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. From polarization of hadrons to polarization of loosely-bound nuclei

. Production of light (hyper-)nuclei in heavy-ion collisions
. (Anti-)Hypertriton polarization and its spin structure

Discussions: Effects of baryon spin correlations & Polarization of nucleons

Summary and outlook



1. Polarization of hadrons in relativistic heavy-ion collisions (1)
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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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2. Little-Bang Nucleosynthesis (4)
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2. Production Mechanisms : When? Where? How?
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2. Statistical hadronization (6)

Andronic, Braun-Munzinger, Redlich, Stachel, Nature 561, 321 (2018)
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2. Hadronic Re-Scattering Effects at RHIC

(7)

K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nat. Commun. 15, 1074 (2024)
Data from STAR, PRL 130, 202301 (2023)
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2. Hadronic Re-Scattering Effects at RHIC

(8)

K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nat. Commun. 15, 1074 (2024)

Data from STAR, PRL 130, 202301 (2023)
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Hadronic re-scatterings have small effects on the final deuteron yields (see also D. Oliinychenko et
al. PRC 99, 044907 (2019)), but they reduce the triton yields by about a factor of 1.8.



2. Final-state coalescence

(9)

Density Matrix Formulation (sudden approximation)
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(Anti-)Hypertriton Polarization




3. The halo-like nucleus: (anti-)hypertriton

(10)
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3. Binding energy and lifetime (11)

ALICE, PRL 131, 102302 (2023) Y. G. Ma, Nucl. Sci. Tech. 3497 (2023)
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3. Spin of (anti-)hypertriton ? (12)

Spin triplet Spin singlet Spin triplet




3. Spin of (anti-)hypertriton ? (13)
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3. (Anti-)hypertriton polarization and Its spin structure

(14)
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3. (Anti-)hypertriton polarization and its spin structure (15)
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3. (Anti-)hypertriton polarization and Its spin structure

(16)

K. J. Sun et al., arXiv:2405. 12015(2024)
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3. (Anti-)hypertriton polarization and Its spin structure

(16)

K. J. Sun et al., arXiv:2405. 12015(2024)
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3. (Anti-)hypertriton polarization and Its spin structure

(17)
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3. (Anti-)hypertriton polarization and its spin structure (18)
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4. Effects of baryon spin correlation (19)

Prpa = Pn ® Pp ©Pa+ 3 ( B0 @6, Pa

+ R 6.0 @ Gpp @ P+ G0 @A D Py)

I opya o a o
T 2_3€npAG”aa & Cp.B D OAy;

o 3B+ 5(Bp) = 3(PA) — (BB Pa) +C
AT (B B) ) + L (BB +Cy

1 . L ..
C- = —7 () +{pn%n) +{Ga%p)) — 7 {Capn)s

Ch = = ((c) — 25 — 2

‘genuine’ correlation terms

Induced correlations
We can express the polarization of a particle as P = (P) + 8P with 82 denoting its space and momentum depen-
dent fluctuations, which leads to the relations (B,P,) = (B,)(Pp) + (8P,0Py) and (P, PpPa) = (Pu){(Pp)(Pn) +

(8P,8P,) (PA) + (BPLOPA) (Pp) + (8P,0P) (Pn) + (8P,8P, 0Py ). Assuming again (F,) ~ (P,) ~ (Pa) and neglecting
the three-body correlation, we then have

Py~ (1 (32,5%,) — (38,005) — (3B,5P))(T).

This result suggests that it is possible to extract the information on the spin-spin correlations among nucleons and
A hyperons from the measurement of hypertriton polarization in heavy-ion collisions, although it is non-trivial in
practice.




Production of hypertriton Polarization of nucleons
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Summary and outlook (21)

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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Summary and outlook (22)
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. Andronic et al., Phys. Lett. B 697, 203-207 (2011)
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3. (Anti-)hypertriton polarization and its spin structure (8)

Parity-violating weak decay:

1 ( Ts+T,cos 9; T, sin G;eiq’}k’ )

TA—T +p)=— , ik
( P) Vvan \ TpsinBe “p Ty — T, cos6,

T(3H — 1~ +° He)

F 3T T,cos0* —Tpsinﬁ*ei‘l’*
6\f

»sin 9* —i0" 3T 4 T,cos0*

Sign flip !

The normalized angular distribution of the 3He in the decay

?\H — m~ +3 He is given by

dN
dcos 0*

1
=Tr[TTPpT] = E(1 +aiHT3’\HCOS 0"), (7)

in terms of the hypertriton decay parameter Oy ~

OA ~ —5520A. The angular distribution of *He in

1
3T+ 4 T2
the decay H — = 43 He can thus be further expressed as

dN 1 1

~—(1——=0AP 0* 8
deost = 2 5550 tacostr). ®)
Compared to the ar distribution of the proton in the A
deca ich has the form
dN 1
\i;(l + 0pPrcosB,), (9)
dcosby,

the *He in f’\H decay has an opposite sign in its angular depen-
dence.



4. Effects of baryon spin correlation (17)

C. M. Ko, NST 34, 80 (2023).

(a) Crossover (b) First-order

Z.T. Liang, Chirality 2023
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Little Bang Nucleosynthesis

Antimatter factory

STAR Collaboration
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| Kai-Jia Sun' and Lie-Wen Chen'->"

Antimatter 4 H hypernucleus production and the 3 H”He puzzle in relativistic heavy-ion collisions

Shanghai Jiao Tong University, Shanghai 200240, China

We show that the measured yield ratio 3 HHe (%H/—‘E) in Au + Au collisions at /syy = 200 GeV and in
Pb + Pb collisions at ,/syy = 2.76 TeV can be understood within a covariant coalescence model if (anti-)A
particles freeze out earlier than (anti-)nucleons but their relative freeze-out time is closer at /sy y = 2.76 TeV than
at \/syny = 200 GeV. The earlier (anti-) A freeze-out can significantly enhance the yield of (anti)hypernucleus } H
(‘Kﬁ). leading to that %ﬁ has a comparable abundance with 4% and thus provides an easily measured antimatter

candidate heavier than 4@. The future measurement on ?\H (%ﬁ) would be very useful to understand the (anti-)A

freeze-out dynamics and the production mechanism of (anti)hypernuclei in relativistic heavy-ion collisions.

2Center of Theoretical Nuclear Physics, National Laboratory of Heavy lon Accelerator, Lanzhou 730000, China

(Received 26 April 2016; published 29 June 2016)




Final-state coalescence

Coalescence Model

Ap

Two-body coalescence a + b — c:

2J.+1 dxqdk, dxpdky
N, = k kp )W,
- 2J.+1 N, Np » 1
(a1 1) (REBL(RE+ RV | (14 %)/
fa = We TR W, = Se—xz/oz—czk
dx,dk dxdk
. a a 1 —

“Quantum mechanical correction”

Deuteron

Density Matrix Formulation
(sudden approximation)

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

Wigner function of light cluster
Overlap between source
distribution function and Wigner
function of light nuclei

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