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Today

• Intro: Exotic Atoms

• New physics searches with antiProtonic atoms

• The PAX experiment at CERN

• Outlook: Contact free muonic atoms (CONFRONT)
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The potential:

Why compact atoms?

Changes the energies of circular states (𝑛 = 𝑙 + 1):

Beyond the decoupling radius, the sensitivity drops:

The higher the mass, the more sensitive we are !
For  me, 1/𝑟𝑛 ≈ keV 
For  mp, 1/𝑟𝑛 ≈ MeV 



Existing bounds hadronic atoms PRL 135, 131803



Limitations of solid-state detectors:

Δ𝐸𝐹𝑊𝐻𝑀

𝐸
→ ∞

Resolving power deteriorates at low energy: Background is huge at low energies



antiProtonic Atom X-ray spectroscopy

Spokesperson: Nancy Paul 
npaul@lkb.upmc.fr

• Testing of high-field QED with antiprotonic atoms

• Target circular transitions in noble gasses

• Employ microcalorimeter detectors

https://pos.sissa.it/480/085



Antiproton Capture and cascade

ത𝑃



https://pos.sissa.it/480/085



First measurement of antiprotonic x rays using a microcalorimeter

C
o
u
n
t
s

Test beam result:    ҧ𝑝 Zr Cascade 



Prospect  for NP with pAX

Energies in the 20-200 keV range

PRL 135, 131803

Sensitive to new bosons 
with MeV masses !

PAX experiment could search for new physics well-beyond the state of the art !
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Need new contact-free experiments with muonic atoms !



QUAntum inteRacTions with Exotic aToms

Spokespersons: BO (Technion) 
and N. Paul (LKB)

Highly charged and exotic ionsñcomplementary systems for metrologyThe QUARTET collaboration and precision goals
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First QUARTET student graduating: Daniel Unger (KIP, Heidelberg)
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Prospects with CONFRONT
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Thanks for listening!
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