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

Nuclei ever studied with electron scattering

T. S. and H. Simon, 

Prog. Part. Nucl. Phys. 96 (2017) 1-31.



First e-scat. paper for online-produced unstable nuclei



Physics Today 76 (11), 14–16 (2023)



Physics Today 76 (11), 14–16 (2023)



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+238UERIS (ISOL) 

  photofission of 238U



WiSES

 (Window-frame Spectrometer


 for Electron Scattering)

Electron Ring

(SCRIT equipped)

RIKEN SCRIT facility 
 The world’s first electron-scattering facility  

dedicated for short-lived exotic nuclei



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

e-ring

from ISOL

Idea : “ion trapping” at SR facilities.

electrode

trapped RI
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required target thickness   ~ 10-10 !!
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1) Tohoku ULQ2 facility 

2) ULQ2 physics program and current status 

3) Summary



Sendai

Research Center for Electron-Photon Science 
Tohoku Univesity
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setup



60 MeV electron linac 
Ee = 10 - 60 MeV 

   (absolute 10-3)

ΔE/E = 0.6 x 10-4

beam size ~ 0.6 mm on target

Ie = 1 nA - 1uA

duty factor = 10-3

ULQ2 twin-spectrometer setup 
Δp/p = 5.6 x 10-3

ΔΩ = 6 mSr

θ = 30 - 150 deg. 

     (~1 mrad accuracy)

Q2 = 3 x 10-5 - 0.013 (GeV/c)2

    (ΔQ2/Q2 ~10-3)



910 mm

11
75

 m
m

target

e-beam

Focal plane detectors
 (J-PARC g-2 + ULQ2)

two	SSSD	for	XY	
100 x 100 mm2 (190 um)

Electron spectrometer
radius 500 mm

bending angle 90°
max. B 0.4T @ 60MeV

gap 70 mm
dispersion 866 mm

Δp/p 5.6×10-4

momentum bite 10%
Δθ 5 mrad

solid angle 6 mSr
weight 5 tonY. Honda

ULQ2 twin spectrometers



ULQ2 spectrometer optics up to 2nd order

"#



ULQ2 spectrometer optics up to 2nd order

"#Parameters Spectrometer 1 Spectrometer 2

4.9 -1.8

866.1(7) 862.4(7)

-174(26) -164(26)

-4.1(2) -3.6(2)

-2.9(5) 6.8(6)

0.999(4) 0.997(3)

2.01(14) 1.92(11)

~ 0.5 , 1.8



ULQ2 Physics Program

1)  Proton : charge radius CH2(e,e’)
aiming at the “least model-dependent” GE(Q2) determination

under lowest-ever Q2 

absolute cross section measurement

Rosenbluth separated GE(Q2) and GM(Q2) if necessary

2)  Deuteron : charge radius CD2(e,e’)

3)  208Pb elastic scattering
4th moment of charge density distribution 

   => neutron-distribution radius

cross section under never-yet-measured low-q region

  q = 5 - 100MeV

208Pb(e,e’)

possible determination of neutron charge radius



~2%

Mainz data (2014) 
Ee = 180 - 855 MeV
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CH2 (CD2) as targets

1)  thin solid target (~100 um) 

2)  simultaneous detection 

        of e+C and e+p (d) scattering 

3)   <rc2> of 12C : accuracy ~10-3  

4)   ΔQ2/Q2 ≤ 10-3

Absolute cross section
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23

C peak 
Δp = 0.15 MeV/c)

θ : 50∘ → 90∘

H peak 
(49.31 MeV/c  47.70 MeV/c)→

Physics data production run just started

relative measurement to well-known e+12C scattering

Pe = 51. 26 MeV/c

50°60°70°80°90°

e+p

e+C

Pe (MeV/c)

CH2 target



Ee = 50 MeV

70°73°89° 84°

typical spectra of CH2(e,e’) @ ULQ2

e+p

e+C

Y. Honda and C. Legris



Statistical uncertainties on  

assuming  

(  fm) 

(  fm)

GE

GE = 1 − r2
E

6ℏ2 Q2

rE = 0.84
rE = 0.88

23/11 (21 MeV)

23/05 (50 MeV)
23/09 (42 MeV)

23/11 (50 MeV)
24/01 (50 MeV)

24/03 (50 MeV)  
(if 2M e-H events detected)

Q2 :  14 measured/ 16 planned



PRad

Mainz



additional physics opportunity  
at ULQ2
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3) 4th moment
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3) 4th moment
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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.   submitted
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< r2
n > = − 0.106 +0.007

−0.005 fm2
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μD spec. EFTχ
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c > = ( 2.12560 (78) )2 fm2

( 1.9731 +0.0013
−0.0018 )2< r2
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rel . corr . : − 3
4m2 (Darwin-Foldy)



neutron charge radius original figure
PDG  <rn2> = -0.1155+-0.0017 fm2
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n-e scattering

Dispersion analysis

interferometry

χ EFT

Neutron mean square radius (fm-2)
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Low-energy electron scattering provides <r4c>

GC0 ∼ 1 − < r2
c >

3! Q2 + < r4
c >

5! Q4 − . . .

charge form factor at low q



Ee = 50.25 MeV

First shots of CD2(e,e’) @ ULQ2

e+D

e+C

78°
55°

T. Goke

a series of CD2 measurements is underway
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conclusions

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

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

   Place : Sendai
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