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Ultra-high energy, high energy 
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from M. Cadeddu

Ice Cube, FASER-𝜈, …  MicroBooNE, ICARUS, …



Neutrino-nuclear interactions (high energy)
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from M. Cadeddu

From F. Sanchez (2019)



Low energy A-𝜈 cross sections
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Low energy A-𝜈 cross sections



Neutrino-nuclear interactions (low energy)
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me (now)

𝜈-A cross section

matrix element

nuclear 
wavefunctions couplings few nucleon observables

final state 
interactions

ab initio models
effective field theory

operator
● weak magnetism
● gA quenching?
● excited states

● 0𝜈𝛽𝛽
● 𝜇-capture



Neutrino-nuclear interactions (low energy)
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nuclear 
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ab initio models
effective field theory

operator
● gA quenching?
● excited states
● weak magnetism

● 0𝜈𝛽𝛽
● 𝜇-capture
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supernova detection

me (now)



Existing data
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All’s loud on the theory front
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Low energy event generators
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● Higher energy neutrino efforts (Genie, NEUT, NuWro, GiBUU, …)
● Low energy generators often motivated by SN, nucleus-specific 

(sntools, SKSNSim, newton, JUNO generator? …)
● Model of Argon Reaction Low Energy Yields (MARLEY) adding 

more nuclei, benchmarking with new data…

MARLEY MILEY



Supernova neutrinos
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from M. Cadeddu



 

Prompt νμ from π 
decay in time with 
the proton pulse

Delayed anti-νμ, 
νe on μ decay 
timescale

COHERENT @ ORNL SNS
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Neutrino alley today
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NaIvE-185
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● 7.7kg NaI[Tl] detectors
● 185 kg total mass
● CC interactions on Na, I



NaIvE-185
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NaIvETe
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from M. Cadeddu
● 7.7kg NaI[Tl] detectors
● 63 crystals per module
● 2.4 tons being deployed
● CEvNS on Na
● CC interactions on Na, I

127 I(𝜈 e,e
- )127 Xe



Neutrino induced neutrons
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from M. Cadeddu



CEvNS
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CEvNS



Coherent Elastic Neutrino-Nucleus Scattering 

small proton 
weak charge

σ~N ~few-% 
uncertainty

2
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CEvNS cross section ingredients
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CEvNS around the globe
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Separating neutrino flavors
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Neutrino fluxNeutrino flux
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Flux improvements

24

● reactor neutrino anomaly
● improve modeling, hadron production knowledge
● use theoretically clean channel to calibrate



𝜈-d scattering for flux calibration
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• Use precisely predicted cross section to determine neutrino flux
• Systematic treatment of neutrino-deuteron cross-section
• Leveraged for Sudbury Neutrino Observatory
• Modern pionless-EFT and chiral-PT calculations

d(𝜈 e,e
- )pp



COHERENT D2O detector
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• two 670-kg modules
• Can achieve ~few-% sensitivity after 3 years
• D2O available
• First module deployed, first light with H2O



New physicsNew physics
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Non-standard interactions
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arXiv:2003.10630 arXiv:1803.09183 

See also: O.G. Miranda, et al. arXiv:2003.12050v3 (2020)



LMA-Dark solution
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from M. Cadeddu

CEvNS compliments oscillation data 
to break LMA-D degeneracy

Constraints from CsI result



Scalar and tensor currents
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from M. Cadeddu

arXiv:2004.13869 [hep-ph] (2020)



𝜈 magnetic moment
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Neutrino charge, charge radii
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from M. Cadeddu



Light vector and scalar mediators
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Accelerator-produced DM

34

• Vector-portal dark matter from neutral mesons in target
• Prompt
• Recoil spectrum depends upon mediator mass
• Coherent nuclear enhancement

LAr 610 kg 
projections



Outlook
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• Neutrino-nucleus cross section measurements (and improved flux assessments) 
facilitate an array of BSM searches, provide robust assessments of SN neutrino 
signals, and contribute to the rich interplay between nuclear physics and the 
physics of weak interactions

• CEvNS is a “clean” channel for a number of BSM searches and for vector-portal 
dark-matter searches

• Stopped pion sources provide a relatively well characterized source of neutrinos for 
cross section measurements

• High and ultra-high energy neutrino interaction measurements likewise benefit from 
both new experiments and refined theoretical evaluations


