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New physics in
coherent neutrino scattering
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Outline

e Introduction to coherent neutrino scattering
— What is it? Current status/Future potential
e New physics

— NSI (Non-Standard Interaction)
— SPVAT (S: 1, P: %, V: 4#, A: 4#~°, T: oH




Coherent Elastic Neutrino-Nucleus Scattering

What is Coherent? 0.___

Without Coherency: neutrino wavelength < nucleus radius

Sum over cross sections
O-tot :O-p_|_0-p—|_...—|_0-n—|_0-n+..°

With Coherency: neutrino wavelength > nucleus radius

Sum over amplitude, then square

M= tMp +iMp+ - My +IM, + -
O-tot:‘ZMp—F’LMp—I——I—Z/\/ln—|—@/\/ln_|_’2



Cross section (full coherency)

do . G%’ [N — (1 — 45%{/)2]2 M ucleus 1 T
dT’ - 41 TmaX

T: recoil energy, Ty ax: max recoil, N&Z: neutron&proton numbers.




Coherency requires: F, < 50 MeV.

Two suitable neutrino sources:

pros: higher F,&T, larger o,
Tinre = O(10) keV enough
cons: | Tinre &1 Niot, COM-
paratively low v flux

100 kg Ge
Threshold: 0.1 keV
1GW nuclear reactor

Distance: 10m

Reactor neutrino

pros: v flux high, high statis-
tics if 0.1 keV achieved

cons: needs very low Tipre,
quenching factor unknown

Event number:

7.6 x 10° /yr




Event number:
7.6 x 10°/yr
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New physics
o NSI

— 13804.03660, 1711.09773 , 1711.03521, 1708.04255 , 1708.02899, 1612.04150,
1805.01798, 1812.02778

o SPVAT (S: 1, P: 7°, V: ~#, A: 4H~°)
— 1806.07424, 1711.09773, 1612.04150, 1812.02778

e Sterile neutrinos
— 1703.00054, 1711.09773, 1511.02834

e Light mediators (scalar, Z', dark photon. ..




New physics (NSI)

If mediated by a new gauge boson (e.g. Z'), integrated out = NSI.
Alternative: loop-induced NSI (1. Bischer, W. Rodejohann, X.J.X, 1807.08102).

NSI (Non-Standard Interaction)




New physics (
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New physics (NSI)
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New physics (SPVAT)
If mediated by any kinds of forces, integrated out = SPVAT.
SPVAT (Scalar, Pseudo-S, Vector, Axial-V, Tensor

> oI [PI%(Ca + Dain®)y]

a=S,P,V,A,T

1

D = {1, 7%, 4", y°, o = 5

v, 7]}




New physics (SPVAT)

SM cross section:

d_a . G%Q2M — T
_ dT 4 TmaX
SPVAT cross section:

d_a . G%QQM
dT 47

M. Lindner, W. Rodejohann, X.J.X, 1612.04150

1.20

SM+(£5=0.18)




Light mediator (scalar, Z’, dark photon, etc.)

V\\y/y
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SM cross section:

d_a _ G%Q*M o T
dT 41 Tnax

Light mediator:
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(i) effect of mediator mass (1) effect of mediator spin
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Y /107°

Light mediator (scalar, Z’, dark photon, etc.)

Distortion of spectrum = distinct signal
= to reconstruct the mediator mass & coupling

1.2F
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Light mediator (scalar, Z’, dark photon, etc.)

— — — Meson+n scat.
——— COHERENT
— — — COHERENT (sat x100)

— — — SN v diffusion

OvBp+n scat.

—CONUS

1 conustoo

- —-— SN core EoS

11— BBN+n scat.
102

Dark Hypercharge

SNS Csl, 4466 kg-days (current)
SNS Ar&Nal, 1 ton-year

SNS Ar&Nal, 10 ton-year
Reactor Ge&Si, 100kg-year
Atomic parity violation

Fixed Target
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Sterile neutrinos
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Neutrino magnetic moments

Very Near Site (VNS) - Phase 1
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Dark matter
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Summary

e (Coherent neutrino scattering =- a new chanel to probe SM & BSM neutrino
Interactions;

e Recent experiments = constraints on NSI, SPVAT, sterile neutrinos, light
mediators, neutrino magnetic moments;




Backup




Backup

Chirality flipping and neutrino magnetic moment
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