
High-precision measurement of 

the HFS of 3He+ in a Penning trap

A. Schneider, B. Sikora, S. Dickopf, M. Müller, N. Oreshkina, 
A. Rischka, I. Valuev, S. Ulmer, J. Walz, Z. Harman, 

C. Keitel, A. Mooser, K. Blaum



Motivation 

First direct high-precision measurement of 3He nuclear magnetic moment with ppb precision

• Comparisons of 3He and H2O or H2 probe only

• µHe known to 1.2*10-8 only 

limited by knowledge of shielded proton magnetic moment

Rudzinski A., et al. J.Chem. Phys. 130 244102 (2009)
Nikiel A., et al. Eur. Phys. J. D 68 330 (2014)
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Dependence on temperature 1 1/100

Dependence on probe shape 1 1/1000
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Establish hyper-polarized 3He NMR probes as 

independent standard for precision magnetometry
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Water NMR 3He



Motivation 

determination of e.g. nuclear structure effect δ𝑛𝑢𝑐𝑙

12S1/2

I=1/2

µI<0
EF

Δ𝐸𝐻𝐹𝑆 = 𝐸𝐹(1 + δ𝑄𝐸𝐷 + δ𝑟𝑒𝑐 + δ𝑠𝑡𝑟 + δ𝑛𝑢𝑐𝑙)

with Fermi contact energy

A. Mooser et al., J. Phys. Conf. Ser. 1138, 012004 (2018)

ΔEHFS known to 1.1 ppb (Schuessler et al., Phys. Rev. 187 5 (1968))

We aim for measurement of order 10ppt

Zero-field splitting: 



Determination of energy splitting between 
spin-states

Simultaneous cyclotron frequency 
measurement

𝜔
𝐹=𝐼±

1

2

(𝑔𝐼 , 𝑔𝑗 ,ΔE
HFS, 𝐵)

Magnetic Moments in Penning Traps

B
3He+

𝜔𝑐 =
𝑒

𝑚𝐻𝑒
𝐵

B-field independent measurement of gI ,gj and ΔEHFS
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Detection of Spin-State - Continuous Stern-Gerlach Effect
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Magnetic field inhomogeneity

axial frequency dependent on magnetic moment

Ring electrode made of CoFe



Detection of Spin-State - Continuous Stern-Gerlach Effect
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Magnetic field inhomogeneity

axial frequency dependent on magnetic moment

Spin-transition induces frequency jump

Ring electrode made of CoFe

Δ𝜈𝑝/Δ𝜈𝑒 =
10−4

Δ𝜈𝐻𝑒/Δ𝜈𝑝 = 0.3



Spin-State Detection 3He+

mj mI

Map readout of nuclear spin-state onto detection of electronic transitions

∆𝜈𝑧,𝑆𝐹 of 20𝐻𝑧, much easier to detect compared to 90mHz

𝜈𝑒 ∼ 150 GHz

𝜈𝐼 ∼ 4.5 GHz



Setup

Spin-flip coil

3He source

Nickel electrode
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