STAR Heavy lon Update

Xin Dong (Lawrence Berkeley National Laboratory)
for the STAR Collaboration

- HI Run Status and Publication Records

- Recent Highlights
- CME, Initial Geometry and EM Field (isobar, AuAu)
- Hot QCD Medium Properties (isobar, AuAu)
-  QCD Phase Structure at High ug (BES-I/Il + FXT)

June 2, 2022 BNL NPP PAC Meeting X. Dong



STAR Run21 SMISTAR *
Single-Beam /SNN Run Time | Species Events Priority DateInC(;r(;;p ,:eted
Energy (GeV /nucleon) (GeV) (MinBias)
3.85 7.7 11-20 weeks | Au+Au 100 M 1 <— May 1
3.85 3 (FXT) 3 days Au+Au 300 M 2 <— May5
44.5 9.2 (FXT) 0.5 days | AutAu 50 M 2 <— May 6
70 11.5 (FXT) | 0.5 days | Aut+Au 50 M 2 <€<— May7
100 13.7 (FXT) | 0.5 days | AutAu 50 M 2 <— May 8
400 M
100 200 1 week 0+0 | 900 M (contral) | 3 <— May 24
8.35 17.1 2.5 weeks | Au+Au 250 M 3 <— June7
3.85 3 (FXT) 3 weeks | Au+Au 2B 3 <— June 28
100 200 1week  d+Au 100M (MB)/100M (0-10%) <€— July7
0o 8) EP:-4.0n<-3.0 010 D) 2P:1ANI>1.0 :
L . 0.08; 0-5% d+Au 200 GeV A 0.08; P i t 4
Additional d+Au @ 200 GeV data recorded with —~. | % ;
EPD (2.2<|7[<5.2) and iTPC (|5|<1.5) P p 113" j
- expect a reduction of statistical uncertainty %94 3 :
by x8 for 2-particle correlation method 0.02- 1 ooz -_
0605 70 15 20 00 05 10 15 20
P, (GeV/c) P, (GeVlc)
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# of Publications

Publication Record

20

15

10

| HPRL_EPRC W PLB__MPRD PG . |
BINPA Sci./Nat. B JHEP CPC [INST
I g g g g g Iu..l...._ 16 publications (5 PRLs) in 2021
i 1. __________________ 1 Ll I ____________ 12 publications (4 PRLs) in 2022
! I ] | I I 11 papers under journal review
BN W W WY BN BN U N B R I .......................................... 28 aCtlve GPCS

Quark Matter 2022 conference (April, 2022, Krakow, Poland):
22 parallel talks, 47 posters, 2 flash talks

Strangeness in Quark Matter 2022 conference (June, 2022, Busan, Korea):
15 parallel talks
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Published and Submitted Papers After PAC 2021 §W TAR *

Azimuthal transverse single-spin asymmetries of inclusive jets and identified hadrons within jets from polarized pp collisions at sqrt{s} = 200 GeV Submitted
COIdQCD arXiv:2205.11800
Evidence for Nonlinear Gluon Effects in QCD and their A Dependence at STAR Submitted arXiv:2111.10396
Longitudinal double-spin asymmetry for inclusive jet and dijet production in polarized proton collisions at $\sqrt{s}=510$% GeV Phys. Rev. D 105 (2022) 92011
Two-particle correlations on transverse rapidity in Au+Au collisions at sqrt{sNN} = 200 GeV at STAR Submitted arXiv:2204.11661
PYTHIAS8 underlying event tune for RHIC energies Phys. Rev. D 105 (2022) 16011
Differential measurements of jet substructure and partonic energy loss in Au+Au collisions at sqrt(s_NN) =200 GeV Phys. Rev. C 105 (2022) 44906
Invariant jet mass measurements in pp collisions at sqrt(s) = 200 GeV at RHIC Phys. Rev. D 104 (2021) 52007
Evidence of Mass Ordering of Charm and Bottom Quark Energy Loss in Au+Au Collisions at RHIC Submitted arXiv:2111.14615
Measurement of cold nuclear matter effects for inclusive J/psi in p+Au collisions at sqrt(sNN) = 200 GeV Phys. Lett. B 825 (2022) 136865
0. Measurement of inclusive electrons from open heavy-flavor hadron decays in $p$+$p$ collisions at $\sqrt{s} = 200$ GeV with the STAR detector Phys. Rev. D 105
Flavor (2022) 32007
11. Observation of Ds/D0 Enhancement in Au+Au Collisions at sqrt(s_NN) = 200 GeV Phys. Rev. Lett. 127 (2021)
12. Probing Strangeness Canonical Ensemble with K-, phi(1020) and Xi- Production in Au+Au Collisions at sqrt{s_NN} = 3 GeV Accepted arXiv:2108.00924
13. Measurements of H3L and H4L Lifetimes and Yields in Au+Au Collisions in the High Baryon Density Region Phys. Rev. Lett. 128 (2022) 202301
LFSUPC 14. Tomography of Ultra-relativistic Nuclei with Polarized Photon-gluon Collisions Submitted arXiv:2204.01625
15. Probing the Gluon Structure of the Deuteron with J/psi Photoproduction in d+Au Ultraperipheral Collisions Phys. Rev. Lett. 128 (2022) 122303
16. Measurement of e+e- Momentum and Angular Distributions from Linearly Polarized Photon Collisions Phys. Rev. Lett. 127 (2021) 52302
17. Measurements of Proton High Order Cumulants in sqrt{s_NN} = 3 GeV Au+Au Collisions and Implications for the QCD Critical Point Phys. Rev. Lett. 128 (2022)
: 202303
Correlatlor) 18. Measurement of the Sixth-Order Cumulant of Net-Proton Multiplicity Distributions in Au+Au Collisions at sqrt{sNN} = 27 , 54.4, and 200 GeV at RHIC Phys. Rev.
& Fluctuation Lett. 127 (2021) 262301
19. Cumulants and correlation functions of net-proton, proton, and antiproton multiplicity distributions in Au+Au collisions at energies available at the BNL Relativistic
Heavy lon Collider Phys. Rev. C 104 (2021) 24902
20. Azimuthal anisotropy measurement of (multi-)strange hadrons in Au+Au collisions at sqrt(s_NN) = 54.4 GeV Submitted arXiv:2205.11073
21. Observation of Global Spin Alignment of phi and K*0 Vector Mesons in Nuclear Collisions Submitted arXiv:2204.02302
22. Centrality and transverse momentum dependence of higher-order flow harmonics of identified hadrons in Au+Au collisions at $\sqrt{s_{\rm NN}}$ = 200 GeV
Submitted arXiv:2203.07204
23. Pair invariant mass to isolate background in the search for the chiral magnetic effect in Au+Au collisions at sqrt(sNN) = 200 GeV Submitted arXiv:2006.05035
24. Collision-system and beam-energy dependence of anisotropic flow fluctuations Submitted arXiv:2201.10365
25. Light Nuclei Collectivity from 3 GeV Au+Au Collisions at RHIC Phys. Lett. B 827 (2022) 136941
F|OW, Chirality 26. Disappearance of partonic collectivity in 3 GeV Au+Au collisions at RHIC Phys. Lett. B 827 (2022) 137003
.. 27. Search for the chiral magnetic effect with isobar collisions at sqrt{sNN} = 200 GeV by the STAR Collaboration at the BNL Relativistic Heavy lon Collider
and Vorticity Phys. Rev. C 105 (2022) 14901 - isobar CME blinding analysis
28. Search for the Chiral Magnetic Effect via Charge-Dependent Azimuthal Correlations Relative to Spectator and Participant Planes in Au+Au Collisions sqrt{s_NN} =
200 GeV Phys. Rev. Lett. 128 (2022) 92301
29. Global Lambda-hyperon polarization in Au+Au collisions at sqrt{sNN} =3 GeV Phys. Rev. C 104 (2021) 61901
30. Investigation of Experimental Observables in Search of the Chiral Magnetic Effect in Heavy-ion Collisions in the STAR experiment Chinese Phys. C 46 (2022)
14101

—_
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Blinding Analysis of CME Search with Isobar Data

Mock data Isobar-Mixed Isobar-Blind . 1 ar-Unblind
challenge Analysis

AL Analysis

(Observable)
Pre-defined signature of CME: Observable)Ru+Ru > 1
( Zr+ Zr
1.02 | STAR Isobellrpost-lblind alznalysils, «l%? 200 GeV, Ru+Ru/Zr+Zr, 20-50%
o 1 == = = = = = e e e e e e e - - - - - - Y -
S o098 = == B
aifje &
0.96 s +E+]+-+~ S
0.94 I I I Io, I I'L i 2N .&I
. ,ngoﬁ dsqgoﬁ @QE,)«"‘{ '$QE; (LS §dig" . (30 R s \irzo\,q N gQ*"ﬂ (,)Q\& S 0%\:\&
R ST =
N v N > N N AN o
AR R A AN
A h PRC 105 (2022) 014901

Publication of

Blind Analysis

CPC 46 (2022) 14101

Precision of 0.4% achieved

No pre-defined signature of
CME is observed

- possible residual signal due to
change of baseline & non-flow
effects are under study
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Blinding Analysis of CME Search with Isobar Data

Mock data Isobar-Mixed sttr"irl'zli?d Isobar-Unblind
challenge Analysis y Analysis

Publication of

Blind Analysis

STAR, PRC 105 (2022) 014901

Ratio

_ _ (Observable)
Pre-defined signature of CME: 5 RutRu -, 4
( )Zr+ Zr
102 |  STAR sobar, Ve =200 GeV, Ru+Ru/Zr+Zr, 20-50% | Updated estimate on non-
L e st s S _____ | flow combining data/HIJING
0.08 STAR Prelirrgzﬁg;',gnﬁt‘TAGBHgl:l;lgvl;ancikgroundestimate e il # ? ConSiStent With iSObar data
T i + | of Aylv
b 2
094 |\ 1{» |Q |w ll5 L |¢ 1% 1 1 1 l{\@l
R PO N > Lt \“%" N Q\&'Z@“@ ei:* Hints of signals in Au+Au 200GeV:
N e PRL 128 (2022) 092301
NSRRI N arXiv: 2006.05035
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Nuclear Deformation and Neutron Skin S WSTAR *

V, and vs in central collisions Probe neutron skin and symmetry energy
— nuclear deformation parameters . . L) =3 dEym(p)
Arnp > Arnp Pc) = 3P 5
Ru Centrality 5 21 0.2% 101 P=p:
.9 T T T T ' T T T T I T T l T : I: T :l T T N A
"('u' _+V2Fl [Vaz /{? 'STAR Preliminary iEBE-VISHNU + DFT(eSHF)
c r " R e [ womins L(p )=20 MeV
[ vy Vo ] $1.008|— Isobar sy, =200 GeV  __.| (547 3MeV
L e Iy N eves Lp)<T0 MoV
[~ (P} (p,)" Ru/zr - ! ooel. e - Deformed
o® o - 0.2<p <2 GeV/c
‘ 1.004/— T TN
i 1 : . : e S, N ¥
N N N
YU ) 1002~ .o ‘
f " | [ :‘J
; 9_ STAR Preliminary ‘... FI :;;-:-'. p Deformed: Ru(B,=0.16),Zr (8,=0.20)
- [ 1 1 1 1 I 1 1 1 1 | 1 1 fI 1 : I : 1 N 1 1 ] S "1 1 1 l 1 1 1 l 1 1 L l 1 1 A
0 100 200 300 o 20 40 60 8
N:)rf;hne (h‘]l <0. 5) Centrality (%)
QM2022
Lo(Ru) > pBy(Zr) L(p;) = 54 + 8 MeV from multiplicity ratio
LARU) < S{Zr) L(p;) =57 + 10 MeV from (p;) ratio

= masmm.
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Charge and Mass Radius of Nuclei

L WSTAR *

Po
1+ exp[(r — R)/a]’

pa(r; Rya) =

Photo-induced ee and p—nn production

— Novel approach to nuclei geometry parameters

A+A Collision
Aj O — -
B 0
® D ‘=
Ay s il
P s AL S O
A, mul i<
¥ = Y
- "
B: e
28 L '

14 " Au+Au 99.7% Confidence —
T yy— e*e” 1 200 GeV UPC (Published) .§ 8.0
12 . [ ] 200 GeV (Published + Preliminary) P :
T [ ] 54.4 GeV (Preliminary) S [ - -
é 1—_ g low-E e-scattering 'g 75 I ::¥- i , ) _- ) : - -_ /
-I-g' : B m \\ /4_ \, _*_/’
S 0.8 . \*/ \.,/
o : 7.0 ” i 1/2
£o6f | R(0) = [R%+ 202 (1 + (1/2)cos(20)))]
n B
0.4 6.5 [ Au+Au:R=6.62£0.03, 6,=2.3%0.04 (fm)
[ Published: STAR, PRL 121,132301 (2018) [ - U+U: :rR=7.38t0.07, 6.=1.92+0.12 (fm)
0.2 STAR, PRL 127,052302 (2021) I 0 " 7b
T 11 11 I ) 1 I 1 ) I ) 1 I 1 ) I 11 I 6'0 In I &
4 4.5 5 55 6 6.5 7 —TT —= 0 = TT
Charge Radius (fm) 2 2 ¢
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Initial Electromagnetic (EM) Field

Ru/Zr _ -
Ru/Zr > > i -
e Low py dileptons ” Low py J/y
¥4 I ~ 4‘ ~ 2
. o(yy »ee) ~Z oc(YyA—-J/P) ~Z
Ru/Zr > g > Ru/Zr 4 ‘
S 2 | i i i I i = 2 | ! ' ' | i ' ' .‘ .‘ j ' j j I ' j j j ! j
N STAR Preliminary : E ! STAR Preliminary ]
_GQ:) 1.8 - Isobar (Ru+Ru)/(Zr+Zr), \/ST\IN =200 GeV ] o 1.8 :_ Isobar (Ru+Ru)/(Zr+Zr), ﬁ =200 GeV
& 16 y+y—e'e (M :0.4-26GeV/cH) : e VA =+ X pyi<t.0 :
= ' i k) Jhp —e'e” (M_:3.0-8.2 GeV/c?)
> 1.4 1 +v—ate | 2 1 g
z 't 1 17 Y e o
s12 { B 3 ]
iCJ 1 i i { ! = - ____J_____ i _______________ i ___________ _
3 E 0.8} a0 .
| ] - 2 .
0.6f ~—EPA-QED ==s(z3’ scaling . 0.6 == (3g) scaling ]
- | ! | | | | | 1 04 I S
0.4 %05 1 15 2 25 3 L 52 L 2 (B
QM2022 p, (GeVrc) T

snmmmmmr
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Strong EM Field — v, splitting

e o

Initial EM-field + v, early stage

— v, split between h+ and h-

;\? : L L L L L :
= _  Au+Au, 200 GeV ]
BN L _
T 05+ —
>T [ @™ Y -
o

S = b i
< - s .
0 b o e e e e e e E e E e e e e e e e c e m e e m e e e —— - —
L o i

B & %
~ < p-Pp,STAR ]
-0.5 | —— iEBE-VISHNU + EM-Field _
B (pT > 0.4 GeV/c, p <2 GeV/c) ]
,\? —t—t——t—t—t—t—t—ft—t——t—f—t—+—+—1
) | .
E " Ru+Ru and Zr+Zr, 200 GeV ]
3 0.5 L _]
>m b & 1
) L i
< B or 7
I I{’lj .
ol %%ﬂ ____________________ ]
- o ’

i & %
0.5 ##: —
- STAR Preliminary i
i | L | L L L | L L L | L L L | ]

0 20 40 60 80
Centrality (%)
QM2022
June 2, 2022

Combination of produced particles
to avoid transport quark effect

-0.005

. STAR Preliminary
Au+Au 10-40%, lyl<0.8
- 0.13 <py/ng (GeVic) <1

foobe

SNN =27 GeV

1 Particle and anti-

VSNN = 200 GeV

b ow

particle Av,
1 — evidence for
initial EM effect

0 1 4/3
Net electric charge (Aq)

smEm e E.
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:@@TA R

= Hot QCD Medium Properties

> 3D dynamics

> Global polarization / spin alignment
» Gamma-Jets / HF-Jets

> Medium temperature via dielectrons
> System size dependence (isobar)

T Ty Tl
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3D Dynamics of Hot QCD Medium A WSTAR *

Flow decorrelation using BES-I| data

v2—(p+) correlation:

__ cov(vy, [pr])

 /Var(v2)/Var([pr])

p(vn, [pr]) (vn(=n)vn (1re))

rn(n) =

(Vn(+1)vn(Mref))
' —_IP-Glasma + Hydro —_ T = [ B LN B
S Y | AUtAUB=013 ] = STAR Preliminary { & | STAR Preliminary ]
= g = el 0-10% ] 1.'*"1' """""" 0-10%
% 02k . 2 L - . [ ;
i :......... U+U B=0 ‘ O 08-— -
/ ....’000............‘00 0.95 . - ] -
- oo...... 0.++ * 0.6_— + -
(0] P ..................... '.‘;.;. U+U B=0 28 0_9: Au+Au . * * _: 04:_ Au+Au * _:
STAR Preliminary . W |5, =54.4 GeV ] - o VSun = 544 GeV :
~e- Au+Au 200 GeV i, | 0.85[" ¢ \sy =27 GeV 1 02 ¢ {5y =27 GeV ]
ool U+U 193GeV -’+ W |5, =19.6 GeV L (S = 196GV
-_V. - o -, N ' R I ' ' . . I ' ' L ' L 1 1 1 L L L L 1 1 L 1
0 0.5 1 15
L l0.21<pTl<2|Ge‘V, I.n|<.1 P+ ’?“. 040 , ‘- 0 0.5 n 1 1.5 N
0 200 400 00 o _
NG (mi<0.5)  New insights to the 3D dynamics and strong
QM2022 constraints on n/s(T, ug) of hot QCD medium
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Global Lambda Polarization - Vorticity

« New FXT 3 GeV and BES-Il 19.6 GeV results
follow a smooth energy dependence trend
* |sobar ~ AuAu in the same centrality bin

X - STAR Au+Au 20%-50%
'E STAR Preliminary Nature548.62 (2017)  ® A A
L FXT _
3 GeV PRC76.024915 (2007) ® A
(N) PRC98.014910 (2018) ®A ORA
PRC104.L061901 (2021) ® A
S STAR prelim.
AA+A ®eA OA
ALICE PRC101.044611 (2020)
~ # A 5 A Pb+Pb 15-50%
HADES prs;!im.ASQM2021
I~ A u+Au 10-40%
FXT A Ag+Ag 10-40%
7.2 GeV
(A)
Of—-----oeeeeeeeeo - B #---§
AMPT, A 19.6 GeV (A + A(}
- primary primary+feed-down
UrQMD+VHLLE, A a, =-a. =0.732
| —— primary - - primary+feed-down
1 1 1 11111 | 1 1 1 1111 | 1 1 1 1 1 111 | 1 1 1 1
10 102 10°
\'s\y [GeV]

3 GeV: PRC 104 (2021) 061901
7.2 GeV and 19.6 GeV: QMZ2022
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Global Spin Alignment of Vector Mesons

Adlike (-10°) L k6 (Y1<1.0&12<p <54 GeVL) -
Electric field (10°) 04/ q) o K®(lyl <1.0&1.0<p_<5.0 GeV/c) |
- é - C(sy) =1109 + 143 fm'8 (From fit to data)
: Field strength ~ 2.5 m?2 :
Poo(P) = — + catceteptey  gal $ b
o ._.-. 1 o - S .'.'.'.'.'.'.'.'.'.".'.'.-.-.-.-.-uu.-ui? ...... ?
4 5 |
Vorticity tensor (-10-4) i @ 1
0.3 K*0 0o
Vector meson field i _
i filled: Au+Au (20% - 60% Centrality) :
_ S | open: Pb+Pb (10% - 50% Centrality) |
d) meson poo 1/3 by 8.40 0.25 II| | | | I II| | | I II| | |
10 10? 10°
Possible explanation with a strong
vector meson field \ Snn (GeV)
- py/centrality dependence? 2204.02302
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Medium-induced Jet Broadening

Semi-inclusive n%y-jets:
Ratio of Rg,/Rp5: AuAu < pp
intra-jet broadening

Excess yield at large angle for n%/y-
jets in AuAu compared pp PYTHIA
medium-induced jet acoplanarity

T T T [ T T T T 1 T T T T T T T T T " = S
‘ = n0tjet Au+Au (0-15%), 11 <E‘T"g<15 GeV g 1E STARAPTI'T’naU;OOG V. 0155 R_0.5_:
- = u+Au Vs, = eV, 0-15% E
— D)4 = PYTHIA-8 Monash — = NN ’ 3
PP § 12 —e— y+jet .
8 100 = —a— nl+jet E
g T . _F ——PYTHAS /":"I
e = :-—10—2§_ E.E_.——§
oS- | 0. S E 3
= STAR Preliminary n-jet o = _:
S 01L] | | | | |3, F
A I e T T O O O s = 5 - 3
Cﬁ N L 5 nal ;7 anti-k;, R=0.5 _
- i g 107E 1<E®<15Gev 3
- i y+et Au+Au (0-15%): 15 <E. " <20 GeV 1 © = <E < e 3
o~ T -2 . s 10<p <15GeVic ]
S Tl g = z 107 | | | ! T T AR R

T = \\ ] — T T
- ] ] 1
o - \__.___\ ] © 10 - 3
i T TTN——— _ a|< —— —— g
©|T ]
= -i . 1L S =__ 3
v-jet DE EIE\%
o8 | = I B A A AR B B R B R B 107" o

5 10 15 20 25 2 25 3

ch 1GeV/c = - rad
QM2022 Prjet GEVIC] (=0, 9, [rad]
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Jet Substructure in High-Momentum Di-jet Pairs

High Tower (HT) trigger 0.25 ptp ® o £ STAR
HardCore jet E; > 5.4Gev [ AutAu AutAu A K 0-20%
P, constituent > 2 GeV/c ’ - @ [ J es_; >0.1 I Aquu’ PP vs_nu = 2‘?0 GeV
Matched jet % 0.2: é T Anti-k; Ry, = 0.4, Anti-k, Rg, = 0.1
S R % \._ B i E
PT, constituent > 0.2 GeV/c H N $ o T M [#R <10
Z 015 Q -T-
constituent = tracks & towers © B # T HardCore Di-jets
X : Q 1 Trigger p, , > 16 GeVie
............ Trigger jet < 0.1 T il
------------- o T S S oo
HardC Jc'> 16 GeV/ B 8 T Recoil Matched Jet 6, Selection
araCore P, j ev/ic 0.05[~ O T Ao (jet, HT) > 23
E o trigger _  recoil by wo o 5 ono o 18.0_,.,.1 s oo pw o woma g oo
Recoil jet AJ _ pT’jet pT’jet 1 1]
o Anti-kt Ry = 0.4 ptTnigter + p&?ggil 0.25E S __ piols _
HardCore py, ;. > 8 GeV/c ; ’ AutAu AutAu I AutAu AutAu

------------------------------------- _+ il Wo1<6,<02 1 i
SoftDrop 7, = 0.1, =0 1 ¢ %

] = _ min(pr,1,pr,2) ( Ry )B [ 1 ? % :

> Zg = ———= 0 S Zent r T ]
—EE‘E‘: pPr1+Pr2 Ryt A I + $ :
— Leadingprong 1-z R, = AR, = \V A"]iz + A¢%,2- 0.05:_ 3 1 ? g *

> Sub-Leading prong % ]

_______________________________________________ :1...1...|..i!._.|:l...1...10.Q.Q_$_

]
0 0.2 0.4 06 o0 0.2 0.4 0.6
Matched |AJ| Matched |A |

ﬁ ¢ 02<6,<03 ]

o
N
T

evt

(1N_ ) dN_ /dA
o
o -
_ [$)]
[RALEELE B
=h
—-
-
=
-
—iE}
H-
| |

min(pr,s1, PT,832)

255 =  no significant modifications of groomed observables

PT,sJ1 + PT,S32

it Leading subjet

7 Sub-Leading subiet bs; = AR(SJ1,872), « no differences in AE signatures in 0.1 < 04,< 0.3

pr > 2.97 GeV/c

PRC 105 (2022) 044906 — AE due to gluon radiation from a single color-charge

e smnnmmmmm
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Dielectrons - Medium Temperature

High statistics di-electron mass spectra from 27 GeV (2018) and 54.4 GeV (2017)
Medium temperature at both low mass (LMR) and intermediate mass (IMR)

TIMR ~ 300 MeV > TLMR ~ 160 MeV ~ Tpc

G E —+— STARAUsAU54.4 GeV (0-80% S400F g E
2 E +AU54.4 GeV (0-80%) © [ STAR Preliminary E
2 [ —— STARAu+Au 27 GeV (0-80%) =350 z
S 10° = C 77 IMR % LMR STAR IMR s
8 E:%w 300 O IMR ¢ LMR NAGO (In+In) 3
’_.g L ** fit by N2 x &7 55 - ¥ LMR HADES :
= F . TS44GeV _ 338 . 59 MeV F O LMR STAR BES-| .
=z - [—  STAR: PLB 750 (2015) 64-71, arXiv: 1810.10159 <
S F ‘T'*"H— 1276V _ 301 = 60 MeV 200 Q =
— _8 oo -, : - :
<] 107E fit by (a*BW+b"MY?) x ™7 | 150 #{?*%’0&,& B
= F THAGY_174 15 MeV = E °o 3
o L 'p T * " - =
ﬁ\ = Tg‘ gev =167 = 20 MeV 100 :_ TPc LQCD  HotQCD: PLB 795 (2019) 15-21 LM R % _:
b - . - oT,SH eT,GCE eT,SCE Y
Z - STAR Prellm’na,y 50 - T., SH: P. Braun-Munzinger et al. Nature 561, 321-330 (2018) =
R o) 10-10 7., GCE/SCE: STAR PRC 96, 044904 (2017) g
~ EI L l L L L L I L L L L I 1 1 L L I L L L L I L L L L 0 n 1 1 L — I L 1 L — I o I-
0.5 1 1.5 2 2.5 » 1 10 102 10°
M| (GeV/C ) NAG0: EPJC (2009) 59 607-623 HADES: Nature Physics 15, 1040-1045 (2019) u (MeV)

QM2022
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Light Hadron and J/y from Isobar S WSTAR %

High pr charged hadron and J/y suppression scales with N,
- possible bias in peripheral events

2 Y — v _— -
2 F Data HG-PYTHIA 2 T memaze T

- i + @200 GeV,p_>0.2GeVic,e e, |y|<1.0 _
m 18 - e i Q.l:/':AU - Ru+Ru m. 1.8 — ®m  AutAu@54.4 GeV,p_> O.ZYGeVIc. e'e”, |y|<1.0 -

[ @ Zr+Zr = M o F & CusCu@200 GeV, p. > 0 GeVic, 'e-, |y1<0.35, PRL2008
o - Zr+Zr 5 ; u+Cu@ P c,ee, |yl X N
16 - B pp uncertainty —— Cu+Cu % x 16 [ & p+AU@200 GeV, p, >0 GeVic, -, |y I<0.5, PLE2022 E
1.4F + 1af O AuAu@200 GeV, p, > 0.15 GeVic, -, |y |<0.5, PLB2019 E
121~ ~ 12 ]
15.__.._.._.‘_.. o e : y 1:_____ _______ﬂoﬂuﬁeﬁin_tll
0.8F @l & 08F EH m oY -
: E P i o - ! ]
0.6 o6f I @ [ % : E .
: | : Eopg H g
0.4 = 041 O B
- STAR Preliminary > i n ]
0.2 Isobar |s,,=200 GeV 02 STAR Preliminary .
o tsyzposteeve ) S ——— -

10 102 N 10 10

{ part ) (N

isobar: QM2022 ; pAu: PLB 825 (2022) 136865

------ ———n
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Cumulant Ratio

Net-proton Cumulants from Isobar

Cumulant ratios (up to Cg) of net-proton from p+p, Au+Au and isobar data

systematic decreasing trend with multiplicity, approaching LQCD calculations
(smooth cross over of thermalized medium)

CrEEEH ! R | N L ceeren ' N | N L M| N L ! LR |
1.2~ C/C, (STAR Preliminary) . o} CJ/C,(STAR Preliminary) 1 ok C/C, (STAR Preliminary) _
L e i B S T T T T T T ] - == i 1 —————————————

€ ]
s + ok A @ 3 Q 4 ok OAO /' 8 é i _
o ™ 4 —
® /)y é® 2 o & é a
0.6 Au+Au {,Q"' & S ‘3‘_ = — ol Au+Au: . -2 Au+Au: 7
zonu o S &, ¥ ¢ , Z@Ry: . . —
041 - =
HRG GCE +psp o0Zmezr | -4 8
lyl <0.5,0.4 <p_<2.0 GeV/c -4 Lattice . VSun = 200 GeV Net-proton
0.2 . Pythia (8.2) # Au+Au ® Ru+Ru
sl PP | PR | s e sl PR e s 2 31aal —6—......1 e s 3 siaasl NN AT
10 100 1000 10 100 1000 10 100 1000

Charged Particle Multiplicity

AuAu: PRC 104 (2021) 024902; PRL 127 (2021) 262301
isobar data: QM2022
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Detector Performance

/

iTPC (2019+) \

/ eTOF (2019+) \

10

18

005t iTPC Run2019 ~ 11 (Plots normalized)
3 TPC Run2018, ‘ ‘ ’—I—\_‘
N | ’ rly
0.04/— U
0.03; _l
0.02/ I 7
0.01— |
- extended acceptance
92‘ ’—Ii1l5‘ﬁ I—I1‘ I '—IOISHHQE)I = I0l5‘ - .‘III = .1ISI =
g g N ° y

r iTPC Run2019
18" TPC Run2018 t
0.14— ) )
o2t | improved dE/dx resolution
o.osf— WY .

B TN
0.06/— e
o.o4f—

- 8% 6.9% 8%
0.02—

\9.2.-'5”'—'2"'4'.5 = S o T Y e e T e TR Y
n

June 2, 2022

'% ~npn, 0.6 T T T T T T T T T

R~ :mf-ﬂ Au+Au at /Sy = 27 GeV B

‘g E 0‘5; ‘S,}F.:Rssrcerlrilminary AL AL . {

'5 - = b o =

S f 041 A 3

) - i ]

; 0.3 e v EPD =

o E v v ¥ BBC E

F 0.2— —]

3f 5 v 1

02 - 01 |y i E

3 . ] - | improved EP resolution =

oaf | good matching eff. | : e ———
,.5 E 0 0 10 20 30 40 50 60 70 80

: % centrality
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Baryon Stopping S WSTAR *

Proton dN/dy from 3 GeV covers mid to target rapidity region
strong centrality dependence in proton rapidity loss

Exponential dependence of proton density with rapidity shift

sk p dN/dy AuAu ; Vs, =3 GeV AGS E802 :
2 VS = 3 GeV = .4 -A- SPS NA49 N
C STAR PRELIMINARY Tl B Saa = RHIC STAR i
100 [— % i }A ©- RHIC BRAHMS  _
- 0 I : . =
0-5% |- & g <~ RHIC STAR BES-|
— -, ] "4 . -+ RHICSTARFXT |
u Z + :
- A . =
: 3 T, 5
- = . STAR Preliminary e .
) S [ Central A+Acoliisions - $ _
. --- Fit: 1.1 exp(-0.61 dy) g
1 2 3 4 5 6

dY=Ypeam~Yem
target QM2022
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Disappearance of Partonic Collectivity at Au+Au 3 GeV

PLB 827 (2022) 137003

A 4 A + A 4
P S S N R T B S SN

| b | . | : I % 1
B ; " Au+Au Collisions (10-40%)
Q0B nonun 200 Ty
0.04} e 88 8 8] e s gdEdo
i s, i 006 ~m 2 4 B OREEE
o = 32 (®) & 004l 7T AT
- S S e IOl B
P E877 > - ;Q
,_ _: . g __ s | &Ffv (a) Positive particle
_0.04] J7 ¥V Z=1hadrons FOPI 1 o_g
) \_-7I¢ JAM UrQMD ; . K*A* £h* A
° p t € ) e A i -0.02- = A A
STAR O A Baryon-Mean-field Cascade f 1
U T P | -
o40% 4 K 3 5 10 20 30 0 02 04 06 08
a9 .l o
¢ = | Gollision Energy \'s,, (GeV)

« EPD used for EP determination

Light nuclei collectivity at 3 GeV follows the
baryon number scaling — coalescence production

PLB 827 (2022) 136941

0 0.2 0.4 0.6 0.8

(m_- mg)/n, (GeV/c?)

« No Number-of-Constituent-Quark

scaling at 3 GeV

- UrQMD with baryonic mean-field potential
qualitatively consistent with data

— Equation-of-State dominated by
baryonic interactions in 3 GeV

o
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Multi-strange Hadron Production at 3 GeV

WSTAR *

lllllllllllllllllllllllllll

| Au+AU, |5 =3.0GeV B K @0 ¢ & ]
0-10% 10-40% .

llllllllllllll

oo
(=)

40-60%

30
1} 6} J

D
(=]

dN/dy [x 107
5

0.5 0 -1 |
Particle Rapidity y__

PLB 831 (2022) 137152

* ¢/Kratio ~56 >0 (~ GCE)
« ¢/K and ¢/= favors Canonical Ensemble
- favors hadronic models w/ resonance decays

June 2, 2022 BNL NPP PAC Meeting

06 | S -
! ‘ [[lsmAasH ~GCE |
| Aut+Au O — - UrQMD' CE, r (fm) |
0-40% || | 2
- k| UrQMD 392
| L Ar+KCI | | ;
¥ 0:4 | 0-35% | -- 42
< L A+AL ] - 6.2
0-9% a
02 l. LJ'] Pb+Pb0-7.2%  _
: s/fé;;.;,,;‘;ﬁ;;-—[“j—&:i'-D.-u:
Chea, ;-;’_,"”
I o —— (a)
0 e = - | 1_
L i ® AurAu,0-10%
< i ol & o
Jpre 9 é S
= 0-35% l‘ ‘ - & ""” ?‘\)x -
| A= (b)
0 — ) L ) ! PR S S | —
2 3 5 10 20

Collision Energy \sy, (GeV)
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Hypernuclei Production from BES-II

PRL 128 (2022) 202301, QM2022

| ——

G. Keyes et al (1973)

---- Dalitz et al (1966) A. Gal (2021)
3 H Congleton (1992) average 4 H
A Kamada et al (1998) A
-- Gal et al (2019)
average -~ Hildenbrand et al (2020) T
ll ' i(a STAR (2021)
e 2 o
A ==} HypHI (2013)
r STAR (2021) —é H. Outa et al (1995)
. P | . ]
= ALICE (2019) — S. Avramenko et al (1992)
= STAR (2018) —i > Philips, Schneps (1369)
a ALICE (2016) —i—L 5 y.W.Kang etal (1965)
HI HypHI (2013) —0—~-|~—o—> Prem, Steinberg (1964)
=T STAR@00} | _ o i]i N. Crayton et al (1962)

G. Keyes et al (1970)
G. Bohm et al (1970)

- G. Keyes et al (1968)

Phillips, Schneps (1969)

<

Prem, Steinberg (1964)

‘He

STAR preliminary
J. D. Parker (2007)
H. Outa et al (1995)

First set of precision hypernuclei data from BES-II

100 200 300 400 500 100

Lifetime [ps]

Towards quantitative understanding on Y-N
interaction and high baryon density region
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1

107"

- —_ —_ —_
©c 9 9 9
L A w o

dN/dy (lyl<0.5)

1072
1072
107

@ Au+Au 0-10% (STAR)
® Au+Au 0-10% (STAR preliminary)
¢+ Pb+Pb 0-10% (ALICE)

., Pb+Pb
2.76TeV
®
calee

|
]
Central Au+Au
— Hybrid URQMD
— Coalesc. (JAM)
- Coalesc. (DCM)
----- Thermal
PHQMD

Assuming B.R.()'H
—+"“He + ') = 25%(50%)
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Energy Dependence of (Net-) Proton High Moments

4 __I | I | UL | I | P T I | I_
.~ _ Central Au & Au Collisions |
3 % STAR (0 - 5%)
o | ;,\3 @ net-proton -
C\) 2 _§€> -1 O proton -
N <s &
@) | =2 (Iyl <05, 0.4 <p (GeVic) <2.0)]
(@) 1_1____ ____f___ —
5 LI A |
LN S T :
— — GCE
- J HRG _ CE -
|- I n&:-o.5<y<0) JEOMD net-proton_
B (0.4 < p (GeVic) < 2.0) < Pproton |
1 | 1 1 | o e ) l | 1 1 1 L1 1 1 l 1
2 5 10 20 50 100 200

Collision Energy \s,, (GeV)

BES-I: PRL 126 (2021) 092301
3 GeV data: PRL 128 (2022) 202303
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BNL NPP PAC Meeting

baseline

/3

* Non-monotonic energy
dependence in central Au+Au
collisions (3.1c)

« Strong suppression in proton

C4/ C2 at 3 GeV
- consistent with UrQMD
hadronic transport model calculation

o
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Results at 3 GeV SWSTAR %

300

250

200

150

100

Temperature (MeV)

50

Vacuum Matter
O \
Il il 1 l 1 1 L l \ 1 I 1 1

The Phases of QCD

Quark-Gluon Plasma

Nuclear

\

taztc'clfp?faopgel\ﬁ'ec\tf ()| - /= production driven by CE
B

June 2, 2022

200 400 600 800 1000 1200 1400 1600
Baryon Chemical Potential p (MeV)

Au+Au collisions @ 3 GeV — hadronic phase
*Vv,/v, dominated by baryonic mean field

BES-II

« proton C,/C, consistent with hadronic transport

S YT
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Collective Flows from BES-Il 19.6/14.6 GeV ~ A\WSTAR

- X2.5-4 reduction in v,/v, statistical uncertainties @ 19.6 GeV

NCQ-scaling holds for particles (20%) while
better for anti-particles @ 19.6 GeV

- transport quark effect QM2022
20s _STAR Preliminary ' T ' ' ' ' | 0.04r
Au+Au |s,,, = 19.6 GeV - A [5 A
_Centraliﬁo-m% o‘ﬁtqﬁ‘ 208 3 1 . &g Ag‘?_%f\‘ ..... i - P
E - wA Particles —+ “4 - Anti-particles . ’;“ L (} —— BES-I P
N 004 @@f?? BE.S‘-)II(yeAa; §o19) 1 ﬁ Be.séu (yteAarn%019) i %r [ : —~ BES- p
B OA OKj —+ oA oK, y [T ¢ oo
002 & e -+ . e oot 4 o ofF © o, ..
i BES-I (year 2010) 1 ~ BRAEOIEVNy e (year 2010) % 0 Coee 4 7
o oQ 2.7 x improvement of Q v, go* ) - é )
I R i P - I | 3
g 0 : : ' y 1 -0.02(- %
g1 ,% T e [
S T 1‘;%‘ e st ﬂ’ﬁ‘*ﬂ 6-614 ‘%ﬁﬁ@*!ﬁmﬁi b8 h o I
"g 08-—, N N e 2 N &l _0.04 | U T SN NN SR SR ST N N SR SR S S S ST S |
50 0.5 1 0 , 05 1 -1 0.5 0 05 1
(mT-mo)/nq(GeV/c ) Rapidity(y)
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Status of BES-Il Analyses

Year Datasets
2017/2018 54.4/27
2018 FXT 3.0/7.2
2019 19.6/14.6
FXT
2020 11.5/9.2
FXT
2021 7.7
17.3
FXT
OO/dAu 200
June 2, 2022

Calibration
Done
Done
Done
Done
in progress
Done
in progress
in progress
in progress

Fall 2022

Production
Done

Done

Done

Done
Summer 2022
Done
Summer 2022
Fall 2022

Fall 2022

o -

Analysis

Final

Final

Prel. @ QM22
Post-prod QA

Post-prod QA

BNL NPP PAC Meeting
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Summary

102 | STAR Isobar, Yeny = 200 GeV, RusRu/Zr+Zr, 20-50% |

Isobar (2018) and AuAu data B i i

2 " ey oo et o L TET T
- . . S ok S
« Blinding analysis for CME search published e e
- Better baseline estimation and possible CME %@fg‘f?;’f‘éif‘igf;ifiﬁf,‘{’;‘? Y g
signal extraction under study et e \“‘°§:00\“‘ ¢ ]
_ 2,,,,f STAR Preliminary E
- Many results on systematic measure of QGP o S um l
medium properties and initial EM field o TPy |
200:_ STAR: PLB 750 (2015) 64-71, arXiv:

1502——0— Aﬁ?ﬁﬁiﬂ*#@&’ :
First set of BES-II results o e ——— b

E oT,SH T, GCE T SCE Do' E
50 Top SH: P. Bnun»Munzinger Nature 561, 321-330 (2018) =
E T GCE/s 4 (2017) 3

« FXT 3 GeV data (2018) demonstrate the s B, 1)
dominance of hadronic phase T ‘c‘éxit'r'énAu+AuCounsmns ]

* Preliminary v,/v, from 19.6/14.6 GeV: much

STAR (0 - 5%)

(04< pT(GeV/c) <1.6)

N
HADES (0 - 10%)

J' 5 g3 o

improved precision compared to BES- 2 1FH ## __3(__;05_“_“1;”:

© | g " i

: % ffffffffffffffffffffffffff TR ]

Results from full BES-II datasets to come out next year i ' -
2 A' ;""110» 20 ‘5'0":1'('30 200

Collision Energy \s,, (GeV)
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S WSTAR *

= Backup
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CME Analysis in Isobar Data

S WSTAR *

PRC 105 (2022) 014901

Ratio (Ay/v,)

Ratio (Ay/v,)

1.04

0.96 |-

0.92 1

0.88

1.04 |

0.96

0.92

0.88

- STAR Isobar blind analysis, sy = 200 GeV
1 prpeossvrececccscccccinccnccnccccccnes %
Fpan”
% Ru+Ru/ Zr+Zr
4% Group-1 (EP)
Full-TPC (ngp ol<1) -® Group-2 (3PC) .
0.2< pr <2 GeV/c -4 Group-3 (3PC)
-------- pecccccscccccccccccsccsccccccscscqaas e
\ 4 Y
A % %
ﬁ, # #* * I
Ru+Ru/ Zr+Zr
- Group-2 (SE)
¥l TPC sub-event (Ang,=0.2) -+ Group-3 (SE) |
0.2<pr <2 GeV/c -~ Group-4 (SE)
80 70 60 50 40 30 20 10

Centrality (%)

Consistency between different
groups using the same method

June 2, 2022

0

A7123/“’3 X Npart AY1 12/V2 X Npart

Ratio

P A1z
112 = vo AS
0.5 STAR Isobar blind analysis 1 T
’ | ™ % =200 GeV
03(cm M M W M W om g { . °
= | o ® Ru+Ru
0.2 A RusR i g ST © Zr+Zr
| Full-TPC (4 J<1) 8 AYyq0/Vo, Ru+RU |
0.1 b0 st @ Full-TPC (g gl<1)
B A Vo, Zr+Zr B
o |_02<pr<2GeVic : :7112’:2 : E 5 - 0.2< py < 2 GeVic
05 | = i =59
“ s
0.4 | A P e o ] 2| P 9 e
+® = -
03 | ‘Z’@ 1 S S S— ‘
1.02 4
0.2 | 1
0.1 _% ® Ayy3/v3, Ru+Ru ] T Ru.'.-R.U/.zr.,-Z.I: .......... l_*] Rd
. S AYypa/Va, Zr+Zr n [# J |
0 | : : : : 4 # : 4 0.98 + :._+_.._ Amssssssmmassssadossssamas) |
1.05 | Ru+Ru/Zr+2Zr (20-50%) 1 2 r+:
& 0.96
. Ratio(20-50%) = 0.9838 + 0.0035 + 0.0009
0.94
0.92
0.9 | {48)=0.9849 +0.0004 + 0.0005 09 L . ) . . ) . .
7| (M1y4p/vp)=0.966 £ 0.005£ 0 (At;5/V5)=0.97+0.02+0 ~“80 70 60 50 40 30 20 10 0O
80 70 60 50 40 30 20 10 O Centrality (%)
Centrality (%)
Pre-defined CME signatures not observed:
(Ayiaz /)RR (Anyygg/vg)RotRe ”Il{lu;Ru >1
(Ay112/vg) 22 (Avi23/v3)Zr+2r H%{;‘Z‘
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New Estimate of Isobar Baseline for CME Signal

(N (3, N vie €
03: 2p 2p,U22 vy + 3piV3p _ 22 2 3
N2 TR 2N N NE
NAy NC; & N €3 __e [ €3/ €2
(7 '052 1+ ex N’U%(l -+ an) 1+ enf N’U%,

(NAy/o® _ (NC/u)® & (1+e? [L+es/er/ (N0
(NAy/vg)2 — (NCs/v”)? €& (1+ e [1+ e/ea/ (Nv3)|”
Aey  Aens e3/€a/(Nv3) (A€ _Ae; AN Av3’
€s l+es 1+ e€s/ea/(NV)| €3 € N V3

~1+

» v, nonflow and 2p nonflow are measured. 3p nonflow is estimated by HIJING. Large degree of cancellation between 2p and 3p nonflow.
+\Ru

» New preliminary isobar background estimate ((%%))T ~ (1.013 4 0.003 % 0.005) for full-event,
_ (1.011 £ 0.005 % 0.005) for sub-event.

» €, estimate in a data-driven way in future?

Cmmmmm
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CME Search in Au+Au: PP vs. SP (ZDC) S WSTAR *

Aycme{ypp} Afa-—1

foue = = A = Ay{ysp}/Av{¢pp} a = v{¢sp}/v2{tprp}
Avy{ipp} 1/a? -1
03 X1 0_J
| STAR Au+Au (s, = 200 GeV 0.1f STAR Au+Au |s,, = 200 GeV
[ ~o- 20-50% [ -&- 20-50%
02f _ -
- -&- 50-80% : = 50-80%
[ 0.05 } -
~ | i n W} E |
§ 0.1F i 3 [ é
&) -~ I, o 0'__ S — D —
‘{_/ 0 L _% - _I __________ s
L - - 1 - L
i I -0.05 -
0 () [ (b) -
Fe FE SE Se Fe FE Se Sg |
0.5. 0., SR dps 02 02 Ans 4ns
ZC‘:‘V/C 7 CGV/C 07 03 2 GGV/C 7 CGV/C 0 7 03

PRL 128 (2022) 092301

Hint of CME signal on the order of 1-3c  (2.4B Au+Au events)
CME S/B:  isobar ~ 1/3 Au+Au Y. Feng et al, PLB 820 (2021) 136549

Emsmmaman
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Initial EM Field on v, Splitting @W@'AR *

Interplay between transported quarks and EM field

(b) electromagnetic field (c) overall effect
Faraday+Coulomb>

Hall+Transport

(a) transported quarks

Faraday+Coulomb>Hall

A (dvi/dy)
A (dv1/dy)
A (dvy/dy)

A

central peripheral + N"h“al central peripheral

o Combinations having same or nearly same quark mass but different Aq and AS
=> No transported quark effect

Index Quark Mass Charge Strangeness Expression
1 Am=0 Ag=0 AS =0 [p(aid) + ¢(s5)] — [K (@s) + A(dd5)]
2 Am=~0 Ag=1 AS =2 [A(d3)] — [2Q~ (sss) + 3 p(aad)]
3 Am=~0 Aq=3% AS =2 [A(ads)] — [K (@s) + 1 p(aad)]
4 Am=0 Ag=2 AS=6 [Q7(555)] — [Q— (sss)]
5 Am~0 Aq=1 AS=4 [="(d53)] — [K (a@s) + 12 (sss)]

A. Ikbal, D. Keane, P. Tribedy, Phys. Rev. C 105, 014912 (2022)
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Azimuthal Dependence of nr Photoproduction ~ AWSTAR *

STAR: Au+Au 5,=200 GeV STAR: Au+Au 5,;=200 GeV

Cc D
B asB 510-1:_ ¥ Data: 0| < w/24 §1o-1:- ¥ Data: |¢ - /2| < n/24
Kz & fre Model II, $=0 e F Model Il, ¢=r/2
& ( (;+7r ) _ ¥ .~~~ Woods-Saxon, S [, ——— Woods-Saxon,
> M ¥,
A S0k %, R=7.90fm, a=0.54 fm | 3ozt % R=7.09 fm, a=0.54 fm
- —n — ’7 = % - “
(r7—n7)/2 T T - 2 o ° -
- i i
vy A ‘/-R - -
¢ 10°F 3;- ‘ % uf |I|u i 10°F
: b | ; . I ' T' : . .
0 0.005 0. 01 0. 015 0. 02 0 0.005 0.01 0.015 0.02
P (= It]) GeV* P (= It)) GeV*
- - - - - - - - B STAR Signal n*n~ pairs vs. Models
COS - + * - + X - ~ EN
¢ = (p11 + pr12) - (P11 — PT2)/(|PT1 + PT2| X |PT1 — PT2|) 2 [ 5 Auu jsnr200 Gev
No. 4—' g
S 5 § N e Model I: R=6.38 fm, a=0.535 fm
R=\/ o2/e, x (14 €,cos2 - 4
Ri+oy/ep x (1+6 9) ~ |4 % ---- Model ll: R=6.9 fm, a=0.535 fm
02§ %
1"“ :: “‘
N L
{ “! —ﬁ“- :’-_.# \‘.
) i . 'T Wi sy -
oh—————«k-—r—“—-———-frr.‘?’f?-—#m'fa_-g:{
| | 1
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Local Polarization S WSTAR %

®: oF 77

Longitudinal polarization due to anisotropic flows

First observation of vs-driven polarization
New insight to thermal vorticity

3 0001~  Ru+Ru&Zr+Zr \(s =200 GeV 3 0.001™  Ru+RuU&Zr+Zr \fs =200 GeV
I - NN = = - NN
- x -
ZDQ - STAR Preliminary Centrality: 20%-60% o7 - STAR Preliminary Centrality: 20%-60%
D - D -
O 0.0005— O 0.0005—
O - 3} -
~ ~~"
— B f\J: :
g N
C 0— C o
3 I 7} i
-0.0005— -0.0005—
i fit: p0+2p1sin(2¢-21112) i fit: p0+2p1sin(3¢-31113)
i *A - p =0.020:0.002 [%] i *A p =0.006:0.002 [%]
~0.001+ KA p,=0.021:0.002 [%] ~0.001— *A p,=0.010+0.002 [%]
I TR ISR B U R RS
0 2 4 6 0 2 4 6
TPC TPC
2(g-w, ) [rad] 3(¢-W ") [rad]

s -
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*

Rep (/40-80%)

Heavy Flavor Jets

Suppression at low p for D%-tagged jets
Ratio of r-dist. consistent with unity

First measurement of D°-tagged jets at RHIC using HFT

STAR *

New insights to heavy quark diffusion
and energy loss in the QGP medium

m  (10-40%)/(40-80%)

D Sys. Une. (Uncorrelated) |

o (0-10%)/(40-80%)

|

- 1;E%E;iffi;___¢____§

0.1

0.15

0.2
T

C T T T T T T T T T T i S~
STAR Preliminary e 0-10% 3|, | STAR Preliminary
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Rapidity Window Scan of (Net-)Proton Fluctuations AMSTAR *

JSoo = 3.0 GeV Rapidity windows at BES-II
' Collider: ly|<0.8 (1.0)
FXT: -1.0<y<0.5 @ 3 GeV

" Vsyn=7.7 GeV
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» Midrapidity v, slope positive for all particles (negative at high energies)
» Midrapidity v, negative for all particles (positive at high energies)
- UrQMD/JAM with baryonic mean field describe proton v,/v, data
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(Net-)Proton Directed Flow
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Y. Nara et al, PLB 769 (2017) 543
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BES-Il Prospects: Statistics and Systematicsa{#§TAR

TPC Tracking Efficiency Uncertainty

Significantly improved
statistics and systematics
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