
 Motivation
 Neutron skin
 Method
 Remarks on feasibility



Mass – Radius Relation
 Stellar matter in hydrostatic equlibrium
 Described by GR and Tolman–Oppenheimer–Volkoff (TOV) equation

 P: pressure
 ε: energy density
 M(r): mass enclosed within radius r

 Specific solution (M,R) requires Equation of state ε(P) as input
 Soft  EoS:   low  maximum  mass  and  small  radii 
 Stiff  EoS:   high  maximum  mass  and  large  radii

13

2 2 2 2
( ) 4 2 ( )1 1(

(
)

)
1

( )
dP G M r P r P GM r
dr r c M r c rP c

P πε
ε

−  ⋅ ⋅  = − ⋅ + ⋅ + −    ⋅     

TOF

soft

stiff

soft

stiff

Astronomical 
observations

Nuclear and 
particle physics

2
2 ( )( ) 4dM r c r

dr
Pπ ε⋅

=



Nuclear Equation of State
 Approximated by Taylor expansion around normal nuclear density ρ0
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Nuclear Physics with p+A interactions

neutron skin Λ and Σ
anihyperons in nuclei Λ
hyper- and antihyper atoms tagged negativ (anti)hyperons
double hypernuclei tagged Ξ



 Neutron skin defined as Rrms(n) - Rrms(p) 
 Definition of neutron skins is not unique
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Idea

arXiv:2209.03875 

σ ρ

−

−

ΛΛΣ Λ

ΛΛΣ Λ

∆

+
= ≈

−

 
= − − ⋅ ⋅  

 
∫

/ 1
/ 1

1 exp
n

a a
abs

b b
abs

abs pn n n

p p pDR
p p p

with p dr



Studied isotope pairs



Finite impact parameter range
Straight line geometry
Integrated density within 1 interaction length ~0.18fm2 at 2.4GeV/c

Impact parameter averaged neutron-to-proton ratio:  40Ca 0.97 and 
48Ca  1.65

48( )n Ca

40( )n Ca
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Full transport calculations: GiBUU



BUU vs. Schematic model

Advantage of schematic model: explore sensitivity between neutron 
skin and double ratio
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Sensitivity

1%

~12%CREX



Experimental reqirements
 PANDA detector as reference
 Goal: 1% measurement of double ratio
 2⋅106 interaction per second
 Reconstruction efficiency

 Λ 30%
  30%
 Σ- 3% (detection of n required!)

 S/B =73
 Statistical uncertainty limited by Σ-

 Required time ~1 day at PANDA

 There are many interesting topics
for energetic antiproton beams
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