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The NEON Collaboration

Goal : Coherent Neutrino Nucleus Scattering (CNNS) measurements in Nal(T1) crystals from nuclear reactor.
(Low-background dark matter Crystal experts + Reactor neutrino experiment experts )

Active members of
CENTERFOR "\ b the COSINE and NEOS experiments

T

-

UNDERGROUND PHYSICS [ 2 Y

~20 members, 5 institutes

Chang Hyon Ha, Chung-Ang University
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Nal(Tl) crystal scintillators for CNNS
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Nal(Tl) crystal scintillators for CNNS

CI\NS Cross section vs neutron
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Nal(Tl) crystal scintillators for CNNS

CNNS Cross section VS neutron
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Nal(Tl) crystal scintillators for CNNS

- Very high light output crystal

CNNS Cross section VS neutron
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Nal(Tl) crystal scintillators for CNNS

- Very high light output crystal

CNNS Cross section VS neutron
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Nal(Tl) crystal scintillators for CNNS

- Very high light output crystal

CNNS cross section vs neutron
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Nal(Tl) crystal scintillators for CNNS

- Very high light output crystal

CNNS Cross section VS neutron
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Natural Opportunities for CNNS, Synergy with dark matter detection,
and Possible new physics : However, 0.2 keVee threshold is requirea.
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CNNS Event Rate & Requirement on Nal(T]
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CNNS Event Rate & Requirement on Nal(T]

CNNS cross sections on Nal
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CNNS Event Rate & Requirement on Nal(T]
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Experimental Setup and Conditions

—Experimental Setup and Condtons
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Fxperimental Setup and Conditions

PE(20-30cm)

Borated Polyethylene

- Nal(TI) crystals in a Liquid Scintillator bath Polyethylene Castle

Calibration access holes

Acrylic Box 3-inch PMT
Six Nal(Tl) crystals
5-inch PMT Inner
Acrvlic Box

NEO-3
NEO-2
NEO-1

Lead(10-15cm)

Lead Castle o o
Liquid Scintillator

filled

LS (800 liters)
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Fxperimental Setup and Conditions

. .. . PE(20-30cm
- Nal(Tl) crystals in a Liquid Scintillator bath Polyethylene Castle Sorated P(o yethyions ) et maoeesliciee
- Located at ~24 m from reactor core (Tendon)
- 10 m concrete overburden (x6 less muon flux) Acrylic Box__, 3-inch PMT
Six Nal(Tl) crystals
5-inch PMT Inner
F(De) B 81.09 x 10‘12 Cn:l_ : Sec_l / NEO-:"EOE‘IZEO-3
V Lead(10-15cm)
. Lead Castle o
) e : : P Liquid Scintillator
- = 3 = filled
. c 1.5m .
I: ! LS (800 liters)
. R T I Ground Levet
C . 9 i | N/ -
uw':_

T
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Fxperimental Setup and Conditions

PE(20-30cm)

- Nal(Tl) crystals in a Liquid Scintillator bath Polyethylgne Castle Sorated Polyethyiens aastion mossnlise
- Located at ~24 m from reactor core (Tendon)
- 10 m concrete overburden (x6 less muon flux) Acrylic Box __, 3-inch PMT
- No change in Neutron/Gamma flux at Tendon —— Sleﬁa[(Tl) crystals

F(De) B 81.09 x 10‘12 Cn:l_ . Sec_l B NEO-:"EOE‘IZEO-3

Lead(10-15cm)
A Lead Castle o o
) B - : : P Liquid Scintillator
B - E filled

111111111111

Target Single Events —
All: Reactor OFF -
— All: Reactor ON

E=== Muon veto cut:Reactor OFF3
Muon veto cut:Reactor ON
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. ; {ﬁ:'f: e ] Ground Level ,é&ea

&% eactor Off Reactor On —
°c  Neutron Flux -

we- ..’::"‘ QQ ? +++ +H++++++ + 107
l. o oil, Re ' "t NEO 10+

] T+ I T E— 20 1 2 3 4 5 6 7 8 9
Tlme [day] Recontructed Energy [MeV]

>
)
X
o
A
S~
D 101
» 10
S~
2]
e
c
-]
o
@)

1a Spectrum ;

Chang Hyon Ha, Chung-Ang University XVIII TAUP 2023 8.28~9.1 University of Vienna



NEON Data Collection and Operations |

500 g - 100% Efficiency ha Reactor ON
., e eactor
= -7000 1o%gglays Reactor OFF
4 | — Good Runs Reactor OFF > SR Bad Runs
S 400 6000 & 38.6 da
N 5000 -gw \ |
N _
g 300- =
N EH00) @ et 279.0 days
Y g5, -3000 | 28:57%)
€20 Regctor ON Reactor ON 5
o 12000 &
S 100 -1000 =
)

70

2022-05 2022-07 2022-09 2022-11 2023-01 2023-03 2023-05 2023-07
Date

- Physics run started since April 2022 (~1.3 years) with 88% DAQ efficiency.

- 279 days of ON data (58%) & 144 days of OFF data (30%) : 6500 kg day exposure
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counts

NEON crystal light

ields

- Data fit . |
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0 500 1000 1500 2000 2500 3000 —
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ADC Counts 10

NEON crystals show high light yields (size matching & simpler coupling)
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NEON crystal light vields

counts
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Data fit - ﬂ '
i M 1 N | é

0.0008

0.0006

0.0004

0.0002 s Ss
y . Ll
3" PMT % 500 1000 1500 2000 25(

- ADC |

COSINE-100 Encapsulation Silicon Gel ) N C rySta ‘S (1 6 5 ‘
o LY~24 PE/keV
— ] __) $17 ke e 3.3 kg $3.3
| 3" PMT k- + +
NEON Encapsulation - LYN—I 5 PE / | < ev .

T —
0 500 1000 1500 2000 2500 3000 E L ‘
reRE R T N SN SRR RN SR N SR S T N TN SRR SRR SRR NN S U TR N TR SRR SR | R T
8

1 2 4 7
ADC Counts 3 Detector Indsex °

NEON crystals show high light yields (size matching & simpler coupling)

@)
(b)

23

Chang Hyon Ha, Chung-Ang University XVIII TAUP 2023 8.28~9.1 University of Vienna



Backeround Understanding

10°
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Energy(keVee)

- Background Modeling is actively on-going up to 3 MeV.
- Single hit low energy at 1~10 keV region : ~ 7 counts/day/kg/keV

- Composition : internal ~60%, cosmogenic~20%, external~20%, muon phosphor~1%
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Waveform Simulation and Validations ‘
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Waveftorm Simulation and Validations

o Physics Data
=
3 200
O
8 |
< 100}
0
0
, 200 Simulated Data
c
—_
o
O
O 100
a
g

1

. L
6 8

0 ‘ 2 4 ‘
Time [ps]

- Waveform simulation is developed to characterize the keV~sub keV scintillation signals.

- Simulation generates raw waveforms as same as the real data
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Waveform Simulation and Validations

ADC Counts

150 1
. ' Crystal &
300 Physics Data 125 4 —— Simulation
: ’ [)Ott)
=100
200 z
~ 75
| 2 SPE Charge
100 5 0
25
0

0 500 1000 1500 2000 2500 1000

0
B 150 -
o 200 Simulated Data 125 - * {
5 0ot |
o SPE Height
o 75 -
O 100
< 50 -
25
00 2 ' 4 ' 6 ‘ g 0}")-[ 50 00 150 200 250 300
5 J : . £ ’ .
Time [us) ADC

- Waveform simulation is developed to characterize the keV~sub keV scintillation signals.
- Simulation generates raw waveforms as same as the real data

- SPE parameters are tuned to match the real data
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Waveform Simulation and Validations

150 1 . -
. C tal 6 &
) 0 Physics Data 125 1 I — Simulation Sl UlatEd 158 1
+= _— Do . R
5 = 100 T o - — Median & 2 e
8 200 z | 8 T N
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0 £ SPE Charge 3= TRE - T J
2 100 g 5o > 1 —— 26 Cl . O 20
25 1 — i. N
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2 50 A5 3 25 =2 45 1 05
25 Meantime Parameter
0 . 1 ' R - v —40
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- Waveform simulation is developed to characterize the keV~sub keV scintillation signals. "
- Simulation generates raw waveforms as same as the real data > £ O o5
3 R -
> @)
- SPE parameters are tuned to match the real data = prd 20
5 -
. . . . . . = 15
- Simulation and real data for the physics variables agree very well (within a few percent e E
Ievel). 3 ” 'i 10
. . . . . .. - e 5
- Low energy simulation signals are used for high level variables e.g. Boosted Decision R
Tree (BDT) score calculation. D — g0

Meantime Parameter
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Spectrum

Event selection is done with a series of BDT output variables characterizing different types of PMT noises
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I R S
energy (keVee)

With the current algorithms, a threshold of 0.6 keVee with 7 counts/day/kg/keVee
is achieved after BDT event selections

Chang Hyon Ha, Chung-Ang University
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Fxpected Rate and Sensitivity for NEON

EPJC 83, 226 (2023)
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«Assumption for sensitivity study 650 = 197 (Joo QF) g

v’ 22-photoelectrons/keV(PEs/keV) light yield 2

, 041 209 (Xu QF) .|

13.5-kg mass of detector g op
v 7-counts/kg/day/keV flat background :
v' 5-PEs threshold (Currently 14 PEs threshold) Updated Joo QF measurement$,” & = «
’ Nuclear Recoil Energy [keVnr]
v 365/100-days reactor-on/-off data tomorrow 4pm by KWKim

Chang Hyon Ha, Chung-Ang University

(Lowest energy measurement added)

Sensitivity estimation shows that more than 3¢ detection is possible
assuming the 5-PE threshold is reached.
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Summary and Qutlook

» CNNS for reactor v, opens up several physics opportunities.

- NEON is poised to measure the CNNS process in an array of Nal(Tl) crystals with high light yields
of 24 PEs/keVee.

- The experiment is running stably since April 11, 2022, accumulating 279 (144) ON(OFF)-day data.
. Background modeling (~7 counts/day/kg/keV below 5 keV) and exposure are almost ready.

. Current focus is to lower the thresholds down to 5-PEs (~0.2 keVee) by developing waveform
simulations and machine learning techniques for event selections (removal of PMT noises).

- With one year ON data, we expect the CNNS at NEON could be detected at more than 3¢ level
given the 5-PE threshold. Stay tuned!

H.S. Lee : the COSINE-100 presentation on Thursday 4pm.
K.W. Kim : the Quenching Factor presentation on Wednesday 4pm.
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