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G-FACTOR MEASUREMENT IN A PENNING TRAP
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Experimental Setup (ALPHATRAP)

cryogenic temperatures (4.2K)
 Vacuum better than 10-17 mbar

 basically no rest gas
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A look into our toolbox - the Penning trap
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• Reduced cyclotron
frequency:

• Magnetron drift
frequency:

• Axial frequency:

2222
zc    Free cyclotron frequency

~2π∙ 20 MHz (140Ghz)

~ 2π∙ 9 kHz (9kHz)

~ 2π∙ 600 kHz (50MHz)

Trap eigenfrequencies

(Brown-Gabrielse invariance theorem)

THE PENNING TRAP

B

• Larmor frequency: ~ 2π∙ 140 GHz
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A

Cryogenic ultra low-
noise amplifier

en = 800pV/ √Hz
in ≤ 4fA/ √Hz

IMAGE CURRENT DETECTION
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Cryogenic ultra low-
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Axial frequency
indicates spinflips:

Magnetic bottle

ferromagnetic
ring

B

e
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CONTINUOUS STERN GERLACH EFFECT



Capture electrodes
• Potential switching
• Dynamic ion capture/storage

Precision trap
• 18mm diameter
• Homogeneous B-field: measure 𝚪 = 𝝎𝑳/𝝎𝒄
• Compensation ring for PT: improved

B-field homogeneity

Analysis trap
• 6mm diameter
• Ferromagnetic ring electrode: spin detection

Beryllium trap
• Be ions storage & detection

Microwave horn
• mm – wave  coupling
• Laser access

Double Penning trap
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QED of  Bound States

Range accessible
in the Mainz HCI

experiment

up
 to

 IP
 ~

 5
ke

V  Probe validity of QED in the
strongest fields
 Precision experiment

with heavy, highly
charged ions

 Strongly coupled
(Zα≈1) electron, beyond
the Furry picture

 Extract nuclear
structure information

Range accessible
by ALPHATRAP

up
 to
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 ~

 1
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Hydrogen-like tin 118Sn49+
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𝑔𝑒௫௣ = 1.910 562 058 962 (73)stat(42)stat(910)ext
𝑔theo
௓ఈ = 1.910 561 821 (299)

𝑔theo
ஶ = 1.910 561 975 (39)
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QED of  Bound States

 Probe validity of QED in the
strongest fields
 Precision experiment

with heavy, highly
charged ions

 Strongly coupled
(Zα≈1) electron, beyond
the Furry picture

 Extract nuclear
structure informationo Unique access to strong field QED in few electron

systems
o Investigate discrepancies at high Zα
o ALPHATRAP demonstrates HCI lifetimes > weeks

Best test in fields
> 1015 V/cm
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Lithium-like tin 118Sn47+
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A leap in precision:
FULLY COHERENT SIMULTANEOUS MEASUREMENTS
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Coherent g1-g2 difference measurement

 Magnetic field fluctuations quickly (~ms)
render Larmor precession incoherent
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render Larmor precession incoherent

 Crystallized ions see the identical field
 The phase difference (correlation)

stays coherent (>seconds!)

Coherent g1-g2 difference measurement
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Coherent g1-g2 difference measurement

Sets limits on scalar bosons
coupling neutrons and

electron

δΔg/g=5.6 10-13

ALPHA @ MITP 2025

Dr. Tim Sailer



Sakharov criteria:

I. Baryon number non-conservation
II. Thermal non-equilibrium
III. CP violation

OR

Even tiny

CPT violation
explains asymmetry

Standard Model
predicts 𝑛𝐵 ≅

𝑛ത𝐵!

THE ANTI/MATTER ASYMMETRY IN OUR UNIVERSE

This is us !

SM CP violation
insufficient !

The anti/matter asymmetry:
Far more matter than

antimatter in our universe:

𝑛𝐵 ≫ 𝑛 ത𝐵
𝑛௅ ≫ 𝑛ത௅

[Andrei Sakharov, A. D., JETP Letters, 5 1 (1967)]

CPT ?
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A uniquely stringent CPT
test: LSYM compares

o q/m (direct)
1,000,000x

o g-factor: >50x
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LABORATORY SEARCHES FOR CPT VIOLATION



Lepton Symmetry experiment
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Lepton Symmetry experiment
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Compare electron and positron spin
precession simultaneously in the

same trap

Coherent difference

En
er

gy



TRAPPED POSITRON ENERGY LEVELS
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Room-
temperature
electronics and
feed-troughs

microwave
inlet

3He sorption
cooler (300mK)

Liquid
helium(4.2K)

Liquid nitrogen
(77K)

Trap stack with
CavityTrap

300mK
electronics

Trap chamber
(300mK)

Superconducting
magnet (5T)

22Na

THE LSYM SETUP
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LET‘S TRAP POSITRONS



ALPHA @ MITP 2025

SEQUENCE

Step i Step i+1



QED CONTRIBUTION
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[B. Sikora priv. comm. (2023)]

(3)

(10)

(33)
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POSITRONS IN THE GROUND STATE

Light positron

↓

large relativistic shifts

o n+ = 1 causes a 10-9 shift

o Even nz = 1 shifts 10-13!

 Cool cyclotron AND axial to
ground state !



ALPHA @ MITP 2025

CavityTrap

Positron



The groups

Maria Pasinetti
Fabian Raab
Paul Holzenkamp
Dr. Sangeetha Sasidharan

Andreas Thoma
Charel Plier
Pelin Alkan
Leonie Marzel
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