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Motivation



Coherent elastic neutrino-nucleus elastic scattering (CEvNS)
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“from Akimov, D., et al. “Observation of coherent elastic neutrino-nucleus
scattering.” Science 357.6356 (2017): 1123-1126.



Non-Standard interactions (NSI) of neutrino

General four fermion interaction:
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The NSI couplings:
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Differential cross section

Differential cross section of vg + N — v, + N as a function of
recoil energy E,
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Degeneracies from oscillation experiments
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"from Coloma, Pilar, and Thomas Schwetz. “Generalized mass ordering
degeneracy in neutrino oscillation experiments.” Physical Review D 94.5 (2016):
055005.



Degeneracies from finding effective NSI couplings

Effective NSI couplings on earth:
€ee = 3€% + 3eL.
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1st figure: fitting COHERENT data with only €* turned on
2nd and 3rd figure: fitting COHERENT data with both €* and €? turned on,
with different prior range [-1.5:1.5] and [-2.5:2.5]



Target-dependent degeneracy

Charges:

Q= (Qs + (27 + N) et + (Z +2N) el )

Current posterior distribution on the four NSI parameters with Coherent
data. The contours show the 68% and 95% credible regions.



Breaking the degeneracies




Degeneracy-lifting effect of detector complementarity

Slope=(2Z + N) /(Z + 2N)
Radius=Qgsnr/ (2Z + N)orQsn/ (Z +2N)
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Different slope or radius due to Si and Ge detectors



Experiments and analyzing tools

Likelihood function: L(D|0,I) = [, [, p(Di|Xi(6))

Parameters to consider: e, €% , €2, el |

Analyzing tool: MultiNest package?

Name Detector Source Exposure | Threshold
Current (COHERENT) Csl SNS (20m) 4466 kg.days 4.25 keV
Future (reactor) Ge 1GW reactor (20m) | 10* kg.days 100 eV

Si 1GW reactor (20m) | 10* kg.days 100 eV

Future (accelerator) Nal SNS (20m) 1tonne.year 2 keV
Ar SNS (20m) 1tonne.year 30 keV

Experimental configurations used in this analysis

*Feroz, F., M. P. Hobson, and M. Bridges. “MultiNest: an efficient and robust
Bayesian inference tool for cosmology and particle physics.” Monthly Notices of
the Royal Astronomical Society 398.4 (2009): 1601-1614.



Complementarity between experiment: Results
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Projected posterior probabilities of the four NSI parameters with future
accelerator and reactor data.



Complementarity between experiment: Results
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Projected posterior probabilities of effective NSI with future accelerator
and reactor data.



Conclusions




Conclusions and further work

« Complementarity between different type of CEvNS
measurements can break various degeneracies that arise in
the NSI parametrization of neutrino interactions.

« It can also help to break the degeneracies of effective NSI that
persists in neutrino oscillation experiments.

Further work: Bring in the analysis of timing information of SNS
neutrino and oscillation experiments.
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