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Research Center for Accelerator and Radioisotope Science (RARIS
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Accelerators in RARIS Mikamine cite ( old ELPH)

Radius ~ 8 m
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quipment

e |

v .‘ WL e — - ~ Developed for low-energy
-3 TR ; electron scattering

@D ULQ2 beam line

(2 Twin spectrometers

.......
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/0 MeV electron linac

0 Used for radio-isotope production

0 Beam duty is ~ 0.1%
(3 us bunch, 300 pps).

OULQ2 beam line was
constructed for the electron

Exp. Hall 1

RI production

scattering.
New ULQ2
beam line!! B Previous status o ULQZ beamline
« E, =20 — 60 MeV « E, =10 —65MeV

Beam siit o 0gz/E, ~0.5 % o og/E, < 0.1%
° 0.,. ~3mm ° O,v < 1 mm
70 MeV e- Linac Y oY
* Imax ~ 180 pA * Imax ~1pA
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Spectrometer for low-energy electron

Pb shield B Twin electro-magnetic spectrometer

(1) Foreground measurement

(2) Luminosity monitor, CH ratio monitor

B Specialized for low-energy electron
(1 Windowless E. =10 — 65 MeV

(2) Tracking less

CH, target B Consist of
0.12 mmt
T (1) Dipole magnet

1.7 m

(2) Focal plane detector
(3) Target chamber

0.9m
ULQ2 setup
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Focal plane aetector

J-PARC muon g-2/EDM Test module2

Active area
Readout boards Thickness
“Multi-Slit128A board" Strip pitch
Four ASICs “Slit128A" Strip length
(128 ch/chip) No. of strips

Single-sided silicon detector (SSSD)

97.28 mm X 97.28 mm
0.32 mm
0.179 mm
48.575 mm
512 ch X 2
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Variable-angle target chamber

Rotate

.......

329
02300 Y,

el

Vacuum seal O-ring

Size 390 mm X 50 mm
Acceptance AQ ~ 24 mSr
Angle 30° <6 <150°

Keep 104 Pa during the rotation.
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Physics projects in RARIS

Three projects by low-energy electron scattering are ongoing.

BULQ2

® Proton radius measurement

m ULQ2-D

® Deuteron radius measurement

M LEEP (Low-Energy Electron scattering for 2%3Pb)

@ Technical development of neutron distribution radius measurement with low-energy
electron scattering off 2%3Pb
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Proton radius puzzle

Mainz (2014)
] ;

A 25-2P (2013)

: , o ,
Garching World (2014)
2S-4P (2017)

®
Toronto : ® ,
2S-2P (2019) ° Paris 1S-3S (2018)
j-lab 2019) ™ .
Garching . g . B electron scattering
1S-3S (2020) . e @® hydrogen spec.
Colorado 15-2S (2021) A y-hydrogen spec.

| ] | | | ] l | | | l l | | | | ] | | | ] | l | | ] | | | | ] | l | l | ] | | ] ]
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Proton charge radius [fm]
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Ultra Low Q¢ (ULQ2) experiment

(@) = (@) o F@F

ULQZ2 experiment F(02)|? « G2(Q?) + a(6)GZ(Q?)
B Determine the proton radius with 1% accuracy by c2e= g dGg(0?) |
electron scattering p = = aQz Q770
1 - M:AIN.Zdat'fl
to achieve | o o< 2
@D Extreme low Q2 :0.0003 < Q2 < 0.008 (GeV/c)?2. 098 | i
| ¢
(@ Rosenbluth separated Gg(Q?%) and G4 (Q?). 'f% 096 |
&
3 Absolute cross section measurement with ~1073 | l )
accuracy with simultaneous measurement of e+H P Viaing data (2014)
| ainz data !
and e+C with CH, target. ol Ee = 180 - 855 MeV
. 0 0.005 0.01 0.015 0.02
Q? (GeV/c)?
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Np/NC e+C
Precisely calculatable

C/H ratio transition in the target from 2" spectrometer

o]

(da) Neyp(402) /Ny c(402) (da)

PNysics run

y [mm]

1.9 _‘+H ............... ........................................... |

Np/NC

1.8 __ ..................................................... +*__

1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1
0.0 0.5 1.0 1.5

incidenf beam charge.[mC]

Nerp(A2)/N, . c(A0)

2 | : N,/N¢

X [mm] ‘I(-U' 0.0310 ................................... ................................... e — -

B Data taking is almost finished, and willbe o © S N -
completed this FY. O ‘g“-m | """"""""""""" T
3 @ S

M Radiative collection study is ongoing. S N _— e ]
Q L : : : : i

B The result will be published in 2024. o 4 : 4 ; ; T R—

May 6-10, 2024 NREC, YUKI HONDA



ULQZ-D

Deuteron radius puzzle

— < >
CODATA2014 . .
‘Y. . B The deuteron charge radius is also a puzzle.
e+d scattering

B O (2_; M The deuteron is the simplest nuclear compound
) and the radius related to the neutron charge

ra !d
F -
F -
# .
- v
A —— r

/72& radius.
P ed spectrosco . :
— .“/ Py 350 ® | by B Unfortunately, the e+d scattering did not
: > contribute to the puzzle due to the large error.

. $Z2 e B We will measure the radius with CD2 target with
2.12 2.13 2.14 ry [fm] same technigque as the proton.

B The first target accuracy is 0.5%, and the result

. deut h di . : : :
3 |fe R ETonarge e will be obtained in this year.

Tc% — Tsztr 1+ T.nZ 1+ rpz | S Tstr: deuteron structure radlus
4Ams | : neutron charge radius
1, : proton charge radius
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LEEP (Low-Energy Electron scattering for <%3Pb)

<71E > = fr4p(7_‘))d7_‘) [1] H. Kurasawa, T. Suda and T. Suzuki, PTEP 2021 013D02

= <R} >+ - <R;><my >+ 2 < RZ >< 12 > + rel.corr.
caIc caIc known known

<1}t > vs <RZ> of ?®Pb

[ 1240 . . . . 208
= Z Matter density distribution of “*Pb
s — 0.1
& 1220 - 029 neutron s
- H § L2
- - N1
:\ 1200 — o model - E o008 N3
Q & band NLB
& . o = 007 e
: : 0 g O Nz
E Experimental value ~— QL o5 ™
P
1160 |~ s = -
b ~J '
1140 |- 2 003 proton
. = P ——
1120 - e 001t | Relativistic
~ e ,
» % 2 4« & 8 10 12
1 100 LAl 1l l l Al l LAl l l A l Ll 1l l 1 Ll 1 l L 1
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LEEP (Low-Energy Electron scattering for <%3Pb)

<r*>=[r*p(@)dr [1] H. Kurasawa, T. Suda and T. Suzuki, PTEP 2021 013D02

N
=<RI>+—<RZ><12>+=<R%><r?>~ + rel.corr.
3 3 Z

calc. calc. known known
R,, from weak interaction by PREX-2 Charge d'BSEV'bUt'Olon?Lfg.Z:i';% o5
2] D. Adhikari et. al. PRL 126(2021) 172502. N - Frols et. at (977) 152
1r 208 ] ® = —— SACLAY 76
- Pb Jos R _ R = T, — — GOGNY DDHF D1
61— ] n 14 =  0.06F — —Sa NEGELE DDHF
T 5o o — 0.4 E L
ZF 1 = o-
o 5.8 = — 0.3 z: | | 0.04 +
o FSUgold 7
= = :-?.SLY4_ To.2 S 0.283(71)[2]4_> 0.275(70)[1]
@ 5.7 *-.”_.i|g Apple . 7] 0.02
L WP Tos 8 : o
A Jor £ Consistent results!! b
[~ charge radius R, = 5.503 fm - < . 1 . ! I
>S5 PREX-2 ~° 0:00 0 2 4 6 8 10
T . r(fm)

PV asymmetry APV [ ppb]

O New approach to access the neutron distribution
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LEEP (Low-Energy Electron scattering for <“Pb)

<r*>=[rtp@)dr

(a)

+ SACLAY 76

T —— SACLAY 76
2 » STANFORD 69

e s — — GOGNY DDHF D1
el v EGELE HF
0.06 [ NEGELE DD

0.04 +

0.7|0.009724 . 0.02 +
07 | 1.6]0.033093 %

2.110.000120 '\

do
da(mbr sr)
3 > A
olg
go
v’{"
E
\/ ¢ (efm-3)

27|0.083107 \
108 35/0.080869 \
L3 .

000 b1 1

I 0.033837 T

o 7.6/0.018729

j 8.7{0.000020

o7 L \ 1 r(fm)
L 1 N | " 1 N

Qa5 1 1.5 2 25 3 35

q(fm™)

D. Adhikari et. al. PRL 58(1987) 195.

Wide g region data is necessary.

It include data at very small cross section.
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<7ré> <rt>
F ~1 2 44 ...
(q) 4 50 1
G F(g) of 208Pb
LL 0.8
- ELPH’s g2 region
Ath
0.4 —4tfl Is dominant »\
”_2}\6t
0 0.05 0.1 0.15 0.2 0.25
q°[fm~?]

B Cross section is very large (~ barn)
— Expandable to unstable nuclei at SCRIT
— Suda-san’s talk

m\We have started to develop this approach by
measuring the e+2%Pb cross section.
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Summary

B A low-energy electron scattering facility has been developed at
RARIS, Tohoku University.

B The commissioning has been completed and the physics
experiments are beginning.

B Three physics projects are ongoing.
[0 Proton charge radius measurement
O Deuteron charge radius measurement
0 Neutron distribution radius measurement for 2%Pb

B The results will start to be published in this year.
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Advertisement

O We will organize a workshop in Sendai, Japan during October 28 - November 1, 2024.
" Low-Energy Electron Scattering for Nucleon and Exotic Nuclei (LEES2024)"

[ Key topics
® Electron scattering on nucleon and exotic nuclei
® Nucleon and nuclear radius
® Nuclear density distribution
® Nuclear photo reaction
® Nuclear structure

[0 Web site and registration will be opened middle of June.

[0 We look forward to your participation.
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