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Underground labs in Asia

• Yangyang (Korea), Jinping (China), INO (India), Kamioka (Japan)


• Sorry, Daya Bay, RENO, JUNO and some others are not covered in this talk
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Yangyang Underground Laboratory (Y2L)

• Y2L locates in a tunnel of Yangyang Pumped Storage Power Plant


• Minimum vertical depth: 700m

• Access to the lab by car via ~2km long horizontal tunnel


• Experiments:


• KIMS: Dark matter search with CsI(TI) crystals


• AMoRE: 0νββ decay search with CaMoO4 crystals


• COSINE: Dark matter search with NaI(TI) crystals
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Figures from:
https://cupweb.ibs.re.kr/facilities-and-equipment/underground-labs/y2l/



KIMS
• Dark matter search with CsI(TI) crystal

• 12 crystals (104.4kg)

• 8×8×30cm3 (8.7kg) crystal w/ 3” 

PMTs

• Updated results: PRL 108 181301 (2012)


• 2.5 years data (2009 - 2012)
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Mineral oil 30cm  

Boliden Lead 15cm : 30t 

OFHC Cu 10cm : 3t CsI crystal detector 

Moderator(Muon Det.) 

Lead shield 

Polyethylene 

Copper shield 

12 x CsI(Tl) crystal 
(KIMS: Korean Invisible Mass Search)

quenching factors of iodine for NaIðT‘Þ and CsIðT‘Þ
[3,28], the 2–4 keV DAMA energy range corresponds to
3.6–5.8 keV in KIMS, which is included in the first three
bins in Fig. 4. Our 90% C.L. upper limit on the NR event
rate in the 3.6–5.8 keV energy range is 0.0098 counts/day/
kg/keV, which is well below the DAMA signal amplitude.
Therefore, any scenario involving iodine as the target, such
as the iDM model, is incompatible with our limits. As an
example, the parameter space allowed for DAMA in the
iDM model and our exclusion limits for a WIMP of mass
70 GeV are presented in Fig. 6. An alternative iDM inter-
pretation considers thallium, which is present at the 10# 3

level in both the DAMA and KIMs detectors [29], as the
dominant target, can be addressed by our results. We
estimate the quenching factors for thallium in NaIðT‘Þ

and CsIðT‘Þ using a semiempirical calculation [30] and

find
QI

CsI

QI
NaI

$ QTl
CsI

QTl
NaI
, where QI;Tl

CsI;NaI is the quenching factors of

CsIðT‘Þ and NaIðT‘Þ for iodine and thallium ions. This
indicates that the corresponding energy range in KIMS for
thallium is about the same as that for iodine. Therefore, our
conclusion does not change when thallium is considered as
the dominant target.
In conclusion, we report improved limits for WIMP-

nucleon cross sections using a data sample collected with
a 103.4 kg CsIðT‘Þ scintillator detector array with a total
exposure of 24 524:3 kg % days. We identified and charac-
terized a low energy background due to a contamination of
alpha emitters on the surfaces of the crystals and incorpo-
rated it into the PSD analysis. No significant signals for NR
events are observed and we determine 90% C.L. upper
limits on NR event rates, and improved limits on WIMP-
nucleon cross sections, including the most stringent limits
to date on WIMP-proton SD scattering. The NR event rate
upper limit is below the DAMA/LIBRA annual modulation
amplitude in the corresponding energy region, disfavoring
iDM model interpretations.
We are very grateful to the Korea Midland Power Co.

and Korea Hydro and Nuclear Power Co. for providing the
underground laboratory space at Yangyang. This research
was supported by the WCU program (R32-10155) and
Basic Science Research Grant (KRF-2007-313-C00155)
through the National Research Foundation funded by the
Ministry of Education, Science and Technology of Korea.
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FIG. 6 (color online). The allowed parameter space for
DAMA/LIBRA [17] and the limits reported here for a 70 GeV
WIMP mass in iDM model. ! is the mass split between the
ground and excited states of the WIMP. The astronomical
parameters from Ref. [17] are used.
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COSINE
• Dark matter search with NaI(TI) crystals


• Aim to verify DAMA/LIBRA results


• Annual modulation


• COSINE-100


• NaI crystal 4×2 array with total 
mass 106kg


• Operation 2016~


• Nature 564, 83-86 (2018)


• COSINE-200 (200kg) prep. on-going
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Nature volume 564, pages83–86(2018)

LETTER RESEARCH

probability density functions within their uncertainties. We also con-
sider the possibility of correlated rate and shape uncertainties and the 
uncorrelated bin-by-bin statistical uncertainties (Methods). To calculate 
the expected 90% confidence level upper limits on WIMP–nucleon scat-
tering cross-sections, we performed 1,000 simulated experiments with 
the expected backgrounds and no dark-matter signal.

Data were fitted to each of the 18 WIMP masses. An example of a 
maximum-likelihood fit with a 10 GeV c−2 WIMP signal is presented 
in Fig. 3 (see also Extended Data Fig. 5). The summed event spec-
trum for the six crystals is shown together with the best-fit result. For 
comparison, the expected signal for a 10 GeV c−2 WIMP with a spin- 
independent cross-section of 2.35 × 10−40 cm2—the central value of 
the DAMA/LIBRA-phase1 signal interpreted as a WIMP–sodium  
interaction—is overlaid in red. No excess of events that could be attrib-
uted to standard-halo WIMP interactions are found for the 18 WIMP 
masses considered. The posterior probabilities of the existence of a 
WIMP-induced signal are consistent with zero in all cases; we deter-
mined 90% confidence level limits. In Fig. 4 we show the 3σ contours of 
the allowed WIMP mass and the cross-sections that are associated with 
the DAMA/LIBRA-phase1 signal10, together with the 90% confidence 
level upper limits from the COSINE-100 data.

Despite strong evidence for its existence, the identity of dark matter 
remains a mystery. COSINE-100 continues to collect data, and sev-
eral years of data will be necessary to fully confirm or refute DAMA’s 
results. However, the first 59.5 days of background data show that the 
annual modulation in the signal observed by DAMA is inconsistent 
with spin-independent interactions between WIMPs and sodium or 
iodine in the context of the standard halo model.

Online content
Any Methods, including any statements of data availability and Nature Research 
reporting summaries, along with any additional references and Source Data files, 
are available in the online version of the paper at https://doi.org/10.1038/s41586-
018-0739-1.
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Fig. 4 | Exclusion limits on the WIMP–nucleon spin-independent cross-
section. The 90% confidence level exclusion limits on the WIMP–nucleon 
spin-independent cross-section determined from the data from the first 
59.5 days of the COSINE-100 experiment (filled circles and black solid 
line; total exposure of 6,303.9 kg d) are shown together with their 68% 
(grey shading) and 95% (blue shading) probability bands assuming the 
background-only hypothesis. Our exclusion limits are compared with 
3σ allowed regions of the WIMP mass and the cross-section associated 
with the DAMA/LIBRA-phase1 signal for the WIMP–sodium (red 
dotted contour) and the WIMP–iodine (blue dotted contour) scattering 
hypothesis10. The limit from NAIAD30—the only other sodium-iodide-
based experiment to set a competitive limit—is shown in purple. 
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AMoRE
• ββ experiment with CaMoO4 

crystal (Mo enriched)


• AMoRE-pilot experiment (1.9kg) 
is running 

• EPJ C(2019) 79:791


• T      > 9.5×1022 y (90%CL)


• mββ < 1.2 - 2.1eV


• AMoRE-I prep. on-going
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(AMoRE: Advanced Mo-based Rare process Experiment)Introduction: AMoRE

2019-09-11 TAUP 2019 4

AMoRE-Pilot AMoRE-I AMoRE-II

Mass [kg] 1.9 ~6.1 ~200

Channels 12 36 ~1000

BKG goal [ckky] 0.01 0.001 0.0001

Sensitivity [year] ~1024 ~1025 ~5×1026

Sensitivity [meV] 380 to 640 120 to 200 17 to 29

Location Y2L Y2L Yemilab

schedule 2017 to 2018 2019~ 2021~

Figure and table from Kyungmin Seo at TAUP2019

0ν
1/2

27
AMoRE sensitivity for neutrino mass

q Seven commissioning runs in 
AMoRE-pilot have been completed 
in December 2018.

q AMoRE-I is currently being 
prepared to start from this autumn.

q AMoRE-II preparation is ongoing in 
parallel together with the Yemilab
construction.

u Nuclear Matrix Element: QRPA
(Faessler et al., 2012)

u AMoRE-I: 5 kg and 5 years

u AMoRE-II: 200 kg and 5 years

u It was assumed as “zero-background”.

TAUP2019@Toyama, 2019-09-09Radioassay and purification in Korea,  Moo-Hyun Lee (IBS)
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q The only operating iron ore mine in Korea.
q A 600 m long 2nd shaft already constructed.
q 0.7 million tons of iron ores extracted per year

Handeok has two shafts for mining
1st shaft  ~ 300 m deep
2nd shaft  600 m deep (NEW)

Yemilab: A new underground lab in Handeok mine

TAUP2019@Toyama, 2019-09-09Radioassay and purification in Korea,  Moo-Hyun Lee (IBS)

Incheon airport

Airport à Handeok (3 hrs)

Handeok iron mine, Jeongseon, Korea

2nd shaft
Now in operation

q 4 major constructions
Ø Tunnel excavation
Ø Shaft cage
Ø Underground lab
Ø Surface office/lab

ARF is now Yemilab.

Yemilab: A new underground lab in Korea

• Yemilab in Handeok mine (iron mine)

• Started tunnel excavation for the lab and 

completed in middle of 2020

• ~1000m overburden at the lab

• AMoRE-II will be located in Yemilab
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Figures from Moo-Hyun Lee at TAUP2019

31
Yemilab: Underground Laboratories

TAUP2019@Toyama, 2019-09-09Radioassay and purification in Korea,  Moo-Hyun Lee (IBS)

q 7 experiments with 12 spaces
q 10 utility spaces

~ 
10

00
m

Cross section of AMoRE Hall
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Yemilab: Underground Laboratories

TAUP2019@Toyama, 2019-09-09Radioassay and purification in Korea,  Moo-Hyun Lee (IBS)
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China Jinping Underground Laboratory (CJPL)

• Jinping Hydropower Station


• Mountain peak: 4193m


• Maximum rock overburden: ~2400m 
(6720 m.w.e)


• Drive-in road tunnel access (tunnel length 
17.5km)


• Experiments: CDEX (low-mass WIMP 1-5GeV), 
PandaX (high-mass WIMP >5GeV)
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1st'mee:ng'of'CJPL'interna:onal'advisory'
commiVee''

Tunnel 

120km 

50min from Chengdu 
      By Air 

XiChang 

China Jin-Ping Underground 
Laboratory (CJPL) Site  

Established'2010'
Within'JinpingQII'Dam''hydroQelectric'facility.'

Sichuan'Province'in'China'
Under'Jinping'mountain'4193m'

2400m'of'rock'overburden''(6720m.w.e)'

ShinLTed0Lin0Aug020150

Current'laboratory'
volume''='1700m3''

World’s'deepest'
underground'facility'

LRT 2017 @ Ewha Woman's University

Jinping traffic tunnel

Jinping traffic tunnel

~2400m

East entrance to tunnel

Ideal site 
for an underground laboratory!

Jinping Mountain

Inside of tunnel

~2400 m 

~9000 m 

$  2400+ m rock overburden, drive-in road tunnel access  
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CDEX

• CDEX-1 currently running:

• Physics results on WIMP DM, 

Axion DM, 0νββ (76Ge)

• CDEX-10: a prototype toward 

CDEX-1T at CJPL-II (see later slides)
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(CDEX: China Dark matter Experiment) Slide/figure from 
Hao Ma (May 2017)

• CDEX-1: Development of HPGe detector, its 
background understanding and the studies of 
its performances based on 1kg-scale-mass 
HPGe detector.

• CDEX-10: Performances of HPGe array 
detector system and its passive/active 
shielding systems.

• CDEX-10X: Fabrication of HPGe detector 
and Germanium crystal growth by CDEX.

CDEX evolution

Energy threshold：
CDEX-1: 400eV Æ CDEX-10: <300eV;

pPPC Ge

CDEX‐10

CDEX‐1

LRT 2017 @ Ewha Woman's University

Dark matter search with germanium detector

PRD88, 052004 (2013); PRD90, 032003 (2014); 

 
 
 
 
 
 

  

Fig 1. The photo and schematic view of CDEX-1 experiment. OFHC copper, borated polyethylene 
and lead were used as a passive shielding, and NaI(Tl) as a veto detector. Nitrogen gas evaporating 

from dewar was flushed into a plastic bag surrounding the copper bricks to exhaust radon. 
 

Based on 53.9 kg-days of data[6], first result from CDEX-1 was reported with an energy threshold 
of 475 eVee, and WIMP-nucleus coherent elastic scattering at WIMP mass of 6–20 GeV/c2 were probed 
and excluded, shown in Fig2. The dark matter region favored by CoGeNT experiment[3], also using 
pPCGe detector technique, was excluded. Subsequent data taking was implemented[7], a longer 
exposure of 335.6 kg·day further improved sensitivity ~2 times with a flat background level reduced to 
3 cpkkd (counts/keV/kg/day), shown in Fig3. A more stringent limit to spin-independent and spin-
dependent WIMP-nucleon scattering cross section was set for a range of light WIMP mass below 10 
GeV/c2 shown in Fig2. The results represent the most sensitive measurements made with the pPCGe 
detector. 

  
(a) (b) 

Fig 2. Regions in couplings versus the WIMP mass (mχ) parameter space probed and excluded by 
the CDEX-1 experiment with 335.6 kg·day of exposure, along with comparisons with other benchmark 
results[8–10]. (a) Spin-independent WIMP–nucleon couplings. (b) Spin-dependent WIMP–neutron 
couplings[7]. 
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Fig 3. Background spectra of CDEX-1 experiment with an exposure of 335.6 kg·day (modified from 
[7]). Spectra after various cuts of candidate events: basic cuts (TT+Ped+PSD), anti-Compton cut 

(AC-), and bulk/surface cut (BS). The peaks correspond to internal X-ray emission from cosmogenic 
isotopes with relatively long half-lives. 

 
The result on 76Ge neutrino-less double beta decay(0υββ) from CDEX-1 natural germanium crystal 

was also analyzed with a exposure of 304 kg·d[11]. The average event rate obtained was about 0.012 
cpkkd over the interested 2.039 MeV energy range. The half-life of 76Ge 0υββ derived based on this 
result is T0ν

1/2>6.4×1022yr(90%C.L.), with an upper limit on the effective Majorana-neutrino mass of 5.0 
eV, shown in Fig 4. 

 

Fig 4. Background model of CDEX-1(500keV to 3MeV) and upper limits on the effective Majorana-
neutrino mass compared with that from GERDA Collaboration[11]. 

 
For dark matter searches, CDEX experiment tries to lower both energy threshold and background as 

much as possible. Based on the results from first pPCGe detector(CDEX-1A), the point contact electrode 
of a new detector(CDEX-1B) was further improved with a lower noise JFET and updated pre-amplifier. 
The updated detector achieved the energy threshold of  ~180eVee. The year-long data set of CDEX-1B 
is currently being analyzed, and the new physical results are expected to be reported soon. 

The long-term physical goal of CDEX project is a ton-scale germanium experiment (CDEX-1T) 
searching for dark matter and 0νββ. The experimental setup will adopt germanium detector arrays 
deploying in a liquid nitrogen tank with 13 meters in diameter and 13 meters in height, shown in Fig5. 
The liquid nitrogen acts as cooling medium for germanium arrays and passive shielding material against 
ambient radioactivity simultaneously. The tank will be located in a pit with a diameter of 18 meters in 

PRD90(R), 091701 (2014)
Sci. China-Phys. Mech. Astron. 
60, 071011 (2017)



PandaX
• Dark matter search with dual-phase Xe TPC

• 0νββ decay search with high pressure 136Xe TPC (PandaX-III)

!10

PandaX Future 

2019/7/22 25

PandaX-I: 120 kg 
DM experiment
2009-2014

PandaX-II: 500 kg 
DM experiment 
2014-2018

PandaX-III: 200 kg to 
1 ton HP gas 136Xe 
0vDBD experiment
Future

PandaX-xT:  
Next stage: 4-ton 
DM experiment
Future

CJPL-I CJPL-II

• PandaX-xT for DM search
• PandaX-III for 0vbb search 

Ke Han’s talk this afternoon
For 0NDBD

Slides from Yong 
Yang (July 2019)
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WIMP-nucleon SI and SD cross section limits

• XENON1T published DM search results in 1ton-year of data, no 
DM observed, 

2019/7/22 14

Spin-independent: 
LUX, PRL 118, 021303 (2017)
PandaX-II, PRL 119, 181302 (2017)
XENON1T, PRL 121, 111302 (2018)

Spin-dependent: 
LUX, PRL118, 251302 (2017)
PandaX-II, PLB 792, 193–198 (2019)
XENON1T, PRL 122, 141301 (2019)

(→See next slide)

PandaX-II DM search results   

(*) collaborating with theorists: Hai-bo Yu (UCI) and 
Wick C. Haxton (UCB&LBNL)

2019/7/22 11

Dark matter models Exposure 
(Ton-day)

Publications

WIMP-nucleon Spin-Independent 33 PRL 117, 121303 (2016)

WIMP-nucleon Spin-dependent 33 PRL 118, 071301 (2017)

Inelastic scattering 27 PRD 96, 102007 (2017)

Axion and ALP 27 PRL 119, 181806 (2017)

WIMP-nucleon SI 54 PRL 119, 181302 (2017)

DM models with a light mediator, 
self-interacting DM (*)

54 PRL 121, 021304 (2018)

EFT models and SD (*) 54 PLB 792, 193–198 
(2019) 

PandaX-II physics results
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DM observed, 
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DM observed, 
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Spin-independent: 
LUX, PRL 118, 021303 (2017)
PandaX-II, PRL 119, 181302 (2017)
XENON1T, PRL 121, 111302 (2018)

Spin-dependent: 
LUX, PRL118, 251302 (2017)
PandaX-II, PLB 792, 193–198 (2019)
XENON1T, PRL 122, 141301 (2019)

SI SD
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New experiment hall at CJPL-II 

2019/7/22 26

• B2 Hall

• 14m(H)x14m(W)x65m(L)

• Water Shielding
– 5000 Ton pure water

– U/Th <10-14 g/g

Slides from Yong Yang 
(July 2019)

Possible users:

• CDEX-1T (DM, 0νββ), 

PandaX-1T, LAr DM., 
CUPID-China. – Nuclear 
astroparticle physics


• Solar neutrino experiment


• Rock mechanics experiment



• 2km-long tunnel to below the peak at 1560m (overburden ~1200m)


• Neutrino mass hierarchy measurement with atmospheric neutrino 
using 50kton magnetize iron calorimeter (ICAL)

• Separate ν and ν ̅in atm-ν over a wide range of neutrino 

energies, cf. mass hierarchy sensitive to 2~8GeV


• Physics Whitepaper of ICAL at INO: arXiv:1505.07380 !12

Coordinates of INO  

 Located 115 km west of the Madurai city in the Theni district of Tamil Nadu 
 
                                     Madurai has an International Airport 

    Bodi West Hills  
 Pottipuram Village   
9°58� N and 77°16� E  

4/41   S. K. Agarwalla, Prospects of Neutrino Physics, Kavli IPMU, Japan, 11th April, 2019 !

India-based Neutrino Observatory  

5/41   S. K. Agarwalla, Prospects of Neutrino Physics, Kavli IPMU, Japan, 11th April, 2019 !

INO
(INO: India-based Neutrino Observatory)

Figures from Sanjib Kumar Agarwalla 
at Prospect of Neutrino Physics 2019



INO detector
• ICAL: magnetized iron as target mass and RPC as active 

detector module — Target mass of 17kton × 3 modules


• mini-ICAL detector (8 RPCs) has been built and seeing 
cosmic-ray μ± 

!13

Activities related to mini-ICAL   

13/41   S. K. Agarwalla, Prospects of Neutrino Physics, Kavli IPMU, Japan, 11th April, 2019 !

Use magnetised iron as target mass and RPC as active detector 

 mini-ICAL Assembled 

15/41   S. K. Agarwalla, Prospects of Neutrino Physics, Kavli IPMU, Japan, 11th April, 2019 !

More Data in mini-ICAL   

17/41   S. K. Agarwalla, Prospects of Neutrino Physics, Kavli IPMU, Japan, 11th April, 2019 !

Offset corrected X-Y hit data 

8 RPCs at centre of mini-ICAL on 23-5-2018   

           Muon tracks in mini-ICAL detector 
 
Opposite curvatures in bending (X-) plane due to 
  opposite electric charges of down-going muons 

Figures from Sanjib Kumar 
Agarwalla at Prospect of 
Neutrino Physics 2019



Kamioka

• 1000m underground (2700m.w.e)


• Horizontal access tunnel (~2km)


• ~10 minutes from ground facility by car


• 24hrs accessible

!14
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KAGRA 
¾ 3km X 3km arm lengths
¾ Design sensitivity similar to LIGO and Virgo.
¾ Expected to begin the operation in 2019-20.

KAGRA • Serves for many experiments


• Super-Kamiokande, 
KamLAND, XMASS, KAGRA 
(and CLIO), CANDLES, 
NEWAGE, EGADS


• Hyper-Kamiokande



Kamioka

!15

Super<K'dome�
Lab.A�

clean'room�
water'system�

Gd'test�

KamLAND'
(old'Kamiokande'site)�

Super-Kamiokande 
50,000 ton water Cherenkov detector 
Atmospheric, solar, supernova neutrinos 
Proton decay, indirect dark matter search 
Far detector for T2K  

10
00

m
�

Kamioka Underground Laboratories�
KamLAND (Tohoku Univ.) 
1000ton liquid scintillator detector 
Reactor, geo neutrinos 
136Xe double beta decay 

Gravitational-wave 
CLIO   100m x 100m prototype 

KAGRA  3km x 3km cryogenic 
laser interferometer under 
construction. 

KAGRA�

NEWAGE 
Direction dark matter experiment 

XMASS 
Direct dark matter search 
experiment 

CANDLES 
CaF2 scintillation detector 
for 48Ca double beta decay 
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Identify nep events by neutron tagging with Gadolinium.

Gadolinium has large neutron capture cross section and emit 
8MeV gamma cascade.
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0.01% Gd gives
~50% efficiency.
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Refurbishment: Water filling was completed in January 2019.

Pure water Run 

work

Fill pure water 
(2.5 months)

T1 : 10ton Gd2(SO4)3

T2 : 100 tonGd2(SO4)3

Plan to start 0.01% Gd run in 
early 2020.
(Adjusting schedule with T2K)

0.01%Gd run
~50% n cap. eff.

0.1%Gd run
~90% n cap. eff.

Schedule of SK-Gd

4

SK-V
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41.4m

Super-Kamiokande

39.3m

• The largest water Č ring imaging detector 
• Cover a wide Eν range over a few MeV to TeV

• Solar ν, SNν, T2K ν-beam, PDK, atm-ν, indirect 

WIMP search, etc


• SK → SK-Gd 
• Load Gd in the ultra pure water and aim to 

observe Supernova Relic ν

• Inverse double beta decay


• Beneficial for atm-ν (ν, ν ̅separation), PDK

• Detector refurbishment complet in Jan 2019

• Gd loading in early 2020 (currently pure 

water running)

X. Bertou, TAUP 2019 11/37

Kamioka Observatory
SK detector refurbishment in 2018

The refurbishment started from May 2018 and 
completed by January 2019.

Purpose of the refurbishiment

uFix water leak from the tank
About 1 ton per day of pure water leaked from the SK 
detector from the beginning of SK(1996). We have sealed 
all welding joints of the stainless steel panels that make up 
the tank.

u Improvement of tank piping 
Ultra-pure water in the tank was circulated at a flow rate of 
60 tons per hour before. We improved the water piping and 
water systems so that they can process and circulate 
water at 120 tons per hour. (17days per one circulation).

uReplacement of faulty photomultiplier tubes 
Since the last in-tank SK maintenance during 2005-2006, 
some photomultipliers became faulty. We have replaced a 
few hundred PMTs.

!53

水を徐々に抜きながら
改修工事を行ったBottom cleaning & painting  

Cleaning

X. Bertou, TAUP 2019 11/37

Kamioka Observatory
SK detector refurbishment in 2018

The refurbishment started from May 2018 and 
completed by January 2019.

Purpose of the refurbishiment

uFix water leak from the tank
About 1 ton per day of pure water leaked from the SK 
detector from the beginning of SK(1996). We have sealed 
all welding joints of the stainless steel panels that make up 
the tank.

u Improvement of tank piping 
Ultra-pure water in the tank was circulated at a flow rate of 
60 tons per hour before. We improved the water piping and 
water systems so that they can process and circulate 
water at 120 tons per hour. (17days per one circulation).

uReplacement of faulty photomultiplier tubes 
Since the last in-tank SK maintenance during 2005-2006, 
some photomultipliers became faulty. We have replaced a 
few hundred PMTs.

See Linyan WAN’s talk & 
Yasuhiro NAKAJIMA’s talk 
for further details



KamLAND-Zen
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search 

(KamLAND-Zen: Kamioka Liquid scintillator Anti-Neutrino Detector Zero neutrino double beta decay search)

Figures from Yashihito 
Gando at TAUP2019
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Jan. 22, 2019 ~

Xenon ~ 1 ton
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Xenon loaded LS in inner mini-balloon

• ~91% enriched 136Xe

• Xe extraction and LS purification 
method established

KamLAND-Zen 800 began operation in 
Jan. 2019 for 0νββ decay search

• Detector condition improved from 
KamLAND-Zen 400: Bkg from film 
(232Th daughters) reduced to ~1/10
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Toward 5 × 1026 yr in 5 years

Backgrounds Rejection criteria Reduction
estimate

2νββ Re-use of low gain PMT ~ 2/3
Film BG PID (neural network tool) < 1/2

Pile up 212Bi Double pulse shape fit,  
neural network < 1/2

10C
Neural network tool 

μ, n tagging improvement 
Electronics upgrade 
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(Short-lived)

Muon correlation analysis 
tuning ~ 0

spallation 
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Electronics upgrade (neutron 
capture tagging improvement) < 1/4
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Toward 5 × 1026 yr in 5 years

Backgrounds Rejection criteria Reduction
estimate

2νββ Re-use of low gain PMT ~ 2/3
Film BG PID (neural network tool) < 1/2

Pile up 212Bi Double pulse shape fit,  
neural network < 1/2

10C
Neural network tool 

μ, n tagging improvement 
Electronics upgrade 

< 1/2

Spallation 
(Short-lived)

Muon correlation analysis 
tuning ~ 0

spallation 
(137Xe)

Electronics upgrade (neutron 
capture tagging improvement) < 1/4

• No evidence of 0νββ so far
• → T     > 4×1025 years 

at 90% CL (very preliminary)

0ν
1/2



General outline of KAGRA Project

Purpose of this project
・To understand astronomical phenomena like supernova explosion     
and coalescence of binary compact stars with gravitational waves

Project framework
・ICRR hosts this project, and KEK and
NAOJ co‐host it to construct KAGRA
for gravitational wave astronomy.
Univ. of Toyama supports the project.

3Overview of KAGRA

KAGRA is 3km L-shaped underground laser interferometer 
with cryogenic mirrors

KAGRA
• Large scale cryogenic gravitational wave 

telescope (20 K)


• Two 3km-long arms which form a laser 
interferometric gravitational wave detector


• Seismic noise serious background for GW 
detection and underground site is order of 
magnitude “quite”


• Detector construction completed in 2019


• → Commissioning & observation started


• MoA between KAGRA, LIGO and Virgo

!18

(KAGRA: Kamioka Gravitational Wave Detector)

Seismic noise in Kamioka Mine

7Overview of KAGRA

Seismic noise is 
serious for 
GW detection.

Underground site
Is very quiet.

So we selected 
underground site
for KAGRA.

Spring water from wall surfaces

10Overview of KAGRA

All surfaces were covered by waterproof sheets.
It took 4 years to overcome spring water in the tunnel.

Cryogenic payload

15Overview of KAGRA

type A

Cryogenic payload with mirror

Mirror was cooled below 20K
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71m

68m

260kt

Hyper-Kamiokande
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71m

68m

260kt

Hyper-Kamiokande
• Next generation water Cherenkov detector
• Construct two detectors in stage
• The first detector construction begins in  

April 2020
• An option of the second detector in Korea 

(See Prog. Theor. Exp. Phys. 063C01 (2018))

• The first detector (1 tank)
• Filled with 260kton of ultra-pure water

• 71m height x 68 diameter water tank

• Fiducial mass: 190kton
• ~10 x Super-K

• Photo-coverage: 40% (Inner Detector)
• 40,000 of new 50cmϕ PMTs

• x2 higher photon sensitivity than SK PMT

• “Hyper-Kamiokande Design Report,” arXiv:1805.04163



Hyper-K: multi-purpose detector
• Comprehensive study of ν oscillation

• CPV: 76% of δ space w/ 3σ, <22° precision

• MH determination for all δ with J-PARC/Atm ν
• θ23 octant determination at |θ23-45°|>2° 

• <1% precision of Δm232

• Test standard ν oscillation scenario w/ acc/atm ν 

• Proton decay 3σ discovery potential
• 1x1035 years for p→e+π0 

• 3x1034 years for p→νK+ 

• Astrophysical neutrino
• Solar ν: test standard matter effect (MSW) model

• Supernova ν, supernova relic-ν
• Dark matter neutrinos from Sun, Galaxy, Earth

!21

Supernova Sun

Accelerator Atmospheric

~3.5 ~20 ~1
Solar ν

MeV
Supernova ν

GeV TeV

Atmospheric ν

~100
Proton-decay

Dark matter ν

Accelerator ν
p-decay

See Mahdi Taani’s talk for details
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Maruyama�

Tochibora mine�

Wasabo�

Mozumi mine�

Kamioka 
Mining and 
Smelting 
Company�

Masutani�

City of 
Kamioka�

HK candidate site�

Nijuugo-yama�

N�

• Hyper-K site locates under Mt. Nijugoyama


• ~8km south from Super-Kamiokande (Mt. Ikenoyama)


• Identical baseline (295km) and off-axis angle (2.5deg) to T2K

Hyper-K site



Hyper-K site
• Access to the Hyper-K site by car via ~2km-

long tunnel from mine entrance


• Excavate a new access tunnel to HK


• Overburden: 650m


• Ventilation (“Rn less” air), elec. power 
incoming unit, etc at the mine entrance


• Electricity needs to be newly routed 
from Kamioka town to the mine entrance


• Construction for electricity (electric pole, 
wiring, etc) started in 2019


• Water purification system, detector control 
room, … are underground


• Similar to Super-K

!23

C Cavern 59

is aimed at identifying the geological conditions at the actual cavern locations. This requires

additional survey tunnels which can ultimately also be used for final cavern constructions, Step-3

is the final step of making the detailed cavern design (e.g. PS-anchor pattern) and establishing the

actual construction procedure. The duration of the detailed geological survey is estimated to be

⇠ 2 years. The cost estimates for the geological surveys are summarized in Table XLIX.

3. Cavern construction

The cavern excavation begins with construction of access tunnels and approach tunnels. The

tunnels and caverns are excavated with a blasting technique. This section describes the cavern

construction method and procedure.

The tunnels leading from the mine entrance into the detector site vicinity are called “access

tunnels,” and the tunnels leading from the access tunnels into the group of tunnels connected to

the caverns are collectively called “approach tunnels.” Figure 30 shows overview of the access

tunnels. The access tunnel, named as ‘Wasabo’ access tunnel, is also used to transport the waste

Upper access 
tunnel

Lower access 
tunnel

Outer incline 
tunnel

‘Wasabo’ access tunnel

N

1km

FIG. 30. Overview of the access tunnels. For details of Hyper-K site, one can refer to Fig. 31.

rock to the Wasabo site where waste rock is temporarily accumulated (described in later section).

Hyper-K site Mine 
entrance

1km

C Cavern 61

Upper access tunnel

Lower access tunnel

Dome section 
approach tunnel

Outer incline 
tunnel

2nd level
approach tunnel 

4th level
approach tunnel 

2nd water 
room

1st water 
room

Wasabo 
access tunnel

Top level
approach tunnel 

Upper access tunnel

Lower access tunnel

Dome section 
approach tunnel

Outer incline 
tunnel

1st level
approach tunnel

3rd level
approach tunnel 

2nd water 
room

1st water 
room

Wasabo 
access tunnel

Top level 
approach tunnel

FIG. 31. Layout of approach tunnels (see also Fig. 32). The figure shows the ‘water rooms’ as well, where

the water purification systems are located. The “electronics huts,” (a.k.a. counting room) which stores the

readout electronics and DAQ computers etc. (not shown in the figure), will be built in the approach tunnel.

site. At Wasabo-site, the waste rock is sampled and analyzed concerning heavy metal content. The

rock that is confirmed to have no heavy metal content (below the threshold defined by law and reg-

ulations) is transported with 10 ton dump trucks to the final waste rock disposal place, Maruyama

cave-in site. The waste rock, which does have some heavy metal components, is transported and

treated at the Masutani accumulation site.
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Hyper-K cavern

• Hyper-K cavern will be the world largest underground 
(human-made) cavern


• Hyper-K construction will begin in April 2020 and 
complete in ~FY2027
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Summary
• Several underground labs in Asia


• Serve for many experiments:


• Dark matter, 0νββ, neutrino, proton decay, gravitational 
wave, low background facility (low bkg crystal production, 
screening), …


• Underground labs in Asia are growing: 
New underground labs under construction or begin 
construction soon

• CJPL-II (China), Yemilab (Korea), Kamioka (Hyper-K; 

Japan)
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