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Overview

* DM Direct detection principle

» Coherent neutrino-nucleus scattering (CvNS)
» CvNS as irreducible background

* SM Neutrino Discovery Limit

- Flavour-independent BSM

» Flavour-dependent BSM



Principle of WIMP Direct Detection

A possible interaction between WIMP and
Elastic scattering nuclei
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Total Neutrino Flux

101(]% T I IIIIIII 1 1 IIIIIII I T |||||| T I |||II§
- Solar -
108 E,—""'"L' ~ Solar
—_— = 3 pp chain CNO cycle
T - i ]
@ 1 === pp
~ 10%¢ L--—\ E
| F - TY : — pep e 1N
% 4 4§:\*~ ‘: "= hep 15
< 10%E 1 >l Reactor T | | 0
~ E - " ﬂt.\ E - e 17F
| - ——— TBe-2
8 2 a T a B
g 10 4 /’ l E B
E 10 0 _/ i = _‘!:_ _ 4 Atmospheric DSNB
= L= I —
g ,.—'i T H — = 3 MeV
—2 o" 1 TRt Ve
Y s | T
= Pad O Ly [T e ) i “=e §MeV
Z 1074 - Wk i
2es oo : :| Reactor
10-6& : === LSBB - 2015
E 1 | | I 1 1 1111 II |_ | 1 1 \I\I I“ II | 11 111
102 103 10% 10° 109

Neutrino Energy [keV ]




Ar Target
1OSE T T TTTTIT T T TTTTIT T |||||||| T I||||||| I T TTTTIT T IIIII|§
100 =
104 E|
Total recoil i
102 rate for LNGS

Event Rate [ton year keV]™!

100k
- b
'''''''''''''''''' e Bt
102 ; BN
= i H \.‘\“\‘\
- i | AR
10~ ' i '
R LI TITCITEEPRT RN SEERRRrtr sl oo+ N N‘\; :
10~ 103 102 10! 10°
Recoil Energy [keV]

R

10?

Event Rate [ton year keV]™

Xe Target

e ——

. —

T IIIIIII| I IIIIIII| I IIIIIII| T Illlllg

energies

—
o
o

Small recoil

104 i L
E [\ !\ R
11 IIIIIII | l|||| [ IIIlIlI 'Elll 1 !Illﬂm "1 L 11
103 10! 100 10°

10

Recoil Energy [keV]

1 IlIIIl,lII 1 lIIlU,I,lI 1 IIlII,I,I,Il 1 IIII|,|,|||

1 1 IlIlI,I],l

10?

Solar
pp chain CNO cycle
-——
pep - 13N
"=c=hep | 50
—— "Be-1
——— 7R
= "Be-2
— 8
Atmospheric DSNB
Ve
_ e 3 MeV
A
w== 5 MeV
—_
mumm 8 NeV
T

Reactor - 2015

=== LNGS
=== SURF
=== CJPL
== LSM




A WIMP signal can

perfectly be
mimicked by neutrino
scatterings.
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Neutrino
Discovery Limit - 1

How to describe consistently

when do neutrinos become

relevant?

Real experiment
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LNGS - Xe target
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Neutrino Discovery Limit - 4

DorCOMS Soudian Low Threshold
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Only SM
interactions

NSI can result in a
signal at DD
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What it there’s Beyond the SM physics?

» Flavour independent

Simplitied models (scalar and vector) coupling with both DM and
neutrinos
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» Flavour dependent

Neutral Current Non-Standard Interactions (NC-NSI)
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Flavour Independent - Vector Mediator
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Scalar Form Factors
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Vector Mediator - LNGS - 10* ton-year
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Flavour dependent scenario — NC-NSI

Parametrization of

Chiral Projector

BSM physics
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neutrino oscillations
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Current Limits - NSI
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Recoil rate with NSI

We must include Neutrino at Neutrino at
neutrino oscillations the source the detector
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Summary

» Future Direct Detection experiments will be sensitive to CNSN, opening another window to
study neutrino physics.

* An absence of a WIMP signal put limits in a interaction that affects both DM and vs.
» Improvements on the measurements of neutrino fluxes and/or a detection of the CNSN.

- Flavour independent scenarios can be constrained by current limits, but they can be sensitive
to other experimental data

» Flavour dependent BSM interactions are more constrained due to neutrino oscillation physics
* Neutrino physics and DM physics might be interconected.

» Important to study the interplay between these two invisible particles.









Quantum Mechanical Coherence

Positions of the
individual components

Suppose a elastic scattering of Number of constituents

an elementary projectile into
a composite system \@
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Profile Likelihood — Neutrino Floor

Binned
likelihood
function

Comparison between
neutrino-only and
neutrino+DM
hypotheses

Significance

Significance achieved
90% of the times

Poisson distribution
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Maximum Likelihood

. Number of DM+v events
: : (b + p())Ne—O@—
L(O|N) = P(0|N) =
N1
Ranges considered 0<|gv| <5, 0<|ghl<5 0<]gy| <1
LZ DARWIN
LUX

Target: Xenon * Target: Xenon * Target: Xenon

We considered efficiency of LUX-2016 * NR efficiency of 50% * NR efficiency of 30%
Exposure: 3.35%1074 kg-day * Exposure: 15 ton-year * Exposure: 200 ton-year

N=2, b=1.9, per ton-year  N=1, b=0.64, per ton-year  N=1, b=0.64, per ton-year
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Vector Scenario
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Ey = 1.1 keV, 50% Efficiency Ey, = 1.1 keV, LUX'16 Efficiency
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NSI - Flavour dependent
coefficient
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