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WHAT IS CEVNS?

¢ CEVNS: Coherent Elastic Neutrino Nucleus Scattering y
V k Scattered o First predicted in 1974 by D. Freedman
neutrino o Neutrino scatters off the entire nucleus
g o Low momentum transfer |q| < 1/Rpucleus
~
- Z N Recoiled 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
Secondaw@ o Recoil energy O(10 — 1000 eV)

recoils

o Offers sensitivity to both SM and BSM physics.
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CEvVNS EXPERIMENTS
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MINER SETUP

Experimental setup

Reactor HD
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Reactor core to detector distance ~4.5 m
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MINER SETUP

Experimental setup

Reactor
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5m

10 mm

4 mm
>

. 76 mm

mm veto detector

10 mm

Bottom veéto

g

4 mm primary
detector

Detector Baseline resolution [e

Primary 40
Veto 120

Reactor power: 1 MW,,
Baseline distance: 4.5 meters

Region of interest: 250 eV — 3 keV
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CRYOGENIC DETECTION TECHNOLOGY

Transition Edge Sensor grap
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First superconductor (Al fin): Second superconductor (Tungsten TES): = Normal state
* Large volume * Transition Edge Sensor ~
* Large bandgap energy (~340 peV) * Small bandgap energy (~20 peV) 8
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e Suitable for low recoil energy detection
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* Provides excellent baseline resolution
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DATA AND SIMULATION RESULTS

- minimization p — ratio between data to SM cross section
—+ Data-simulation(signal like)
T pBest—ﬁt - 0 + 53
o p90% cL 2213

6.77% sys. uncertainty

Upper limit set on p

Theory prediction ~0.14 events/day/kg
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LOW ENERGY EXCESS

Cosmogenic

Background in

IMOU)

cryogenic rare event Environmental
search experiment

* Event rate rises sharply toward

Intrinsic the detector threshold

SciPost Phys. Proc. 9, 001 (2022) e U nexp|a|ned by known

CRESST-III DetA
EDELWEISS RED20
MINER Sapphire
NUCLEUS lg prototype
SuperCDMS CPD

background sources

* Rate decreases with time

* Reappears following a warm-up
and recooling cycle

* Limits sensitivity to rare low-

Event Rate (Counts / kg / day / keV)

energy signals such as CEVNS and

Dark Matter searches

1.00
Total energy deposition (KeV) I

(X X X X X X JOHONCHONONC)
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CVAE NETWORK

CVAE: Convolutional Variational Autoencoder ==

Input
pulse (x;)

Reconstruction loss

‘ %lz:;(xi —yi)* + BDg;

x; — input (pulse)

Encodes the Decodes the
patterns patterns

-}u

000000OOOOOO0O0

Latent space

—»I—»

Low dimensional
representation of
the input

y; = CVAE output (recounstructed)
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N — No. of sample points (1024)

* [ — constant weightfactor

Dg; — Regularization term




RECONSTRUCTION LOSS: REAL VS MC

 Most MC events populate the low-loss region.

* Real data exhibits a significant population at

higher loss values.

0.04 006 008 0.1
Loss Score

Pulse-shape evolution across loss-score intervals

arXiv:2605.31190
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ANOMALY IDENTIFICATION

Low loss score Mid loss score

Loss range 3:0.03-0.04 Template Loss range 5:0.05-0.06 Template

Loss range 8:0.08-0.09 Template
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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.

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

arXiv:2605.31190
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TEMPLATE LEVEL RISE-TIME ESTIMATION

Real MC Multiple filtering algorithms tested to
—— SG --e-- SG

GAUSS GAUSS avoid bias.
—e— BUTTER .- BUTTER

WAVELET WAVELET

« MC templates’ rise time: 20 — 40 us

Rise Time (us)

* Rise time for real data templates

reaches 3 times of the MC between
0.06 — 0.08.

Real/MC

Developed a rise-time threshold to
estimated the improvement in

Loss range detection sensitivity.

arXiv:2605.31190
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PROSPECTS: MINER@HFIR
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MINER@HFIR

— 14 kg-days
16% sys. uncertainty

16% sys. uncertainty

~
o
~—
]
Q
=
<
Q
8
'(7)

400 600 800 1000
Background rate (kg'l day")

0000000000000

Event rate

[kg~'day*
~7 x 1010 ~0.14
~5 x 1012 ~10

Sensitivity improvement

— Before cut

= After cut

* 30 can be achieved in 30 kg.
day of data taking with ~
300/kg/day background level

S

\Vs+b

 40% improvement in the

lowest-energy bin

e Overall significance: 2.80 to

3.10 (~10% improvement)

0.3 0.4
Energy (keV)
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SUMMARY

« MINER demonstrates ultra-low-threshold CEVNS detection capability using cry
sapphire detectors, achieving a baseline energy resolution of 40 eV.

* No statistically significant CEVNS 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 CEVNS measurement with MINER.

y Puned !/
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NEUTRINO SOURCES
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CEVNS CROSS ~ SECTION

Differential cross- section for CEVNS

do(E,, T) G2M M
TP = (1- o)  lebaa]
o (141 =@DN F (1dD +%@Z F3 (1)
7 = E — 2 X sin®Yyy = 0.022

U

sin“Yy =~ 0.239
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COHERENCY FOR REACTOR AS A SOURCE

0.0
0
/Neutrino energy (MeV)

40 60 80
Neutrino energy (MeV)

Neutrino energy (MeV)

* Reactor power: 1 MW,,

« Fuel fraction: U235 (20%) , Pu239 (2%) , U238 (77 %) , Pu241( 1%)

. Duty cycle: 100% Coherency almost 100% up to 10 MeV
e Baseline distance: 4.5 m

* Detector efficiency: 100% (above threshold)
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CEVNS AS A PROBE FOR DIFFERENT PHYSICS
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Excess can be observed in the lower
recoil energy region
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—— SM prediction without form factors
—— SM prediction with form factors
®  GCOHERENT measurements
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Neutron Number

Internal structure of the nucleus
Neutron distribution is unknown
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DEFINITION OF y?

CORG D= [RYY —p(1 + ORPM = (1L + HRI™ = (1 + ORPTJ?

2 2
l- oion T (1 + )0 prp

Pull terms & corresponding systematic uncertainties > 6(0s = 16%), B(og = 10%) and ¢(o7 = 6.77%)

« RPN > reactor ON event rate

R?M — theoretical CEVNS rate from SM

R$'™ — simulated background model

RPFF — reactor OFF event rate (background)

0joN — Statistical uncertainty for reactor ON spectrum

* 0joFF — Statistical uncertainty for reactor ON spectrum

E Dipanwita Mondal, NISER, India 20t September, 2026



MINER SIGNIFICANCE & HFIR BACKGROUND

-

—— MINER with current signal+bkg rate ~ 340/kg/day
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EVIDENCE OF LEE AT MINER

= MINER (Mitchell institute of neutrino experiment at reactor) — searches for CEVNS at 1 MW,

reactor using cryogenic sapphire detector
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= Data—simulation mismatch below 400 eV

Rate (kg keV™! day™')

= Strong time dependence after warm-up
" Presentin both ON and OFF datasets
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LEE : CRESST sTUDY

SciPost Phys. Proc. 12, 013 (2023)
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HYPOTHESES: ORIGIN OF LEE

(a) Stress generated (b) Bulk related

Detector substrate
Al phonon collection fins

Fast neutron (c) External source generated

e oo

Neutron scattering Displaced atoms Defect relaxation

Released phonons
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CVAE ARCHITECTURE

R
Example 1D input Conv1D Max Max Flatten Latent+ Dense layer Convi1D Up ConviD Up ConviD Output
pulse vector layer + pooling(2) pooling(2) layer Sampling + layer + Sampling(2) layer+ Sampling(2) layer + pulse
LeakyRelLU LeakyRelLU layer LeakyRelLU LeakyRelLU LeakyRelLU tanh
B 9 I
X :_
I
X I
2 . —
= : R
. ] .
X3 'I)“ -', l——>
i T | i—»
X4 JTTTTTPPPPARRAE AR > 1 i : . .
;' 1 | 0 L .
i I | ’ .
e FE R > : ' -
>, > — - . . ' ->-... ’
N B | . —=
| 1 .
e 1 | : .
! 1. . 3 .
| 1 @9/ .
[ ] - * Y
(256, 32), s, ‘(’256 . [] :
. 12,32 ag/&e ‘. | . 39" :
(512, )/;/,%/% ' ,//@ e/o | -
X1024 ‘. (512, 32) (512, 32) 'l—'
) - % e ',
1024 sample (1024, 32) (1024, 32) (1024, 1)
int (8192,1) (8192,1) :
points Encoder Decoder
> =
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TRAINING OF THE NETWORK

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

Training Loss

(validation)

—— Validation Loss
One epoch — one complete pass of the

training (or validation) dataset through the

ML network

» Loss quantifies the difference between the
input and reconstructed pulse

» Training and validation losses converge

» Model generalizes well to unseen events
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THRESHOLD DETERMINATION

= Dataset prepared with:
« MC events (all 10,000 events)

D]
 High anomaly event > 0.04 loss score [
(633 events) E
z
_ ~
= Three standard metrics 0 ——— ROC curve
TPR —~ I
e Recall — Random
S 8 Threshold: 59.97 us
TPR . 0.4 0.6
Recall o
Recall False Positive Rate
. Threshold TPR FPR LEE Rejection
Filter ) F AUC o o oy
True positive rate (TPR) (p5) 1 (%) (%) (%)

SG 99.97 0.7365 0.689 86.06 47.55 02.45

GAUSS 66.46 0.7134 0.677 85.31 53.87 46.13
BUTTER 66.58 0.7239 0.681 87.34 53.87 46.13
WAVELET 57.92 0.7366 0.693 85.56 46.76 03.24
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ENERGY SPECTRA- LEE REJECTION

= Best performance achieved with wavelet — Real data (All events)

filter — BUTTER

* LEE rejection efficiency 53% — GAUSS

= Steep component remains after applying _j:AVELET
selection criterion

= LEE has multiple origins

= |ncomplete separation of overlapping

pulse populations.

= Ty e ) Bl | | B T bl | e

03 5 0.4
Energy (keV)
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