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1. Niida, STAR Highlights in AUM2022

STAR experiment

upgrade

Small-strip Thin Gap Chamber

Beam Energy Scan |l was successfully completed
with desired performance of BES-I| detector
upgrade (ITPC, eTOF, EPD)
» 8 energies for 7.7 - 54.4 GeV (collider mode)
» 12 energies for 3.0 - 13.7 GeV (fixed-target mode)
Run-2022 p+p 508 GeV with STAR Forward
Jpgrade was successtully completed
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stie Qutline

« Cold QCD/spin physics

 Hot QCD and UPC physics
» Ultra-peripheral collisions
»  Chirality/vorticity
» Collectivity
» Hypernuclel
» Fluctuations

» Hard probes
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AL with Inclusive Jets

7STAR

dTaIkby Jae J

STAR, PRD105.092011 (2022)

STAR p+p— Jet + X

Vs = 200 GeV:
e 2009, PRL 115 092002 (2015)
= 2015, PRD 103 L091103 (2021)
s =510 GeV:
» 2012, PRD 100 052005 (2019)
* 2013, this work
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£ 0sf Lo ceasn Midrapiidty jets at RHIC 0
02f- i< originate from qg and gg at low Xt -
P e, e %
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* Longitudinal double spin asymmetry AL with Inc
to probe gluon helicity distribution, extending to

0.05 0.1 0.15 0.2 0.25 0.3
Parton Jet x, (=2p._/ (s)

usive jets at midrapidity
ower x by looking at higher energy (510 GeV)

* Improved precision by using the latest datasets (2013/2015)
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st= Nonlinear gluon effects in QCD

C(A9)

C(Ag)

STAR, arXiv:2111.10396
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' Talk by Jae Nam (6 ;
Talk by Oleg Eyser (6/8) ]

FMS (2.6<n<4)

STAR  |s, =200 GeV, NN — x’n°X
26<n<4, Aq>E[Tc 3T'J]
ptTr'9—1 5-2 GeV/c
asso__q _
~,* ~~~~~ pT =1-1.5 GeV/c
~~~~~~~~~~~~ & P=-0.09 = 0.01
o
,,,,, .
o Al Au
| | | | | |
1 3 S
1/3
A

Q7 o AV (1/x)?

* Di-m0 angular correlations at forward rapidity (2.6<n<4)

orobe high-density gl

Clear suppression of
compared to pp anc

uon field

back-to-back pairs in pAl & pAu
the relative area scales with A1/3,

consistent with the expectation from gluon saturation

» No broadening of the away-side peak



stirk Tomography of nuclei with photon induced process

Signal sttt pairs

%&42— Iy 4 Au+Au |5, =200 GeV
. . Zog b 5%, F prAu Y5y, =200 GeV
O % -
* TJransverse linearly polarized photons ST Y BB (5,=193 Gev
due to Lorentz contracted EM-field 02 \\ |
| O.1f fl’; ) _=+=_I_ | —T_ | |
» Photonuclear production of vector | W R N e
. 0 . o——= _T;:;_F_ = -
mesons in UPC, e.g. "P— p" = 7' nw S S
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* Quantum interference with the
. 0 5 o+
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(7r+17r_)/2 ]pp S --—l—-_._____ As [ ""_'».*: ,4_ _“ '4‘
Af'"""'----—54-._._______'_71)_@‘; o 7 oL Aoy - g
" == * Sensitive to nuclear mass (strong- R(9) = [R2+ 202 (1 + (1/2)c0s(20))]
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STAR, arXiv:2204.01625

‘Talk by Nicole Lewis |
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wir Probing EM-field difference in isobars via yy/yA reactions

MTalk by Nicole Levvi

Isobar
B collisions B
?GZ‘r" : 96;, 1 96|:;“:l 5 geFiu
~ 21 —r 1T T 1 1] T | — 2 T - 1T - ' . 1 - - - - 1 - T . 1
3 I STAR Preliminary ] g I STAR Preliminary ]
18 Isobar (Ru+Ru)/(Zr+Zr), {Syy =200 GeV T 181 Isobar (Ru+Ru)/(Zr+Zr), Sy = 200 GV~
% 16F Yy+y —ete” (Mee: 04-26 GeV/CZ) _: 44 4 CCCG 16:_ Y+A*J/1P+X,IY|<1O ) _|
3 4;..} ........................................ ] (_) o Jhp — e'e” (M_: 3.0 - 3.2 GeVic?) :
> 1.ar ] > 1.4 -
2 : 40 e 1 ? 1744\ 2
%) 12— { — g) 1.2;_IIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l__l(_)
S 5 L 1\ 40
= 1 R R PRy i_ ____________ } ------- — = 1 :_ _____________ i _______________ i ----------- —
O-81" o Data: 40-80% - 081 o Data: 40-80% E
0.6 ~—EPA-QED ==:(33)* scaling - 0.6 == (Z2) scaling -
04 =005 1 15 2 25 3 O = 1 s
P (GeV/c) P_ (GeV/c)
e Dilepton (J/W) production at very low pr is dominated by yy (YA) reactions
* [he data suggest “Z" scaling due to EM-field difference in isobars as expected
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W. Zha et al., PLB789(2019)238




stie Search for chiral magnetic effect in isobar collisions

STAR, PRC105.014901 (2022)

I I I I I I I I I
102 | STAR /sobar, Vsyn =200 GeV, Ru+Ru/Zr+Zr, 20-50% |
| [M. Abdallah et al. (STAR), Phys. Rev. C 105 (2022) 014901]
T G - | S - |
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* Precision of 0.4% was achieved but no pre-dfined signature of CM

 Updated estimate of non-flow
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— was observed

B8G using HIJING, consistent with the data

Talk by Evan Finch |
IIPoster by Yicheng Feng |
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STAR, PRC104.L.061901 (2021)

HADES, SQM2021

2" STAR Preliminary

A

- m Ru+Ru
BEEYAGC YA
| oAu+Au

- Centrality
- 20-50%

| Average|

I ' I ' I ' I ' I ' I '
. STAR Preliminary
- mRu+Ru
|+ Zr+r
_ oAu+Au

| \'syn =200 GeV
- Centrality
- 20-50%

S N R T R
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Centrality [%]

I |
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reasing trend down to \/snn = 3 GeV (FXT). Results from BES-II (3, 7.2, 19.6, 27, 54.4 GeV)
ne global trend. More results will come!
iding system size dependence nor splitting between A and anti-A in isobar collisions



st= Local polarization in isob

ar collisions

3 0001 RyRu&ZZr |5, = 200 GeV 3 0001 Ry Ru&ZZr |5, = 200 GeV
éﬂ | STAR preliminary  Centrality: 20%-60% ;iq E STAR preliminary  Centrality: 20%-60%
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(cos ) = / O €O 0,dS2
*\ 2 :
= an P {(cosb,)%) « Clear W» dependence as seen in Au+Au at 200 GeV
cos 0* : .
. P, = (03 6p) * First measurement relative to the 3r9-order event plane Wj!

ag((cos 0%)2)

» Similar pattern to the 2nd-order, indicating vs-driven polarization
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2STAR

STAR, PLB827(2022)137003

Collectivity at Vsnn = 3 GeV

“pressure-gradient driven”
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e At 3 GeV, NCQ scaling is absent with negative vz which is described by
hadronic transport with baryonic interactions

* Atomic mass number (A) scaling of light nuclei v+ Is observed, consistent with

nucleon coalescence picture
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vi(pr, y)/A=~vE(pr/A, y).

6/7) |
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7STAR

Rapidity-odd vs w.r.t. W,

Reaction Plane (x-z)

F"‘,_O-OS_ | I 1 I 1 I 1 | 1 I 1 I 1 I | I 1 I 1 _
_?; - Au+Au s, = 3.0 GeV FXT (year 2018) -
> 0'06:_ Proton -
0.04:_ 1.0 SpT32.5GeV_—
i : : .
- Bear -
0.02 ° . A 5 Dir:::i':m__
IS
i - % . % :
—-0.02 ® —
_00aF- 3 -
Y*” STAR Preliminary 'S - . . .
- 1 * First measurement of rapidity-odd vs with respect to
—~0.06 =0-10% — e g
10 - 40% I : he first-order event plane at v/snv = 3 GeV,
~0.08—~ + 40 - 60% — indicating a correlation between vi and vs
IR R T T I B I I | 1

-1 -0.8-06-04-0.2 0 02 0.4 06 O)}-Sy 1« Sensitive to the 3D initial geometry and EOS
mid P. Hillmann et al., J.Phys.G: Nucl. Part. Phys. 45, 085101 (2018)
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stie Search for collectivity in y+A collisions

STAR Preliminary
117 Au+Au Vsyy = 54 GeV, 1nXn (y+Au-rich)
1.08 | h* (Inl<1), IAnI>1, 0.2 < p;"9%%%° < 2 GeV/c

TOF-match
\\ P <8

- Activity: 1<=
1.04 r - Data
- — Fit

A¢

Dihadron correlations in photon+nucleus process for v/snn = 54.4 GeV
Au+Au collisions

No obvious signature of collectivity (near-side ridge) in the y+A collisions

To be further explored at 200 GeV with STAR forward upgrade

‘Talk by Nicole Lewis (6/7)]
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STAR, PRL128.202301 (2022)

ste Hypernuclel lifetime and production

Lifetime [ps]

— TR, - @ Au+Au 0-10% (STAR)
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o G. Keyes et al (1973) --.Coalesc. (DcM) | Thermal model/transport models
: 6. Keyes et al (1970) ‘He 1073E . PHAMD based on coalescence of nucleons
—— G. Bohm et al (1970) A Jo4L pssuming B (i capture the trend but not quantitatively
. Phillips, Schneps (1969) @ STAR preliminary = e 4 ) = 25%(50%)
P G. Keyes et al (1968) - J. D. Parker (2007) 10° 4\ e
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Cirst measurement of 3 He lifetime in heavy-ion col
measurements of aH and 3 H lifetimes; important

Isions as well as precise
inputs for understanding YN interaction

New results at 3 GeV provide constraints on production mechanism of hypernuclei

IN baryon-rich system

14



Ratio C,/C,

- I I I I | I I I I I | I 1
.~ Central Au + Au Collisions )
= 3 STAR (0 - 5%) —
-4 E @ net-proton -
_Eé’i ;Vf ‘-;f O proton —
BEER %[:] (lyl <0.5, 0.4 <p (GeV/c) <2.0)
i . %[g?%é} $ )
P # """""""" ___GcE B
— HRG . CE —
| Ij:’ net—-proton _
(-0.5 <Y< O) UIQMD
B (0.4 < p_(GeV/c) < 2.0) ¢ proton i
| | | | | 1 1 1 | | | | | 1 1 1 | |
2 5 10 20 50 100 200

Collision Energy \|s,, (GeV)

STAR, PRL126.092301 (2021)
STAR, PRL128.202303 (2022)
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critical
point

e
/ \

stie QCD CP search by net-proton fluctuations

KO

11 ’J\/baseline ]

NG

0.1

hadron gas
n
\
\l !
0 1

M.A. Stephanov, PRL107,
052301 (2011)

uclear
matter

Uz, Ge.V

Non-monotonic energy dependence observed

(~30)

New result at 3 GeV, consistent with baryon
number conservation (UrQMD), implies that CP

could exist only at v/snn > 3 GeV, if any

More precise result

s from BES-II will come!
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stie Search for the chiral cros

Sover

 New results of net-proton fluctuations in isobar collisions

* Higher order cumulant ratios decrease with multiplicity from p+p to Ru+Ru&Zr+/Zr
and then to Au+Au collisions at v/snn = 200 GeV, approaching LQCD calculations
that predict crossover of thermalized medium near pg = O

1.2~ C,/C, (STAR Preliminary) 1 o CJ/C,(STAR Preliminary) 41 ok C,/C, (STAR Preliminary) |
IR 1 -
A np
. > of- *rom g - O @A@”?z}i |
- 08 @ A ) - ;
c_% ® /p 4 A oo A 4L % A o
S
c 06 Au+Au: = - = = - — Au+Au: -2 AusAu: ]
=D Q/QDQ Q;\Q g’(og Q;OQ > —2[" zieRu: T 1 N Zr®Ru:
O Zr®Ru: © ° ! ° +
0.4 | -3 —HRGGCE + PP O Zr+Zr -
. -4~ ys,y =200 GeV Net-proton =
Lattice NN
|y| <0.5,04< pT < 2.0 GeV/c _4 PRD101 (2020) —
0.2 15 Pythia (8.2) - Au+Au ¢ Ru+Ru in Zr+Zr, Ru+Ru, and Au+Au z‘&
o — 6 |
10 100 1000 10 100 1000 10 100 1000
Charged Particle Multiplicity (Inl<1)
STAR, PRL127.262301 (2021) | Talk by Ashish Panda t
| ) " o _ e ——
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stie Hadron suppression In isobar collisions

- ' Talk by Sooraj Radhakr|shnan6/8 |

Charged hadron Raa J/lIJ RAA
<2_ > T ] T ] | N I L I AL LI R
m<f - Data HG PYTHIA Ig_ 2 [ ® Au+Au@54.4 GeV, pT >0.2 GeV/c, e'e”, |y|<1.0 —
1.8— % Ru+Ru —7— Au+Au - i B Ru+RUZr+Zr@200 GeV, p_> 0.2 GeV/c, e'e”, |y [<1.0 i
e VA VAL —=— d+Au - 1.8 3 *  p+Au@200 GeV, p_> 0 GeV/c, wu, |y[<0.5, PLB2022 -
1.6 :— pp uncertainty —— Cu+Cu 16 E p+Au@200 GeV, p.>5 GeV/c, e'e™, |y |<1.0 _
14l ¢ Au+Au@200 GeV, p_>0.15 GeVi/c, u'u-, |y|<0.5, PLB2019
~ 1.4 |- Pb+Pb@2.76 TeV, p_>0 GeVic, e'e", |y |<0.8, ALICE, PLB2014 ]
1.2 . (5 : % 7 Pb+Pb@5.02 TeV, p_>0.15 GeV/c, e'e”, |y [<0.9, ALICE, NPA2021 ]
1:_ : E i Global uncertalnty i
: - : @ I i :
0.8— 08 [ - 1 -
- - [H :
0.6— 0.6 - @ IEI .
- - C _ E' -
0.4 o 7 0.4 El .
- STAR Preliminary - B .
0.2 Isobar \s,,=200 GeV 02F . =
o (2 p>51CeVe - N Stlailibeii AT
10 102 < N > 0 50 100 150 200 250 300 350 400 450
part < part>

HG-PYTHIA: C. Loizides and A. Morsch, PLB773(2017)408

Same Raa of charged hadrons for a given Npart regardless of collision system;
possible centrality bias in peripheral events

Similarly, J/W Raa vs. Npart in Isobars is comparable to that in Au+Au

T. Niida, STAR Highlights in AUM2022 17



7STAR

Semi-inclusive mo/y+jets

| Talk by Sooraj Radhakrlshnan(6/8

- Pt |- il E- T 1 1 ] 1 T T T ] T T T T ] T 3
i ‘ e 0+jet Au+Au (0-15%), 11 < "'9 <15 GeV ‘ i picture: P. Tribedy@QM2022 8 n STAR Preliminary N
0 ~ N o+p  — - PYTHIA-8 Monash < e Au+Au \ sy = 200 GeV, 0-15% E
= B | &y — . -
" 5 f: TF W - § LF e vHet ]
& B \\_\ i [ (qD) 10 = +7t0+jet PR IE
- NG L L Jins O = -
o - -t i . F ——PYTHAS ——
o c:>g u i _g— 10—2 = l f E.E—h—g
- . H = e -
STAR Preliminary 2 102E = - _
R NN N N - S, F // -
S L O O O O R == antik, R=0.5 }
: 4 Q E ri =
Yair - y+jet AutAu (0-15%): 15 < EX° < 20 GeV - = 5 M<E°<15GeV 3
— 2 - 10<p™ <15GeVic -
- +— -5 ie —
= 2, 1:_\< ____________________________________________________________ = z 10 E o ey T'Jlt T

°~  F ] - — 1 ' 1 T
ao T e L } © 10k - .

2% T — - < ? ——
= : :
- - — 1 - 3
S ==
Ol v v v v v b b e 107 1 o
) 10 15 20 25 2.5 3
ch
o o [GeV/c] Aq)( mg ) [rad]

* Ratio of recoll jet yields for R = 0.2 vs. 0.5 In Au+Au is suppressed relative to that in p+p
* Excess at large angle in angular correlation of m9/y and jets in Au+Au relative to p+p

— Medium-induced broadenings of intra-jet distribution and acoplanarity

T. Niida, STAR Highlights in AUM2022 18



7STAR

Heavy flavor tagged jets

iTaIk by Soora; Radhakrin/8 |

/5\ I I I I I I I I | | A | | | | I | | | | I | | | | I | | | |
SN . STAR Preliminary o 0-10% ] ° STAR Preliminar
% L ALA — 00 4 i Z_’ ,.‘5 i Y e (0-10%)/(40-80%)
| u+Au \syy = GeV B 10-40% = o] Au+Au |5 =200 GeV _
g - anti-k,,R=04 Sys. Unc. (Uncorrelated) _ 3 | anti-k., R =0.4 m (10-40%)/(40-80%)
\; _ pT,DO >5GeV/c B 0-10% <N ;> Unc. - Z P > 5 GeV/c i
%MU . B 10-40% <N > Unc. | " » ’ > 5 GeV/e Sys. Unc. (Uncorrelated)
B T jet _
i | 2 | \
~
1.5 N
1 { | _ _
_ @ i
+ B : L -
n 5 ® ~ 1 !
: ¢ _ %
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* First measurement of DO-tagged jets at RHIC
» Rep Shows suppression at low pl

» Radial profile of DO (pr>5 GeV/c) in jets is consistent with unity. To be explored with

low p1 DO to study the etfect of HF diffusion.
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10%F Soes: Woess B * Many interesting results from Cold QCD and
S o) % Hot QCD physics programs at STAR
§ 10°F % - E 8 § »  New results from high statistics isobar and BES-I| data
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O : % % § % % > More results from full BES-Il data will come soon
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R a3  STAR Forward upgrade subsystems were
p+p at 510 GeV . . .

installed, commissioned, and successfully
operated during Run-22

“M~\%“ mlﬂ< {sz‘;;f _ 'ff—?~ 5 . ] . .
el el — * Many interesting physics with the Forward
' = upgrade in 2023+
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