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1) Introduction
- Recent results from STAR

2) HIAF - High Intensity Heavy-ion Accelerator Facility

3) Polarization Measurements with H-NS
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High baryon density:
Inner structure of
compact stars

outer core ~ 9 km
neutron-proton Fermi liquid
few % electron Fermi gas

inner core 0-3 km
quark gluon plasma?

1) RHIC BES: — search for 1st-order phase transition and QCD critical point;
2) Baryon interactions (e.g. N — N, Y — N) and EOS at high baryon density
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Baryon Correlations
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Baryon Correlation Functions

STAR:
(1) Meson HBT: m — m, K — K;

(2) Baryon Correlations:

7

D p—p reference )
’ p—A p—Z2 ,p—02 YN
p—¢
S(r") Y(k*,r") A—A AY
Collision dynamics Final state interactions p—d, d—d N-N-N
Source | d-A Y-N-N
Cthe(k*) — L] d3r*S(r*)|‘P(r*, k*)lz C.. (k%) = ANsame(pl; P2)
A it N(p)N(@P>)

Final State Interactions:
(1) Quantum statistics; (2) Coulomb; (3) Strong interaction
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p — A, d — A Correlation Functions
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d — A Correlation Functions
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STAR: CPOD2024, QM2024 1) Centrality dependence of the d — A correlation

functions from 3.0 GeV Au+Au collisions;
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= ' . g - 2) For the first time, spin dependent states, D and Q,
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Scattering Length f, (fm) (3) H. W. Hammer, Nucl. Phys. A705,173 (2002)
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NN, NY,YY Interactions

< I I V.o T T T T )
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Hierarchy of strangeness content:

folUsl =0) > fo(ls| =1) > fo(ls| = 2) > 0, foz X Ojinteraction

> Interaction cross section is proportional to f. This observation implies that
the strength of the interaction depends on strangeness contents;

» Understand the strangeness hierarchy in QCD?
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Evidence of Strange Dibaryon i@

N
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Polarizations
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“Polarization data has often been
the graveyard of fashionable
theories. If theorists had their way,
they would ban all experiments
involving spin.”

James D. Bjorken
Proc. Adv. Res. Workshop on QCD Hadronic Processes, St. Croix, Virgin Islands (1987)
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STAR: Nature, 2.4~2.55 GeV Phys. Lett. B 835 (2022) 137506

548, 62 (20 1 7) STAR: Au+Au collisions ! PRC103 (2021) 3, L031903, HADES p, €[0.2,1.5] GeV/c y€[-0.5,0.3]
® 20-50% Centrality Aut+Au, b=6fm, lyl<0.5 Au+Au: Ag+Ag:

Nature548.62(2017) e A e o M
PRC108.014910(2023) + A

e 1PT E0S R
PRC104 L041902 (2021), ST:H :g:;):o‘;ﬁ?':gg;’ewc i<l
BES-II STAR Preliminary
oA

Au+Au, b=5fm, lyl<1, pTE[0.4,2.0]

wesss AMPT model ¥ Nature548 62 (2017)

¥ PRC98 014910 (2018)

ALICE 15-50% p, €[0.5,5.0] GeV/c lyl<0.5
¢ PRC101 044611 (2020)

STAR 20-50% p, €0.7,2.0] GeV/c ye[-0.2,1]
+ PRC104 6, L061901 (2021)

primary primary+feed-down

- UrQMD+VvHLLE,
| — primary --- primary+feed-down

11 11 1 11 1 1 1.1

10 20 100 200 10 100 1000
\ vVSNN (GeV) \SNN — 2my (GeV) /

1) Observed A-global polarization: along the direction of the total angular momentum and
increased as collision energy decreases!
2)No theory explain these data!

IIIIIIII|III|III|II

L*‘*J

(W) % (9+1)-10%"/sec "The most vortical fluid”
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Lambda baryon
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Quark structure of the lambda baryon.
Composition 7% yds
A udc
Ap: udb
Statistics Fermionic
Family Baryons

Interactions Strong, weak,
electromagnetic, and gravity

Types 3

Mass A% 1115.683 + 0.006 MeV/ 1]

N:2286.46 +0.14 MeV/c
Ap: 5 619.60 £ 0.17 MeV/ 2
Spin %

Isospin 0

Spin and Strong Interactions

Chirality is the basic building block in strong
Interaction theory QCD. Experimental
observables with spin, an intrinsic quantum
number of any elementary particle, offer an
important manifestation of chirality.

» N\ polarization and its spin structure?

» Polarization of other hadrons, p?

» The relation between A-local, global
polarizations and its spin?

> ...




Future Experimental Opportunities

H-NS@HIAF

Silicon tracker

Baryon polarimeter |
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High Intensity heavy-ion Accelerator Facility

(HIAF, Huizhou, China)

@ E T. Termlnal

=1 © Mass Terminal HIAF PhySiCS:
e T ~ (i) Atomic physics;
(i) Nuclear physics;

(iii) Applied research in biology and

material science etc.
K BEZRE 22 UM

HIAF Commission will
start in December of 2025
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HIAF Beam Parameters

lon Intensity (ppp) Kinetic Energy
238>+ 2.0x10™ 0.84 (GeV/u)
238y 76+ 5.0x10"° 2.5 (GeV/u)
129% @27+ 3.6x10" 1.4 (GeV/u)
78K 19+ 5.0x10™ 1.7 (GeV/u)
AOpp12 7.0x10™ 2.3 (GeV/u)
1800+ 8.0x10™ 2.6 (GeV/u)
5.0x10" 9.3 (GeV/u)
protons 4.0x10" ( HIAF-U, EicC) 32 (GeV/u)
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/A Production and Polarization

I 'p-l:Be‘ S pp — A + X: comparison to world data
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A —Polarization: x¢- anf pr-scaling (?)

R608: 10.1016/0370-2693(87)91556-5

L L T

Vs = 62

(%)

X
® 0.25
o 0.38
A 0.58
& 0.77 @ This experiment XF Pt

o Calibration (V& = 62) I # 039 056
¢ 058 081

11 -

Polarization [%]

Polarization (%)
Polarization

. 1 ORef. 12 (V5 = 27) 4 077 092

0.6 . . . . \ . , L 40 45 50 55 60 65 70
. . 4 . .8 1.
0. 02 0 « 06 O Vs [GeV]

Xf scaling

Questions:

1) Origin of the A polarization: Collision dynamics? Intrinsic spin structure?

2) In p+A and A+A collisions, A —global polarization, A —local polarization have
been observed. What is the relation between those and A polarization?
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Hyperon-Nucleon Spectrometer Concept .

Silicon tracker Calorimeter
|

1) photons; @
_» 2) neutrons

; 0.
Baryon polarimeter ’

Target
l

Participating Institutes: > 10 (China),

more are welcome!

R&D Efforts: (1) Pixel tracker; (2) AC-
LGAD; (3) Baryon Polarimeter; (4) Target
systems; (5) Calorimeter; (6) FEE; (7) DAQ; (8)

AC-LGAD TOF

Magnet; (9) Beam line; (10) Mechanical

structure design
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Proton Polarimeter &

Spin-dependent cross-section of p + p/C scattering:

do 1 dog
dodcosd  2mdcosb

11+ P,AN(0) cos ¢]

y z

Carbon foil -
A X i J“ﬂﬂ o S
,” / 10001»1 ‘J‘rﬁ‘ L\“"m "
Polarized - _ ¢
More protons to the left:
prOtOnS Left-right asymmetry
Detector
Widely used to measure polarized proton beam (PSI, TRIMUF, LAMPF, COSY, SATURNE, ZGS, KEK-
PS, AGS, RHIC ...) Proton Polarimeter:

Yutie Liang: PRD112, L031502(2025)
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2 - 7
S 10°c € 10
:>: F —p C.arbon :>: — p Carbon
10° — p single 10° — p single
102:5
105
1=
1075~ 20 40 I R—T
Angle [degrees]
[2]
[ .
S o0 — p Carbon ] Ay'pol, = 0.252 + 0.004
w B — Gaus fit 1500 -
B L ﬂv,b-bmy'mf&ﬂl\
- - [ T
i 000 T,
500 Sl e
» Tracking efficiency: > 70% : 500
6 -0 =0.29cm : Input: 0.25
» Fake track rate: ~ 4x10° L e L I
23 24 25 26 27 -3 2 - 0 1 2 3
Vertex position Rxy [cm] 0

» Low contamination!

Nu Xu “ExHIC-d Workshop on QCD and Hadronic Dense Matter”, Jeju, South Korea, November 15— 17, 2025 211/24



| Nucleon Polarimeter ‘

H-NS

Reaction: p+p

Event rate:1MHz

Time: 3 months

* pp>A+X N~10"
* pp>ptX N~10"7
* pp > pKA N~10"

Polarization Observable at H-NS &

e

\.

pp2>A+X

A e T T T U7
- 0* +0.2 |- (d) }
! =
=. Sa aP i {
! +0.1 | 3
'
r s ® p -
3 L
0 0 B S 1 1 1 1 1
@ (o] 0.4 0.8 1.2 1.6 GeV/c
e G.Bunce, et al.: Phys.Rev.Lett. 36, 1113-1116 (1976
&

N\ polarization

pp2>p+X
pC scattering ~ 10'3*4*104 = 4*10°

ide?)

proton polarization

\

Ogtat. < 0.01 20400 bins

Inclusive A signal @ 9.3 GeV |

Uncertainty of A polarization
2

g g
2 10
(5} (5}
= =
= 10° g
o 10° -
10
10
0 \ , \ | 1 0
0 02 04 06 08 1 0 02 04 06 08 1

X/ 0.05

Projection @ H-NS

X/ 0.05

ostat_ < 0-02 2D:400 bins

Inclusive proton signal @ 9.3 GeV \ Uncertainty of proton polarization

T L)
3 3
= 15 10° =
S =3
= 0 =
0.5 10°
0 \ \ | . 1 0
0 02 04 06 08 1 0 02 04 06 08 1

X, /0.05 X/ 0.05

Projection @ H-NS

Nu Xu

“ExHIC-d Workshop on QCD and Hadronic Dense Matter”, Jeju, South Korea, November 15— 17, 2025

22124



Hyperon-Nucleon Spectrometer (H-NS)

‘ Silicon tracker l | Calorimeter 1

l Baryon polarimeter l

AC-LGAD TOF |

Participating Institute: iT{CYIERRF LR, EHEKE.
WZR RS ARSI R EERS BERER,
3 SN TN N NIE ST ) [T (A N N | 5 [ e N N
FocRS GRID  FRER PEJE TR b, Wl
i, ..

Subsystems: Silicon tracker, AC-LGAD, Target,
Baryon polarimeter, Calorimeter, Electronics, DAQ,
Magnet, Beamline, Mechanics + Engineering

l. Physics:
» A production and polarization ( p+p )

€ Medium effect ( p+A)

€ Global polarization of A hyperon ( A+A)
» Hadron physics via p+p

Il. Community:

» Supports both communities of hadron structure
and heavy-ion physics

» International participations are welcome!

lll. Detector R&D

» Many parts are similar for CEPC, H-NS, EicC,
and STCF. Save resources!

» H-NS: a detector R&D platform for EicC(’2 EicC)




H-NS@HIAF:

1) H-NS: Large acceptance with full azimuthal coverage, High
efficiency, Fast DAQ (~1M Hz). Energy scan within 3 — 9.3 GeV/u ...

2) p+p and p+A collisions: A (p) polarization, Hadron spectra, Spin
structure, Spin-spin correlations, Hyper-nuclei, ...;

3) A+A collisions: High ug properties: QCD critical point, Global
polarizations, ...
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