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ULQ2@Tohoku

SCRIT@RIKEN/RIBF

Proton Charge Radius 
     Ee = 10 - 60 MeV 
     θe = 30 - 150 deg.

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

e-scattering for 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

2

2

Low-energy electron-scattering facilities in Japan

lowest-ever Q2 !!

world’s first !!
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Nuclei ever studied by electron scattering

 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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Phys. Rev. Lett. 131 (2023) 092502.

√

world’s first demonstration of e-scattering 
                            for online-produced radioactive isotope
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Phys. Rev. Lett. 131 (2023) 092502.

√

world’s first demonstration of e-scattering 
                            for 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 nuclei
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e-ring
e-beam

scattered e’

target ions 
from ISOL
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SCRIT-based electron scattering facility

e-beam

electrodes 
for  

mirror potential

trapped ions
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ions from an 
external source

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

   Nucl. Instrum. Methods A532 (2004) 216.

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

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

proof-of-principle studies
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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.

Facility : Nucl. Instrum. and Method B541 (2023) 380-384.

ERIS : Phys. Scr. T 166 (2015) 014071.

             Nucl. Instrum. and Method B463 (2020) 290-292.

Trapping 
  Nucl. Instrum. and Method B541 (2023) 90-92

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

  photofission of 238U
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World’s first electron facility dedicated for exotic nuclei

RIKEN RI Beam Factory
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WiSES


 (Window-frame Spectrometer

 for Electron Scattering)

Electron Ring

(SCRIT equipped)

9

RIKEN SCRIT e-scattering facility
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Region of our current studies
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Region of our current studies
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Region of our current studies

10N=82

Sn

Xe
Cs
Ba

  I
Te
Sb

Z=50

stable nucleus
e-scattering data
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Region of our current studies

10N=82

Sn

Xe
Cs
Ba

  I
Te
Sb

Z=50

stable nucleus
e-scattering data

SCRIT data



11<r2>1/2= 4.787 fm( μ-atom X-rays )

K. Tsukada et al.,   
Phys. Rev. Lett. 118 (2017) 262501.
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Facility Commissioning with Stable Xe(e,e’)
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124-136Xe(e,e’) at SCRIT

Kyo Tsukada

107

124Xe

126Xe

128Xe

130Xe 132Xe

134Xe
136Xe

138Xe

in future

qeff (fm-1)0.4 0.6 0.8 1.0 1.2 1.4 

105

103

101

10-1
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1313N=82

Sn

Xe
Cs
Ba

  I
Te
Sb

Z=50

stable nucleus
e-scattering data

SCRIT data

Region of our current studies
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1313N=82

Sn

Xe
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  I
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Sb

Z=50

stable nucleus
e-scattering data

 

132Sn	
(40	s)

SCRIT data

Region of our current studies



ECT*ws 
2025.07.14-07.18

1313N=82

Sn

Xe
Cs
Ba

  I
Te
Sb

Z=50

stable nucleus
e-scattering data

 

132Sn	
(40	s)

SCRIT data

137Cs

Region of our current studies
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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

14

=> mimicking “short-lived” nuclei 
1.9 s trapping
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Electrodes for mirror potential

ions from 
an external ion source

scattered electron

trapped ionselectron beam

15

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)

achieved luminosity with the SCRIT method

Nt ~107 /mm2 =>  109 /cm2
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Electrodes for mirror potential

ions from 
an external ion source

scattered electron

trapped ionselectron beam

15

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)

achieved luminosity with the SCRIT method

Nt ~107 /mm2 =>  109 /cm2

REQUIRED TARGET 
THICKNESS

10-10!!!
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research possibilities of SCRIT for nuclear physics

1) charge densities of exotic nuclei
systematic measurements for many unstable nuclei

132Sn : symbolic target for “day-one” exp
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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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238U photo-fission yields
150MeV
e-beam

γ

238U

Rf ~ 2x108 fissions/W

mass region : A~100 and 130

Tetsuya Oonishi 18



ECT*ws 
2025.07.14-07.18

19

research possibilities of SCRIT for nuclear physics

1) charge densities of exotic nuclei
systematic measurements for many unstable nuclei

132Sn : symbolic target for “day-one” exp
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research possibilities of SCRIT for nuclear physics

1) charge densities of exotic nuclei

46Ar :  Stefano Brolli

systematic measurements for many unstable nuclei
132Sn : symbolic target for “day-one” exp
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Courtesy: Stefano Brolli

Charge density

r (fm)

ρ
(1
/f
m
3 ) Stefano

2PF: (<r2c>)

20
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Charge density

r (fm)

ρ
(1
/f
m
3 ) Stefano
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charge form factor
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2
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2025.07.14-07.18“46Ar :  proton-bubble” nucleus (8.4s)

Courtesy: Stefano Brolli

Charge density

r (fm)

ρ
(1
/f
m
3 ) Stefano

2PF: (<r2c>)

charge form factor

q (fm-1)

|F
F|
2

Stefano
2PF: (<r2c>)

elastic cross section (DREPHA)

scattering angle (°)

dσ
/d
Ω
 (c
m
2 )

Stefano
2PF: (<r2c>)

Ee = 300 MeV 
L = 1028 /cm2/s 
measurement: ~ one week

Kyo Tsukada

20
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research possibilities of SCRIT for nuclear physics

1) charge densities of exotic nuclei

132Sn : symbolic target for “day-one” exp 
46Ar :  Stefano Brolli 
……

systematic measurements for many unstable nuclei
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research possibilities of SCRIT for nuclear physics

1) charge densities of exotic nuclei

2) <rc4> and 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 
5) T. Suzuki et al.,  Front. Phys. 13 (2025) 1490337 

< r4
c > = ∫ r4ρc(r) d3r

132Sn : symbolic target for “day-one” exp 
46Ar :  Stefano Brolli 
……

systematic measurements for many unstable nuclei
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nuclear charge density

Proton

Neutron

22
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ρc(r) = ρp
c (r) + ρn

c (r)

nuclear charge density

Proton

Neutron

22



ECT*ws 
2025.07.14-07.18

22

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)

nuclear charge density

Proton

Neutron

22
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ρp
c (r) = ∫ ρp(r) ρp(point)(r − r′ ) d3r′ 

ρc(r) = ρp
c (r) + ρn

c (r)

nuclear charge density

Proton

Neutron

0 2 4 6 8 10 120.05−

0

0.05

0.1

(point) nucleon density
proton
neutron
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208Pb
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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)

nuclear charge density

Proton

Neutron

0 2 4 6 8 10 120.05−

0

0.05

0.1

(point) nucleon density
proton
neutron

r (fm)

208Pb RMF  NL3 
(H. Kurasawa)

proton
neutron x 100

charge density distributions

0 2 4 6 8 10 120.05−

0

0.05

0.1

r (fm) 22
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2nd moment of the charge density

Proton

Neutron
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< r2
c > = ∫ r2 ρc(r) d3r

2nd moment of the charge density

Proton

Neutron
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< r2
c > = ∫ r2 ρc(r) d3r

= < r2
p(point) > + < r2

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

Z
< r2

n > + rel . corr .

2nd moment of the charge density

Proton

Neutron
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< r2
c > = ∫ r2 ρc(r) d3r

= < r2
p(point) > + < r2

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

Z
< r2

n > + rel . corr .

en = 0

2nd moment of the charge density

Proton

Neutron
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< r2
c > = ∫ r2 ρc(r) d3r

= < r2
p(point) > + < r2

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

Z
< r2

n > + rel . corr .

Proton Neutronen = 0

2nd moment of the charge density

Proton

Neutron
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< r2
c > = ∫ r2 ρc(r) d3r

= < r2
p(point) > + < r2

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

Z
< r2

n > + rel . corr .

Proton Neutronen = 0

X. F. Yang et al.,PPNP 129, 104005 (2023)  

2nd moment of the charge density

Proton

Neutron
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4th moment of the charge density

Proton

Neutron
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< r4
c > = ∫ r4ρc(r) d3r

4th moment of the charge density

Proton

Neutron
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< r4
c > = ∫ r4ρc(r) d3r

4th moment of the charge density

Proton

Neutron

+ < r4
n(point) > + 10

3 < r2
n(point) > < r2

n > N
Z

= < r4
p(point) > + 10

3 < r2
p(point) > < r2

p >

+rel . corr .

H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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< r4
c > = ∫ r4ρc(r) d3r

4th moment of the charge density

Proton
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n(point) > + 10

3 < r2
n(point) > < r2

n > N
Z

= < r4
p(point) > + 10

3 < r2
p(point) > < r2

p >

+rel . corr .

H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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< r4
c > = ∫ r4ρc(r) d3r

en = 0

4th moment of the charge density
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Neutron

+ < r4
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n(point) > < r2

n > N
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= < r4
p(point) > + 10

3 < r2
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p >

+rel . corr .

H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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< r4
c > = ∫ r4ρc(r) d3r RMS n-radius

en = 0

4th moment of the charge density

Proton

Neutron

+ < r4
n(point) > + 10

3 < r2
n(point) > < r2

n > N
Z

= < r4
p(point) > + 10

3 < r2
p(point) > < r2

p >

+rel . corr .

H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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< r4
c > = ∫ r4ρc(r) d3r RMS n-radius

en = 0

4th moment of the charge density

Proton

Neutron

< r4
c > = Q4

cp − Q4
cn

+ < r4
n(point) > + 10

3 < r2
n(point) > < r2

n > N
Z

= < r4
p(point) > + 10

3 < r2
p(point) > < r2

p >

+rel . corr .

H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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non-rel. MF (SK1, SKIII, SLy4,,,,)
rel. MF (NL2, NL3, NL-SH, FSUGold,,,,)
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< r4
c > = ∫ r4ρc(r) d3r RMS n-radius
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4th moment of the charge density
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n(point) > + 10

3 < r2
n(point) > < r2

n > N
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p(point) > + 10

3 < r2
p(point) > < r2

p >

+rel . corr .

H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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n > N
Z

= < r4
p(point) > + 10
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p >

+rel . corr .

H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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< r4
c > = ∫ r4ρc(r) d3r RMS n-radius
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4th moment of the charge density
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Neutron
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4
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exp.

neutron contribution (~ 6%)
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n > N
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p(point) > + 10

3 < r2
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p >
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H. Kurasawa, T. S. and T. Suzuki,   
Prog. Theor. Exp. Phys. 2021, 013D02
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Many relativistic MF models for 208Pb
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4th moment of the charge density

H. Kurasawa, T. S, and T. Suzuki,  Prog. Theor. Exp. Phys. 2021, 013D02

Rp(point)

Rn(point)
n-skin

208Pb

48Ca
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4th moment of the charge density

H. Kurasawa, T. S, and T. Suzuki,  Prog. Theor. Exp. Phys. 2021, 013D02

Rp(point)

Rn(point)
n-skin

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

PRL 126, 172502 (2021) 

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

208Pb

48Ca



ECT*ws 
2025.07.14-07.18

27

ways to access the fourth moment, <rc4>

< r4
c > = ∫ r4ρc(r) d3r
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ways to access the fourth moment, <rc4>

< r4
c > = ∫ r4ρc(r) d3r

dσ
dΩ = dσMott
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27

ways to access the fourth moment, <rc4>

dσMott
dΩ ∝ 1/q4

=>  low-L SCRIT exp. ??
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Rika Danjo
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ULQ2@Tohoku

SCRIT@RIKEN/RIBF

Proton Charge Radius 
     Ee = 10 - 60 MeV 
     θe = 30 - 150 deg.

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

e-scattering for 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

29

29

Low-energy electron-scattering facilities in Japan

lowest-ever Q2 !!

world’s first !!
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ULQ2 (Ultra-Low Q2) at Tohoku, JAPAN since 2016~
“least model-dependent” proton charge radius
1) lowest-ever Q2 by lowest-ever energy e-scattering (10-60 MeV) 
2) absolute σ measurements with 10-3 accuracy 
3) Rosenbluth-separated GE(Q2) and GM(Q2)

possi
ble o

nly at
 Toho

ku ac
cel.

60 MeV electron linac (since 1967) 
Ee = 10 - 60 MeV

ΔE/E = 0.6 x 10-4

beam size ~ 0.6 mm on target

duty factor = 10-3

ULQ2 twin-spectrometer setup 
Luminosity monitoring

Δp/p = 5.6 x 10-3

ΔΩ = 6 mSr

θ = 30 - 150 deg.

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

910 mm

11
75

 m
m

target

e-beam

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

190 um x 4k ch

Yuki Honda
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e+p (e+d) 

Measurements completed  (Oct. 2024) 

STAY TUNED!
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A.A. Filin et al. (Bochum G.) 
Phys. Rev. Lett. 124(2020) 082501

< r2
d > = < r2
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p > + < r2

n > + RC
theoryμD exp.
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conclusions
 Low-energy e-scattering activities in Japan 

    SCRIT :  started operation for online-produced radioactive isotopes

                the world’s first and currently only-one facility 

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

                feasibility studies for 46Ar suggested to be a proton-bubble nucleus


     ULQ2 : 1) e+p, e+D scattering

                     data collection completed.  data analysis underway


  ongoing activities and future prospects 
  charge form factors of exotic nuclei 

  neutron-distribution radius by electron scattering 


  208Pb n-skin thickness by low-energy electron scattering
 ULQ2

SCRIT
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