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Particle ratio

Talk by XiuJun Li for STAR Collaboration (June 4)
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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);
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Synthesis of antimatter nuclei in little bangs of

relativistic heavy-ion collisions

t ~107%2 5, kT~100 MeV

K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nature Commun. 15, 1074 (2024)
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J. Chen et al., Phys. Rep. 760, 1 (2018);
P. Braun-Munzinger and B. Donigus NPA987, 144 (2019)
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Importance of Little-Bang Nucleosynthesis 2
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Global Polarization of (Anti-)Hypertriton in Heavy-lon Collisions
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Statistical Hadronization of Quark-Gluon Plasma

Andronic, Braun-Munzinger, Redlich, Stachel, Nature 561, 321 (2018)
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Light (hyper)nuclei and ordinary hadrons share the same high
chemical freezeout temperature 7, = 156.6 + 1.7 mev , Which
coincides with the pseudo transition temperature from the
QGP phase to the hadron phase.
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The Triton ‘Puzzle’ at RHIC (4)

Particle yield ratios
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Triton yields at RHIC are overestimated by the statistical hadronization model.



The Triton ‘Puzzle’ at LHC

()

ALICE, Phys. Rev. C 107, 064904 (2023)
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Dynamics of Little-Bang Nucleosynthesis



Relativistic Kinetic Approach (6)

P. Danielewicz et al., NPA533, 712 (1991); PLB274, 268 (1992); Oliinychekov, Pang, Elfner & Koch, PRC 99, 044907 (2019)
K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nat. Commun. 15, 1074 (2024)
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Relativistic Kinetic Approach

(7)

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

R. Wang, Y. G. Ma, L. W. Chen, C. M. Ko, K. J. Sun, and Z. Zhang, PRC 108, L031601 (2023)

Relativistic kinetic equation for tNN < nd
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mediate states such as a A resonance.



Relativistic Kinetic Approach (8)

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

Solving kinetic equations with the stochastic method using test particles

Probability for reaction md < mNN to take place
in volume AV and time interval At are given by

At
‘ P23|IA ~ deﬁ+pgw+p—>ﬂ+pm + (p A TL)

3 AtW
P32|IA ~ ZFdUﬂ+pUﬂ+p_>ﬂ+pW + (p < n)

For triton or helium-3:
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121 47 N3 AV
‘renormalization’ factor F,;, F; which can
be fixed by md and mt cross sections.
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Validation: Box Calculation

9)

K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, C. Shen, Nat. Commun. 15, 1074 (2024)
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Hadronic Re-Scattering Effects at RHIC (10)

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-Scattering Effects at RHIC (11)

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.



Hadronic Re-Scattering Effects at LHC (12)

6 F ALICE With hadronic dynamics
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Importance of spin degrees of freedom (13)

STAR, Nature 548, 62 (2017)
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Spin polarization of (anti)hypertriton

(14)

K. J. Sun, D. N. Liu, Y. P. Zhen, J. H. Chen, C. M. Ko, and Y. G. Ma, arXiv:2405. 12015(2024)

Hypertriton spin structure versus its global polarization
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Summary

1. The little-bang nucleosynthesis is relevant to
many fundamental physics.

2. Hadronic re-scattering effects: Post-
hadronization dynamics plays a vital role in
the little-bang nucleosynthesis. It suppresses
triton yields by about a factor of two at RHIC
and LHC energies. Chemical freeze-out of light
nuclei are much later than that of pions,
kaons, and protons (consistent with coal.).

3. Polarization of unstable (hyper-)nuclei
provides a new probe to their spin
structure and production mechanisms.
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Outlook (16)

This field is boosting.

1. Quantum correction: In collisions of small systems, light (hyper)nuclei
production are suppressed due to their appreciable sizes.

K. J. Sun et al., Phys. Lett. B792, 132-137(2019) ALICE, Phys. Rev. Lett. 128, 055203(2022)
D. N. Liu et al., 2404. 02701.

2. Mott effects: Light nuclei yields are reduced in the baryon-rich medium due
to Pauli blocking. R. Wang et al., PRC 108, L031601 (2023)

3. Nucleosynthesis in jets: Loosely-bound light nuclei in energetic jets!

ALICE, PRL 131.042301 (2023)

4. Correlations and fluctuations: EVE fluct. and HBT corr. provide more info.

K. J. Sun et al., PLB 840, 137864 (2023)  ALICE, PRL 131. 041901 (2023)

5. Polarization of hypernucleus: k. J. sun et al., arXiv:2405.12015 (2024)

and much more...
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(Anti-)hypertriton polarization and its spin structure
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(Anti-)hypertriton polarization and its spin structure

- -

@" @r @

Jb structure decay mode %

%1 A(%D—”P(li) z\H%:fHe %(ll—ﬁw%%cos*e*)
ng A(?Jr)—np(O ) AH%n_—F He| (14 0pPpcosB”)

3 A3 ) —np(1T)[3H = = +3He | 5 (1 — P} (3cos?6* — 1))
5 |A(z )—np(17)|3H—n" + He| 5(1 — 55505 P5 cos6*)
3 |A(z )—np(07)3H— 7t +3He| 5(1+ 03P cosb*)
3 |AGG ) —np(17)|3H =t +7He|5 (1 — PZ(3cos?6* — 1))

K. J. Sun et al., arXiv:2405.12015 (2024)



