Measure the 1s-HFS in up with a relative accuracy 6 ~ 107°




1S Hyperfine Splitting in muonic hydrogen
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Two photon exchange

Antognini, Hagelstein, Pascalutsa, Annual reviews 389, 418 (2022)
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The principle of the experiment
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» Stop muon beam in 1 mm H, gas target at 22 K, 0.5 bar
» Wait until yp atoms de-excite and thermalize

» Laser pulse: pp(F=0) + y — pp(F=1)

» De-excitation: pp(F=1) + H,—pp(F=0) + H, + E,;,

» Diffusion: pp diffuses to Au-coated target walls
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The laser system
O Pulse Energy 5mJ
Trigger
from u ( cw seed
ey reference 1532 nm
reference

1532 nm

@ 3143 nm

1030 nm

v Wavelength 6.8 um

v
1532 nm
cw seed
1030 nm

v Linewidth < 100 MHz

Pump diodes
3 kW, 940 nm

TDL osc.
50 mJ

1030 nm

Stochatic trigger (detected muon)
v Response time 1 us

v" Tunability 50 GHz

1030 nm

2148 nm

lambda- | (
meter

1979 nm
1979 nm
cw seed
1979 nm )
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0.163 meV (47 GHz) search range
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Search range-

Peset + corrH —e—
Peset - —e——
Ruth(new Disp + H) - —eo—
Our choice (BxPT) —eo—i

182.45 182.50 182.55 182.60 182.65 182.70 182.75 182.80 182.85
E1s - Hrs in meV

 Steps to search for resonance ] )
P  Simulation of the search for resonance

 Measure 1.4 h at fixed wavelength to expose a4 o x107°
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« 10 Weeks of beam time




Charge radii from muonic X-rays

*Radii of Z=1,2 by with laser spectroscopy

«/>10 Measured with semiconductor x-ray detectors, limited by

nuclear theory and charge distribution input:

https://arxiv.org/abs/2409.08193

Z<10 limited by experimental resolution

(electron scattering or semiconductor x-ray detectors)

— statistical variance of number of number of electron-hole
pairs created

Unit of heat « Unit of lonization:
*AT = Egeposited / Ctot
AT / T large — operate < 0.1 K
*A very good temperature sensor

102+

Use Novel Metallic Magnetic Calorimeter (MMC) detectors &~
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Experimental goal with MMC

Precision Goals of QUARTET
L @ p-Laser
86“ 'Be © El. Scat.
® ¢¢'B @ p-X (HPGe)
@B @ p-X (Crystal)
X B-X (MMC)
180
14.15N .
O éuo
13C 160 o 20.22Ne
' 7 ¢ o 9 o
ik +I2C .
@ ‘He d @)
2426
@ 3He ﬁ v ‘ * “*Mg
o) I
H VAR A *
W
.D 1 |
2 - 6 8 10 12
Z

SFB 10.12.2024


https://arxiv.org/abs/2409.08193

Spectroscopy with MMC

Quartet: First measurements ongoing for Li, Be, and B isotopes
Unprecedented resolution for muonic x-ray spectroscopy
Approved experiment at PSI

64 pixel MMC array
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Quartet: MMC from the basement to an online experimental
environment

— 2023 test beam at PSI with Li/B/Be
— Applying a new technology: it's not that

simple

Counts per 75eV
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— 2024 upgrades
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*Measure ADC properties and T stabilize Vref
*Tuned calibration sources

*Long & stable measurements
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Preliminary analysis Li6/7 isotope shift

6Li 2p1ls

AErysm=26.41 eV
AE;j67=51.85 eV

7Li 2p1s

18.600 18.625 18.650 18.675 18.700 18.725 18.750 18.775 18.800

Energy[keV]




