Low-energy electron scattering

1) beyond proton radius at ULQ2
2) online-produced exotic nuclei at SCRIT
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Low-q electron-scattering activities in Japan

charge radii of proton and deuteron

ULQ2@Tohoku Ee = 10-60 MeV

Be = 30 - 150 deg.
=> (2 =3x10"°-0.013 (GeV/c)?

SCRIT@RIKEN/RIBF

charge densities of short-lived exotic nuclei
Ee = 150 - 300 MeV
fe = 30 - 60 deg.
=> g = 80 - 300 MeV/c
Q2 = 0.006 - 0.09 (GeV/c)?




Arseniy Filin et al., in preparation

E. Epelbaum’s talk

The fourth-order moment (rd) = 60 G/(0) is being measured in the ULQZ eXp toshimi sudaeta.
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nuclear charge density, moments

Proton

1) charge density r.
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2) 2nd moment
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3) 4th moment
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<r4> of 48Ca and 2°8Pb
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1+ neutron contributions are essential to account for
' the observed <re4> of 48Ca and 208Pb by electron scattering |

o open circles (non.-rel.) 1 SKi, 2 SKII, 3 SKIII, 4 SKIV, 5§ kMm, 6 SLy4, 7 ST6, 8 SGII, 9 SkP
o filled circles (rel.) 1 L2, 2 NLB, 3 NL1, 4 NL2, § NL3, 6 NL-SH, 7 NL-Z, 8 NL-S, 9 NL3]I, 10 FSUGold




RMS radii of (point) proton and neutron of 208Pb

208Pbh
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Q..+ Dle durchgezogene Linie 1st durch Anpassan einer fourier
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JLab : PREX LIl (parity-violating e-scattering)
Ar,, =R, —R,=0.283£0.071 fm

PRL 126, 172502 (2021)
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JLab : CREX (parity-violating e-scattering)
Ar,, =R, — R, =0.121 £ 0.026 fm




ways to access the fourth moment, <r¢4>
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1) elastic scattering at very high q
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2) elastic scattering at very low g

) 4 o8|
<> <> G
Fgyie |- 6C o E -

doyor Sy /6]4

0'4 1 1 1 1
dQ 0 1000 2000 3000 4000

q? (MeV/c)?

5000




Low-q electron-scattering activities in Japan

SCRIT@RIKEN/RIBF

e-scattering of online-produced exotic nuclei (~108/sec)
Ee =150 - 300 MeV
fe = 30 - 60 deg.
=> g = 80 - 300 MeV/c
Q2 = 0.006 - 0.09 (GeV/c)?




Nuclei ever studied with electron scattering

® strictly limited to stable nuclei (+ long-lived)
® never applied for exotic nuclei (short-lived)
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T. S. and H. Simon,
Prog. Part. Nucl. Phys. 96 (2017) 1-31.
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RIKEN SCRIT facility
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dedicated for never-yet-performed
electron scattering for short-lived nuclei
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RIKEN SCRIT Electron Scattering Facility

WISES spectrometer e-RlI collisions
AQ ~ 90 mSr g
0 =30 - 60°
Ap/p ~ 103 ”
long target accept.

SR2 storage ring
Ee =150-700 MeV
le = 300 mA

FRAC T ~ 2 hours

cooler-buncher ;
dc-to-pulse conv. §

neutron-rich nuclei
by v-+238U

_¢# | SCRIT

Nucl. Instrum. Methods A532 (2004) 216.
=7 Phys. Rev. Lett. 100 (2008) 164801.
%f’/ 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.

Injector + ISOL driver«s
150 MeV Microtron )




SCRIT (Self-Confining Rl lon Target)

Idea : “ion trapping” at SR facilities)

-

ionized residual gases are trapped
by the circulating electron beam
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SCRIT electrodes




counts/(0.5MeV/c)

132X e (stable)

first demonstration of RIKEN SCRIT facility

Ntrapped ~108 @ le = 250 mA
=> L ~ 1027 /cm?2/s

PRL 118 (2017) 262501.

L? 2 , $  Exp. (Ee=151MeV)
7 10 \: 132Xe(e,e’) ¢ Exp. (Be=201MeV)
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Ee Nbeam thickness =
et e Fe 1 ( "‘1822 ;| ot sem? | ~10% femers
JLab 12 GeV (“’1 8?4“/’;) ~1022 /cm2 | ~10% /cm2/s
SCRIT 150-300 MeV (3?81;“2) ~109/cm2 | ~1027 /cm2/s




ERIS (Electron-beam-driven Rl separator for SCRIT)

RI Production : photo-fission of uranium 4
Two ionization methods are available:

FEBIAD (Sn, Xe, etc.)

Surface lonization (Cs, Ba, etc.)
Extraction : DC or bunched beam

Sn lsotopes Xe 1sotopes :

| - 4 | RTM : 10W
arg‘et& ;_ \ ; Uranlum 15g

K2 - '“’?’\Ion source | 130 139

Mass number

.
>

138Xe : 3.9 x 106 cps
1325n : 2.6 x 105 cps
137Cs : 8.0 x 106 cps (28-g U)




137Cs(e,e’)| photofission of 28U | 1Cs(e.e) Cs Exp. data

Monte Calro Sim.

Time sequence of ion trapping . Ee = 150 MeV
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successful demonstration for
online-produced unstable nuclei
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Low-q electron-scattering activities in Japan

charge radii of proton and deuteron

R - Ee =10 - 60 MeV
R @Tonom | 30- 150 deg.

O => (2 =3x10"°-0.013 (GeV/c)?




60 MeV electron linac ULQ2 twin-spectrometer setup
Ee =10 - 60 MeV Apip=95.6 x 103
NE/E =0.6 X107 A =6 mSr
beam size ~ 0.6 mm on target 6 = 30 - 150 deg.

duty factor = 103 Q2=3x10%-0.013 (GeV/c)?




ULQ2 Physics Program

1) Proton : charge radius CHale,e’)
aiming at the “least model-dependent” Gg(Q?2) determination

under lowest-ever Q2 y
absolute cross section measurement Clement S talk
Rosenbluth separated Ge(Q2) and Gu(Q?3)

2) Deuteron : charge radius CDz(e,e’)

charge radii of deuteron

3) 208Pb elastic scattering 208Pp(e. &)

cross section under never-yet-measured low-g region
g =950 MeV/c




ULQ2 Physics Program

1) Proton : charge radius CHale,e’)
aiming at the “least model-dependent” Gg(Q?2) determination

under lowest-ever Q2 y
absolute cross section measurement Clement S talk
Rosenbluth separated Ge(Q2) and Gu(Q?3)

CD2(e,e’)

3) 208Pb elastic scattering 208Pp(e. &)

cross section under never-yet-measured low-g region
g =950 MeV/c




Rn determination at extremely low-q (e,e’) ?

® 208pPp(e,e’) at the ULQ2 beam line
Ee ~ 10 - 50 MeV s c(0)/o(0y) Vs R;
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@ precise o(0)/0(Bo) with the twin spectrometers : 10-3
@ phase-shift calculations for Rn?2
@ feasibility studies




ULQ2 Physics Program

1) Proton : charge radius CHa(e,e’)
aiming at the “least model-dependent” Gg(QZ2) determination

under lowest-ever Q2 y
absolute cross section measurement Clement S talk
Rosenbluth separated Ge(Q2) and Gu(Q?)

2) Deuteron : charge radius CDz2(e,e’)

charge radii of deuteron

3) 208PDb elastic scattering 208Pp(e. &)

Cross section under never-yet-measured low-g region
qg=5-50MeV/c




e+D at ULQ2

@D lowest-ever low 0% : 2x10-3 - 0.013 (GeV/c)2
@ Rosenbluth separation for L/T if necessary
Ee : 10 - 60 MeV
scattering angle : 30 - 150°
@ e+D absolute cross section relative to e+12C

aiming at “least model-dependent” charge radius




CD:(e,e’) online spectra  ~30min.daa
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PHYSICAL REVIEW LETTERS 124, 082501 (2020)

Extraction of the Neutron Charge Radius from a Precision Calculation
of the Deuteron Structure Radius

AL A. Filin 1V Baru ,2’3’4 E. Epclbaum ,l H. Krebs ,l D. Moller ,1 and P. Reinert!
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D(e,e’) at ULQ2
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conclusions

@ |ow-energy electron scattering activities in JAPAN

Tohoku ULQ2 for proton radius etc.
RIKEN SCRIT for structure studies of exotic nuclei

@ beyond “proton radius”

ULQ?2 : eD scattering ( +208Pb(e,e’) )
SCRIT : charge densities of short-lived exotic nuclei

workshop at the DNP-JPS joint meeting at Hawaii (Oct. 7 - 12, 2023)

“Scientific Opportunities in Nuclear Physics

with High-Intensity, Low-Energy Electron Accelerators.”
Date : Oct. 7
Organizer : R. Milner (MIT), T. Suda (Tohoku)







208Pb

RMF NL3

point p, n distribution

proton

neutron x 100




208Pb RMF NL3

charge density distributions

proton

neutron x 100




208Pb RMF NL3

charge density distributions

proton

neutron x 100
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do o 5 5. 0 3 2
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eD elastic cross section

do ) do
dQ dQMOtl‘

= [A(g®) + B(g?) tanzg]

8 2 0
= Gi(g?) + Enszz(qz) + 577(1 +2(1 + 1) tanZE) Gi(g?)
= L(¢*) + T(q")

= (CO0(g*) + C2(q%) + M1(g*)

e L(q2) & T(q2) !Z Rosenbluth 77 H
e L(q2) DD CO & C2IFTHETE 22\,
e C2/CO BT/ NI W L2HEND D




On-going Physics Program at the SCRIT facility

ERIS e-beam : ~15W
upgrade to ~ 1 kW

Xe isotope chain
124 e - 138X e

Z=50
(Sn)

HE B B B
1) Z =54 isotopes (124Xe - 138Xe)

2) N =82 Isotopes (136Xe, 137Cs, 138Ba)

®
1 323 n

N =382

137CS

136X e



Deuteron charge radius

1) electron scattering (in 1970s)
2) eH spectroscopy

3) MH spectroscopy EEFERY S T2023_KG
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