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project researcher

0 2013-2018: ER%ul §FMAAL

project research associate
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XMASS modulation
lear recoil
XMASS modulation (2018)

107
2x10" 3x107

| e RENO 95% C.L.

—— Daya Bay 90% C.L.
0.5

—— Bugey 90% C.L. (40m/15m) C APP1 8T
in%©,,) Sub-GeV O T 1Al EINY — KARMEN+LSND 95% C.L.
ub-LCev o==E=2 o~ L o_IH/\lg %I-'O'EIKI EIH\_IH
lanc 5% C.L. (allowe: L

S=23
Super-Kamiokande
HY 5 Y0A X NE O E =3

3 26:_ %Lo-lnlxl-: 012 - 013
PRDS83,052010, (2011)

RENO
=2y FH07 BN

PRL 125 191801 (2020)
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Oscillations observed as a
deficit of anti-neutrinos

the position of the

l e
v minimum is defined by
a i o

ll] 'ITI E! (""ﬁjﬂ_ ’sq] t /
) sin“20,,
E flux betfore oscillation l
ﬁ obscrved here
o
= (1.27am L [ 1.27Am°.L)
< Plv > v )x I—cos™ 6 sin’ Eﬂlﬂsinzt ﬁm” J —sin” 26 sin | - J
- ‘ ¢ ‘ i il
I"-'l-| ¥ L I
Distance 1200 to 1800 meters
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¥ RENO X|Al Z 1}

RENO 38002 nGd HI°|HE A5t Al Oi=fHE| S8 Bif & =58
EN 97,
1 LE FNEE G4 5.

Based on the measured far-to-near ratio of prompt spectra

from the 3800[d] sample . -
[d] Ple, sin®20,3 = 0.0920 +gggi§ (stat.) fg:ggﬂ (syst.) (6.4% precision) Global Cumparison for sir|229‘3

. ' ' FIENO (2800d.’nH)

source of the systematic uncertainty Daw Bav(!ﬂiwnﬁdl

Moo I |
Am2, [10-3eV? in?26 :
mZ, [10-%eV?] sin®20,3 [ naya Bay {1ssaumﬂ)

[199.7% C.L. |
reactor - + 0.0013 i
[ 95.5% C.L. | _Daya Bay {nﬁdonl'l)

[ 68.3% C.L. detection efficiency - + 0.0032 :
energy scale + 005 + 00016 Double Chooz| {135le.thd+nH nC)

backgrounds + 0.02 + 0.0020

(%]

| (107 ev?)

|y
th

T2K NO\.‘A joint ENO}

2
ee

| Am

TZK NO\I'.I\ ioinl (IH)

2
RENO 3800 days (reference) 2018 PRL
sin226,, = 0.0896 + 0.0048(stat.) + 0.0047(syst.)
|AmZ.| = 2.68 + 0.12(stat.) + 0.07(syst.)[x 10 3eV?]
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RENO-NEOS & & 1 0f| A 4 H K| "“DWOI
tsds Ed

PRD 105 (2022), L111101

| == RENO+NEOS FC 93%

REENO+NEOS FC 68% (allowed)

Prediction from NEOS/ RENO NEOS / prediction from RENO

1.1

09

1.1

(A m3y, sin’ 26,,) = (2.41 €V°, 0.08)
(A m3,, sin” 26,,) = (0.34 €V, 0.05)

(A my,, sin® 20,,) =(2.36 eV*, 0.06)
(A my,, sin” 20,,)=(0.34 €V°, 0.05)

RENO+NEOS RS 90%
(comparison at NEOS)

| ® Bestfit

# RAA Best fit
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Veto Detector

Lead Blocks

Current Design

2500

e

4100mm

Q‘HIIE

z o7l
2024-12-20

T |

-ZE670  1680mm
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* RENEZ PMT

20" PMT R12860 specifications ‘|IE l=o|| Al-_g_ I-%
F of A 2I°II H

¢ Specifications (Typ.)
¢ - Spectral response: 300nm to 650nm / A,,: 420nm / Peak to Valley: 1.5~2.8
- Gain: 7x70”@ 1.6pC / Applied voltage: 2000V (Temp.: 25 °C)

¢ Dynode structure
- Box (Efficient collection) & Line (uniform drift path) dynode

¢ Features TTS ~2ns
- Fast time response & High stability
- Quantum efficiency: 30% ref. Hamamatsu handbook

2024-12-20 AN 29 3 ¥ ST 21t a9, S 15



H|0|E| =% (DAQ)

DAQ Kl'KI

Notice NKFADC500
- 4+ 4 channels
- ADCresolution =12 bit
- 2.5V, dynamic range
- Sampling rate = 500
MS/ch/s

4+4 GB DRAM

m——p Data transfer s=es=s- # Clock signal / Trigger / Configuring / Start & Stop
------ - Trigger ====== Command

J_. NKFADC

VRN B0
N TKe

Detector

CH1
VETO :I:IEZ M64ADC

Notice M64ADC (ADC)
- 32channels

- ADCresolution = 12 bit
- 2V, dynamic range

- Sampling rate = 62.5
MS/ch/s

4 GB DRAM

Notice TCB (Trigger Control
Board)
Make trigger and clock
signals
40 ADCs available
RJ-45 port

2024-12-20
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RENE O] 2}

[ L r Tenx i3 -
30000 — P p—
.f\ 600 ' B Accidental
I .h-.k 400 :'!:'(,IH"
. 20000 IF "%-q. 200
JJ‘ ! .... ‘.i 2 3 A B ’\ 6
. rompt Encrgy
Near . ;
10000 4 Te,

+ Data
LMC Y“\“—‘

0.2{' 5 MeV bump
\»‘Q) Y "“‘«“”

()‘ c., eovssrestsses? ....,.om._.__.______)‘ <+

(Data-MC)MC  Events /0.1 MeV

=0.1
Oakridge National Laboratory F B
Prompt Energy (MeV)
High Flux Isotope Reactor
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Super-Kamkiokande

\\l_

Super-Kamiokande

Gifu Prefecture, Japan

~1,000 m (~3,300 ft)
under Mt. Ikeno

41.4 m (136 ft)
in height

~50,000 tons of
| ultra pure water

~13,000
photo-multiplier
tubes (PMTs)

The Super-Kamiokande is operated by an international collaboration of about 200 people and about 50 institutes from Japan, the

United States,

2024-12-20

Korea,

China, Poland, Spain, Canada, United Kingdom, Italy, France and Vietnam.
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v = iok andae | Diameter,68m |
Hyper-Kamkiokande o b e S

Mt. Ikeno-yaEna

. SKT

Maruyama -

Excavafed rock
disposal site

1000 m

e : N

Route 41 % 4
ks ')‘ i & Tunnel .

\

g
=
[
s
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[9)
g
| Bt
5
=

Entrance

Funatsu
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Kamiokande2| & A}

HAHEW

dz7 s

SK-Gd
2020.7.14

2019  2022.6-7
SK-VI SK-V/A|

(0.0Twt%) (0.03Wt%)

008

TC

[

i, TIE)

1998 SB KIM, YI CHOI, JY KIM, IT LIM
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Ne-® v

(2.2MeV)
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& 20~30%

2020-2022
~50%
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background (DSNB), 22 (Supernova relic
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Gd ST 0.03%0]| A
248 |3 =80|XH 0l H

SK-I-11-111-1V DSNB unbinned spectral fit

2023LJE uE*qI iﬂg H“-g > : lS)Il-((;z;il‘l:-tl(I:-:(-:IIV90%CLliﬂ'lit
Y0l TSt BET A2 O YA
3o ¢

—— 90% sensitivity
" Modern DSNB predictigns

R ECEE

L F =2 A
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Ooo '[o.

SK-I-1I-1I-IV (15.9 yr livetime)

[EERRSERE

N
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DSNB flux [V/cm?/s] E, > 17.3 MeV
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—4+— SK-VI+VIl observed data (956.2 days)
[ ] Atmospheric-v (non-NCQE)
[ ] Atmospheric-v (NCQE)
I spallation °Li
I Reactor-v
[ ] Accidental coincidence
DSNB (Horiuchi+09 6-MeV, Max.)

SK-VI+VII(956 d)

40
Reconstructed e” kinetic energy [MeV]

2|05 =89t M2 =

o
9.3 ~ 31.3 MeV TG HiF

9562 H|C|E| At
SK-VI 5522 H|°IH. 0.01wit% Gd
SK-VII 404¥ HI°|E. 0.03wt% Gd

Borexino 2771 days Observed 90% C.L. (Astropart. Phys. 2021)
. KAMLAND 4529 days Observed 90% C.L. (Apd. 2021)
e

SK-VI+VIl 956.2 days, Observed 90% C.L. (New)

Flux@pper Limit [cm® sec’ MeV

mimimimiml  SK-VI+VIl 956.2 days, 90% C.L. sensitivity (New)

SK-IV 2970 days, Observed 90% C.L. (PRD. 2021)

Ve
o

LEE R N RN SK-IV 2970 days, 90% C.L. sensitivity (PRD. 2021)

Modern DSNB Theoretical Predictions

—
<
n

v. Energy [MeV]
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oIE Ai%3t°°| SK ’\IEEII°I"1°II I7gel ME NS 422 232 2

MEHET 2480 AlJI| G2 HSHE UA

(ex. 405nm) Data
E used in analysis >HF MC

Inverse water transparency (1/m)

%)
c
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)
o
2
[T}
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£
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)
[=]
-
~
P2
=
o
=
=

1700 1800

TOF-subtracted time (ns)

2| 7|0: Z |22 0]

ﬂ"—*lEﬁ AP RO| {ELEIS] pMTOY EETE Al NS Al

Coefficient (1/m)

300 325 350 375 400 425 450 475 500
Wavelength (nm)

Data points (April 2009) fitted with
empirical functions used in SKDETSIM

8310 ChY T

A
S

SYM ASY ABS

2010 2010 2011 2011 2012 2012
02/07 3112 02/07 3112 0107 3112

day

2008 2008 2009 2009
01/07 3112 01/07 3112

RMS/mean (Aug. 2008 — Nov. 2012):
~3% for symmetric scattering
20-40% for absorption
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PMT

Hamamatsu A2 50 cm Box&Line

PMT "R12860"
SK PMT & &2 37|, Al [ = SkAt
2 HE 28 F U Y
Al/ot Bols & B B4
J120000 PMT = d&1] E8 20% E3.
MALLL HAF RIH 5

o High—-QE box—and-line PMT
(Hamamatsu R12860)
QE = 31% sample

Super-K PMT average

{4 (Hamamatsu R3600, QE = 22%)

Relative single photon detection efficiency

0 90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90
Position angle [degree]
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avlength shifting)
Outer detector: PMT+WLS plate Photosensors/elec. mockup Underwater Case design and

electronics: feedthroug
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OD System

Jee-Seung Jang (Head)
Dongho Moon (Purchase)

Calibration

Byeongsu Yang (Head)
Jee-Seung Jang

s

/

Korean Group Representative Executive Board

Jonghes Yoo

Jonghes Yoo (Chair)

Jee-Seung Jang (Gensral Manager)
Kyungkwang Joo

Intas Yu

Dongsu Ryu

Electronics

Jik Lee (Head)
Jungsic Park

Simulation

Dongsu Ryu (Head)
Kyujin Kwak

Myoung Youl Pac Ji-Woong Seo Chang-Seong Moon
JuneHo Choi EunHyang Kwon Hyun-Sun Jo
2024-12-20
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2 candidates for Korean injector

Z= 2675 < > Cube beam splitter for monitor beam Fiber coupler for monitor beam

Beam spl ltler

z= 1350 =—p Side view Front view. Side view
Z= 675 — & o trrflmatri;:::;:y
-0 > Jomwa —m
2= -675 % . - S
— t 7" BK7 window -
| =:1 L } . . 2
z=-1350 s to Hyperk tank

We'd like to measure the injection light by monitor sensor
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e =,

I -
PMT N2 ’ : | : &I Four Sets of 16-ch Signal Switcher Boxes
03 cxermaly | &
. xternally
e 849 Ult;anllovf.nmse controllable I Externally I
plifier _ I I
Variable controllable
attenuator | RFswitch [

16-ch Signal Switcher

+6 V 6V
Serial Sync. In  for Control for Relay
S8 Board Board Input

Port

Sync.

Out o *mm .

AXICOM

FPGA HF3S relay

JTAG Outputs

Flat Cable
(40 pin)
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x

Voltage [mV]

st 19| 7|0:. oD (HPZ H=7|)

HK QD 3-inch PMT Gain Curve

OD PMT (3 inch NNVT) A|8 2t&
OD DAQ ®9.

Pico ch0

Time [ns] 2-10 12 3 456 78

# of after pulse was counted for 10 usec (6800 ~ 16800 nsec) Charge [pC]
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| F40IAS DI T2t 57 0| (M3 24, N
SK-1~11l HIO|E A& -0l S0 H=J| LA &
SK-1& I, 2 8g v AHES QU Aj HA — HIS A} MO 1
SK-Il § 1 ~ sk-12l HT 2 1/3 — HELA
B e Bl Ao = 1
_:liliﬂ SK-119] == O|F YM= O E A-HolH F HZT E;g/( Go|E B E_E:%, O|HIE RfRZ,

HE] DoAY - HS 22X &0l D10

3 23 SAO0A NS o7
— Phys. Rev. D 83, 052010 (2011)

=N X2 Tl Higt A= 23l &
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- SK-111 298days (5-6.5MeV) and 548day (6. 5-20MeV) | SK-1:2.38+/-0.02(sta.)+/-0.08(sys.) X 106cm2s?!

-giﬁzal ?ggigsaﬂtgze;‘) « 100er2s”! SK-11:2.41+/-0.05(sta.)+/-0.16(sys.) X 106cm2s?

- (with Winter06 B8 spectrum)

4 Data

— Best-fit X} X OISt 7477
-+ Background 7/ or Z4f:

Event/da)gkton/bin
N

o

5.0-20MeV/(Total electron E)

/ —1IIII—OI.5IIIIO O.5l

*(PRD83,052010, (2011))
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Solar global+KamLAND

2 & Z™d0|X}

Am2=7.6 X 10 eV?
tan20=0.44

S 2ot 2= mteto| et
=X 95% C.L.
- O

01 02 03 04 05 06 07 08 09
tan2(®)

0.2

0.1

* == Solar global
B — KamLAND
Solar+KamLAND

sin20,,=0.025 *0-018

-0.016

0 :

(<0.059 @QSAC.L.E 0.067
(sin?20,,=0.098 _g 62! )

Cf. PRL107, 041801 (T2K)
5in220,,=0.05-0.21

cf. AMSMO|RIAS
(2012) ]
in220..=0.098 £ 0.013

0.1 0.2 0.3 0.4 0.5
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http://www.solar.isas.ac.jp/graph/Yohkoh_full.gif

XMASSHE TS M8Dt 136Xe| FHTA gl
N7 HIEH 5T Ep

d&1273

UOHIAS AGTH | keVE ZFEE PE 28 37,

——

2024-12-20

a2 228y TE0E I¥0 457 oH A
I

A

SOMMR HI°HE ASYt g% DE0E B

FUNOE W2 XOIMY CO|EZ PO} TETE()
ATt BISH A
d=1 HoAy e
WA XMASS HBTOl S HHE Do Amoz
B MY BFO S > § keV 22 WINP M
goie] BIEAHE 1/102 Fol= Xl o]

HET| ZoJAIs9 &9 {8t WRgiE 19HA|
AfHO| HoAINS FH T2 HY & £ U= WH (H
E VETO) THE. Cty¥or B2 9YA| A41E

3 9 g,

Slow monitor

HET] 2 AH UA GOy 23 FHY T2

&=,

2R =8 A B =27 B4 oahe], dE s 60



Hi
Ly —

oI YEEIE
gste] NTel o

C90% QEEE TS
JEL S

800 1000 1200

date from 2014/1/1

1.5-2.0 keV

7000 1200
date from 2014/1/1

800

2024-12-20

DM-nucleon Sl cross section [cm?]

SN-8A} t §|
HEEAE Re

10%

y

10%

333
: 8

10°%
107
10—3?
10—35

32
UX Bremsstrahlung
HEstU‘_Il'?‘_..gurfauﬂ (2019)

EFAH
1.
GeV/c29|

XMASS modulation (Bremsstrahlung)

AN

I + 10 expected
+ 2 ¢ expected

Collar
(2018)

LUX Migdal
(2019)

CRESST-
(20186)

CDMSLite

(2015)
Suw'%zno'ﬁ]

XMASS modulation
uclear recoil)

XMASS modulation (2018)

107% ) DAMA Nal (2017)
10—4(} \ _
104 N o Dot )
DarkSide-50 (2072 o N
1074 i ——
107% XENONIT
107 e \ PangaX)!
10—45 L 1 1 L | 1 1 1 1 I 1
2x10 :32-(10 1 2 3 4 5 6 7 8910 20
DM mass[GeV]
QR 22 9 % B3 B} otaryy, ¥4 61



* CAPPa8T

p— 4
A\

'\Ioi

Ay R
7‘7‘157‘" B AT M2 aME
M8 B2 NS, 2
T &2 312 Mg Byl
2024-12-20 2Aa &8 W

LHe Buffer

FCC

Cavity

18T magnet

62



o4 W W
TH Sl S
e — N__ o
EI <t oK ~—
o C KK E
u <t ol .
o AR E B
A Qg Cwe
TSI QE
Iom Nido omd —K
oMo ON=" — —
N N, <Ml =
e & Oor —K
N =S onl .-
: Pl —x0 £
- 43 o SN
ol in F=T e
o o Oy 0=
e g S x_ ) il
Tl iy 571 £8K f=
n/_ﬂ_.h D_L ok ar o
QHI HI
= __Llo
X 5~ Al 2"
< = ClzglH
- W
mln_ o _u__..H_.EOI
i Heo= &
o uu T an
ol — O = B
g T EEE ==
R
< Zr o K
= PTG
B iy
I e LR S
ﬂ_uulu_ of _qmn_u.__l_l m
= N ool kil" Zo |
o O ey o ©
k40T o] 1T =
- <dr gr N

083309: At
|A{A}

Lk

(2023
Hil ol

Rev.Sci.Instrum. 94
Al AfHLF 2

N
s

20214 1-43 HET| A =4 1AL H[O|

L

63

2024-12-20



Axion mass [peV]
19.84 19 86

]
[ 1T T1]

.,,,.
lg  INg™V9
Ea'rr gﬂ'ﬂ'
(%] = L
T T[T T T T[T T T[T 17T

00 Runl: 2020, 128 oF 8} &

I Run2: 20214 58_g¥ of 2ot
Hi
L.

-3
L L L L LT T T ]

£ 8 10 12 14
Axion mass eV

L]

0 0 5 0 5 1 e 5 el 0 o o 5 5 e 0 e 00 0 0 0 5 0 0 0 B 0 e B S S B W

—

4.8

1Freq uency [GHz]

2024-12-20



o
=

* CENNS Al

oO= 2359A| A429 1 E5 A4 O=
HES MAB10] FH0A-S 2
2l (Coherent Elastic Neutrino N
Scattering: CEVNS)= 5§73

0 2F98. 752 /€

020224, M=Lje

- HET| 20 B 3.

2024-12-20 AN 29 3 ¥ ST 21t a9, S 65



A1

] ©F
T

N

=c| oy &7]

D2EED HET) HOJE 2
E1] 4352 °fi
"I 5
iTT SR
HPIME ©| 3% HET| B TA
SKH M AtZ0ot= 8 XEEQ! Qbeell S AISEE S HIEH O Z DAQE A &
SKDAQ E2 )= HIEE O Z RENODAQ EZ )& Dt

=& Uole Mels

XM sH=E M2

ED_EH E]Hl:ll—
J 8 B s Als8 S A

RERIYTR2IY 2E Y
2 XDl CII-I

2024-12-20

66



\Us

LR

107§

g5=82 ¥ 2
O 2 172N §F O Sub-ev T B A

103 eV2O[5[° M 1178 =0 oHY| &7
Phys.Rev.Lett. 125 (2020) 19, 191801 wlMMAL S .
C}l

Daya Bay 90% C.L
. —— Bugey 90% C.L. (40m/15m)
—— KARMEN+LSND 95% C.L.

I3 IS HE R astior
2 O 2 2 [ =1 ‘ l’ll‘lll‘\‘[\ ‘)5"[-'.‘ C.L. (allow cl.‘(l) .

107 6% . 107! 1

2024-12-20 AN 29 3 ¥ ST 21t ot Yy 67



KNO

1 A T ‘V"I‘ VW o """:::\-;' l VNV Y N \
( Korea Neutrino Observatory,

St AMICH 0.5 mia EHE
Nedx H=1] 15 ZH.

P, HK, DUNEL} 37
SN A BB GH 2HE

oS 2 3.

2024-12-20 AN 29 3 ¥ ST 21t ot Yy 68



Multi-purpose Underground Neutrino Detecto

B R,

s

q

\
A

@y

——

OMeV ~ 10GeV)

b '




2018.10: 14 “KNO FMNH BN

2020.5-11: I} 1|PSE SN «F0|A 2OF LMo f
2021.2: 72| WAL QA SS WEZ3H KNONR THo G2 2E
2022.11: 820, uNisT, M2C112 5 511 &4t KNO FR2 2|8 &
2 g (Mou) NI E

2023.2: 4 FFSEAN KNO = DA M BY 7

2023.4~12: KNO CEl ZH|IE {ot 1|2 0tA| 53

2023.913: KNO =2 Z& %

2023,12.21: KNO =N & 17

2024.2: NEHMNE AN JHF S ME







Gd Ioaded

r=>
\
e § T =~8 MeV
Ve p 2 “delayed ~30us
> > n
9—Q L

ad delayed ~200us

.......... I ........... !:--» 0 22MeV

2024-12-20



| 6 —'—J—’ —‘u’
Kamiokande & & 2| M|LCH
W@lﬁ@” (dﬂIClFC Wk@ iV |E_L| ;: 7 ‘ Hyper-Kamiokande (2027-)
Kamiokande (1983 1995) Super-Kamiokande (1996-)

: 3 kton Xea 8F: 50 kton
948 1Y 41m PMT: 211146 1Y
KOSHIBA 7/l
Masatoshi KAJITA
2002 iﬂélc\)l' Takaaki
2015 @A

, >90A fs 2 H
ZMO|AL NESH A A « O SE0A

o MY (SN1987A) B3 0|A}
. B8 EiQ¥ ZAO)A BtX

2024-12-20




Kamiokande A€ 9| J\ﬁﬂ‘ﬂ\m

Water Cherenkov =7
Kamiokande (1983-1995)

2024-12-20

41m

Super-Kamiokande (1996-)

PMT: 2F 11146 T

X&4 8% 50 kion

SRy ot OF
7 4L

109978 (84)
Hyper-Kamiokande (2027-)

7/1m




Motivation of RENE
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"Motivation <[)f RENE

- * The NEOS detector doesn’t have gamma catcher
different from the RENO detectors.

« Escaping gammas make the 2" peak.

* Toimprove the energy resolution, RENE detector
has a gamma catcher.

Conf. Series 1216(2019) 012004
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