential
critical contributions
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Baryon - Strangeness correlations: Cgs

(A)+ (E-) +...

Cps~3 Cps=1

(KT)+(A)+...
Hadron Gas ou Ideal QGP

» Central Collisions: higher energies consistent with FRG and
LQCD, lower energies agree with UrQMD, the intermediate
energies cannot be reproduced by either of the calculations.

* Peripheral collisions: agree with UrQMD at all energies.

1 1 1 LI L L I 1 1 1 1 LI 1 1 1 LI I 1 1 1 1 LI
- Au+Au Central Collisions (0-5%) T Au+Au Peripheral Collisions (70-80%) -
-3 : EE::I T P(P)K*A@R): 0.4 <p_(GeVic) < 1.6, lyl <0.5-
o 3@ ~:=- Ideal QGP | STAR Preliminary i
cxfm\ -------- QM-HRG ®) ( )
N~ [ LQCD PRD 110, 054519 40-50% .
(/7)\0 2 |- [ ] FRG, W. Fuetal., in preparation - - CBS — _3 <BS>C — _3 <BS> <B> <2"S>
[0 uramD, p(E).K*A®),2E) 2 2
& N (5%)c (52) — (S)
F:
O 1 i O e —
®o ° ) Csgs is proposed to diagnose the
| e - change of phases in the matter
L 1 1 L1 1.1 I 1 1 1 1 L1 1.1 1 1 1 L1 11 1 1 1 1 L1 11 " " . "
3 - 10 20 30 3 Z 10 20 30 created in the heavy-ion collisions.

Collision Energy |sy, (GeV)

M. Asakawa, U. W. Heinz and B. Muller, Phys. Rev. Lett. 85 (2000)
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Directed flow of K*©

0.04_- (a) Au+Au, \S,, = 14.5 GeV " (b) Au+Au, YSyy=19.6 GeV  (0) AutAu, Sy = 27 GeV
x K% K? - STAR Preliminary : %
002_ B K'+K i $ i
- - i |
N~

. ! . . Al 1 ! ! Al . | ! . | .
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« K*0 Is an ideal probe to study hadronic interactions after freeze-
out.

« K*0 v4 changes sign from peripheral to central collisions, unlike
charged kaons.

* Model comparison suggests re-scattering causes asymmetric
loss of K*0 yield in momentum space.
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MD Nasim, Tue. 2:00pm
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Nuclear imaging in HIC

B PO
p(r, 0, gb) — 14+ o(T—R(6,8))/aq

* Nuclear structure leaves imprints on v, and vn - pr
Correlations_ R(H, ¢) — RO(]- + /82 [COS ’7},2,0(07 ¢) + sin 7}6,2 (0, ¢)] + 1831/3,0(07 ¢))

» Compare similar-sized systems U+U, Au+Au to gain B2 —+ quadrupole deformation
insights on nuclear structure. By —»

Y — triaxiality

octupole deformation

STAR, Nature 635, 67-72 (2024)
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A. Tamis, Wed. 9:50am

Jet quenching in O+0
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Hint of high-pT jet suppression in O+0O collisions.
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