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What is CEVNS ?

scatte_red
neutrino

e Coherent Elastic v — Nucleus Scattering (CEvVNS)

e Neutrino scatters off the nucleus as whole

e Predicted in 1974 by D.Z.Freedman (phys rev.09, 1383]

PHYSICAL REVIEW D VOLUME 9, NUMBER 5 1 MARCH 1974

Coherent effects of a weak neutral éurrent

Daniel Z. Freedmant
National Accelerator Laboratory, Batavia, Illinois 60510

and Institute for Theoreticak Physics, State University of New York, Stony Brook, New York 11790
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What is CEVNS ?

®
PY Ann. Rev. Nucl. Part. Sci. 73 (2023) 41
Cross-section according to v energy
. in COHERENT
b —mecens  mvmicc —PouNNo@
v 127 CEVNS — v, OAr CC «=ea PbV.NIN 1N
- .« NtGe CEVNS — v, 80C e Pb v.NIN 2n
Fermi constant Weinberg angle Form factor OF e e ved CC
2
~ — |N— (1 —4sin*(0y)) Z| FA (g M| 1 -
dT 4dr 2E?
e Total cross-section is proportional to target N*
e Dominant interaction at low energy v ( MeV scale ) | JOUY NI ¥ AU SO O VIO YOI |

Neutrino energy (MeV)
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Physical Potential of CEVNS

arXiv:2512.08065
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https://arxiv.org/abs/2512.08065

Observation History of CEVNS

e First observation in 2017 by COHERENT (Sapallation Neutron Source (SNS) —z DAR).

e Csl[Na] Science 357, 1123-1126] LAr [Phys. Rev. Lett. 126, 012002] G [Phys. Rev. Lett. 134, 231801]
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Observation History of CEVNS

e First observationin 2017 by COHERENT (Sapallation Neutron Source (SNS) —x DAR).

¢ Csl[Na] [Science 357, 1123-1126] LAr [Phys. Rev. Lett. 126, 012002] G@ [Phys. Rev. Lett. 134, 231801]

e Solar8B v CEVNS indication by XENONNT & PandaX-4T

o (LXe)target at 2.780 & 2.640 [Phys. Rev. Lett. 133, 191002] & [Phys. Rev. Lett. 133, 191001]

Asymptotic discovery significance Z inadinn i : x Observed discovery significance
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XENONNT measures the CEVNS signal in Xe = With more exposure, we expect to measure the

from solar #B neutrinos for the first time! solar ®B neutrino signal at higher significance
and to better constrain the 8B neutrino flux
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Observation History of CEVNS

e First observationin 2017 by COHERENT (Sapallation Neutron Source (SNS) -z DAR).

¢ Csl[Na] [Science 357, 1123-1126] LAr [Phys. Rev. Lett. 126, 012002] G@ [Phys. Rev. Lett. 134, 231801]

e Solar8B v CEVNS indication by XENONNT & PandaX-4T

o (LXe)target at 2.780 & 2.640 [Phys. Rev. Lett. 133, 191002] & [Phy -

C3 C5 C2 e NG
60 TR . Signal prediction

e Reactor v CEVNS observed by the CONUS+ in 2025.

e (HPGe) target at 3.70 [Nature 643, 1229-1233 (2025)

Excess events (kg‘1 (10 eV)")
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NEON experiment

\‘0
-

.
-

e NEON : Neutrinos Elastic scattering Observation with Nal(Tl)

e Reactor v detection, using Nal(Tl) targets

e Primal goal : CEVNS detection

e ~20 collaboration members

e Active members from COSINE-100 & NEOS
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NEON Strategy : Reactor

Source : Reactor Neutrino

eSite : Hanbit Nuclear Power Plant, Yeonggwang

eSingle flavor (7,) from f decay
eRich v flux: ~ 8.09 x 10'2/cm2/sec at 24 m
el ow energyrv (< 10 MeV)

— CEVNS dominant region

— Low recoil energy
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NEON Strategy : Reactor & Nal

Source : Reactor Neutrino Target : Nal(TIl) crystals

eSite : Hanbit Nuclear Power Plant, Yeonggwang eEnables large recoil energy for Na from low-E v

eSingle flavor (7,) from f decay
CEvNS Recoil energy comparison between Na & |

oRich v flux: ~ 8.09 x 1012/cm2/sec at 24 m
10° 5 (a) Recoil Energy

B — Total

ol ow energy v (< 10 MeV)
— CEVNS dominant region

— Low recoil energy

Expected Counts

Recoil Energy [keVnr]

K neutrino 2026 10 Gyunho Yu



NEON Strategy : Rea

ctor & Nal

Source : Reactor Neutrino Target : Nal(TIl) crystals

oSite : Hanbit Nuclear Power Plant, Yeonggwang eEnables large recoil energy for Na from low-E v
eSingle flavor (7,) from f decay *Unexplored target : F(g) & axial-vector term
oeRich v flux : ~ 8.09 x 1012/cm?2/sec at 24 m understanding

el owenergyrv (<10 MeV) 103,

— CEVNS dominant region

—
o
RO

— Low recoil energy

—_
o

Cross section (1040 cm?)
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NEON Strategy : Reactor & Nal

Source : Reactor Neutrino Target : Nal(TI) crystals
oSite : Hanbit Nuclear Power Plant, Yeonggwang eEnables large recoil energy for Na from low-E v
eSingle flavor (7,) from f decay eUnexplored target : F(q) & axial-vector term
eRich v flux : ~ 8.09 x 1012/cm?2/sec at 24 m understanding
eLow energy v (< 10 MeV) *Experiences from COSINE-100

— CEvNS dominant region - High light yield & controlled background.

WIMP search using Nal(Tl) @ COSINE-100

102

— Low recoil energy

ction (pb)

WIMP-nucleon Sl cross se

N\S\ 10°
-\S\ \ WIMP Mass (GeV/c?)

Similar detector & analysis strategy!
K neutrino 2026 12 Gyunho Yu
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NEON Detector Site

NEON expel

DAQ /Detector.

\
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NEON Detector Design

Detector Mass size Light yield Light yield
w/o LG w/ LG
(kg) (inch, DxL) (PEs/keV) (PEs/keV)
DET-1 1.67 3 x4 22.0+0.4 25.3+0.6
DET-2 3.34 3 X8 25.6+1.1 27.8+1.4
DET-3 1.65 3 x4 21.8+0.5 23.3+0.9
DET-4 3.34 3 X8 23.71+0.4 25.4+0.7
DET-5 3.35 3 X8 22.4+0.5 23.6+0.8
DET-6 3.35 3 X8 25.0+0.5 27.9+0.7

Scintillation waveform example

PTFE ring spacer

E (a)

g - Energy: 4.18 keV

3 300
Nal(Tl) targets w/ 2 PMTs each P |
< 200_—
e 6 Nal(Tl) detectors (16.7 kg total) NEO B siaticn § e
:

0o 5000 4000 6000 8000

Time [nsl]
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NEON Detector Design Quartz

Encapsulation desing in COSINE-

Quartz glass

=
=

: i |
N
i 22

Optical grease

Optical pad

&

Nal(Tl) ¢fyst2

PMT

Encapsulation desing in NEON
PTFE ring spacer \

Nal(TI) targets w/ 2 PMTs each
e 6 Nal(Tl) detectors (16.7 kg total)

NEQO Encapsulation

* New encapsulation technique :

~15 PE/keV — ~24 PE /keV in NEON (~ 5 PE for 200 eV threshold ) No quartz light guide

. efficient light collection
K neutrino 2026 16 Gyunho Yu



NEON Detector Design

Calibration access holes

Acrylic Box
3-inch PMT

5-inch PMT

Liquid scintillator |

Active Shield

e Crystals immersed into 800L Liquid scintillator (LS).
e |Ssignal collected with 10 PMTs.

* Gives an efficient method for background rejection, with time-coincidence between crystal and LS.
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NEON Detector Design

Calibration access holes

Acrylic Box
3-inch PMT

Polyethylene Castle
Borated Polyethylene

5-inch PMT

Acrylic Box

Passsive Shield

e 10/15 cm lead shield

e 2.5 cm Borated Polyethylene (PE)

Lead Castle

e 20/30 cm PE blocks.
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NEON Data taking

Trigger rate Temperature

Monitoring * lrigger.Rate

250 16°C
02/01 02/04 02/07 02/10 02/13 02/16 02/19 02/22 02/25 02/28 03/08 03/14 03/17 03/20 03/26 03/29 04/01 02/01 02/04 02/07 02/10 02/16 02/19 02/22 02/25 02/28 03/05 03/08 03/11 03/14 03/17 03/20 03/23 03/26 03/29
trgrate.mean — InsideLS — detectorroom — tunnel

Humidity

20
02/01 02/04 02/07 02/10 0213 02/16 02/19 02/22 02/25 02/28 03/02 03/05 03/08 03/11 03/14 0317 03/20 03 03/29 04/01 e
D3A(NEO6A) — D3B(NEO6B) — DAA(NEOSA) — DAB(NEOSB) — D2A(NEO4A) — D2B(NEO4B) — DIA(NEO3A) — DIB(NEO3B) — D6A(NEO2A) — D6B(NEO2B) DSA(NEOT A) D5B(NEO1 B) LS4 — LS5 — LS 02/01 02/04 02/07 02/10 02/13 02/16 02/19 02/22 02/25 02/28 03/02 03/05 03/08 03/11 03/14 03/17 03/20 03/23 03721 03/29
LS12 — LS13 — LS14 — LS5 hub2 — hub3
Pre-Amp
°
. 212
— 2
209

208

-0V 207
02/01 02/04 02/07 02/10 (K] 02/16 02/19 02/22 2 02/28 03/02 03/11 03/14 03/17 03/20 03/23 03/26 03/29 02/01 02/04 02/07 02/10 02/19 02/22 02/25 02/28 03/02 03/14 03/17 03/20 03/26 03/29 04/01

— AINO — AINT — AIN2 — InputV — Battery

e Environmental parameters : Pl

CPU & Memory

= : = = = . = = [
02/13 02/16 02/19 02/22 02/25 03/08 03/11 03/14 03/17 03/20 03/23 03/26 03/29 02/01 02/04 02/07 02/10 02/13 02/22 02/25 02/28 03/02 03/05 03/08 03/11 03/14 03/17 03/20 03/26 03/29
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NEON Data taking

o . Reactor ON
M on |t° ri ng 29-04 Reactor OFF
(2.1%) 118.5 Calibration
) (8.5%) Bad Runs
e Trigger rate 140.8 POWR
(10.1%)
. .
Electronics status o S
(63.2%)
e Environmental parameters
Exposure
------ 100% Efficiency
— 160090 __ panon 125000
=
o Apr. 11,2022 ~ Sep.14, 2026 < 1400{ — Good Runs =
2 1200+ ON , 20000'?
e ~21681.61 kg - day exposure St A || 77 ON i
8 800 - Cal ON OFF ON g
: % 600 - —~— OFF -10000 &
e ON/OFF ratio : 994.7/303.6 days 0 400, 2
> 15000 |3
0O 200-
-0

2022-07 2023-01 2023-07 2024-01 2024-07 2025-01 2025-07 2026-01 2026-07
Date
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CEvVNS search
in NEON



CEvVNS spectrum simulation

Neutrino flux @ 24m from core

%102
600—
- Neutrino Flux
E — Kopeikin "
§400 --- Huber & Mueller Reactor core
5
e>
a
o= 200H
* Detector
| | | | | | | ! , | | | |
OO 2000 4000 6000 8000 "' ‘
Neutrino Energy [keV] l

Neutrino flux
Py,

P, :2.815 GWth

f:@; : neutrino flux for each isotope
fission (used Kopeikin model)
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CEvVNS spectrum simulation

Neutrino flux @ 24m from core

%102
600—

- Neutrino Flux
E — Kopeikin
§400 --- Huber & Mueller
5
'e‘>
z
2 200j

O* A A A | A A | ] . . | | |
0 2000 4000 6000 8000
Neutrino Energy [keV]
1 Py
O(LE,) = E 0 (E
( V) 47TL2 . fz¢z( I/) <E'r>
)

P, :2.815 GWth

f:¢; : neutrino flux for each isotope

fission (used Kopeikin model)

K neutrino 2026

CEvVNS recoil spectrum w/ Nal

106_

—
=4
|

Expected Counts
3,
T

e

(a) Recoil Energy
— Total
............ Sodium

------ lodine

I . 1 L i

dR
dEI‘GC

1

2 3 4
Recoil Energy [keVnr]

Sodium signal is dominant over
detector threshold !

Crystal Target

N PMT 8.
/ iE,5(E,)-27_(B,)
Einy Y Y dErec Y
do G%m A | m A Erec 2
AE o 47 2F? W
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CEvVNS spectrum simulation

Neutrino flux @ 24m from core CEvNS recoil spectrum w/ Nal Expected CEVNS spectrum in NEON
X1012 L L L L L s
- 10° (a) Recoil Energy 14001 (c) aNPE i
600— . \
i : 2 ke — Total 1200 15 >H's QF .
Neutrino Flux = - % ij— —— Total (Joo's QF)

S — Kopeikin s 't Sodium C 1000} -
s Huber & Mueller (3 107 : 5
N§ 400 - B lodine g 800 - |
: 2 | g | s
= Q B O 600F | © .
¢ A 2
2 200} M L i 4001} < i

[ 200 | .

_ 11— :

'» i | | | | | | | | | O L

ob—— 1 . N N R 0 1 2 3 4 5 0 30
0 2000 Neutr?f(?gnergy [ki(\),?o 8000 Recoil Enerev [keVnrl
Na |
40— A is work - Reexamine O is work - Reexamine
1 Pth dR L n > A I:is worII:- Eew ° [ mis worII:- Eew °
@ E — E . . E — t v CSIIar 2013 - Collar 2013
( V) 47TL2 - fz ¢'L ( V) <E’l°> dEreC Eth 30— gignell 221; °
i Quenching

P, :2.815 GWth
f:@; : neutrino flux for each isotope

N
o

i + ++ #%ﬁ Detector
- +¢+ T Resolution

Quenching Factor (%)

fission (used Kopeikin model)

—_
o

- Rat
T ' e e
'_._"_D_' ’._D’_‘v'

0 | 1 l | 1 l | | 1 1 1 | | l 1 1 |
10 10°
Energy (keVnr)
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CEvVNS detection strategy

CEvNS analysis with simulation data

Expected CEVNS spectrum in NEON
2000
_ M‘*‘*ﬁ*‘ ’ l#-r*"'
A& 1500 xx'*' 1400 F | (c) qNPE | -
é 1200 F = -=+ SH's QF _
& 1000 —+ Reactor On — CEVNS (Joo) , o — Total (Joo's QF)
= < 1000f -
<
. —+— Reactor Off 3 |

g 800 [ II -

g o
- .S 600 [ 2 (I -
2 S e
e LLl 400 - -|E N -
®) I
& 200 15 -
& L=

A A | L ———d
5 10 15 20 25 30 % 5 10 15 20 25 30
Measured Energy [NPE] qNPE

e ‘Reactor On - Reactor Off’ remains only neutrino-induced events.

e /00 days Reactor On & 200 eV threshold & 10% QF — ~1290 CEvNS expected
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2000

-
O,
o
(=

Entries (/NPE)
2
o

500

(On-Off)/Off

CEvVNS detection strategy

CEvNS analysis with simulation data
M##M#*-H
x**

—+ Reactor On — CEvVNS (Joo)
—+— Reactor Off

5 10 15 20 25 30

Measured Energy [NPE]

Ay [o]

Mean value of

5-c @ ~12-DRU

6| 3-c @ ~32-DRU

Background level
[Counts/kg/keV/day]

e ‘Reactor On - Reactor Off’ remains only neutrino-induced events.

e /00 days Reactor On & 200 eV threshold & 10% QF — ~1290 CEvNS expected

e 200eV threshold & Background rate < 32 counts/kg/keV/day is required for 3o

K neutrino 2026
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Too noisy NEON data

5 P.E. (200 ~ 240 eV) time-dependent event rate in NEON Detector 4

%) 20000 :I UL | LI | I LI D | I LI I B | I L I | I LI B I o I L B I LI L I LI l:
5 18000 - OFF OFF —
= [ —
S~ 1 | ] .
& 0000F o - Event types with PSD parameter
O — o - S [ S — — 10(
B 14000 — OOOOO — % - Tt ol ST . el
§ 12000 i o oo,oo ° mOQ}OQQ - . oo 00000000)0 _: x: 3 5: """" U TR 90
8 i_“oo"%‘"é ° 0030%00‘:'”0":’ «:Pcoooo%% oo E g f Sci ntlllat|on 80
10000 — — s -
8000 f—ON ON oui 2_5__ § 0-2:— ----- Scintillation
= - : - — Type-1
6000 — _: 2} ______ < 0.15 :— . Type-2
4000 |- = 15 e
2000 [ — F oss |-
0 :l L1 1 l | I I | | 11 1 I L1 1 1 I L1 1 1 I | I I L1 1 1 l L1 1 1 I 11 1 I 1 1 l: E E .
0 100 200 300 400 500 600 700 800 900 1000 05 . -
i | J.]\_”*‘ |' ."”'l i Time [ns]

Days from first run

Large noise contamination in NEON data

e PMT induced noise contaminates the data

e Fluctuation - ON-OFF is impossible
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Likelihood parameter

Precise noise selection is

required !
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ADC counts

150

ADC counts

15O e e

200 2200

e Transformer training after extracting waveforms’ feature : Charge, Height/width, Time, delta-T

K neutrino 2026

2800 3000
Time (ns)

Extract

Event selection
Deep Learning training

This length is changing according to the # of pulses in each event

Cluster 1 Cluster 2

Cluster 70

[ PMT 1 ]

~

Feature (4) : Charge - Height/width - Time - Delta-T

Cluster: 1 ... 70

Input tensor

(2, 70, 4)

PMT X Cluster x Feature

4 features per cluster

PMT : 2 (same layout)

28

Gyunho Yu



ADC counts

N

W

=)
I

ADC counts
[\®)
(@»)
S
| [ [ | I | | | [

s~ T Y T
2000 2200 2400 2600 2800 3000

Time (ns)

e Transformer training after extracting waveforms’ feature : Charge, Height/width, Time, delta-T

Event selection
Deep Learning training

Input Split Embed Transformer Masked AvgPool Concat Dense 64 Dense 32 Output
(2,15, 4) (15,4) x 2 (15, 64) x4 blocks, (15, 64) (64) per PMT (128) (64) (32) (1)
2PMT x 15 x 4 PMT1 / PMT2 Dense 64 MHA 4 heads, drop 0.2 Z(x-mask) / 2(mask) PMT1 | PMT2 Fusion MLP Fusion MLP Dense 1, sigmoid
+ feat scale + pos_embed FFN 64—-128-64 padding excluded

o O
o O

0000
OCO00000O

- Q000

|

|

|

| Dropout 0.2

|
[ Lengths (2) — seq mask (len, 15) } ———————— L

attention mas k pooling
(—1e9) mask

Transformer x4 : MHA 4 heads - FFN 64 — 128 — 64 Masked AvgPool : padding excluded Fusion MLP : Dense 64 — Dropout 0.2 — Dense 32

Concept of Transformer training

e Signal : WF simulation | Noise : Physics data

e Clear noise separation power can be found in 2D spectrum.

K neutrino 2026
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Event selection
Deep Learning training

Time-dependent Rate Distribution

Crystal4 5 PE raw rate ‘
20000|l||llllIlllllllllllIIIIIIIIIIIIIIIIIIII

0PI TS Noise OFF NC [5,6] ~50[DRU]

thigt 1 T T bt R

|:{> NC [7,10] ~20[DRU]

‘4 T
BT A S g +++++++ NJrZL: [11 15‘] 8[DRU]
o PE bbb bbb R bbby g TE +++WL ’ ‘
| | | ! |

| | | | |
2022/12/31 2023/12/31 2024/12/30
Date

NC : number of clusters (pulses)
NC5~ 0.4 keV

16000
14000
12000
10000
8000
6000
4000
2000
0

Counts/day/kg/keV

lIIlIlllIIlII|Ill|lllllll|llll

_II|IIIIIIIlIIIIIII|I§I|III|III|III|
- 00
H

e Relatively stable event rate over time achieved after DL selection

e Fine tuning still required for 3¢ level requirement (36 DRU)
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Crystal4 5 PE raw rate

Event selection

L L L
Deeh I NAArNniNnA Ffraininm

10

10

On - Off [Count/kg/day]

E TZEZZ;H'|""|""|'"'|"''l""|""|""|""|""—§ NOise
: 16000 - = Rejection
0 100 200 300 400 500 600 70I(;ay:(::)0m9ﬁ(2t r;:)\OO
CEvNS existence check after DL training
fine tuning !
Can be discussed in NNN Poster T1-01

(Byungcheol Koh)

K neutrino 2026

D1-4 combined (On —Off) vs CEVNS [corr space] (flat_period)

CEVNS
ROI

data On-Off (exp.-weighted)

CEVNS pred. (TRUE)

SRulthal

| | | | | | |

31
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NC (Number of Clusters)
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Another BSM searches in NEON




1. Dark photon to LDM

| \ e Dark photon production from high-flux photon

Reactor core

- from reactor

R e |nvisible decay into Light Dark Matter (LDM)
etector

)
d

A/
Y A

— Decay into dark matter

€ [Invisible decay]

Dark photon (A’) production
[Compton-like process ]
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1. Dark photon to LDM

\ DM - e- scattering . .
- e Dark photon production from high-tlux photon

2 2
Reactor core [0)(6——>)(e— X € g)(] .

- - ce s € from reactor
{ €
: —
e |nvisible decay into Light Dark Matter (LDM)
Detector .
A e DM - electron scattering detection, in 1~10 keV
A
8y of Reactor On - Off data
X Data fit example
_ Expected signal
e i + Data .i1c5
E %' 1.5~ —— Background component +26
20 % [ e m, = 10 keV/c?, o, = 2 x 107 cn?
A’ 2 o8 g T -== m, = 100 keV/c2, 6, = 5 x 10 cm?
b g 6| § 05-_;- ------ E -=--m, = 1000 keV/c? o, =5 x 10 cm?
o Decay into dark matter i -
[Invisible decay] ’ 5 E A S
nergy [keVee]

Dark photon (A’) production

[Compton-like process ] Energy [keV]
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1. Dark photon to LDM

\ DM - e- scattering LDM-e scattering cross-section [90% C.L.]
— [ 2 2] — 102 N .
Reactor core Ore——ye- X €8y € - = NEON o +20
e = - — TEXONO DAMIC-M SENSEI
aa» _ €ee _%
; e S 10
1 — Cg
S
O
Detector c
oy A’ g 10
¥ 3 . World
0%~ o o o
g)( 1073 102 107! best limit
Dark Matter Mass [MeV/c?]
4 DP kinetic mixing parameter [90% C.L.]

€ :
_ - Rydberg
L 107
() — “
A/ E E .
n;i — /
> 10°F
c .
}/ X X = = NEON
f, 106 B — NA64
o Decay into dark matter © LSND
[ ] (] E : —
[Invisible decay] ] E137
107 ST 1B M — TEXONO
Dark photon (A’) production T I e T

[Compton-like process ] Phys. Rev. Lett 134,0210802

Dark Photon Mass [MeV/c?]
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2. Dark photon absorption (ongoing)

| \ Dark photon absorption . ¢ D51k photon might reach the detector and

Reactor core [0, et

_ Y

— absorbed via decay channel eTe™ (whenm, > 2m,)

e Region of Interest: 10 ~ 3000 keV, Reactor On -
Off data

Detector

o\
A

—
rJ ON- OFF fit of DP ROI
~J ¢ ON — OFF data +1o syst. — signal at eyy,
—— 0 — — background model +20 syst.
N Tttt L | ! ! U
“ — - anode dynode
e — >
) Expected signal 8
| >
~ 0 - T — — <
_ > 102 L mar =100 keV -
A/ o F e=10"* 3 H“\; :
7 - Single, C1 - = 1L ] 102
% 101 E g . |
% = 3 I No signal found L
| | - C1, single .... o '
.E) 100; ‘1111111111:1111 . L i . :
—_ _,g AE T T T ' — ""|‘~'.
e S 1071 2 . ® 000 . o . ‘ﬁ: o A 3
8 NG e e Sy e 30R
_ _2 ° .. $“ ) :
. ) _ ° % °
Dark photon (A’) production 5107 S 4 e
° 2 3
Compton-like process 10 10
[ P P ] Energy [keV] enerqgy [keV]

K neutrino 2026 36 Gyunho Yu



2. Dark photon absorption (ongoing)
| \ Dark photon absorption

Reactor core [0, €]
6X10_5 i ' L ' L ' L
_ Y
€
4: X 10_5 B ° ® o o o
Detector First UL on kinetic mixing ¢ from
} o 3% 1075 the reactor experiment

— -

| o
— I TEXGNO

g _ & -5
N e - 2x10

_ =
J Expected signal kv, __NEON (thiswork). e _ ™~ _ 121 ?9 _S_
A’ = g 1o 107> ]

y E’ 1o astrophysical and cosmological bounds: <2 x 10 (see text)
T@ . L Ll Ll Ll
_ i 103 104 10° 106
e g 10°1 |
S my [eV]
Dark photon (A’) production E 102 e 7
[Compton-like process ] 1o Enory (kev] 10"
y
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3. Axion Like Particles from Reactor

) \ e ALP coupling with photon (84y) and electron (g,,)

Reactor core

e Region of Interest: 1 ~ 3000 keV, Reactor On - Off data

Detector

o\

[ Primakoff ] [ Inverse Primakoff] [ y-pair ]
}/ ~—

1 U e

[Compton I|ke]
K neutrino 2026
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3. Axion Like Particles from Reactor

| \ e ALP coupling with photon (g,,) and electron (g,,)

Reactor core

e Region of Interest: 1 ~ 3000 keV, Reactor On - Off data

Detector
—#— Data . .
Single-hit dat
"“ o~ 0.8 Total expected (a) Single-hit data
l T [ + 1o (systematic) 0.04
> - v [ £ 20 (systematic)
< 06 : 0.015
< 3 .
_Q‘J .
*\g 0.4 i _0.01 i 2 2 2 2 2 2 "
= | 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
3 0.2 '
O 1 1 | .
ALP Sianals (b) Multiple-hit data
No excess found 7 osf— ot ey
g }, B) ma— ev/C ’ ga.(_ X e 004
ay g S 06— -+ = m, =10 keV/c? g, =8 x 107
O 0.015— i I ﬁ
'
Pd Pd -Dq____ E?tl4
. - . . . . . . . . .
[ Primakoff ] [ Inve g, 0.2 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
d S

500 1000 1500 2000 2500 3000

}/ P s N . 0
g ae > ‘/\ ) Energy [keV]
N\ / N o ' _
e e e/ e N W N, e 5

[ Compton-like ]

K neutrino 2026 [ Inverse Compton-like ] [ Ax%g-electric] [ e-pair ]
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3. Axion Like Particles from Reactor

| \ * ALP coupling with photon (g,,) and electron (g,)

Reactor core

e Region of Interest: 1 ~ 3000 keV, Reactor On - Off data

ete” — Y + 1invisible

10~

—-—.—-—-—-—- " o—— - —----._
--..
-~
»
- ,

® ° l> 10_4=_ ] il
World best limit S E Wi
& oF i et

10° -7 =

g First sensitivity in F B | s Cosmological i
( I triangle - —— =
cosmological trlangle B | = “SN1987A o= SN1987A -

- T T T | ™
[ Primakoff ] Axion mass [eV/c?] Axion mass [eV/c?]
a) Axion-photon coupling (b) Axion-electron coupling
o
\ / / y
% N e \
[ Compton-like ] ! Phys. Rev. Lett 134,201002
K neutring 2026 [ Inverse Compton-like ] [ Ax!lg-electrlc] [ e-pair] Gyunho Yu



4. Galactic Axion Search (ongoing)

Shell-burning structure of a star

Hydrogen

Helium

“Axion Pump”

12C+12C > 23Na+p 5/2+

AFE =440 keV

/

Carbon burning

© 12C+12C - 2Na+p
T = 7x10°K

3/2+(g.s.)
Thermal

y Axion

A
& Neon

B Oxygen
B Silicon

B Iron core (inert)

Massive star (M = 10 M©®), late burning stages

Axion escape |

K neutrino 2026

excitation

« Axion generation from Carborn burning inside a star
is suggested in 1991 [Phys. Rev. Lett. 66, 2557]

« Hot&dense star core repeats 23Na’s photo-excitation and
sometimes make axio-dexcitation, with 440 keV
level.
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4. Galactic Axion Search (ongoing)

“Axion Pump”

Galactic Na axion reaching to the Earth 12C +12C — 23Na + p
5/2+
Milky Way disk
© o,
o ¥ ---__ @ . AE =440 keV
® .________: ~~~~~~~~~~ \i ® ‘o detector
P o e---------- >
@ —______.--“"::::—";/,’Earth O 3/2+(9050)
¢ ——— Thermal
. ° o % Axion
excitation

® carbon-burning star: several hundred at any time, ~10 kpc away

Thermally broadened 440 keV axion line

* Those axion-emitting stars are all around within our galaxy.
0= 0.9 keV (Doppler, T~ 10719 [Phys. Rev. Lett. 135, 222701]

1
437 440.2 443 keV

* Axions travels from the galaxy to Earth, resonantly absorbed
() = 2x10° (g eff / 1077)2cm~2s1

to Nal detector and emitting 440 keV. [arXiv:2603.16298]
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https://arxiv.org/abs/2603.16998

120 . e Data Rock gammas B Internals )
[ Total fit  Externals B Muons |
- [ Syst. 1o 1
100 - -
- Syst. 20 |

Counts / keV (x103)

Data — Fit

K neutrino 2026

ettt e—{———————— —t——{c—{—l—
400 420 440 460 480

4. Galactic Axion Search (ongoing)

| — — Total fit + 3 X (90% CL UL)

Energy (keV)

No signal found.
3 times of C.L. Upper limit is still inside the 26 band

500

Can be discussed in NNN Poster
T1-03(Seohyun Lee)

23Na,aNN

—6
2.25x1076 < |g_c.

| < 1.27%10~2 (90 % C.L.)

B NEON ?3Na, galactic (this work, 90% CL) >’Fe, m, > 2 keV (beyond approximation of Ref.)
>7Fe, solar (Derbin et al. 2011, 95% CL) [ 7L, solar (AMoRE-I, 90% CL)

KSVZ 274 eV /Y,
5.5 kev [T
79 v [
DFSZ, sin?B =0 95 eV 00
141kev [
s¢ov [
DFSZ, sin2B=0.5 13kev Wl 0000000
6.4 kev [
22 v [
DFSZ, sin?B=1 83 eV 000000
a2kev [

Axion mass m, (eV)

It pushes the lower mass bound of laboratory

searches for nucleon-coupled stellar axions down

to 22-79 eV
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Jeollanamdo

S

lJejudo
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Summary

e NEON searches for CEVNS using Na(Tl) target & reactor neutrino source in Korea,

and decommissioned recently.
e Event selection using DL is ongoing for precise CEVNS signal search.

e Many BSM studies has been conducted and ongoing.

October 29, Thursday

NEON posters also T1-01 Event selection and data analysis techniques for CEVNS analysis in NEON
can be found in NNN T1-02 Current status of the NEON experiment
T1-03 Searches for Dark Sector Particles with the NEON experiment
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Event selection
with PSD parameter Noise events types

Event types

L H
b #‘:-};l{} +'?'-c1::'

""..' - e -
nox

90

Accumulated waveform types

80

Energy [keV]
w
92

W

0.2

70 . Scintillation

— Type-1

N
o

Artbitrary Unit

—- Type-2

Lo . L . R
I I T ' -, .
Cr el R 40
LR __' ' - o e .
- = 2= o . e '--. fe N o™ '
"-'l _,"r.- ﬂ.'..-, w."..\. - - - . !..... O 1
L =T, . =T -

20

. 0.05
I-'-_:-___ . 1 0

——

'.'u.'i.l'
L A
- .‘.__:.-:.lll:'r

| ’| |"}',}-:'_ﬁ".' ek "":‘ q”n-*;l I. ‘I [ ‘ | 0 0 _-_-—T"""_'“'."r-'-_.- ..... ey
-08 -06 04 02 O 02 04 06 0.8 3000

Likelihood parameter Time [ns]

- Type 1 (PMT-induced noise)

: Short pulses (< 50 ns), fast decaying distribution — easy to be separated.
- Type 2 (Phosphorous events)

: Slowly decaying distribution — hard to be separated from scintillation.
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Event selection

Waveform simulation NIM A 1065, 169489 (2024)

Deep Learning e Pure & lots of scintillation sample

required for DL training.

Traditional
Machine Learning

Performance

Training data size
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SPE pulse shape modeling

11—

EEmEm

0.5—

7’
.
-
- == |
0 i ] [ R B T

Col o et
-20 -10 0 10 20»('K~ 30
Time Difference [ns] g,

Pedestal reproduce

K neutrino 2026

Number of Events

Event selection
Waveform simulation

SPE charge modeling

—_

20000

10000

NN I I | I I I I | I I I

— Simulated Data
— @Gaussian Distribution

— Continuous Poisson Distribution

0 5
Charge [pC]
= | (a
S - Energy: 4.18 keV
O % 00_—'
O ™ Data
O B
2 200F
) B % .
o K 3
2 100 ;“-.-_‘
s "% b,
=k ll
0 2000 un®00 6000 8000
Time [ns]
50

NIM A 1065, 169489 (2024)
* Pure & lots of scintillation sample

required for DL training.

e Studied about single photoelectron’s
(SPE) charge & shape characteristic

from data.
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Number of Events

SPE pulse shape modeling

1—

EEmEm

0.5—

Py L . ] [ B B P T R T N T A lm B o T N B .
-20 -10 0 10 20 30
Time Difference [ns]

Pedestal reproduce

B : + f —+— Experimental Data
200 —
B ~—— Simulated Data
100 —
0 1.8 2 2.2 2.4 ’ )
Pedestal RMS [ADC Counts]
K neutrino 2026

Number of Events

Event selection
Waveform simulation

SPE charge modeling

—_

20000

10000

NN I I | I I I I | I I I

— Simulated Data
— @Gaussian Distribution

— Continuous Poisson Distribution

Charge [pC]

= . (a)
= - Energy: 4.18 keV
o 300
O E Data
O -
D -
< 200
® _
8 B
3 —
= 100
Q_ -
S W,
e X4
0 4000 6000 8000
Time [nsl]
51

NIM A 1065, 169489 (2024)
* Pure & lots of scintillation sample

required for DL training.

e Studied about single photoelectron’s
(SPE) charge & shape characteristic

from data.

 Dark current (pedestal) behavior also

extracted from data.
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Number of Events

SPE pulse shape modeling

1—

EEmEm

0.5—

||;-__—“"_'/| ||||||1|||||||~§"-|~DL|L
0 -20 -10 0 10 20 30

Time Difference [ns]

Pedestal reproduce

B —+— Experimental Data
200—
B ~—— Simulated Data
100 —
O 1 1 1 1 1 1 L L l L L 1
1.8 2 2.2 24
Pedestal RMS [ADC Counts]
K neutrino 2026

Number of Events

Event selection
Waveform simulation

SPE charge modeling

B — Simulated Data
20000 |— — Gaussian Distribution
— — Continuous Poisson Distribution
10000 —
% 1 2 s a4 5
Well reproduced!
300
= - (c) .
> i Energy: 4.11 keV
8 500l Simulation
a B
= B
() =
S 100
a B
= B
< _
O 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000
Time [ns]
52

NIM A 1065, 169489 (2024)
* Pure & lots of scintillation sample

required for DL training.

e Studied about single photoelectron’s
(SPE) charge & shape characteristic

from data.

 Dark current (pedestal) behavior also

extracted from data.
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Event selection
Deep Learning training

- Single-Hit NC Distribution Multiple-Hit NC Distribution Efficiency

—
N
T ]

- — Total
— DL applied (Eff corrected)

2
NC

—
o

DRU [Count/kg/day/keV]
=
Ilf
DRU [Count/kg/day/keV]
o _o:d
LI LI j
Efficiency
| | L | L T |

—
o
%)

o After applying Deep learning, ~50 counts/kg/keV/day (DRU) has been achieved in 5 PE. level.

 Multiple-hit shows consistent level with full noise selection
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4. mCPs from reactor (planned)

L \ * |n certain BSM model, particles with very-small charge are predicted

Reactor core

( q,=c€e, e 1), and named as mili-charged particles (mCPs)

e Can be suggested as a dark matter candidate as
Detector

g

* (Almost) Electrically neutral
e Stable
e \Weak interaction

e Can explain relic abundance

Y J?/Xq * Naturally arise from dark-photon model.
be
e Can be pair-produced from Compton-like scattering of high y-rays

1

e - . . e from reactor.

mCPs production from
Compton-like process
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4. mCPs from reactor (planned)

mCP-nuclear scattering
| \ e MmCPs interacts with electrons of target

Reactor core

nuclides via virtual photons

i Xq
Region of
Detector Target Exposure |[(do/dE)dE
— Interest
28\
)
15 ~215 | Skipper ~0.1 1.7 x10-18
CONNIE eV CCD kg-day cm-2
4
, : - - CCD i
_ *simply assume flux is same coherent_elastlc scattering
Y 2 Xq P - pixel =X
e ----,_ju‘w Thi
gl pa
14 ' | 7 lea
i = > . 25 )
Current best sensitivity comes from Skipper-CCD
mCPs production from
Compton-like process experiment (Low threshold, small exposure)
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4. mCPs from reactor (planned)

mCP-nuclear scattering
| \ e MmCPs interacts with electrons of target

Reactor core

— nuclides via virtual photons

i

Detector Region of Target Exposure |[(do/dE)dE
— Interest
)
15 ~215 | Skipper ~0.1 1.7 x10-18
CONNIE eV CCD kg-day cm-2
NEON | 500 ~ 400 ~10000 | 1.6 x10-19
(Rough Nal(Tl) _
. . e eV kg-day cm-2
3 *simply assume flux is same estimation
X
y Lﬁ Xq
Ge NEON : higher threshold, large exposure
y
e_ 3 > . e

mCPs production from
Compton-like process
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4. mCPs from reactor (planned)
I \ mCP-nuclear scattering

e MmCPs interacts with electrons of target

nuclides via virtual photons

s CONNIE |
Region of Target Exposure |[(do/dE)dE
w— Atucha-|| Interest
15 ~ 215 Skipper ~0.1 1.7 x10-18
Z) CONNIE eV CCD kg-day cm-2
';Eo'i 200400 |\ | =10000 | 1.6x107
( ong eV kg-day cm-2
ime estimation

NEON : higher threshold, large exposure

10_6 e .""' —1= - ."'" e e " —1= : .(Rough eStimation) 64 XX exposure
e 1 10 107 10° 10°* 10° events
m, [eV] €CONNIE : 1.7 x 10718/0.1kg - day 4 30
mCPs production from , ENEON 1.6 x 10~1/10000kg - day
Compton-like process Competitive result with CONNIE expected ?
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4. IvNS Search (ongoing)

NEON Crystal Single-hit Energy Spectrum

Dutta et al., Phys. Rev. D 106, 113006 (2022)

Vp N * =4 N+y — 2000 # of events:
ZO / E [ 4 4770+3150 *{
O, +
LL -
N S e
N ; I

PIVES 40 50 60 70 80
Energy [keV]

e Incoherent v - Nucleus Scattering (IZNS) Analysis ongoing with detailed

ey |
e y detection from de-excitation of scattered nucleus. background modeling !

e Signal expected at 57.6 keV from 127| scattering, using Reactor On - Off data

e ~ 2500 events of [YNS expected with 700 days Reactor On data.
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Plans and strategy
Comparison w/ CONUS +

NEON vs CONUS+ background CONUS+ Off background modeling

N
»

CONUS+ (reactor-site bkg)

no
N

— Off data
— Off background model

afl mn

NEON threshold ”‘T |
||

0:6 IF m Ml lﬁ‘.”.l i

5 6 7 8 9 10 11 12 13 14 15 200 300 400 500 600 700 800
NC lonization energy [eV]

NEON QuickOpt v2 (eff.corr.)

"o .

Counts [dkg'(10eV)]
N
N

—
o
I

—
o))

DRU [Count/kg/day/keV]
_o:\)
T T 1§71 J_|‘|—| T 1
=¢_
__:

N

10

—
N

1

e Our background level is is comparable to or better than that of CONUS+ above NCS.

e As done in CONUS+, will model the background using Reactor-Off data and apply a likelihood fit to
the On-period data to extract the CEVNS signal.
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Worldwide CEVNS Detection

VUSH '% e 2023
— \ //
ciax (v BASSEHET CQVUY VESS___...-GaNESS
@® Stopped-pion beams . U; = S )‘;’—5{ .
® Nuclear reactors ‘\ Ne &

R
m 3

n cleus..
@® Future/Planned \ NYCE®
NCC- 1701 REC E
; CS
Meutrin ,'! !XNE -7 ~ C‘“ﬁ _%Q‘S P et elastic Scattering
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o
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NEON Background understanding

NEON background modeling example

A. Reactor-on
g
mi

—
—
o <

N _l. —

i

Example of background isotopes

- —
29
8]

—_
—
OO

! o Dcomnum @ o Crystal internal 238, 232Th, 40K, 60Co
i — Total Expected ] Cosmogenics [ Dust (LS)

Crystal cosmogenic 22Naq, 121mTe, 129| 109Cd, 3H, ..

.y -

—
<

Counts/keV/kg/day

- —
29
w N

PMTs, Shields, .. 238U, 232Th, 40K, 208T], 235

C. Reactor-on-minus-off

—_
6}

t +++ | .,_ il I

—

o
8]

T+

(=]

) . " 11 Pl J f PR +
.4‘ _ N i |Ii M]M 'I. II“ ”l'IJII\.' T'Il'i :i'i' p

10 20 30 40 50 60 10°

o
o

10° Energy [keV]

e NEON scintillation events are dominated with background isotopes’ radiation.

e Full Geant4d simulation has been conducted, and successfully modeled the data with likelihood method.

e Seasonal background change rom 222Rn is also well described.
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Logm|92NN| (ggNN < 0)

K neutrino 2026

3. Galactic Axion Search (ongoing)

_2 - - _2 3 - d /
Nal: 500kgyr . Nal: 500kgyr ‘,' 10° eV
-3} -3F /,
. ,ﬁ ’/
104 g ,/
: 4‘\) ,( ‘
_4| SNO neutrons _4} SNO neutrons = AR
: ¢ YV
: s ‘b%
- /, :.
-5 -5p QQ%
> 5 KII 7 rays > 5 KI5 r@/
-b ~ { -6F ’/
V | FEs Nal : 500kgyr . A0 eV Nal : 500kg yr
o S : 4
~ - SN19874
-7 | SN1987A H| FEs { =7 cooling R
cooling o oy y
_8 ) X : _8 L | ‘ _
-8 -7 -6 -5 -4 -3 -2 -8 -7 -6 -3 -2
Logiolgann| (9ann > 0) Logiolgann| (gann <0)
62

e arXiv:2603.16998

Gyunho Yu


https://arxiv.org/abs/2603.16998

NEON Data control

50 keV Peak Charge 1460 keV Peak Charge

Crystal gain correction

$2500 . Fy "92500 .
32000_ I E:Ig::négrrection 210‘?&5 50 keV 52000_ 40K 1460 kev |
e Low energy (Anode readout) — T After Correction / ' A —
+H ‘+ + + " -+ *
. . 1500 %‘Hﬂ .+7L p 4T ] 1500 1 ' v ]
correction using 219Pb 50 keV y peak Lo T e s
1000} ++ 'W‘L+ o T‘LLH** ++ - 1000 | mﬂ,; -
+T +++ + +++++++++ ++ N .+
e High energy (Dynode readout) — o D wdl s PYS
COrreCtlon US|ng 40K 1 460 kev y peak 0150 250 350 450 550 080 120 1;‘: oo 240
Charge[103ADC] Charge[103ADC]
LS histogram [Front] LS histogram [Middle]
LS gain correction £ | — Reference 2
= - Before Correction =
8 — After Correction 8

e Correction by LS charge distribution

104: 1

slope.

10°E

| I I I
10000 20000 30000 40000 50000

Charge[Q]
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CEvVNS Detection w/ Reactor Neutrino

U

H

Reactor Neutrinos Accelerator Neutrinos

/’ |

10 20 30 40

50
coherency energy (MeV)
—7

*Rich neutrino from fission products

~ 8.09 x 1072/cm?2/sec at 24 m e DAR neutrino

(2.8 GWy,, 24-m baseline, kopeikin model) —

e Different flavors VoV, U,

ingle fl U
*Single flavor : 7, ¢20-50 MeV, partially coherent.

el ow energy — Fully coherent scattering !
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