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About NEON Experiment

O
direct detection Short baseline sterile neutrino
experiment with crystal search experiment in reactor site
\_ J

NEON \

» Neutrino Elastic Scattering Observation with Nal
« Target material: Nal(TI)

 From the reactor

« Coherent elastic neutrino-nucleus scattering
(CEVNS)

« Dark sector particles searches
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About NEON Experiment

Experimental Site

£ S SOUTH KOREA

Yeonggwang,
South Korea

L'Aquillla, Italy

Hanbit-6 reactor in Yeonggwang, Korea

2.8 GW thermal power

Reactor core
* Diameter: 3.1 m
* Height: 3.8 m
» Distance from reactor core: 23.7 m

~ 20 m.w.e overburden
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Reactor core

NEON Detector

Borated Polyethylene|

Polyethylene Castle

Calibration holes l

\ Liquid Scintillator

Lead Castle Sodium lodine detector

Acrylic box




About NEON Experiment
NEON Detector Configuration
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Borated Polyethylene

Polyethylene Castle

Calibration holes l

» Target: Nal(Tl) crystals

 Active veto system: ~ 800 L liquid scintillator
(LAB-based LS)

 Shield design
« 10 cm lead
« 3 cm borated polyethylene
Liquid Scintillator « 20 cm high-density polyethylene

Lead Castle Sodium lodine detector

Acrylic box
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About NEON Experiment
NEON Detector Configuration

()]

» 6 Nal(TI) crystal detectors, 16.7 kg
» Upgraded detector encapsulation design after engineering run

+ Light yield about ~ 24 NPE/keV is stably obtained T ?

« High light yield compared to other Nal(Tl) experiments
(COSINE'1 OO ~ 15 NPE/keV) NEO Encapsulation
NIM-A (2020) 981:164556
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About NEON Experiment
Operation
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CEVNS experiments

. .
o p e rat Experiment | Detector Mass Threshold Reactor/ Distance Thermal Neutrino Location
( ) I I . source to source | power flux vicm?/s
J COHERENT | Csl, Ar, Ge, Nal | 15-185 kg 6.5-20 keVnr | TDAR 19-28 m 4.3"107 USA
nuESS* Csl, Ge, Xe, Ar TDAR Sweden
° 920/ f DAQ ffl . CICENNS* Csl(Na) 300 kg 2 keVnr TDAR 10.5m 2‘10: China
Atucha-II CCDs 59 40 eVee Atucha-II 12m 2 GWin 2°10™ Argentina
~ (4 O e ICIenCy [BULLKID* | Si/Ge cryogenic | 20 g 60 eV aly
| CONNIE Si CCDs .59 5 eVee Angra-Il 0 m .9 GWin 7.8"107 razil
CONUS HPGe 74 kg 10 eVee Brokdorf 7m GWin 2*10"3 German
CONUS+ HPGe 74 ke 50 eVee Leibstadt 0.7 m GWin 1.45*10"%
+ Largest exposure (~ 10000 kg - day) o L T eI
cryogenic HFIR*
. NCC-1701 HPGe 3 kg 200 eVee Dresden-Il | 8 m 2.96 GWin 8.1*10"3 USA
amon g reactor C EV N S ex pe riments [NEON [ Nal(T]) 6 7Ta 200cves [Tanot  [Z37m  [2815GWs [=Fi0" [Forea
NEWS-G3* | Ar+2%CH4 bc Canada
NUCLEUS* | CaWOa, Al,03 109 20 eVnr Chooz 77m, 2x2.45 GWy, | 1.7*1072 France
ryogenic 102m
- NUXE* LXe 10 kg tbe
e Reactor-on data: ~ 523 days e T o me
RED-100 LXe, Lar* 200 kg Kalinin 19m 3.1 GWin 1.35*10™ Russia
RECODE* HPGe 1-2,10 kg 160 eVee Sanmen 11,22m 3.4 GWi, Up to China
[ ) R t - ﬁ d t - ~ 1 44 d RELICS* LXe 50 kg 1 keVnr Sanmen 22m 3.4 GWin 1.4*107 China
e aC o r O a a - a S Ricochet* Ge, Zn, Al, Sn 680 g 160 eVee, ILL-H7 8.8m 58 MWy, 1.6*1072 France
cryogenic 300 eVnr
SBC* Ar 10 kg 100 eVee tbe USA
TEXONO HPGe 1.43 kg 200 eVee Kuo-Sheng | 28 m 2.9 GWin 6.41072 Taiwan

*in preparation

Germanium  Silicon Noble gases Cryogenic Scintillator (the list may be incomplste)

« Data used for analysis: until Jun. 22, 2023

Coherent Elastic Neutrino-Nucleus Scattering 12
e

Aula Magna, XXXI International Conference on
08Jul24 2024IDM_NEON Neutrino Physics and Astrophysics



Dark Sector Particles Search in NEON
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* Intensive y source

« ~ 1026 /keV/day y flux in 2.8 GWy, reactor core, peaking around energy 1 MeV
« Strong y source compared to other experiments

* ¥ can couple to dark sector bosonic particles
« Axion-like particles (ALPS)
 Dark photon (DP)

NEON Detector

Borated Polyethylene

Polyethylene Castle

;eactor
ontainment
uilding
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Dark Sector Particles in NEON

Detection of ALP
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* Focus on covering
cosmological triangle

/ ALP detection \
o 14 |4
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Inverse Compton-like Axio-electric e-pair
Detector

Search based on
JHEP (2021) 2021, 294

e~ Shielding

Experimental aChambere
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PRL (2020) 124, 211804
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Dark Sector Particles in NEON
Detection of DP

Dark photon production
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my, > ZmX

* Assumed my, = 3m,,

« Search for signal induced by dark matter (DM) scattering off electrons

in the detector
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Data Analysis for NEON
Background Modeling for ALP Search

A. Reactor on data ALP Signals .
----- m, = 10 keVic?, g = 1.5 x 10

——— m,=1MeV/c’, g_ =8 x 107 GeV"'

— Total Expected [_] Goemogenice [|Dust (LS)

Y,
3

g/da
)

I -

Counts/keV/k
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Q

C oo o o o 0 ) e e BRI o [ ]
20 30 40 50 60 10° 10° Energy [keV]

« 3~ 3000 keV range of background modeling to understand the detector behavior

« GEANT4 based Monte Carlo simulation was performed
* Internal backgrounds
« Surface contaminant
« Cosmogenic activation
« External backgrounds
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Data Analysis for NEON S
Background Modeling for ALP Search

A. Reactor on data

_Counts/keV/kg/day U
% 9 . 8 8 3% % 9 . &8 =8

Peak from cosmogenic:
121mTg, 125| 113G .

05 1 1 1 1 l I L I L P I’ I
10 20 30 40 10 Energy [kev]

* (reactor-on) — (reactor-off) data used in analysis

Peaks from cosmogenic activation
+ time-dependent component (?)

08Jul24 2024IDM_NEON 10



Data Analysis for NEON
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Seasonal Variations in NEON Data
A rrrrr 100% Efficiency 12000
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Energy [keV] Date(yyyy/mm/dd)

. ] ] Radon concentration variations at the
* 222Rn contamination possible through Yangyang underground laboratory,

 Opened calibration hole Front. Phys. (2022)
* Dust contamination in LS
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Data Analysis for NEON
Seasonal Variations in NEON Data
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Averaged Rate [Counts/day/kg/keV]
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® NEOS Radon eye measurement
® Fitted **Rn in the calibration holes
B Fitted contributions from the dust in LS
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« Compared 2-month data
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Data Analysis for NEON
Seasonal Variations in NEON Data
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: The time-dependent component was %2?Rn!

C. Reactor on-off data
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ALP Search in NEON
ALP Signal Fitting
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5-crystal-combined data (m, = 1 MeV/c?, g4, =3.1 x 107 GeV")
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» y2fit to (reactor-on) — (reactor-off) data with ALP signal

* No signal observed

* 95 % C.L. upper limit (g,, >9.72 x 108 GeV'! at m, = 1 MeV/c?)
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ALP Search in NEON e
Limits for ALP Signal

Axion-photon coupling _
arXiv:2406.06117
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» ALP signal generated and simulated in ALP mass range 1 eV/c? ~ 10 MeV/c?
 Exclusion of cosmological triangle!

08Jul24 2024IDM_NEON
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ALP Search in NEON
Limits for ALP Signal
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Axion-electron coupling
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Dark Photon Search in NEON
Fitting for Light Dark Matter

Combined 5-crystal data

i ¢ Data B
1.5~ — Background component 120
[ m, = 10 keV/c?, 6,=2 x 10°* cm?
In === m, = 100 keV/c?, 0, = 5 x 107 cr?
0 5-_--------: -==-m, =1MeV/c’, 5,=5 x 10% cn?

On - Off [Counts/kg/day/keV]

Energy [keV]

« 2 fit to (reactor-on) — (reactor-off) data of background component

* No observation of the signal
* 90 % C.L. upper limit: g, = 3.17 x 103> cm? at m,, = 100 keV/c?

08Jul24 2024IDM_NEON
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Dark Photon Search in NEON

A
)\
Limits for Light Dark Matter
* DM signal generated in DM mass 1 keV/c2 ~ 1 MeV/c?
* 90% C.L. upper limit
* My, = 3mX
N E
E | === NEON | By +26 - r
= —  — TEXONO DAMIC-M SENSEI 8 104 i
o [} E
s & oo /
o o =
&) X = = NEON
s E, sl — NA64
g 5 ol —LSND
) 3 - —E137
5 107 AR HB ddM  —TEXONO
0 102 100 102 R T 0
Dark Matter Mass [MeV/c?] Dark Photon Mass [MeV/c?]
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Summary

 NEON is stably on operation since Apr. 2022, with
~ 10000 kg * day exposure

« Good understanding of our data & background modeling

 NEON experiment search for dark sector particles

* In ALP search, we covered the unexplored “cosmological triangle”
for the first time (arXiv:2406.06117)

 In DP search, we extend limit for low mass region
(article in progress)

Thank You!

08Jul24 2024IDM_NEON 19
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Crystal Encapsulation
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arXiv:2404.03691

NIM-A (2020) 981:164556

D PMT '
N
Silicon Gel

Quartz Glass

iy

COSINE-100 Encapsulation

TFE pa
- | B =~
. :|-[ o

NEO Encapsulation

Optical Pad

N NN
N 00 ©

Light Yield [PEs/keV]
N
[e)]

» Encapsulation with quartz window
between crystal and PMT
-> without quartz window

25
S TN IF**** !
i + « LY ~ 24 NPE/keV
22
2022-05 2022-09 2023-01 2023-05
Date
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Data Analysis for NEON
Used Data

((_)» (D
=

arXiv:2406.06117

Detector ~Mass reactor-on data reactor-off data
detector-1 1.67 kg 165.4 kg-days 201.2 kg-days
detector-2 3.34 kg 413.4 kg-days 352.3 kg-days
detector-3 1.67 kg - -
detector-4 3.34 kg 527.9 kg-days 367.6 kg-days
detector-5 3.35kg 160.2 kg-days 279.8 kg-days
detector-6 3.35 kg 329.4 kg-days 266.0 kg-days

Total 16.72 kg 1596.3 kg-days 1466.9 kg-days

Blue: reactor-on
Green: reactor-off

 Data used in ALP search, for each crystal
« D3 excluded because of the noise contamination
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Data Analysis for NEON
Event Selection for Low Energy Events
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NIM-A 1065 (2024) 169489

;soo © J’M Ereroy: 18 e ;:: “ m Ereroy: 11 e 100k ~- Single Hit ~ —4-Multiple Hit ~ — Simulation
0 e T e e § §
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F g
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» Boosted decision tree (BDT)-based selection
« BDT training sample prepared with waveform simulation
» Noise separation down to ~ 0.6 keV
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Background Modeling for NEON
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210pp

232Th

238

Light yield (NPE/keV) EPJC (203) 83226

* Measured components
from NEO crystals

Cosmogenic components studied on
COSINE-100 experiment

Crystal Mass (kg) Size (inch, D x L) | "@K (ppb) | « Rate (mBg/kg) |2'°Pb (mBg/kg) | 21¢Po (uBq/kg)|| 2'8Po (uBg/kg)
NEO-1 1.62 3x4 50420 |2.16+0.02 1.89 +0.26 1.6+0.7 10.6 + 4.2 20.5+0.9
NEO-2 1.67 3x4 137+28 | 7.78+0.03 7.46 £0.73 <59.8 <572 19.3+0.9
NEO-3 1.67 3x4 46+20 | 0.56+0.01 0.53+0.13 <36 <112 21.8+0.9
NEO-4 335 3x8 22411 | 0.76+0.01 0.69 +0.18 1.6+0.8 <33 24410
NEO-5 335 3x8 <29 0.76 +0.01 0.68 +0.17 1.6+0.5 29+1.6 21.8+0.9
NEO-6 1.65 3x4 <38 0.94 +0.01 0.88 +0.21 58413 11.0+33 217+ 1.0
COSINE-100(C6) 12.5 48x 118 17+3 1.52+0.04 1.46 +0.07 25408 <025 146+1.5
> L
T 35¢ —— Data
= ‘ 109 +
(=] — Cd
= 3 — 125 *
> — |
] = 1
{ ~ 21m-l-e
8 o5
c <V
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o - —_—
o —
2 — —
- °
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1 _—*
0.5—
0
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Energy (keV)
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Signal Generation for LDM
Atomic lonization Factor

Before applying atomic ionization factor After applying atomic ionization factor
12
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|

—— m,=1MeV, 6 =2 x 10% cm?

Expected signal rate [day 'kg'keVee™]
D

Expected signal rate [day 'kg'keVee™]
(o]

0 | | L I " N I I : : 1 h . ) ! | | ) | ! ! I L I I
5 10 15 20 5 10 15 20
Energy [keVee] Energy [keVee]

» To consider energy transfer of bound electron to become outgoing
electron

 lonization factor calculated in 0 ~ 10 keV (PrD (2023) 108:083030)
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