
Coalescence model
constructed by the particle emission distributions and the Wigner density distribution
provides a phenomenological approach to calculate few-body system production in heavy

ion collisions
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The production of 𝑵𝑵𝑵𝑵𝛀𝛀 and 𝛀𝛀𝛀𝛀𝛀𝛀 in heavy ion collisions

Blast-wave model and coalescence model

Motivation Solving three-body Schrödinger equations

Potential
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 Hypernuclei consist of hyperons and nucleons, which are described not only by their mass
and charge but also by hypercharge. Ω-hypernuclei consist of Ω-hyperons, which have the
largest strangeness number and provide a method to understand the interactions between
hyperons with strangeness (YN and YY interactions).

Relativistic heavy ion collisions can produce a large number of hyperons, providing an
opportunity to discover hypernuclei, including anti-hypernuclei. Research on hypernuclei is
an important part of heavy ion collision experiments.

The HAL-QCD Collaboration calculated ΩN and ΩΩ interactions using lattice quantum
chromodynamics (LQCD) simulations and predicted Ω-dibaryon with binding energy about 1-
2 MeV. The correlation of 𝑝𝑝 − Ω− in 𝑝𝑝𝑝𝑝 collisions at 𝑠𝑠 = 13 TeV, measured by ALICE,
supported the HAL-QCD result.

Our previous work calculated the production of ΩΩ and ΩN dibaryons and yields of Ω-
dibaryon by the Blast-Wave model (or AMPT model) + coalescence in relativistic heavy ion
collisions at 𝑠𝑠𝑁𝑁𝑁𝑁 = 200 GeV and 2.76 TeV. In this work, we calculated the production of
𝑝𝑝𝑝𝑝Ω which has the mass number A=3. This research will shed light on the study of Ω-
hypernuclei in experiments such as LHC-ALICE.

The potentials between Ω-N and Ω-Ω are the fit results from HAL-QCD simulation(left). And
NN potentials are the Malfliet-Tjon potentials(right).

Six-dimension hypersphere coordinate

In the six-dimension hypersphere coordinate, kinetic operator is defined as:

The three-body bound state problem can be solved through either a variation method or a
folding model coupled with an eigenvalue problem
The productions of Ω-hypernuclei in heavy ion collisions can be calculated using the Blast-

wave model and coalescence model
The predicted production of Ω-hypernuclei are 𝑝𝑝𝑝𝑝Ω ∼ 10−6(10−5), ΝΝΩ ∼ 10−7 10−6 and
ΝΩΩ ∼ 10−9 10−8 in Au+Au@ 𝑠𝑠𝑁𝑁𝑁𝑁 = 200 GeV(Pb+Pb@ 𝑠𝑠𝑁𝑁𝑁𝑁 = 2.76 TeV)
𝑁𝑁𝑁𝑁Ω(ΩΩN) can weak decay through an Ω decay, which will decay into Λ𝑁𝑁𝑁𝑁 or 𝑁𝑁𝑁𝑁Ξ(NΩΛ or

NΩΞ )
Ω-hypernuclei can also decay via strong interaction, based on the interaction ΩN−ΛΞ and

ΩN−ΣΞ reported by the HAL-QCD
Net-relation between Ω-number, N-number and mass number is observed
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spin statistical factor Blast-wave model Wigner density function 

𝑆𝑆 is the total spin for 
the three-body system 

𝑠𝑠𝑖𝑖 is the spin for each 
constituent particle

𝑀𝑀𝑇𝑇 is the transverse mass 
𝑦𝑦𝑝𝑝 is the rapidity of a single particle
𝑟𝑟 and 𝜑𝜑𝑠𝑠 are the radius and angle of 
polar coordinates
𝜏𝜏 is proper time 
𝜂𝜂𝑠𝑠 is space pseudo rapidity
𝐽𝐽(𝜏𝜏) is the Gaussian distribution of 
freeze-out proper time
𝑓𝑓(𝑥𝑥, 𝑝𝑝) is the Fermi or Bose 
distribution of a single particle

𝑟𝑟 = (𝒓𝒓1, 𝒓𝒓2) and 𝑝⃗𝑝 = (𝒑𝒑1, 𝒑𝒑2) are the 
relative coordinate and momentum
𝜓𝜓(𝑥⃗𝑥) is  the  relative  wave function 
of Ω-hypernuclei with A=3

Blast-wave model
describes the particle phase-space distribution in heavy ion collisions
gives the particle emission distributions

Wigner density function 
describes the particle density distribution in the phase space
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Three-body Schrödinger equation

Where �𝐿𝐿2 is the angular momentum operator, defined as:

Orthogonal basis

The basis are limited by the following assumptions:
The nuclei is spherical → 𝐿𝐿 = 0
 𝐼𝐼 𝐽𝐽𝑃𝑃 = (0)5/2+
𝑙𝑙1, 𝑙𝑙2 ≤ 4

Using this orthogonal basis, �𝐻𝐻 can be expressed as a matrix with elements 𝑛𝑛,𝐾𝐾, 𝜅𝜅 �𝐻𝐻 𝑛𝑛′,𝐾𝐾′, 𝜅𝜅′

But calculating 𝑛𝑛,𝐾𝐾, 𝜅𝜅 𝑉𝑉(𝒙𝒙1 − 𝒙𝒙2) 𝑛𝑛′,𝐾𝐾′,𝜅𝜅′ and 𝑛𝑛,𝐾𝐾, 𝜅𝜅 𝑉𝑉(𝒙𝒙3 − 𝒙𝒙1) 𝑛𝑛′,𝐾𝐾′, 𝜅𝜅′ in the chosen 
coordinate can be challenging.
Using RR coefficient will solve this problem
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RR coefficient is used to transform from one coordinate to another
It’s convenient to calculate 𝑛𝑛,𝐾𝐾, 𝜅𝜅 𝑉𝑉(𝒙𝒙1 − 𝒙𝒙2) 𝑛𝑛′,𝐾𝐾′, 𝜅𝜅′ and 𝑛𝑛,𝐾𝐾, 𝜅𝜅 𝑉𝑉(𝒙𝒙3 − 𝒙𝒙1) 𝑛𝑛′,𝐾𝐾′,𝜅𝜅′ in the

first coordinate
Variational method

𝑛𝑛,𝐾𝐾, 𝜅𝜅 �𝐻𝐻 𝑛𝑛′,𝐾𝐾′,𝜅𝜅′ [𝑐𝑐] variation parameter

Find the minimum eigenvalue 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚[𝑐𝑐]
and its corresponding eigenvector 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚

𝐵𝐵 = 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚[𝑐𝑐]
𝜓𝜓 𝑟𝑟 = ∑𝑛𝑛𝑛𝑛𝑛𝑛 𝑉𝑉 𝑐𝑐 𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟 𝑛𝑛,𝐾𝐾, 𝜅𝜅
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|𝐸𝐸 𝑐𝑐 =𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚[𝑐𝑐] = 0

Result

Summary

Wigner density at 0° between 𝑟𝑟 and 𝑝⃗𝑝
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Three-body problem can be simplified into two two-body problems by 
Folding model：

1. the baryon 2, 3 are bounded as a di-baryon 23
2. The average potential:

3. Solving the two-body Schrödinger equation
4. The binding energy 𝐵𝐵 = 𝐵𝐵23 + 𝐵𝐵1,23 and the wave function

Ψ 𝐫𝐫,𝐑𝐑 = 𝜓𝜓23(𝐫𝐫)𝜓𝜓1,23 𝐑𝐑

S. Acharya et al., Nature 588, 232 (2020).

• The left pictures show the productions of Ω-
hypernuclei in Au+Au@ 𝑠𝑠𝑁𝑁𝑁𝑁 = 200 GeV(left)
and Pb+Pb@ 𝑠𝑠𝑁𝑁𝑁𝑁 = 2.76 TeV(right). The 
upper panels are calculated using the variational 
method, while the lower panels are calculated 
by the folding model.

• The right picture shows the Net-relation 
between Ω-number, N-number and mass number, 
which can be used to predict the production of 
NNΩΩ
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