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Why are NOT the radii data shown in “Table Of Isotope” ? 

Ex, Jπ, T1/2, µ, Q, BR, etc 

Richard B. Firestone, Table of Isotope, Eighth edition (1996).

〈rch(p)〉1/2

〈rn〉1/2

〈rm〉1/2
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Why are NOT the radii data shown in “Nuclear chart” ? 
IAEA

NNDC

Applicability to unstable nuclei?

Precision?

Just a historical convention?
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Why are NOT the radii data shown in “Nuclear chart” ? 
IAEA

Applicability to unstable nuclei?

Precision?

Just a historical convention?

c.f. https://www-nds.iaea.org/radii/
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How to study r & ρ of unstable nuclei?
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Stable nuclei

EM electron scattering,

μ-Xray,

Isotope shift,
Hadron scattering,

Parity Violating electron scattering,

Proton elastic scattering,

σI (interaction cross section)

σcc (charge-changing cross section)

SDR, GDR , ν-N scattering, 

rp

N
Arm2 –Zrp2  1/2

( )

ρp

rm

ρm

rn

ρn

SCRIT

ρmatter(r)Unstable nuclei✓

Proton elastic scattering with diff. E

✓
✓

✓

✓

✓

✓
✓

Advantage of σI and σcc measurement

・ΔσI/σI =0.5~1% -> Δrm = 0.01~0.02 fm

・all nuclei can be measured
atomic properties

(T1/2, Jπ)
without nuclear properties

(ionization, lazer)

Disadvantage

・ only ~105 ions are needed

・uncertainty of nuclear reaction theory

(
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Introduction

Total cross section with varying nuclides
Interaction cross section σI

σI ∼ π (rm+rT)2

rTrT

rmrm

projectile nucleus

target nucleus

σI

核物質半径matter radii

matter: sum of protons and neutrons 

→ Sum of scattering of nucleons

density distributions ρN(r)

σI(E) = ∫ db 1 − exp −∫ ds ∑
i, j=(p or n)

σi, j(E)ρT( j)(s − b)ρP(i)(s)

Zero range optical limit approx.

σNN(E) nucleon-nucleon scattering cross sections 
ρT(r) density distribution of target nuclei 
ρP(r) density distribution of projectile nuclei 
	 	 ⇄  matter radii of projectile nuclei

Glauber-type calculation
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• Disappearance of                 
N = 8

σ I
 (m

b)

Ne

F

O

N

• New Magic number         
of N = 16

A. Ozawa et al., Phys. Rev. Lett.  84 , 5493 (2000).

For weakly bind system,

large σI → halo → valence n is s orbital !



Our results of σI  

in RIBF 
(ANe, AMg, ACa) 



Deformed halo of 31Ne & 37Mg
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Nuclear Sizes of Unstable Nuclei
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• I
Deformed halo of 31Ne & 37Mg
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Deformed halo of 31Ne & 37Mg
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Deformed halo of 31Ne & 37Mg
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Deformed halo of 31Ne & 37Mg
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Deformed halo of 31Ne & 37Mg
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R. F. Garcia Ruiz et al., Nature Phys. 12, 594 (2016).
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Exp.

Nuclear Size of Ca Isotopes beyond N = 28
Charge radius
Unexpectedly large enhancement beyond N = 28

σI measurements of 42-51Ca
→ Matter radii across N = 28

R. F. Garcia Ruiz et al., Nature Phys. 12, 594 (2016).

Matter / Neutron radius
Only stable isotopes 40,42,44,48Ca

(hadron elastic scattering)

Isotopic chain Excess neutrons

Purpose Ca isotopes
Change of matter/neutron radii is unknown
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large enhancement 
beyond N =28 for 

Since Z = 20 & 28 are magic numbers,  
many theoretical calculations exist.

Rch

Swelling of Doubly Magic  48Ca   



18

Swelling of Doubly Magic  48Ca   
σI = −

1
Nt

ln ( Γ
Γempty )

Nt: number of target in a unit area 
Γ: transition rate
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Swelling of Doubly Magic  48Ca   
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3.8
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32282420
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r m
 (f

m
)

48Ca

(*) Other data of matter radii

G. Igo et al., PLB 81, 151 (1979).

J. Zenihiro et al., arXiv:1810.11796 (2018).

R. F. Garcia Ruiz et al., 

Nature Phys. 12, 594 (2016).

A. J. Miller et al., 

Nature Phys. 15, 432 (2019).

rp

rm from σI
M. Tanaka et al., 

PRL 124, 102501 (2020).

42-51Ca
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N

 Present
 Proton elastc sc.
 Dipole polarizability
 CREX

42-51Ca

neutron skin 
         thickness

Other data of neutron skin

J. Zenihiro et al., arXiv:1810.11796 (2018).

J. Birkhan et al., PRL 118, 252501 (2017).

D. Adhikari et al., PRL 129, 042501 (2022).

Swelling of Doubly Magic  48Ca   

neutron
proton

      r       

  ρn 

 ρn 

 ρn 



Recent progress of 
<rch>1/2 deduction 

with σCC 
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Charge-changing cross sections

Total cross section with varying nuclides
Interaction cross section σI

σI ∼ π (rm+rT)2

rTrT

rmrm

projectile nucleus

target nucleus

σI

核物質半径matter radii

matter: sum of protons and neutrons 
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Analogy

Total cross section with varying atomic number Z

σCC

Charge-changing cross sections σCC

 ?σCC ∼ π(rp+rT)2
陽子分布半径proton radii

rprp

rTrT
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Charge-changing cross sections
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 =  + σCC σ̃CC σ̃Σ−xnPevap
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T. Yamaguchi et al., PRL 107, 032502 (2011).	 	 

S. Yamaki et al., NIM B 317, 774-778 (2013). 

J. Zhao et al., JPS Conf. Proc. 32, 010023 (2020).

W. Webber et al., PRC 41, 520 (1990).

C. Zeitlin et al., PRC 83, 034909 (2011).

Existing data

※ Theoretical rp values are used in some isotopes

Charge-changing cross sections

“Charge-changing cross sections for 42-51Ca and  
effect of charged-particle evaporation induced by neutron removal reaction”

M. Tanaka et al., Phys. Rev. C 106, 014617 (2022).

Be C O

Ti

Fe CrTi



New TRIP-S3CAN 
project
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RIKEN TRIP
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Transformative Research Innovation Platform of 
RIKEN platforms

Data driven science
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TRIP in RIBF
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MESA: proton elastic scattering to determining the optical 
potential and density distribution

GT5: in-beam gamma ray spectroscopy with tracking Ge 
detectors

S3CAN: Symbiotic, Systematic and Simultaneous
Cross-section measurements for All over the Nuclear chart
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TRIP-S3CAN project
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published
including other groups

measured

scheduled in RIBF

measured in S3CAN

~100 nuclei in 36 hours!
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TRIP-S3CAN project
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 Tz=+1.0 (neutron rich)

TRIP-S3CAN project

very very preliminary

Secret
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TRIP-S3CAN project

we can measure 60 nuclei/1day. -> 600 in 10 days of 5 years

S3CAN: Symbiotic, Systematic and Simultaneous
Cross-section measurements for All over the Nuclear chart
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Summray

• Our results of σI in RIBF (ANe, AMg, and ACa)  

• Recent progress of <rch>1/2 (rp) deduction with σcc 

• New project of TRIP-S3CAN is now started. 

S3CAN: Symbiotic, Systematic and Simultaneous
Cross-section measurements for All over the Nuclear chart

Deformed halo structure for 31Ne and 37Mg 
and swelling core of 48Ca are suggested.

The rp  is possible to be deduced with σcc. But 
evaporation effect is important for near stable nuclei.

The radii of several hundreds ~ a thousand of nuclei 
can be access to determine.


