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റ𝐽 = 𝐿⨂1 + 1⨂ റ𝑆

റ𝐹 = റ𝐽⨂1 + 1⨂ റ𝐼

https://en.wikipedia.org/wiki/Hyperfine_structure
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B B

S. Aswani, Bachelor thesis, (2022)
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ZERO CROSSING CONSTRAINMENT
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ωB >>  ωLarmor



ORIGINAL IDEA OF A SONA UNIT
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| ۧ𝛼1 = | ۧ⇑, ↑ | ۧ𝛽3 = | ۧ⇓, ↓

For positive quantization axis

𝐵 ⇒ −𝐵 ۧ|𝛼1 ⟺ ۧ|𝛽3
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A. Zelenski, Proceedings of EPAC08, Genoa, Italy



BOUND BETA DECAY
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Λ =
റ𝑆 ∙ 𝑃

𝑃

▪ Two body decay ➔ fixed trajectories and energies

▪ Antineutrinos ҧ𝜈𝑒 are righthanded

▪ LSP positioned such that ҧ𝜈𝑒 has spin up

▪ 𝛽3 state is then forbidden

▪ Energy is in the range that the Lamb-shift polarimeter (LSP) 

can separate the single Hyperfine states

𝑛 → 𝐻∗
2𝑆 ൗ1 2

+ ҧ𝜈𝑒
N

Hҧ𝜈𝑒
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EXPERIMENTAL SET-UP

R. Engels, et al., Eur. Phys. J. D, vol. 75, no. 9, p. 257, (2021)



FIRST MEASUREMENT
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P. Buske, Bachelor thesis, (2016)



PHOTON MODEL
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𝐵′𝑧 = 𝐵0 sin 𝑘′𝑧′ 𝐵′𝑟 = −𝑟
2𝐵0𝑘 cos 𝑘′𝑧′

▪ Static magnetic field

P. Buske, Bachelor thesis, (2016)

𝐵𝑟 = −
𝑟

2

𝜕𝐵𝑧
𝜕𝑧

𝐵 ∙ ∇= 0 ⇒
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𝐵′𝑧 = 𝐵0 sin 𝑘′𝑧′ 𝐵′𝑟 = −𝑟
2𝐵0𝑘 cos 𝑘′𝑧′

▪ Metastable 2𝑆 Τ1 2
hydrogen atoms enter

▪ Static magnetic field

P. Buske, Bachelor thesis, (2016)

𝐵𝑟 = −
𝑟

2

𝜕𝐵𝑧
𝜕𝑧

𝐵 ∙ ∇= 0 ⇒
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𝐵′𝑧 = 𝐵0 sin 𝑘′𝑧′ 𝐵′𝑟 = −𝑟
2𝐵0𝑘 cos 𝑘′𝑧′

▪ Metastable 2𝑆 Τ1 2
hydrogen atoms enter

▪ Lorentztransformation into the rest frame

𝐹𝜇𝜈 = Λ𝜇𝜇′Λ
𝜈
𝜈′𝐹

𝜇′𝜈′

𝐵𝑧 = 𝐵0 sin 𝑘𝑧 𝐵𝑟 = − 𝑟
2𝛾𝐵0𝑘 cos 𝑘𝑧 𝐸𝜑 = −𝑣𝑟

2𝛾𝐵0𝑘 cos 𝑘𝑧⇒

▪ Static magnetic field

P. Buske, Bachelor thesis, (2016)

𝐵𝑟 = −
𝑟

2

𝜕𝐵𝑧
𝜕𝑧

𝐵 ∙ ∇= 0 ⇒
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𝐵′𝑧 = 𝐵0 sin 𝑘′𝑧′ 𝐵′𝑟 = −𝑟
2𝐵0𝑘 cos 𝑘′𝑧′

▪ Metastable 2𝑆 Τ1 2
hydrogen atoms enter

▪ Lorentztransformation into the rest frame

𝐹𝜇𝜈 = Λ𝜇𝜇′Λ
𝜈
𝜈′𝐹

𝜇′𝜈′

𝐵𝑧 = 𝐵0 sin 𝑘𝑧 𝐵𝑟 = − 𝑟
2𝛾𝐵0𝑘 cos 𝑘𝑧 𝐸𝜑 = −𝑣𝑟

2𝛾𝐵0𝑘 cos 𝑘𝑧⇒

▪ Creation of photons leads to transitions

▪ Static magnetic field

P. Buske, Bachelor thesis, (2016)

𝐵𝑟 = −
𝑟

2

𝜕𝐵𝑧
𝜕𝑧

𝐵 ∙ ∇= 0 ⇒



PHOTON MODEL
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𝜆 =
𝑣

𝑓
= 𝑣 ∙ Δ𝑡

𝐸𝑛 = (2𝑛 − 1)ℎ𝑓 𝑛 ∈ ℕ



HYPERFINE STATES
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▪Eigenstates of the hyperfine splitting 2𝑆 Τ1 2

𝑆 =
1

2
𝐼 =

1

2
𝐹 = 0,1

| ۧ𝛼1 = | ۧ𝑚𝐹 = 1, 𝐹 = 1 = | ൿ𝑚𝐽 =
1
2, 𝑚𝐼 =

1
2

| ۧ𝛼2 = | ۧ𝑚𝐹 = 0, 𝐹 = 1 = 1

2
| ൿ𝑚𝐽 =

1
2
, 𝑚𝐼 = −1

2
+ | ൿ𝑚𝐽 = −1

2
, 𝑚𝐼 =

1
2

| ۧ𝛽4 = | ۧ𝑚𝐹 = 0, 𝐹 = 0 = 1

2
| ൿ𝑚𝐽 =

1
2, 𝑚𝐼 = −1

2 − | ൿ𝑚𝐽 = −1
2, 𝑚𝐼 =

1
2

| ۧ𝛽3 = | ۧ𝑚𝐹 = −1, 𝐹 = 1 = | ൿ𝑚𝐽 = −1
2, 𝑚𝐼 = −1

2



BREIT-RABI EIGENSTATES FOR 𝐵 = 𝐵𝑧 റ𝑒𝑧
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ۧ|𝑣1 = | ۧ𝛼1

ۧ|𝑣4 =
1

1 + 𝑦2
ۧ|𝛽4 + 𝑦 ۧ|𝛼2ۧ|𝑣3 = | ۧ𝛽3

𝑥 𝐵 =
𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝐵

𝐴 + 𝐴2 + 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾
2
𝐵2𝑦 𝐵 =

𝐴 − 𝐴2 + 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾
2
𝐵2

𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝐵

ۧ|𝑣2 =
1

1 + 𝑥2
ۧ𝑥|𝛽4 + ۧ|𝛼2

𝐸1,3 =
𝐴

4
±
1

2
𝑔𝐽𝜇𝐵 − 𝑔𝐼𝜇𝐾 𝐵 𝐸2,4 = −

𝐴

4
±
1

2
𝐴2 + 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾

2
𝐵2
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THEORETICAL APPROACH
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𝐻 = 𝐻𝐻𝑦𝑝 + 𝑉𝐵 𝑡 + 𝑉𝑆𝑡𝑎𝑟𝑘 𝑡

𝐻𝐻𝑦𝑝 = 𝐴
റ𝐼 ∙ റ𝐽

ℏ2
𝑉𝐵 𝑡 = 𝑔𝑗𝜇𝐵

റ𝐽

ℏ
− 𝑔𝐼𝜇𝐾

റ𝐼

ℏ
∙ 𝐵 𝑡 𝑉𝑆𝑡𝑎𝑟𝑘 𝑡 = 𝑒𝐸 𝑡 ∙ റ𝑟

▪ Hamiltonian
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𝐻 = 𝐻𝐻𝑦𝑝 + 𝑉𝐵 𝑡 + 𝑉𝑆𝑡𝑎𝑟𝑘 𝑡

𝐻𝐻𝑦𝑝 = 𝐴
റ𝐼 ∙ റ𝐽

ℏ2
𝑉𝐵 𝑡 = 𝑔𝑗𝜇𝐵

റ𝐽

ℏ
− 𝑔𝐼𝜇𝐾

റ𝐼

ℏ
∙ 𝐵 𝑡 𝑉𝑆𝑡𝑎𝑟𝑘 𝑡 = 𝑒𝐸 𝑡 ∙ റ𝑟

ሶ𝑐 ෨𝐹,𝑚෩𝐹
= −𝑖

ℏ ෍

𝐹= 𝐽−𝐼

𝐽+𝐼

෍

𝑚𝐹=−𝐹

𝐹

𝑐𝐹,𝑚𝐹
𝑒−𝑖

൘
𝐸𝐹,𝑚𝐹

−𝐸෩𝐹,𝑚෩𝐹
𝑡

ℏ ෨𝐹,𝑚 ෨𝐹 𝑉 𝑡 𝐹,𝑚𝐹

▪ Timedepending perturbation

▪ Hamiltonian

𝐻𝐻𝑦𝑝 ۧ|𝑚𝐹 , 𝐹 = 𝐸𝑚𝐹,𝐹 ൿ|𝑚𝐹,𝐹 ۧ|𝜓 = ෍

𝐹=|𝐽−𝐼|

𝐽+𝐼

෍

𝑚𝐹=−𝐹

𝐹

𝑐𝑚𝐹,𝐹(𝑡) ∙ 𝑒
− ൘
𝑖𝐸𝑚𝐹,𝐹

∙𝑡
ℏ ۧ|𝑚𝐹 , 𝐹
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ሶ𝑐𝛽4 𝑡 = −
𝑖

ℏ

1

2 2
𝑒
−𝑖 ൗ𝐴𝑡

ℏ+𝜑 𝐵𝑟 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝑐𝛽3 +
1

2
𝑒−𝑖 ൗ𝐴𝑡

ℏ𝐵𝑧 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝑐𝛼2 −
1

2 2
𝑒
−𝑖 ൗ𝐴𝑡

ℏ−𝜑 𝐵𝑟 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝑐𝛼1

ሶ𝑐𝛽3 𝑡 = −
𝑖

ℏ

1

2 2
𝑒
𝑖 ൗ𝐴𝑡

ℏ+𝜑 𝐵𝑟 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝑐𝛽4 −
1

2
𝐵𝑧 𝑔𝐽𝜇𝐵 − 𝑔𝐼𝜇𝐾 𝑐𝛽3 +

1

2 2
𝑒𝑖𝜑𝐵𝑟 𝑔𝐽𝜇𝐵 − 𝑔𝐼𝜇𝐾 𝑐𝛼2

ሶ𝑐𝛼2 𝑡 = −
𝑖

ℏ

1

2
𝑒 ൗ𝑖𝐴𝑡

ℏ𝐵𝑧 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝑐𝛽4 +
1

2 2
𝐵𝑟𝑒

−𝑖𝜑 𝑔𝐽𝜇𝐵 − 𝑔𝐼𝜇𝐾 𝑐𝛽3 +
1

2 2
𝑒𝑖𝜑𝐵𝑟 𝑔𝐽𝜇𝐵 − 𝑔𝐼𝜇𝐾 𝑐𝛼1

ሶ𝑐𝛼1 𝑡 = −
𝑖

ℏ
−

1

2 2
𝑒
𝑖 ൗ𝐴𝑡

ℏ−𝜑 𝐵𝑟 𝑔𝐽𝜇𝐵 + 𝑔𝐼𝜇𝐾 𝑐𝛽4 +
1

2 2
𝐵𝑟𝑒

−𝑖𝜑 𝑔𝐽𝜇𝐵 − 𝑔𝐼𝜇𝐾 𝑐𝛼2 +
1

2
𝐵𝑧 𝑔𝐽𝜇𝐵 − 𝑔𝐼𝜇𝐾 𝑐𝛼1
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R. Engels, et al., Eur. Phys. J. D, vol. 75, no. 9, p. 257, (2021)
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Set Parameters

Run the simulation

Compare to
the
measurement



OUTLOOK
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▪ QED-corrections

▪ New method of neV energy
spectroscopy

▪ Adjustment of the free parameter 𝐵 𝑟, 𝑡 , 𝜆 𝑣

𝐻2
+, 𝐷2

+, 𝐻𝐷+
➔ Also for molecules

gJ H, 2S1/2

ge
= 1 − 4.426352 11 × 10−6

gI H, 2S1/2

gp
= 1 − 23 14 × 10−9


