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Little Bang Nucleosynthesis (1)
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Quantum Correction from Coalescence



Quantum Correction from Coalescence
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Coalescence Model

Deuteron
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ALICE Results ( 3H )

Phys. Rev. Lett. 128, 055203(2022)
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LHC Energies
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CSM: Baryon number conservation leads to canonical suppression of light nuclei production
Coal: Finite nuclei sizes lead to suppression of deuteron and helium-3 yields in collision of small system
(better description on hypertriton production in p+p collisions)

Canonical Statistical Model: V. Vovchenko et al., PLB 785, 171 (2019), PRC 100,054906 (2019)

Coalescence: K. J. Sun, C. M. Ko and B. Donigus, Phys. Lett. B 792, 132 (2019)



RHIC Energies (5)

STAR Measurements
Model Prediction
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Hadronic Re-scattering Effects within
a Kinetic Approach
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Hadronic Re-scattering Effects (6)
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The obtained hadronic effects on light nuclei production are small



The Triton Puzzle

(7)
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Triton yields at RHIC are overestimated by the statistical hadronization model!
The effects of hadronic re-scatterings need to be re-examined.

 A=2 NN < nnd, NNN < Nd

« A=3 nNNN © nt(h), tNd & wt(h), NNNN < Nt(h), NNd & Nt(h)
A. Andronic, P. Braun-Munzinger, J. Stachel, H. Stocker, PLB 697, 203 (2011)

A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel, Nature 561, 321 (2018)



A novel approach (relativistic kinetic equation)

K. J. Sun, R. Wang, C. M. Ko, Y. G. Ma, and C. Shen, 2207.12532(2022)

Relativistic kinetic equation for tNN < nd
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Nonlocal collision integral to take into
account the effects of finite nuclei sizes.
W, denotes deuteron Wigner function.
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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 areAgiven by
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Box calculation
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Hadronic Re-scattering Effects in Au+Au @200 GeV (10)

o 06 ; ol o0 fi'nal defec'*ed' /XU"'}\UI (0‘100/05 @200 IGe\/ |y|<I05
Relativistic HeGVY Ton Collisions - particle distributions 8.0"10_2 - @ STAR d -i_
made by Chun Shen freeze-out W o — o  — ammaaee
Hadronization s ) :
nitial ener
N iy oy __4.0x102p /
o Shaded bands: MUSIC+RKE
Z 2~ Dashed lines: SHM (without hadronic effects)
-  oo0p———trtTt i
T 3.0x10%F B STAR Preliminary
@
> N
2.0x10%} TNNN + 7 °H
7Nd < 7 3H
1.0x10*} ]
free streaming
collision evolution 0.0 f L M ) )
t~0fm/c t~1fm/c T ~ 10 fm/c t ~ 1013 fm/c 5 10 15 20 25 30 35
Time [fm/c]

Hadronic re-scatterings have small effects on the final deuteron yield,
but they reduce the triton yield by about a factor of 2



RHIC Energies
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Hadronic re-scatterings reduce
the triton yields by about a
factor of 1.8

The triton puzzle is resolved.



LHC Energies (12)

- Central Au+Au collisions (0-10%)
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Summary and Outlook

The quantum correction on light nuclei production due to finite nuclei sizes is consistent
with the observation at LHC and RHIC. High precision data on hypernucleus is of particular
importance.

We have developed a novel kinetic approach to light nuclei production in high-energy
nuclear collisions, with the inclusion of many-body scatterings and finite nuclei sizes.
Through this approach, the overestimation on triton production in the thermal model
can be resolved after taking into account the effect of hadronic re-scatterings.

The discussed quantum effects and hadronic re-scattering effects may also occur in the
production of more exotic and loosely-bound states.

Future ALICE experiments provide a unique opportunity for studying the
phenomenon of little bang nucleosynthesis and related physics!
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Event-by-Event Fluctuation

ALICE: First measurement of antideuteron fluctuation

ALICE, arXiv:2204.10166(2022 . e L e . K. J. Sun and C. M. Ko, arXiv:2204.10879
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To describe the antideuteron fluctuation and the correlation between antiproton and antideuteron,
baryon conservations at both the particlization and the nucleon coalescence must be accounted.



