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Interaction rat

Current experimental status

https://github.com/tgalatyuk/interaction_rate_facilities
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Key observables are
rare observables

- Program needs ever more precise
data (statistics!) and sensitivity
for rarest signals!

- Systematic investigation in
dependence on energy, size/centrality

HADES: Nature Physics 15 (2019) 10, 1040-1045
T. Galatyuk for HADES, Nucl.Phys.A 967 (2017) 680-683
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STAR at QM 2023 - 24 Talks, 45 Posters

Recent Data Taking History

(Will show updates from all systems in red)

Run 17 - 510 GeV p+p, 54.4 GeV

Run 18 — Isobars (Ru/Zr), 27 GeV, FXT: 3.0, 7.2 GeV
Run 19-19.6, 14.6, 200 GeV, FXT 3.2 GeV

Run 20 -11.5, 9.2, FXT: 3.5, 3.9, 4.5, 5.2, 6.2, 7.7 GeV

Run 21-7.7, 17.3, 0+0, d+Au, FXT 3.0, 9.2, 11.5, 13.7

Run 22 - 510 GeV p+p (with forward upgrade)
** default system is Au+Au, default energy is 200 GeV

Collider and FXT overlap at: 7.7, 9.2, 11.5 GeV
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NA61/SHNE physics program

Strong interaction physics:

@ study properties of the onsets of deconfinement
and fireball

@ search for the critical point of strongly interacting
matter

@ direct measurements of open charm
Neutrino and cosmic ray physics:

@ measurements for neutrino programs at J-PARC
and Fermilab

@ measurements of nuclear fragmentation cross
section for cosmic ray physics
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Uniqueness of heavy ion results from NA61/SHINE
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The HADES Physics Program

(Heavy-)lon Collisions Proton / Pion Beam Experiments
*  Ar+KCl\/Syxy = 2.61 GeV, 0.9 bil. evts. (2005) p+Nb +/Syxy = 3.2 GeV, 4.2 bil. evts. (2008)

* | AutAu+/Syy = 2.42 GeV, 7.2 bil. evts. (2012) o | +W /m+C / +PE \/E =1.5GeV
o Ag+Agm — 255/ 2.42 GeV 1.8 billion events (2014)
15.2 billion events (2019) * | p+tp+/s=3.5GeV, 41.0 billion events (2022)
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Low collision energies

* Nucleons essentially stopped
in collision zone

» Detected particles pre-
dominantly rescattered
nucleons

* Slow spectators — By = 2/3c

» Secondary interactions in
spectator regions (pole caps)

* Centrality estimation more
challenging than at high
collision energies

Temperature T (MeV)

LHC SPS AGS SIS CSR
T T I T | J |
! RHIC T""RHICFXT ! THIAF
r " FAR
T NICA | Quark-Gluon Plasma

0 500 1000 1500

Baryonic Chemical Potential u; (MeV)



Particle spectra



Mid-Rapidity Yields at 54.4 GeV (ishan Gapal
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Rapidity Dependent Spectra

g2
‘L1U10_IIII IIII|IIII|IIII|I|II|IIII|I_ :E;‘ 10 IIII|IIII|IIII|||||||III|IIIIl '3__ 108|||||||||||||||||||||||||||||||||||
o = 7 + )
$ 0 x* Spectra AuAu 3 10 K* Spectra AuAu 3 10 p Spectra AuAu
) L | = 6 - <)

e \Syn = 19.6 GeV - il%‘ 10 \'Snn = 1976 GEV e 10° M = 19.6 GeV
£ 107, « Mid Rapidity E- 10° = Mid Rapidity Slg . Mid Rapidi
x-u Q X 31 W0 g xé‘ e X St ¥ x-o 105 |3+ 1_,-:'1%p| “Y

E AN : - 10° £ * xS
18 08 _wbm «TPC =bTOF | \\:: « TPC * bTOF SHIRUISGE + TP « bTOF
- e, 3
- R Sty e & =

o R . 10° e P
i e yz82 \\\. . y=07 :‘\.\; y=08
_\ e, y=07 | 10 \\ e y=06 10 __\\ o

e y =06 T e y=0.5 — y=0.
10 _\ e y=05 B 1 T Uty o
\:::x:-x._mlj:m_: ; Z03 e, y=03 1 E =05
C e y=02 ] 10! T y=0.2 y=04
S . . . B 107" “‘\\ .

10—1 L“\'MNHNMH.. Y E !]ﬂ-‘lu | ‘\m“--._ o“...'r-___ . T , L Y= 0.1 0 -ﬁ\‘h'-.._."' y= 0.3
% S v 1 107 S e Y=l 2 SN y=02
- y=32 o3 >3«-‘.:?-.:'---i::'---i:::-- SERRRI ¥ NN, iy

100 Il ?23 = ! T T y=-03 1095 N y=01

e = -0. 4 H‘M "-,.. e e = ""--,, .y LT T T ., = -l.
o H"“'m.: - L-ﬂ-ﬁ ] 10 . y=-05 1074 el e e e e y=-03

10—5_ it y=-07 _ 10—5 .."‘r_ ‘-‘y:=‘-ﬁ.ﬂ '}':'0'-5 -__"-._.‘,_.‘.*.:._ y=‘04
= r'fﬁ'g - - y=-07 107° L el y=-05
- . - 10°= STAR Preliminary 10 BRSNS /

107 STAR Preliminary . . o

0 10 0-5% i07c STAR Preliminary
s 0-5% . . ]

10—9||||||||I||III|II||||||||I|II|I 10 1”‘3 0'5/{)

0 DE 1 15 2 25 3 .ID—Q 1 111 | L 111 | 1111 | L 111 | | | | 111 | | | | | | | | |
10—9 1111 1111 1111 1111 L 111 L 111 1 111 |
my-m. (GeVic?) o 0 I E 2 8 0 05 1 15 2 25 3 35

m,-m, (GeVic?)
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Particle ratios
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Associated Production of K+
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Where are we on the QCD phase diagram at
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Thermodynamical properties of the medium ot | |
S P
‘§014~ } { %
Similar rapidity dependence of the T, and pg, Ug over [ #
rticle multiplicit s STAR, PRC 44904
particle multiplicity Ky el
0.1; 2 This\iVork
Precise study of the QCD phase diagram location of the + i = [0.25 045
interaction at different collision energies 0-08:—+T STAR Preliminary
i Au+Au Vsnn=27GeV
0.18 ool Lo Lo b b b e Lo
. B STAR, PRC 44904 0 50 100 150 200 250 300 350
%0.175— y =[-0.1,0.1] ( part)
@) This Work
3 Iyl [oo 0.05] .
S 017 5 . 0.45 > 0.05—
N S |
0.165 ] =, B
# Fits by THERMUS =% °'°4i |
016/ #‘ Chemical equilibrium E I
model 003 T
0.155_— [ -
0.15:— STAR Preliminary Apg = 25 MeV for 0'02:— | STCR—, [I-Dc? 1C : 1?04
E Au+Au ‘/SNN 27GeV AyB= 1 at 27 GeV “ This Wort; -
PP I I I DI I I S oo1-  STAR Preliminary Iy/=[0.0,0.05]
0 50 100 150 200 250 300 350 yl =[0.25, 0.45
<N > - Au+Au \/SNN 27GeV
art N P T PP T P I P
0 50 1 00 1 50 200 250 300 350

<N part>



Weak Decay Reconstruction Performance
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Spectra of charged particles in Ar+Sc
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Spectra of charged particles in Xe+La

See poster by O. Panova
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Onset of deconfinement: horn

See poster by O. Panova
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@ Rapid change in the energy dependence of K™ /7™ ratio in Pb+Pb collisions indicated the onset of
deconfinement in the SPS energy range, as predicted within SMES

@ Plateau-like structure visible in light systems (p+p and Be+Be)
@ Ar+Sc systematically higher, Xe+La close to Pb+Pb at \/snn = 16.8 GeV

arXiv:2308.16683 (Ar+5Sc), Eur.Phys.J.C 81 (2021) 1, 73 (Be+Be), Eur.Phys.J.C 77 (2017) 10, 671 (p+p)
Piotr Podlaski (FUW) NA61/SHINE Overview Quark Matter 2023




A /K9 ratio at 19.6 and 14.6 GeV
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of- at STAR Preliminary = of- M 0.5<lyl<1.0 7 pT
T B ¥ R S TS B - T B T Y S Y-S B ¥
p, (GeVic) p. (GeVie)
» Baryon enhancement is
Kool AR 148 @Y T AT T el T observed in all measured
F Iyl <0.5 ] f 05<lyl<1.0 ] -apidity reoi
i w050 Y 3 i = 0-5% y - I Ipldlt} regions.
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Multiplicity Dependence of Strange Hadron

Production in Small Systems

5 . [ o n24r

[ \Sy, =200 GeV | STAR Preliminary | ly| <0.5 X | <05  STAR Preliminary Sy = 200 GeV

| @ Au+Au i N 22 O Au+Au 0-5%

- A Cu+Cu [ _ 2 3% Au+Au 60-80%
o 4 o= d+Au Kg A n A 18 - % + % ¥ d+Au 0-20%
o ! B
e pp i - % + ® d+Au 20-50%
o g L6 % %) T PP
1R doood \
S avtl e W

[ 11— j

(dN/dy / (N
T

—o>—
—p—

@

-@-
@
For

2 f

ﬁ*ﬁi

‘| | : - g
i _ + 0.8;— i
¥ B {} . ﬁ%ﬁ

5 1
! IS R ST 0z 2
i i : O:\ L1 1 I I | I I I I I | \?\ | ‘ I
| SETENEEETTT| BT ERIRTTTT EETENIEETT | NN ETIT BT BTN EETT | TR E T B AR EITT| AR 0 1 2 3 4 5 6 7
1 10 102 1 10 \ 102 1 10 102 p, (GeVic)
N * Aand KO yields in d+Au at 200 GeV are enhanced

* Yields connect p+p with peripheral Cu+Cu and Au+Au

STAR : Phys. Rev. C 75, 064901 (2007) collisions (yield Cu+Cu> A“”A“). .
STAR : Phys. Rev. Lett. 108, 072301 (2012) * Baryon enhancement is observed at intermediate p; for central
STAR : Phys. Rev. C 79, 034909 (2009 : 0

y (2009) d+Au 200 GeV with A/KO, .



Energy and centrality dependence of strangeness production

18

Scaling Parameter a
B
|

T T T T T I
Au+Au Collisions

® ¢, STAR preliminary (lyl<0.5)
O A, K, STAR preliminary {lyl<0.5) |

O A, K, STAR (lyl<0.5)

(]'; A, K, UrGMD (ly1<0.5)
o
o)
1.2+ + g o 4 -
1 STAR Preliminary |
! 1 L M 3 R | L M 3
2 5 10 20 50
Collision Energy \s,, (GeV)
0.6 |- —— SMASH —
a —- UrQMD' GCE |
| Au+Au UrQMD? CE, r (fm) |
® STARBESI 29
- (Au+Au 0-10%) : 1
I 0.4 2.7 _]
E i STAR Prelimina - 8.2 4
= | reliminary . 4.0 |
B ‘:- 62 -]
0.2} Pb+Pb 0-7.2% —
S S S Y W vy e..Ll
_ QT )
U [ 1 T 1 | '
2 3 5 10 20

Collision Energy |s,, (GeV)

dN/dy _
» Fit function: =———= = kXNgar%
Npart/2

» Common centrality dependence for ¢, A, K production at

19.6GeV.
» Above 7.7 GeV, data indicates a steeper increase on strangeness

yields towards central collisions compared to UrQMD.

v Might point to production mechanisms beyond hadronic

interactions in this energy range.
LY L

# In contrast to 3GeV, ¢p/K ™ reach grand canonical ensemble
limit at 19.6 and 14.6 GeV.

W’Eﬂiguang Yuan poster H#555
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' 5[ wapes a:%.u+Au, ysTmzlz.ciz cev -
Strange Yields vs. (Ap, )  <f==_ :

<
E
=

| ¢%/NDF =5.90/10 =0.59
* Production below (at) free NN-threshold

» Missing energy provided by the system

* Centrality dependence compatible with universal
scaling assumption:
Mult X (Ap,)* With oy s, = 1.45 1 0.06
» Hierarchy in production thresholds not reflected

» Suggests scaling with primary ss creation

» Hint for quark percolation
K. Fukushima, T. Kojo, W. Weise, PRD 102, 096017 (2020)

Data: Phys.Lett.B 793 (2019) 457-463

10_5 L ] l l
80 90100 200 300 400

‘ ® "

04.09.2023 Quark Matter 2023 - Houston - Simon Spies for the HADES collaboration



Reconstruction of 2° Hyperons
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=
w,
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=0
o
O 05
0
-0.5
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—— COSY Data Fit

— UrQMD (p+Nb)

HADES (p+Nb)
BNL (p+Be)
COSY1 (p+p)
COSY2 (p+p)
COSY3 (p+p)

LB (p+p)

= UrQMD (p+p)

-
LI
*a
-

LR
e et
wras® har

10° 10*

Excess energy vSnn — Ewn(2°) [MeV]

2% Hyperons measured via their two-step electro-weak B HADES (p+p) !’
decay chain: 2’ > A+y—>p+m +y 10?1 ¥ This work (Ag+ Ag) §
8 ——Thermal equilibrium g
- ) © | (SHM) '
SHM capable of describing A/ 2° ratio almost perfectly o | s T
~ L —— UrQMD
0 . g . - —— SMASH ...
N\ / 20 ratio sensitive to differences between transport models <
40" — o . e T N L
: } pasha frmressGov oo o Lo NS Talk by Marten ¥
— HADES work in progress ) : — —
- ) * pros Integral: 8.0 x 10° 1 Becker Wednesday =
- 1 S/BG: 1.22 % 3
2 {+++ " Significance: 9.89 06.05.2023 10:10 1E
:_ : ﬂ' _: :II|I| IIIII|I| | IIIII|I|
- - 10 102
= s — S 4 » Possibility to investigate differences between

M, (Ay) [MeVic?]

various SHM fits and transport models

04.09.2023

Quark Matter 2023 - Houston - Simon Spies for the HADES collaboration



ess & X prospects with CBM

* Tracking system allows for precise track and 2ndary vertex reconstruction, Ap=1%

* TOF for hadron ID
- measure yields, flow, correlations, A polarization, ...

+ Identification of £* and X- via their decay topology: search for kink!

X" — pr? X — pn’ BR =51.6%
X" —nrt Py BR =48.3%
Y — n Y nmr BR = 99.8%
= (p/n) like ratios! = access to isospin dependence?
= X/X* ratio is expected to carry E,  (p) information (stiff/soft)
_ : o
Find tracks of Z and its e 5 o= 5.9 MaVic?
c_harged daughter g | . | s/B=496
in STS and MVD 5“-2_‘ ﬂ
; - - Simulations:
_ L —-Tn UrQMD, 5M
0.1- central collisions
I Au+Au, 10
i AGeV beam
_J...—-“ l A energ}"
11 1.2 1.3
m,  {7Tn} [GeWcz]

Claudia Héhne, Quark Matter 2023

1.3

1.2

1.1

1.0

0.9 |-

0.8

G.C. Yong et al,
Phys.Rev.C 106 (2022) 2, 024902

-

)N

ART Model
Au+Anu Collisions -
\f' SyN = 3 GeV
Pmax ~ 3.6p9

L #\ -

—

=

—— x= 1 Soft
w3 x= -1 Hard
I R I

=

00 02 04 06 0.8
E_ (GeV)
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Femtoskopy



Femtoscopy

| Proton - proton correlation function, Rinv= 3fm |

'_§1'E: Effects and interactions:
%1 i P, » QS - quantum statistics
& ~. (Bose-Einstein or Fermi-
e - Dirac), identical particles
i + Coul - Coulomb
e Py interactions, charged
05 3 particles
oale o —e- QS « S| -strong interactions,
H . —=— Q8+COUL hadrons
O —e— QS+COUL+SI _
Bl [ ol suydaealaasle v el i b laggl Gep ] gial CF < 1:repulsion

(=]

002 004 0.06 008 01 012 0.14 016 0148 0.2 _ . .
Hanna Paulina Zbroszezyk, private communication Qinv [GeV/c] CF - 1 : no correlation

CF > 1 - attraction

1 — D2| : momentum difference

= Ip
= |¥X; — X,| : relative distance
e - (SR

Determine the interactions

(non-traditional femtoscopy)

MATEUSZ GRUNWALD QUARK MATTER 2023, HOUSTON, TEXAS 06.09.2023



Proton-nuclei interactions

2.00
] HADES preliminary
1.75
Ag+Ag @ vy Syny = 2.55 GeV
1.50- Centrality 10%-30%
kt: (350,500)MeV/c
1251 proton-+proton
X
2 4.00
0.757
CorAl: Coulomb + QS + SI
0.501 R=2.095 * 0.001 fm
——— CorAl: No SI
0.251 . . .
o 50 100 150
k*[MeV/c]
1.4 1 Centrality 10%-30%

0.41

0.2

0.0

HADES preliminary
| Ag+Ag v Syy = 2.55 GeV

kt (350,500) MeV/c
proton-+deuteron

CorAl: SI+Coulomb
R=3.72 £ 0.01 fm

=  CorAl: no Sl

50

100 150 200
k*[MeV/c]

2.00
1751 HADES preliminary
Ag+Ag @ 1.58A GeV
0 Centrality 10%-30%
1.50 1 e Yy kT (350, 500) MeV/c
[ ] [ J
1.25 . A’
. et feg
& 1.00 +¢ A A “'liuooooooo-oooooooo
[ ]
[ ]
0.751 °
[ ]
0.50 1 °
&
¢
0.25 ¢ proton-3He
AHe * AL ¢ proton-triton
0.00 . . . . . : .
o} 25 50 75 100 125 150 175 200
k*[MeV/c]
2.00
HADES work in progress
175 Ag+Ag @ v Syny = 2.55 GeV
150 Centrality 10%-30%
kT (350, 500) MeV/c
1.257 proton+3He
[ ]
5‘ 1.007 ..."‘0'0000000000000
0.757
0.50
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0.00
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Proton-lambda correlation functions, Ag+Ag at 2.55 GeV

[ Ag+Ag {5,,=2.55 GeV

P

e e - =
[0+ B Ce] P\

TT T T T T TURET. T TTTTTTTT
: ST :

e
|"|q| T

0. BE CFpur coT (Q:m;v)

? HADES work i WOQI'ESS et e e o o e
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_ HADES mrk in pmgress

punty (Q: rwjI

||||||||||||||||||| | I I |
0.8 ———150""506 500 405 500
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- Ag+Ag 'LSN =2. 55 GeV

1.4 HADES wark.in. pmgress -

| SMASH+HGeant
HADEE work in nragrass

100 200

300

400 500
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MATEUSZ GRUNWALD

n

"Ag+Ag USNN-2 55 GeV 0-30%
_ J-IADES wor}s |n prognass

C(k")

22.5;— ;
O [ Ag+Ag |s,,=2.55 GeV 0-30%
1 HADES work in progress
2] p-A correlatlon -
-1 5_ +1

P A correEatlon

Signal is plotted with
both systematic (box) and

e statistical (line) uncertainties

L1 | L1 1 1
0.05 01 0.15 0.2 0.25 0.3

k* [ GeV/c ]

g+Ag sy, =2.55 GeV
HADES work in progress

1_
0_5:— ithout curricm
- with correction
_I L1 1 L1 1 1 | 11 1 | L1 1 1 | | 1 1 | I A |
l:}0 50 100 150 200 250 300

k* [MeV/c]

Quality correlation function achieved

_ 1p1-p2|

2 in PRF

QUARK MATTER 2023, HOUSTON, TEXAS

p-A correlation

T
.

—4— 0-10%

—8— 10-20%
~%-.20-80%
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06.09.2023



C(k")

C(k*)
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1.5 |
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20 |

15 |

~ STAR Pre}:'minaxy ~ STAR Prelﬁminary STAR Préﬁminary
Au+Au \IISNN =3 GeV Au+Au JSNN =3 GeV Au+Au NSNN = 3 GeV
p-A -05<y<0 - e LeL fi :
I L-L fit (spin-av
p: 0.5<pr<2(GeVlc) b =(1 pin- 9)
+ A: 05<pr<2(GeVic) ¢ (T)
® o o
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i 24
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Correlation Function & Spin States

! Singlet State 'S, (S) |

:Triplet State 351 (1) |

i
: Doublet State 25‘1;2 (D)
: Quartet State 453/2 (Q)

Q
=

[ 2 = S [he @ 1> + 21 G k)

d-A: [0 P =3[P0 + 3 [ws0 0|

% Different spin states with different f, and d, parameters

“* p-A correlation: current statistics is not enough to
separate two spin states — spin-averaged fit

% d-A correlation: very different f; for (D) and (Q) are

predicted — Spin-separated fit

25 |

C(k)

15

3
O 1

o

r W
NEW@ OM23 5

15|

'SThFlr Préﬁmf.r}ary' ]
Au+Au sy = 3 GeV |

10-20%

-5 Data
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20 |
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3.
O
—e- Data
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Scatterlngs Length (fo) and Effective Range (d;) ié\f;}‘y@gﬂﬁ?%

LY T T | 1 Tt
: : 1 : :

i : : : ; i p-A

I : i . mm Data 1o

[ E | é % Data 26
—_ I T .
£ °f Petade
= | : - daA

o i T ... ¥ Models .

© | . =m Data 1o
(1)) 5 !  mm Data2c |
o ! ! Data 3¢
S G IR
T Uy
= ke | ‘
(& N
LLJ 2 ija / EQ

[ o U 1::

- : STAR

i : i . Preffmmary

0 . i i .i P

D .

~30 20 10
Scattering Length fg (fm)

H. W. Hammer, Nucl. Phys. A 705 {2002) 173 F. Wang, et al. Phys.Rev.Lett. 83 (1939) 3138 M. Schifer, et al. Phys.Letl.B 808 {2020) 135614
G. Alexander, et al. Phys. Rev. 173 (1968) 1452
I. Haidenbauer, et al. Nucl. Phys. A 915 (2013) 24

A. Cobis, et al. J. Phys. G 23 (1997) 401
J. Haidenbauer, Phys.Rev.C 102 (2020) 3, 034001

10 20 30

1 1 Td k2
— ~— 12k

flo)  fo L.2_1

%+ The constraint of the effective

range (d,) is weaker

** The measurement is done at freeze-out
¢+ Spin-avg for f, & dy p-A system
fo=2.327012fm dy = 3.57%27 fm
% Successfully separate two spin states in d-A
D) = —2073 fm do(D) = 3% fm
fo( 3 0 1
= 1677 fm d =211 fm
0 1 0 1

*Edge of d-A contours are shown with Bezier smooth to improve the visibility
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Polarization



N\ Global Polarization
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STAR, Nature 548 62 (2017)

Aihong Tang. QuarkMatter 2023, Houston, 4
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Hyperon polarization in heavy 1on collisions

Acta Phys. Sin. Vol. 72, No. 7(2023) 072401

) STAR Au-+Au 20% —50%
’ [] e A 0 A Nature548.62 (2017)

: e A 0A PRCT6.024915 (2007)

_ H oA oA PRC98.014910 (2018)
» + e A PRC104.L061901 (2021)

ot
T

ALICE PRC101.044611 (2020)
+ Ao A Pb+Pb 15%—50%

HADES PLB835.137506 (2022)

¢ A Au+Au 20%—-40%

¥ A Ag+Ag 20%—40%

Pu/%

| AMPT, A
: Primary Primary +feed-down
UrQMD+vHLLE, A

[ —— Primary --- Primary + feed-down
i L PR L i N PR i " PR Y

10! 10?2 103
E Z S'NN/G(‘:V
Pz || B
\ »
A

—_

— Py (%

S. Alzhrani et al.. S.Z. Shi. K.L. Li. I.F. Liao.
. PRC 106.014905 PLB 788 (2019) 409413
= B e o ol S | T L T B B R )| T
[ nT/fle+P)=008  ____ Q:::: ] 4 — 20-50 % _
08 - i?;w:j]%iﬁew fm snss K T - a = g= Cu-Cu
| Thermal vorticity 3 ¢ S === Cu-Au ]

~
N ~ — Au-AU

L =0
0.6 i Au+Au /sy = 200 GeV P ; =
L 05<pr<3GeV e al 9.<—
= Q

0.2 :

ool ] oL : S -
0 20 40 60 80 10 20 50 100 200

Centrality (%) -\‘ sy (GeV)

O A / A global polarization splitting with BES-II data?
O Global polarization collision system size dependence

280 > WV, 2o7r>"BCu >80

h PR =Pt P < PR PR

O Local polarization in isobar collisions

Xingrui Gou @ QM2023 5



Global polarization in Au+Au with BES-II data (19.6, 27 GeV)

T T 1T T TTT | T T T T TTT | T T T TTTT | T T 1T 1771714
SHY: — — :
- 0.2 4]
ﬁf B i 1
| 1.5 B 1
= - I = T —
= | 5 1 -
E | —02L | | ] E
0.5 B E.F i Ej E 19.6 27 7]
- B $ i
_05 - scaled using a,=0.732 E
- 4 STAR 20-50% Au+Au, BES-II |
1k <~ STAR 20-50% Au+Au, BES-I | ]
. ¢ ALICE 15-50% Pb+Pb :
—15F ' .
L1l 1 Lol Lol 1 L1111l

10* 102 103 10%
SNN

2023/9/4

O No splitting of A / A observed

19.6 GeV 27 GeV

—0.018 0.109

P A Pa +0.127(stat.)  +0.118(stat.)
(%) + 0.024(sys.)  +0.022(sys.)
Ts|P5—P . .
O [B] = —S|2|’:"u ‘A‘ , using hydrodynamics
A

Ts =150 MeV : the temperature of the emitting source
py = —1.93x1071* MeV/T : the magnetic moment of the A hyperon

O Upper limit on late stage magnetic field
*  95% confidence level

* B <94x10% T at19.6 GeV
« B <14x103Tat27 GeV

STAR. PRC 108, 014910 (2023)

Xingrui Gou @ QM2023 10



Centrality dependence of local polarization

s 1 O Local polarization w.r.t second-order event plane
22, L Ru+RudZr+Zr, A+A
= [ A increases with centrality
B L g " . o .
. Hydro Ru+Ru, n T/(e+F)-0.08 O Significant local polarization w.r.t third-order
T [ WEEn-2(e,:SIPy) -
'€ 05 B8 n-2(o,+SIPy,) ideal hydro | event plane
® | ==-n=2(0,+SIP,) @
E;N | EN-3(0,+SIPogp) %} | O Comparable local polarization w.r.t second and

I B %] third order event plane

O Hydrodynamic models with shear term reasonably

e e S e AT H describe the data for central collisions, but not for
B u NN
0.5<pT<6 GeVic, |y <1 o, = o= 0.732+0.014"

1 1 1 I 1 1 1 I 1 1 L l 1 1 1 I

0 20 40 60 80
STAR. arXiv:2303.09074 Centrality [%)]

—

peripheral

S. Alzhrani et al., PRC 106.014905
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The Sign Puzzle

x 1073
2 - 25x10% £ Becattini, L. Csernai and D. J. Wang, PRC 88
+ ¥ Al SR 20x10° 034905 (2013)
4- g s F. Becattini, et al. Eur. Phys. J. C75 406 (2015)
; W.T. Deng and X.G. Huang, PRC 93 064907 (2016)
10x10% Y.LXie et al., PRC 94 054907 (2016)
21 ¥ — I.Karpenkon and F. Becattini, Eur.Phys.). C77 213
: (2017)
0 oox10® Y.Xie, D.Wang and L.P.Csernai, PRC 95 031901 (2017)
H.Li et al.,, NPA 967 772 (2017)
50x10% B £, K.Xu, X.G.Huang and H.Song, PRC 103 024903
~25 n/4 2 Y43 20 1 23 ot (2021)
@— Wee Py (GeV/c)
T. Niida, Nucl. Phys. A 982 511 (2019)
= 10_3 1.5% 102
F. Becattini, et al. Eur. Phys. J. C75 406 (2015)
41 " F. Becattini and lu. Karpenko, PRL 120 012302 (2018)
X.L. Xia et al. PRC 98 024905 (2018)
21 ec[a[ 50x10° D.X. Wei, W.T. Deng and X.G. Huang, PRC 99 014905
/ <
g (2019)
0 F‘ ) 00x19" 'y Syun and K.M. Ko, PRC 99 011903 (2019), [Explains
g < AR the sign but non magnitude.]
Y.F. Liy, Y.Sun and C.M. Ko PRL 125 062301 (2020).
& ¥ A, STAR -1ox102 Lexplains the sign, sort of].
A A, STAR B.Fu, K.Xu, X.G.Huang and H.Song, PRC 103 024903
) P At e (02
Q- Ypp Py (GeVic)
STAR, PRL 123 132301 (2019)
Aihong Tang. QuarkMatter 2023, Houston, 7
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The Sign Puzzle

3
6x10’

* A+A, STAR

. ¢— Ve
T. Niida, Nucl. Phys. A 982 511 (2019)
F. Becattini et al., PRL 127 272302 (2021)

0 n/4 n?2

PIJLE 1e-2
1 Models with thermal shear :
F.Becattini, M.Buzzzegoli and A. Palermo, PLB 820
136519 (2021)
S.Liuand Y. Yin, JHEP 07 188 (2021)
O B. Fuetal., PRL 127 142301 (2021)
F. Becattini et al., PRL 127 272302 (2021)
C.Yi, S.Puand D.L. Yang, PRC 104 064901 (2021)
W. Florkowski et al., PRC 105 064901 (2022)

py lGeV]

Other phenomenology models :

H.Z. Wy, L.G. Pang, X.G. Huang and Q. Wang,
Phys.Rev.Research 1 033058 (2019)

Y.Xie, D.Wang and L.P. Csernai, EPJ C 80 39 (2020)

x 1073

ﬁ_E 1e—p YF:LiuY.sun and C.M. Ko, PRL 125 062301 (2020)
€ H.Z. Wu, L.G. Pang, X.G Huang and Q. Wang, NPA

3 %\ 5 1005 121831 (2021)
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w \ -\~~-.-”¢/’ A, S‘rAR a NI NN NN N NN NN AN NN NN N nl
—4- T/ I A’ S'I'AR ‘ 5 —2 1 ‘ 1 -'lllIl-IIllIlIllllllIIIIIIIIIIIIllIIII.lIIIIIIIIIIIIIIII:IIIII‘
: e s - , . : Sﬂ( ) = _L poT prp/l fxdz - pngp(l - nF)tl’Eﬂl
0 w2 m 20— W T i

Q— Wgp
STAR, PRL 123 132301 (2019)
F. Becattini et al., PRL 127 272302 (2021)

px [GeV] &= % (0,8, +8,8,) Thermal shear

Aihong Tang. QuarkMatter 2023, Houston, 9
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Shear induced polarization

-

15 T 1 . T 5 ] 1 !
10 | P, (1/1000) : -P, (1/1000) :
_ squark _ - ~_ | 4 s quark ]
5 3
0 2 I
-5 1 f
=L Total WIO shear - of d
-15 s : i g L — Total = = -W/O shear -
0 1 2 3 - : : .
¢, [rad] 0 2
- v &, [rad]
[Fu, Liu, Pang. Song and Yin, Phys Rev.Lett.127.142301 (2021)]
Xl()v“ )(“)_3
o =
I '1‘\‘ ".
i . ',//’ E \\ \
‘E E 2- LR
£ > Sl L W R T
21 \ V o 0.t T TN A
7:/ . T Lo S ; ] ,
= ] — Taec=150 MeV + / ____ ,_\t\\ ’,/
- Thee=165 MeV ;] .%/ e ¥ \ STAR \:/
— Tec=173 MeV A A, STAR
—2 0 K:“") T

0 T
O

[ Becattini. Buzzegoli

",/ 4 e “/‘ 9

Upp & — Upp

. Palermo, Inghirami and Karpenko. Phys. Rev. Lett.1 27. 272302 (2021) ]

5

v’ Thermal vorticity
V' Shear induced vorticity
V' s quark scenario

V' Kinetic vorticity
v’ Shear induced vorticity
V' Isothermal equilibrium

- Theoretical uncertainty:
SHE?
Initial condition?

L Transport properties?

~

J




Global Spin Alignment

The spin state of a vector meson can be
described by a 3x3 spin density matrix.

nents
The diagonal element pyy corresponds to
) . the probability of finding a vector meson
Py 5 " in spin state 0 out of 3 possible spin states
of -1, 0 and 1.
K*®meson ¢
B2

T

Nuclear
l Fragments

A deviation of pgg from 1/3 would indicate
d@osl) No X[ (1= P ) + (3P0 ~Deos’8" | 3 non-zero spin alignment.

e From quark combination :

1-(PsP5) 1 4
V. o — VG gped T
1 1 q q
= — = e
Poo 3 Poo 3 Poo 3
Aihong Tang. QuarkMatter 2023, Houston, 15
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The large pyo puzzle

1
~_+CA+C£+CE+CF+CL+ +C(p+Cg
Y — — —

- ¥+ (Iyl-«:1_0&1_2{p_l_-::5_4GeWc}—
o K° (lyl <=10&10 =< P, <50 GeWc}__
i —a&Y=464+073m" ]

i o _
¢.: E-comp. of Vorticity <1/3 L ¥ 'L
tensor!!] (Negative ~ 107%)

Physics Mechanisms

¢,: Quark coalescence
vorticity & magnetic field™™! | (Negative ~ 107)

>1/3
(Positive ~ 105)

ce: Electric field?

>or,<1/3 - .
(~107) I i
~ filled: STAR (Au+Au & 20% - 60% Centrality) 7]

¢e: Fragmentation(!

e <1/3 0-251 5pen: ALICE (Pb+Pb & 10% - 50% Centrality) | |
alignments!® M I I i
ca: Turbulent color field!s! <1/3 10 10° 10°

Sy (GeV)

STAR, Nature 614 244 (2023)
strong force

>1/3
(Can accommodate

large positive signal)

C,p: Vector meson strong
force field®

¢g: Glasma fields + effective
potential

could be significant

Aihong Tang. QuarkMatter 2023, Houston, 18
Sept 3-9



.ﬁ{dv‘!dy]

0.005

-0.005

=-0.01 —

Sign Change in A(dv,/dy)

'|"'|"'|"'|'1IIIIIIIIIII|III |'J||||II|IIIII.II I'III||III|IIIIII | IIIIIIIIIIIIIIII
(a) 200 GeV Au+Au _ (b) 27 GeV Au+Au | (c) 19.6 GeV Au+Au 1 (d)14.86 GeV Au+Au (e) 7.7 GeV Au+Au
=x0.15 % 0.15 ] =01 x0.05
:‘,K"K',p,r:-MGnWb.p-:Lﬁanc @ T, p, > 0.2 GeVic, p < 1.6 GeVie STAR Preliminary
4* T IR 1 +
+ T et ; 1 +
.+* + e + .‘."' + 5 + -
T + 1 + -;I'c"‘ -J'E- 1 L +
'_*ll““.. | i.“‘:.. #“#g... ¢egeqee
+ & - ] A
L A + *k.K . 2 4 A
T #STAR + + 1 } A
. Huramp & 1 +
. — IEBE-VISHNU + EM-Field +P-pP
p, > 0.4 GeV/c, p <2 GeVic +
||I|l||||II-IIIIIIIIIIII|III||.|'I||I|II|IIIITII|I{III'IIIIIIIIIII'I.|||II|||IIIIIII|I
1] 20 40 60 80 0 20 40 60 B0 O 20 40 60 B0 O 20 40 60 80 D 20 40 60 80
Centrality (%) Centrality (%) Centrality (%) Centrality (%) Centrality (%)

STAR, arXiv:2304.03430 (2023)
Aditya P. Dash for STAR, QM 2023
#347 WED 17:10

Aihong Tang. QuarkMatter 2023, Houston,

Sept 3-9
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Chiral Magnetic Effect : Where Are We ?

o~ 0.04 T
:;_ X (Ay"%) 2(]-50‘% Au+Au Event Shape Selection Event Shape Engineering]
<L 003 AY‘E‘SES h-h (no protons): lth -:LlF,:I'qEPI::-nhm h-h:{].:!-:lnhl <1,9%,: h1EPI>E_—
A Foay ¥ oo os E
0.02—4 Av[% Subtraction =
= of vz-BKG =
0.01— —
= ¢ ¢ $ = .
R o B e Zero CME line
Y T = ; Npart ~ 110 E
a2 E t { Spectator W, -
O ................................................................................
-02f— { STAR preliminary —
5 7 10 20 30

200
(S (GeV)

Z. Xu for STAR, QM 2023

#868 TUES 10:10

Aihong Tang. QuarkMatter 2023, Houston, 30
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Chiral Vortical Effect

10°
3 x T T T T T T T T T T T T T T T T T T T T T T T T
B30 | | T T T ]
8 | ALICE Preliminary + )
! oL Pb-Pbys,=502Tev _
=] L
i h-h [ALICE, JHEP 160 (2020)] i
-  Ap
NI L h
- [ |
- . . -
ol %a A A & o A —
C M | | e | |
0 10 20 30 40

Chiral Magnetic Effect
Chirality Imbalance (pa)
Magnetic Field (wy,)

Electric Charge (je)

4

50 60
Centrality (%)
C. Wang for ALICE, QM 2023
#456 TUES 8:50

--  Chirality Imbalance (pa)

(00
vs Chiral Vortical Effect I
- Fluid Vorticity (wpg) I

- Baryon Number (jg)

4

Electric Charge Separation

Baryonic Charge Separation

Npart ATHE

_o

20-50% Au+Au
_A—p: ml<1, ¥ InEPI >
Har'™)

12

| Ay css +

- Spectator W, 7

- STAR preliminary
I 1 11

15 20

25 30
5 (GeV)

Aihong Tang. QuarkMatter 2023, Houston,
Sept 3-9
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Flow



Tues 1120

Elliptic and triangular flow of light nuclei sham

ID 631

PRC 72, 064901 (2005) Nucl. Phys. A

| : 729 (2003) 809-834
Au+Au, sy, 54.4 GeV COL (2017) Au+Au, s, 27 GeV COL (2018) Au+Au, |5, 19.8 GeV COL (2018) [ AutAu, \s,, 14.6 GeV COL (2018) Proton v2: Phys. Rev. C 93, 014307
0-80%  (BESAI) o 0-80% (BES-II) 0al 0-80% (BES-I) 04| 0-80% (BES-II) (2016); Phys. Rev. C 88, 014302 (2013);
® p ® p ® p [ ®p Phys. Lett. B 827, 137003 (2022)
+ d + d * d % d Tigis &
03 p AMPT-5M 08 l:l p AMPT-SM 0.3 B AMPT-SM 03 | p AMPT-5M . L. ht | . d t.
&+ [ ] d AMPT-SM + Coal. . | = [ ] d AMPT-SM + Coal. < ] d AMPT-SM + Coal. o d AMPT-SM + Coal. + |g nucieil p roauction
.t St | e o | s " —>thermal model or
: «*? s e® + a® + : o
. ® L N coalescence
I .Il + .: L .. * [ .. L
I +* , @ . I i
e STAR Preliminary . G STAR Preliminary AP STAR Preliminary | A STAR Preliminary e AMPT+Coal. describes
- e T T TS S T S TN T S TSN TR S T Y O S | | | | L]
1 2 3 4 1 2 3 4 1 2 ] 4 1 2 ] 4
p_ (GeVic) p. (GeVic) p_ (GeVic) p_ (GeV/c)
- " r * deuteron v, and v,
Lo AurAU, |5, 54.4 GeV COL (2017) b AusAu, |5, 27 GeV COL (2018) Lo AutAu,|s,, 19.6 GeV COL (2019) - Auhu, s, 14.6 GeV COL (2019) ¢ Vz( pT) - Deviation of
q- 'D—Bﬂ",-’}_‘ 0.:{: [}-B[}% x 0_30%3 3 D_BD:% ~ 0
® - (BES-I) [ p (BES-II) e & (BES-II) A (BES-II) 20-304 from mass
+ o |« d + ¢ P+ d number scalin
02 p AMPT-SM 02 [ p AMPT-SM 0 p AMPT-SM °2" I p AMPT-SM : 8
o d AMPT-SM + Coal. & o [ |dAMPT-5M + Coal. o d AMPT-SM + Coal. o d AMPT-SM + Coal.
= L - = | > L = 4 [} ( ) -
. | . | | * v5(py) - mass number
0.1 0.1 0.1 e i 0.1 ” » . » ~
. = | P 4 -~ | 7 scaling within ~10%
& [ ol = .
L L] P L ¥ 3
0-.'...? g_'b " '] = ﬂ‘ L o=—§ 9
1 STAR Freliminary T STAR Preliminary i STAR Freliminary ..'.' STAR Preliminary
p. (GeVic) p. (GeVic) P, (GeV/ic) P, (GeVic)

PRC 72, 064901 (2005) e
Nucl. Phys. A 729 (2003) 809-834



Flow in small systems

He+Au(2014) d+Au(2016) p+Au(2015)
Au
I I I ! I ! I I
= 1.91 UC p+Au (N_)=34.1 T b) '-.fn En Eﬁ Flt
o e+AU (Ny,)=33. i W —p +AU
o "ﬂ'%%“'i """"" S s .
R R A — | -
A === U a g ]
~ D5} 4| = EssssseMEsccoocscafRzzaas
=" !
STAR
[ 1 I 1 ] 1 ] 1 ] ] — 1 1 ] 1 ] ]
oo 05 10 15 20 0 05 10 15 20
p_ (GeVic) p_ (GeVic)

STAR, PRL 130 (2023) 242301

Alexey Aparin, CHEP-Yerevan, AANSL 2023,

o
ny+p o} ones (%3) €A

=
dy

Sub-Nucleon Glauber

Nucleon Glauber

e2(€3) €2(e3)
0-5% pAu 0.23(0.16) 0.38(0.30)
0-5% dAu 0.54(0.18) 0.51(0.31)
0-5% *He+Au 0.50(0.28) 0.52(0.35)

Nucleon Glauber: J. L. Nagle, et. al., PRL 113 (2014) 112301
Sub-nucleon: K. Welsh, et. al., PRC 94 (2016) 024919

* Data at midrapidity

v 2He+Au ~ Vs, dtAu >y, 5P +Au
v 3Hvsﬂ-Au ~ Y 3d+Au —~ Y 3erAu

*  Suggests SlUlllflUill'[ mfluence
of Sllb nucleonu, fluctuations

Need to study pre-flow

48



Anti-flow of Kaon

6GeV K° sideward flow (b < 7fm)

0.03 .
i AU+AU, 5 = 3.9 GeV | I T P ettt ro-

* K. data - 10-40%, 0.0 < p, <07 | ?3;‘;';:_;‘?;;;9 {Gf; |
B K. | |
0.15 11 Kg data reflected > 0.021 s > [
_.— pRQMD (2.3) 3 i | 5-0.051 |
'R i : [T - :
------ K’ RQMD (2.3) 2 o0t | 2 |
01 | s UUT | 8 i
— ° L STAR Collaboration o
5 0.05 | O - - oo - [ |
8 I Slope = -0.041 + 0.008 i Slope =0.077 + 0.008 i
= I | _0.15F i
A N B | e
A -0.013 05 0 3 05 0

v Flapidity{yCM} F{apidity{ycm]

0.05 +
« Anti-flow observed for KJ at 3.9 GeV with p; < 0.7 GeV/c.
-0.1 | EB95 Collaboration
VSyn =3.83 GeV,pr < 0.7 GeV/e * Normal flow of K with p; > 0.7 GeV/e.
] 1 ] | 1 1 1

-0.15 - Strong p; dependence of KQ v, slope

-1 0.75-05-025 0 025 05 075 1
yL;alt:;/i"'rc.m.-‘I

P. Chung et al. (E895 Collaboration), Phys. Rev. Lett. 85, 940(2000).

Note: fitting function: v; = po*y + p1*y°
fitting range: -1 <y <0




Anti-flow of Mesons

T T T T T T T | T l__ T T | T T | T ]
0.4 B 3.0GeV *
W 32GeV ot 1 Kg
T H 35GeV |
_¥ "
= B 39 GeV L 4 —
E 02 9 GeV . *
> [ STAR preliminary n m T &
o - Au+Au, 10-40% g T .
SN T -
- U, N ]
» g 5 ! -
i 1 1 ] 1 1 1 1 ] 1 L 1 1 1 | 1 1 1 1 | 1 1
0.5 1 0.5 1
Related posters:
Transver Momentum P [GeV/c]  xingwu: #673
At low py: Guoping Wang: #551

« 7 (ud) and KQ(d5) show negative v, slope.
* Anti-flow observed at 3 — 3.9 GeV.

Note: fitting function: v, = po*y + p,*y?
fitting range: -1 <y, <0




Energy Dependence of v,, v,

B I 1 1 1 1 I 1 1 I I I i I 1 1 1 1 I 1 1 1 1 I
- STAR preliminary - 0.04 -
0.3 ¢ Au+Au, 10-40% B I {v ]
n . . + B N
%:a : : ® ] e YKS A I QD n ]
s T * A L :
T o1k n/Kg: 0.2/0.4 < p<16 4 A JAM2 V T ® o ]
i v v A:04< p_l_ <20 1 [ Cascade _ i
5 v 1 [[__] Mean Field - D? N h,fl <0.5 7
N e = N R ¥ 1 [JMFwhoSpectator -0.02 —+ -
- W H H H § -Tm i
C ] 1 1 1 1 I 1 1 1 1 ] . u ] 1 1 1 1 l 1 1 1 1 1 -
3 3.5 4 3 3.5 4
Collision Energy \_ N (GeV) Collision Energy \ N (GeV)
« v, slope decreases i the magnitude as collider » Negative v, turns to positive:
energy increases. = Stronger tilted expansion. Out-of-plane flow (spectator effect) = in-plane flow
» Better description for A v,/v, with baryonic mean-
Note:

field + spectator.
Soft EoS in JAM baryonic mean field: pecte

the nuclear incompressibility K = 210 MeV Yasushi Nara, Akira Ohnishi. Phys. Rev. C. 105, 014911(2022)

[
[
[
[



HADES work in Progress AutAu \Sy\ = 2.4 GeV

(] _||||I||||||I||||||I||||||||||||||||||||||_
Flow (Au+Au) %% =oss '
e UrQMD Hard n
%‘0 15 mms UrQMD soft -
HC") . UrQMD cascade -
* High precision measurement of % 01 .

Proton, Deuteron and Triton flow
coefficients up to v, 0.05
Eur.Phys.J.,A59(2023)4, 80

* |mportantinput to model
calculations to constrain of EoS -0.05
of compressed baryonic matter

o
||||I|||||||||||||||||||I||I||||||I||||||

—0.1
* Correlations of flow coefficients n ) Protons
. , -0.15 y_l<0.5
can be studied event-wise " p,>0.5GeVic
_0.2 - Centrality: 20-30%

_|III-|I|II|IIII||II||IIII|IIII|||II|IIII|_
04 -03 02 01 O 01 02 03 04

V2,event



Proton v3{LIJ1} @ FXT Energies

~ 001p ]
g " -0-3 0 GeV .
- STAR Preliminary #32GeV -

>" 0.005F +35GeV
n +39GeV -

0 == -
: + t\‘i"(%"*‘*/\\” '
N sl ST N, T ]
—0.00S_ . "".'"'-'J. ...--'". -"'-."u.:‘--l:’v"\! __
F " & + 1
-001f A +:
_0.015F . ; o2
~0.02F STAR Au+Au FXT JAM -
F Proton 306G +:
L ----3.2 Ge 3
-0.025- 0 <Yeu <05 --35 GeV -
C 04 <p._ <20GeV/e —39GeV .
oob——1 0 111, .
=0 10 20 30 40 50 60

D)

Centrality (%)

O

r-": O 01_ T | T I T | T I I ]

2 L JAM: ROMD.RMF w/ MD2 set ]

=" 0.005F Incompressibility K=380 MeV -

F ~ \ .

| Pt A / N

- ,\\Q]l \// '\\,/ -

~0.005F R T -

# [ ) \‘.""6",,_‘_‘ E

-0.01F AT

[ #30GeV R

_0.015F — JAM Cascade 3 GeV ¢ R

" ’F -- JAM RQMD RMF 3 GeV ¢

~0.02fF STAR Au+Au FXT J

. Proton +:

-0.025F 0<y,, <05 R

[ 04 <p_ <2.0GeV/c .

oo—mL 1111,
-0 10 20 30 40 50 60

Centrality (%)

D)

O

* |v3{W,}| increases towards peripheral collisions -> Geometry drives v3{¥, }.

* JAM describes the data -> Nuclear potential is essential for the development of v3{¥; }.

Quark Matter 2023 | Xiaoyu Liu
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Limiting Fragmentation Of v, wee
20 STAR Prelimirjary
15|  Au+Au : )

0.2 | S0 |
B 0—40% I . = 5| I
B ¥ PHOBOS 19GeV I :
045 [ A PHOBOS62Gev | 0r S
T L B PHOBOS 130GeV | oo N 5
[+ PHOBOS 200GeV | - o
- ® STAR19.6 GeV BESI| o : j
01 = o crarzrceveesy STAR Prellmmary: :.:+ 20 |
SO . 15 |
0.05 | ok 2 0
B | # >‘_ 5t
i |-
0 %M - v ”'“E.; 0
: """-A".:p-h : 5|
_0_05_..|....|....|....|....|....| | |
-5 -4 -3 -2 -1 0 1 2 20
11 — Ybeam 15 -

* “Limiting fragmentation” of v, observed for all the centralities. ~ °|

* The phenomenon extends beyond yields to dynamics. °|
5t

Quark Matter 2023 | Xiaoyu Liu




fo(980) Quark Content

e /,(980) structure unknown ;;ﬁ” Qﬁg j»
e Diquark L ‘@%j
* Tetraquark NI

e K-K molecule

pPb, ﬁ 8.16 THV (185 < N;’,ﬁ"”e < 250)

- CMS Prellmlnary ' -

e v2 of ,(980) measured in pPb - oKe aA i n=2 hypothesis -

0 1L 2 0Q ! n,=4 hypothesis "

» Use constituent quark scaling EU i . |

to extract number of quarks = ] ]

2N0.05- g -

VZ(ET)/nq — V2,q(ET/nq) j@'— 3\}\ i

K _.T-l T T —

* ng =4 excluded at >3.10 oF | -
* ngq = 2 favored CMS PASHIN-20-002 o= é — Alf —

An Gu’s talk
Tues. 9:30, Ballroom B ET/ nq (GeV) 20




Fluctuations



Observables - Cumulants

Cumulants ratios cancel

N: Net-proton multiplicity trivial volume dependence

C; = (N) C,,: n*"order cumulant o X5

_ 2 _ N _ - = —
Cy = ((ON)*) ON =N — (N) C X1
03 — ( ( 6N)3 > Stephanov, Phys Rev Lett 107, 052301 (2011)

Higher-order cumulants Co __ Xe

Cy = ((N)4) — 3((5N)?)? are more sensitive to 0_2 o X_2
Cs = ((5N)®) — 10((5N)?)((5N)?) the correlation length I
Cs = ((3N)°) — 15((8N)*){(6N)?) — 10((8N)*)? + 30((oN)2)* X" P TR

v Cumulant ratios are directly related to susceptibilities from theory

rv Sensitive probes for the nature of the QCD phase transition

9/52023 Dylan Neff S{4% QM 2023 417



Critical fluctuations

CBM after 3 years — (improve STAR stat. errors by factor of 10):

« Measure excitation function (p) for ko? = =%
: 12 STAR, PRL 128 (2022) 20, 202303

* First results on x4(p) HADES, PRC 102 (2020) 2, 024914

« Extension to strangeness? A T ' ' ]
. o
20 x _ Ro _—

We hope to see: 3% STAR (0 - 5%)

Discontinuity?! " G @ net-proton .

... that extends to even higher moments?! 247 f\z O proton -
T2 (Iyl <05, 0.4 <p (GeVic) <2.0)

o
l
nad
|

High moments ko?

net-proton_|

I
-y
I

(-0.5<y<0)
8 (0.4 <p (GeVic) <2.0) HzronD <= proton J
1 1 1 | L1 11 I 1 1 1 1 | I I 1 |
2 5 10 20 50 100 20

Collision Energy s, (GeV)

' Claudia Héhne, Quark Matter 2023 9



sh2[GeV]: 200 624544 39 27
2 T T T T T

B "
NLO, RE,;(Tpe)

Hyper-Order Cumulant Ratios J

Lattice QCD

- CJ/C, | - |

C,/C,— Positive at 0-40% 4 Increasingly negative with decreasing energy
y

= Qualitatively matches trend of lattice calculations i
W27 "E B

Qvsvv = 3 GeV positive and consistent with UrQMD | "o o1 0z 03 04 05 o0s o7 os

N )

C./C, — Weak trend with energ

UrQMD

= i 0-40% 50-60% T
] —200F : =

6_' KRR JE R L Bl Y :' <'>"""I AL i ' : :' e R R ]l " :

2 i C,/Cy | |30 weW C./Cyq 10of 0 weW C./C, -

E 4-_ . O Data (0-40%) ook O Au+Au n?ot"iSi?ns _ . § ]

i . 0 et-proton i '____ AL _ _ _'

= e : 0.4<p_<20GeVic T v M bl R

(T B STAR 10:— - % []LacD

S 9 BES-I : 1 ool [ R

E . s HRG CE -
S
O

2 4 10 20 40 100 200

STAR: Phys Rev Lett 130, 082301 (2023) Collision Energy v SNN (GeV)

9/5/2023 Dylan Neft SIAR QM 2023 6117



Correlation Strength vs Energy

0-5% Centrality, 120° Partitions

MUSIC+FIST
0.0000 . .
= [Negatlve Ac? = Repulsion J
—0.0001 - MUSIC+FISTEV
—0.0002 - d Repulsion observed between proton tracks
in STAR data and all models
—0.0003 -
S -
< —-0.0004 STAR Preliminary 3 STAR correlations from most central 0-5%
00005 l centrality showed no significantly beam
—0. I Wl ® . :
| | STAR energy dependence and larger strength in
—0.0006 - - ¢ STAR correlation than AMPT. In addition, AMPT
Au+Au B MUSICHEIST showed a moderate beam energy
—0.0007 - ly| <0.5 BN MUSIC+FISTEV 1fm?3
0.4 <pr<20GeV |gug ,ybr dependence.
10 20 30 40 50 60
Energy (GeV)
9/5/2023 Dylan Neff % QM 2023 1417



(Ac?) vs Event Multiplicity

[Magnitude of repulsive interaction increases with decreasing multiplicity per event J

[Multiplicity dependence likely dominated by global momentum conservation]

0.000 |
R ol | || e femmmm e
-2 --------
N
—0.001 - a
Q
—0.002 -
—~ [ Nearly universal event
=} T G
=) | multiplicity dependence STAR Preliminary
~ooos || PAETY EP AMPT STAR
e 7.7 GeV —4— 7.7 GeV
BN 11.5Gey Beam energy dependence | Ll.aiEey
o 19.6 GeV . —4— 19.6 GeV
—0.004 - Au+AU Repulsion weakens as
ly] < 0.5 27 GeV 57 Gy
0.4 <pr<20GeV mmm 39 GeV energy decreases —4— 39 GeV
120° Partitions E 62.4 GeV —4— 62.4 GeV
—0.005 - --- AMPT Fit i --- AMPT Fit
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Reference Multiplicity Reference Multiplicity

9/5/2023 Dylan Neft ﬁ QM 2023 15/17



* Cumulants of net-particle AL E L T T 1 T T 1
. | 3.0Gev 7.7 GeV 39 GeV 200 GeV '
distributions - ./ -
- » 2 I N S i 1
* Cumulant ratios directly 2 ] of M- __ L | m= e 1 ]-_—_L%ii_.l_ |
[y ! X \
related ’.co. B c | . = \ BESI BESI
susceptibilities S Op— = === == = = i
. : = ' 0-40% Au+Au Coll ;
Higher order moments 2 | | 1op BESI | Netproon <05 g T g S DSCESD _
are sensitive probes for 3 BESII 7 (JN sk Sl i P
~20F - X
the nature Of O‘CD phaSe \ 1 \ i I I ! TI | | I 11 I I | |
transition A
M Attractive & o O, 0 6. o 6 6 5 b & & 6 G0 &8 &
0.000— — . . . ]
Repulsive o500 * Proton kurtosis results will be released directly to paper, work in progress
—-0.001 3 . . .
P * Cumulant data consistent w/predicted hierarchy /Syy= 7.7 to 200 GeV
< —0.002 A STAR . . . .
g —— 7.7 GeV * Violation of ordering found at fixed target \/Syny =3 GeV
- | —4— 11.5 GeV .
00031 4= 196 Gev * Reproduced by UrQMD - Suggests hadronic matter
~0.004- f STAR Prefimnary [ Yeeev | * Magnitude of repulsive interaction increases with decreasing multiplicity
G0 Ac? = % 1P 5o Gev per event 2 Multiplicity dependence likely due to global p conservation
0 100 200 300 400 500 600 700

Probing the QCD Phase Diagram

Reference Multiplicity
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Hypernuclei



Hypernuclei Lifetime Measurements

* 2Hlifetimeof (251+ 21, % 305,!,5) ps compatible with
free A lifetime and earlier measurements measured

HADIES Preliminary
Ag+Ag Vs, = 2.55 GeV

dN/dt/ N,
| | III

« AHlifetime of (216 £ 7., + 10,) ps measured
» 4.850deviation to free A lifetime

* |nteraction cross-section within first 40cm of
HADES detector material < 0.5%

“H 0-25% Centrality

107
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10°® Systematic Err 1\ 200 = | ' [ I =
3 | S S ¥
-  —— Free A -1=263ps hd - ‘L o gr &
: wE T F 4
| | | I | 1 [ | | 1 | I 1 | | I [ | 1 I | 1 1 | | 1 : GBQ e _\"% \:: §§
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tyocay [PS] 0 T S | I | | | | \
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04.09.2023 Quark Matter 2023 - Houston - Simon Spies for the HADES collaboration



Hypernuclei

WH  AutAu 5, =3.9 GeV

AutAu |5, = 3.9 GeV ]

0-10% 10-40%
a

10 - | .
{‘H | ST . L] =5 . _

- . ._ "a
P -, :
-E'l_ - 5 3
j= E
O qge f mee fit 3.9GeV E
a L , , L, E
’:ﬁ E I ! I T T t |_| I :
S i Au+Au Sy, = 4.5 GeV AUFAU (S =45 GeV
o F 0-10% 10-40%
e C el ]
c 10%F "'*-.‘ ]
n -_ .. N ]
N ' =]
- [8] -0.5<y<0 . ]
E - 1 ]
108 - B -1<y<0.5 (x107) 4-5 EV 5TAR Preliminary ]
; L . I . I I L . 1 E

1 2 3 1 2 3
pT{Ge‘u'a'cj

(p.) (GeVic)

pr Spectra,{pr), dN/dy

| I
STAR Preliminary

H\\ |

Au+Au, 0-10% 3

1.5

1-

3 GeV: -0.25<y<0 AH
0 5l 3-2-4.5 GeV: -0.5<y<0
| | | |
3 3.5 4 4.5

Collision Energy (GeV)

Au+Au central collisions

Mid-rapidity (pT> (GeV/c)

1.5

o
n

—
T T T T

| Au+Au 3 GeV
~ 0-10% collisions

— STAR preliminary

*He ' .
d 7

| @""' 3
F...’. ""r' JnLH
P 7
|
,'.'
=" A O Light nuclei, y=(-0.1,0)
® A y=(-0.1,0)
B Hypermnuclel, y=(-0.25,0)
—-—-— Linear fit for light nuclei
| | | | | | | | | | | | | | | |
1 2 3 4

Mass (GeV/c?)

* Hypernuclei (p;) follows the mass number scaling
* dN/dy vs. y qualitatively described by JAM + Coalescence




d1d "33V 1 qd+94d

hay shd SQINDIN R oD L

S-[eat |

dN/dy (lyl<0.5)

1T D

Energy dependence of hypernuclei production

0-10% collisions e AU+AU (2022)

m Au+AU (prelim. new)
B Au+AU (prelim. QM22)
¢ Pb+Pb (ALICE)

—2
10 STAR Preliminary

\*, Assuming B. H{ H
\\ S3He + 1) = 25%

"+ Pb+Pb
2 76TeV

:.-+-. :

UrQMD-hybnd

- -Thermal-FIST .
— UrQMD+Coal.
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H/AxBR. @ ©

@ STAR preliminary Au+Au 3 el
© ALICE Pb+Pb AH/A

-- Thermal-FIST, w/ unst. N Assuming B.H_riH —='He + 1) =25%

STAR Au+Au

STAR praliminary Au+Au
FOPI Au+Au
EBB4 Au+Pb
PHEMIX Au+Au

]
ALICE Pb+Pb
Qg ¢ " d/ P

Thermal-FIST, wi unst. M

STAR Au+Au
STAR praliminary Au+Au
_ FOPI Au+Au
EB64 Au+Ph
P @ 0 t / P ALICE Pb+Pb
" ] ALICE(*He/p) Po+Pb
’ e nﬂ Thermal-FIST, w/ unst. N

T 1T

10 10° 10°

Collision Energy |s,, (GeV)

* Hadronic transport + coalescence models qualitatively describe the data

* Thermal model calculation ~2 times higher than data in BES-Il energies
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AH Binding Energy Hyewoamzs

,3\H binding energy (B,):

' ' ' ' _ 1'0 Estimated from +* Bethe formula from Effective
ro— STAR Preliminary :
26 5 T G Corehies Range Expansion (ERE)
'"_o 1 ALICE 2022 parameters f,(D) & dy(D)
: 23
I L 4 STAR 2020 =
! - 1 it 2 @ B. = y?
; —— { NPB52 19737 YT Sdoy” T AT 2,
1 (=t — 0
RS 2 :
= : | PRD11970 |, 2 Uap: reduced mass

1 o e = C . .
. =0 ¢ ¥: binding momentum
—— 1 NPB41968 | & <
: =3

O o
! & 1 NPB11967 J & € i
. ‘é “ AH B, =[0.04,0.33] (MeV) @ 95% CL

| We'ghfed AV = 9'17i0’06|(8=1'6) o Consistent with the world average
-0.2 0 0.2 0.4 0.6

% A new way to constrain the 3H structure
SH B, (MeV)



New facilities



The sPHENIX Experiment

’%EBls =5

BOOS?ER
Ty, . W _ ; W

sPHENIX is the first new
major detector at RHIC in
over 20 years. Itisa
compete tear-down and
rebuild of PHENIX reusing
>S20M in existing PHENIX
equipment and support
facilities, plus brand new
detector subsystems and a

% = completely upgraded

——

sPHENIX Collaboratlon ~400 members 81 |nst|tut|ons 14 countries

9/4/23 sPHENIX QM2023

experiment complex.




SPHENIX Components: Vertical Slice and Actual

Cryo vaive 'y
box and
g ™\ ‘/_/ Upper Platform Racks
Outer HCAL
=
=
z
Mognet S w
aWn
o
S =
Inner HCAL g 3
- -~
8
o
EMCAL T
Beam Pipe

sEPD (north and south)

TPOT

Large Support Rings

9/4/23 sPHENIX QM2023 4



A Few Installation Highlights

. il |0 stalbof SPHENIX begin: Fo o S -
e OHCalSector arrives at BNL Aug Zﬂﬂ e , ” N o> = a@ # | SPHENIX approved for

B 2_ ¥ R 2 | SAST . ayY . routine operations,
: .’ h ,_" 2 l, ? St P
v b 1‘_ B ¢ G \ ) ,” LSS of %, May 2023

Icomplete Iy
é Féb2022 3 0




Chamber

100 Hz ZDC, MBD P abe: 2, HV: 4,45 kV GEM, 45 kV CM, X-ing Angle: 2 mrad
2023-06-23, Run eference frame 31

Auriu sgrifs

RHIC AuAu and Cosmic Events in Tracking Detectors

AuAu central eVESER o s g AuAu peripheral event: ;
TPC w/ magnet oA~ SN S Ausu periher R
= 3 \: ,':._, ~.—~§(:f . : 4 30 |

Plan to use track positions
determined by the TPOT+INTT
+MVTX to correct position
distortions in the TPC.

Tracks seen through a combination of the sPHENIX Tracking detectors:

sPHENIX Experiment at RHIC %
Data recorded: 2023-08-11 =
) 5 : ¢ 3 Run / Event: 25475/3147
Field on, field off, RHIC triggers and cosmic triggers Cosmics
. s C —— S Cosmic trigger: Cosmic trigger:
sPHERIX “ i"_" 6= All ERDCy, BOQ 128330850911 osmic r'gger: =pr elix :.”~’;z._m 25926 - All EBDCs, BOD 198 X008shai) . . MVTX+IN.I_'.+TPOT
X, INTY, and TPOT hits only tmesr e esovrs s o NITXFINTTHTRC+ TPOT
MVTX+INTT+TPC+TPOT w/ magnet on
i ] . |
§ ! !
{
/




« FAIR construction progressing
v SIS 100 tunnel ready, first installations ongoing
v' CBM cave ready
v Upstream platform in CBM cave is installed —
being the first user installations of FAIRI

Claudia Héhne, Quark Matter 2023 17



— ' |-
Key observables — systematic measurements! : _

: SIS 18 2-25 830 — 760
* Dileptons
- Emissivity of dense baryonic matter: lifetime, temperature, SIS 100 23-53 785-520
density, in-medium properties SPS 51-173 530 — 220
. STAR 7.7—-200 400 — 22
* Fluctuations Collider
—> System transition via 1st order PT line, CEP STAR EXT  3—13.7 700 — 265

* Hadrons/ Strangeness/ Charm (/S7) from A_ Andronic, P. Braun
= System in equilibrium, Hypernuclei, Vorticity, Flow, EOS ﬁuﬂer; K Redlichand )

J. Stachel, Nature 561_no. 7723, 321 (2018)
* Correlations

- Flow, Vorticity, YN & YNN interactions 5 B Swi= 286 GeV B {Sui= 4.9 GeV .
; o Au+Au CBM simulations g 8
8 = Protons 10 o
g s | =
[ L -—
.§A 85° = 1.5 ;‘_’
21 N = 10"
ol -
v -
9 -
E : 103
g - 25' -
i 10°
in beam B 0 L




Thank you for the attention!
XBana Ha naXtu!



Backup slides



A Journey through QCD

* In 2022, ALICE published an overview of what we
learned with the results from Run 1 and 2:

1) Thermodynamic and global properties of the QGP

]

Hydrodynamic and transport properties of the QGP

W

Hadronization of the QGP

NN

Propagation of energetic hadrons in the QGP

o

Limits of QGP formation

-...,_‘J

Nature of the initial state of heavy-ion collisions

o

Novel QCD effects

)
)
)
)
) Deconfinement impact on the QCD force
)
)
)
) ALICE, arXiv:2211.04384

9) Hadron-hadron interactions

In this talk, highlights showing newer results

from Run 3 and Run 2
[.Arsene | Quark Matter '23
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Gluon polarization impact on proton spin

1 1
S====-AX+AG + L

2 2
quarks gluons orbital T
| = D55V08
angmar | e D55SV14
momentum 1 HEIDSSV14+RHIC, gy, -
- (W%ECL.HmjrcomaursSi B
- DSSV Preliminary
DSSV global fit including up-to-date jet, dijet, pion, W data - |
%”Uj - 7
S ]
DSSV14 + RHIC (£2022): 2 T I
ECE ]
0 oo e SO
1 e . L i
« AG = [, Ag(x)dx =0.22+0.03 i
0.05 . L
e AG = [ ) Ag(x)dx = 0.17 +0.20 o5 ﬁ N
- Q=10 GeV" ;
DSS‘U‘]_J': _II|IIII|IIIIiIIII|IIII|IIII|II
02 01 -0 01 02 03
o AG = [ _Ag(x)dx =0.20 £ 0.06 [, dx Ag

0.05

o« AG = [ ., Ag(x)dx = 0.15 + 0.50 arXiv:2302.00605



Single spin asymmetry

W bosons production sensitive to flavor, spin, charge simultaneously 5
Powerful tool to probe sea quark polarization

First experimental observation of a flavor-asymmetry between anti-up

and anti-down polarizations, opposite to the unpolarized distributions P
N ~ A p+po>W +X s>et+ X 0.08—- Sea Asymmetry
o —0 s =510 GeV 25 <E3 <50 GeV - . —
4, =2 "2 o - X(AU - Ad)
ot +o0~ F 0.06

STAR, PRD 99, 051102(R) (2019)

Rel lumi
syst

o STAR2011-2013 oo e,

BS15 CHE NLO
DSSV14 CHE NLO
DSSV14 RHICBOS
NNPDFpol1.1 CHE NLO

* NNPDFpol1.1rw CHE NLO

3 3 beam pol scale uncertainty not shown

|

L5 5 & ¢ |

._1‘

‘0 1L
ne

0.04

0.02

O“ ]
002 Q° =10 (GeV/cy
e NNPDFpol1.1
0.04L BEEE NNPDFpoI1 1w
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Double spin asymmetry

Sub-processes directly sensitive to gluon
Constrain gluon helicity-dependent PDFs

probed inputs

—al Afy _Af;

o
= X — ®—— ® a4, ® D}
ot + gl fi £, LL f

m

g 0.6
g C % g9 q9
S o5
('8 N .
& [ 4
8 04
g ~ pp—jet+X
ER NLO CTEQ6M
A Anti-kT R=0.6
02— qa+qq’ .z ml<1
- e
01—
e Solid: y5=200 GeV
[ Dotted: Ys=500 GeV
_IIIIIII||IIIJIIIlIIIJIIIlIIIJlIIlIIIJI||IIII||||I
% 005 01 015 02 025 03 035 04 045 05

Jetx, (=2p/ Vs)

STAR Phys. Rev. D 105, 092011 (2022)
STAR Phys. Rev. D 103, L091103 (2021)
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Di-jet measurements
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Heavy flavor production at STAR

For the J/WV:
1 d Ni " /(dprdy) Low p+: significant CNM effects. Consistent with model predictions
Rax = X High p- (> 3 GeV/c): R_,.. consistent with unity — suppression in
N dN2 /(dprdy) T pAL
coll pp/ \UPTAY AA due to QGP effects
STAR, Phys. Lett. B 797 (2019) 134917
STAR, Phys. Lett. B 825 (2022) 136865
2r
: STAR p+Au |s,,, = 200 GeV 2F STAR s, = 200 GeV
1.8 - ® |y|<0.5 J/W— U W (pie sos 2022) 136865 STAR Preliminary 1 8__ P R |Y|<r|\jllf\lf—>e+e-
- ' e “t STAR Preliminary pAY L
1.6— @ |yl<1Jy—e'e 165 Roau 1Y1<0.5 J/y—u'n
- Il e R, |Y]<0.5 J/y—pu 0-20%
1-4:_ ﬁt II 1.4 ﬁ
1.2 - -
— a 1.2
2 - f o ;mmmiﬂﬁﬁm
o » < - ﬁ ﬁ[
0.8~ o L. o’ 0.8 'EL #
0.6 , 0.6/ B * |
- ICEM+NLO EPS09 Lansberg: nCTEQ15 JE]L
0.4— 0.4 J[E]L ﬁL‘EI* U
- - CGC+ICEM =r=e- Comover _‘B‘ ‘B‘
021 TAamu —— Eloss+Broadening 0.2
0_|||‘|||‘||||||||||||||||| 0_|||||||||||\|||‘|||||\|||
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
p_ [GeV/c] p. [GeV/c]
STAR, Phys. Lett. B 825 (2022) 136865 T T
Alexey Aparin, CHEP-Yerevan, AANSL 2023, 81



y-dependence of the coherent J/y photoproduction cross section

ALICE

» A strong rapidity dependence is seen
* Models initially developed for VM photoproduction in UPC and modified for PC are able to describe
qualitatively the magnitude of the cross section, but fail at reproducing the y-dependence, uEW_

similarly to UPC. = 07T T T T T

=4 - o .

5 " ALICE Pb+Pb - PbsPbrdiy |5 = 502 TeV = B ALICE Preliminary  :

E I o 300 Pb-Pb, {5, =502 TeV ]

> qof @ ALICE coherent iy = " —ﬁ— - .

o JiL - - Impulse approximation 5 8 . ‘70—90/0 N
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0_14 I3 12 11 (I) ; Eo W MF e S o A e e F o e § e o
y 2.6 2.8 3 3.2 34 36 3.8 4

A. Shatat, QM, Sept. (3-9) 2023 11



Search for evidence of the baryon Wed 1440

. . ID 293
junction C. Tsang
What carries baryon number? STAR Prafminary ' ' ' " a— T vy
] ] ap Isobar (Au + Ru, Zr + Zr) ?OHS::ES] I P THIA 6.4 y+p
* Valence quark vs. baryon junction? VS =200 eV 105 . = L WU —— NG,
: [ uebon) > e
< 15r = STAR Preliminary ——a—— ¥+ Au
< = i Te St 1 Au+Au 70-80%
é Au+Au 60-70%
L e Au+Au 50-60%
@ STAR Au+AU 40-50%
A = Au+AU 30-40%
sk ¥ i - Au+Au 20-308:
" —_ ergjrfn TESt 3 Au+Au 10-2086
“7.:?‘ HERWIG 7 p+p Au+Au 5-10%
0.0 . ) s ) 1 . L M L Au+Au 0-5%
0} 20 40 GO 80 100 120 140 160 i L L i i i
{MNpan} 0.0 0.5 1.0 1.5 20 25 3.0 35
Rapidity slope parameter (ag)
™ T ™ 1 7 LI B T T | LI
Valence quarks carry most of the °7 STAR Preliminary resto 1+ Netp yield: p—(1.3240.32)8y
momentum 0.6 Au+Au s =544 GeV (y+Au-rich) es E . ’ —(2.43)8
' ' : % L &+ PYTHIA yield: e ~(2:43)0y
* Junction carries lower momentum =2 0.5F _ " ﬂ I .
Enh d baryon stopping at mid-rapidity 2 ol PR R ", § * Modelcalculations cannot
NNance - — 04 . .
Y PRING pIAIty - r [ - | 3 describe net-B vs net-Q
3 Tests: S b | ‘ .{ I ,
1 NetR Net-Q. in Isob lisi - + _,_; * Slope of net-p yield <
: et-B vs. Net-Q in Isobar collisions S e
| " 02L H 7, B o S E 447 PYTHIA/HERWIG
2. Net-Baryon in photonuclear collision il W ® E . : .
, , o 4 « Simplevalence q picture is
3. Net-proton yield as a function of 08 04 ez 0 ez oaus

\ not compatible with data
rapidity in hadronic Au+Au collisions g g P



Light nuclei acceptance at 3 GeV

(dE/dx) (keV/cm)

- Au+Au Collisions @ FXT {8, = 3 GeV I 10°
8|— 10°
o 7 4
§ :
o F 10°
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0 10?
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[ 10
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Future of NA61/SHINE

—
)

S T T T T ||||| T T T T TTTT T T T T L T T I TTT ||| T T I TTTTI T T T TT
T L ] . T - ] 1
s Sy = 7.7 GeV ) = Sy = 17 GeV ]
r®L - B | |
i i projected i 02 projected B
02 . } Mg+Mg _
i Mg+Mg . i 0+0 65 |
: O0+0 cfa @ : - .
B y i L@ |
01 -~ e@gBB — 0.1+ B+B -
0_ Lol Lol ! ...._ 0_ Lo vl Lo vl |
1 10 10° 1 10 10°
(W) (W)
@ Pb-+Pb measurements for studies of open charm production at SPS energies (/syn = 7.7 and 17 GeV) in
2022-2025

@ Continuation of 2D scan with B+B, O+0 and Mg+Mg collisions (latter two are p — n symmetric) after CERN LS3
(2028+-) - addendum SPSC-P-330-ADD-14 submitted last month

Piotr Podlaski (FUW) NA61/SHINE Overview Quark Matter 2023



