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Coherent neutrino-nucleus scattering
neutrino neutrino (C EVN S)
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COHERENT
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CENnuNS at Reactors
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New physics searches

Non-standard/generalized interactions Sterile neutrinos

Scholberg 2005; Barranco 2005; Coloma et al. 2018; Anderson et al. 2010; Dutta et al. 2015; Kosmas et al. 2017
Liao & Marfatia 2017, Aristizabal-Sierra et al. 2018

Reactor, Gallium anomalies

TTTT]

1% 1%

T T T 1171

Z/

f f

Linte = 2V2Gp0r7 Va1, (eiﬁfmm + GQ?]?R%fR)

[
10°
Distance to Reactor (m)

Magnetic moment

Patton et al. 2013; Cadeddu et al. 2018; Vogel & Engel 1989

Ciuffoli et al. 2018



[ prompt [ signal
~ delayed " background

15 20
time (us) energy (PE)




0.8 -

0.6 1

0.4

0.2

prompt
delayed

0.0

signal
background

10 15 20
energy (PE)

25




Non-standard neutrino interactions (NSI)
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Non-standard neutrino interactions (NSI)
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Consider mediators with masses that are much larger than the scale of the momentum
transfer

Future COHERENT + Reactor data will be break (and identify new) degeneracies
between multiple NSI parameters

Dent et al. PRD 2018, 1711.03521



BSM physics: Light mediators

e Cross section may be modified if a new mediator couples to quarks/leptons

e The interaction with a new vector particle may be described by:

LD Z, (g, 0tY*ve + G o SV + 950 YY)

e The effect of the new field may be accommodated by the redefinition of the
couplings:
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BSM physics: Light mediators

 Consider a model to generate couplings with new U(1)

e Fields mix via the kinetic terms:

| 1 _ .. € L
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* For near similar mediator masses, the bound on the mixing terms is:

e <1072

e Consider two limiting cases:
e Dark hyper charge gauge boson: coupling proportional to SM hyper shares

e Dark Z boson



Light mediators

Dark hypercharge gauge boson
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Light mediators
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Light mediators

- Can also consider new universal symmetry, i.e. on that only operates in the mu/tau
sector
- New gauge boson couples to neutrino, but to first generation quarks via lepton loops
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Hidden sectors fermions

- Consider if the Z’ couples to hidden sector fermions and leptons
- Quarks couple to the hidden sector fermions
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Energy + Timing Analysis

17500 A —— with time binning

Light (1-1000 MeV) mediators with out time binning
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Energy + Timing Spectra

Light (1-1000 MeV) mediators

LD Z, (g, o7"ve + 9s o Y + 1o SV Y S)

Important issue: how to statistically handle
steady-state background

Define a poisson model in energy/time bins
and integrate out unknown parameters

Dutta, Liao, Sinha, LS PRL 2019



LMA-Dark Solution

e Possible to have a dark side’ solution
for the Solar mixing angle with large
NSI, and mixing angle > 45 degrees

* For light mediators a possible model
IS:

LD Y gZiia+ Y (9)apZuParvs.
q€{u,d} a,B€{e,u,}

e Viable solution with COHERENT data
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p(measured )/ p(predicted)

Sterile neutrinos

117 GallexCrl SAGECr

o
el
!

[ |

Gallex Cr2 SAGE Ar

e o :_._
: PR - F o owpFOP o : :
i P2l gi gl R s s
..._ 7 :..c}g;..g..gg...g:ﬂ.g:ﬁg: .:g.:. oo : .....é.,..
: ‘X b 0! xOi R ; ;
At A I R A I | ; ;
i ; ; Poioild ; ;
I IR i
5 Pl P é ;
. . ........... ......... h
T
...... i... S o ..i....|..‘.|, |..........‘..‘.............}...............;\...........i.......‘[......g.....%.....}..‘4....}.._
A | RN

- Combined with ‘reactor anomaly’, gallium results may hint at new physics, i.e. ~ eV

sterile neutrino (Giunti & Laveder 2010; Mention 2011)

10°
Distance to Reactor (m)



102

Sterile neutrinos
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Sterile neutrinos
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Sterile neutrinos
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Neutrino magnetic moment

Neutrino Magnetic Momement CEvNS Limits for 2:1 "?Ge, 2°Si

T.XTO_mk ! L ' L ! T
S 5.x1071} -
.C? 1 1 ]
i Present [imit
I
O
®
©
D
o 1.x107"" ]
5 0 ]
@ i 10° kg-year |
N 5 x10- 121 |
8_ i — 10" kg-year |
=y 10% kg-year -
3 — 10° kg-year -

— 10% kg-year
1 X»]O—IL || ) ) ) | L . . Ly
' 5 10 50 100 500 1000

Detector Recoil Energy Threshold [eV]

recoil threshold T = 10 eV

projected limits kg-year, 3 x 10~ Bohr magneton
10* kg-years, 3 x 10~12 Bohr magneton



Future prospects for CEVNS
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