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electrons for neutrinos?
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electron as a simulator? S

as a simulator of neutrino-related nuclear reactions??

similar interaction (single boson exchange)
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similarity of nuclear physics cases (structures)

GT transitions
M1 transitions .....

electron beam

well-controlled beam parameters : energy, current etc..
high intensity ~ 1015 /s (~100 uA)
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electron scattering
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electron /\ .
1. elementary particle - structure-less -
2. electro-weak interaction - best understood -
target 3. “relatively” weak - probing whole volume -
elastic -> charge densities inelastic-> transition densities| | quasifree -> single particle
ground-state w.f. excited-state w.f. single particle w.f.
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Spectroscopic factor

by (e,e’), (e,e’p)
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1) elastic (e,e’)

2) quasi elastic (e,e’p)

3) (d, 3He) etc.
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electrons for neutrinos? Oct. 3.4, 2025

GeV electrons for neutrinos @ JLab

v

Low-energy electrons for neutrinos??

SCRIT facility@RIKEN ULQ2 facility@Tohoku new SC linac ?
Ee = 150 - 300 MeV Ee = 10 - 60 MeV Ee ~ 100 MeV

world’s first for exotic nuclei lowest-ever Ee
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neutrino-less double § decay
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Ov2( decay process Oct. 3-4, 202

- Majorana nature of neutrino
* neutrino mass hierarchy
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electrons for neutrinos?
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possible contribution of e-scattering . ......

JLab nuclear responses for GeV v Lawrence Weinstein (Old Dominion Univ.)
. 5 .5 Am3,L
P, — v,) = sin“(20)3) X sin( pis )
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o 100 E
. F T2K : Phys. Rev. D91 072010 (2015)
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3 Reconstructed v Energy (GeV)

| ow-Ee a new low-energy electron scattering facility at ELPH, Tohoku : lowest-ever Ee
a new e-scattering facility for exotic nuclei at RIKEN : world’s first

nuclear physics studies using low-energy electrons for neutrino-related study

nuclear matrix element of Ov2[3 decay
low-neutrino induced nuclear reaction such as v+160 -> X
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nuclear matrix elements St o,

(T2 = Go(Qpp Z) | My, |7 < mgy >

<flJjx)|n><n|Jj(x)]|i> N <flJ[x)|n><n|Jix)]|i>

energy denominator energy denominator

M, Z[

J : charge changing hadronic current X 0+ T

NME and electron scattering

136Xe -> 136Cs -> 136Bg3

1. their charge density distributions
2. transition densities
3. MT transition strength
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nuclei ever studied by electron scattering Oct. 3-4, 2022

H.deVries, C. deJager and C. deVries
Atomic Data and Nuclear Data Tables 36 (987)495

M strictly limited to stable nuclei
B never applied for exotic nuclei (shor
Ce
La 139] g
A 82— Ba 136Ba 138B3
L )
-8 I Cs 136Cg
g -:=E:l Xe 132X e 136Xe
c . |
o= SO—J ov 2f decay
_8 ) _-::-" sSn related nuclei
e PII
Q.
82
o Most of stable nuclei (except noble gases such as Kr, Xe)
50 o some example for unstable nuclei such as 3H, 14C, 41Ca etc...
2 >
>

neutron number
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Low-energy electron-scattering facilities Oct. 314, 2022

SCRIT @ RIKEN/RIBF

world’s first for exotic nuclei

SCRIT : Self-Confining RI-lon Target
e-scattering off exotic nuclei

Ee =150 - 300 MeV
0 =30 - 60 deg.
q =78 - 300 MeV/c

ULQ2 @Tohoku

lowest-ever Ee

ULQ2 : Ultra-Low Q2
Proton Charge Radius
neutron-distribution radius of nuclei

Ee =10 - 60 MeV

0 =30 - 150 deg.
q=5-16 MeV/c
Twin spectrometers
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Low-energy electron-scattering facilities Oct. 314, 2022

1) charge densities of short-lived nuclei
\world’s firsﬁ]
SCRIT facility
e-scattering facility (Ee = 150 - 300 MeV)
dedicated for short-lived exotic nuclei

2 ) proton charge radius

lowest-ever Q2 3

low-energy electron scattering
Ee =10 - 60 MeV

A. Antognini et al.,
Nature 466 (2010) 213. o200 scaminc s Sciencg 339 (201 3) fﬁ 7

R. Pohl et al.,
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SCRIT @ RIKEN/RIBF
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RIKEN RI Beam Factory (RIBF) Oct. 34, 2022
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RIKEN SCRIT Electron Scattering Facility Oct. 3.4, 2022
WISES spectrometer
AQ ~ 90 mSr e-Rl collisions
B =30 - 60° B2 e T
Ap/p ~ 103

long target accept.

B0 I
}}}
,,,,

Ee =150-700 MeV
le = 300 mA

T ~ 2 hours
FRAC

cooler-buncher *"-&
dc-to-pulse conv. § \3\
ERIS (ISOL)
n.;§ photofissign of 23813~
3%‘? o
5#

SCRIT
Nucl. Instrum. Methods A532 (2004) 216.
Phys. Rev. Lett. 100 (2008) 164801.
Pays. Rev. Lett. 102 (2009) 102501.

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

FRAC : Rev. Sci. Instrum. 89 (2018) 095107.
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(Window-frame Spectrometer
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Example : 132Xe(e,e’)

) K. Tsukada et al.,

> PRL 118 (2017) 262501.
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S 4001 O 8

g 550 300 Nirapped ~ 108 @ le = 250 mA
200 MeV => L ~ 1027 /cm?2/s
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Luminosity of the SCRIT facility Oct. 3.4, 2022
target
Ee Nbeam thickness L
Hofstadter’s era ~ 1nA 19 > | 1028 5
(1950s) 150 MeV (~109 /5) 1019 /cm 1028 /cm?2/s
~100pA 22 36 2
JLAB 12 GeV (~1014 /s) 1022 /cm2 | ~1036 /cm?2/s
150-300 300 mA o 5 o7 )
SCRIT MV (<1078 /s) 109 /cm 1027 /cm?2/s

~107 trapped ions

in e-beam of
~1 mm?2

required target thickness ~ 10-1011
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nuclei ever studied by electron scattering Oct. 3-4, 2022

H.deVries, C. deJager and C. deVries
Atomic Data and Nuclear Data Tables 36 (987)495

M strictly limited to stable nuclei
B never applied for exotic nuclei (shor
Ce
La 139 =
82— E
& Ba 136 138 &
P ov 2 decay =
g Cs related nuclei 136|137 %
g e [ Xe 128| |132 136
= gL
c — Isotopes
o 50— II:I-.
5 ceth Sn
Ll Pll
Q
82
o Most of stable nuclei (except noble gases such as Kr, Xe)
50 o some example for unstable nuclei such as 3H, 14C, 41Ca etc...
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