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Ee = 20 - 60 MeV I



Short-Lived Exotic Nuclei Sen 2428 2018
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size and shape of neutro- and proton-rich nuclel

ITITHTT 1!

Sep. 24-28, 2018

o_l <rg>= rllg(r) dt
()= # (A
L [T I J p

Size shape

. . electron

proton iIsotope shift scattering
reaction cross proton

matter section scattering




CPHI @ Yerevan,
Sep. 24-28, 2018

Electron scattering o! short-lived exotic nuclel

Nuclei targeted so far Short-lived Exotic Nuclei
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SCRIT (Self- Conbning RI lon Target) : ion trapping
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SCRIT facility in RIKEN/RI Beam Factory Sen 2428 2018
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Muclear Iz'hz.. wirs News
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Proton Charge Radius

by
Elastic Electron Scattering
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1) the radius is one of the basic properties of the nucleon

2) the radius is strongly correlated to the Rydberg constant

1 1
%\’\ﬂ/\/y AE = RRydberg( 02 _ mz)

R_ = 10973 731.568 539 + 0.000 055 m™!
SVODFSUB.

3) possible new physics beyond Standard Model (??)

-FQUPO 60JWFSTBMJUZ

4) the neutron-skin thickness of neutron-rich nuclei

=> EOS of neutron matter
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Charge radius and charge density Sep. 24-28, 2018
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Absolute Gg(Q?) at lower Q2 region e e
OP BCTPMYQZF ( lgPBUJOHZ
JT RVJUF TINJMBS

1.00 < 1" >= -6 d%ﬁ”bm

0,99 \ . (a) -
- [Fa0ese 2 |

098 | -
L L BU MPXRERIP i

G.(q)

0.97 - - -
data
I a toy model
0.96 [~ or larger radius , IqPBUJ C
i g @ ]
I L2
0.95 1 1 1 1 | | 1 1 1 | 1 1 1 1 I 1 1 ‘I | 1 1 1
0.0 0.1 0.2 0.3 e0.4 0.5

q® (fm™)
|. Sick, Atoms 2018, 6, 2



electron scattering under  Ultra- Low Q2 Sen 2428 2018

The goal of this project

Ge(Q?) measurements at 0.0003 # Q 2 # 0.008 (GeV/c)?2
Absolute cross section measurement with ~ 10-3 precision

Rosenbluth separated Gg(Q?), Gm(Q?)
Exp. @ Tohoku Low-Energy Electron Linac (Ee = 20 - 60 MeV)
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ULQ2 @ Sendal

ULQ?2 collaboration
(Ultra- Low Q?2)
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Research Center for Electron-Photon Science, Tohoku University Sep. 24-28, 2018
1.3 GeV Booster Ring 60 MeV electron linac
tagged photons (~ 1 GeV) ~10 KW electron beam (150 uA)
meson photoproduction, hypernucleus Radioactive Isotope photo-production
Exp. Hall 2

Exp. Hall 1
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e-scattering o! proton at ultra-low Q 2 region

Goal of our experiment

Ge(Q?2) measurements in 0.0003 # Q2 # 0.008 (GeV/c) 2

Our experiments

Low-energy electron scattering
Absolute cross section measurement
Rosenbluth separation  (Ge(Q2), Gm(Q?2))

accelerator, instruments

Tohoku low-energy electron linac + experimental hall

20 # Ee # 60 MeV
30 # $ # 150
%p/p ~ 10 -3

new beam line + double-arm spectrometer

Challenges

Absolute cross section (G g(Q2)) with 10-3 accuracy

experimental challenges for measurement
theoretical challenges for interpretation
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Proton charge radius by e-scattering 2018.03.22
OOF 1IPUPO &YDIBOHF "QC

do _ do, |GH(Q*)+I(3,(Q%)

: (50
dQ ~ da Mt 1+ 7

momentum transfer G=€—¢ 22" 2 cos(#/2) | €
/ ( )Mott 4 2 - 4 A

energy transfer l = e—e e* sin“(#/2) ¢

1
2_ 2 9 | =

4 momentum transfer Q =q° —w 1+2(+ "yan?? | = 4QW
p

=4 e e'sin®(0/2)

Beam Energy




CPHI @ Yerevan,
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Absolute cross section (G (O2)) with 10-3 accuracv

» relative measurement
to well-known (established) cross section

Moeller cross section: PRAD@JLAB
» large scattering angle coverage for GE/GM separation

12CH»(e,eO) cross section ULQ2@Tohoku

Low energy electron detection with high resolution
no tracking, frequent spectrometer setting changes ,,,

Ultra Relativistic Limit: m ¢ ->0 ??
Pnite elects : up to a few % depending on kinematics

Coulomb distortion elects
not negligible (~ 0.2 % level )
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New beam line and spectrometers Sep. 24-28, 2018
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Electron spectrometer (P =20 - 60 MeV/c) gg;"zi@-zYse,r%alg’

Low energy : Ee = 20 - 60 MeV
high-resolution without tracking

®» Oold-fashionedO spectrometer

Electron spectrometer

Vacuum chamber

radius 500 mm
bending angle 90j
max. B 0.4T@60MeV

Return yoke

Pole piece

gap 70 mm

dispersion 850 mm

$p/p 8%104
momentum bite 10%

v $& 5 mrad

\ : solid angle 10 mSr
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1) elastic e+p scattering at ultra-low Q 2 region
2) Ge(Q?) at 0.0003 # Q2 # 0.008 (GeV/c)2
3) Geis extracted by Rosenbluth separation
4)  Absolute cross section measurement
relative to 12C(e,e)12C : sys. err. ~3x10 -3
5) Ee=20-60MeV, &= 30 - 150j
6) the new beam line, and spectrometer are  under construction

7)  the experiments will startin 2019



