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On 2019 (?) we proposed, following the work of Tian et al on clusterization during HIC in AMD,

12C+12C @ 95 MeV/u with INDRA+FAZIA
● Detection of events complete in charge (Zdet = Zsys)
● Detailed balance of the reaction channels
● Detailed kinematics of the reaction channels
● Particle correlations to back trace parent E*
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The physics behind clusterization in HIC

● E818: clusterization of warm dilute nuclear matter

● Mott effect: in-medium modifications of the cluster 
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Modified pBUU to take into account Mott effect: 
Au+Au 0.12 – 1 A GEV with FOPI



  

The physics behind clusterization in HIC

● E818: clusterization of warm dilute nuclear matter

● Mott effect: in-medium modifications of the cluster 
binding energies K. Hagel et al, PRL 108, 062702 (2012)

● Mott effect as responsible for α-particle 
enhancement in HIC

● Cluster rate production

arXiv:2305.02988

A. Ono, Prog. Part. Nucl. Physics 105 (2019) 139–179



  

The physics behind clusterization in HIC

● E818: clusterization of warm dilute nuclear matter

● Mott effect: in-medium modifications of the cluster 
binding energies K. Hagel et al, PRL 108, 062702 (2012)

● Mott effect as responsible for α-particle 
enhancement in HIC

● Cluster rate production

arXiv:2305.02988

A. Ono, Prog. Part. Nucl. Physics 105 (2019) 139–179



  

The in-medium NN cross section: σ*
NN  

M. Henri et al PRC 101, 064622 (2020)

DDS Coupland PRC 84, 054603 (2011)

Li and Macheidt PRC 1993, 1994

 A. Schnell, et al. Phys. Rev. C 57, 806 (1998).

 O. Lopez. PRC 90, 064602 (2014)

● Several parametrizations are available in 
the literature

● σ*
NN scales with the mass systems 

(~ A1/3
tot), linked to the number of NN 

 Q. Li et al, PLB 828 (2022) 137019



  

The in-medium NN cross section: σ*
NN  

● Cluster production
● Isospin observables (n/p, R, …)

● Nuclear stopping
● Collective Flow

● Target-projectile mixing
● Neck formation

● GDR strength

● Astro (?) - NS, to explore

Baran et al, Nuclear Physics A 730 (2004)

R. Wang et al,  PLB 807 (2020)

A. Ono, Prog. Part. Nucl. Physics 105 (2019)

P. Li et al, PRC C 97, 044620 (2018)
P. Li et al, PLB 828 (2022)
Liu et al, PRL 86 (2001)
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The goldengolden question: why?

● Cluster production
● Isospin observables (n/p, R, …)

● Nuclear stopping
● Collective Flow

● Target-projectile mixing
● Neck formation

● GDR strength

● Astro (?) - NS, to explore

Baran et al, Nuclear Physics A 730 (2004)

R. Wang et al,  PLB 807 (2020)

A. Ono, Prog. Part. Nucl. Physics 105 (2019)
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Liu et al, PRL 86 (2001)

● Clustering in HIC is not well known, 
it is not easy to include it in transport model, 
we need a new data with top apparatus 

● Eos at sub-saturation densities?

● Eos at supra-saturation densities?

This is not enough for D. Lacroix the PAC

See the S. Huth Nature, 
or latest Lynch PLB

B.-A. Li, Phys. Rev. Lett. 88 (19) (2002)
N. Ikeno Phys. Rev. C 93 (4) (2016) 044612
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The proposed approach: Bayesian inference via transport model 

● Cluster production
● Isospin observables (n/p, R, …)

● Nuclear stopping
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32S+24Mg @ 25 & 50 MeV/u 
”Light systems like 32S + 24Mg should be fine, even though it is not 
really an infinite nuclear matter” (cit. A. Ono)

● Comprehensive analysis of the σ*NN related observables 
to fully constraint it in inclusive way

● Exclusive detection of events complete in charge (HIPSE on going)
to obtained a detailed balance of channels and their 
characterization (aiming also at E*)



  

The proposed approach: Bayesian inference via transport model 

32S+24Mg @ 25 & 50 MeV/u - INCLUSIVE 

Clusters production
Isospin observables (t/3He, R, …)
Stopping
Ternary vs Binary events
….

The Model
Sigma receipt and/or parameter
Clusterization Probability

POSTERIORLIKELYHOOD

Actual knowledge on σNN and P

p.d.f

P(Cluster)

σ*
NN

From inclusive posterior on σNN , P

PRIOR

OBSERVABLES

**A grid exploring the full
parameter space**



  

The proposed approach: Bayesian inference via transport model 

32S+24Mg @ 25 & 50 MeV/u - EXCLUSIVE 

Channel detailed balance
Channel detailed kinematics
...

From inclusive posterior on σNN , P

The Model
Sigma receipt and/or parameter
Clusterization Probability

POSTERIORLIKELYHOOD

PRIOR

P(Cluster)

σ*
NN

p.d.f

OBSERVABLES

**A grid exploring the full
parameter space**



  

And now?

1. Take a decision: is it worth spending effort on it?
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And now?

1. Take a decision: is it worth spending effort on it?

2. HIPSE simulation: filtering via KalivedaSim, efficiency estimation for  (almost)-complete events
3. MC simulation: run the AMD grid (?)

4. Prepare a draft

5. Study

6. Update the draft

7. S t u d y . . . 

8. U p d a t e  t h e   d r a f t  . . . . . . . 

YES



  


