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targetprojectile

Heavy ion reactions

HBT method

1, Isospin dependent 

particle emission 

order and time scale?

Proton , p
Neutron, n

proton deuteron triton

Two questions about how symmetry energy influence the particle 

emission property?

Coincidence
analyze
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2, Isospin correlation 

of  two coincident 

emission particles?
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High angular and isotopic resolution！
Compact Spectrometer for Heavy IoN Experiments (CSHINE)
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p-p, d-d, t-t Correlation Functions

1 + 𝑅(𝑞) = 𝐶𝑁
ΣYco𝑛( റ𝑝1, റ𝑝2)
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Isospin dependent particle emission timescale and order, via HBT method

proton

deuteron

triton

{30MeV/u Ar + Au}
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𝝉𝒑 ≈ 100fm/𝒄

Compared with CRAB calculation,

the emission timescale of proton is
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p-d, p-t, d-t CFs（ Velocity discrimination ） {30MeV/u Ar + Au}

𝝉𝒑 > 𝝉𝒅 > 𝝉𝒕
Neutron rich particles are 

emitted relatively earlier ！

𝝉p > 𝝉𝒅 > 𝝉𝒏

Consistent with the 
results of R. Ghetti et al.

Phys. Rev. Lett. 91, 092701 (2003).
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ImQMD calculation results of particle emission timescale

The Emission Order of Hydrogen Isotopes via Correlation Functions in 30 MeV/u 

Ar+Au Reactions（Y.J. Wang, et al., Physics Letters B, 825, 136856 (2022)）

{30MeV/u Ar + Au}

Introduction CSIHNE Result 1 Result 2 Summary

(τCIP -τCIN)γi=1.0

is larger than (γi=0.6)

A new way to study

Esym(ρ) effect
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Isospin “ping-pang” emission via coincidence analyze
{25MeV/u Kr + Pb}

Same mass and different neutron number for the neutron rich or poor IMFs

Yield ratio of t and 3He R(t/3He) for neutron rich trend of coincident light particles

If a neutron-rich IMF is emitted early, a neutron-poor light particle is more likely to be 

emitted later.
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Velocity spectra of LCP coincident with IMF (Thermal Dynamic check)

Velocity spectra of both t and 3He exhibit scaling behavior over different IMFs

(“Ping-pang” emission is not caused by thermal dynamic process)

{25MeV/u Kr + Pb}
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Isospin anti-correlation and ImQMD calculation

Isospin anti-correlation is a precise probe for symmetry energy

{25MeV/u Kr + Pb}
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Extend isospin balancing effect from ground to highly excited states in HIRs

Commonality the N/Z of the residues keeps the initial system

1，“Ping-pang” emission in HIRs

2，Cluster decay in 

Super-heavy nuclei

3，Fission

Observing the ping-pong modality of the isospin degree of freedom in cluster emission 

from heavy-ion reactions（Y.J. Wang, et al., Physical Review C 107, L041601 (2023)）

{25MeV/u Kr + Pb}
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Summary

② Isospin chronology in 30MeV/u Ar+Au：
Neutron-rich particles are emitted earlier，timescale of proton

𝝉𝒑 > 𝝉𝒅 > 𝝉𝒕

③ Isospin “ping-pang” emission in 25MeV/u Kr+Pb：
Isospin anti-correlation，isospin balancing effect

𝝉𝒑 ≈ 100fm/𝒄

①CSHINE，High angular and isotopic resolution
YJW, FHG, QHW et al., Nucl. Sci. Tech. 32, 4 (2021) 
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Question：
Can transport model describe the triton and 3He energy spectra 

in large number nucleons reaction in the Fermi energy region?


