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Inverse beta decay (IBD)

by far the most important mechanism of interaction of low-energy antineutrinos

 -all reactor neutrino oscillation studies (Daya Bay, RENO, JUNO…)

 -core-collapse SN neutrino detection  (SN1987, Kamiokande-II, IMB, …HyperKamiokande )

 -geoneutrinos (KamLAND, Borexino…) 

     In water & scintillator detectors (lots of  «free» protons) dominates by orders of magnitude
            

Precision crucial for high-statistics experiments 

RELEVANCE



LONG STORY SHORT

ü first cross section prediction  1934                                                        [Bethe & Peierls Nature]

ü first measurement   1956                                                       [Cowan & Reines, Science]

ü  many improvements since then: 

 rad. corrections, form factors, V-A structure, hadron mixing                                                               

     [e.g.  2311.16730.pdf for historical overview]

Most accurate cross section estimates available date  about 20 years ago:
 
-first order in !!""

,	 nucleon recoil [Beacon, Vogel (Phys. Rev. D 1999)]

-all orders, fully relativistic, uncertainty                        [Strumia, Vissani (Phys. Lett. B, 2003)] 



Estimate current IBD cross section: 
central values and uncertainties assessment

Neutrino interactions with a free nucleon: 

q same basic characteristics of lepton scattering

q different hadronic current

THIS WORK

Full on shell matrix element, precision at low energies



Form factor linear expansion (at lower energies) in lieu of modelling
(double dipole is untested at small 𝐸# )



SCC previously neglected for neutrino-nucleon cross section

absent if SU(3) symmetry or charge 
symmetry & time reversal  (Ankovski; 
Giunti; Ivanov, …) 



IBD CROSS SECTION EVALUATION

𝑔! only enters the cross section in terms suppressed by 𝑚"
!, or powers of 1/M 



This suggest we expect SSC dominated by 𝑔$ and suppressed (especially low t) 



QE SCATTERING CROSS SECTION (IBD &                             )

& final state interactions (Sommerfeld) for the crossed channel reaction 𝜈! + 𝑛 → 𝑒" + 𝑝

𝜈! + 𝑛 → 𝑒" + 𝑝



REASONS OF UNCERTAINTY AT LOW ENERGY







at current energies

0.1 percent level


