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➢The class of atomic systems we consider:

Exotic atoms in circular and excited states with high-Z nuclei

➢ 𝑙 ≥ 1 are unaffected by strong force contact terms

➢ Higher 𝑛 states have smaller velocities 𝑣 ∝
𝑧

𝑛

𝑙 = 𝑛 − 1 𝑛 > 2

The Atomic system

e.g. Zatroski, 
Patkóš, Pachucki 
arXiv:2207.14155
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The Atomic system

𝑟2 𝑟2

distance is 
still smaller!

𝑟2 ∝
𝑛2

𝜇𝑍

Exotic atomHydrogen
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➢The nucleus and orbiting particle are polarized 

Nuclear Polarization 

Δ𝐸𝑛
Pol = −

1

2
𝑒4 𝜶𝑬𝟏

𝑵 + 𝑍2𝛼𝐸1

ҧ𝑝
𝑟−4

𝑛
Ericson, Hüfner, 

Nuclear Physics B47

Transition
Δ𝐸𝑛

Pol

Δ𝐸𝑛
SM × 𝟏𝟎−𝟔

ҧ𝑝 4He 32,31 → 31,30 6 ± 1 × 10−8 

ҧ𝑝 208Pb 11,10 → 10,9 70 ± 𝟏𝟓 

poorly 
measured!

e.g. J.N.Orce et.al 
PHYSICAL REVIEW C 
108, 044309 (2023) 

nucleus 
polarizability

proton 
polarizability
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One vs Two energy transitions

YES NO

Solve 𝑔new using 
one transition

Solve 𝑔new and 𝛼𝐸1
 

using two transitions



➢New baryonic interaction with invisible decay to a dark sector:
ℒSM+B model ⊂ −

1

3
𝑔𝐵𝑉𝜇 ത𝑢𝛾𝜇𝑢 + ҧ𝑑𝛾𝜇𝑑 + dark sector
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2 transitions

New bounds on the B-model

Invisible decay to dark 
sector is assumed

ҧ𝑝NatPb 12 → 11 & 11 → 10

*see also J.A. Dror et. Al 
arXiv:1705.06726 
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➢Spectroscopy of simple atomic systems is a competitive probe for new 
physics in the keV-MeV scale

➢Smart selection of atomic systems can avoid challenging SM contributions

➢Further investigation of nuclear polarizabilities can advance new physics 
searches

➢Ideal application for next-generation experiments with antiprotonic atoms!

Conclusions
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Thanks for listening!



Backup: different wave functions comparison



C.J.BATTY et. Al
Phys.Rept. 287 (1997)

Backup: short-range hadronic interactions



Δ𝐸𝑛
𝑋 =

𝑔 ҧ𝑝
𝑋𝑔𝑁

𝑋

4𝜋

𝑍𝛼𝜇

𝑛2
1 +

𝒏

𝟐𝒁𝜶𝝁
𝑚𝑋

−2𝑛

𝑍Pb𝑛He

𝑍He𝑛Pb
=

82 ⋅ 31

2 ⋅ 10
≈ 102

ҧ𝑝20811 → 10

ҧ𝑝20812 → 11&11 → 10

Preliminary 

1 transition2 transitions

Invisible decays to dark 
sector is assumed

ҧ𝑝132Xe 10 → 9

Backup: mass reach of different atoms



Backup: polarizability semi empirical equation



Credit: 
Nancy Paul

Backup: Capture of ҧ𝑝 and cascade
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