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. Introduction
Phy‘sT(‘:E, Viewpoint: What Do Unstable Atomic Nuclei Look Like? 2 SC RIT FaC| I |ty
The first electron-scattering experiment off unstable 3 Recent I‘eSU|tS

radioisotopes marks a milestone for understanding the shape of .
4. Perspective of SCRIT

exotic atomic nuclei.
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“‘j 1. Introduction

Electron scattering

Powerful tool to study the internal structure of nuclei
Well known interaction (Coulomb interaction)

Structure-less probe

Charge density distribution

No serious modification of nucleus

Electron — nucleus scattering Elastic electron scattering
= Mott scattering x Form factor
Inelastic electron scattering -
= deformation etc.... -

Electron — nucleon scattering Proton radius RN

' B. Frois and C. N. Papanicolas,
- Next speaker's talk AnnRevNuc PartSci. 37 (1987) 133,




Electron scattering with unstable nuclei

Conventional way Collider
(Stable nuclei) ELISe at FAIR
DREICA at Dubna
e- beam I
(~ 1nA = 10%/s)

Target

~ 19 2
(~10"%/cm?) e-ring 400mA (108/s)

Luminosity ~10%7~?8/cm?/s
RI-ring 107//bunch(~5.5MHz)

Luminosity ~10%8/cm?/s

=» High costs

=> Difficulty of the preparation
of Rl target

New target forming technique : SCRIT




‘I\% SCRIT(Self Confining Rl lon Target) method

e-beam

Trapped ion

\e—ring

M. Wakasugi et al., Phys. Rev. Lett. 100 (2008) 164801.

Longitudinal direction: Electric static potential
Transverse direction: Trapping force by e-beam
(ion trapping phenomena)

Scattered electron

TN

9
Trapped ions~~
\Ion beam

\.

Scattered electron

P

Barrier electrode

)

Bunched
electron beam

Barrier electrode

(Typical values

Central electrode
e-beam

current~200 mA
/ size ~mm?

Automatic electron scattering with trapped ions

108 ions

Luminosity 1027 cm=2s™




M. Wakasugi et al., NIMB 317 (2013) 668.
T. Ohnishi et al.,, NIMB 541 (2023) 380.

‘.\j 2. SCRIT electron scattering facility

FRAC (Fringing RF field activated dc-
to-pulse converter) cooler and buncher

ERIS (electron beam-driven
RI separator for SCRIT)

lon source + ISOL(Photofission
of uranium)

[]
SCRIT system =E

SR2 (SCRIT equipped RIKEN

Storage Ring)
100 ~700 MeV, 200-300 mA

RTM (Race-track microtron)
150 MeV,0.5mA peak,2us pulse e-beam




blectron scattering facility

‘ i ) M. Wakasugi et al., NIMB 317 (2013) 668.
O (A Targét&Hsater T. Ohnishi et al.,, NIMB 541 (2023) 380.
\ 1
D WISES (Window-frame spectrometer for

electron scattering) Magnetic spectrometer,
2xDrift Chambers, Trigger Scinti.

LMon:
Luminosity
monitor (Csl)

@ 18 mm, t 0.8 mm disks

FRAC (Fringing RF field activated dc-
to-pulse converter) cooler and buncher

ERIS (electron beam-driven

RI separator for SCRIT)
lon source + ISOL(Photofission

SCRIT system 2

of uranium)
: SR2 (SCRIT equipped RIKEN
Storage Ring)

100 ~700 MeV, 200-300 mA

RTM (Race-track microtron)
150 MeV,0.5mA peak,2us pulse
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=l cCctron scattering facility
- el M. Wikasugi et al, NIMB 317 (2013) 668.
Targetall & TargetaHoater T. Ohnishi et al,, NIMB 541 (2023) 380.
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(p‘18 mm, t 0.8 mm disk

FRAC (Fringi
to-pulse con

ERIS (electron bea

RI separator for SC
lon source + ISOL(Ph
of uranium)

RTM (Race-track micrd
150 MeV,0.5mA peak,2us

pulse

Blectron scattering facility

M. Wakasugi et al., NIMB 317 (2013) 668.
T. Ohnishi et al., NIMB 541 (2023) 380.

Calc: DREPHA(Phase shift)

Xe target

I IIIiIIIl Ml liilHl

¢ Exp.(Ee=151 MeV)
®  Exp.(Ee=201 MeV)
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lon trap property at SCRIT

Rl ion bean | Number of injected ions: N;

| | 73° ieflector

ﬂ Carbon film target

>
17° deflector
Scraper
| | BPH e 1 | |

e

BPM

‘ ‘i Electron beam
i g

SCRIT device

ﬁ 73° deflector

Total charge Q
T = CIavexNTrap

[ ] ExB monitor

m Channnel trons

Charge distribution: q,,,

Num. of trapped ions: N

trap
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Ie/e°NT
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Achived luminosity
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136Xe 2.5% 108/pulse at SCRIT
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3. Recent results

137Cs(e,e’) experiment
-first experiment of electron scattering with online-produced RI-
K. Tsukada et al.,, Phys. Rev. Lett. 131, 092502 (2023)

4 Why 137Cs? A
 Relatively high production rate

« Good ion beam emittance by surface ionization

* Long lifetime of nucleus (~30 years)

\_* N=82isotone )




Electron scattering
with online-produced RI, 13’Cs

137Cs ~2x 107 ions/pulse

to SCRIT system
ERIS 40Hz, FRAC 0.25Hz

WISES condition
AQ : 80 mSr
0:30-60 deg

dp/p :1-4x1073

Voltage [V]

Time [ms]

Cooling gas at FRAC
Ne gas (103 Pa)

e-beam Energy: 150 MeV
Stored current: 150-200 mA

. 137 i
w/ 137Cs ions w/o Cs. ions |
(only residual gas ions)

Luminosities: 0.9 1026 cm=2s1 for 137Cs e :
1.5%x1027 cm=2s! for BG 9 °
Total measurement time: 3 days ‘

trapping time = 1.9s trapping time = 1.9s




Results

ith ¥7Cs
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I ot ey wiou s , _Angular distributions of **’Cs and BG
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v 137Cs : IP=7/2*, multipoles contrib. are negligible in this region
50
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“\X 4. Perspective of SCRIT facility

Electron scattering around 132Sn region

120

100

137CS

132 @

i 13383
Z 00__ ;! | ]Xe isotope I T
[—> I | N=82 isotone

N == b i

Z=50 - i B CEEERAE ZCEREEREEAE
Z | Sn isotope | l
l—' N=82 B Siable nadlel
. = stable nuclei
N ‘ 1328n:First goal [J unstable nuclei
® SCRIT
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Upgrade towards short-lived nuclel

Upgrade of e-beam driver
High frequency (2Hz - 100 Hz)
Peak current increasing

> ~1kW

Related works are ongoing.

W A
S A S

i
g

Remote handling system
Radiation shield

1010 —

109

Rate [atoms s7]

106

109

Isobar separation
Development of new

ER|S || FRAC | devices is going on.

108 |

107 |

I —T - 1029 =
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U 30 ._ o
i g . lizs ZERIS Eff x 4
. :
; | 1 8 0w
e T0W beam
137 &
| s, . & ERISEff
3 m 310 g 5.5%(138Xe)
| . 2 2.0%('32Sn)
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2
. Sn Xe 11024 §
. I1..‘I°;0I Ilé5l Ilill-Ol -

Mass number

Electron scattering with 32Sn will
be performed in near future.




Future plan

1031 (e,p). (e,py).... reactions
(various reaction probe)

inelastic electron scattering

1027 (various excitation mode) _
 Photo-absorption measurement

elastic electron scattering
(charge density distribution)

10%7 - 4th-order moment measurement
to study neutron distribution

- Xe isotope dependence (on going)
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Future plan

— 103 (e,p?, (e,py)...: reactions

~ (various reaction probe)

S

S inelastic electron scatterir Zero-degree scattering

> 102° (various excitation mode o - ;

o — (@) I . .

8 = 110RY N\, n Theoretically predicted

= elastic electron scatterinc s 3 | 52?50323?3? ;'"5' of triaxial

[ ] [ ] [ ] (] Q . I r u u
g (charge density distributic 5 100 | |
1 27 o | _
10 @ _§_ < f “\, Whole region can be

g 0 b=l e covered.
G _8 0 10 20 30

Egamma [MeV]



Future plan

1031 (e,p). (e,py).... reactions
(various reaction probe)

- Next generation SCRIT

inelastic electron scattering

1027 (various excitation mode) _
 Photo-absorption measurement

elastic electron scattering
(charge density distribution)

10%7 - 4th-order moment measurement
to study neutron distribution

- Xe isotope dependence (on going)
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Future plan

Prototype device (Charge breeder)
developed at ICR, Kyoto University

1031 (e'p)' (E.PV)---- reactions solenoid coil(0.13T)

%) . .
~ (various reaction probe)
< . . . 22kv
—~ inelastic electron scattering ot
. . . collector
2> 102 (various excitation mode)
(%))
8 Trap potenfi:' L ncri”.:finn e-qun
= elastic electron scattering REsmnance fus Py
:Ej (charge density distribution)
— 1 027 *,\ !
Ly § m/q e-energy: 32 kV
\\I[/ e-current; 10 mA

e-radius(FWHM): 0.3 mm

v
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» 4th-order moment measurement to study neutron distribution

H. Kurasawa and T. Suzuki, Prog. Theor. Exp. Phys. 2019, 113D01.

Al

Precise measurement at low momentum transfer region

10 proton radlus neutron radlus

4\ _ 3 _ 4 . e .

(TC> = jTApC(T) dr® = (rp(point)> + = ( p(pomt))( ) +_< n(pomt)>|(7"n> + relativistic corr.
Point proton radius Point neutron radius

LEEP (Low Energy Electron scattering with 2%8Pb)

Low-q region experiment at RARIS
o
2 4 6
<TC> 2 <TC> 4 (rC> 6
~1 - 3! q + 5' q - 7! q + N (PWIA) 5?‘ twin spectrometer

o 1‘7 —— Fourier

A —— Taylor(2nd order)
—— Taylor(4th order)
Taylor(6th order)

Energy: 50 MeV
Energy spread: =0.1%
Beam size: ~1 mm

Precise measurement

Establishment of new method
large cross section (1/g%)
07‘ 0.05 01 015 02 o025 9 App|lcatIOn tO UnStab|e nUC|e| at SCRIT




5. Summary

- The SCRIT electron scattering facility was constructed and many
development have performed.

» World's first experiment of electron scattering with online-produced
unstable nuclei was successfully performed.

» Upgrade of Rl beam production is already started.
The electron scattering with '32Sn will be performed in near future.

The way to new and long-awaited research method,
electron scattering with unstable nucleli, is opened.
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