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Isotopic transparency in central Xe+Sn collisions

Motivations 
Can we quantify the stopping power of nuclear matter in heavy-ion collisions?  
Is there a decoupling of kinetic vs chemical transparency? 
Is there a general trend? 
Are there anomalies?  
Must be model independent. 
Hard constraint for transport (Pauli-blocking, , , isospin diffusion, …)  
and clustering models. 

Our tool: cross-bombardements with various neutrons enrichments 
124,129Xe+112,124Sn at 100 A.MeV central collisions ,  
measured by the 4π detector INDRA @ GSI Darmstadt
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The INDRA 4π charged particle detector

Nearly 4π acceptance 
Ionisation chambers + Si + CsI(Tl) 
Charge resolution up to Z > 79 
Isotopic resolution up to Z = 5 
Low thresholds

our study
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Isotopically separated 124,129Xe+112,124Sn at 100 MeV/nucleon 
and impact parameter selection

centrality selection
b/bmax ≤ 0.1
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Incomplete kinematic relaxation

197Au+197Au @ 80 A.MeV

Heperipheral

central

central collisions

Formation of composite systems with longitudinally 
elongated momentum distributions = a general feature 
of central heavy-ion collisions at intermediate energies
K. Zbiri, et al., Phys. Rev. C 75 (2007) 034612.
G. Lehaut, et al., Phys. Rev. Lett. 104 (2010) 232701.
A. Le Fèvre, et al., Nucl. Phys. A 735 (2004) 219.
A. Le Fèvre, et al., Phys. Lett. B 659 (2008) 807.
F. Rami, et al., Phys. Rev. Lett. 84 (2000) 1120.
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How to calibrate the chemical transparency?

beam

N/Z ?

MMMC-NS simulation (Z>4) - A. Le Fèvre et al., Nucl. Phys. A 735 (2004) 219–247
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How to calibrate the chemical transparency?
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Full mixing calibration  
from sideward emissions

Nproj. + Ntarget

Zproj. + Ztarget

Sideward emissions  
 

Well described by the grand-canonical  
description (« isoscaling »)* :  

;  

Yield ratio of isotopes (same Z):  

 = internal partition function 
 

 

 (neutrons) and  (protons)  

guarantee the conservation of the mean 
mass and charge of the disassembling  
system within a given volume and 
thus are functions of its 𝑁 ∕ 𝑍 ratio  

(full mixing assumption) 

*: A.Z. Mekjian, Phys. Rev. C 17 (1978) 1051. 

S. Albergo, S. Costa, E. Costanzo, A. Rubbino, Nuovo Cimento 89A (1985) 1.

80∘ ≤ θcm ≤ 100∘

Y(Z, N ) ∝ exp(αN + βZ ) α =
μn

T
; β =

μp

T
Y(A2, Z )
Y(A1, Z )

= (
A2

A1
)3/2 ω(A2, Z )

ω(A1, Z )
exp(

ΔN × μn + ΔB
T

)

ω(Ai, Z )
A2 = A1 + ΔN
ΔB = B2 − B1

μn μp
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Isospin transfer in forward emissions: 
deviations from full mixing 
Forward emissions 
θcm ≤ 34∘

Nproj. + Ntarget

Zproj. + Ztarget
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Isospin transfer in forward emissions: 
deviations from full mixing 
Forward emissions 
θcm ≤ 34∘

Nproj. + Ntarget

Zproj. + Ztarget
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full m
ixing

(NP+NT)
(ZP+ZT)129Xe X X

124Xe X X
124Sn X  X
112Sn X  X

Projectile

Target

clear sign of dominance of projectile  

chemical composition forward, i.e. transparency
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Target (T) and projectile (P) contributions to forward deviations from full mixing 
by comparing yield ratios between reactions 1 and 2: 

 (with same projectile)  and  (with same target) 

Then, transparency ratio will be 

τT =
log(R1/R2)
Δ(N/Z )T

τP =
log(R1/R2)
Δ(N/Z )P

τ =
τP − τT

τP + τT
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Isotopic transparency in central Xe+Sn collisions: 
Average transparency factors over all reactions

τ =
τP − τT

τP + τT

General trend: transparency 
increases with the fragment mass 
Anomalous full (over-)transparency of 

 confirmed by forward-to-sidewards 
ratio of  for the 
case of  centrality selections

4He
4He / p = 2.08 (1.52)
Mc (E⊥12)

≫ < (3,6He, d, t)/p > = 1.13 (1.03)
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Conclusions
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Conclusions
Chemical and kinetic transparency is a dominant character of  central Xe+Sn collisions 
at 100 MeV/nucleon, and variable with respect to different isotopes.
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Chemical and kinetic transparency is a dominant character of  central Xe+Sn collisions 
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 reactions allowed to cover a  interval from 1.27 to 1.43, large 
enough to observe significant variations of the measured yield ratios of isotopically 
resolved reaction products with mass numbers .

124,129Xe +112,124 Sn N/Z

A ≤ 10
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τ ≈ 30 % Z = 1,2
τ ≈ 70 % Z = 4
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Isotopic transparencies are compatible with the incomplete momentum relaxation, excess 
momenta in longitudinal direction being caused by the incomplete stopping of the 
projectile, even in the selected highly central collisions at this energy.
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 production deviates from the systematic trend.  
👉  The origin of  hyper-transparency is still to be understood.  
Surface or corona clustering of non-interacting (spectator) parts, secondary decays?

4He
α


