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Indication of the Existence of Sterile Neutrino

LSND v, — v, Signal (1987)  Reactor Anti-neutrino Anomaly

PLB 829 (2022) 137054, PRD 83 (2011) 073006
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Various reactor experiments were

= Observed 87.9+22.44+6.0 events
3.8 o significance of evidence

= MiniBOONE, Gallium experiment
claimed similar observations

performed

= Average value of ratio based on
theoretical calculation can be
explained better by 4 neutrino mode
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Limitation of neutrino anomaly

PRD 83 (2011) 015015,

Nature 613 (2023) 7943, 257 PRL 134 (2025) 151802
PRL 130 (2023) 011801 (2023) (2025)
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« KARMEN and MicroBooNE couldn’t observe the excess

 Recently, STEREO and PROSPECT ruled out RAA and BEST fit
arear with 95 % C.L.

« Experiments employing various detector configuration and baseline

setups would offer valuable complementary sensitivity in the search
for sterile neutrinos

R
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NEOS + RENO joint analysis in Korea

PRL 125 (2020) 191801

PRD 105 (2022), L111101
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(A mj,_sin” 26, ,) = (2.36 eV7, 0.06) —
sin® 28, ) = (0.34 eV*, 0.05)

Prediction from NEOS / RENO NEOS / prediction from RENO

—— data systematic uncert.

L 2 i s s P 7
Prompt Energy (MeV) 1ol

= Reported the hint for the sterile neutrino at Am2 ~ 2 eV?

= Need to improve systematics for confirmation of sin?0,,

= p-value of inconsistency of 3 and 4 neutrino modes is 8.2 %
= Probably somewhere in Am? ~ eV2and sin206,,~ 0.1

This result strongly motivates a dedicated experiment to confirm or rule
out this specific region, leading directly to our new short-baseline project
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RENE TDR

= TDRis published at PTEP in

RENE : Reactor Experiment
for Neutrino and Exotics
(started at 2022)

2025 : PTEP (2025) 093C03

Main physics goals

- Sterile neutrino
(Am?,, ~ 2 eV?)

- 5 MeV bump structure
driven by RENO

Please refer
- 10.1093/ptep/ptaf101

p@ Prog. Theor. Exp. Phys. 2025 093C03 (42 pages)
DOI: 10.1093/ptep/ptaf101
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RENE experiment

Near Detectar /2°¢ [ T

seting

“”ff\“{"‘ Seou]

- Korea

e = 2 w Hanbit Reactor
Yeonggwang = .

’ o s

Yeosu

= Plan to install the liquid scintillator based
neutrino detector in the tendon gallery of the
reactor at Yeonggwang

= Baseline:24 m

Center for
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RENE collaboration

12 institutions and ~ 30 members
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Detector response simulation
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Neutrino Experiment Oscillation at Short Baseline = Yoomin Oh, @The 39" ISNP (2017)
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(Amj, sin* 28,,) = (241 eV", 0.08)

(Amj, sin’ 28,,) = (0.34 eV*, 0.05)

Prediction from NEOS /RENO NEOS / prediction from RENO

09— —
1.1 }—+ (Amj,.sin” 26,,) = (236 V>, 0.06) —
Y (A, sin” 28,,) = (034 V>, 0.05) |
+
A
—*— data systematic uncert.
D‘g‘ _| i 1 i i i | SN S N T SR S — i 1 i i H
1 2 3 4 5 6 7
Prompt Energy (MeV)

NEOS : target only experiment for
maximizing the volume to adopt IBD
events as many as they can

Need to confirm whether the signal-like
shape is real or caused by limited energy
resolution induced by escaping y



Detector response simulation

(Amj, sin* 28,,) = (241 eV", 0.08)

(Amj, sin’ 28,,) = (0.34 eV*, 0.05)

1.1 }—+ (Amj,.sin” 26,,) = (236 V>, 0.06) —

(A mil. sin® 28,0 = (034 eV3, 0.05)

Prediction from NEOS /RENO NEOS / prediction from RENO

—*— data systematic uncert.
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RENO
simulgtion  * RENO doesn’t have 2" peak, which
i

| means y-catcher of RENO helped to
n catch escaping y

i * New detector configuration is necessary
23 a5 6 1 NEOS+ RENO type detector >> RENE

Promnt Enerav (MeV)

Baryons 2025 @ Jeju, Korea, 2025/11/11, Dong Ho Moon 5 zﬁg



y-catcher study

Conf. Series 1216(2019) 012004
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Simulations
"~ Positron MC — Ycatcher
I . thickness Omm
3~ for NEOS size - " thickness 150mm
- detector with a — mass 300mm
- gamma catcher [
L | ]
0_ n 1 L ] 1 L | L 1 L | I d L I 1 1 1 L I L
2 2.5 3 3.5 4 4.5

Prompt Energy (MeV)

Apparently escaping y induce the 29 peak of energy
distributions according to y-catcher simulation study
y-catcher can play an important role to smear the 2"d
peak and get better resolution

150 mm looks enough to eliminate 2" peak
contributions



gDetector design of RENE (inner)

Shleldlng e
- 20 inch PMT Shielding

O

Acrylic vessel
o | (target)

HEHHHE -catcher |
/7777777 //////////////////////////////////////////////////////”///'/

Acrylic target & chimney | : Reflector cone [__] Boron PE [ Veto plastic scintillator ~ 7/%% Concrete/Rock
[ Gamma catcher [ pMmT E==S Lead bricks a4 Pallet

ML A A AN

» Cylindrical shape acrylic target filled with 0.5 % Gd-LS (240 L)
» Box type stainless steel y-catcher filled with LS (3500 L)

« Cone structure for efficient optical photon collection

* Two 20-inch PMTs on left and right

 PMT holder with Mu-metal shielding
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Shielding and outer Veto detector (outer)

= Shielding
= Six borated PE plates
and lead bricks with 100
mm thickness
= \eto detector
= 15 plastic scintillator

panels
= 30 2-inch PMTs

2500 mm 800 mm : 1680 mm

: Total 9 -

LG . I 600 mm PS

: weight . 40 kg 4100 mm 550 mm

Total 6

enter for
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Target detector simulation

v Target vessel check MC Simulation

*= The thickness of the target

a Prellmlnar — eoxtageronm - -
oosf y sty ] acrylic vessel is not
- : i — Box (target 8mm) : . " gn
__m__ 00%__ %k Box (target 10mm) ; Slg n Iflcant
© r + . 1 .
: * ¥ 471 = 8mm-thick target was
i ¥ ]
R T 1 selected
0.15F é
o 1 : .
S OIF : Pre||m|nary MC Simulation
E * o ] 02:_ — Box (target 3mm)
005__ s % w7 - — Box (target 5mm)
o " SERRRION 3 Ols;;—Box(targethm)
R Y R B ¥ S S 55 6 65 2190 Box (target 10mm) |
Prompt Energy (MeV) ) B -
<o0.1- i
0.05- 1_
R e T
Prompt Energy (MeV)
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IBD detection and Gd-LAB

IBD : Ve + p -» n + e+ Gd-loaded
Liquid Scintillator
Ve et ete— 2y :"}8’#""
(prompt -ns) = ;g 0
\"U P \)
W+ 9 ?—’Q"
! ; @ T, Y
n Gd_’ ‘Y S W’ Ll—-b 5""";_‘2Mev
P N (delayed ~7ps) —y
I=1.022 MeV

Sos - = Total 240 L of 0.6% Gd-LAB solution is
8 osle b o o b 8 B ready
- 1 = The Gd-LAB has been stable for over one
“t 1 year
02~ - = For the precise pulse shape discrimination
! AN PR U SN SRS IR AN .16._ performance (PSD), DIN will be added
Elapsed time [month] later
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EO-inch PMT

Charge distribution at gain = 0.7 x 10°  Gain curve

9 . Gain curve
QEJ 4 Tyas, % i B
g10F o = [ e PMT A @Center
| Pedestal g'z.s = PMT A @Right
—— Backscatter S [* PMT A @Left
— Signa 2=
10° = — Total'Fit r
B % Hit signal l'sj

% Gain: 7E+6 I
SPE Mean: 1.1 B F

10% E b D -
: é P/V:3.06 =

W
=]
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Voltage [V]
10 i
c k Afterpulse
= 300
‘é C g |
HIKM 8 o PMTA *
Hhe Ezso— 1
1 2 3 4 5 6 s At ]
Charge [pC] u
200

7
=
[rrrs

= Hamamatsu R12660

» Fast time response and high stability (TTS ~ 2 ns)
= 30% quantum efficiency

» Tested in dark box by pico-pulse laser. E ]
= Clear SPE peak and good discrimination of afterpulse. o 2w oo oo swoo 2
» Position test is done (right, center and left)

TprroT

100

Time fus)

Center for

Baryons 2025 @ Jeju, Korea, 2025/11/11, Dong Ho Moon 15 k)

SdolaEgdelrde




DAQ system

DAQ equipment DAQ schematic view
20-inch
PMT signal

Notice NKFADC500

- 4+ 4channels

- ADC resolution = 12 bit

- 2.5V, dynamic range

- Sampling rate = 500
MS/ch/s

- 4+4 GB DRAM

weep Data transfer = = » o Clock signal / Trigger / Configuring / Start & Stop
» s o Trigger oo s i Command

VETO signal

Notice M64ADC (SADC)

- 32 channels

- ADC resolution = 12 bit . .

- 2V dynamierange DAQ synchronization

- Sampling rate = 62.5
MS/ch/s

- 4GB DRAM

Trlgger ContrOI Notice TCB (Trigger Control
eiaar e st as R Rl .
- Make trigger and clock

signals
- 40 ADCs available
- RJ-45 port

TRG: Trigger signal from ADC

- Trigger sgnal fir simultancoms dats tsking
= Cloek nhgmal

TRG e Inlvrmaiios abut thy irizzer

= PSD (pulse shape discrimination) will be performed by using NKFADC500 at
offline (12 bit resolution, 2.5 Vpp, 500 MS/s, 4+4 channel)

= M64ADC for veto detectors (12 bit resolution, 2 Vpp, 62.5 MS/s, 32 channel)

= Trigger Control Board (TCB) for synchronization of trigger and clock

T
Center for L2005
Precisi
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Expected Detector Performance

Schematic view of the RENE detector in MC 4
0.3/
5 1
q' 0.2 .
0.1 l
% 3 2 5
Prompt Energy (MeV)
wr )
e 0.1
S
.:;: .
= Simulation toolkit : GLG4SIM S
o Ene.rgy resolution was evaluated using go_us_ .
positrons from IBD events. » e .
= Energy resolution = Standard deviaton [~~~
divided by the corresponding energy O T2 et Energy (MeV) " !

Center for

Baryons 2025 @ Jeju, Korea, 2025/11/11, Dong Ho Moon 7 e




Expected Detector Performance

Schematic view of the RENE detector in MC

=  Simulation toolkit : GLG4SIM

= Energy resolution was evaluated using

positrons from IBD events.

= Energy resolution = Standard deviation
divided by the corresponding energy

Center for
Precision
V)

| Amj] | (c\f':)

107"

107

[ -eee= RAA99% C.L

T TIITTHI T IT]IITW

T T TRTTIT
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(0.5 yr) RENO / Prototype RENE 90%
—— (1 yr) RENO / Prototype RENE 90%

—— (2 yr) RENO/ Prototype RENE 90%

RENQ/NEOS RS 90%
(shape)

RENO/NEOS RS 90%
(rate+shape)

...... RAA 9% C.L

® Best fit

O Second best fit

IL RAA Best fit

| IIIIIIII | IIIIIII‘ | | IIIH| | 1 1 1111l
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10" 102 10" in220,, 1
Expected ~300 IBD events per day
X’method is used for the estimation
for 0.5, 1, 2 years

Combines with the RENO near

detector data




RENE detector assemble
NS

‘?J;Xﬂr

| 20 mch FWT

Lead B &
shielding ||
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RENE detector assemble

\

==

£ Acrylic
Target

VETO detector

A N T

Center for 2
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Project Schedule

____

10- 10- 10- 10-
Month 7-9 e 1-3 7-9 1 1-3 7-9 i 1-3 7-9 i

Collaboration Start ﬁ
Design l >

Simulation [
Gd-LS and LS l
DAQ [
PMT L

Construction

DAQ Commissioning
(CNU site)

RENE Data-taking D

‘):1': RENE started

_@Vvvv

We are in the detector
commissioning phase at CNU !!!

Center for
Precision

= Baryons 2025 @ Jeju, Korea, 2025/11/11, Dong I _.ess

ZauRE e



Summary and outlook

» |nspired by the hint of RENO-NEQOS joint analysis, RENE has begun to
search for the sterile neutrino around Am?2 ~ 2 eV?2

» Detector commissioning is ongoing at CNU
= Waiting for approval of installation in tendon gallery at Hanbit reactor

= Please stay tuned to the RENE experiment !!!

More details

in n‘talk
(Daeun Jung)







Neutrino detection (IBD)

et ete” — 2y
~10%0 7, /GW, e
(Hanbit : 2.8GW,,) W+
n-Gd — ...
P N (delayed ~30us)
Gd-loaded
Liquid Scintillator
"‘% Gd
v=->

<|

ns \
.3
Qe | Y
Lee H
i-> N"“w‘;'zMev
WW""WWW\.‘Y
X=1.022 MeV

Center for

(arbitrary units)
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-- Emitted spectrum

----- Cross-section antineutrinos

prompt

—— Detected spectrum

mz
P — 1.806 MeV

Eprompt = K.E.(¢7) +2 x (0.511) MeV
~ E, —0.78 MeV

Prompt signal : electron positron annihilation in ns
Delay : n-Gd capture in ys

Timing constraints help to reject the background
events




20-inch PMT

Time response Wave form

E - ﬂﬁrm',; - U S ,‘-If.l'l'_—"
uj ”]42_ Main — PMTA | | m
E 1 5EHHD — | R _rh rc‘bhnld 140 :_ ......... Rininn Thrﬁhn]d
oL 14980 a—— || SIGNAL si20 [«—— | | SIGNAL
. — T B CPEDE FPEDE
C 14960 CSTAL : Ph"IT A 2100 CSTAL b PMT B
I T3H) 24iH 25001 LT 2N 2l 250 Ll
107 - Time [ns Time [ns]
: Charge distribution Gain measurement
0L é I , i é f o, —35) 20" PMT R12860 Gain Curve
g 1 it e | ) | Podessd E | &PMTA @Center
. —SPE : ' —SPE & 3 & PMT A @Right
L 10} | —2nd PE 10} —20d PE £ | ®PMTA@Leht
||||1|.|||1|||||||||||||||||||||| il : PMT A PMTB :5
160 180 200 220 240 260 280 300 320 340 10} ' Tl [
Time [ns] .' 7
. Main Time response (A): 189 + 0.0078 ns m-? J m-é / 15|
= Main Time response (B): 191 + 0.0072 ns e JLJ] oE "-}J_ L
= Late Time response: Main + 100 ns “ o L E & MR
- Transit Time Spread (TTS) = 2 ns o Fro P s SHES E':g“_'.'[".. T3 34 s o6 05 e 1700 1750 w0 iR, 1900
alli Charge [pC) 20" PMT R12860 Gain Curve =
*Time response: Trigger time — PMT falling time
« Single photo electron : 1.48 (A), 1.51 (B) pC
« Peaktovalley:~3
« Acting voltage : 1750 V
» Gain, position dependence and after pulse study are done
Center for 52 - @
recision . 7. L SR
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Short baseline (SBL) experiments

Neutrino 2023 J. Ochoa-Ricoux
2) Short-Baseline (SBL) Experiments Hope to join in the world race soon !!!

* Primary goal: search for a sterile neutrino with O(10 m) baselines

Motivation: anomalies in neutrino physics that can be explained by sterile neutrino
mixing with Amjl ~ 1 evz, including the reactor antineutrino anomaly

Experiments:
11-13 m

B pANss [
X

Low-Enriched Uranium
(LEU)

LEU Reactors {31 00 MW

.c ‘.-‘
o
e

24 m
NEOS ‘@ | 1t

Fission of 235U, 2381,
239Py . 241Py

2800 MW

6-11:m | : !
100 mw [T | NEUTRINO-4 jgm] | 1.5t
7-9-m : ; .' ,
HEU Reactors 85 MW - ' PROSPECT & 4t
Fission of 235U 6-9 m. | : | :
65 MW ' SoLid | : 16t
High-Enriched Uranium -9.11 m : I]: :

(LEU) 58 MW WY stereo/ | B 1.7t

6 9 12 15 18 21 24m
(chart courtesy of B. Roskovec) + (mini-)CHANDLER, NuLAT
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Indication of the Existence of Sterile Neutrino

« LSND (Liquid Scintillator Neutrino Detector) reported observation of excess in 1997.

LSND v, — v, Signal Appearance
800 MeV proton beam from ”
WCE accelerator g izsk R L/EV _ 1
w B v e n
‘ Water target g 15 ~ PRV €)
& B ple')n

EEE  other

EeXCesSs

Copper beamstop 12.5
10
LSND Detector

Y 7.5 o
L =30m 5 Possibility
25 of new type of
o s - :
% § 1 neutrino
B —> u vu+ B 04 06 08 LE (1.2{ //\1,;4V) (4th neutrlno r?)
Lee'v,y, “
L, o Saw an excess of: PRD 64 (2001) 112007
Oscillations? 8 87.9 +22.4 + 6.0 events.

With an oscillation probability of
(0.264 = 0.067 = 0.045)%.

Los Alamos Meson Physics Facility, . L
LANL 1993-1998 3.80 evidence forv,—Vv,

 Observed v, - v, with baseline of 30 m (Am? = 1eV?).

e A g

Center for
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Indication of the Existence of Sterile Neutrino

LSND u Decay-At-Rest VoV,
MiniBooNE 1 Decay-In-Flight Vy—Ve
Vi Ve

combined
Ga(calibration) e capture Ve—Vx
Reactors Beta decay Ve—Vx

appearance 3.8
appearance 4.5
appearance 2.8
4.7

disappearance 27
disappearance 3.0

« Neutrino anomaly observations were reported at various reactor experiments.

PLB 829 (2022) 137054, PRD 83 (2011) 073006

----- 3 Active Flavors
——————
3 Active Flavors
+ 1 Sterile

1 ____________________
. |
So09—
g |
ZE 08— ILLISTREO, N
¥§ 0.7— Bugey .= RENO, Daya Bay
z CHOOZ ...
%6 4 neutrino mode can describe
0.5 measured data better
‘ IHI| || \IH‘ L L | 1 Ilm

1l || I\‘ || |1 ||
0.4

0 2

Reactor To Detector Distance (m)

ND

10° 10° 10°

P(ve = v,) = 1 — 2sin?(20) sin? (1.27

[} |) .}
Am? = m2 — m?
5 |

10 10 10'
\w qu_.)’ VLD Vi ¥ J\/J M, ANUL \/M, o\ b\ [ -Ll/l 1’ Dong HO MOOn
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20-inch PMT

Hamamatsu R12660 (Ref. Hamamatsu handbook)

- Fast time response and high stability (TTS ~ 2 ns)
- 30% quantum efficiency Charge distribution at gain = 0.7 x 10°
- Characterized in a dark box using a pico-pulse laser £ in F o
r — Backscatter ~— Backscatter
3 I — Signal — SBign’:l]
- Clear single photoelectron (SPE) peak and good afterpulse di “} i i = i
[ /\ Gain: 7TE+6 : Gain: 7E+6
g 2 SPE Mean: 1.15 pC 5 s ~
- Position dependence test completed (center vs. edge). : J P06 T 0 v e s
10 r 10
L 18 I8
SRl e A W || h HiLT] ) ANY I
2 -1 0 1 2 3 4Chm§e lpC? 2 3 4Chur§c[pc?
Time response
A Dark box
— 1.3¢ == F <0t Main —PMTA
E : F § 1.2 10 —nie
= 1.2F P e = F |
TN ;e S s 115 o
g 1.15F :‘.’:r'-.-ffa ‘;‘:‘"‘"‘}? #h;{? E E..'.':.l oy
4 Juin ., ‘-n.. et wl 1.1#4.%1:.._‘:. m
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