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Outline
1. Context: Neutron-antineutron oscillation 

• Background 
• Previous experiment
• Uniqueness of the new proposal and the keys

2. Antinucleon-nucleus interactions 
• X-ray spectroscopy of antiprotonic atoms
• Low-energy antineutron scattering
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Previous work and future plans
▪
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K. Abe et al. Phys. Rev. D 103, 012008 (2021).
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▪ At low energy, neutron-nucleus scattering represented by the s-wave 🡪🡪 Fermi potential

▪ Ultracold neutrons (UCNs): neutrons with energies ≲ 300 neV
� Can be stored for time ~100 s in a material vessel  

Fermi potential

• N: number density of nuclei 
• b (or a): scattering length 
• mn: neutron mass (μ: reduced mass)
• For alloy/compound (e.g. NiP): 

b 🡪🡪 (b1n1+b2n2)/(n1+n2)

Fermi potential and ultracold neutrons
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Measured by neutron interferometry with ~0.1% precision 
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Proposed Experiment at the New Research Reactor 
▪
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Proposed Experiment at the New Research Reactor 

tmeasure (s)

▪
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Antineutron/antiproton-nucleus interaction: available data
▪

E. Friedman, Hyperfine Interact., 234, 77–84 (2015).
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Nucleus

Antiprotonic atom spectroscopy
▪

C.J. Batty, E. Friedman & A. Gal, Nuc. Phys. A 689, 283 (2001)
E. Friedman, A. Gal, & J. Mareš, Nucl. Phys. A 761, 283 (2005)D. Gotta et al., Eur. Phys. J D 47, 11 (2008)
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Nucleus

Antiprotonic atom spectroscopy
▪
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μ    : reduced mass
ρn, ρp: nucleon density

b0   : isoscalar term
b1 : isovector termC.J. Batty, E. Friedman & A. Gal, Physics Report 287, 385 (1997).

Strong interaction represented by the optical model

Optical potential 
Vopt ∝ (scattering length per nucleon) x (nucleon density) 

C.J. Batty, E. Friedman & A. Gal, Nuc. Phys. A 689, 283 (2001)
E. Friedman, A. Gal, & J. Mareš, Nucl. Phys. A 761, 283 (2005)



Results of pbar-A scattering lengths from a global fit 
▪

C.J. Batty, E. Friedman & A. Gal, Nucl. Phys. A, 689, 721–740 (2001).
E. Friedman, A. Gal, & J. Mareš, Nucl. Phys. A 761, 283 (2005).

V.V. Nesvizhevsky, G. Pignol, & K.V. Protasov, Phys. Rev. D 77 034020 (2008).
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▪ Purpose: determine the isovector term b1

▪ Limitation of previous experiments: knowledge of nuclear density distributions 
▪ Key 1) Use calcium (Ca) isotopes:

– Advanced theoretical & experimental studies on nucleon distribution
– Long chain of stable isotopes (A=40,42, 44, 48), doubly-magic: 40, 48
– 40Ca: N=Z=20 🡪🡪 isovector contribution canceled. Isotope shifts reveal 

the contribution of the additional neutrons 
Backed up by theory calculations (K. Yoshimura et al. arXiv: 2408.14760)

– Narrow width of the target transition suited for precision measurement 

▪ Key 2) Transition-Edge Sensors (TES) with O(10 eV) resolution
– Strong interaction shifts with O(1) eV precision possible 
– Proposed as a parasitic experiment of the PAX (antiProtonic Aom 

X-ray Spectroscopy) project  
🡪🡪 First beamtime at CERN currently ongoing! 
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Proposal of low-energy antineutron beamline at CERN
▪
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forward production

backward production proposed in SPSC-I-261  

BNL, CERN-LEAR (OBELIX exp.) OBELIX data

9 MeV/c

300 MeV/c

300 MeV/c

C. Amsler et al., CERN-SPSC-2025-010 (2025)

https://cds.cern.ch/record/2930906


Proposed future layout and recent/upcoming activities
▪
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Conclusions
▪
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forward production
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Scattering lengths formula
▪
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S-wave approximation (l=0)
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