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1. Introduction

Electron scattering

Powerful tool to study the internal structure of nuclei 

Well known interaction (Coulomb interaction)

Structure-less probe

No serious modification of nucleus 

Electron – nucleus scattering Elastic electron scattering 

= Mott scattering  Form factor

Electron – nucleon scattering Proton radius 

→ Next speaker's talk

Inelastic electron scattering 

= deformation etc....

B. Frois and C. N. Papanicolas, 

Ann.Rev.Nucl.Part.Sci. 37 (1987) 133.

Charge density distribution



Electron scattering with unstable nuclei

Conventional way 

(Stable nuclei)
Collider 

Target
(～1019/cm2)

Luminosity ～1027～28/cm2/s

New target forming technique : SCRIT 

e-beam
(～ 1nA = 109/s)

e-ring 400mA (1018/s)

RI-ring 107/bunch(～5.5MHz)

Luminosity ～1028/cm2/s

➔ High costs

➔Difficulty of the preparation 

of RI target

ELISe at FAIR

DREICA at Dubna



SCRIT(Self Confining RI Ion Target) method

M. Wakasugi et al.,  Phys. Rev. Lett. 100 (2008) 164801.

Periodic tapping force 

Scattered electron

Longitudinal direction: Electric static potential

Transverse direction: Trapping force by e-beam 

(ion trapping phenomena)

Luminosity 1027 cm-2s-1

e-beam
current～200 mA 

size ～mm2

108 ions
Automatic electron scattering with trapped ions

Typical values



2. SCRIT electron scattering facility

RTM (Race-track microtron)
150 MeV,0.5mA peak,2s pulse

SR2 (SCRIT equipped RIKEN 

Storage Ring)
100 700 MeV, 200-300 mA

0

e-beam

M. Wakasugi et al.,  NIMB 317 (2013) 668.

T. Ohnishi et al., NIMB 541 (2023) 380.

FRAC (Fringing RF field activated dc-

to-pulse converter) cooler and buncher

RI beam

ERIS (electron beam-driven 

RI separator for SCRIT)
Ion source + ISOL(Photofission

of uranium)

SCRIT system
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Ion trap property at SCRIT

SCRIT device

Charge distribution: qave

Number of injected ions: Ninj

Total charge Q 
= qave×NTrap

𝐿~
𝐼𝑒/𝑒 ∙ 𝑁𝑇

𝜎
Luminosity [cm−2s−1]

Achived luminosityL
Ie

Num. of trapped ions: Ntrap



3. Recent results

137Cs(e,e’) experiment
-first experiment of electron scattering with online-produced RI-

K. Tsukada et al., Phys. Rev. Lett. 131, 092502 (2023)

Why 137Cs?
• Relatively high production rate

• Good ion beam emittance by surface ionization

• Long lifetime of nucleus (~30 years)

• N=82 isotone



Electron scattering 

with online-produced RI, 137Cs

Luminosities: 0.9×1026 cm-2s-1 for 137Cs

1.5×1027 cm-2s-1 for BG

Total measurement time: 3 days

e-beam Energy: 150 MeV

Stored current: 150-200 mA

e-beam

137Cs ~2×107 ions/pulse 

to SCRIT system 
ERIS 40Hz, FRAC 0.25Hz

RI beam

e-beam 15～20W

Cooling gas at FRAC

Ne gas (10-3 Pa)

WiSES condition

 : 80 mSr

 : 30 – 60 deg

p/p : 1 – 4x10-3



Results

Momentum distribution after BG subtraction

✓ Phase shift calculation, DREPHA, with 2-param Fermi dist.

✓ Assuming <r2> of 4.813 fm from isotope shift and t=2.3 fm

✓
137Cs : IP=7/2+, multipoles contrib. are negligible in this region

Beam direction

Elastic events with 137Cs are clearly observed.



4. Perspective of SCRIT facility

Electron scattering around 132Sn region

Z=50

N=82
132Sn:First goal

N=82 isotone

137Cs

e-scatt. data
stable nuclei
unstable nucleiN

Z

138Ba

Xe isotope

SCRIT

N

Z

Sn isotope

132Xe



Upgrade towards short-lived nuclei

10W beam

ERIS Eff. 

5.5%(138Xe) 

2.0%(132Sn)

5.5% (137Cs)

1 kW beam
ERIS Eff. × 4U 30g

Remote handling system

Radiation shield

Electron scattering with 132Sn will 

be performed in near future.

RTM

ERIS

Upgrade of e-beam driver

High frequency (2Hz → 100 Hz)

Peak current increasing

➔ ~1kW 

Related works are ongoing.

Isobar separation

Development of new 

devices is going on.FRAC
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Zero-degree scattering



・Next generation SCRIT

Future plan
L
u

m
in

o
si

ty
 [

/c
m

2
/s

]

1027

1029

1031

elastic electron scattering

(charge density distribution)

inelastic electron scattering

(various excitation mode)

(e,p), (e,pγ).... reactions

(various reaction probe)

Precise Nuclear Spectroscopy

・Xe isotope dependence (on going)

・Photo-absorption measurement

・4th-order moment measurement 

to study neutron distribution



・Next generation SCRIT

Future plan
L
u

m
in

o
si

ty
 [

/c
m

2
/s

]

1027

1029

1031

elastic electron scattering

(charge density distribution)

inelastic electron scattering

(various excitation mode)

(e,p), (e,pγ).... reactions

(various reaction probe)

Precise Nuclear Spectroscopy

・Xe isotope dependence (on going)

・Photo-absorption measurement

・4th-order moment measurement 

to study neutron distribution



・4th-order moment measurement to study neutron distribution

Precise measurement at low momentum transfer region

H. Kurasawa and T. Suzuki, Prog. Theor. Exp. Phys. 2019, 113D01.

~1 −
𝑟𝐶
2

3!
𝑞2 +

𝑟𝐶
4

5!
𝑞4 −

𝑟𝐶
6

7!
𝑞6 +⋯ (PWIA)

Low-q region

LEEP (Low Energy Electron scattering with 208Pb) 

experiment at RARiS

Establishment of new method

large cross section (1/q4)   

➔ Application to unstable nuclei at SCRIT

𝑟𝐶
4 = න𝑟4𝜌𝐶 𝑟 𝑑𝑟3 = 𝑟𝑝(𝑝𝑜𝑖𝑛𝑡)

4 +
10

3
𝑟𝑝(𝑝𝑜𝑖𝑛𝑡)
2 𝑟𝑝

2 +
10

3
𝑟𝑛(𝑝𝑜𝑖𝑛𝑡)
2 𝑟𝑛

2 𝑁

𝑍
+ relativistic corr.

Point neutron radius

neutron radius

Point proton radius

proton radius

Precise measurement



5. Summary

・World's first experiment of electron scattering with online-produced 

unstable nuclei was successfully performed.

・Upgrade of RI beam production is already started.

The electron scattering with 132Sn will be performed in near future. 

・The SCRIT electron scattering facility was constructed and many 

development have performed.

The way to new and long-awaited research method,

electron scattering with unstable nuclei, is opened.
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