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Introduction

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

SLi

A:2094526 S :2033.83 S :1245030 mass
Q, :16003.66

Levels and y-ray branchings:

0, 2%, 8386 ms, [BCFGHIKL], T=1, Ex, J", T1/2, MU, Q, BR, etc
%p =100, %P 2a=100,

u=+1.653560 78, Q=0.0317 4

980.871, 1*, 83 fs, [ABFGHIKL], T=1 < rCh(p)) 1/2
Y,980.7 (f 100) M1
22553, 3*, T=336 keV, [BCDFGHI], T=1 < rn> 1/2

¥,2255 (t 100) M1

(rm) 12
\. J

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

Why are NOT the radii data shown in “Nuclear chart” ?
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« Click on a nuclide to fill the data tabs.

- Double click to bring it to the centre.

- Mouse: drag to move wheel to zoom

- Numeric keypad: zoom with 3 and 7
Use 8, 6, 2, 4,9, 1to move and 5 to reset

Main Decay Mode Neutron Cross Sections
Resonance Integrals
List of updates

+ Fr
EC+ beta Apr 2023 - Nov 2023

J

[ Ground State isomers Levels Gammas Decay Radiation

Nuclear Moments

Neutron Capture Fission Yields Schema Plot

NNDC

Just a historical convention?
Precision?

Applicability to unstable nuclei?
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Introduction

Why are NOT the radii data shown in “Nuclear chart” ?
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« Click on a nuclide to fill the data tabs.

- Double click to bring it to the centre.

- Mouse: drag to move wheel to zoom

- Numeric keypad: zoom with 3 and 7
Use 8, 6, 2, 4,9, 1to move and 5 to reset
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[ Ground State isomers Levels Gammas Decay Radiation Nuclear Moments Neutron Capture Fission Yields Schema Plot

c.f. https://www—nd.iaea.org/radii

IAEA.org | NDS Mission | Mirr

-j y, Intemational Atomic Energy Agency
Y

Nuclear Data Services

Section Données Nucleaires, AIEA
Databases » ENSDF | XUNDL | NuDat | LiveChart | NSR | Nuclear Wallet Cards Related » ENSDF Manuals | Codes | Nuclear Data Sheets | EXFOR

Nuclear Charge Radii

Krassimira Marinova
Joint Institute for Nuclear Research, 141980 Dubna, Moscow Region, Russia
Istvan Angeli
Institute of Experimental Physics, i ity of H-4010 Pf. 105, Hungary

Just a historical convention?

rence cross section

The table of experimental nuclear charge radii covers an extended range of isotopes and elements (909 isotopes of 92
elements from H to °6Cm) and is recently published in Atomic Data and Nuclear Data Tables (ADNDT) 99 (2013) 69-95.

P re C i S i O n ? References | Download data ¥

When new measurements lead to the same value, they are shown in jtalics
Published data Preliminary data
ADNDT 99 (2013) 69-95
Z Elem. Mass n  Ray(fm)  ARgy(fm) | Ray(fm) AR,y (fm)

Applicability to unstable nuclei? o n o aum o
y - 1 H 1 0 0.8783 0.0086
2 1 2.1421 0.0088
3 2 1.7591 0.0363
2 He 3 1 1.9661 0.0030
4 2 1.6755 0.0028
6 4 2.0660 0.0111
8 6 1.9239 0.0306
3 Li 6 3 2.5890 0.0390
LEES2024 oo
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How to study r & p of unstable nuclei?

Stable nuclei === v Unstable nuclei

Pp

u-Xray,

EM electron scattering, v SCRIT
v Isotope shift,

Hadron scattering,

vV Occ (charge-changing cross section)

\

I'm

v Proton elastic scattering,

v O] (interaction cross section)

Parity Violating electron scattering,

SDR, GDR , v-N scattering,

v Proton elastic scattering with diff. £
Arm? —er2)1/2

(%

J
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y

Advantage of o) and o.c measurement

* only ~10° ions are needed
 all nuclei can be measured

atomic properties
(ionization, lazer)

nuclear properties
(T1/2,d™)

without

Disadvantage
- Aoi/o1 =0.5~1% -> Arm=0.01~0.02 fm

- uncertainty of nuclear reaction theory
7



Introduction

projectile nucleus

Interaction cross section o
Total cross section with varying nuclides

oy~ T (rm+rT)2

Glauber-type calculation

— Sum of scattering of nucleons

Zero range optical limit approx.

GI(E) = Jdb I —exp [—st Z Ui,j(E)pT(j)(s _ b)pP(i)(s)

i,j=(p or n)

o\n(E) nucleon-nucleon scattering cross sections
pT(r) density distribution of target nuclei density distributions p(r)
PP(r) density distribution of projectile nuclei

= matter radii of projectile nuclei
LEES2024 8



Introduction

e Disappearance of

I. Tanihata et al., Proc. for Conf. “Radioactive Nuclear Beams”, ¢ N eW M ag I C n u m b e r

p.429 (World Scientific Berkeley, California, USA, 1989) O f N 1 6
4.0 T T —

A. Ozawa et al., Phys. Rev. Left. 84, 5493 (2000).
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large o1 = halo — valence n is s orbital !




Our results of o7

in RIBF
(ANQ, AMga ACa)



Deformed halo of 3TNe & 3’"Mg

Nuclear Sizes of Un

Ne and Mg isotopes

LBL, GSI, RIKEN(R (2007,2010 @RIBF)
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Deformed halo of 3TNe & 3’"Mg

o, measurements at RIBF, RIKEN ~ Ne and Mg isotopes ~

Al

Mg 24|v|g 25|V|g 26Mg 27|V|g 28Mg 29|V|g 36Mg 37Mg 38Mg
Na

Ne [?°Ne|?'Ne|%*Ne|23Ne [?*Ne |*®Ne |?®Ne|?'Ne

Island of inversion

o, on C target @240A MeV
20-32Ne, 24-38Mg

M. Takechi et al., PLB 707, 357-361 (2012).
M. Takechi et al., PRC 90, 061305(R) (2014).
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Deformed halo of 3TNe & 3’"Mg

o, measurements at RIBF, RIKEN ~ Ne and Mg isotopes ~
1500 T I

o, on C target @240A MeV
20-32Ne

M. Takechi et al., PLB 707, 357-361 (2012).
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Deformed halo of 31Ne & 3"Mg

o, measurements at RIBF, RIKEN ~ Ne and Mg isotopes ~

1500 T | | | I [
o, on C target @240A MeV
20-32
Ne 1400
M. Takechi ef al., PLB 707, 357-361 (2012).
2 1300
§
3
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2
O
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i\:;ass lslijmbé? | | | | | | |
Deduced from Q moments, B(E2) 20 22 24 26 28 30 32

Mass number
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Deformed halo of *INe & 3'Mg

o, measurements at RIBF, RIKEN ~ Ne and Mg |sotopes ~
1500 I T |

o, on C target @240A MeV S, =0.2911.6 MeV *INe

20-32Ne ool Deformed-halo
M. Takechi et al., PLB 707, 357-361 (2012). 30Ne + 1 n

1300

Lower /¢

1200

Cross section (mb)

1100
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o
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Deformed halo of 3TNe & 3"Mg

o, measurements at RIBF, RIKEN ~ Ne and Mg isotopes ~

+0.12
o, on C target @240A MeV 1600 - Sin ~0.22 509 MeV Mg
24-38 M N. Kobayashi et al., g
g PRL 112, 242501 (2014).

<> :./é-: */6
—____p-dominant g 1400} + Deformation @
—e 2 a®
z : i »
O 1300 e{\o‘b’
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1100
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swelling of Doubly Magic 48Ca

Nuclear Size of Ca Isotopes beyond N = 28

Charge radius

i
Ca, Ni isotopes

Unexpectedly large enhancement beyond N = 28

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

,_l 3.60

tlsotopic chain {——) Excess neutrons

Matter / Neutron radius

Only stable isotopes 40.42:4448Cg
(hadron elastic scattering) 3.50
Change of matter/neutron radii is unknown

7, (fm)

Purpose
o, measurements of 4251Ca 345
— Matter radii across N =28

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

V 3.55

| —e— Exp. ]
Coupled-Cluster 1

T (NNLO,,) A
Mean Field UD'

A+ (UNIDEFO) AT

Ca isotopes |

|
20 22 24 26 28 30 32 34
N

N=2g (2016, @ RIBF)

| large enhancement |
beyond N =28 for




swelling of Doubly Magic 48Ca

o0, Measurements at RIBF

Wedge-shaped C target

1 I

N, \T

empty

Nt: number of target in a unit area

I': transition rate

~

F5IC PPAC)

o
»
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BigRIPS separator
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Be Production target PPAC PL

Bp-TOF-AE

\ Al Wedge deg. ) q
(% F3
T F4

PL PPAC F3IC PPAC )

PPAC

\

—>

F7IC PPACPL /
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Swelling of Doubly Magic 48Ca

Particle Identification for o

Upstream (F3-F5) Downstream (F5-F7)
Bp — TOF - AE Bp — TOF - AE

After selecting RRAF AR
incoming 4*Ca ol

$3Ca

20 |-
N9
17 -5
16 16 Lot o L
205 210 215 220 225 205 210 215 220 225
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Other data of neutron skin

Swelling of Doubly Magic 48Ca @&z

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

3 . 8 I I I T T [ T [ T T /
0.5 e Present I
o Proton elastc sc.
o Dipole polarizability /
¢ CREX /
0.4 ] Q@ -
37 42-51Ca neutron skin *
o B ] —~ H l
rm from o S 0.3 thickness + _
M. Tanaka et al., ~— ~ - g
PRL 124, 102501 (2020). + k% 42-51 Ca /7 -
5 o2t +¥/ _
’é\ ’ (*) Other data of matter radii é/
g— G.lgoetal.,, PLB 81, 151 (1979).
S— J. Zenihiro et al., arXiv:1810.11796 (2018).
&
| -

o +#¢’+ o

X
— x —
3 4 x X % Mo
X
48Ca
3 3 | 1 | 1 ) 1
20 24 28 32 @ heutron

R. F. Garcia Rui /.,
NatureéFr’(r:mI;ls. }IJIZZ, eSi)i (2016). N : o proton
A. J. Miller et al., LEES2024 r 20

Nature Phys. 15, 432 (2019).



Recent progress of
<r.n>2 deduction
with occ



Charge-changing cross sections

projectile nucleus

Interaction cross section o
Total cross section with varying nuclides

oy~ T (rm+rT)2

Aritgy

Charge-changing cross sections occ
Total cross section with varying atomic number Z

proton radii A —p - - - - - - - - - -
z | }
GCC ~ ﬂ(?’p+l”T) ?

LEES2024 22



Charge-changing cross sections

Proton Evaporation Model P

v
W

Prefragment Evaporation

Step 1: Step 2: Step 3 :
Neutron removal Excitation Evaporation
(Charge changing)

Step 1 : Neutron removal i ( Expt. ) - occ ( Glauber

0.05
Step 2 : Excitation

g(y) =80 — g1y

w,(E) (1/MeV) ~
b

=1 S 0.03f \2
pa(E) = g8y BT EA R
a mzzom!(a—m)!(a—i—m—l)! 1e0 oozf/ | 1
go and g; is determined from Ca data oo AL
Step 3 : Evaporation (Charge changing) NAVANWS W :
. : 5 1 150 200
Prefragment excites more than S, . Evaporation Fig.3. Prefragment excitation-energy E

distributions created after the reaction of a
given number of nucleons. [3]

New Model = |Glauber Model| + |Proton Evaporation

N od \J hod L
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Charge-changing cross sections

Existing data

Occ =Occ t+ GE—anevap 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).
depend on ry W. Webber et al., PRC 41, 520 (1990).
C. Zeitlin et al., PRC 83, 034909 (2011).

depend on rp
% Theoretical rp values are used in some isotopes

Occ
1 O,
500 I I I I I I I I I I I I I I I I I I I 800 I I I I I 900 I I I ICI 1000 I I I 8C
Ca 700} | soof 1 g0} |
I /‘\‘/‘\/ | | i /&H\/\'
600 1 700 1 800fF =
1400 - A 7 g s00-—t—t—td goolbt——t o gpol 11
O = 6 8 1012 14 12 14 16 18 20 14 16 18 20 22 24
= CC o ———— 1600 ————
é 4 8 1500-— Tl — 1500-_ Fe_ 1600_— Cr —
. _ _ _ l i
é)) A ® 1400} I\L\\é% _ 1400_A\¢*-4—-/_ 1500 \AM
1300 [ /_ 1300 ~———— L \/- 1400_\/_
1 1 | | 1300 | | | | | | | | | |
42 44 46 48 50 52 50 52 54 56 58 52 54 56 58 60
e Mass number
1200 - 7
c o L b 1 “Charge-changing cross sections for 42-51Ca and
35 40 45 50 55 effect of charged-particle evaporation induced by neutron removal reaction”
M. Tanaka et al., Phys. Rev. C 106, 014617 (2022).
Mass number
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New TRIP-S3CAN
project



RIKEN TRIP

L
.:. BS!V!SQESH\M:!;B?!QE TOP ABOUT TRIP RESEARCH NEWS MESSAGE CONTACT
P L

Contribution to
° solve problems

Navigating the future
Acting as a catalyst to

o energize academia

E @
Deepening & expanding
(&) .
ooc' © .cademic knowledge
° Proposing new science-based
o -, solutions to problems

Data driven science

Transformative Research Innovation Platform of
RIKEN platforms

LEES2024

JAPANESE
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TRIP in RIBF

MESA: proton elastic scattering to determining the optical
potential and density distribution

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

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

LEES2024 27



TRIP-S3CAN project

g 60
@ published £
including other groups ?_, 50
5
<
() measured
40

(O scheduled in RIBF

() measured in S3CAN 20

~100 nuclei in 36 hours!

Nuclear Chart
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Interaction Cross Section (mb)

TRIP-S3CAN project

very very prellmlnary

2000

o Tz=-0.5 (proton rich)
o Tz=+0.5 (neutron rich)
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g
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/0500000000000 ”Qﬁ
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Interaction Cross Section (mb)

TRIP-S3CAN project

2000

1800

1600

1400

1200

1000

Very very

preliminary

e Tz=-1.0 proton rich)
e Tz=0 (self conjugate)
e Tz=+1.0 (neutron rich)

Secret

Atomic number

oo 00|
SEVL /¥ 8000000 ool

45
leutron number
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TRIP-S3CAN project

238U beam
= 60 102
.g [ | B | | |
g - "
- N I .
S sl 08 o 10
E Fe 30C ] O
< B . 1
40— . " -
- . 1077
- ]
- | |
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B e
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20— ocrh |
; % | 109
- 086 ||
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N 107
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Neutron number

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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Summeray

e Our results of orin RIBF (4Ne, AMg, and 4Ca)
Deformed halo structure for 3'Ne and 37"Mg
and swelling core of 48Ca are suggested.

e Recent progress of <r:n>12 (rp) deduction with occ

The rp Is possible to be deduced with o0 cc. But
evaporation effect is important for near stable nucle..

e New project of TRIP-S3CAN 1is now started.
The radil of several hundreds ~ a thousand of nuclel

can be access to determine.
S3CAN: Symbiotic, Systematic and Simultaneous

Cross-section measurements for All over the Nuclear chart
LEES2024 32



