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Our work currently focuses on the neutral current (NC) part

   Vector-Axial vector (V-A) operator

Preliminary Results (90% C.L.)

Conclusions & Implications 
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In the Standard Model (SM)
➔ Number of flavors: 3
➔ Electric charge: neutral
➔ Interaction: weak force 

(mediated by Z and W) 
and gravity

➔ Mass: massless*
➔ Left-handed (LH) ν only

Charged Current        Neutral Current

If the neutrino wavelength is large enough, it doesn’t “see” individual 
quarks. It hits the entire nucleus at once.

But, there are also issues with our current understanding of ν……:
➔ ν oscillations = BSM physics must exist
➔ Do ν’s have Non-Standard Interactions (NSIs)?

◆ Are there deviations to our current understanding of ν interactions?
◆ Do ν’s have EM properties? (Dipole moments)
◆ Are there new interactions between ν and quarks?

➔ Coherent Elastic ν-Nucleus Scattering 
(CEνNS) occurs when a low energy ν 
elastically scatters off a nucleus as a 
single, coherent entity instead of 
interacting with individual quarks or 
nucleons

➔ Neutral Current interaction mediated by 
the exchange of a Z-boson
◆ flavor-neutral process in the SM

Cross Section Boost!
➔ Scattering amplitudes from individual nucleons add coherently

◆                                          leads to massive enhancement in detection 
rate compared (N ≡ number of neutrons)

➔ Challenge: requires very sensitive technology due to very tiny nuclear 
recoil, like XENON1T, COHERENT, etc.

➔ Advantage: enables us to push SM precision and neutrino NSI with 
increased statistics!

Extra
Understanding CEνNS is critical for Dark Matter searches. These neutrino 
events create a "floor" of background noise that can mimic a Dark Matter 
signal.

➔ Nuclear reactors
◆      from β decay chains of neutron-rich fragments

Example: Daya Bay,
RENO, CONUS, etc

◆ Cost effective, massive flux

➔ Spallation Neutron Source (SNS)
◆ Protons bombarding target nucleus inside target 

(CsI[Na], LAr, Ge-mini, etc) [2,3,4]
◆ Stopped pions produced

1. Prompt flux 
2. Delayed flux

◆ Example: COHERENT at Oak Ridge
◆ Very good S-to-B ratio

Phenomenological Analysis

Implement into NuDoBe (EFT Python tool primarily designed for 0νββ)

Currently: single-binned χ2 one-param-at-a-time scan approach

    where

To calculate expected number of events N
total

1. Detect Level (flavor diagonal)

2. Integrate to get expected observed events

● CEνNS increased cross-section makes it ideal for hunting new physics
● Our simplified statistical analysis matches existing results on the same 

order
● Differences in bounds lie in different nuclear shell models used and 1D 

singe-binned vs. 2D multi-binned approach

Astrophysical  Implications [6-9]
● Early universe: NSIs may delay ν decoupling, changing radiation 

density (N
eff

)
● Matter vs Antimatter: Provides potential mechanisms for Baryon 

Asymmetry
● Stellar Dynamics: NSIs could fundamentally alter supernova 

core-collapse processes
● CνB: Increased NSI cross-sections could finally make the CνB 

detectable

Future Direction:
● Combine multi-experiment data to obtain tighter NSI constraints
● Match CEνNS neutrino–quark EFT onto the NuDoBe LEFT basis
● Compare CEνNS with other NSI probes
● Study loop effects
● Improve χ2 calculations

CEνNS: The Coherent "Nuclear Recoil"

What are Neutrinos ν?

Source: Adapted from M. Chown (2020)

Source: M. Caduddu et al. (2023)
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More conservative, heavier nuclear form factor dependence

Resolution

Efficiency
ν flux

EFT Predictions and NSI

We can write down terms Lorentz and gauge invariant [1]

1. Deviations to the SM

2. Dipole Operator

➔ σμ𝜈 flips chirality — outing RH 𝜈
➔ Dirac or Majorana

3. Tensor and Scalar operator
➔ Tensor operator:
➔ Scalar operator:  

Current working operator dimension: up to 6

Source: Adapted from B. Kayser

   Propagator (p-space) 

Full Theory Effective Theory 

4-fermion contact interaction
(Local interaction)

At low energy (q2 ≪ M2)

Integrate out the heavy particle

Source: Adapted from 
J. Billard (2019)


