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B=2.2 MeV

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

Relativistic Heavy-Ion collisions Light (anti-)(hyper-)nuclei

arXiv:2211.04384

B=7.7 MeV

𝐵Λ𝑑 ≈ 0.41 MeV
𝐵Λ𝑑 ≈ 0.072 MeV 
(arXiv:2209.07360)

ALICE (Nature Phys. 11,811(2015);Phys. Rev. Lett. 
128, 252003 (2022);Nature Phys. 19, 61 (2023);)

STAR (Science 328, 58(2010); Nature 473,353(2011);
Nat. Phys. 16 409(2020))

1. Rarely produced, suppressed by 𝑒−𝑚𝐴/𝑇

2. Binding energies(𝐸𝐵) <<𝑇𝑐(~154 MeV) << 𝑚𝑁 (938MeV)

The size 𝑟~
1

4𝜇𝐸𝐵
, (𝑟𝑑~2 fm, 𝑟3𝐻𝑒~2 fm, 𝑟

Λ
3𝐻~5 fm)



Little Bang 
Nucleosynthesis

Main Mechanisms 
H. Peterson and J. Bernhard

(2)

𝑁𝐴 ≈ 𝑔𝐴𝑉(2𝜋𝑚𝐴𝑇)
3/2𝑒(𝐴𝜇𝐵−𝑚𝐴)/𝑇

= 𝑔𝑐 ∫ 𝑑Γ 𝜌𝑠 {𝑥𝑖 , 𝑝𝑖} ×𝑊𝐴 ({𝑥𝑖 , 𝑝𝑖})
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𝜋𝑁𝑁𝑁 ↔ 𝜋𝑡(ℎ), 𝜋𝑁𝑑 ↔ 𝜋𝑡(ℎ)
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𝑁𝐴 = 𝑇𝑟 ො𝜌𝑠 ො𝜌𝐴



Quantum Correction from Coalescence



Quantum Correction from Coalescence (3)

Quantum Correction
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Phys. Rev. Lett. 128, 055203(2022)K. J. Sun, C. M. Ko, and B. D ሷ𝒐gnius,
Phys. Lett. B792, 132-137(2019)

Structure

(Size Effects)

R. Scheibl and U. W. Heinz, PRC59. 1585(1999);
F. Bellini et al., PRC99,054905(2019);
K. J. Sun, C. M. Ko and B. D ሷ𝒐nigus, PLB 792, 132 (2019);

can be inferred from Femtoscopy



LHC Energies

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

(4)
L. Barioglio for ALICE Collaboration. PoS LHCP2021 (2021) 056;

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

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)

See Luca’s Talk



RHIC Energies (5)

W. Zhao, K. J. Sun, C. M. Ko, and X. Luo, Phys. Lett. B 820, 136571 (2021) STAR, arXiv:2209.08058(2022)

Model Prediction
STAR Measurements

, 𝑟𝑑 > 𝑟𝑡

?



Hadronic Re-scattering Effects within 

a Kinetic Approach



Hadronic Re-scattering Effects 

D. Oliinychenko, et al., PRC99, 044907 (2019) V. Vovchenko, et al., PLB800, 135131 (2020)
T. Neidig, et al., PLB827, 136891 (2022)

𝜋𝑁𝑁 ↔ 𝜋𝑑

The obtained hadronic effects on light nuclei production are small

(6)



The Triton Puzzle (7)

𝑻𝒄 = 𝟏𝟓𝟔. 𝟔 ± 𝟏. 𝟕 MeV

A.  Andronic, P. Braun-Munzinger, J. Stachel, H. St ሷ𝒐cker, PLB 697, 203 (2011)
A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel, Nature 561, 321 (2018)

STAR, arXiv:2209.08058(2022)

Triton yields at RHIC are overestimated by the statistical hadronization model!

• A = 2  𝜋𝑁𝑁 ↔ 𝜋𝑑, 𝑁𝑁𝑁 ↔ 𝑁𝑑
• A = 3  𝜋𝑁𝑁𝑁 ↔ 𝜋𝑡(ℎ), 𝜋𝑁𝑑 ↔ 𝜋𝑡(ℎ), 𝑁𝑁𝑁𝑁 ↔ 𝑁𝑡(ℎ), 𝑁𝑁𝑑 ↔ 𝑁𝑡(ℎ)

The effects of hadronic re-scatterings need to be re-examined.



A novel approach (relativistic kinetic equation)

Impulse approximation (IA):
Relativistic kinetic equation for 𝜋𝑁𝑁 ↔ 𝜋𝑑

with collision integral:

R.H.S. =

Nonlocal collision integral to take into 
account the effects of finite nuclei sizes.
𝑊𝑑 denotes deuteron Wigner function.

(8)

𝜆𝑡ℎ𝑒𝑟𝑚𝑎𝑙 ~ 0.5 𝑓𝑚 ≪ 𝑟𝑛𝑝~ 4 𝑓𝑚

Length/energy scale:

P. Danielewicz et al., NPA533, 712 (1991); PLB274, 268 (1992);
Annals of Physics 152, 239(1984);

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

For triton or helium-3:

‘renormalization’ factor 𝐹𝑑 , 𝐹𝑡 which can 
be fixed by 𝜋𝑑 and 𝜋𝑡 cross sections.

Probability for reaction 𝜋𝑑 ↔ 𝜋𝑁𝑁 to take place  
in volume ∆𝑉 and time interval ∆𝑡 are given by    

Solving kinetic equations with the stochastic method 

using test particles



Box calculation (9)



Hadronic Re-scattering Effects in Au+Au @200 GeV (10)
arXiv:2207.12532(2022)

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 (11)
arXiv:2207.12532(2022)

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

The triton puzzle is resolved.



LHC Energies (12)

arXiv:2207.12532(2022)

The hadronic re-scattering effect on 
triton production is consistent with the 
measurements in pb+pb collisions  at 
5.02 TeV, but not 2.76 TeV
(uncertainties are still large). More 
precise measurements help clarify the 
situation.

ALICE, arXiv:2211.14015(2022)



Summary and Outlook
1. 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.

2. 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.

3. 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

K. J. Sun and C. M. Ko, arXiv:2204.10879 ALICE, arXiv:2204.10166(2022)
Nucleons follow the Poisson distribution, 
which overestimates the (net)antiproton 
fluctuation
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ALICE: First measurement of antideuteron fluctuation

ത𝑛 + ҧ𝑝 → ҧ𝑑:

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. 


