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... are needed for

1. Benchmarks for ab-initio nuclear theory

05.09.2023 Katharina von Schoeler | Joint Annual Meeting of the Swiss and Austrian Physical Society 2023



PAUL SCHERRER INSTITUT

ETH:zurich BS
Nuclear Charge Radii

... are needed for

1. Benchmarks for ab-initio nuclear theory

2. |nput for laser spectroscopy of low-Z muonic and electronic atoms for

e Precision bound-state QED tests
» Extraction of fundamental constants
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Nuclear Charge Radii of Lithium Isotopes
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Figure: W. Nértershéauser et al., Charge radii and ground state structure of lithium
isotopes: Experiment and theory reexamined. Phys. Rev. C, 84, 024307, 2011
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Nuclear Charge Radii of Lithium Isotopes
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Figure: W. Nértershduser et al., Charge radii and ground state structure of lithium
isotopes: Experiment and theory reexamined. Phys. Rev. C, 84, 024307, 2011

Limited by current best Li charge radii:

R ms(6Li) = 2.589(39) fm

R ms(7Li) = 2.444(42) fm

from electron scattering experiments.
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Relative charge radius changes Absolute charge radii
5 C2 7,8 k) CZ 8,9 k) CZ 911 .
) (r2) 9 (&) < (1) R RZ(6Li)
1| 8L j 9L j ML L
* |sotope shifts from (ordinary) atom  Elastic electron scattering

spectroscopy - Muonic atom spectroscopy

\RC(A'LL')= \/Rg(ALi)+6(rC2)ArA’ /
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Muonic Atom Spectroscopy
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Nuclear potential
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— Point charge
—— Spherical charge density

Distance to nucleus
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Muonic Atom Spectroscopy
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Muonic Atom Spectroscopy /‘
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Muonic Atom Spectroscopy

detector

/

AE(2p — 1s)

+ theory input

= R,
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Muonic Atom Spectroscopy

detector
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Li
6.94

AE(2p — 1s)

+ theory input

= R,
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Muonic Atom Spectroscopy

detector

/

Li

6.94 2p %%
1s / \
AE(2p — 1s)
Detector Resolution @ Energy + theory input
HPGe 500-1000 eV <100 keV = R,
SDD 100-300eV <30 keV
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Muonic Lithium

VoLuME 20, NUMBER 10 PHYSICAL REVIEW LETTERS 4 MARCH 1968

ENERGY AND WIDTH MEASUREMENTS OF LOW-Z PIONIC X-RAY TRANSITIONS*

,\, \065'\’ R. J. Harris, Jr.,f W. B. Shuler, M. Eckhause, R. T. Siegel, and R. E. Welsh
C/m‘( . College of William and Mary, Williamsburg, Virginia
\,. (66(/\\&6‘ (Received 15 January 1968)
A \
Element Eexp Radius (fm) - Equivaler‘t Uniform Charge
This Work This Work
Li® 18.64+0.07 4.96+6.0

Li” 18.69+0.06 4.94+5.0
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First Tests of pyLi Spectroscopy

CHECKLIST

{L’\Jr\mmvn er&)@Jr(s)

Q u from PST

a (Silicon drift) detector
Q DAQ + beam fime from

o Lithinm

MUK
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First Tests of pyLi Spectroscopy

CHECKLTIST

{ Li+hinm mro)c’fr(s}

{ - from PST
JES\[\GOV\ drift) detector

0O DAQ + beam time from

MUK

Silicon drift+ detector
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First Tests of pyLi Spectroscopy

CHECKLIST
{L’\Jr\mmvn Jraro)@Jr(s)

{ - from PST

JES\“GOM drift) detector
{T)AQ + beam time from

MUK
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'/ Scil SciPost Phys. Proc. 5, 022 (2021) ' 1

N \\A The muX project

E Wauters'* and A. Knecht? on behalf of the muX collaboration®

1 PRISMA+ Cluster of Excellence and Institute of Nuclear Physics,
Johannes Gutenberg Universitdt Mainz, Germany
2 Paul Scherrer Institut, Villigen, Switzerland
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Preliminary Results
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Preliminary Results
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Metallic Magnetic Microcalorimeters

\
’ ’ g‘ y" ! ’
I 2848 8

05.09.2023 Katharina von Schoeler | Joint Annual Meeting of the Swiss and Austrian Physical Society 2023



PAUL SCHERRER INSTITUT

ETHzurich BS

Metallic Magnetic Microcalorimeters

absorber

sensor
to SQUID magnetometer

thermal bath
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Metallic Magnetic Microcalorimeters s P

thermal bath

Energy resolution: AE < T,/ Cqaps
Typically; / \ Det -des\n
T~ 20 mK dependerrt
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Metallic Magnetic Microcalorimeters s P

thermal bath

Tueray resolution:

< 10eV
Energy resolution: AE < T+/Caps AEpwHM

'\ v ranoe:
T\{PIMI{V / W ats ~des\ow ~3 — 40 keV

(> 5070 efficiency)
T~ 20 mK Aependent
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1. Introduce MMCs to muonic x-ray spectroscopy

05.09.2023 Katharina von Schoeler | Joint Annual Meeting of the Swiss and Austrian Physical Society 2023




ETH:zurich
Summary & Outlook

Events per 22 eV
2 2

—
o
(8]

Simulated intensity

056.09.2023

PAUL SCHERRER INSTITUT

=

Mn Ko u°Li 2p— 1s

Mn KF)

-

=

-
—
-

yC 3—=2 7 UA‘ 4— 3
u°Li 3p— 1s
uC4—2
pAl 6> 4 /
L L l 1 al . A L L 1 1 1 J L L 'l L A L i L L I
15 20 25
Energy / keV

- M7L!calc
- p,GLIc lc
= U27AI alc

n'fzcll“M ll |

wrmmrrr '1'I111I'lr Illllllll IIIIIIIT||

L

15
Introduce MMCs to muonic x-ray spectroscopy

Extract 6Li and ’Li charge radii with rel. uncertainty of 103
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Outlook — QUARTET Goals
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