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Yy PreviousANPhABoard Meeting & Symposium, SCNT, Huizhou City, Chuid, Nldv. 2024
The 2024 ANPhA Meeting and ANPhA Symposium

2024.11.13-16 Huizhou . Guangdong
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Y Next meetlng Instltute of PhyS|cs Academla Slnlca Ta|p®9Nov 2025
https://indico.phys.sinica.edu.tw/event/228/
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. ‘UP4P
#ANPhA - nderground laboratories

Yemilah a new underground laboratory in Korea
y Y2L (700 m deep, 20&D23): COSINEDO,AMoRE

Yy Yemilab(1,000 m deep, 2022 COSINEOOU,AMoREI,’ EYE, Cryogenic DM searches, etc.
& rate:D107/cm2/sec with muon detectors,. [
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COSINHEOOU
A -303 low-temperature room HPGe 9
A Commissioning in early 2024 A Relocation from Y21

A Started in Feb. 202
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ZANPhA  nderground laboratories

Dark matter search

Yy COSINEOO experiment @ Y2L
ADAMA/LIBRA annual modulation of standard &
halo model was rejected.

Y Relocation of COSINEn nY | H[ b,

Yy Upgrade COSINEO to COSINEOOU
Almproving the light collection capability of
NalTl) by modifying the geometry and PMT
attachment method: NIMA 981, 164556 (2020)
A216 ndc bt 9k 1S+ 60E: mO
A Commissioning in early 2024: Main experiment
will begin in 2025

(a) 3 (b)  New Yy Future experiment: COSINBO
— Upgrade! ~ A Development ofiltra-low
- I - ﬂ'l backgroundNalcrystals
o] A Aims a world bedimit for low-
- = massWIMP-proton cross section
Sf;::('a quartz optical pad optical pad
28 May 2025 2024 WG9/C12 AGM @ IBS
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Sci. Adv. 7, 2699 (2021)

—— COSINE-100 59.5 days
—— DAMA/LIBRA-phase1
----- DAMA/LIBRA-phase1 (DAMA QF)

—e— COSINE-100 1.7 years
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Underground laboratories

Neutrinoless double beta decay [ 7 )7 Cf) CUPID @ LNGS with 240 ké*®lo

Yy Proves neutrinos are Majorana fermions & strengthen seesaw mechanisie@odenesis
y" AMORHI experiment @vyemilab
A 100 kg ofi%Mo to reach™Y, T® p 1 years for 5 yeardoth phonons & photons measured by MMC+SQUID

A So far 360 LMO@$Mo00,)+13 CMC{Cd°Mo0,) cylindrical crystals @5 kg of°Mo) were grown.
A Stagel run with 90 crystals in 2025026t Stage2 run with 360 crystals in 2028030

EPJC 85, 172 (2025)
2.615 MeV ¥ (208TI)

[H Tests at ground showed
satisfactory energy resolutiorg *
and alpha rejection power.

Water Tank: 70 cm thick, 56 ton

Light/Heat rag (a.u.)
w

N

6Li + n -> a + 3H (Q=4.785 MeV)

Boricacid: —3“\ 1 o
W pE: 25 om thickness, .
) ——— Po. 0 1 2 3 4 5 o

Energy (MeV)

25 éﬁ 4@ Installed muon detectors

/ ‘1 TN 50| Energy resolution
| |E of 2.614 MeV

= 40
Y | gamma

i 330

- PSID: i £

10 e thiCa 60<30x3 g @

X - 0 r—'uj.{[_r_“. i il . S Tl
\\\ 2,58 2.59 2.60 2,61 2.62 2,63 2.64
SRS Energy(MeV)
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LargeNeutrino Detector:& b S dz{i NR& y 2
(Future plan)

10

ANPhA

Asian Nuclear Physics Association

A Sterile neutrino search using the inverse beta detBp) [1)© Q ¢

Underground laboratories

‘UP4P

LIK & & A Oa IsBDARSBUNeE afrgmilaih S 3

https://www.nevis.columbia.edu/daedalus/exp/isodar.ntml, PRD 105, 052009 (2022)
Yy IsoDAR@ Yemilab plans to u3&0?3’ ['s from decay ofLi, bombarding) beams from cyclotron on Be target

ANonstandard interaction search usietastic scattering off atomic electrons[Q° '’ [Q
A Precision test of wealkteraction (weak mixing angl&ith very $ort baseline oscillatiorn {© ')
A Search for new particles such as a lighioson, etc.

0.1

—IsoDAR@Yemilab 5yr 50
——Prospect 96days 50

——Best-Gallex-Sage 30
-Best-Gallex-Sage 1o

IsoDAR@ Yemilab
(Syr 50)

RENO+NEOS 50

0.001

0.01

sin220,,

28 May 2025

0.1

Measurement of the energyd) and vertex

(0) of neutrinos forvj ‘Ofor each event

W
Yemilab detector '\
fiducial volume | |

\

x 2 kton
Liquid Scintillator
Counter (LSC)
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Alternatively,100 kCt44Cecanbe
used #&R2 00 . A
Decay processes emifs.

arxiv:2401.1321
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KamiOkaFaCility ICRR, University of Toklgtip://gwcenter.icrr.u-tokyo.ac.jp/wpcontent/uploads/2011/02/LCGT.|pg

T 1"

r

KamLANE en
136Xe double beta decay
neutrino

CANDLES

New : KERNEL \
Super clean room
Cleanair system

Pure water system,
etc.

ow radioactivity detectors

™ I>» >

48Ca auble beta decay

NEWAGE

SuperKamiokande
Super Nova Neutrino

1 C Direction sensitive
A U, dark matter search
L Dark Matter search/R&D

<_~—

28 May 2025
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KamiokaObservatory (ICRR)
KamiokaJndergroundLaboratory(RCNS)

New Facility KamiokaExtremely Rare
phenomena andNEutrino research
Laboraory(KERNEBLunder construction

A Research Center for Neutrino
Science(RCNS), Tohoku University

A Research Center for Nuclear Physics(RCI
Osaka University

A Particularly low radiation environment for
rare event search such as double beta
decay of dark matter



http://gwcenter.icrr.u-tokyo.ac.jp/wp-content/uploads/2011/02/LCGT.jpg

<2 ANPhA Underground laboratories
KERNEL related projects

‘UP4P

under construction

a Q \ﬁasstopped

Removal of PMTs for outer
detector(Feb. 2025)

KamLANDZen:double beta decay

DAQ will be restarted |n 2027

Liquid Scintillator
Extraction

CANDLEBET double beta decay

under development

: Cak scintillating
bolometer

LIS system f

48Ca enrichme

n

= 9

Other Projects

CryoLab '

dark matter s

search

PIKACHU
double
beta
decay

dark matter
search
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Underground laboratories
China Jinping Underground Laboratory (CJPL)

207

Auxiliary Gate No.2

Extremely low background rate

Jinping Mountain

. Ra226 | Th232
(Baka) | K40 | 569 kev | 911 kev
CIPL| <1.1| 1.802 | <027
Beijing | 600 25 50

2400m (W.e., 7000.m)
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Underground laboratories

China Dark Matter Experiment (CDEX)
Geto searchfor lightWIMP: PRL 123, 221301 (2019)
PRL 129, 221802 (2022), PRL 129, 221301 (2022)

Particle and Astrophysical Xenon ExperiméRandaX
'to search for dark matter: Nature 618, 47 (2023),
PRL 130, 261001 (2023), PRL 130, 021802 (2023)

| A PandaXlI (20142019):
| Dualphase TPC with
half-ton of ultra-high
purity liquid13®Xe
120 kg in 2014

O 580 kg in 2018
A PandaX4T (2023):

A CDEXL0 (2016):10-kg
Point Contact Ge
detectors immersed
into liquid nitrogen

A CDE»60 (inpreparation)

A CDEX300 n2027)

A CDEXT

5.75 tons of Xe
Cf.) LEGENROO CHINEXO
LEGEN£.000 _ '
(a) Fpm =1
— — 10740
NE 10—36_ === This work (constant-W) g ——— This work
0 % == This work (P4-NEST) g XENONIT S2-only [ Sensitivity (+16)
\ ke Sensitivity (+10) =2
1% 2 ig) 2 10 42p
Ry 2 10738 ™ s
r % \ P'md‘dx'“ 8
f g . ‘ \T 5?_-0““ 23
g 5 \ M E 10-4L
4 = 10—40_ 54 10
r 3 : 2
F T é
[ B =1 2 7 Freeze-out EI
4 pmlg) = Q10742| L1111 L1 1 ia L1 Q]O*46 L 1 1
1 10 102 107 10 0.05 0.1 05 1 5 4 6 8 10

m,[MeV/¢?] DM mass [GeV/c?] DM mass [GeV/c?]
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JUNA nuclear astrophysics facility at CJPL
W.P. Liyet al., Sci. China 58785(2016)

lon source LET Acceleration

Experimental conditions for JUNA

: Beam energy (keV) /
Cosmic muon Maximum beam intensity ¢émA) Engrgy

Analyzing _ Detector
| l magnet  Focusing
ALY & = magnet 1

Bkg. (cnest stabilit
9- ( ) H* Het He?* 4

2 1010 50400 /210 50400/210 100800/ 12 0.04%

HV platform

List of experiments from the first run (2022021)

Crucial parameters P;SLF: JUNAdata Publication

: Lowest energy (keV) 891 552 :
2 16
Holy graifC{ fi )60 Cross sectiorb] 1011 1012 In preparation
- Energy rangekéV) 230-300 240-1900
3 16

Neutron sourcé3C( Fe)%0 Sprocess 50% 20% PRL 129, 132701 (2022)
26A| abundancéSMg(i)fi )2eAl Uncertainty 21% 8% SeEes EUEIN 67, 2 (G0

Cover paper
- Lowest energy (keV) 189 72 PRL 127, 152702 (2021)

9 16 : ;
| ! Fabundance@h 20 Uncertainty 80% 5% ORAG2NDA 4&c
) [L' Ne isotope ratid®O( i )22Ne Uncertainty 472418 keV 474.1#1.1 keV  PRL 130, 092701 (2023)
CNO breakout®F)if }°Ne  Lowest energy (keV) 300 200 Nature 610, 656 (2022)
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Plan for Super JUNA

To cover various nuclear
processes in He burning
A Higher intensity: 20 mA
A Higher energy: 800 keV

12C(G,Y)160

Super
JUNA
| JUNAl “Ne(a,n)*Mg |
Super JUNA. “Cla,n)"*0

0.1 1
E(“He) / MeV

28 May 2025 2024 WG9/C12 AGM @ IBS 13
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L ANPhA  RIB accelerator facilities

Radioactive lon Beam Factory New |nstrumentat|on
(RIBF) @ RIKENJapan |

NEBULA°LU “\'M

Neutron §EHL.

detection EUENN
capability :
doubled| =

RC

' i IDATE
Yy Thebeamis backto BigRIPS! Fast -1y ,’ﬂ
after a long break (Dec. 2022Vlar. 2024) Spectroscop
180 (April),°Zn (May)124Xe (June) L aBy(Ce) s

detectors .
136Xe (Nov.)?%8UJ (NowDec.) :
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L ANPhA  RIB accelerator facilities

2024

ris | TOP-Tier platform In Extreme Rare isotope science(TOPTIER)

i JESUE T e

Institute for Basic Science

World—class Research Results @ a = " ¥y Top-tier Level
.- RAON N (FQ Al i
w2y’ NISHINA New Researcher
Establishment of International PEENTER Diff. iated and Challenai
Collaboration Center 4 ST IHEHEE RIKEN L|A|LHIE] > » R erenga_lge e
SR EE R CEREE esearch Topics

2HZEHT
ERLRAR

L

- 2

~

Institute for Basic Science

) . 7
g M 2 o of w [ AMUAD S smaxeea

SEQUL NATIONAL UNIVERSITY KOREA UNIVERSITY / KAERI  Korea Atomic Energy Research Institute

Dr. Taeksu Sh Prof Seonho Choi Prof. Jung Keun Ahn Dr. Do Heon Kim

\. | K EN
L]
! - N |N @ Centelr for_NucIear Study w n,c
D'& a ‘XC - N T E F Thetintvarslty;of Tokyo KEK Wako Nuclear Science Center
ecund Director Y. Sakemi

H. Sakurai Director Y. Watanabe

M=
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&ANPhA - pIB accelerator facilities
Research Center for Nuclear Physics (RCNP) @ Osaka Univ. in Japan

Grand Raiden K400 Ring cyclotron _
Precision nuclear physics p: 400 MeV, 10 A,3G 'Ot p Tt y' Completion of the upgrade of AVF
International collaborative HI: 100 MeV/u K140 AVF cyclotron (AzimuthallyVarying Field) cyclotron

research | Can be used stand alone  + Upgrade forl0 largerbeamintensity in

Injector for Ring cyclotron 2022 (several 10s to 10A)
Yy Independent use of AVF

b p & d beam: Mass production of shert
lived radio isotopes

b He beam: Production @f1At (Astatine) for
targeted alpha therapy (TAT)

Yy AVF + Ring cyclotron
4 _ L p beams foMuSICGand white neutron Exp.
y—— » py K (P - b MuSIC Muons @ 28100 MeVi/c

White neutron A T Dp nt¥p mcps @ 60 MeVic

MuSIC
Continuous beam
Interdisciplinary
research

|||||
||||||

3430

: Zimarisunne irradiation field | | t Grand Raiden
S=e ¥ TOSHIBA Semiconductor  Short halflife radio- A Ultra highresolution NP experiments
TAT cyclotron facilityill start a large ~ Software error  jsotope production A
and stable supply d#1At in 2027. evaluation Targeted alpha therapy | cluster search
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RIB accelerator facilities

‘UP4P

RARIiISResearch center for Accelerator scienceR&adiolsotopeScience @ Tohoku Univ. in Japan

RARISMikamine
Previously ELPH

Two photon beam lines
for nuclear physics
1.3 GeV synchrotron

VK T % 5
& g =
i/l ow =t
= o 85 e
u ; ] ] |
¥ I b=
' ¥
ol .
i E g i
Bh- [ | i

NKS2: Neutral kaon Spec. I

Integrated region: 0.90 < cos 8, < 1.0

7

6?_ --- Kaon-MAID KO production

‘5_ — SLA -1 4 @threshold
Z E -~ ReR ; 8
2 E inat’
2 45 IPH\U\\ ~
P . :
S gt

I

03 09 008 i |

E,: Photon Energy [GeV]
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FOREST: Multispectrometer

Total eross section oinb)

Photon

EXxpt.

hall #1 .

Expt.

Photon
beam

=

E ASRB TR IR

room #3

Unsealed
RI facility

AEEBFRAIESR

ULQZ2 (UltraLow Q2) fo

ULQ2 spectrometer -
O: 10 -50 MeV Ca

S i . f  CH, orCD, target
\ s 3 I Two arm spectrometer
b

i

Iy

8 71-IHHLE
PRV

I Areaction

100
% 1
H’}/ Hﬁ‘* Photon
L 404,/ \
o bl +/ N
TN Tk beam
40 ‘f‘l "b\\_
/’/ E;J:(z;:‘::‘s. ;:;.;Eiw‘!
' ) L

T T L 1 I 1
0235(] 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850
CM energy W, (MeV)

Low-energyQscattering
r p charge radi

Radioisotope production

=

High power linac

10 2 50 MeV, 300 Hz

lpeax  ~130 MA(@50 MeV)
Iaverage ~120 m A@50 MeV)

W s -}
& Y

A

Rl Production Station

Deliverable B

A 42143 461471485 64167Cy 225A¢ for
theranostics

A 83/84186R |y 132/13€Cs for plant imaging

us

CHz(mm)BE, = 51.26 MeVexc|

10 — Pe =51. 26 MeV/c .
; J“A[[ 0:50° - 90°
e+p y !
: J I C peak
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RARIiISResearch center for Accelerator scienceR&adiolsotopeScience @ Tohoku Univ. in Japan

RARISAobayama Previously CYRIC HM12 cyclotron
AVF cyclotron )

930 cyclotro N—_— \ [ "I AProton: 12 MeV, 66 !
A K number: 110 MeV \ % B! ADeuteron: 6 MeV, 30> !
A Magnet \ / Aon-source: PIG internabn-

b Weight: 200 t el / —— source

L Max Field: 19.&G \ : ABeam port: 2

L Max power: 230 kW troiraom
ARF Ty PET/CT|

b D-electrode: 2
b Frequency: 122 MHz
b Max voltage: 50 kV
b Max power: 70 k\W2

Scattering
chamber

RI production

quastmonoenergetic system
neutrons

I ! ! | Multipurpose use of R |
0 10 20 30m m Education and Training on Radiation protgctipn

https:// www.cyric.tohoku.ac.jfen/

PET for small animals

. \ Clairvivo-PET
(Fine PET) ﬁ ﬁ Clairvivo-CT
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