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Candidates of a tetraneutron resonance state, composed of four neutrons, have been observed in
a heavy-ion double charge exchange reaction at RIBF. We would like to investigate this exotic state
by a pion double charge exchange reaction at the High-Intensity High-Resolution beamline in an
extended Hadron Experimental Facility, which is currently in a planning stage.
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4. pion DCX (=double charge exchange) reaction 

5. experimental plan at J-PARC
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multi-neutron system or “Neutronium”

❖ 1n (neutron) 

❖ 2n (di-neutron) unbound by ≈ 70 keV ; ann ~ −18fm 

❖ 3n (tri-neutron) : hypothetical 

❖ 4n (tetra-neutron) : hypothetical
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https://en.wikipedia.org/wiki/Neutronium

bound state? resonance?

argued for half a century… 
(theories) unlikely to exist  
(most experiments) not observed
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revisiting pion-DCX reaction

❖ searching for a very weak peak near 4n threshold 

‣ in not only bound region but also unbound region 

❖ reduction of unphysical background is important 

‣ contribution from target cell 

‣ beam contaminant 

‣ π decay in flight 

❖ High-Energy (far above Δ region) + High-Intensity + 
High-Resolution experiment will improve the sensitivity
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experimental condition (tentative)

❖ 850MeV π- beam 

❖ beam intensity ~1.6×108 / spill (Sanford-Wang formula) 

❖ momentum transfer ~ 31MeV/c 

❖ With 2 g/cm2 liquid 4He target, 
formation cross section 1nb/sr ⇒ 97 events in 2 weeks
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We will study pion double charge exchange (π±,π∓) reactions with approximately 850MeV
(980MeV/c) π beams at J-PARC. The ultimate goal is to search for a tetraneutron resonance
state (4n), whose candidates have been observed in the 4He(8He, 8Be) reaction at RIBF. First of all,
an analog transition, the 18O(π+,π−)18Ne (g.s.) reaction, will be investigated at the existing K1.8
beamline with the S-2S spectrometer. It will be an important step toward a non-analog transition,
the 4He(π−,π+)4n reaction, with much smaller cross section.
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phase-0 experiment
❖ 18O(π+, π-)18Ne(g.s.) at existing K1.8 beamline  

‣ + S-2S spectrometer 
(constructed for Ξ-hypernuclear spectroscopy) 

‣ first investigation far above Δ-resonance region  

‣ large cross section expected 
(because of analog transition) 

‣ cf. 4He (I=0) → 4n (I=2) : non-analog transition 

‣ 400 counts per day 
(with 107 π+/spill impinging on 2 g/cm2 H218O target)
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conclusion

❖ Recent observation of tetraneutron bound/resonance 
states challenges our understanding on nuclear force 
and few-body systems. 

❖ From an experimental point of view, an independent 
approach with a different reaction will be meaningful. 

❖ We propose to investigate the pion double charge 
exchange reaction with Tπ ~ 850 MeV at J-PARC. 

❖ As phase-0, we will examine an analog transition 
(18O→18Ne) at K1.8 beamline with S-2S spectrometer.
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