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Nuclei studied by electron scattering

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

H. deVries, C. deJager and C. deVries 
 At. Data Nucl. Data Table 36 (1987) 495.

T. Suda and H. Simon 
 Prog. Part. Nucl. Phys. 96 (2017) 1.
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K. Tsukada et al.,
Phys. Rev. Lett. 131 (2023) 092502.

√

world’s first e-scattering from an online-produced radioactive isotope
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world’s first e-scattering from an online-produced radioactive isotope
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electron scattering - the gold standard  
for probing nuclear structure - has been off 

limits to short-lived exotic nuclei
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Electron Scattering
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1.  elementary particle     - structureless - 
2.  electro-weak interaction     - best understood - 
3.  “relatively” weak      - probing deep inside of the target - 
4.  variable q (mom. transfer) for fixed ω (energy transfer)

electron

target

a unique and powerful probe for structure studies

Electron scattering for nuclear physics
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Elastic electron scattering and charge density distribution

J. M. Cavedon et al. PRL 58 (1987) 195

208Pb(e,e’)
Elastic scattering

            for (spin-less) nuclei

dσ
dΩ

=
dσMott

dΩ
|Fc(q) |2

Fc(q) = ∫ ρc(r)eiqr d3r

charge distribution
ρc(r)

dσMott

dΩ
∝ e2/q4
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Beyond charge radii (isotope shifts)

Charge density distributions

< r2
ch >1/2 = 4.71 fm
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Beyond charge radii (isotope shifts)

Electron scattering reveals both size and shape

Charge density distributions

< r2
ch >1/2 = 4.71 fm

Charge form factors

< r2
ch >1/2 = 4.71 fm
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Key parameter for e-scattering of exotic nuclei

Luminosity

dN
dt

= ×
dσ
dΩL

8
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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)

Minimum Required Luminosity
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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)

Minimum Required Luminosity

How to realize this L with small number of exotic nuclei?
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The idea of “SCRIT” originated in 2004
SCRIT : Self-Confining Radioactive Ion Target

   Nucl. Instrum. Methods A532 (2004) 216.

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

   Pays. Rev. Lett. 102 (2009) 102501.
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SCRIT（Self-Confining RI Ion Target) 

ionized residual gases are trapped 
by the circulating electron beam

ill problem of e-storage rings

residual gas ions

scattered electron

Idea : “ion trapping” at SR facilities.

e-ring

from ISOL

electrode

trapped RI
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SCRIT device for preparing a target on e-beam
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SCRIT device for preparing a target on e-beam

e-beam
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SCRIT device for preparing a target on e-beam

e-beam target region ~ 50 cm
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SCRIT device for preparing a target on e-beam

e-beam

scattered e

target region ~ 50 cm
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SCRIT electron scattering facility @ RIBF

World’s first and currently only one facility  
dedicated for exotic nuclei

RIKEN RI Beam Factory (Japan)

RIKEN RIBF



RIKEN 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+238U



WiSES

 (Window-frame Spectrometer


 for Electron Scattering)

Electron Ring

(SCRIT equipped)
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SCRIT electron scattering facility
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Facility Commissioning with Stable Xe(e,e’)
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Facility Commissioning with Stable Xe(e,e’)
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N=82

Sn

Xe
Cs
Ba

  I
Te
Sb

Z=50

stable nucleus
e-scattering data
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Facility Commissioning with Stable Xe(e,e’)
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SCRIT data



17<r2>1/2= 4.787 fm( μ-atom X-rays )

K. Tsukada et al.,   
Phys. Rev. Lett. 118 (2017) 262501.
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Towards the doubly magic nucleus 132Sn 

N=82
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stable nucleus
e-scattering data

18

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

Successful demonstration with 
online-produced unstable nuclei

Time sequence of ion trapping

Ee = 150 MeV
=> mimicking “short-lived” nuclei 

1.9 s trapping

=>  further details 
      Kyo Tsukada’s talk  (Thursday, May 29, Room9, 16:55 -)

World’s first (e,e’) for Online-Produced Unstable Nuclide (137Cs)
K. Tsukada et al.,   
Phys. Rev. Lett. 131 (2023) 092502.
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Ee Nbeam ρ・t L

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

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

JLAB 12 GeV ~100μA     
(~1014 /s) ~1022 /cm2 ~1036 /cm2/s

SCRIT 150 - 300 MeV ~200 mA
(~1018 /s) ~ 109 /cm2 ~1027 /cm2/s

~107 ions are trapped on e-beam (~ 1 mm2)

The SCRIT concept and Luminosity

Nt ~107 /mm2 =>  109 /cm2

Electrodes for mirror potential

ions from 
an external ion source

scattered electron

trapped ionselectron beam
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REQUIRED TARGET 
THICKNESS

10-10!!!
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ISOL upgrade:  towards 132Sn 
(40s)   towards 2 kW e-beam 

     higher repetition 
     higher peak intensity

132Sn

Production Rate 
  Nfission ~ 108 /watt 
  N132Sn ~ 106 /watt * 1%（εtrans.) 
  beam power : ~ 20W (today) 
                          ~  2 kW (underway)

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

House-made 
Uranium carbide (UCx)

Target&Heater

18 mmφ x 0.8 mmt



Research possibilities at the SCRIT facility

  elastic scattering
dσ
dΩ

=
dσMott

dΩ
|Fc(q) |2 ρc(r) = ∫ Fc(q) e−iqr d3q

charge density distributions
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Research possibilities at the SCRIT facility

  elastic scattering
dσ
dΩ

=
dσMott

dΩ
|Fc(q) |2 ρc(r) = ∫ Fc(q) e−iqr d3q

charge density distributions

  beyond elastic scattering

< r4
c > = ∫ ρc(r) r4 d3r

 additional research opportunity recently pointed out

4th moment of ρc(r) RMS of neutron distribution

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 
4) T. Suzuki, Prog. Theor. Exp. Phys. 2023, 013D02
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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

nuclear charge density,  moments

24

Proton
Neutron
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neutron distribution by electron scattering??
RMF  NL3  (H. Kurasawa)
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proton proton
neutron x 100
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ways to access the fourth moment, <rc4>
dσ
dΩ

=
dσMott

dΩ
|Fc(q) |2

ρc(r) = ∫ Fc(q)e−iqr d3q
< r4

c > = ∫ r4ρc(r) d3r



1) elastic scattering covering upto very high q
Δrnp = 0.275 ± 0.070 fm208Pb

48Ca

Rn = 5.728 ± 0.057 fm

Rn = 3.597 ± 0.021 fm Δrnp = 0.220 ± 0.026 fm

H. Kurasawa, T. S. and T. Suzuki,  Prog. Theor. Exp. Phys. 2021, 013D02
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ways to access the fourth moment, <rc4>

dσMott

dΩ
∝ 1/q4

=>  low-L SCRIT exp. ??
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conclusions

  The SCRIT facility started its operation 

  the world’s first and currently only-one facility

  successful demonstration with online-produced radioactive isotope

  ISOL upgrade to 2kW is underway for 132Sn(e,e’)

  electron scattering for exotic nuclei  is no long just a dream  
   charge density distributions by elastic scattering

   inelastic scattering with higher L 
   higher moments of charge density =>  neutron distributions
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M. Wakasugi, Rev. Sci. Instrum. 89 (2018) 095107	
H. Ohnishi, Nucl.Instr.Meth.B541(2023)380-384

Ion beams are stacked in the FRAC for: 
✓Cooling by collision with Ne buffer gas 
✓ Increasing #RI-ions in single pulses

FRAC Potential

Pulse beam

 to SCRIT

  0.25 HzPulse beam from 

ERIS

   40 Hz

Total dc-to-pulse conversion eff. ~ 80 %

 #137Cs ions injected into SCRIT : 2×107 ions/pulse

FRAC : Cooler and Buncher

FRAC: Fringing-RF-field-activated dc-to-pulse converter for low-energy ion beams
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Accessible q-range for L and Z

1 1.420.6

� / Z2

� / 1/q4

qmax/q2nd�dip

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

30

30
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triaxial nucleus expected in exotic nuclei

P. Moller et al.,PRL97,162502 (2006)

S. Ebata : private communication

108Ru  273 sec 
110Ru  15 sec
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photo-nuclear responses of exotic nuclei　

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

injection line

Electron Ring

Veto 
 (γ calorimeters) 

Forward 
Electron 
Detector

SCRIT device

Neutron Detectors 
(optional)

Injector Microtron

ERIS (ISOL)

Ion beam 

transport line

WiSES
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so far

only way : Coulomb excitation in heavy ion reaction

RI beams

（ex.）Pb

γ

SCRIT facility

purely EM probe
  well under control
  negligible multi-stop 

ultra-forward 
    electron scattering

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　

� ⇠ 1

� ⇠ 300� 600
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trapping efficiency ~ 100 % 
overlapping efficiency ~ 17 %

Ion trapping and luminosities


