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ON COHERENT NEUTRINO AND ANTINEUTRINO
SCATTERING OFF NUCLEI
V. A. Bednyakov, D.V. Naumov

Joint Institute for Nuclear Research, Dubna

Neutrino—nucleus vA — vA and antineutrino—nucleus 7A — DA interactions, when the nucleus
conserves its integrity, are discussed with coherent (elastic) and incoherent (inelastic) scattering regimes
taken into account. In the first 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|* term and a (1 —|F|?) term, respectively. One has a smooth transition between the regimes
of coherent and incoherent (anti)neutrino—nucleus 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 v 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 '*3Cs and neutrino energies of 30-50 MeV the incoherent cross section is about
15-20% of the coherent one. Therefore, the COHERENT experiment (with 133Cs) has measured the
coherent elastic neutrino nucleus scattering (CEvNS) with the inelastic admixture at a level of 15-20%,
if the excitation v quantum escapes its detection.

B p 6ote 06cyXn 0TCS KOTepeHTHBIH (yOpyTHii) 1 HEKOTEPEHTHBIH (HEYIPYruil) peXXuMbl HEHTPUHO-
spepHblX VA — vA W HTHHEHTpUHO-sIEepHbIX VA — DA-B3 UMOIEUCTBHH, MOCIE KOTOPHIX SIPO
COXp HSET CBOIO LIEIOCTHOCTb. B mepBoM pexXmuMe SIpo OCT eTcd B TOM Xe KB HTOBOM COCTOSHHU IIOCTIe
P CCesHMS M CEYeHUE 3 BHCHUT OT YUCI HYKJIOHOB B KB Jp Te. Bo BTOpOM pexume sdipo MEHSeT CBOe
KB HTOBOE COCTOSHHE H CeueHHe HMMeeT (JIUIIb) JIMHEHHYI0 3 BUCHUMOCTh OT YHCI HYKIIOHOB. Bemn-
YUH KOIEPEHTHOIO CEUeHUs OINpeesaeTcs MOBEeeHUEM KB JIp T SAE€PHOro HyKJIOHHOro opMg KTOp
|F|?, Torl K K BeJMYHMH HEKOIePEHTHOIO CeYeHHs IPONOPLMOH JbH BbIp Xenmo (1 — |F|?). Ilo-
JIydeH IUT BHBIN MEPEXO MEXYy PeKUM MU KOTEPEHTHOIO M HEKOTePEHTHOro ( HTU)HEHTPUHO-SJEPHOrO
p ccesnus. Eciu B skcmepuMeHTe H OMIOI €TCS TONBKO HEPIUs OTHA UM SApP , TO U3-3 TIPHUPOIbI Hell-
TP JIBHOTO ci1 6Oro TOK 3TH YIpYrHe W Heylnpyrue Ipouecchl Hep 3mu4uMbl. OpuH crocoG OTENTbH
KOTepPEeHTHBIH CHTH JI OT HEKOT€PEHTHOTO COCTOUT B JOIONHHUTEIBHON PETHCTP IIMU 7y-KB HTOB OT CHS-
THS SIepPHOTO BO30YXJeHNs, 00OYCIIOBIEHHOTO HEYHNPYruM IpoleccoM. Jpyroil crnoco® — HCHOIb30B Th
JEeTeKTOp C OYeHb HI3KHM DHEpPreTHYecKUM MOPOTOM U H JIM3UPOB Th A HHBIE NP OYEeHb HU3KUX dHEP-
TUSX OTJ YU, KOTJ HEKOTepPEeHTHOE P CCesiHUe [ eT Kp iHe M Jblif BKI A. B 4 cTHOCTH, NOK 3 HO, 4TO
m1a agep nesua 33Cs u suepruit meitrpuro 30-50 MaB HekorepeHTHOe cedeHme cocT BiseT 15-20%
ot korepeHTHoro. [Tostomy ecnu B skcriepumedTre COHERENT He peructpupoB JHch y-KB HTBI OT BO3-
Gyxaerns aap >>Cs, TO B 9TOM dKCIEpUMEHTe GBUTO BIEPBHIE 3 PETHCTPHPOB HO KOTEPEHTHOE YIPYroe
p ccesnue Heiftpuno H snpe (CEvNS) ¢ Heynpyroii npumMecsio H ypoBHe 15-20 %.

PACS: 14.60.Pq; 29.40.Mc; 28.50.Hw; 13.15.4+-¢g
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