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If there is a weak neutral current, then the elastic scattering process v + A —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

Before a few weeks ago, ...well
known prediction of the Standard

Modadel, but is yet to be detected....”
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Observation of coherent elastic neutrino-nucleus scattering
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A COHERENT enlightenment of the neutrino Dark Side
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Coherent Neutrino Scattering: Complementarity

Astrophysical sources
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Coherent Neutrino Scattering: Complementarity

Astrophysics
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Searches for new physics
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Gallium/Reactor anomaly
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- Gallium calibration experiments check the 111 GallexCrl SAGECr
- Ratio of measured "'Ge relative to that

capture cross section for two excited
expected from source strength indicates . J

states not constrained by "'Ge lifetime
~ 2sigma discrepancy GallexCr2  SAGEAr |

SAGE collaboration, 2009
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- Combined with ‘reactor anomaly’,
gallium results may hint at new
physics, i.e. ~ eV sterile neutrino
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Recent Daya Bay results

Recent Daya Bay results show 9
changes in the antineutrino flux and Ax?
spectrum with the burn-up of the f .
reactor fuel 5.5
A Daya Bay

c —e— Huber model w/ 68% C.L.

_% 5.0
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Reactor/COHERENT sterile searches
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Sterile neutrinos from Sun

Super-K, SNO CC, and Borexino may not be seeing the upturn in the MSW
survival probability at intermediate energy
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Solar neutrino signals:
Astrophysical goals for dark matter experiments

First measurement of the 8B neutral current energy spectrum

First direct measurement of the survival probably for low energy
solar neutrinos

Direct measurement of the CNO flux

PP flux measurement to ~ few percent will provide most
stringent measurement of the "neutrino luminosity” of the Sun
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Solar neutrinos: Status
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The program of solar neutrino studies envisioned by Davis and Bahcall has
been only partially completed. Borexino has extended precision measurements
to low-energy solar neutrinos, determining the flux of “Be neutrinos to 5%, and

W.C. Haxton,! R.G. Hamish Robertson,’ thereby confirming the expected increase in the v, survival probability for neu-

and Aldo M. Serenelli?
trino energies in the vacuum-dominated region. First results on the pep neutrino



Solar neutrinos: Outstanding issue |

Solar metallicity High Low

| metallicity metallicity
3D rotational

hyd erynam ical v flux Emax (MeV) — GS98-SFII  AGSS09-SFII Solar units

simulations Sugges’[ p+p—2H+et+v 0.42 5.98(1 4 0.006) 6.03(1+£0.006) 6.05(1100%) 10 /cm?s

lower me’[a”ici’[y N Solar pte”+p—2H+v 1.44 1.44(14£0.012) 1.47(1+£0.012)  1.46(175919)  10%/em?s

core ( ASp|Uﬂd et al. 2009) "Be+e”—Litv 0.86 (90%)  5.00(1£0.07)  4.56(1+0.07)  4.82(1707;) 109 /cm?®s
0.38 (10%)

C : : 8B—®Be+et+v 5.58(1+£0.14)  4.59(1+0.14) 5.00(JP= 0.03) 10%/cm?s
Low metallicity in conflict K L e P
: : : SHe+p—1Hetet +v 8.04(1£0.30) 8.31(1 £ 0.30) — 103 /cm?s
with heliosiesmology data
BN-BCtet+v 1.20 2.96(14+0.14)  2.17(140.14) <6.7 108 /cm?s
1.73 2.23(14+0.15)  1.56(1 4 0.15) <3.2 108 /cm?s
SNO Neutral Current 1.74 5.52(14+0.17)  3.40(1 £ 0.16) < 59. 10%/cm?s

measurement right in

3.5/90% 3.4/90%

between predictions of
low and high metallicity

Haxton et al. 2013
SSMs



Solar neutrinos: Outstanding issue |

-+ Borexino, SNO, SK indicate
the low energy ES data
lower than MSW predicts

- More generally, upturn in
MSW survival probability not
been measure

- May indicate new physics
(e.g. Holanda & Smirnov
2011)
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Low energy solar neutrino survival probabillity

Borexino Collaboration, 2011
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Neutrino Astrophysics: ultra-low thresholds
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G3 experiments at low threshold (~ 20 eV) would improve
the sensitivity to the pep spectrum



Neutrino Astrophysics: ultra-low thresholds
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G3 experiments at low threshold may be able to study the CNO Solar neutrino flux



Neutrino luminosity of the Sun

Neutrinos can test the idea that the Sun shines because of nuclear fusion
Compare the neutrino-inferred luminosity to the Solar luminosity

Imposing the luminosity constraint gives the share of energy production
between PP chain and CNO cycle,

Lpp—chain — 0 991+0.005 [+0.008] LCNO —0 009+0.OO4 [+0.013]
L@ - Y- —0.004 [—-0.013 L@ - Y- —0.005 [—0.008

Without the luminosity constraint,

L (neutrino-inferred) 10 4[+0,07] [+0.20] Bergstrom, Gonzalez-
Lo - 0.0801-0.18 Garcia et al. JHEP 2016

- Direct pp measurement (e.g. Xenon) at few percent level can improve
this constraint



New direction in neutrino physics?
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The expected number of events without neutrino oscillation
300 | The expected number of events with neutrino oscillation
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Only a half of the expected Only 80% of the expected Consistent with the

number (blue line) was observed. number was observed. expected number.



