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Electron scattering for Nuclear Physics

electron /\

target

one detects only scattered electrons
= very “simple” measurements

Electron scattering has consistently played an essential role
to reveal detailed structures of nucleon and (stable) nuclei

1. elementary particle - structure-less -
2. electro-weak interaction - best understood -
3. ‘“relatively” weak - probing the whole volume of target nucleus -
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Nuclei ever studied by electron scattering

never applied for short-lived exotic nuclei

AL

THE

T. S. and H. Simon
Prog. Part. Nucl. Phys. 96 (2017) 1.



world’s first e-scattering for online-produced radioactive isotope 4

Electron scattering provides a long-awaited view of

unstable nuclel

Nuclear reactions produce a plethora of short-lived
artificial isotopes. Figuring out what they look like has

been a challenge.

he cartoon picture of an atomic nu-
Tcleus looks kind of like the inside of

a gumball machine that dispenses
only two flavors: protons and neutrons,
evenly mixed in a compact, spherical
cluster.

That's not generally what real nuclei
look like. Neutron-rich lead-208, for ex-
ample, has a thick skin of neutrons en-
casing its proton-endowed core (see
Prvsics Topay, July 2021, page 12). Some
nuclei are flattened, and some are elon-
gated. Some are even pear shaped.

The more unstable a nucleus, the

stranger the structures it can adopt
Short-lived nuclei might form bubble
structures with depleted central den-
sity, or they might have a valence nu-
cleon or two that form a halo around a
compact central core. (See the article by
Filomena Nunes, Puysics Topay, May
2021, page 34.) Frustratingly, though,

perimentally confirm, because the gold
standard for probing nuclear structure —
electron scattermg —has been off limits
lei,

That could change soon. Kyo Tsukada

and colleagues, working at RIKEN's Ra-
dioactive Isotope Beam Factory (RIBF)
in Wako, Japan, have performed the
first electron-scattering experiment on
unstable nuclei produced on the fly in
a nuclear reaction.! Their isotope of
choice, cesium-137, has a half-life of 30
years. It’s not so exotic that the research-
ers expected—or found-—anything un-
usual about its structure. But the tech-
nique they used is applicable to shorter-
lived nuclei, so more experiments are on
the way.

Backscatter

Probing nuclei through particle scatter-
ing dates back to the discovery of the
nucleus itself, in 1911, when Ernest

electron scattering - the gold standard
for probing nuclear structure - has been off
limits to short-lived nuclei
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e-scattering for short-lived exotic nuclei

dN do
Key parameter: L. — = [ X —

dt dq

typical L for e-scattering used for stable nuclei

Ee Nbeam target L
Hofstadter’s era ~ InA 1019 > | ims ,
(1950s) |50 MeV (~10° /s) 1019 /em 1028 /cm?/s
~|00A
R. Hofstadter JLab 2Gev | | omu/s) ~1022 fem2 | ~10% /cm?/s

(Nobel prize : 1961)

minimum required L for exotic nuclei

L > 10%/cm?/s

T.S. and H. Simon, Prog. Part. Nucl. Phys. 96 (2017) 1



e-scattering for short-lived exotic nuclei

challenges

- L > 10%"/cm?/s with small # of exotic nuclei
- exotic nuclei : production-hard & short-lived

a novel way to form “thick-enough” target for e-scattering
with only ~107 /s

Available online at www.sciencedirect.com = NUCLEAR
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A new method for electron-scattering experiments using a
|self-conﬁning radioactive ion target in an electron storage ring

M. Wakasugi®*, T. Suda®, Y. Yano®

4 Cyclotron center, RIKEN, Wako-shi, Saitama 351-0198, Japan
> RI Beam Science Laboratory, RIKEN, Wako-shi, Saitama 351-0198, Japan

Available online 3 August 2004

SCRIT : Self-Confining Radioactive lon Target




SCRIT (Self-Confining Rl lon Target)

(Idea : “ion trapping” at SR facilities:

ionized residual gases are trapped
by the circulating electron beam SN
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Nucl. Instrum. Methods A532 (2004) 216.
Phys. Rev. Lett. 100 (2008) 164801.
Pays. Rev. Lett. 102 (2009) 102501.




SCRIT electron scattering facility @ RIBF

World'’s first electron facility dedicated for exotic nuclei

RIKEN RI Beam Factory



RIKEN SCRIT Electron Scattering Facility

WISES spectrometer

e-Rl collisions

AQ ~ 90 mSr

0 =30 - 60°

Ap/p ~ 103

long target accept.

SR2 storage ring
Ee =150-700 MeV

e le = 300 mA
T ~ 2 hours

cooler-buncher ' "4
dc-to-pulse conv. H ERIS (ISOL) S * neutron-rich nuclei

by y+238U

¥ | photofission of 238U},
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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. 9

FRAC : Rev. Sci. Instrum. 89 (2018) 095107.
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{RIKEN SCRIT e-scattering facility
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e-scattering at the RIKEN SCRIT facility
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137Cs(e,e’) with online-produced Cs ions

Time sequence of ion trapping so Ee = 150 MeV Cs l{\fw. d;n;‘:'
w/ 137Cs ions w/o 137Cs ions Monte Calro Sim.
(only residual gas ions) 100 -
% e e . ® 9
o. ot *® * e 0.
) R " - — 50+
trapping time =1.9s trappingtime =1.9s
0 -
120 13'0 140 lSIO l(;O
1.9s trapping . Reconstructed momentum [MeV/c]

37Cs data

=> mimicking “short-lived” nuclei |
Residual gas data

Calculations

Ntrapped ~ 2 X1 07
=>L ~ 0.9 x10%6 /cm2/s

Yield after corrections
=
o
T

successful demonstration for 20 30 40 750 60
Scattering angle [deg]

online-produced unstable nuclei 12




~107ions are trapped on e-beam (~ 1 mm?2)

ions from Nt ~107 /mm2=> 109 /cm2
an external ion source

| ‘( ) electron beam| |trapped ions
\\{1 ! “l“‘ \ /

Electrodes for mirror potential REQUIRED TARGET 1
scatterec THICKNESS
10-10111 |
Ee Npeam Pt C
Hofstadter’s era ~ InA ~1019 /erm? ] ~1028 /cm?
(1950s) 150 MeV (~10° /s) 1019 /em 1028 /em?2/s
~100pA ~1022 ~1036 /cm2
JLAB 12 GeV (~1014 /s) 1022 /ecm?2 | 1036 /em?/s
150 - 300 ~200 mA _ 109 2' ~ 1027 2
SCRIT MeV (~1018 /s) 10° /cm 1027 /em?2/s




our e-scattering activities

Proton (charge) size

Ee =10 - 60 MeV
Be = 30 - 150 deg.

ULQ2 (Ultra-Low Q?) | => Q*=3x105-0.013 (GeV/c)?
® t-ever Q2 i

SCRIT@RIKEN/RIBF
o

e-scattering of online-produced exotic nuclei (~108/sec)

Ee =150 - 300 MeV
Be = 30 - 60 deg.
=>q = 80 - 300 MeV/c

Q2 = 0.006 - 0.09 (GeV/c)?

14



“proton charge radius puzzle” in 2010
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proton charge radius as of today
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Research Center for Electron-Photon Science
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760 MeV e-linac

Tohoku Univ.
Sendai

ULQ2 : Ultra-Low Q2




electron scattering and proton charge radius

electron scattering off proton

proton charge radius
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Absolute Geg(Q2) at lower Q2 region

G.(q)
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l. Sick, Atoms 2018, 6, 2



“least model-dependent” proton charge radius

1) lowest-ever Q2 by lowest-ever energy e-scattering (10-60 MeV)
2) absolute o measurements with 10-3 accuracy
3) Rosenbluth-separated Ge(Q2) and Gm(Q32)

60 MeV electron linac (since 1967)
Ee =10 - 60 MeV
AE/E =0.6 x 104
beam size ~ 0.6 mm on target
duty factor = 10-3

ULQ2 twin-spectrometer setup
Luminosity monitoring
Ap/p =5.6 x 103
AQ =6 mSr
6 = 30 - 150 deg.
Q2=3x10"°-0.013 (GeV/c)?
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12CH2(e,e’) data

2D hit pattern Momentum spectra
@ focal plane of scattered electrons
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G,(Q)

Ge(Q?)

ULQ2 measurements for e+p and e+d
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three-year data-collection completed
(2024, May)

Yuki Honda
Ph.D. student (C. Legris, T. Goke)
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euteron charge radius
=> neutron charge radius
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LEES2024 at Sendai in October

LOW'Energy Electron Scattering Sendai workshop on “Low-Energy Hlectron Scattering for Nucleon and Exotic Nuclei”

for Nucleon and Exotic Nuclei

(LEES2024)
Date : Oct. 28 - Nov. 1, 2024 H_:ESZOZ4
Place : Sendai, JAPAN
hitps://indico.Ins.tohoku.ac.jp/e/LEES2024 e

Tohoku University, Sendai, Jz

® Sendai



SCRIT facility :
started operation for online-produced r]dioactive iIsotopes

the world’s first and currently only-one facility
ISOL upgrade to 2kW is underway for 132Sn(e,e’)

e-scattering for exotic nuLIei is feasible with N ~ 107 /s

& many new research possibilities
- charge dengity distriburtions

- nel.rltron-sk#n of neutron-rich nuclei

- bDER and dgformation
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