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Neutrino backgrounds to dark matter detection
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Neutrino-nucleus coherent scattering

neutrino neutrino
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COHERENT collaboration,
Science, 2017

Spallation Neutron Source

SNS flux (1.4 MW): 430 x 105v/cm2/s @ 20 m:
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Coherent neutrino scattering at reactors

The CONNIE experiment
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Cross section [cm?] (normalised to nucleon)
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Distinguishing DM from
neutrinos:

e Annual modulation/

directionality: Grothaus,
Fairbairn, Monroe 2014; O’'Hare
et al. 2015, Davis 2015

¢ SD DM: Ruppin, Billard,
Figueroa-Feliciano, Strigari,
2014; Gelmini et al. 2018

e Non-rel EFTs: Dent, Dutta,
Strigari, Newstead 2016/2017

e NSI: Dutta, Liao, LS, Walker

2017; Aristizabal Sierra, Rojas,
Tytgat 2018; Gonzalez-Garcia et
al. 2018



Neutrino floor for light
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e At low mass, neutrino floor from solar neutrinos

e Particularly important for detectors that lack electron/nuclear discrimination

Essig et al. 2018; Wyenberg and Shoemaker 2018




Flux (ecm™ s™)

Solar neutrinos: Status

Serenelli et al. 2011
Solar Neutrino Spectra (+10)

0.9

0.8

Borexino collaboration, Nature 2014

PP

pep

7

0.7

0.6

0.5

P (ve = ve)

0.4

0.3

0.2

|IIII|IIIIIIIIIIIIIIIIIII|IIIIIIIII|IIII|IIII
+
o]
9V

0.1

lIlllI | 1 |

1.0 2.0
Neutrino Energy in MeV

W.C. Haxton,! R.G. Hamish Robertson,’
and Aldo M. Serenelli’

3.0

1 |

o
o HTTT
n

10°

Energy (keV)

N
o
o
—

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
thereby confirming the expected increase in the v, survival probability for neu-

trino energies in the vacuum-dominated region. First results on the pep neutrino



High-Z Low-Z

v flux ERex (MeV) GS98-SFII AGSS09-SFII Solar units
p+p—2H4et4v 0.42 5.98(140.006) 6.03(1+0.006) 6.05(115:0%)  10'°/cm?s
pte  +p—2Htv 1.44 1.44(140.012) 1.47(1+0.012) 1.46(17391%)  10%/cm?s
"Be+e™ —Litv 0.86 (90%)  5.00(14+0.07)  4.56(1+0.07)  4.82(17005%)  10°/cm?s
0.38 (10%)

8B—®Betet +v ~ 15 558(140.14)  4.59(1 4 0.14) M0(14+0.03) 10°/cm?s
SHe+p—*He+e+v 18.77 8.04(1+£0.30)  8.31(1 +0.30) — 103 /cm?s
BN-BCret+v 1.20 2.96(1+£0.14)  2.17(1 £0.14) <6.7 108 /cm?s
BO—-BN+et+v 1.73 2.23(1+£0.15)  1.56(1 £ 0.15) <3.2 108 /cm?s
TF—1704et+u 1.74 5.52(1+£0.17)  3.40(1 £ 0.16) < 59. 10%/cm?s
X2/ P 3.5/90% 3.4/90%

Haxton et al. 2013

- 3D rotational hydrodynamical simulations suggest
lower metallicity in Solar core (Asplund et al. 2009)

« Low metallicity in conflict with heliosiesmology data

- SNO Neutral Current measurement right in between
predictions of low and high metallicity SSMs
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- SNO Neutral Current measurement right in between
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Borexino collaboration

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

- Upturn in MSW survival probability not
been measured

« May indicate new physics (e.g. Holanda
& Smirnov 2011)



Nuclear and electron recoll spectra
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Non-Standard Neutrino Interactions

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

1% 1%
gauge bosons
Z/
Best sensitivity to flavor-conserving
Neutral Current NSI models
f f

NSI identified in CNS detection Vg + Fo v+ f

Lint = 2V2G pUary"vsr (eﬁé’ﬁwh + €£§JFR%JCR)

2
+

do 2

aE, ~ ACF [ o5

fR
€0s

€0p

2 EN\° 1 mE
r fLx fR fL fRx ST
(1 — —) 5 (eaﬁ €08 T €ap€ap ) 2

v

Barranco et al. 2005



Non-standard interactions + MSW +
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DM detectors



Non-standard interactions + MSW +

DM detectors
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B. Dutta, Shu Liao, L. Strigari, J. Walker, PLB 2017

e NS| may increase or decrease event rate in Xenon
e 1t sensitive to models still consistent with nu oscillations



Non-standard interactions + DM detectors
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e NSI| may increase or decrease event rate in Xenon
¢ 1t sensitive to models still consistent with nu oscillations
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Low energy solar neutrino spectroscopy
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e Multicomponent spectral analysis of low energy solar neutrinos

e 2.7/% precision on 7Be

e Strongest upper bound on CNO neutrinos

Borexino collaboration 2017




CNO Solar neutrinos and neutrino luminosity

Future low energy neutrino electron elastic scattering experiments for CNO

1.0
Projected 30 uncertainty on future
measurements of the CNO neutrino flux
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Cerdeno, Davis, Fairbairn, Vincent 2018

Low threshold directional detectors: Bonventre & Orebi Gann 2018



CNO Solar neutrinos and neutrino luminosity

® Since nuclear fusion is dominant energy source, linear combination of
neutrino fluxes equals the photon luminosity

¢ Deviation between neutrino luminosity and photon luminosity could hint
at alternative sources of energy generation

Lipp-chai Le
pp-chain +0.005 40.008 CNO +0.004 ;+0.013
Lo = 0.991%0 004 [Z0.013)] Lo 0.009Z4 605 [Z0.008]
L (neutrino-inferred) 1 0 4[+0,07] [+0.20] Bergstrom, Gonzalez-Garcia et al.
To = 1.U%[ 008/ l-0.18 JHEP 2016

¢ Since nuclear fusion is dominant energy source, linear combination of
neutrino fluxes equals the photon luminosity

Direct pp measurement with Xe at few percent level can improve this constraint



CNO Solar neutrinos and neutrino luminosity
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G3 Xe detector may be used for CNO (Newstead, LS, Lang. 2018)
Requires reduction of detector backgrounds



CNO Solar neutrinos and neutrino luminosity

Significance (o)
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Neutrino luminosity constraints improved by a factor of seven compared to global analysis
(Newstead, LS, Lang, 2018)



eV-scale sterile neutrinos

p(measured )/ p(predicted)

- Combined with ‘reactor anomaly’, gallium results may hint at new physics, i.e. ~ eV
sterile neutrino (Giunti & Laveder 2010; Mention 2011)
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G3 detector can provide a test of the reactor/

galium anomaly (Billard, LS, Figueroa-Feliciano,
PRD 2014, 1409.0050)
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Recap: Neutrinos In dark matter experiments

Astrophysics

-irst measurement of the 8B neutral current energy spectrum

-irst 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



Recap: Neutrinos In dark matter experiments

Astrophysics

-irst measurement of the 8B neutral current energy spectrum

-irst 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

Particle physics

NSI affects both neutrino-coherent scattering and neutrino-electron elastic
scattering channels

Independent probe of eV-scale sterile neutrinos
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New directions in dark matter and neutrino physics

Astrophysical sources

SuperCOMS Soudan COMS-lite
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