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Low-energy electron scattering facilities in Japan

RIKEN SCRIT 
Ee = 150 - 300 MeV

Tohoku ULQ2 
Ee = 10 - 60 MeV
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     higher moments <=> neutron distribution 
     proton (and neutron) charge radius

ULQ2
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WiSES

 (Window-frame Spectrometer


 for Electron Scattering)

Electron Ring

(SCRIT equipped)

RIKEN SCRIT facility 
 dedicated for never-yet-performed 

electron scattering for short-lived nuclei
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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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K. Tsukada et al.,
Phys. Rev. Lett. 131 (2023) 092502.

√

Ee = 150 MeV
world’s first e-scattering from an online-produced radioactive isotope
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K. Tsukada et al.,
Phys. Rev. Lett. 131 (2023) 092502.

√

Ee = 150 MeV

“What Do Unstable Atomic Nuclei Look Like?” 
by Patrick Achenbach

Viewpoint in Physics Magazine

world’s first e-scattering from an online-produced radioactive isotope
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K. Tsukada et al.,
Phys. Rev. Lett. 131 (2023) 092502.

√

Ee = 150 MeV

“What Do Unstable Atomic Nuclei Look Like?” 
by Patrick Achenbach

Viewpoint in Physics Magazine

world’s first e-scattering from an online-produced radioactive isotope

Physics Today 76 (11), 14–16 (2023)
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K. Tsukada et al.,
Phys. Rev. Lett. 131 (2023) 092502.

√

Ee = 150 MeV

“What Do Unstable Atomic Nuclei Look Like?” 
by Patrick Achenbach

Viewpoint in Physics Magazine

world’s first e-scattering from an online-produced radioactive isotope

Physics Today 76 (11), 14–16 (2023)

electron scattering - the gold standard  
for probing nuclear structure - has been off 

limits to short-lived exotic nuclei
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Towards the doubly magic nucleus 132Sn (40 s) 

7

Isotope production : photofission of 238U
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137Cs	
PRL131,2023 
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Isotope production : photofission of 238U
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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
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neutron distribution (by e-scattering)

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

higher moments of the nuclear charge distribution

< rn
c > = ∫ ρc(r)rnd3r
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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
11

Proton
Neutron

11
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<r4> (fm4) n-cont.
48Ca 194.7 6.9%
208Pb 1171.6 2.9%
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RMS radii of (point) proton and neutron of 48Ca 208Pb

208Pb
48Ca
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RMS radii of (point) proton and neutron of 48Ca 208Pb

208Pb
48Ca

⟨r4
c ⟩ = ∫ r4ρc(r) d3r ⟨r2

n(point)⟩ρc(r)
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RMS radii of (point) proton and neutron of 48Ca 208Pb

208Pb
48Ca

neutron-skin 
 thickness

⟨r4
c ⟩ = ∫ r4ρc(r) d3r ⟨r2

n(point)⟩ρc(r)
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Ee ~ 10 - 50 MeV

θ = 30 - 150°

q = 5 - 50 MeV/c

Determination of <r4> by low-q measurement
ULQ2 facility, Tohoku Univ.
proton and deuteron charge radii
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Determination of <r4> by low-q measurement
ULQ2 facility, Tohoku Univ.
proton and deuteron charge radii  208Pb(e,e’) at the lowest-ever q region


 known ρ(r) => <r4c>

 high precision measurement (10-3) required

208Pb(e,e’)

|F(q)|2

q2 (fm−2)

208Pb

ULQ2

Rika Danjo
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Ee ~ 10 - 50 MeV

θ = 30 - 150°

q = 5 - 50 MeV/c

Determination of <r4> by low-q measurement
ULQ2 facility, Tohoku Univ.
proton and deuteron charge radii  208Pb(e,e’) at the lowest-ever q region


 known ρ(r) => <r4c>

 high precision measurement (10-3) required

208Pb(e,e’)

|F(q)|2

q2 (fm−2)

208Pb

ULQ2

Rika Danjo

=> successfully conducted at Tohoku in the last May

Fc(q) ∼ 1 − < r2
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6! q4 + . . .



NuSRAP2026 
2026.07.13-07.15

13

Ee ~ 10 - 50 MeV

θ = 30 - 150°

q = 5 - 50 MeV/c

Determination of <r4> by low-q measurement
ULQ2 facility, Tohoku Univ.
proton and deuteron charge radii  208Pb(e,e’) at the lowest-ever q region


 known ρ(r) => <r4c>

 high precision measurement (10-3) required

208Pb(e,e’)

|F(q)|2

q2 (fm−2)

208Pb

ULQ2

Rika Danjo

=>  future application to neutron-rich nuclei at SCRIT
=> successfully conducted at Tohoku in the last May

Fc(q) ∼ 1 − < r2
c >

3! q2 + < r4
c >

5! q4 + < r6
c >

6! q4 + . . .
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elastic electron-proton scattering 
                               covering the lowest-ever q region

Proton Charge Radius
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elastic electron-proton scattering 
                               covering the lowest-ever q region

Proton Radius Puzzle Proton Radius Puzzle 
A New Way  

to Tame Cancer

MEDICINE 

People Who 
Remember Everything

NEUROSCIENCE 

5�y�
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INFOTECH 
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 Proton 
  Problem
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© 2014 Scientific American

FEBRUARY 2014

Proton Charge Radius



NuSRAP2026 
2026.07.13-07.15

15

electron scattering and proton charge radius

Proton charge radius

< r2 >⌘ �6
dGE(Q2)

dQ2
|Q2!0

no measurement is possible at Q2 = 0

GE(Q2) at low Q2 as possible

G. A. Miller,  PRC 99 (2019) 035202

e
e’
θ

momentum transfer
energy transfer
4 momentum transfer Q2 = q2 � !2 = 4EeEe0sin

2(✓/2)

~q = ~e� ~e0

! = e� e0

Q2 = q2 � !2 = 4 e e0sin2(✓/2)

(
d�

d⌦
)Mott =

z2↵2

4e2
cos2(✓/2)

sin4(✓/2)
/ e2

q4

✏ =
1

1 + 2(1 + ⌧)tan2 ✓
2

⌧ =
Q2

4m2
p

d�

d⌦
= (

d�

d⌦
)Mott

G2
E(Q

2) + ⌧
✏G

2
M (Q2)

1 + ⌧

Kinematics
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proton charge radius as of today

μH spec.

2010

JLAB Prad

   e-scattering

e-scatt.

eH spec.

Hydrogen spec.

2S-4P  Garching

1S-3S (Paris)

2S-2P  Tronto

1S-3S Garching

2S-8D Colorado
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e-scattering and proton charge radius

Nucl. Phys. 90 (2014) 015206.

G E
(Q

2 )
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e-scattering and proton charge radius

Nucl. Phys. 90 (2014) 015206.
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e-scattering and proton charge radius

Nucl. Phys. 90 (2014) 015206.

ULQ2@Tohoku

< r2 >⌘ �6
dGE(Q2)

dQ2
|Q2!0
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e-scattering and proton charge radius

Nucl. Phys. 90 (2014) 015206.

ULQ2@Tohoku

~ 2% (ΔGE/GE ~10-3 )
< r2 >⌘ �6

dGE(Q2)

dQ2
|Q2!0

G E
(Q
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e-scattering and proton charge radius

Nucl. Phys. 90 (2014) 015206.

ULQ2@Tohoku

~ 2% (ΔGE/GE ~10-3 )
< r2 >⌘ �6

dGE(Q2)

dQ2
|Q2!0

G E
(Q

2 )

Known problems

1.need lower Q2 
2.no absolute σ 
 (Δσ/σ~10-3) 
3.GE, GM separation 

ULQ2 @ Tohoku
CH2(e,e’) 
  ρ of 12C best known 
Rosenbluth sep. 
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ULQ2 (Ultra-Low Q2) at Tohoku
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60-MeV e-linac

e-linac (max. 10 kW) 
   Ee = 10 - 60 MeV 
twin spectrometers 
   θe = 30 - 150 deg.

twin-spectrometer 
setup
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background-s
ubtracted McMule 

  +Geant4

exp. data

McMule (PSI):  
    rad. processes 
    upto NNLO

CH2(e,e’) at ULQ2 (Ee=20-60 MeV)
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ULQ2-project time line
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Mainz data (2014) 
Ee = 180 - 855 MeV

ULQ2 measurements for e+p and e+d

deuteron

proton

< r2
c > ≡ − 6 dGE(Q2)

dQ2 |Q2→0

three-year data-collection completed(2024, Oct.)

1) proton 
          charge radius

          magnetic radius (next step)

2)   deuteron 
          deuteron charge radius

            => neutron charge radius

Yuki Honda Yukie Maeda
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e+D scattering at ULQ2 
(lowest-ever Q2 data)
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e+D scattering at ULQ2 
(lowest-ever Q2 data)

Neutron Charge radius
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Neutron Charge radius



NuSRAP2026 
2026.07.13-07.15

23

Neutron Charge radius
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2nd moment
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conclusions

 Low-energy electron scattering activities in Japan

  ULQ2 : 1) e+p, e+D scattering (data collection completed)

                    => charge radii of the proton and neutron

               2) 208Pb(e,e’) at the lowest-ever momentum transfer (data collection completed)

  SCRIT : 1) charge distributions and higher moments of short-lived exotic nuclei


                      =>  neutron-distribution radius through <rc4> 

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

 study of possible triaxiality of 154Sm (Otsuka-san’s proposal)

   at q maximizing the transition form factor (0+->2+) (data collection completed)

in addition



Marie Curie’s Radium Standard No. 8 preserved at Tohoku Univ.

Paris Certificate (1913)

Prepared and measured directly by Marie 
Curie to establish the international standard. 
There are signatures of E. Rutherford, M. 
Curie, and S. Meyer. The document 
displayed here is a preserved copy.

Currently under review for recognition as the first “Physical Heritage” by the Physical Society of Japan
Radium source

 Brought to Tohoku University in 1914.

Prof. Hélène 
Langevin-Joliot 
viewed her 
grandmother’s 
legacy during her 
Sendai visit in 
2009.

metal container & Radium Standard  No. 8

"Fingerprint" on the case

Autoradiography of the wooden case for the 
source revealed α-radiation contamination. These 
marks may possibly correspond to fingerprints 
left by Marie Curie herself.  We hope to explore 
this possibility further in collaboration with 
French institutes.

Original wooden case

Fingerprints revealed by autoradiography


