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1. Polarization of hadrons in relativistic heavy-ion collisions (1)

STAR, Nature 548, 62 (2017)
Z.T. Liang and X. N. Wang PRL 94, 102301 (2005)
F. Becattini, F. Piccinini, and J. Rizzo, PRC 77, 024906 (2008)

| | .
: I |
: Beam-beam 8 - ﬁ n dN = l(1 + aH|PH|COS 9*)
: counter Jj * I | dcos@* 2
6 _
Beam-bean . obs
counter  _ i i Py = 8 <Sln(qjl ¢p)>
= 4T N ToH Res(W1)

Quark-gluon ‘
plasma

Forward-going
beam fragment

2_— ﬂ*ﬂ %f$$$ | w2 kpT (Par+ P 11) /b

Spin polarization of Lambda hyperon ===)  Vorticity of QGP




1. Polarization of hadrons in relativistic heavy-ion collisions  (2)
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1. Polarization of light (anti-)(hyper-)nuclei (3)
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1. Polarization of light (anti-)(hyper-)nuclel (4)

A. Andronic et al., Phys. Lett. B 697, 203-207 (2011)
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2. The halo-like nucleus: (anti-)hypertriton
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2. Binding energy and lifetime (6)
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2. Spin of (anti-)hypertriton ? (7)
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2. Spin of (anti-)hypertriton ? 8
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3. (Anti-)hypertriton polarization and Its spin structure
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3. (Anti-)hypertriton polarization and its spin structure (10)
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3. (Anti-)hypertriton polarization and Its spin structure

(11)

K. J. Sun et al., arXiv:2405. 12015(2024)
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3. (Anti-)hypertriton polarization and Its spin structure
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3. (Anti-)hypertriton polarization and its spin structure (13)
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4. Effects of baryon spin correlation (14)
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(a) Crossover (b) First-order

Z.T. Liang, Chirality 2023

v _1 2 p2
|Poo—§| » Py~ Py

q

1
oo~ 3 ~ (PaPq)

deuteron triton

} The STAR data show that: (P,Pg) # (Po)(Pgz)  (PqPg) > (Pg)(Py)
do &3

By studying Py, we study the average of quark polarization P ;
by studying pg,, we study the correlation between P, and P5.

‘ v _ Pa:(1+Pgy) + (1 + Pygy)Pg, — iPgy(1+ Pgy) — i(1+ Pyy)Pys
How to separate long range or local correlations P10 = V2(3+P, - Py)

v _ Pau(1=Pgy) + (1= Pyy)Pg, — iPyu(1— Pgy) — i(1 — Pyy )Py

Po-1 = =
B NTT +N“ —N” —NH V2(3 + P, Py) dt = N(‘)XN(.)
H:H; _ " H{H; HiH; "V H;H; HiH; ~ REes N(@e) X N(@9)
Cyyv' = _ PysPas — PuPax +i(PyuPgy + PyyPg)
NN NTT + Nll +NT1 + NLT Py [ qx" q. 9 q
H[Hj HIHJ H[Hj H(Hj 1-1 3+Fq.P-

sensitive to the long range correlation . _
They should be sensitive to the local correlations.

3 /am\3? 332 27\’
~NO i
Ng~ N} (1+Cnp)+2m( T) Np ~ ( T) [d3x1d3xzd3X3pnnp(XlaXZ,XS)

Global quark spin correlations in relativistic heavy ion collisions —("12‘7"22)2 1 _xxp)? | (xqixp—2x3)°
x | dx1d3x3C5(x1, x )i X327 23 i RO
Ji-peng Lv,»* Zi-han Yu, T Zuo-tang Liang."** Qun Wang.?? % and Xin-Nian Wang?* I 15 #2h218, A2 (ZJTO'd)Z 332(wof)

T — T Pnnp (X1, X2, X3) = pn(X1) Pn(X2) 0p (X3)

0.00-
Pnp(X1,X2) = pn(X1) op(X2) + C2(X1, X2) +C2 (X1, X2) pp (X3) + C2(X2, X3) Pn(X1)
-0.05F +C2(X3, X1) on(X2) + C3(X1, X2, X3)
-0.10F
el (5)
A 1+ A + G

-0.15F ’ .

| L L MR | Ml

K. J. Sun, L. W. Chen, C. M. Ko, and Z. Xu, Phys. Lett. B 774, 103 (2017);

J. P. Lv et al., Phys. Rev. D 109, 114003 (2024) VSNN [GeV] K. J. Sun, C. M. Ko, and F. Li, PLB 816, 136258 (2021);



4. Effects of baryon spin correlation (15)
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4. Three-body decay

(16)
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Summary and outlook (17)

1. (Anti-)hypertriton is globally polarized in non-central heavy-ion collisions.
2. (Anti-)hypertriton polarization and its decay pattern provide a novel method
to uniquely determine the spin structure of its wavefunction.
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Little Bang Nucleosynthesis

Antimatter factory
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(Anti-)hypertriton polarization and its spin structure

Parity-violating weak decay:
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Final-state coalescence
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Coalescence Model
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Density Matrix Formulation
(sudden approximation)
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Wigner function of light cluster

Overlap between source distribution function
and Wigner function of light nuclei

ALICE, Phys.Rev.Lett. 128 (2022) 252003

< LI | T I | G IO B G | T T | NI D B P I | T
E [ e | ALICE p-Pb, 0-40%, |[s,,y = 5.02 TeV
n < 108 | = | ALICE Preliminary pp, HM trigger,/s = 13 TeV

[+ ] ALICE Pb-Pb, 0-10%, |Sy, = 2.76 TeV £
B.R.=0.25+0.02 e ]

~ 3-body coalescence

§2-body coalescence
—SHM, Ve = dV/dy
== SHM, Ve = 3dV/dy |

il lll[lll 1 Il lllllll 1

10 10 10°
(chh/dn)

LI-PREL-495342 |7]|<05




Little Bang Nucleosynthesis

Big-bang nucleosynthesis is responsible for the

formation of light nuclei in our Universe.
t ~100s,kT <1 MeV

K. A. Olive et al., Phys. Rept. 333, 389-407 (2000);
{The First Three Minutes) S. Weinberg

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

b A G M ’ﬂ?ﬁfﬁ‘#’gy . .

= 3
g

i
|

1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 billion years

N
A

N/
A

Y SH+D— *He+n.

Synthesis of antimatter nuclei in little bangs of
relativistic heavy-ion collisions t ~10722 s kT~100 MeV

Antimatter factory

Mass(GeV/c?)

Matter-antimatter asymmetry

4 He 4 He

82 2%

-/ o

: Wy

STAR arXiv:2310.12674

m

>l >

“He

N W A~ O
L L L L B B

—

o

Discovery year

J. Chen et al., Phys. Rep. 760, 1 (2018);
P. Braun-Munzinger and B. Donigus NPA987, 144 (2019)



Final-state coalescence

Coalescence Model
Ap

Density Matrix Formulation
(sudden approximation)

Deuteron

Ny =Tr(pspa)
= g. [ dU ps({xi, p:3) X Wy ({x1,p:})

Wigner function of light cluster
Overlap between source

At distribution function and Wigner
function of light nuclei
ALICE, Phys.Rev.Lett. 128 (2022) 252003
% [i] ALICE p-Pb, O—40°Al, \[S_NN =5.02 TeV |
| relimina : rigger,\s = e
Two-body coalescence a + b — c: Vo o 1 i s o = g e
d 3 L BR.=025:002 o N
2JC + 1 dXQdka dxbdkb 2 2 E M e o
— T, L
Y= nenrn ] e myp Jebe ko fhlo kWl / [1 + (—3 " _
~ 2J.+1 NN y 1 i |
(2Ja+1)(2Jp + 1) (amsT (g2 4 R21)3/2 7 |(] 4 82 )3/2 Production Structure ‘
mg-+mp Ra +Rb \ 1 q 0‘6 = -]
2 2 N o< C ~— 3-body coalescence 1
£ = N, _zlﬁir_% 2 /02_62 K iH r 2 I = 2-body coalescence |
4 (m,TR2)3/2 W. = 8e [1 +< 3 - —SHM, Ve =dV/idy
dx,dk, dxdk 2R2 ) ~SHM, Ve = 3dV/dy |
N, = /Wfa(xavka) 1 = /Ww(xak) r = .;....|2 s ......l3 :
. 1 1 1
] ] can be inferred fr'(FFemtoscopy ° ° (AN /d%)
“Quantum mechanical correction” ch =~ 1 p<0.5




Statistical hadronization

Andronic, Braun-Munzinger, Redlich, Stachel, Nature 561, 321 (2018)

:5‘ I - R
2 10° r-n-l ) Pb-Pb \s,,=2.76 TeV, 0-10% centrality J
< K'K K¢ :
O 10 3 e 0 "E""E" A A —=|
g e, .
1k Q0 ]
2.0 §
i d d
107" -
102
10°E  ® Data, ALICE *He *He ., 3
E "."T .'\H EH
1074  — Statistical Hadronization WS
10°F
: o
I He
10°F i &

gnVc mp : ' _
N, ~ e rlecKz(T_) Tc: Chemical freeze c-)ut.
n C temperature, which is close
vo(tnles s —mpre to the chiral transition
~ gnVc( o )/ “e LQCD
1 1.7 MeV temperature (LQCD)

All (stable) particles including light (hyper)nuclei are
produced at the QCD phase boundary and share a
common chemical freeze-out

loosely bound states

.............
.......
o .

Compact multi-quark states

..........
K .

........
- v

>

7> 10— 20 fm/c
Wave function fully developed

=0 fm/c
Hadronization
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