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Neutron skin and E,,
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Various constraints on Esym(Po) and L(p,)
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More reliable probes are still needed



probe neutron skin with mid-rapidity observables
at RHIC and LHC

Charged-particle multiplicity
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probe the density distribution of colliding nuclei
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probe neutron Sklll w1th intermediate- energy HIC
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Basic idea of our studies

ZDC Detector

Not restrict to
isobaric collisions
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Model setup: initial density distribution
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Model setup: initial density distribution

Multipole moments
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TABLE II. Neutron-skin thicknesses Ar,, and deformation pa-
rameters £, and f; for different nuclei using different slope
parameters L of the symmetry energy from SHFB calculations.
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Model setup: Glauber model

Schematic Monte-Carlo Glauber model AT SR, SR .
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Model setup: multlfragmentatlon process
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Results and discussions: spectator particle yield
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Results and discussions: probing L or Ar,,,
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Relevant studies on Ar,,(0) in deformed nuclei

Similar Ar,, in r and z directions Different Ar,, in r and z directions
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Affect the scissor-like motion (IM1)
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Arnp effect from different collision configurations
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Deformed Ar,, from different SO interactions
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Spectator nucleons from different W,
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a-cluster structure in light nuclei
from Brink wave function

Hamiltonian H= Z E-M 4 Z VW) + Z veulr) + Z V5 (ri)
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Forward/backward particle yields as a probe
of a-cluster configuration in 12C and 10O

Root-mean-square (RMS) radii in fm of 12¢ and %0 for different con-
figurations.
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L.M. Liu, S.J. Li, Z. Wang, JX, Z.Z.Ren, and X.G. Huang, PLB (2024)



Forward/backward particle yields as a probe
of a-cluster configuration in 12C and 10O
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* With initially a-cluster structure, neutrons and protons are more likely to form «
particles or light nuclei at forward/backward rapidities.

* Chain configuration leads to more a particles or light nuclei compared to more compact
configurations.

* The uncertainties in the deexcitation process are largely reduced in ultracentral
collisions.

L.M. Liu, S.J. Li, Z. Wang, JX, Z.Z.Ren, and X.G. Huang, PLB (2024)



Directly probing existence of
a-cluster structure in *'Ne

It is difficult to distinguish the two cases
through mid-rapidity observables in

(b) 20Ne+20Ne collisions based on AMPT.
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L.M. Liu, H.C. Wang, S.J. Li, C.J. Zhang, JX, Z.Z.Ren, J.Y. Jia, and X.G. Huang, PRC (2025)



Yield

Nn/(3N¢ + 6Nspe)

Directly probing existence of
a-cluster structure in *'Ne

bars: with deexcitation
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Small spectator nucleon yield and larger yields of a particles and light nuclei are
observed with initially a-cluster structure in UCC.

Taking the yield ratio further reduces the theoretical uncertainty.

20% effect at RHIC and 25% effect at LHC

L.M. Liu, H.C. Wang, S.J. Li, C.J. Zhang, JX, Z.Z.Ren, J.Y. Jia, and X.G. Huang, PRC (2025)



Measure HMT
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Measure HMT using spectator nucleons?

ZDC array
2
kT ~ TJ_ X l
spectator// I .
L s
nucleg)il N ; /SNN = 200 GeV

[ =18 m at RHIC

or ~1-2 cm#p og,. ~50—-100MeV /c



Fit global properties
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one-body momentum distribution

na(k) = [ falel0d
nucleon number in HMT
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- 1
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N, ~ Npp + 2N,y
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Ny, # Ny + 2Ny

=[N -Z -pup+Z-(Z-1)ppp]- for(A).
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Measure isospin dependence of HMT
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Summary

Free spectator particle yield: clean probes
Ultracentral HIC: free from deexcitations

Probe neutron-skin thickness Ar, ~L
—  (NZ+Zr[(N, )RutRu reduce uncertainties

(NW/NL)Zr+2r/(N,/N )RutRu cancel detecting efficiency
Triggering collision configurations: Ar,,(0)~SO
Probe a-cluster structure/configuration in 10+10 and 2'Ne+2Ne
— N,/(2N4+4N,+6N5; )
— NJ/(3N+6N,)
— N,/BN34)
Probe magnitude and isospin dependence of HMT

— N,(larger, )/N, (small r,)

— N,%Z*Zr(large r, )/N RuvRu(Jarge r | )

Thank you!

junxu@tongji.edu.cn



