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ON COHERENT NEUTRINO AND ANTINEUTRINO
SCATTERING OFF NUCLEI

V. A. Bednyakov, D. V. Naumov
Joint Institute for Nuclear Research, Dubna

NeutrinoÄnucleus νA → νA and antineutrinoÄnucleus ν̄A → ν̄A interactions, when the nucleus
conserves its integrity, are discussed with coherent (elastic) and incoherent (inelastic) scattering regimes
taken into account. In the ˇrst regime the nucleus remains in the same quantum state after the scattering
and the cross section depends on the quadratic number of nucleons. In the second regime, the nucleus
changes its quantum state and the cross section has an essentially linear dependence on the number
of nucleons. The coherent and incoherent cross sections are driven by a nuclear nucleon form factor
squared |F |2 term and a (1−|F |2) term, respectively. One has a smooth transition between the regimes
of coherent and incoherent (anti)neutrinoÄnucleus scattering. Due to the neutral current nature, these
elastic and inelastic processes are indistinguishable if the nucleus recoil energy is only observed. One
way to separate the coherent signal from the incoherent one is to register γ quanta from deexcitation of
the nucleus excited during the incoherent scattering. Another way is to use a very low-energy threshold
detector and collect data at very low recoil energies, where the incoherent scattering is vanishingly
small. In particular, for 133Cs and neutrino energies of 30Ä50 MeV the incoherent cross section is about
15Ä20% of the coherent one. Therefore, the COHERENT experiment (with 133Cs) has measured the
coherent elastic neutrino nucleus scattering (CEνNS) with the inelastic admixture at a level of 15Ä20%,
if the excitation γ quantum escapes its detection.

‚ · ¡μÉ¥ μ¡¸Ê¦¤ ÕÉ¸Ö ±μ£¥·¥´É´Ò° (Ê¶·Ê£¨°) ¨ ´¥±μ£¥·¥´É´Ò° (´¥Ê¶·Ê£¨°) ·¥¦¨³Ò ´¥°É·¨´μ-
Ö¤¥·´ÒÌ νA → νA ¨  ´É¨´¥°É·¨´μ-Ö¤¥·´ÒÌ ν̄A → ν̄A-¢§ ¨³μ¤¥°¸É¢¨°, ¶μ¸²¥ ±μÉμ·ÒÌ Ö¤·μ
¸μÌ· ´Ö¥É ¸¢μÕ Í¥²μ¸É´μ¸ÉÓ. ‚ ¶¥·¢μ³ ·¥¦¨³¥ Ö¤·μ μ¸É ¥É¸Ö ¢ Éμ³ ¦¥ ±¢ ´Éμ¢μ³ ¸μ¸ÉμÖ´¨¨ ¶μ¸²¥
· ¸¸¥Ö´¨Ö ¨ ¸¥Î¥´¨¥ § ¢¨¸¨É μÉ Î¨¸²  ´Ê±²μ´μ¢ ¢ ±¢ ¤· É¥. ‚μ ¢Éμ·μ³ ·¥¦¨³¥ Ö¤·μ ³¥´Ö¥É ¸¢μ¥
±¢ ´Éμ¢μ¥ ¸μ¸ÉμÖ´¨¥ ¨ ¸¥Î¥´¨¥ ¨³¥¥É (²¨ÏÓ) ²¨´¥°´ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ Î¨¸²  ´Ê±²μ´μ¢. ‚¥²¨-
Î¨´  ±μ£¥·¥´É´μ£μ ¸¥Î¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¶μ¢¥¤¥´¨¥³ ±¢ ¤· É  Ö¤¥·´μ£μ ´Ê±²μ´´μ£μ Ëμ·³Ë ±Éμ· 
|F |2, Éμ£¤  ± ± ¢¥²¨Î¨´  ´¥±μ£¥·¥´É´μ£μ ¸¥Î¥´¨Ö ¶·μ¶μ·Í¨μ´ ²Ó´  ¢Ò· ¦¥´¨Õ (1 − |F |2). �μ-
²ÊÎ¥´ ¶² ¢´Ò° ¶¥·¥Ìμ¤ ³¥¦¤Ê ·¥¦¨³ ³¨ ±μ£¥·¥´É´μ£μ ¨ ´¥±μ£¥·¥´É´μ£μ ( ´É¨)´¥°É·¨´μ-Ö¤¥·´μ£μ
· ¸¸¥Ö´¨Ö. …¸²¨ ¢ Ô±¸¶¥·¨³¥´É¥ ´ ¡²Õ¤ ¥É¸Ö Éμ²Ó±μ Ô´¥·£¨Ö μÉ¤ Î¨ Ö¤· , Éμ ¨§-§  ¶·¨·μ¤Ò ´¥°-
É· ²Ó´μ£μ ¸² ¡μ£μ Éμ±  ÔÉ¨ Ê¶·Ê£¨¥ ¨ ´¥Ê¶·Ê£¨¥ ¶·μÍ¥¸¸Ò ´¥· §²¨Î¨³Ò. �¤¨´ ¸¶μ¸μ¡ μÉ¤¥²¨ÉÓ
±μ£¥·¥´É´Ò° ¸¨£´ ² μÉ ´¥±μ£¥·¥´É´μ£μ ¸μ¸Éμ¨É ¢ ¤μ¶μ²´¨É¥²Ó´μ° ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ μÉ ¸´Ö-
É¨Ö Ö¤¥·´μ£μ ¢μ§¡Ê¦¤¥´¨Ö, μ¡Ê¸²μ¢²¥´´μ£μ ´¥Ê¶·Ê£¨³ ¶·μÍ¥¸¸μ³. „·Ê£μ° ¸¶μ¸μ¡ Å ¨¸¶μ²Ó§μ¢ ÉÓ
¤¥É¥±Éμ· ¸ μÎ¥´Ó ´¨§±¨³ Ô´¥·£¥É¨Î¥¸±¨³ ¶μ·μ£μ³ ¨  ´ ²¨§¨·μ¢ ÉÓ ¤ ´´Ò¥ ¶·¨ μÎ¥´Ó ´¨§±¨Ì Ô´¥·-
£¨ÖÌ μÉ¤ Î¨, ±μ£¤  ´¥±μ£¥·¥´É´μ¥ · ¸¸¥Ö´¨¥ ¤ ¥É ±· °´¥ ³ ²Ò° ¢±² ¤. ‚ Î ¸É´μ¸É¨, ¶μ± § ´μ, ÎÉμ
¤²Ö Ö¤¥· Í¥§¨Ö 133Cs ¨ Ô´¥·£¨° ´¥°É·¨´μ 30Ä50 ŒÔ‚ ´¥±μ£¥·¥´É´μ¥ ¸¥Î¥´¨¥ ¸μ¸É ¢²Ö¥É 15Ä20%
μÉ ±μ£¥·¥´É´μ£μ. �μÔÉμ³Ê ¥¸²¨ ¢ Ô±¸¶¥·¨³¥´É¥ COHERENT ´¥ ·¥£¨¸É·¨·μ¢ ²¨¸Ó γ-±¢ ´ÉÒ μÉ ¢μ§-
¡Ê¦¤¥´¨Ö Ö¤·  133Cs, Éμ ¢ ÔÉμ³ Ô±¸¶¥·¨³¥´É¥ ¡Ò²μ ¢¶¥·¢Ò¥ § ·¥£¨¸É·¨·μ¢ ´μ ±μ£¥·¥´É´μ¥ Ê¶·Ê£μ¥
· ¸¸¥Ö´¨¥ ´¥°É·¨´μ ´  Ö¤·¥ (CEνNS) ¸ ´¥Ê¶·Ê£μ° ¶·¨³¥¸ÓÕ ´  Ê·μ¢´¥ 15Ä20%.
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