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What is CEνNS?
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o First predicted in 1974 by D. Freedman

o Neutrino scatters off the entire nucleus

o Low momentum transfer |q| ≤ 1/Rnucleus

o Flavor independent neutral current process

o The SM cross-section scales as 𝑁2, 

𝑁 → neutron number

• Enhanced for heavy nuclei but recoil energy reduces

o Recoil energy 𝒪(10 − 1000 eV)

o Offers sensitivity to both SM and BSM physics.

CE𝝂NS: Coherent Elastic Neutrino Nucleus Scattering
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CE𝝂NS experiments
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Adapted from C. Bonifazi, Neutrino 2022
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CE𝝂NS experiments
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Adapted from C. Bonifazi, Neutrino 2022

Mitchell Institute Neutrino Experiment at Reactor
Texas A&M University, USA
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MINER setup
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• Reactor power: 1 MWth

• Baseline distance: 4.5 meters
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Cryogenic detection technology
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Transition Edge Sensor graph

• Suitable for low recoil energy detection

• Provides excellent baseline resolution
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Data and simulation results
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➢ Reactor ON-OFF spectra agrees with simulation

➢ Data is dominated by reactor-related background

➢ Neutron background dominates over γ background

➢ Mismatch between data & simulation in 200-400 eV

Data (ON-OFF) vs simulation

𝝌𝟐- minimization 
➢ 𝜌 → ratio between data to SM cross section

➢ Upper limit set on 𝜌

➢ Theory prediction ~0.14 events/day/kg

➢ No hint of CEνNS event observed

Phys. Rev. D 114, 032009



Dipanwita Mondal, NISER, India 20th September, 2026

Data and simulation results

6

➢ Reactor ON-OFF spectra agrees with simulation

➢ Data is dominated by reactor-related background

➢ Neutron background dominates over γ background

➢ Mismatch between data & simulation in 200-400 eV

Data (ON-OFF) vs simulation

𝝌𝟐- minimization 
➢ 𝜌 → ratio between data to SM cross section

➢ Upper limit set on 𝜌

➢ Theory prediction ~0.14 events/day/kg

➢ No hint of CEνNS event observed

Phys. Rev. D 114, 032009

“Low energy excess”
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Low energy excess
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LEE: Low-Energy Excess

• Event rate rises sharply toward 

the detector threshold

• Unexplained by known 

background sources

• Rate decreases with time

• Reappears following a warm-up 

and recooling cycle

• Limits sensitivity to rare low-

energy signals such as CE𝜈NS and 

Dark Matter searches

SciPost Phys. Proc. 9, 001 (2022)
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CVAE Network
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𝟏

𝑵
෍

𝒊=𝟎

𝑵

𝒙𝒊 − 𝒚𝒊
𝟐 + 𝜷𝑫𝑲𝑳

Encoder Decoderz

Low dimensional 
representation of 

the input

Input 
pulse (𝒙𝒊)

Reconstructed 
pulse (𝒚𝒊)

Encodes the 
patterns

Decodes the 
patterns

Latent space

𝑥𝑖 → input (pulse)

𝑦𝑖 → CVAE output (recounstructed)

N → No. of sample points (1024)

𝛽 → constant weightfactor

D𝐾𝐿 → Regularization term

Reconstruction loss
CVAE: Convolutional Variational Autoencoder
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Reconstruction loss: real vs MC
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• Most MC events populate the low-loss region.

• Real data exhibits a significant population at 

higher loss values.

• An overlap region remains where signal-like 

and LEE events are not fully separated.

Pulse-shape evolution across loss-score intervals

arXiv:2605.31190
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Anomaly Identification 
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Loss scores divided into 10 intervals (0–0.11).

Residual mismatch appears for loss > 0.04.

A slow-rise component emerges in real-data templates at higher loss scores.

Low loss score Mid loss score High loss score

Real-template show slower rise times compared to MC templates.

arXiv:2605.31190



Dipanwita Mondal, NISER, India 20th September, 2026 11

• MC templates’  rise time: 20 − 40 𝜇s

• Rise time for real data templates 

reaches 3 times of the MC between 

0.06 − 0.08.

Developed a rise-time threshold to 

estimated the improvement in 

detection sensitivity.

Multiple filtering algorithms tested to 

avoid bias.

Template level rise-time estimation

arXiv:2605.31190
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Prospects: MINER@HFIR
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• 3𝜎 can be achieved in 30 kg. 

day of data taking with ∼

300/kg/day background level

• 𝑍 =
𝑠

𝑠+𝑏

• 40% improvement in the 

lowest-energy bin 

• Overall significance: 2.8𝜎 to 

3.1𝜎 (~10% improvement) 

arXiv:2605.31190

Experiment
Power 
[M𝐖𝒕𝒉]

Baseline [m] flux [𝐜𝐦−𝟐𝐬−𝟏]
Event rate 

[𝐤𝐠−𝟏𝐝𝐚𝐲−𝟏]

MINER 1 4.5 ~7 × 1010 ~0.14

MINER@HFIR 85 5 ~5 × 1012 ~10

MINER@HFIR Sensitivity improvement
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Summary
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• MINER demonstrates ultra-low-threshold CE𝜈NS detection capability using cryogenic 

sapphire detectors, achieving a baseline energy resolution of 40 eV. 

• No statistically significant CE𝜈NS excess was observed in MINER at TRIGA

• Pulse-shape analysis identifies an anomalous slow-rise pulse population associated with 

the low-energy excess and enables rejection of a substantial fraction of these events. 

• The move to HFIR, combined with improved background rejection, provides significantly 

enhanced prospects for a first CE𝜈NS measurement with MINER. 

Stay tuned !



Thank you!!
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Neutrino sources

Neutrino source type Energy range 

Solar 0.1 MeV – 20 MeV

Atmospheric 0.1 GeV – 100 TeV

Supernova 10 – 50 MeV

Spallation 1- 100 MeV

Accelerator 10 MeV - GeV

Reactor 0.1 – 10 MeV

Grand unified neutrino spectrum at earth

(Rev. Mod. Phys 92(2020)45006)

PRD 103, 092002 (2021)
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CEνNS Cross -- section
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❖Differential cross- section for CE𝜈NS
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Coherency for reactor as a source

• Reactor power: 1 MWth 

• Fuel fraction: U235 (20%) ,  Pu239 (2%) , U238 (77 %) , Pu241( 1%)
• Duty cycle: 100%
• Baseline distance: 4.5 m
• Detector efficiency: 100% (above threshold)

✓ Coherency almost 100% up to 10 MeV
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CEνNS as a probe for different physics

EPL, 143 (2023) 34001 

✓ Excess can be observed in the lower 

recoil energy region

✓ Internal structure of the nucleus

o Neutron distribution is unknown
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Definition of 𝝌𝟐

𝜒2(𝛿, 𝛽, 𝜁;  𝜌) = ෍

𝑖

[𝑅𝑖
𝑂𝑁 − 𝜌 1 + 𝛿 𝑅𝑖

𝑆𝑀 − 1 + 𝛽 𝑅𝑖
𝑠𝑖𝑚 − 1 + 𝜁 𝑅𝑖

𝑂𝐹𝐹]2

𝜎𝑖,𝑂𝑁
2 + (1 + 𝜁)𝜎𝑖,𝑂𝐹𝐹

2 + ෍

k=δ,β,ζ

k

σk

2

• Pull terms & corresponding systematic uncertainties → δ(σδ = 16%), β(σβ = 10%) and ζ(σζ = 6.77%)

• 𝑅𝑖
𝑂𝑁 → reactor ON event rate

• 𝑅𝑖
𝑆𝑀 → theoretical CEνNS rate from SM

• 𝑅𝑖
𝑠𝑖𝑚 → simulated background model

• 𝑅𝑖
𝑂𝐹𝐹 → reactor OFF event rate (background)

• σi,ON → statistical uncertainty for reactor ON spectrum

• σi,OFF → statistical uncertainty for reactor ON spectrum
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MINER significance & HFIR background
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Evidence of LEE at MINER

3/16

▪ MINER (Mitchell institute of neutrino experiment at reactor) → searches for CE𝝂NS at 1 MWth 

reactor using cryogenic sapphire detector

▪ Data–simulation mismatch below 400 eV

▪ Strong time dependence after warm-up

▪  Present in both ON and OFF datasets

R
at

e
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LEE : CRESST study

SciPost Phys. Proc. 12, 013 (2023)
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Hypotheses: origin of LEE

(b) Bulk related

~1x LEE events

~4x LEE events

Displaced atoms

(c) External source generatedFast neutron

Cosmic ray shower

Neutron scattering

Released phonons

Defect relaxation

Holder-related 
stress generated 

phonons

Sensor stress 
generated 
phonons

(a) Stress generated

Detector substrate
Al phonon collection fins

Tungsten TES
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CVAE Architecture
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Training of the network

➢ Loss quantifies the difference between the 

input and reconstructed pulse

➢ Training and validation losses converge

➢ Model generalizes well to unseen events

• MC data split: 80% (training) - 20% 

(validation)

• One epoch → one complete pass of the 

training (or validation) dataset through the 

ML network

Reconstruction loss
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Threshold determination

▪ Dataset prepared with:

• MC events (all 10,000 events)

• High anomaly event > 0.04 loss score 

(633 events)

▪ Three standard metrics

• Recall =
TPR

TPR+FNR

• Precision =
TPR

TPR+FPR

• F1 =
2×(Recall × Precision)

Recall + Precision

True positive rate (TPR)
False negative rate (FNR)
 False positive rate (FPR)
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Energy spectra- LEE rejection

▪ Best performance achieved with wavelet 

filter

• LEE rejection efficiency 53%

▪ Steep component remains after applying 

selection criterion

▪ LEE has multiple origins

▪ Incomplete separation of overlapping 

pulse populations.

Energy (keV)
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