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Searching for new physics with exotic atoms & cryogenic detectors

Ben Ohayon
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Today

e Intro: Exotic Atoms

* New physics searches with antiProtonic atoms

* The PAX experiment at CERN

* OQutlook: Contact free muonic atoms (CONFRONT)
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Exotic Atoms:

Replace nucleus with positive particle: Replace electron(s) with negative particle:

Positronium

Muonic hydrogen

Muonium . .
Pionium Pionic Helium
Antiprotonic Helium
et puT Or replace both:

“Compact systems”
@

Anti-Hydrogen
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Muonic vs. electronic atoms:
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In a nonrelativistic approximation, nuclear effects predominantly produce “contact terms” that affect the “s” states



AntiProtonic vs. electronic atoms:
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New Physics?



Why compact atoms?
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Why compact atoms?

9%9)15 e~ Mx’

The potential: VX(r) = (_1)5 i
T r

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

cgugv 11

EY = (-1)

477: Iy (1 4_%)271

Beyond the decoupling radius, the sensitivity drops:

= 12/ (Zay)
/

The higher the mass, the more sensitive we are !
For mg, 1/7, = keV
For my, 1/, = MeV



Existing bounds hadronic atoms

Bound-state (ni,li) (ns,ly)

Ef:]\,]l I? keV]| An,n_1/E5M ]10 [ppm] l/'rnf [MeV] ENP”ll/EBM lo[ppm]

.1

m~ N (5,4) (4,3) 4.05 3.9+ 1.7 [47] 0.44 0.005
p “He (32,31) (31,30) 5.11x107° (2.2+£2.3) x 107 [73] 0.011 10~°
p 2°Ne (13,12) (12,11) 2.44 14 £ 23 [39] 0.45 0.005
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PRL 135, 131803



Limitations of solid-state detectors:

Energy resolution
Epwnm/keV

o Energy resolution calibration
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Resolving power deteriorates at low energy:
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Background is huge at low energies



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

antiProtonic Atom X-ray spectroscopy

* Testing of high-field QED with antiprotonic atoms
* Target circular transitions in noble gasses

* Employ microcalorimeter detectors

&% Spokesperson: Nancy Paul (PZ \ )

i npaul@lkb.upmec.fr




Antiproton Capture and cascade
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The PAX approach: quantum sensing detectors + antiprotonic atoms

New experimental approach with pAX:

» Original method with Transition Edge Sensor (TES)
detector = 50 x gain in intrinsic resolution

12 1

1.0 -

100 keV antiprotons
from ELENA
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Gas Target and

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



rst measurement of anti pr ot
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Prospect for NP with pAX

PRL 135, 131803

Bound state (ni. 1) (ngdy) :‘:: ']“ [keV] [r, [MeV] ENt JE :\:: |1“ [ppm]
p*’Ne (6,5) (5.4) 29.0 2.6 1
pl3Xe (11,10) (10,9) 125 3.7 3
p'iXe (10.9) (9.8) 170 4.5 20

\ Sensitive to new bosons

Energies in the 20-200 keV range with MeV masses !
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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'!




The QUARTET collaboration and precision goals
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QUANtum inteRacTions with Exotic aToms

Spokespersons: BO (Technion)
and N. Paul (LKB)
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Setup October 2024

*=

MMC mounted on dilution

M Target chamber S A |.
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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!

2022 2024







Minimal overlgp with the nucleus
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Nuclear charge density
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= Dirac

= Finite nuclear size
= Self-energy

= Vacuum Pol.

= 2nd Order QED
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