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→ 𝒀𝑵-Interactions?

• Neutron stars and EoS
• The presence of 

hyperon/hypernuclei
 → Soften the EoS

• Less attractive → Stiffer EoS
• 3-body repulsive potential

Hypernuclei

Lonardoni, D., Lovato, A., Gandolfi, S., & Pederiva, F. (2015). Physical Review Letters, 114(9). 
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Hypertriton .𝚲
𝟑 𝐇

Hypernuclei

Λ

𝑑

𝑟~10 fm

Λ

p

n

𝑟~4 fm

• Strong attractive → Soft EoS
      (The hypernuclei are deeply    
       bound)
• More repulsive → Stiffer EoS

(The hypernuclei are less 
bound)
-----------------------------------------

• Hypernuclei with coalescence 
from difference phase-space 
volume?
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Hypertriton .𝚲
𝟑 𝐇

• What if the coalescence parameter 
is larger than the source volume?

• At small system, Δ𝑟 and Δ𝑃 are less 
correlated 

• Strong suppression at small system
------------------------------------------------
• System size dependence

 → Can study the size in diff. system
 → Pin-down the mechanism?
 → Small system data is needed

Hypernuclei

Reichert, Tom, et al. Physical Review C 107.1 (2023): 014912.

NOTE: The coalescence parameter may not directly 
connect to the wavefunction size
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New particle production in 𝒑 + 𝑨:
Lambda is produced with a large forward momentum
→ Less favorable for hypernuclei production
→ Hypernuclei will be produced outside of the nucleus 𝑵∗

𝐾

Λ

𝑝

Target

Small system size

𝑝
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New particle production in 𝒑 + 𝑨:
Lambda is produced with a large forward momentum
→ Less favorable for hypernuclei production
→ Hypernuclei will be produced outside of the nucleus 

New particle production in 𝝅− + 𝑨:
Larger stopping power 
→ Hypernuclei will be formed with the target!
     (Allow for large hypernuclei A ≫ 3)

Hyperon production

• 𝜋− + 𝑁 → 𝑵∗ (up to 4 GeV)
• 𝑵∗ → 𝚲K (or even Ξ𝐾𝐾)

𝑵∗

𝐾

Λ𝜋−

Target

Small system size
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New particle production in 𝒑 + 𝑨:
Lambda is produced with a large forward momentum
→ Less favorable for hypernuclei production
→ Hypernuclei will be produced outside of the nucleus 

New particle production in 𝝅− + 𝑨:
Larger stopping power 
→ Hypernuclei will be formed with the target!
     (Allow for large hypernuclei A ≫ 3)

Hyperon production

• 𝜋− + 𝑁 → 𝑵∗ (up to 4 GeV)
• 𝑵∗ → 𝚲K (or even Ξ𝐾𝐾)

𝑵∗

𝑵∗

𝜋− .𝚲
𝟑H

.𝒀
𝑨H

d

Our aim: Study the yield of cluster formations 
                  with coalescence and multifragmentation

Small system size

𝐾

Λ
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Ultra-relativistic Molecular Dynamics (UrQMD)

Based on the relativistic Boltzmann transport:

• 𝑝𝜇 ⋅ 𝜕𝜇𝑓𝑖 𝑥𝜈 , 𝑝𝜈 = 𝐶𝑖

• Binary interactions + Re-scattering are treated 

• Cross sections are taken from data or models

• Resonances/decays are implemented

UrQMD
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Methods of cluster production
00
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Coalescence Mechanism

• Phase-space correlations

• Δ𝑃 ≤ ΔP𝑚𝑎𝑥 , Δ𝑅 ≤ ΔR𝑚𝑎𝑥

Statistical Multifragmentation (SMM)

• Assume a larger excited nuclear system 
which subsequently fragments into 
small clusters

• All participants (and spectators) from 
UrQMD (at 20 fm) are given into the 
SMM 

Cluster Formation Models

𝚫𝐏 [𝐆𝐞𝐕] 𝚫𝐑 [𝐟𝐦]

𝑑 0.285 3.575

𝑡/.3 He 0.32 3.5

.4He 0.41 3.5

.Λ
3 H 0.135 9.5

.Λ
3 H 0.25 4.0
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Results
𝒑𝑻 spectra of protons and 𝚲 hyperons

Protons:
• The slope parameters 

agree well.
• Observe the residue 

free protons at 𝑝𝑇 ≤
0.4 GeV (𝑦 ≤ 0.1)
• More apparent in 

larger system.
𝚲 hyperons:

• Agree well.

𝝅− + 𝐂:  0 < 𝑏 < 2.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+C = 196.35 mb

𝝅− + 𝐖:  0 < 𝑏 < 6.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+W = 1327.32 mb

~ 𝐶 𝑦 𝑝𝑇 𝑝𝑇
2 + 𝑚0

2exp − 𝑝𝑇
2 + 𝑚0

2/𝑇(𝑦)

Kittiratpattana, Apiwit, et al. arXiv:2305.09208 (2023).
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Protons:
• The slope parameters 

agree well.
• Observe the residue 

free protons at 𝑝𝑇 ≤
0.4 GeV (𝑦 ≤ 0.1)
• More apparent in 

larger system.
𝚲 hyperons:

• Agree well.

This leads to slightly difference in the extrapolated rapidity densities at 𝒚 ≈ 𝟎 (target)

~ 𝐶 𝑦 𝑝𝑇 𝑝𝑇
2 + 𝑚0

2exp − 𝑝𝑇
2 + 𝑚0

2/𝑇(𝑦)

Results
𝒑𝑻 spectra of protons and 𝚲 hyperons

𝝅− + 𝐂:  0 < 𝑏 < 2.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+C = 196.35 mb

𝝅− + 𝐖:  0 < 𝑏 < 6.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+W = 1327.32 mb

Kittiratpattana, Apiwit, et al. arXiv:2305.09208 (2023).
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Protons:
• The extrapolated densities and HADES 

data does not see the free proton at     
𝑦 ≈ 0 (Acceptance 𝑝𝑇 < 0.4 GeV)

• Larger effects in W system

𝚲 hyperons:
• Agree well in general

𝚵− hyperons:
• Might be able to measure
• Ξ𝑁𝑁 → ΛΛ𝑁 ?

Results
Rapidity distribution of protons and 𝚲 hyperons

𝝅− + 𝐂:  0 < 𝑏 < 2.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+C = 196.35 mb

𝝅− + 𝐖:  0 < 𝑏 < 6.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+W = 1327.32 mb

Kittiratpattana, Apiwit, et al. arXiv:2305.09208 (2023).
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AXXXXXX
• ….

Similar to the residue protons, the light cluster yields also has a bump at 𝒚 ≈ 𝟎

Results
𝒑𝑻 distribution of light nuclei

𝝅− + 𝐂:  0 < 𝑏 < 2.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+C = 196.35 mb

𝝅− + 𝐖:  0 < 𝑏 < 6.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+W = 1327.32 mb

Kittiratpattana, Apiwit, et al. arXiv:2305.09208 (2023).
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Most cluster are centered around target 
rapidity where (residue) nucleons are 
located/fragmented. 
→ 𝑨 ≤ 𝟒 ~ 𝓞(𝟏𝟎) per event
• Deceleration:

• Deuterons are much more 
pronounce at forward rapidity

• 𝜋− is more likely to knock 1 − 2 

nucleons from the target
• Larger nucleus decelerates 

stronger

Results
Rapidity distribution of light nuclei

𝝅− + 𝐂:  0 < 𝑏 < 2.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+C = 196.35 mb

𝝅− + 𝐖:  0 < 𝑏 < 6.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+W = 1327.32 mb

Kittiratpattana, Apiwit, et al. arXiv:2305.09208 (2023).
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• More clusters formation 
at 𝑦 ≈ 0

• 𝒪(10−3) of .𝚲
𝟑H per 

events.
• 𝑁Ξ signal?

• Deceleration: 𝑨 > 𝟐
• In small system (𝜋𝐶), 

SMM differs from 
UrQMD by a factor of 10
• Suppression in small 

system

Results
Rapidity distribution of hypernuclei

𝝅− + 𝐂:  0 < 𝑏 < 2.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+C = 196.35 mb

𝝅− + 𝐖:  0 < 𝑏 < 6.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+W = 1327.32 mb

Kittiratpattana, Apiwit, et al. arXiv:2305.09208 (2023).
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Signal extractions by HADES (~109 events)

• Light nuclei 𝐴 > 3 → 10−4 − 1 / event
• Hypernuclei 𝐴 > 3 → 10−6 − 10−3 / event

HADES with 𝒑𝐥𝐚𝐛 = 𝟐. 𝟓 𝐆𝐞𝐕?
• Ξ-hypernuclei might be seen 
 (𝑁∗ → Ξ + 𝐾 + 𝐾)
• Double-Λ

Ξ + 𝑁 + 𝑁 → Λ + Λ + 𝑁

Results
Total abundance for larger (hyper)nuclei

𝝅− + 𝐂:  0 < 𝑏 < 2.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+C = 196.35 mb

𝝅− + 𝐖:  0 < 𝑏 < 6.5 fm, 𝜎𝑡𝑜𝑡
𝜋−+W = 1327.32 mb

Kittiratpattana, Apiwit, et al. arXiv:2305.09208 (2023).
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• UrQMD is employed to simulate 𝜋− + C and 𝜋− + W at 𝑝lab = 1.7 GeV

• We predict clusters with coalescence and SMM for light nuclei and hypernuclei

• Light nuclei 𝐴 > 3 → 10−4 − 1 / event

• Hypernuclei 𝐴 > 3 → 10−6 − 10−3 / event

• 𝒪(10−3) of .𝚲
𝟑H per event

• Large targets are favorable (more stopping)

• Suppression in small system is similar to LHC

• 𝚵 and double-𝚲 might be seen at higher beam momenta?

Summary
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