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charge radii of proton and deuteron  
     Ee = 10 - 60 MeV

     θe = 30 - 150 deg.

     =>     Q2 = 3x10-5 - 0.013 (GeV/c)2

e-scattering of online-produced exotic nuclei (~108/sec) 
    Ee = 150 - 300 MeV

    θe = 30 - 60 deg.

    => q = 80 - 300 MeV/c 

         Q2 = 0.006 - 0.09 (GeV/c)2
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Low-energy electron-scattering facilities in Japan 2

Yuki’s talk

this talk
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X. F. Yang et al.,  
Prog. Part. Nucl. Phys. 129 (2023) 104005.

charge radii
Isotope-shift measurements Ronald’s talk 



4Beyond charge radii (isotope shifts)

Density distributions having the same charge radius (4.7 fm)



5Nuclei ever studied by electron scattering

3H
14C

41Ca

  3H   (12.3 y) 
 14C   (5700 y) 
 41Ca (1x105 y) 
  …

incl. several unstable nuclei

 strictly limited to stable nuclei 
 never applied for exotic nuclei (short-lived)

T. S. and H. Simon 
 Prog. Part. Nucl. Phys. 96 (2017) 1.
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Physics Today 76 (11), 14–16 (2023)Phys. Rev. Lett. 131 (2023) 092502.

world’s first e-scattering for online-produced radioactive isotope



7Key parameter for e-scattering of exotic nuclei

Luminosity

dN
dt

= × dσ
dΩL
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largest σ up to modest q

Extremely “thin” targets
Exotic nuclei  ( production-hard & short-lived)

Electron scattering for exotic nuclei

Elastic scattering 

Low luminosity

“Hofstadter’s” exp. for exotic nuclei
R. Hofstadter 

(Nobel prize : 1961)8
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Ee Nbeam
target 

thickness L

Hofstadter’s 
era (1950s) 150 MeV ~ 1nA          

(~109 /s) ~1019 /cm2 ~1028 /cm2/s

9

Luminosities for e-scattering
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T.S. and H. Simon, Prog. Part. Nucl. Phys. 96 (2017) 1

L ≳ 1027/cm2/s

Elastic Scattering for Exotic Nuclei 
(for medium-heavy nuclei)

with a “medium-angular-accept.” spectrometer (~100 mSr)



11First idea in 2004

SCRIT : Self-Confining Radioactive Ion Target
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A novel “Ion Trap” using high-energy e-beam

SCRIT  

based on (notoriously) known “ion trapping” at “light-source” facilities.

 (Self-Confining Radioactive-isotope Ion Target)

scattered electrons 12

ionized residual gases are trapped  
by circulating electron beam



e-ring
e-beam

scattered e’

target ions 
from ISOL

13SCRIT-based electron scattering facility

e-beam

electrodes 
for  

mirror potential

trapped ions

Po
te
nt
ia
l h
ei
gh
t

ions from an 
external source

• automatic collision by "ion trapping” 
• fast ion manipulation for short-lived nuclei 13

   Nucl. Instrum. Methods A532 (2004) 216.

   Phys. Rev. Lett. 100 (2008) 164801.

   Pays. Rev. Lett. 102 (2009) 102501.

proof-of-principle studies



14SCRIT electron scattering facility @ RIBF
World’s first electron facility dedicated for exotic nuclei

RIKEN RI Beam Factory (Japan)
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WiSES

 (Window-frame Spectrometer


 for Electron Scattering)

Electron Ring

(SCRIT equipped)

15



16RIKEN SCRIT Electron Scattering Facility
e-RI collisions

Injector + ISOL driver 
  150 MeV Microtron

SR2 storage ring 
  Ee =150-700 MeV

  Ie = 300 mA

  τ ~ 2 hours

WiSES spectrometer 
  ΔΩ ~ 90 mSr

  θ = 30 - 60°

  Δp/p ~ 10-3

  long target accept.

ERIS (ISOL) 
  photofission of 238U

FRAC 
  cooler-buncher

  dc-to-pulse conv.

FRAC :  Rev. Sci. Instrum. 89 (2018) 095107.

SCRIT Facility : Nucl. Instrum. Method B317 (2013) 668.
ERIS : Nucl. Instrum. Method B317 (2013) 357.

SCRIT 
   Nucl. Instrum. Methods A532 (2004) 216.

   Phys. Rev. Lett. 100 (2008) 164801.

   Pays. Rev. Lett. 102 (2009) 102501.

neutron-rich nuclei 
by γ+238UERIS (ISOL) 

  photofission of 238U

16



17SCRIT device for preparing a target on e-beam

target region ~ 50 cm

e-beam

scattered e

17
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Window-frame 

Dipole magnet

WiSES (Window-frame Spectrometer for Electron Scattering)

 long target acceptance (50cm)  
 wide scattering angle coverage 

Δp/p ≤ 10-3 (ΔE<300keV@300MeV) 
 Bmax = 0.8 T 
 Δθ = 30° (45±15°) 
 ΔΩ~ 100 msr

Pe’ (MeV/c)

natC(e,e’)
Ee = 300 MeV

θe = 50 - 55°

elastic

2+
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Production Rate

  Nfission ~ 108 /watt

  N132Sn ~ 106 /watt * 1%（εtrans.)

  beam power : ~ 20W (today)

                        ~  2 kW (in a few years)

Reference.


Reaction : photo- (electro-) fission of 238U.

Ion Source : FEBIAD type (Sn, Xe…)

                     Surface Ionization (Cs, Ba,…) 

ERIS (Electron-beam-driven RI separator for SCRIT)

T. Ohnishi et al.  NIM B317 (2013) 357.

House-made Uranium carbide (UCx)

138Xe	:	3.9	x	106	cps	
132Sn	:	2.6	x	105	cps	
137Cs	:	8.0	x	106	cps	(28-g	U)

Target&Heater



20“Day-one exp.” region for our facility

20



20“Day-one exp.” region for our facility
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20“Day-one exp.” region for our facility

20N=82

Sn

Xe
Cs
Ba

  I
Te
Sb

Z=50

stable nucleus
e-scattering data
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20“Day-one exp.” region for our facility
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21SCRIT facility commissioning : (stable) 132Xe(e,e’)  

<r2>1/2= 4.787 fm( μ-atom X-rays )

K. Tsukada et al.,  Phys. Rev. Lett. 118 (2017) 262501.
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L ~ 1027 /cm2/s with Ntrapped ~ 107

240 ms 10 ms

ON ON ONoffoff

<r2>1/2= 4.789 +0.12 - 0.10 fm 21

trapping duration 
240 ms



137Cs(e,e’) with online-produced Cs ions

Ntrapped ~ 2 x107  
=> L ~ 0.9 x 1026 /cm2/s

successful demonstration for 
online-produced unstable nuclei

Time	sequence	of	ion	trapping Ee = 150 MeV

22

22

=> mimicking “short-lived” nuclei 
1.9 s trapping
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Ee Nbeam
target 

thickness L

Hofstadter’s 
era (1950s) 150 MeV ~ 1nA          

(~109 /s) ~1019 /cm2 ~1028 /cm2/s

Luminosities for e-scattering
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SCRIT 150-300 
MeV

300 mA
(~1018 /s) ~109 /cm2 ~1027 /cm2/s
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SCRIT 150-300 
MeV

300 mA
(~1018 /s) ~109 /cm2 ~1027 /cm2/s

~107 trapped ions 
in e-beam of  

~1 mm2

Ee Nbeam
target 

thickness L

Hofstadter’s 
era (1950s) 150 MeV ~ 1nA          

(~109 /s) ~1019 /cm2 ~1028 /cm2/s

Luminosities for e-scattering
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required target thickness   ~ 10-10 !!

SCRIT 150-300 
MeV

300 mA
(~1018 /s) ~109 /cm2 ~1027 /cm2/s

~107 trapped ions 
in e-beam of  

~1 mm2

Ee Nbeam
target 

thickness L

Hofstadter’s 
era (1950s) 150 MeV ~ 1nA          

(~109 /s) ~1019 /cm2 ~1028 /cm2/s

Luminosities for e-scattering



24towards 132Sn (40s)
Upgrade of ISOL driver 
  towards 2 kW e-beam 
     higher repetition 
     higher peak intensity 
  remote handling system 
  Isobar separation system 
 

γ+U fission products

132Sn

N=82

Z=50
N=50



25further research possibilities

1) neutron distribution through <rc4>

2) shapes though photonuclear response at GDR

1) H. Kurasawa and T. Suzuki,  Prog. Theor. Exp. Phys. 2019, 113D01 
2) H. Kurasawa, T. S. and T. Suzuki,  Prog. Theor. Exp. Phys. 2021, 013D02 
3) H. Kurasawa and T. Suzuki,  Prog. Theor. Exp. Phys. 2022, 023D03

1) T. Suda and H. Simon,  Prog. Part. Nucl. Phys. 96 (2017) 1. 
2) T. Suda ,  Handbook of Nuclear Physics,  Springer, 2023, 1591‒1614. 
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ρn
c (r) = ∫ ρn(r) ρn(point)(r − r′ ) d3r′ 

ρp
c (r) = ∫ ρp(r) ρp(point)(r − r′ ) d3r′ 

ρc(r) = ρp
c (r) + ρn

c (r)

1) charge density

2) 2nd moment

< r2
c > = ∫ r2 ρc(r) d3r

= < r2
p(point) > + < r2

p > + < r2
n(point) > + N

Z
< r2

n > + rel . corr .

nuclear charge density,  moments

Proton Neutron

Proton
Neutron

27
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4th moment of the charge density distribution

< r4
c > = ∫ r4ρc(r) d3r

+rel . corr .

+ < r4
n(point) > + 10

3 < r2
n(point) > < r2

n > N
Z

= < r4
p(point) > + 10

3 < r2
p(point) > < r2

p >

28

28



28
4th moment of the charge density distribution

< r4
c > = ∫ r4ρc(r) d3r

+rel . corr .

+ < r4
n(point) > + 10

3 < r2
n(point) > < r2

n > N
Z

= < r4
p(point) > + 10

3 < r2
p(point) > < r2

p >

RMS n-radius
28

28
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208Pb

Δrnp ≡ Rn − Rp = 0.283 ± 0.071 fm
JLab : PREX I,II (parity-violating e-scattering)

PRL 126, 172502 (2021) 

RMS radii of (point) proton and neutron of 208Pb

48Ca

Δrnp ≡ Rn − Rp = 0.121 ± 0.026 fm
JLab : CREX (parity-violating e-scattering)

29

29



30
ways to access the fourth moment, <rc4>

d�

d⌦
=

d�Mott

d⌦
|Fc(q)|2,

Fc(q) =
�

�c(⌥r)ei⇧q⇧rd⌥r

( 0+ nuclei)

< r4
c > = ∫ r4ρc(r) d3r

1) elastic scattering at very high q

2) elastic scattering at very low q

1 − < r2
c >
6 q2 + < r4

c >
120 q4 + . . .Fc(q) ∼

1 − < r 2>6
q 2

dσMott
dΩ ∝ 1/q4

+ < r 4c >120 q 4

=>  low-L SCRIT exp. !!

30



31Rn determination at extremely low-q (e,e’) ?

Ee ~ 10 - 50 MeV

θ = 30 - 150°

q = 5 - 50 MeV/c

  208Pb(e,e’) at the ULQ2 beam line at Tohoku

 precise σ(θ)/σ(θ0) with the twin spectrometers : 10-3

 phase-shift calculations for Rn2


 feasibility studies

σ(θ)/σ(θ0) vs R2
n

by H. Kurasawa

σ(
θ)

/σ
(θ

0)

R2
n(fm2)



32further research possibilities

1) neutron distribution through <rc4>

2) shapes though photonuclear response at GDR

1) H. Kurasawa and T. Suzuki,  Prog. Theor. Exp. Phys. 2019, 113D01 
2) H. Kurasawa, T. S. and T. Suzuki,  Prog. Theor. Exp. Phys. 2021, 013D02 
3) H. Kurasawa and T. Suzuki,  Prog. Theor. Exp. Phys. 2022, 023D03

1) T. Suda and H. Simon,  Prog. Part. Nucl. Phys. 96 (2017) 1. 
2) T. Suda ,  Handbook of Nuclear Physics,  Springer, 2023, 1591‒1614. 
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so far

Coulomb excitation in heavy ion reaction
 reaction mechanism?

SCRIT facility

purely EM probe

ultra-forward 
    electron scattering
     => bg: bremsstrahlung

d2�

dEed⌦
=

X d2NEL
e (E,E� , ✓)

dE�d⌦
· �EL

� (E�)

Virtual Photon flux

e-beam

γ

RI＠SCRIT

Ee

E’e=Ee-Eγ

132Sn+Pb -> 131Sn + n + X @ GSI

photonuclear reaction for exotic nuclei　

RI beams

（ex.）Pb

γ

� ⇠ 1

� ⇠ 300� 600



34photo-nuclear responses of exotic nuclei　

R. Bergere :Lecture Note in Physics, 61 (1971) 84
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Electron beam

injection line

Electron Ring

Brems. Veto 
 (γ calorimeters) 

Forward 
Electron 
Detector

SCRIT device

Neutron Detectors 
(optional)

Injector Microtron

ERIS (ISOL)

Ion beam 

transport line

WiSES

possible setup for photonuclear reaction at SCRIT



36Expected reaction rate for L = 1027 /cm2/s

dN

dE�
= L ·

Z
d⌦

d2NE1
e (E,E� , ✓)

dE�d⌦
· �E1

� (E�)

virtual photon theory
L≥1027 /cm2/s L = 1027 /cm2/s

       1 day       

120Sn (stable)

P. Durgapal and D.S. Onley  
Comp. Phys. Comm. 32 (1984) 291



37conclusions

  The SCRIT facility started its operation 

   the world’s first and currently only-one facility

   e-scattering for short-lived nuclei is now possible  

   we have many additional research possibilities 


 Low-energy e-scattering activities in Japan

    SCRIT : charge densities of short-lived exotic nuclei

   ULQ2 : e+p, e+D scattering

                40Ca(e,e’) and 208Pb(e,e’)  under lowest-ever q region



37conclusions

  The SCRIT facility started its operation 

   the world’s first and currently only-one facility

   e-scattering for short-lived nuclei is now possible  

   we have many additional research possibilities 


 Low-energy e-scattering activities in Japan

    SCRIT : charge densities of short-lived exotic nuclei

   ULQ2 : e+p, e+D scattering

                40Ca(e,e’) and 208Pb(e,e’)  under lowest-ever q region

We plan to have a workshop in Sendai, Japan, on 

   “Low-Energy Electron Scattering for Nucleon and Exotic Nuclei” 
   Date : Oct. 28 - Nov. 1, 2024

   Place : Sendai, JAPAN
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40Accessible q-range for L and Z

T. Suda and H. Simon 
 Prog. Part. Nucl. Phys. 96 (2017) 1.

� / Z2

� / 1/q4

qdip
diff ∝ 1/R



39Beyond elastic (charge) scattering ?

minimum required luminosities

as of today…


