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Light nuclei in heavy ion collisions
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• Light nuclei are loosely bounded objects (~MeV), with 
binding energy << 𝑇𝑘𝑓
 Form at late stages of collisions
 Detecting the phase-space distribution at freeze-out

• Widely used models: Thermal model and coalescence 
model
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H. Liu et al., Phys. Lett. B805, 135452 (2020)

Experiment shows non-monotonicity as a 
function of √𝑠𝑁𝑁=> relates to critical point?

Background Critical

• Critical 𝛿𝑓: nucleons interact with the order parameter 

field 𝛿𝑓 = −𝑓0
𝑔𝜎𝜎

𝛾𝑇
, which strongly fluctuates e-by-e 

• but we have little knowledge on the coupling constants 
𝑔𝜎 => proper treatment of background is important.



Decompose light-nuclei yield in terms of 
phase-space cumulants
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Use characteristic function to decompose 
the phase-space distribution in terms of 

phase-space cumulants: 𝐶𝛼 ≔ 𝑧𝛼 𝑐
𝑧𝛼 ≔ 1/𝑁𝑝∫ 𝑑

6𝑧𝑓(𝑧)

The production of light-nuclei with A-
constituent nucleons 𝑁𝐴 based on the 

Coalescence model:

𝑁𝐴 share a common structure 𝑁𝐴 ∝
… 𝐴−1 at low order |𝜶| < 3

Combinations of 𝑁𝐴 to eliminate the 
background effect of the lowest order



Light-nuclei yield with critical fluctuations
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Use characteristic function to decompose 
the phase-space distribution in terms of 

phase-space cumulants: 𝐶𝛼 ≔ 𝑧𝛼 𝑐

Introduce the critical fluctuation 𝛿𝑓 in 
the phase-space distribution of 

constituent nucleons 𝑓

𝑁𝐴 share a common structure 𝑁𝐴 ∝
… 𝐴−1[𝐵𝑘𝑔 + 𝐶𝑟𝑖] at low order |𝜶| < 3

At low order |𝜶| < 3 , combinations of 
𝑁𝐴 and the const 𝑔𝐴 are directly 

proportional to critical contribution Ξ

2pt. : 𝛿𝑓1𝛿𝑓2 𝜎 ∼ Ξ(𝐴, 2),  3pt.: 𝛿𝑓1𝛿𝑓2𝛿𝑓3 𝜎 ∼ Ξ 𝐴, 3 ,
4pt.: 𝛿𝑓1𝛿𝑓2𝛿𝑓3𝛿𝑓4 𝜎 ∼ Ξ(𝐴, 4)



New light-nuclei yield ratio: example
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Phase-space density in non-relativistic 
form

R(3,2) ∼2pt.-3pt.- 2pt.𝟐: 
• 2pt.>3pt. because of 𝑓0 > 𝛿𝑓
• 2pt. ∼ 𝑔𝜎𝜉
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=>larger 𝑔𝜎 larger 2pt.2

contribution
 dip when 𝑔𝜎 is large 

Critical correlator Π𝑖
𝐵 𝛿𝑓𝑖 𝜎

∼ Ξ(𝐴, 𝐵)

from Ising model R(4,2)∼ 𝟑 × 𝟐𝐩𝐭. −𝟒 ×
𝟑𝐩𝐭. −𝟒𝐩𝐭. −𝟑 × 𝟐𝐩𝐭.𝟐−𝟐𝐩𝐭.𝟑

• 2pt.>3pt.>4pt. because 𝑓0 >
𝛿𝑓

• R(4,2)∼ 3 × 2pt. −3 ×
2pt.2−2pt.3 cubic term 
introduces more obvious dip 
comparing R(3,2)

• Indicates the dip structure


