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Detecting Coherent Neutrino Scattering

Astrophysical sources
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Solar neutrinos: Status
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The progran of solar neulrino studies envisioned by Davis and Baheall has

been only partially completed. Borexino has extended precision measnrements

‘\\‘
Status and Prospects to low-energy solar neutrinos, determining the fiux of 'Be neutrinos to 5%, and
W.C. Haxton,! R.Gi. Hamish Robertson,’ thereby conlirming the expected increase in the p, survival probability for neu-

iil'lll “\hl() ‘\1 SL‘I'(']N.'"i;

trino energies in the vacimun-dominated region. First results on the pep neutrino
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Solar neutrinos: Outstanding issue |
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Solar neutrinos: Outstanding issue |l

45

Borexino, SNO, SK indicate } ~—e— Data
the low energy ES data ; ! BPS09(GS98)+LMA-MSW
lower than MSW predicts E Y BPS09(AGS05)+LMA-MSW
More generally, upturn in %
MSW survival probability not 8
been measure %

=

S
May indicate new physics 5 ~—'+—-“
(?.g. Holanda & Smirnov 0— = - " ——1f2—“ b
2011 ) Energy [MeV]

Borexino Collaboration, 2010
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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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Low energy solar neutrino survival probability

Borexino Collaboration, 2011
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Neutrino Astrophysics: ultra-low thresholds
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First evidence of pep solar neutrinos by direct detection in Borexino
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LS, PRD 2016

G3 experiments at low threshold (~ 20 eV) would improve
the sensitivity to the pep spectrum
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Neutrino Astrophysics: ultra-low thresholds
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G3 experiments at low threshold may be able to study the CNO Solar neutrino flux
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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,

) . ; " L. ,

“pp-chain o1 +0.005 (+0.008 F YCNO q+0.004 +0.013
I == Ul)]l 0.004 [ 0.013 : = “““) 0.005 [ U‘U['lt%]
A=) 4 (2

Without the luminosity constraint,

Lg(neutrino-inferred) ! l)i['*”m +0.20 Bergstrom, Gonzalez-
L *e1-0.08] [-0.18 Garcia et al. JHEP 2016

+ Direct pp measurement (e.g. Xenon) at few percent level can improve
this constraint
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; i i . 1.1 4
- Gallium calibration experiments check the SENRGR M
capture cross section for two excited
states not constrained by "'Ge lifetime

- Ratio of measured "'Ge relative to that
expected from source strength indicates
~ 2sigma discrepancy ' Cllex 2 SAGEAr

SAGE collaboration, 2009
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Coherent neutrino scattering at reactors

The CONNIE experiment
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Background Studies for the MINER Coherent Neutrino Scattering, Reactor

Experiment
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Mirabolfathi et al. 1510.00999

Reactor-based proposal developed with Nuclear Science Center at Texas A&M University
Detector technology based on scalable ultra-low threshold Germanium and Silicon arrays
Close proximity of ~ 1Tm to MW reactor core
Equivalent rate to larger detectors at larger distance from core (e.g. TEXONQ)

+ MW reactor ON/OFF

Moveable core: Important for sterile neutrino searches
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Spallation Neutron.Source

The primary goal of COHERENT is detection
of CEVNS using the extremely clean, pulsed
stopped-pion flux at SNS

SNS flux (1.4 MW): 430 x 105 v/icm?/s @ 20 m;
~400 ns proton pulses @ 60 Hz =»~10-4 bg rejection

Page 15/25



Searches for new physics
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Non-Standard Neutrino Interactions

NSI describe new physics at high
energy in form of heavy scalars,
gauge bosons

174 L/

ZI

Best sensitivity to flavor-conserving
Neutral Current NSI models

NSI identified in CNS detection g+ ff = P+ F
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Barranco et al. 2005
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Non-standard interactions

Reactors
Accelerators
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Non-standard interactions: MSW LMA Dark Side

¢ Oscillation data still allow for , , . , ] ‘ ‘
large NSI couplings and MSW [} A - =SS =~ - - - - - - - - - - -
LMA Dark side solution
[Miranda, Valle, Tortola, 2006]

¢ Changes octant of solar angle =3
and sign of mass ordering

¢ Non-oscillation experiments
(e.g. coherent scattering) '
required to lift this degeneracy 1.0 —0.8 =06

0.2 0.0 0.2 0.4 0.6

fu.i
e

0.4

Coloma et al. 2017
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Solar neutrinos, MSW, and NS
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Non-standard interactions + MSW + DM detectors

J. Dutta, Shu Liao, LS, J. Walker, 2017
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Non-standard interactions + MSW + DM detectors
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Sterile neutrino search at reactors

y* Significance, I00Kg., 3yr, Sm, Unbinned, Ezg>10eV
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Neutrino properties: Sterile neutrinos

Super-K, SNO CC, and Borexino may not be seeing the upturn in the MSW
survival probability at intermediate energy

> 'C
E &= pp: All solar Pao - Solar + KamLAND
‘ ) ‘ _g - —e— Be-7; Borexino — — Pes - Salar + KamLAND
DM experiments provide first = U] e — Poe - § + K + Go 10 lon-yoar
measurement of the energy = =B INOsSk | Pos- S+ K+ Go 10 tonyer
dependence of the survival probability UL~
— ;7;#\
0 4; ) \‘\\\
g . . 4 S~ =
Sensitive to oscillation to 4th n oat—————
generation sterile neutrino 02— B e S
Palazzo 2012 - —
O | Y o I"i.J = st el g g S B 1. 25 el Fuld £ 41 0 =
10 1 3

10
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Kosmas et al. 2017 for COHERENT

sterile analysis ; G o i :
terile analysis Billard, Strigari, Figueroa-Feliciano, PRD 1409.0050
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Summary: Important physics reach of
coherent neutrino-nucleus scattering
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