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STAR detector at RHIC
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Outline

1 Isobar and Au+Au at 200 GeV

= CME: non-flow background
Initial geometry and EM field
Global and local hyperon polarization
Kaon femtoscopy
J/w suppression and elliptic flow
Higher order cumulants

2 BES-II collider results
» Particle production
* Global spin alignment of vector mesons

Anisotropic flow of strange hadrons and
light nuclei

K* resonance production
Production of (anti-)light hypernuclei

3 BES-Il fixed-target, 3 GeV results
 Hypernuclei production
« Strange hadron production
 Elliptic and directed flow

4 Upgrades and future program
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Isobar collisions

B-field? in Ru+Ru ~15%
larger than in Zr+2Zr

962r40+ 962r10+

®

Special run to minimize
systematics:

* Fill-by-fill switching

* Level luminosity
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CME: non-flow background

B-field . ;
" ] ] ] ] d‘ .
= Non-flow correlations = deviation of CME baseline from unity (u'f,iffc'f;;‘n) | /
CME sensitive observable P
Ay =C3/v3 C3,08 =(cos(¢Z + ¢F — 26¢)), o
C5 =C50s — O35 Cses =(cos(¢p + ¢§ —2¢¢)), i 7\l arged tracks

Pre-defined criteria: (Ay/v,), .., >(8y/V,),..,.

3 1.02 I  STAR Isobarpost-blind analysis, Vsyy = 200 GeV, Ru+Ru/Zr+Zr, 20-50% .
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https://indico.cern.ch/event/1037821/contributions/4842110/

CME: non-flow background

+
B-field 2
= Non-flow correlations = deviation of CME baseline from unity ftj;icntéon) /°
whn
CME sensitive observable
AYSCoty  Cyon—(eon(oh + 6 —200), Ry g S
03 :C3,OS - C3,SS CS,SS :<COS(¢25 + ¢23t - 2¢c)>, /_ ““1-“"“ :-"]}y": -------- 1 ---------

Measurement Signal Bkg 1l Bkg?2
Pre-defined criteria: (Ay/v,).,.r, > (AV/V,),. ...

Yicheng Feng

§ 1.02 + STAR /sobar, Vsyy =200 GeV, Ru+Ru/Zr+Zr, 20-50%

S, [M. Abdallah et al. (STAR), Phys. Rev. C 105 (2022) 014901] 11.06
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14.6 2:20pm
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2 |sobar data consistent with the current estimate of|non-flow background within error .‘('1
-
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https://indico.cern.ch/event/1037821/contributions/4842110/

Nuclear deformation

Ru Centrality 5 21 0.2% Strange hadrons
O T T T ‘ T T T T | T T :\ I:l: T :\ T T

T v Ve l (@)K lyl<1.0 "1 (b)A {5gy=200 GeVIm
T - o o~ oo 1 o Rushu ;

1 17+V3,Ru [Vaz T 1 W Zr+Zr .
Tl 2 2 > [ 1 g & 8 B |
e (3p%)/(p.)? Ruizr 01f ges@sa@ 1 8@ .
| B,(Ru) > B,(zr) o | Gk , '

L i 4 :0.2-10 GeV/

| B(Zr) > B(RU) QO S I P
N L A 1 O Ratio Ru+Rwzr+zr) |

T I 967¢ O fdlr muden 2 L & Fen o et I
iy ,g 1.0FX2- Q.. X0 o S« WS~ T e

B S ’ ,‘ C [ 1.022+0012 : 102540004 & |
ool STAR Preliminary  *%ws 1 R S ST
BT T e 0 20 40 60 800 20 40 60 80

N (1l<0.5)

Priyanshi Sinha

14.6 4:10pm

> New ways to constrain nuclear deformation with heavy ion collisions
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Initial electromagnetic field

m Excess of very low p_J/y and e*e~ productions in peripheral heavy-ion collisions

Ru/Zr

Ru/Zr

Low pr J/y
o(YA = /) ~ Z?

}’LL—— : Low Pr dileptons

o gy vee)~ 27
Rw/Zr Ru/Zr

(o)}
. qoX0Q°% _ —_——— S x10°* ®
N - . . 1+ O N - T 1 LI U T T -
= of STAR Preliminary ® Zr+Zr200GeV 137 0-9F Centrality: 60-80% STAR Preliminary {S &
s f : ¢ Ru+Ru200GeV 155 < 08k Ja9
5 E Centrality: 70-80% : RN L 08¢ ™ <
S 8 - ) O Au+Au 200 GeV 638 > - ® Zr+Zr@200GeV, p, < 0.2 GeVic ] : 2
s Me,: 0.40 - 0.76 GeV/c o U+U193Gev  Jo 5 207 ¢ Ru+RU@200GeV, p, <0.2 GeVic g g S
L nee 1N s 1 -
96 sk p’<0.15GeVle ... EPA-QED :§ # 06 O AutAu@200GeV, p, <0.1 GeVic E P
- = . 1m
2 F 1= 2 B o5l ¢ UrU@193GeV,p, <01 GeVic 189
> S 18- | — EPA(Nucleus+Nucleus) {=8
a C e 1— v - 12 &
§ 4t $ ______________ y+y-— ete 1z 2 0.4 S EPA(Nucleus+Spectator) Yy+ASJ/P+A = E,
X L LT jxr o o
sy T d EPE: e ] i
o HTe— e JE© 02F ﬁl@ ------------------------------------- =N E %g
E Open Markers: Published Results ] & o ) 1T &
1F e>0.2 GeV/c, In°|<1, y*|<1 W g < N 0.1F Open Markers: Published Results % N
0 : p‘I'l .A n L , n I, Ay 1 F— 1 - | U) ; N ] 5 ;
0 L 1 L 1 L L 1 ]
0 %0 0T 8% 190 40 50 60 70 8 90 100

> Low p, production consistent with QED —» EM field induced photoproduction
> y+y = ete: collision system dependence Kaifeng Shen

15.6 9:40am
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Global hyperon polarization

® \orticity of the medium and magnetic field

? T T LI II 1 I rrrrry ' I 1 rrrrni I 1 T LI |
S -
- 10~ scaled using a,=0.732 -
! _ -
R, [ A A Preliminary i
- 3£  STAR,20-50%, Au+Au ,0.5<y<2 -
B STAR, 20-50%, Au+Au, |y|<1 T :
: I ‘ b i 3 (sin(¥, — 4)
B O HADES, 10-40%, Au+Au, -0.5<y<0.3|| =
6 o HADES. 10-40%, Ag+Ag, -0.5<y<0.3|| - may  Res(¥)
i XX STAR,20-50%, Au+Au, |y|<1,2021 | ]
i ¥ X STAR, 20-50%, Au+Au, |y|<1,'17-'18 | - Fluid vorticity — A, anti-A
N B O ALICE, 15-50%, Pb+Pb, |y|<0.5 o in same direction
R 2L A+A STAR Preliminary, 20-50% ] @ = kBT( PA + P/_x) /h ;}‘%
- I AMPT - Magnetic field — A, anti-A B W DS R
()] R ———— l.. SV, ISP S i . S ‘| R — F. n OppOS1te dlreCtlon Participants o ;"--,£i
10 102 10° B = _(PA _ P]\) Speétators

VS (GEV) 2

> Increasing global polarization, P, trend down to Vs, = 3 GeV

> Results from STAR BES-II: Vs, = 3, 7.2, 19.6, 27, 54.4 GeV s"(%
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Global hyperon polarization

m Au+Au, Ru+Ru vs Zr+Zr at 200 GeV -
system size and magnetic field driven effects

2 | T | T | T | T | T | T | T 2 T | T | T | T | T | T | T | T
| STAR Preliminary A ] | _ STAR Preliminary A
® Ru+Ru 1 1 | = Ru+Ru
+ Zr+Zr T | | *Zr+Zr i
1 -_ O Au+Au ___ __ L O Au+Au H | |
| Centrality | —_ = | Centrality _
g % % ﬁ | 2050% | S | 2050% | , 8 (sin(¥; — §))
< 1 i < - + 7 H=
o @ o | @ may  Res(¥)
STTLLMB TN
0 S S ¢| [ ] (] < R i R - B A -
- (S = 200 GeV 1 . S =200 GeV 1 I
_ [ T N NI RN SR B | -1 e e e e ey ey |
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Centrality [%] Centrality [%]
. . . . Xingrui Gou
> Increasing P, with centrality, no collision system dependence
2> No B-field driven splitting between P, and Pania Observed N

Q
:O
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Local hyperon polarization

= Anisotropic flow - Longitudinal polarization P, (thermal vorticity + shear term)
1

1

X l 2 P.d
X | >, i ~ ue tov
= Ru+RU&Zr+Zr, A+A  STAR preliminary = Isobar s, =200 GeV ® ® ’
;: : 1: :ig - STAR preliminary S
= 1 _ —
g | % | * Ru+Ru&Zr+Zr, A+A 2
= Hydro(w, +SIP..), nT/(e+P)=0.08 = o Au+Au 200 GeV, A+A . §
@ O5 EEn=2Auiu @ O L PoPb5.02 TeV, A+k 1 |g
n | ~ +Pb 5.02 TeV, A+
Q [ n=3 Ru+Ru { o’ (ALICE) % %‘ =
~ L # ~ -
1 3 :||
: % : % 1|35
5.4 . B
L 9] E] u e % X ~
- 3] oo - S - [ ?
0 % ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, r—— O__? ______ @ _______ ________________________________________________ — %)3 @ v V3 drlven PZ -
©
- STAR s, =200 GeV ! - i
L 0'5<pT<6 GeVic, ly I<1 a,=-0.=0.732=0.014 B 0'5<pT<6 GeV/c, lyl<i a,=-0.=0.732+0.014 |<£ % v,
I B B | L AR I BRI R B I 2
0 20 40 60 80 0 20 40 60 80
Centrality [%] Centrality [%]

> 2 and 3" order P, increase with centrality and have comparable magnitude "

Xingrui Gou
14.6 2:20pm
'

2> Additional constraint on shear viscosity
> Similar P, in isobar, Au+Au and Pb+Pb — hint of system size dependence

Qv
rather than energy dependence ? :O
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https://indico.cern.ch/event/1037821/contributions/4841756/

Femtoscopy of two-kaon combinations

m Spatial and temporal extent of the emission source

Kaon correlation function sensitive to:

W Quantum Statistical effects (QS)
STAR Preliminary N KSoKSo Final State Interactions (FSI)

5 P Antonell - Strong Interaction (SI) — (980) and a,(980)
Al #Au+Au collisions @ 200 GeVl , . . ..
- Final State Interactions (FSI)
Source ® Achasov2003 K,°K* i
parameter | - Strong Interaction (SI) — a,(980)
+ ° Martin chivch Quantum Statistical effects (QS)
. 1o E K=K Final State Interactions (FSI)
E L - Coulomb (COUL)
m 4
B + 1 '05: STAR Preliminary request
o = Au+Au collisions @ 200 GeV
i »
B 1
) Khgeh s » KK . 1 Diana Pawtowska
ky €< 0.2,0.36 > GeV/c = KOKO :3-"0 | 9‘?0% 14.6 12:10pm
Centrality range: 0-20% and 0-30% L V-9 Only statistical
Phys. Rev. C 88 (2013) 34906 o KK O i K oK+ uncertainties
0 20 ' 40 60 - s —— Antonelli
Centrality [%] 0.9 —— Achasov2001
i —— Achasov2003
_ . i —— Marti
> The radius of the source depends on centrality 08§ ¢35 03 o4 o
k* [GeV/c] :()
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_J/y suppression and elliptic flow

m Dissociation vs regeneration effects

i

2 2_ T T L | T T T T T I+L 1 T T -_ 04_ |||||||I||I|||||||||||||||I||||I||_ DiSSOCiatiOn
EEQ ® Ru+RudZr+Zr@200 GeV, p,> 0.2 GeVic,e'e, |y|<1.0 i L —— Isobar@200,MB,SP,0-80%_
. 1.8 ®m Au+Au@54.4GeV, p_>0.2 GeVic, e'e, |y|<1.0 ] ro Jhp _ano/. ]
D::tc [ 0 Cu+Cu@200 GeV, pTT> 0 GeV/c, e'e™, |y |<0.35, PRL2008 ] i 1< y < 1 == Isobar@200,HT,EP,0-80% -
16 % p+Au@200Gev, p, >0 GeVic, wu, |y|<0.5, PLB2022 -] 0.3 —=— Au+Au@200,EP,0-80% |
1.4 [ O Au+AU@200 GeV, p_>0.15 GeV/e, wi, |y <05, PLB2019 E i i
12 & 0.2 -
N ‘i@%balumertaiwl : | :
08 N E| k 0.11 i } . Regeneration
7 ] - { :
06 C] % % 3 Q EI ; 3 E f é i
[ ] T
N ] 0
0.4 3 - T ;
. = =] g . i + ]
02 STAR Preliminary . L ]
- , | : -0.1—- STAR Preliminary —
0 10 102 L1l | | | | | L1l | 111 | L1l | L1l | L1 | 1111 | 1111
(N ) 0 1 2 3 4 5 6 7 8 9 10
par p, (GeV/c)

2> No significant colliding system and energy dependence of the J/yp suppression

at RHIC at similar N
Qian Yang AP
14.6 2:40 -
pm — 'O
4 s (Y

part
> v, consistent with zero in isobar and Au+Au at Vs, = 200 GeV
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Higher-order net-proton cumulants

= Cumulants of conserved quantities (Q, B, S) sensitive to the correlation length

T L T
o 1 r+r 11T L | I LA IELRNLENLL N LR

o 2| CJ/C.(STAR Preliminary) - i STAR Preliminary 1 4000 STAR Preliminary ]

'-C-'—U _________________________ fe) 0:—0@ 2 = §‘ §_ - (b) CS/C O 27 GeV |

0C ol T erte e ® ﬁ 4 & —200L l - 2000k @ 54.4 GeV N

T 4 o C 0-40%| 1 0 200 GeV -

2ol 1 e @Cc/C E o OXBI4E @ - - -

g Zr®Ru: . “"}F. ‘5’:\(? %QI‘TQ » e 3 _600:— c c E

L Au+A llisi t RHI [

O -4 \5— =200 GeV Net-proton 1 E b M eoon 2000 T
NN 8 -800- 0.4<p_<20GeVic, lyl <05 7] | ]
lyl <0.5,0.4<p_<2.0GeV/ic 7 3 ] 4000 0-40%Q -

_6_""'| AN L T -1000’_|...|....|....|....|r]i|._7 NN BT BN B (A
10 100 1000 0 50 100 150 200 0 50 100 150 200
Charged Particle Multiplicit o
g PHCY Average No. of Participant Nucleons
STAR: Phys. Rev. C 104 (2021) 024902; Phys. Rev. Lett 127 (2021) 262301
2> 200 GeV C,/C, < 0: systematic decreasing trend with multiplicity, consistent with
lattice QCD results that predict crossover at y, =0
> C,/C,and C,/C,: hint of < 0 at high multiplicity, but with large uncertainties
L

Ashish Pandav : )
14.6 2:00pm o
d o
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BES-1l and Fixed-Target setup

Fixed Target

Fixed Target
n~2 z = 200 cm
EPD
Yellow beam__
“BBC
ETOF WEST
Full Coverage from y=0 to
BTOF target in 3 GeV Au+Au
In C.M. frame, ¥;4,ge; = — 1.045 for the 3GeV collisions
Beam Energy Scan Il completed 3
S 104§ A R < S A - - »?é’-’é”e?g\{s_m(eew
ITPC (2019+) . F Bees- WBesti fFxT | ]
* Extended n acceptance and improved ’E‘ 1ok %
tracking and dE/dx resolution ~ SE
0 g
> eTOF (2019+) T 102k
(0)) E
> F
AT i

* Extended PID coverage
> EPD (2018+) 10
* Improved EP resolution

AR

VV,“;z
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Particle production at 54.4 GeV

= p. spectra and ratios of n*, K*-, p and anti-p

o = TTTT T
g | STAR Preliminary ~ K*, Au+Au W
S [ 2200, Sy = 54.4 GeV i STAR Preliminary 1 o0k | T ]
= 10k "Em_%e . | . . ]
.5;10 3 u,‘:""zag ’, lyl<0.1 —— Levy-Fit 1k "R E Au + Au STAR Preliminary
ge peditagt i, . ] _
:ﬁl 1 E_ﬁf«_#{;‘:‘;l; 41:*\ \ “' ] , = " o - i 150 |
E O, P X A OB 8 b s ]
: TN TEE S . i :
A . ¥ = A o) : 3 \_',:
107 P a¥ A " 2 S World Data 1 £ T
- Pa¥x ol 5 1+ 100/~ A
C 5 > ¥ x O “ """" o E ﬁ B STAR Data : 477GV % 115GeV 1
| e 0-5% - 5-10% B ¥ ok ° _ | 196Gev  -27Gev ]
102 © J ° ™ x B 2 m =54.4 GeV ;
- ® 10-20%  20-30% %o ¥ 10 :—‘* E - T39GeV  $-544Gev 1
- A 30-40% /. 40-50% % :[;| ] 50" 4e2ecev  +200Gev 7
.| % 50-60% ’ 60-70% i . i N PRI EPEETE EPRTEEPE SRR AT B
10°E . 20-80% _ Ratlozg 1 01 02 03 04 05 06
_I 111 I 111 | 111 | L1l l 111 l 111 I 11 J’l 111 | 1 11 ¢ (B>
0.2 0‘4 0'6 0.8 1 1_2 1.4 1_6 1'8 2 10431|||l 1 L1l 1 a1l L
p, (GeV/c) 10 10 10°
S (GeV) Krishan Gopal
> : : !
Particle ratios follow global energy dependence trend 14.6 12:10pm
> anti-p/p decreases with decreasing with \/sN,\I - baryon stopping :' ,

> Kinetic freeze-out parameters extracted from fits to p, spectra
STAR Overview | B.Trzeciak | SQM 2022, Busan, Republic of Korea
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Global spin alignment of vector mesons

m Sensitivity to vorticity and hadronization mechanism
STAR Preliminary

0.25—

* ¢ (yl<1.0&12<p_ <54GeV/c)

Au+Au (20% -

o K° (IyI<10&10<p <5.0 GeV/c)

y)

—C; =1109 = 143 fm™® (Fit to BES-I only)

% ¢ BES-II (lyl < 1.0, Run-2019)

& K BES-II Stat. Error Projection

60% Centrality)

10

107 10°

K'?meson

o

g~

Vorticity tensor

~10*

1
Poo(P) = 3

~10-°

C »

27}1141114]"2

Vector meson strong

\ force field /

+ o+ CoH Cptcy

/V

Quark coalescence
vorticity & magnetic field

Electric field
~103

(P1)(E5,

‘54

2 \.
+E¢X)
p* eff

C(y) = 84 (EQ,Z + Eﬁ,J)

(0202) 10950 ‘20T A A8y 'sAyd ‘“fe "o Buays
(0202) 500960 ‘TOT A 18y "sAyd “[e ‘1o buays

N
d(cosf*)

X [(1 = poo) + Bpgy — 1) cos?6%)|

P,, # 1/3 - spin alignment

STAR, arXiv: 2204.02302

Isyn (GeV)

2> 19.6 GeV Au+Au BES-II: p,,for ¢ meson > 1/3 with 5.30
> Polarization by vector meson strong force field ? More input from theory needed P

Sheng et al., arXiv:2205.15689 :( )

Gavin Wilks
14.6 3:20pm
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Anisotropic flow of strange hadrons

= Strange hadrons less affected by hadronic phase — information primarily from the early
stages of the high energy collisions

I STAR Fl’relimin]ary I ' I ' I ' @ — m
S +

0.08 _Au+Au YSyy = 196 GeV t 4‘5;‘ A’E‘ __ %A Adad A é_:} __ 004 Au+Au, \/s,, = 19.6 GeV
i " Centrality: 10-40% gg‘iﬁ gk T $£55'A' SF -T§ : lyl<1.0 10-40%

32

0.02

v4/n

-1
- - Particles T "4 Anti-particles —
c BES-Il (year 2019) ?* BES-Il (year 2019)
0.04— 5 -1 - —
:\l C‘,‘“ ep A J’[ ®p A

OA O K 4 (0] A [m} K 4

vVE + KS - vVE 4 KS
002~ & mQ %0 <+ --- Fitlineof v ./n,  gor 4y —
| BES-I (year 2010) | f BES-| (year 2010) a

o
D

oQ 2.7 times improvement of Q v, O Q*

STAR Preliminary

- H : : ! —H ' ¥ E =1.153 +0.032
%1.2— " T I :3 5 .po ¢

:g 1-_0 fzgﬁ_%%%mg’%t 8- ﬁ_ A%?@?-ﬂ?‘ﬁféi é#é‘ b _e_ @-_ & 0-Zoi 02 04 06 08 L 12 14 1'6+ 18
204l 3 . { 1 Ei 77 :

0 0.5 ] (m mo)/n (GeV/c?)

(m mo)/n (GeV/c )
> Mass scaling at low (m+mog)/nq. NCQ scaling at higher (m+—mo)/nq

2> holds better for anti-particles (within 15%) — transport vs produced quarks
2> partonic collectivity

> v, possible to measure with BES-II statistics Li-Ke Liu Prabhupada Dixit fi ~
: : . 14.6 3:00pm Poster BLK- 10
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Elliptic flow of light nuclei

m Thermal production vs final-state coalescence of nucleons

W | Au+Au, (s, = 19.6 GeV COL (2019)
0-80% (BES )
0.2 Im<£1.0
KX
- & a
< | A
'----.‘:\l - . e
> 0.1 — A+Bx+Cx2+DY®
+ * +
0; STAR Preliminary
" s s v ..o, o e
R e L I YU
0 2

p1jA (GeV/c)

v, /A

- Au+Au, \'s N 14.6 GeV COL (2019)
- 0-80% (BES Il)
F s
ol Im£1.0
i p {5y = 14.5 GeV (2014)
&+ d
At
[ A e
B A+Bx+CxZ+Dx3
*
0‘ STAR Preliminary
O__ ........................... i s g ey e
0 1
pT!A (GeV/c)

2> Consistent with the mass number scaling within 20-30%

STAR Overview | B.Trzeciak | SQM 2022, Busan, Republic of Korea
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K*° resonance production

®m Resonance/non-resonance ratio = probing hadronic phase

& 0.4 T+ ~ 4 fm/c 3
. . 3
K 0,170 B Au+Au 19.6 GeV Regeneraﬁon gain N
8_— K™+K™, Au+Au 19.6 GeV i * K°(BES-II/K(BES-) % /K (BES-) - K 8
L * BES-II - == Thermal model ==+ Thermal model 0 ¥ t
L 0.3 — [ ]syst.errorink® [ _|Syst.erorinkK ... K / '@
6 % BESH % f o [ N\, €
> L © B E K (s
o i © _
S 4 7% ) 0.2r H i B Re-scattering loss
= a _ @ I\-'*O
L % o - =
B - . & % % g | B
— 0.1— * X Q
2r % STAR Preliminary -3 o @
L i STAR Preliminary I
0_ 1 ?*I 1 I 1 1 1 | 1 1 1 ! | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 %5 1 L 1 | 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 L 1 1 I 1 1 S
0 50 100 150 200 250 300 50 100 150 200 250 300 g w
il
part part O 10}

Ty ~ 45 fm/c

——
Medium lifetime

2 Significant re-scattering in hadronic phase in central collisions at
Vs, = 19.6 GeV

2> Constraints on the hadronic phase lifetime

Aswini Sahoo

14.6 11:50am
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Production of (anti-)light hypernuclei

= Hyperon-Nucleon (Y-N) interactions = EOS of neutron stars and the hadronic
phase of heavy-ion collisions

- @ Au+Au 0-10% (STAR) -4 .
[BESA 15 @ Au+Au 0-10% (STAR preliminary) 165 <H :TAR preliminary
© + Pb+Pb 0-10% (ALICE) 14 :17.0:4.7 B:5.0+0.3 _ 4—
B c 4 He
107 12 AutAu 200 Gev | ss+B: 3.6 iH m /
g 7] E U+ e i :
2: _E 10;_ ?ru:z,?u ggg 8§¥ equiv. Gauss N : 5.5 \
107 g 8t @ "t
TS . -
2 2 10°F © e
& Y F 27TV 4t
g 210k s 25
8/ > f R | A - ” J’
= B ok Central Au+Au 986 3.88 3.9 392 394 3.96 3.98 4
s £ :g‘ézfsg?ﬁ“&? “He + n* invariant mass (GeV/c?
| 107 -~ Coalesc. (DCM)
3 I X Thermal
¢ 10 — -~ PHQMD > Precisi f ducti ields of
- recision measurements of production yields o
2 10 T e e hypernuclei at 3, 19.6 and 27 GeV - constraints on
C otk N hypernuclei production models at high p,
Z S T _ . .
? 107k o > The first observation of Anti-Hyper-Hydrogen-4
° 19 3 o Yuanjing Ji Junlin Wu
I'Snn [GeV] 14.6 11:30am 15.6 11:50am
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Lifetime of light hypernuclei

2> Towards quantitative understanding of Y-N interaction
Xiujun Li

STAR, Phys. Rev. Lett. 128 (2022) 202301

------ Dalitz et al (1966) A. Gal (2022)
3 H Congleton (1992) 4 H
average
A = Kamada et al (1998) A
- - Gal et al (2019) l
average - Hildenbrand et al (2020) i A
l s ® STAR (2022)
1 E [
O ==—gH HypHI (2013)
| STAR (2022) —4 H. Outa et al (1995)
I [ | 1 1
== ALICE (2019) e S. Avramenko et al (1992)
== STAR (2018) : Phillips, Schneps (1969)
= ALICE (2018) Y. W. Kang et al (1965)
== HypHI (2013) . Prem, Steinberg (1964)
= STAR@OWO) ), N. Crayton et al (1962)
e G. Keyes et al (1973)
s G.Keyesetal (1970) New average 4 He
— G. Bohm et al (1970) . A
Phillips, Schneps (1969) i STAR preliminary
. G. Keyes et al (1968) J. D. Parker (2007)
Prem, Steinberg (1964) H. Outa et al (1995)
1 I L 1 1 1 I 1 1 L 1 | 1 L 1 1 I 1 L 1 1 I L 1 1 1 L I L . L . | L 1 L} 1 I . 1 L I I 1 (! I L | i} il 1 (]
100 200 300 400 500 100 200 300 400 500

Lifetime [ps]
2> The first Hyper-Helium-4 and Anti-Hyper-Hydrogen-4 lifetimes measurements
in heavy ion collisions
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Strange hadron

= O to strange hadrons ratio:

production at 3 GeV

sensitive to the interaction length in the Canonical Ensemble

0.6 | ' ' ' ' ' ' ' |7 | T T T 1 T T . T 1 T T -l- ]
i SMASH C—EGClif . Lo A 0-10% o 1 3GeVAu+AuCollisions | 40-60% ..-= 7 ] m
Au+Au —- UrQMD' , F, (im) ] *‘b- T + e 4
0-40% ’ o == c 2—’ K‘é S’U B 10-40% JPE A - T ~
| B s UrQMD' .30 1 _.UrQMD Olof T oo ¢x2_ j , 1
— Ar- . . —] ), 5 0 4 Lo —
¥ 0.4 oas 1Oy - 42 | i o"’ JPUEE R | 9’60 | d’oooooo*sj 5
< L Al - 62 | = o N o T 7 00 1<
0-9% . i - ol T 9 1 N
- * 1 o st 21 81 o
02 ' N Pb+Pb 0-7.2% _,:do“’ ’%"000"“)( 107 "5000000"_ CN>
a el %‘ o g STAR Prehmmary = STAR Prehmmary STAR Prehmmary ~
S :--:- -I:-i--,--. ——— —— o
i £ 0%F e o-10% 10-40% 40-60% &
i i - M
0E 0.06—; 1), S 1 L ] 1 =
F Hl! DXZ <8 )
| [ ‘ o g / o o o ] | _I
o 0.04 o - o g 5 41 v
= [ o o o g 1 £>‘
I[I] 002" ° 7 a” o " i
- .02 [~ o - - - S 84 -
4| S G L SRR I I
< | 1 0- —:::__‘%---ﬂ: """""""" ::'_’_‘,.; ,-;A-—{E"'qa‘f2- ,I:_I,-_,._ —————————— =
ArkCl ¢S % 0 ' vt 1 1 T e T A S L. . [ s 2
1 B - -05 0 -1 -0.5 0 -1 -05 0
095 Particle Rapidity y__
I 2> Precise measurement of rapidity dependence of strange
0k hadron production

2 3 5 10
Collision Energy |/s,,, (GeV)

STAR: Phys. Lett. B 831 (2022) 137152,
Phys. Rev. C 102 (2020) 34909

2> Local strangeness conservation required - Canonical

Yingjie Zhou
15.6 2:00pm

Ensemble favored )

‘O

l‘\
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Elliptic and directed flow at 3 GeV

[ Au+Au Collisions (10-40%) T STAR Preliminary Au+Au Collisions at RHIC
0.08f ----- 200 TR 19.6(BES-Il) emmE 8_ 1o} e, _
54.4 T e e et ep AT JUPEIC N Sri Energy: |syy =3 GeV FXT (BESII) =0
”/;.- -&"Egt-:’—— OAD K "" ’ %ﬂ% - 2 Centrality: 5-40% o’
14.5 : }3 """" vE +KS .;1!4?—— g o : &) \ + |
W T -Q:Hi) L ' - e sH
' ‘%' 4 f! - > gl 73y .
@@S (a) Particles i Pt b) Anti-particles 1 _,? d - 4 -
Ty 1 3.0 GeV 1t 4 - O 06— 1
#{éﬁj‘##ﬁl“ p [ K 4 Q "
4.5 GeV 0-30% p ¥ S 04— B O Light nuclei |
___________________________________________ 1 ” A- [} Hyper nuclei
K* *i‘* é* X A .-c_) 0.2 —+— Linear fit for light nuclei ]
4. A A 1 = STAR Preliminary
| . | . | . | . | . . . . | s | . 0—_|_———|—_——1_——_—|_—
0 0.2 0.4 0.6 08 0 0.2 0.4 0.6 0.8 1 2 3 4
ineti 2 M GeV/c?
Scaled Transverse Kinetic Energy (mT - mo)/nq (GeV/c?) ass (GeV/c?)

> Unlike at higher energies, absence of v, NCQ scaling and positive v, slope

2> transport models with baryonic mean-field potential qualitatively consistent with data
Equation-of-State dominated by baryonic interactions at 3 GeV
> (Hyper-)nuclei likely formed via coalescence process

Li-Ke Liu Rishabh Sharma
) 14.6 3:00pm 14.6 12:10pm
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Forward Upgrade and 2023-25 Runs

> Hot QCD - study of microstructure of QGP
Au+Au @200 GeV (2023 & 25)
« What is the nature of the 3-dimensional initial state at RHIC energies?
 What can be learned about confinement from charmonia measurements?
« What are the electrical, magnetic and chiral properties of the medium?
« What is the precise nature of the transition near p,=07?
. .. [%]

e 6.3B  18.6B
| STAR Au+Au s, = 200 GeV Projection (run2023) T F
20-60% (40-80% for 2.5<n<d) &L £ 0
+ Z4E, g 10°E Ce/C,
T ek e * Q+Q 8 ¢ ey
i -« =« A, geometric model 2 L gy
- —— A, PICR hydro Data _ o g 10 g I i, S
= | ---- 2% AMPT *A XA L. T F Run1d vetee
£ [ @ AMPT P S 1k +Run11(MB)
Erual Eesemm P E—
. 2102k .0 0 ns
L «© E R -
B ol &; 1072 - Skellam: up—1 71, p.ﬁ—12.9
> Forward Tracking System (FTS) - 5705155049

. 1 10 ' HIM1I02
Forward Silicon Tracker (FST) Number of Minbias Events (Billion)

Forward Small-strip Thin Gap Chambers > Cold QCD: Equal N-N luminosities in pp and pAu in 2024

Tracker (FTT) essential to optimize several critical measurements
2> Forward Colorimeter System (FCS) « First look gluon GPD - Eg

—
<

EIe;tror.nagnlet{c Calorimeter * Nuclear dependence of PDFs, FF, and TMDs PR
Hadronic Calorimeter e Non-linear effects in QCD ’,( )
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Future opportunities

1 Space Radiation Protection community need PFOdUCtIOH of light nuclei at 3 GeV
e Light fragment yields from C, Al, and Fe on C, Al, and ‘mpf ) ;_ N
Fe targets with beam energies from 3 to 50 GeV/n 2 ii;;a QE;;EE“—Q L 58508 FXT Sy =3 Gev
. e : Swf.8 - s PR . 010% & 20-40%
e STAR: excellent light fragments capabilities, can install T TET—" T Tt (N
ta rgets Of interest ‘+"‘“+¢++++‘:_%$+.;.+¢5°-€- 0_:+}"++++}.g.ge@'=" T | oo A c:l reflection I
. . . . . Eg reliminar né Fae S reliminar h'“: :T STAR Preliminan Zi
e RHIC: can deliver required ion species in 3 to 50 GeV/N  [fitagsessmoosgastss: iii:h.:f:moﬂ;nfg i . b
. z 1““:‘“’f;‘;""np';;x"a‘“‘; g L ETELL S V,,',;,,g-;"';;gs 0gls™"]
* Short run required A I I NI oy S R
,,,,,,,, Te i,,,,,,,m I R :,,,,,;m. k,,,,,j?‘,,,,,,,, g8 ]
https://doi.org/10.3389/fphy.2020.565954 ° e g Tiigges® e et T
q 05 Y.I,“ 05 T4 05 y;ﬂ 05 T 05 Yé, 05 i
@ B oo 21 2 Shape tomography of atomic nuclei using collective flow
i j lea o
0.0B*B =0.28 S?rll‘llgr?g; oyt 6&3 e measu rements
it « Collective flow measurements sensitive to nuclear deformation

= - Calibrate systematics using two species around 197Au: 208Pb &

198Hg (B, = -0.11) at 200 GeV: Constrain n/s with improved
understanding of initial state

004/ - 0-1% centrality

| 1 1 | ‘ 1 1 Il | 1 1 Il \ 1 1

<
—  — Hydro expectation . . . ..
[ RN * Explore more exotic regions for triaxiality and octuple:
e & use hydrodynamics and flow measurements to perform
0 0.01 0.02 0.03 0.04

B2, precision cross-check of low energy nuclear physics )
u
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Summary

O Stay tuned for more BES-II results

QO More cold and hot QCD studies with p+p, p+Au and Au+Au
@ 200 GeV in 2023-2025

SQM22 STAR talks:

10

11

12

13

14

15

CME: non-flow background: Yicheng Feng, 6/14/22, 2:20 PM

Elliptic flow of strange hadrons in isobar: Priyanshi Sinha, Jun 14, 2022, 4:10 PM
Photon-induced production: Kaifeng Shen, Jun 15, 2022, 9:40 AM

Global and local hyperon polarization: Xingrui Gou, Jun 14, 2022, 2:20 PM
Global spin alignment of vector mesons: Gavin Wilks, Jun 14, 2022, 3:20 PM
Kaon femtoscopy in Au+Au: Diana Pawlowska, Jun 14, 2022, 12:10 PM

J/p production and elliptic flow in isobar: Qian Yang, Jun 14, 2022, 2:40 PM
Higher order cumulants: Ashish Pandav, Jun 14, 2022, 2:00 PM

Particle production at 54.4 GeV: Krishan Gopal, Jun 14, 2022, 12:10 PM

K* resonance production in BES-II: Aswini Sahoo, Jun 14, 2022, 11:50 AM
Strange hadron production in BES-II: Yingjie Zhou, Jun 14, 2022, 2:00 PM
Anisotropic flow of strange hadrons in BES-II: Li-Ke Li, Jun 14, 2022, 3:00 PM
Collective flow of (hyper-)nuclei in BES-Il: Rishabh Sharma, Jun 14, 2022, 12:10 PM

Production and lifetime of light hypernuclei: Yuanjing Ji, Jun 14, 2022, 11:30 AM N
Q

Observation of anti-hypernuclei: Junlin Wu, Jun 15, 2022, 11:50 AM -‘ )
[ 4

STAR Overview | B.Trzeciak | SQM 2022, Busan, Republic of Korea 27 S


https://indico.cern.ch/event/1037821/contributions/4842110/
https://indico.cern.ch/event/1037821/contributions/4841760/
https://indico.cern.ch/event/1037821/contributions/4842068/
https://indico.cern.ch/event/1037821/contributions/4841756/
https://indico.cern.ch/event/1037821/contributions/4842287/
https://indico.cern.ch/event/1037821/contributions/4841738/
https://indico.cern.ch/event/1037821/contributions/4841774/
https://indico.cern.ch/event/1037821/contributions/4841763/
https://indico.cern.ch/event/1037821/contributions/4841799/
https://indico.cern.ch/event/1037821/contributions/4841830/
https://indico.cern.ch/event/1037821/contributions/4871683/
https://indico.cern.ch/event/1037821/contributions/4857140/
https://indico.cern.ch/event/1037821/contributions/4841829/
https://indico.cern.ch/event/1037821/contributions/4841824/
https://indico.cern.ch/event/1037821/contributions/4841826/

Summary

SQM22 STAR posters:

1 Probing novel baryonic spin Hall effect using A spin polarization at STAR: Qiang Hu, BLK-07
2 Directed flow of identified particles in Au+Au collisions at Vs, = 14.6 and 19.6 GeV: Zuowen Liu, BLK-09

3 Triangular flow of strange and multi-strange hadrons in BES-Il energies at RHIC: Prabhupada Dixit, BLK-10

» Deuteron number fluctuations and proton-deuteron correlations in high-energy heavy-ion collisions in STAR
experiment at RHIC: Debasish Mallick, BLK-12

s Fluctuations in Lambda multiplicity distribution in Au+Au collisions at Vs, =3 GeV at STAR:
Jonathan Gonzalo Ball Cap, LF-02
s Strangeness production in Au+Au collisions at Vs, = 27, 19.6, and 14.5 GeV from STAR:
Sameer Aslam, LF-06
7 Lifetime measurements of light hypernuclei in Au+Au collisions from STAR experiment: Xiujun Li, RES-02

Thank you !
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https://indico.cern.ch/event/1037821/contributions/4842871/
https://indico.cern.ch/event/1037821/contributions/4842864/
https://indico.cern.ch/event/1037821/contributions/4841736/
https://indico.cern.ch/event/1037821/contributions/4842868/
https://indico.cern.ch/event/1037821/contributions/4842960/
https://indico.cern.ch/event/1037821/contributions/4841792/
https://indico.cern.ch/event/1037821/contributions/4855715/

Backup

Q
:O
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Directed and elliptic flow at 3 GeV

Au+Au Collisions
VSuy = 3 GeV 10-40%

AT VU

04<p . <16 GeV/c
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Particle Rapidity y
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