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Outline

Motivation: CEVNS as a precision probe for New Physics
EFT Framework: From UV models to nuclear response
Results: BSM constraints from SNS, Reactor, and Solar data
Software: A universal automated code for CEVNS

Summary



CEVNS: A New ( ) Frontier

Coherent elastic neutrino-nucleus scattering

Incoming neutrino Recoiling nucleus
L ——

Qutgoing neutrino

nuclear response
The nucleus recoils as a whole; coherent up to E, ~ 100 MeV
« CEVNS offers a clean SM prediction with a large cross section (~ 2)

* Any deviation from the SM prediction would signal new physics,

such as Z' models, neutrino NSIs, or sterile neutrinos




Experimental Landscape

Coherent elastic neutrino-nucleus scattering

Incoming neutrino Recoiling nucleus

Qutgoing neutrino

nuclear response

Since its discovery by COHERENT in 2017, diverse neutrino sources and targets are
considered for CEVNS:

» Spallation Neutron Source: high-energy ,~ , (~30-50 MeV) from pion decays
[COHERENT with targets Csl, Ar, Ge]

e Reactors: high-flux, low-energy = (< 8 MeV) from nuclear fission [CONUS+ with target Ge]

e Solar Neutrinos (8B): all-flavor ( , , ) flux with energies < 15 MeV, probing the neutrino

floor/frog [PandaX-4T & XENONNT with target Xe]



Data available:

Recoil Energy (keV, )

0 5 10 15 20 25 30 35 40 45
e L s
i -+4-Data Residual 7
5l DXQCEVNS ]
woot (v, CEVNS -
s @v, CEWNS T
§ i [lBRN + NIN ]
@] |
o O COHERENT (CSI)
3 |
x
L i
]
0 — =
| I.\.I..\I....I....I.\..A
0 10 20 30 40 50 60
PE
RechEnergg(keVnn
0 50 100 150 00 250 300
0 [rrerervr ] FT T el e d & [T m L FT 71
5 ool
L 200
o C
‘8 -
S 1501~ COHERENT (Ar)
g L
=} -
N 100w
- [
c |
=} L
e L
2 ¢
Q -
3] L
o C
0w o
RN 2 120

Experimental Landscape

Signal efficiency

Excess events (kg _1(10 eV) '1)
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Effective Field Theory Framework

Multi-scale pipeline:

m
3 “ v full tree-level UV completions A
A [ A A L L, _ . complete matching
sverT : SMEFT operators up to dimension 8 and possible QCD RG
~ 100 GeV= =l e S i - - - running
- v' LEFT operators up to dimension 8
~1GeVa- ¢---l ------------ '
4 AT e v chiral Lagrangian in the spurion method systematic power
PV ST U AU counting
Nuclear response v only 6 single-particle operators v
T~ s M
y e EnH, GL, Chuan-Qiang Song, Feng-Jie Tang, Jiang-Hao Yu, 2601.19883 [hep-ph]

e A unified platform: covering all UV models and EFT operators across diverse neutrino sources

and detector targets
e Bridging the gap: an end-to-end EFT tower connecting TeV-scale New Physics to MeV-scale

nuclear observations
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Power Counting

Nucleon level:

LEFT operator One-body (a) One-body (b) One-body (c, d) Two-body (e)
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Power Counting

Nuclear level:
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New Physics Constraints from CEvNS

From data to New Physics scales:
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Workflow:

Input

Wilson
Coefficients (test)

LECs

Nuclear Response
Functions

Universal Automated Code

CEVNS - pyEFT

Experiment
Setup

Neutrino Source

Target / Exposure

Detection
Effeciency

Measured
Signals/Bkgds

=

Core Calculation

EFT Matching /
Running

Differential Cross
Section

Event Rate

Chi Square Analysis

»

Output
Diff. Cross Section Plot

Diff. Event Rate Plot
Wilson Coefficients

New Physics Scales
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ser Interface:

CEVNS - pyEFT

An end-to-end EFT platform for coherent elastic

neutrino-nucleus scattering

responses_all json path

F:\Python\20260304 CEVNSMMa2Py\2026-04

Dataset
Csi2021 v
Local figure folder

F:\Python\20260304 CEVNSMMa2Py\2026-04

oveRVIEW

DIRECT PHYSICS

Scattering Cross Section
Differential Event Rate
Binned Event Counts

STATISTICAL ANALYSIS.

20 Chisquare

Cutoff Scale

EFTTOOLS

Wilson Matching/ Running

Recommended optional local igures:
overview_workflow.png
chi2_2d_result pog
cutoff_scale_summary.png

wilson_matching._runningpng

CEVNS - pyEFT

An end-to-end EFT platform for coherent elastic neutrino-nucleus scattering

PROJECT OVERVIEW

ACEVN:

Universal Automated Code

Dataset: Csi2021

Overview

Responses: esponses_alljson

L, Song, Tang, Yu (2026), arXiv:2601.19883

interpretation.

Based on A Comprehensive Effective Field Theon

response, Ci

1 imulation, statistical inference, and EFT cutoff-scale

o-Nucleus Scatte

eference: i

Supported datasets Response nucei Operstorgroups Main workflow
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sws ® o 12026 EFTbasis used nth pltform Input > observables » satsics  EFTnterpretaion
Physics workflow
Input Experiment Setup =3 Core Calculation =y Output
Wilson Coefficients (test) Neutrino Source: EFT Matching / Running Cross Section Plots
LEcs Target/ Exposure Diferential Cross Section Differential vent Rate Plots
Nuclear Response Function Detection Efficiency Differential Event Rate Chi-square Limits
Measured Event Signals Chi-square Analysis Cutoff Scale
Wilson Coefficients
Modules

Scattering Cross Section

Differential CEVNS cross section for selected nuclei and Wilson- Fi

coefficient inputs.

Direct Physics

2D Chi-square

tatistical

Differential Event Rate

Binned Event Counts

CEWNS cross section.

Direct Physics

Cutoff Scale

measured CEVNS spectra.

Statistcal Analysis

and EFT cutoff-scale

from the

| CEVNS event simulation including efficiency, PE

response, and binning.

Direct Physics

Wilson Matching / Running

from CEVNS data.

Statisical Analysis

bases for the CEVNS EFT workflow.

EFT Tools

GL, Chuan-Qiang Song, Feng-lie Tang (iZZFA) , Jiang-Hao Yu

CEVNS - pyEFT

A e o-end £FT lstorm fo coherent lsstic

neutino-nuceus sattering.
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a0z v
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overview

Overview
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wilson_matching running png.
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Summary

e Comprehensive EFT Framework for CEVNS:

A unified platform: covering all UV models and EFT operators across diverse neutrino sources
and detector targets

Bridging the gap: an end-to-end EFT tower connecting TeV-scale New Physics to MeV-scale
nuclear observations

* Global Phenomenological Analysis:

Extracted robust, model-independent constraints on New Physics scales by leveraging the

complementarity of different experimental measurements

e Automated Implementation:

* CEVNS-pyEEFT, auniversal automated code designed for CEVNS calculations



LEFT operators

Lepton number conserving (LNC):
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