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(Ee = 10 - 60 MeV) 1072
higher moments <=> neutron distribution
proton (and neutron) charge radius
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world’s first e-scattering from an online-produced radioactive isotope 2026.07.13-07.15
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M™ (Received 7 March 2023; accepted 21 June 2023; published 30 August 2023)

We successfully performed electron scattering off unstable nuclei which were produced online from the
photofission of uranium. The target '*'Cs ions were trapped with a new target-forming technique that
makces a high-density stationary target from a small number of 1ons by confining them n an ¢leetron storage
ring. After developments of target generation and transportation svstems and the beam stacking method to
increase the ion heam intensity up to approximately 2 x 107 ions per pulse beam, an average luminosity of
0.9 x 10” em™?s~" was achieved for ''Cs. The obtained angular distrihution of elastically scattered
electrons 15 consistent with a calculaton. 'This success marks the realization of the anucipated femtoscope
which clarifies the structures of exouc and short-lived unstable nucler.

Short-hved K TSUkada et al,
izacd void| Phys. Rev. Lett. 131 (2023) 092502.
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Viewpoint in Physics Magazine

“What Do Unstable Atomic Nuclei Look Like?”
bv Patrick Achenbach

Featured in Physics | Editors' Suggestion

First Observation of Electron Scattering from Online-Produced Radioactive
Target

K. Tsukada, Y. Abe, A. Enokizono, T. Goke, M. Hara, Y. Honda, T. Hori, S. Ichikawa, Y. Ito, K. Kurita, C. Legris, Y. Maehara, T.
Ohnishi, R. Ogawara, T. Suda, T. Tamae, M. Wakasugi, M. Watanabe, and H. Wauke

Phys. Rev. Lett. 131, 092502 (2023) — Published 30 August 2023

PhySICS Viewpoint: What Do Unstable Atomic Nuclei Look Like?
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Electron scattering provides a long-awaited view of

unstable nucle

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-
cleus 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
Prysics 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 —

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

!
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Electron scattering provides a long-awaited view of

unstable nucle

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
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That's not generally what real nuclei
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casing its proton-endowed core (see
Prysics 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
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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) Frustratmgly though

penmentally conﬁrm because the gold
standard for probing nuclear structure —

electron scattering —has been off limits

That could change soon. Kyo Tsukada

electron scattering - the gold standard
{for probing nuclear structure - has been off
limits to short-lived exotic nuclei
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Physics Today 76 (11), 14-16 (2023)
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Towards the doubly magic nucleus 132Sn (40 s)

Isotope production : photofission of 238U
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Towards the doubly magic nucleus 132Sn (40 s)
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: Kyo Tsukada
107 F
- in future
105 £
103 £
7-50 ] |
101 3 |
10-1 E— | | |
0.4 1.0 1.2 1.4 Qeff (fM-1) |

N=62 7



Towards the doubly magic nucleus 132Sn (40 s)

NuSRAP2026

Isotope production : photofission of 238U

I n e-scattering data

| B SCRIT data

n stable nucleus

1 L .Tl—

2020.07.13-07.15

3
II

)
)
3
b

N=82



Towards the doubly magic nucleus 132Sn (40 s)

NuSRAP2026

Isotope production : photofission of 238U

I n e-scattering data

| B SCRIT data

n stable nucleus

1 L -Tl—

3 L LN
HEEE - BREL

2020.07.13-07.15

3
ll

)
)
3
b

13N:S
PRL131,2023

092502.

N=82



NuSRAP2026

Towards the doublv maaic nucleus 132Sn (40 s)

2020.07.13-07.15

137 )
Isotope produc Cs(e,e’)
1 15 Ee =150 MeV Cs Exp. data
Monte Calro Sim.
Ba |
Cs
Xe
I I
T - 120 130 140 150 160 137Cs
e Reconstructed momentum [MeV/c] PRL131,2023
. 10? C 092502.
' S ddtd

Residual gas data

Calculations

Sn
D s)

Yield after corrections
=
&
T

20 30 40 50 60
Scattering angle [deg] N=82 7




NuSRAP2026

Towards the doublv maaic nucleus 132Sn (40 s)

2020.07.13-07.15

137 )
Isotope produc Cs(e,e’)
1 15 Ee =150 MeV Cs Exp. data
Monte Calro Sim.
Ba |
Cs
Xe
I I
T - 120 130 140 150 160 137Cs
e Reconstructed momentum [MeV/c] PRL131,2023
. 10? C 092502.
' S ddtd

Residual gas data

Calculations

Sn
D s)

Yield after corrections
=
&
T

20 30 40 50 60
Scattering angle [deg] N=82 7




NuSRAP2026
2020.07.13-07.15

Production Rate ars W ETUEC
higher r Iition
Nfission ~ 108 /watt gne epEt tio

N132g, ~ 106 /watt * 1% (Etrans.) hlgher peak |ntenS|tly029

ISOL upgrade: towards 1328Sn (40s)

beam power : ~ 20W (today)
~ 2 kW (underway)

Yy
‘ A L I\ '
ARl
o N—T - Py
N . ‘-’, !
w A '! A
.

10°8

1027

: »@ c. Target& 10°6

4 ! lon source

10°°

10°4

House-made
Uranium carbide (UCx)

[|-S2-W2] 'AUOD 8s|nd-03-2p %001 Y3m Asoujwni

18mmcl>_)§ O;Sth
T. Ohnishi et al. NIM B317 (2013) 357. Mass number 8




Low-energy (elastic) electron scattering NUORAS020

2020.07.13-07.15

dN — T (dGMott | F ‘2) T T
dr L dQ 1) ULQ2 o Moinz
. , 10‘27‘TF _1_3“'07:- d
Zl;/[zott - 6_4 q = 2F SIH(H/Z)
q

|O-29

electron scattering covering low-qg region

* e-RI scattering at the RIKEN SCRIT facility
(Ee =150 - 300 MeV
beyond <rc2> => p(r)

|O-3|

do/dQ(cmé/sr)

10733

* new opportunities at Tohoku ULQ2 facility

(Ee = 10 - 60 MeV) 1072
higher moments <=> neutron distribution
proton (and neutron) charge radius




NuSRAP2026

2020.07.13-07.15

higher moments of the nuclear charge distribution

<r.>= Jpc(r)r”d3r

=) neutron distribution (by e-scattering)

1) H. Kurasawa and T. Suzuki, Prog. Theor. Exp. Phys. 2019, 113DO1

2) H. Kurasawa, T. S. and T. Suzuki, Prog. Theor. Exp. Phys. 2021, 013D02
3) H. Kurasawa and T. Suzuki, Prog. Theor. Exp. Phys. 2022, 023D03

4) T. Suzuki, Prog. Theor. Exp. Phys. 2023, 013D02
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RMS radii of (point) proton and neutron of 4Ca 208Pb 2026.07.13-07.15
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RMS radii of (point) proton and neutron of 48Ca 208Pb 2026.07.13-07.15
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RMS radii of (point) proton and neutron of 48Ca 208Pb 2026.07.13-07.15

\ T do/dQ (fm®sr ™ 48
L . +SACLAY 76 1 fiﬂz."ﬂ; e
a2 | « STANFORD 69
- :
%ﬁ; 0 F::' o aoésqz-; -
ol s ™ ~
\\ ‘Ineutron-skin
Pl [iSemens - thickness
s s q(rmz") 25 3 35 0.0 1. 0 2.0 | 3. 0
o _ ) .4 3
pr) wWp (= rip () EFr m (
R, R, SR SR
Rel. 5.454(0.013) 5.728(0.057) 0.275(0.070) Rel. 3.378(0.005) 3.597(0.021)  0.220(0.026)

pb  Non. 5.447(0.014) 5.609(0.054) 0162(0.068) 45y Non. 3.372(0.009) 3.492(0.028) 0.121(0.036)
Exp. R. =5.503(0.014) Exp. R. = 3.451(0.009)
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Determination of <r4> by low-q measurement

ULQ2 facility, Tohoku Univ.
proton and deuteron charge radii

Ee ~ 10 - 50 MeV
6 =30 - 150°
=5 *50 MeV/C
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Determination of <r4> by low-q measurement

ULQ2 facil T
proton and o @ :
! - .' -
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Determination of <r4> by low-q measurement Yu>tA"202

2020.07.13-07.15

ULQ2 facil — 208Ph (e, e’)

proton and - (@) : @ 208Pp(e,e’) at the lowest-ever g region
Ee ~ 10 - T : @ known p(r) => <réc>
0=30-1: ":' shaE N @ high precision measurement (10-3) required
_ 5 _ 50 I0“ | . ) S
| % e B - Fa) ‘,;:"“’.",_:.
b ‘-' ”. :-' c-:..; . :v' |0-4 - \‘. ] 1.D T , LN ’; : SN 4
‘ \ Evo‘s_ —y, | . 208Pb D -
1 AR | -
ol HEEER i
0| |33[p0s0mes (N ;
5.1/0.260892 ™
o [ |solo33eals \ -
| 6.7|0.000020 | N - 05T 7
| ULQ2
< rc6 > - 0 o.los ol.1 0.115 0.2

g* (fm™?)




NuSRAP2026
2020.07.13-07.15

Determination of <r4> by low-q measurement

ULQ2 facil — 208Ph (e, e’)

proton and - (@) : @ 208Pp(e,e’) at the lowest-ever g region
Ee ~ 10 - 't : @ known p(r) => <réc>
0=30-1: ":' shaE N @ high precision measurement (10-3) required
-5-50 | ﬂ 2 e
| % e B — Fa) ‘,;:"“"“_:.
| '_ = ‘ i il \‘. - N | | BN ? | R g8
, g ;.%,; o5 | ‘ . . 208Pb - .
sl [lood : ‘
0| |33[p0s0mes .- ;
N -
e N
ULQ2
< rc6 > 6]4+ | -1'50 0.05 0.1 0.15 0.2

qg> (fm™?)
=> successfully conducted at Tohoku in the last May




Determination of <r4> by low-q measurement Yu>tA"202

2020.07.13-07.15
ULQ2 facil T 208Pp(e,e’)
proton and or " - @ 208Pp(e,e’) at the lowest-ever g region
Fe ~ 10 - b : @ known p(r) => <réc>
6=30-1 'Z' o s @ high precision measurement (10-3) required
0™ L - | o
* 4P ¢ ‘ '0-4. e ¥ — s | N "’ .‘5
;.%; o5 | . 1 208Pb
wol Bl | -
0| |33[p0s0mes - 0
5.1/0.260892 bt
| SRR :
| |s7]00000z0 \\ J osh
f T 1
| ULQ2
= rC6 ~ q4 + ... e 0 0.05 0.1 0.15 0.2
qg> (fm™?)

=> successfully conducted at Tohoku in the last May
=> future application to neutron-rich nuclei at SCRIT



NuSRAP2026

Proton Charge Radius 2026.07.13-07.15

elastic electron-proton scattering
covering the lowest-ever g region
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NuSRAP2026

Proton Charge Radius 2026.07.13-07.15

elastic electron-proton scattering
covering the lowest-ever g region

8 July 2010 wwwenature.com/mature £10 THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

People Who A New Way The Benefits of
Remember Everything ! to Tame Cancer ! Video Games (Really)

-Gy rmey

QIOZ AT 8 o2

PLAGIARISM
It's worse than
you think

CHIMPANZEES
A ‘I‘he battle for

PNOU/ L0 UMY

Proton
Problem

ould scientis
be seeing signs of
a whole new realm
of physics?

Sdu

© 2014 Scientific American

14



NuSRAP2026

electron scattering and proton charge radius 2026.07.13-07.13

do _do,  GR(Q7) + £Gu(Q°)

e —= — (75 ) Mott
€ dS? (dﬂ) 7 1+ 7
entum transfer q (dg) zoa cos*(0/2) €
momentu ~o ) Mott = 5 3 X
energy transfer , e df 146 sin®(0/2) ¢ 2
4 momentum transfer Q?* = ¢* — w* € = — S K 2
— 4 e 6’81112((9/2) 1+ 2(1 -+ T)taﬂ ) 4mp
Proton charge radius
2
< 2 >= _6 dGE(Q ) ‘Q2—>0 no measurement is possible at Q2=0
dQ)?

» Ge(Q?) at low Q2 as possible
G. A. Miller, PRC 99 (2019) 035202
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proton charge radius as of today 2026.07.13-07.15

2024 ' ' ' | ' ' ' | | ' ' ' |
UH spec. e-scatt.
2010 eH spec.
25-8D Colorado |
033 | @ c-scattering e )
@ Hydrogen spec.
1S-3S Garching :
2020 I JLAB Prad —( -
‘ |
2S-2P Tronto |
2018 | ® i
1S-3S (Paris) |
I 25-4P Garching
2016 ! ! ! | | ! ! | I ! I
0.8 0.82 0.84 0.86 0.88 0.9

Proton Radius (fm)
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proton charge radius as of today 2026.07.13-07.15

2024 - ——
UH spec. e-scatt.
2010 eH spec.
25-8D Colorado |
2022 | 9 e-scattering e |
@ Hydrogen spec.
1S-3S Garching ]
2020 + JLAB Prad —( i
@ \ |
2S-2P Tronto l
2018 | ® i
1S-3S (Paris) |
I 2S-4P Garching
2016 ! ! ! | ! ! ! | I ! ! ! |
0.8 0.82 0.84 0.86 0.88 0.9

Proton Radius (fm)
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e-scattering and proton charge radius

1

Gr(Q%

0.98

0.96

“e, .
%Wﬁ

Py,

Nucl. Phys. 90 (2014) 015206.

0.92
0 0.005 0.01 0.015 0.02

02 (GeV/e)? 17



e-scattering and proton charge radius 1026 0mtcms

1 . dGE(Q7)
' S e
S
2
O
0.98
0.96

iy
M*‘M

Nucl. Phys. 90 (2014) 015206.

0.92
0 0.005 0.01 0.015 0.02
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e-scattering and proton charge radius 1026 0mtcms

o 1 —06 dG(fQ(? )‘Q2—>0
S
€3
O
0.98
0.96 *%
.,
ULQ2@Tohoku '*tim“
0.94 %‘ 1
Cr———
Nucl. Phys. 90 (2014) 015206.
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e-scattering and proton charge radius

dGE(Q?)
8 1 —0 102 ‘Q2_>0
Zgﬂ ~ D0/ » (AGE/GE “10'3)
0.98 fr--mmmmmmmemne oy LaRREEEEEEEEE
0.96
ULQ2@Tohoku
0.94
—>
Nucl. Phys. 90 (2014) 015206.
0.92
0 0.005 0.01 0.015 0.02

02 (GeV/e)* 17



NuSRAP2026
2020.07.13-07.15

e-scattering and proton charge radius

1 g dGE(Q?) o
((‘\ dQQ —0
O AGe/G a Known problems
£ b o ~ 2% wp (AGe/Ge ~10-3)
098 |- = i. - - STRRL DR 1.need lower Q2
2 Z2.no absolute o
(Ao /o~10-3)
3.GE, GM separation
0.96 0*45 ?
¥
ULQ2@Tohoku %ﬁt;g’ ULQ2 @ Tohoku
el %‘ CHz(e.e)
o of 12C best know
Nucl. Phys. 90 (2014) 0152086. Rosenbluth sep.
0.92

| 0.005 0.01 0.015 0.02
02 (GeV/e)? 17



ULQ2 (Ultra-Low Q?2) at Tohoku

Exp. Hall 2

photon tagger
+

KO spectrometer

NKS I

1.3 GeV
booster
synchrotron

Rl production

| Exp. Hall 1

GeV y beam

photon tagger
+

neutral meson

spectrometer r

| GeV-y Hall

ULQ2
beam line

e-beam

90 MeV e-Linac
(injector)

e

60 MeV e-Linac

NuSRAP2026
2020.07.13-07.15
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ULQZ (UItra-LOW QZ) at Tohoku NuSRAP2026

2020.07.13-07.15

Exp. Hall 2

photon tagger
+
KO0 spectrometer

| Exp. Hall 1

1.3 GeV
booster RI production uLQz

beam line

e-beam

et

60 MeV e-Linac
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ULQZ (UItra-LOW QZ) at Tohoku NuSRAP2026

2020.07.13-07.1§
B SRl T e e s o

——{ Exp. Hall 1 :
= #3 RI prodiuctlon ULQ2
Rl - B : beam line
ULQ2 setup ; :
e-linac (max. 10 kW) E E
Ee =10 - 60 MeV L |

twin spectrometers

e = 30 - 150 deg.

60- MeV B= Ilnac

1ac 60 MeV e-Linac
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ULQZ (UItra-LOW QZ) at Tohoku NuSRAP2026

2020.07.13-07.15
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CH2(e,e’) at ULQZ (Ee=20'60 Mev) NuSRAP2026

2020.07.13-07.15

No background subtraction e-C
10° = Full background subtraction |
m Simulation McMule (PSI):
B . rad. processes
- . upto NNLO
104 I e-H .|i' ll
S -~  exp. data '
Q |
U -
103:— A L L ALY it
LR Y d ,
g | racte ,
! bé ckground‘ subt McMule i
_ +Geant4 W
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U LQ2' p rOj eCt ti me I i ne 2020.07.13-07.15

2015 16 17 18 19 2020 21 22 23 24 25

Comm|55|on|ng (28 days)

5( Detector

:

ULQ2 project initiated

s

2018l 20181&‘* 201981 2019& 202081 2020%& 2021HU 2021 ZOZZHU 20221 20235U 20231&“ 2024ﬁu 20241&‘*
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ULQ2 measurements for e+p and e+d 2026,07.13-07.15

1

three-year data-collection completed(2024, Oct.)
0.98 —
S use |
w@
T Mainz data (2014) 'H
| Ee = 180 - 855 MeV |
%00 me,, .. Yuki Honda Yukie Maeda
0.98 'o. 0 o0 o o
@
: roton
. 096 * . g 1) proton
S 094 * -
et * _ deuteron charge radius
0921 * magnetic radius (next step)
0.9 + ¢
®
0.8 ° 2) deuteron
O Be . deuteron charge radius

0 0.002 0.004  0.006 0.008 => neutron charge radius
Q% (GeV/c)?
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e+D scattering at ULQ2

(lowest-ever Q2 data)
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NuSRAP2026

2020.07.13-07.15

e+D scattering at ULQ2

(lowest-ever Q2 data)

v

Neutron Charge radius
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Neutron Charge radius 2026.07.13-07.15
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Neutron Charge radius
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NuSRAP2026

Neutron Charge radius 2026.07.13-07.15
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Neutron Charge radius 2026.07.13-07.15
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Neutron Charge radius 2026.07.13-07.15
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- NuSRAP2026
con CI USIONS 2020.07.13-07.15

@ Low-energy electron scattering activities in Japan

ULQ2 : 1) e+p, e+D scattering (data collection completed)
=> charge radii of the proton and neutron
2) 208Pp(e,e’) at the lowest-ever momentum transfer (data collection completed)
SCRIT : 1) charge distributions and higher moments of short-lived exotic nuclei
=> neutron-distribution radius through <rc#4>

2) ISOL upgrade to 2 kW is underway towards 1325n(e,e’)

INn addition

@ study of possible triaxiality of 1945Sm (Otsuka-san’s proposal)

at g maximizing the transition form factor (0+->2+) (data collection completed)
24



Marie Curie’s Radium Standard No. 8 preserved at Tohoku Univ.

Currently under review for recognition as the first “Physical Heritage” by the Physical Society of Japan

Paris Certificate (1913)

Das als Chlorid dargestelite
Radiumpraparat Nr. entstammt
St. Joachimstaler Uranpechblende und
ist demnach praktisch frei von
Mesothor.

Es enthilt .../0" Y. Milligramm
Salz.

Es wurde am I/ﬂ'l’l’ einge-
schlossen in ein Glasrdhrchen (Tharin-
ger Glas) von 027 mm Wandstirke,
auBerem Durchmesser 32 mm, Linge
23 mm, an dessen Ende ein feiner
Platindraht eingeschmolzen ist.

Dasselbe wurde als Sesunélirer
Standard an den Wiener Etalons und
an dem internationalen Standard in
Paris nach mehreren 7-Strahlungs-
methoden unabhiingig voneinander

CERTIFICAT.

- la Préparation de O\bﬂln de Specimen No. s of Radium
:ad?n contenue dans Fampoule i preparcd as diloride from pitch-
r.

provient de la pechblende A !
de St Joachimethal. Elle est done blende of St. Joachimstal and is

pratiq t te de Mésothorh consequently practically free from
Elle contient /0-26 Wali. Mesothorium.

grammes de sel. it contsina /06 Milligram-
Lesela ééenfermé le /A MI3  mes of sait.

dans un tube de verre (Verre de . .

Thuringe.) Epaisseur du verre 027 mm; !‘mmdondthe '/rT"J ina
Diamétre extérieur 32 mm; glass tube (Thuringian glass) of 0-27 mm
.43 mm. Un fil de platine fin a ét¢ thickness, exterior diameter 32 mm,
soudé & l'extrémité du tube. length 23 mm, & thin platinum wire
; En' qualité @'Etalen mrtmon being fused into the end of the tube.
ampoule,a &¢ comparée & .. .

de Vienne et & IEtalon International It is calibrated as Secendary
de Paris, au moyen de méthodes de Standard by comparison ‘with the
mesures basées sur le rayonnement 1. Vienna-Standard and with the Inter-
La comparaison a été faite indépen- national Standard at' Paris, several

damment & Vienne et 4 Paris. independent T-raymethods being uscd.

Radium source

"Fingerprint" on the case

geeton, Disprie wertidyonnement “; o Messured

Der 7-Strahlung nach ist es im Préparation équivaut en F'annéd 3 itis i them . .
Jobre 1913 auiviens 900 wg & 940 w3, Rl (La dimiution 1 # in the year 13 cquivalent 1o
3 ‘ 4 par année est de 04 pour mille,) §+48 mg. RaC\,. (The yearly decay

;-radiation,

RaCl,. (Die jahrliche Abnahme betrigt .  ln poide sroriowes 8 sbout 04 par mifle)
stwa 04 Promilie) suivants: Taking the atomic weights
.;‘Jln(ﬁ‘ugrundelegun(deer : zm m o r |
gewicne e Ratem Brome . . . 916 BT for Chiorins ' | i l + ' K >
;;:‘SZ 2: ;ﬂ.: oRa.dc!éduit la tm‘:urupondmh: 79916 for Bromine - o
ium élément et en Bromure this corresponds to 2 R . BT
entspricht dies Radium: . Raks
b e o metal container & Radium Standard No. 8 ‘ ]
- o s m. o ] | . -—— — — — — & )
k% ;1 v : vy ’:?v -t ,:;'y : 2 - — -
Die Genauigkeit dieser Angabe La de ces résultats . . .
i e B e A e e A 2 i st e combrn Brought to Tohoku University in 1914.
halten. approximation de ML 7/, w o &:2°,

.c

sa . Soper 4 w’;ml:-“ ¢ i "W
o e Weewen '/%""“7" e  Comnanaatn

efee S

Prof. Hélene
Langevin-Joliot
viewed her
grandmother’s
legacy during her
Sendai visit in
2000.

Prepared and measured directly by Marie
Curie to establish the international standard.
There are signatures of E. Rutherford, M.
Curie, and S. Meyer. The document
displayed here is a preserved copy.

| Fingerprints revealed by autoradiography

Autoradiography of the wooden case for the
source revealed o-radiation contamination. These
marks may possibly correspond to fingerprints
left by Marie Curie herself. We hope to explore
this possibility further in collaboration with
French institutes.



