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Coherent elastic neutrino-nucleus scattering & solar neutrinos

Coherent effects of a weak neutral current
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If there is a weak neutral current, then the elastic scattering process v + A4 —v + A should
have a sharp coherent forward peak just as ¢ + A —¢ + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
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of the recoil energy. The very large value of the neutral-current cross section due to coherence indi-

. : : . : - _ ‘ urable
cates a detector would be relatively light and suggests the possibility of a true “neutrino observato- Elastic neutrino scattering off electrons in crystalline silicon at 1-10 mK results in measurab

| . . ' i ial, even for low-ener < 0.41MeV)
ry.” The recoil energy which must be detected is very small (10—10° eV), however. We examine a temperature changes in macroscopic amounts of material, € gy (

5 i " - in-
realization in terms of the superconducting-grain idea, which appears, in principle, to be feasible ppv's fr om the sun. We propose new det.ectors fo.r bolometric measurement‘ 9f low elllletligy v lf}
through extension and extrapolation of currently known techniques. Such a detector could permit teractions, including coherent nuclear elastic scattering. A new and more sensitive search for oscil-



Coherent elastic neutrino-nucleus scattering (CEVNS)

neutrino neutrino

N/

- Neutral current interaction; Total scattering amplitude sum of that on
constituent nucleons

- Small momentum transfer wrt to the target size implies coherent
enhancement

- Due to Standard Model couplings coherent enhancement due to
neutrons

+ Low energy recoil distribution implies difficult to detect
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First detections of CEVNS
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Energy scales for CEVNS
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Solar neutrino spectrum in Xenon

Event rate [(ton.year.keV) ]
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Dark matter and

neutrino detection
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(P(D - Pmod)/PG)
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Solar metallicity question
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High-Z  Low-Z

v flux EDaX (MeV) GS98-SFII AGSS09-SFII Solar units
p+p—2H+et+v 0.42 5.98(1 4 0.006) 6.03(1+0.006) 6.05(17051;) 10'°/cm?s
p+e +p—2H4v 1.44 1.44(14+0.012) 1.47(140.012) 1.46(175010)  108/cm?s
"Be+e~—"Li+v 0.86 (90%)  5.00(14+0.07) 4.56(1+0.07)  4.82(17903)  10?/cm?s

0.38 (10%)

*B—8Be+et+v ~ 15 5.58(1+£0.14) 4.59(1+£0.1)) 5.00(14+0.03) 10°%/cm?s
SHe+p—*Hetet4v 18.77 8.04(140.30)  8.31(1 £ 0.30) — 103 /cm?s
BN—-BCtet+v 1.20 2.96(1+£0.14) 2.17(1£0.14) <6.7 108 /cm?s
BO—PNtet+v 1.73 2.23(1£0.15)  1.56(1 £0.15) < 3.2 108 /cm?s
TF—=170+eT+v 1.74 5.52(1+£0.17)  3.40(1 £ 0.16) < 59. 10% /cm?s
Y2/ P28t 3.5/90% 3.4/90%

Haxton et al. 2013
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Solar metallicity with Borexino
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Solar metallicity with Borexino
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Non-Standard Neutrino Interactions
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P (ve = ve)

Survival probability with Non-Standard Neutrino Interactions
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2000r'

Events/2-ton-year

In the effective or in the light mediator limit, NSI may increase or decrease the predicted
rate in low-threshold detectors [D. Aristizabal-Sierra, B. Dutta, S. Liao, L. Strigari 2019]

Solar neutrinos and Non-Standard Interactions
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Matter potential introduces new phenomenology
[B. Dutta, S. Liao, L. Strigari, J. Walker, PLB 2017 (1705.00661)]
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Constraints on dark side solutions

- Measurements of oscillation parameters are degenerate
with NSI parameters. Oscillation data still allow for large
NSI couplings and MSW LMA Dark side solution
[Miranda, Valle, Tortola, 2006]

» Changes octant of solar angle and sign of mass ordering

- Non-oscillation experiments (e.g. coherent scattering)
required to lift this degeneracy
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Cygnus ———»

Dark matter detectors with directional
sensitivity can eliminate the neutrino
background [O’ Hare et al. PRD 2015]
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CEVNS in the next decade

- Dark matter/neutrino observatories will gain new
sensitivities to solar, supernovae, and atmospheric

Nneutrinos

- CEVNS detections from astrophysics and terrestrial
sources
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