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In this talk:

* Overview: Reference charge radii

e QURTET : measuring light muonic atoms

e Aword onthe RADIANT initiative
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Where do charge radii come from?
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Half life > 5 ms
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Measured

Isotope Shifts

[ Half life > 5 ms ]
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Extraction of MS radius difference from
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Isotope Shifts

[ Half life > 5 ms ]

Where do charge radii come from?

Extraction of MS radius difference from

measurements
) ! ! K + For?
Vagar = + TA A
MAI MA ’

See Shane Wilkins’ talk today!




Where do charge radii come from?

Extraction of MS radius difference from
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Where do charge radii come from?

Extraction of MS radius difference from
measurements

1 1
MAI MA

6VA,AI ~ K + FST'AZAI

Atomic factors, either calculated or extracted
from reference radii (King Plot).

Reference radil connect MS differences with
absolutes

2
Th = Ti + 07,

Reference radii

Measured

Isotope Shifts
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Half life > 5 ms ]
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Measuring nuclear radii with light muonic atoms:

1. Captured around N=14

2. All electrons are emitted
3. Cascade to ground level

4. Muon decay ~2us

5. Ezp_1s = EQED AEpys
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https://www.sciencedirect.com/science/article/pii/S0092640X25000257
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Sources of Uncertainty to Ref. Radii:
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Sources of Uncertainty to Ref. Radii:
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Sources of Uncertainty to Ref. Radii:

Experiment Nuclear Structure
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The radius gap

ForZ < 3:
Laser spectroscopy of muonic atoms, limited by nuclear theory
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The radius gap

ForZ < 3:
Laser spectroscopy of muonic atoms, limited by nuclear theory

ForZ > 6:
Measured x-rays from muonic atoms using solid-state detectors.
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The radius gap

ForZ < 3:
Laser spectroscopy of muonic atoms, limited by nuclear theory

ForZ > 6:
Measured x-rays from muonic atoms using solid-state detectors.

ForZ = 3 — 5, and others:
Electron scattering
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The radius gap
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The radius gap

ForZ < 3:
Laser spectroscopy of muonic atoms, limited by nuclear theory

ForZ > 6:
Measured x-rays from muonic atoms using solid-state detectors.

ForZ = 3 — 5, and others:
Electron scattering

ForZ =6
Measured with crystal spectrometer. Not widely applicable
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The radius gap

ForZ < 3:
Laser spectroscopy of muonic atoms, limited by nuclear theory

ForZ > 6:
Measured x-rays from muonic atoms using solid-state

High-resolution,
efficient, detector
for low-energy (20-

200 keV) x-rays is

needed

ForZ = 3 — 5, and others:
Electron scattering

ForZ =6
Measured with crystal spectrometer. Not widely applicablé
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Enter microcalorimeters

Cryogenic microcalorimeters

* High quantum efficiency

* Broadband (important for
calibration)

e Superb resolution FE > 103
E

e [astrise time



Cryogenic microcalorimeters

Muonic atoms

* High quantum efficiency

Okrns _ ,o(7e) (M) _ 10-4 72  Broadband (important for
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e Superb resolution (rﬁ > 103)
E

e [astrise time



Cryogenic microcalorimeters

<
—
=]
~
—
-
)
o~
>
=
©
'y,

High quantum efficiency

Broadband (important for

calibration)

> 103)

E
I'g

* Superb resolution (

Fastrise time

Muonic atoms




Quantum Interactions with Exotic Atoms

QUARTET
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More Info:

arxXiv:2311.12014
arXiv:2310.03846



QUARTET Goals:

Contribution to NUPECC LRP: arXiv:2210.16929
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The QUARTET 2023-2024 detector

* 64 pixel maX-30 MMC detector, developed for IAXO experiment
* Mounted in custom sidearm designed to reduce vibrations

* 5 thermal shields and x-ray windows

e Calibration sources mounted outside the detector

Figures from D. Unger et al LTD2023 proceeding, for the QUARTET collaboration



Calibration—combination of XRF and gamma-ray standards
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Continuous calibration
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The QUARTET collaboration timeline

~ First meeting @ Jussieu (2022) Test beam @ PS| (2023) Li/Be/B beamtime (202.
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QUARTET 2024 beamtime—high statistics data for all channels of interest
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QUARTET 2024 beamtime—Key analysis steps

Pulse fitting ADC calibration

Event Identification and Temperature

Correction

Calibration and Pixel Co-
adding
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QUARTET 2024 beamtime—first spectra
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QUARTET 2025 beamtime—Promising first spectra of muonic O
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QUARTET 2025 beamtime—

romising first spectra of muonic 1617180
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Preliminary results from 2024 beamtime:

O. Eizenberg et. al., in preparation K. Von Schoeler et. al., in preparation
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* |Improve by factor of 30 upon best prior energy measurement * |mprove by factor of 300 upon best prior energy measurement
* Improve radius determination by a factor of 3-4 * Improve radius determination by a factor of 4-5




Outlook for 2026: 1213C & 415N

102

0, /T

103

104

I

180
145N @
@ 17
o O
160
O

|

@ M-Laser
@ ELl. Scat.

@ L-X (HPGe)
® U-X (Crystal)

Sep-X (MMC)

O O
@'He .
24,26
‘SHG . Mg
N _
?D
2 4 8 10 12




Panorama of absolute radii determinations:

arXiv:2604.08985
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Scattering (Clement Legris, Haiyan Gao, Jan Friedrich, Patrick Achenbach, Thomas Krahulik, Arjun Kumar, Chandan Ghosh, Michael Paolone,
Christian Weiss, Nikos Sparveris, Martha Constantinou, Udit Raha, Steffen Strauch, Peter Blunden, Igor Akushevich, Dipangkar Dutta)

| O D>

Helium-like atoms (Kristian Konig)

Muonic Atoms (BO)

Bound el. G-factors (Fabian Heisse)

Highly charged ions (Hunter Staiger)
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llustrating the need for a new compilation
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RADIANT - Radii Analysis and Data for Interactive Nuclear Table
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