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It has been proven that underground facilities are very important for varieties of science!
For scientific reasons, It would be very nice if there is (at least) one in the Southern hemisphere..

T.Kajita
(TAUP2017)

Stawell
(2018-)
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PHYSICAL REVIEW D 89, 023524 (2014)

Implication of neutrino backgrounds on the reach of next generation 10 100 1000
dark matter direct detection experiments ] o
WIMP Mass [GeV/c“]

J. Billard, and E. Figueroa-Feliciano
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The Time Projection Chamber (TPC)
— * 248 3” low-bkg PMTs
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Top thermosyphon
Radiation shield
< Water tank
Titanium _____—
Vessels =
Anode grid ~__ Cryostat

PTFE reflector panels _ 250 kg active xenon

(370 kg total)
PMT holding

copper plates .

Cathode grid — 122 2" PMT R8778

Counterweight ——

Bottom thermosyphon
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= 2-phase Liquid Xenon
rejection

Discrimination technique

WIMPs and neutrons interact with nuclei
short, dense tracks

ys and e interact with atomic electrons
longer, less dense tracks

| S2/S1 used for discrimination

(>99.5% @ 50% NR acceptance)
Drift time -
indicales depth

Particle

Electron recoils
G- 137Cs saurce

+ ionization electrons

" UV scintillation photons (=175 nm)

3D Position Reconstruction Recoil

: : median
Z from time difference between S| and $S2

(1.5 mm/us @ 181 Viem) R T T
XY reconstructed from light pattern [ (AmBe source)
(resolution of a few mm in WIMP search region)

ZEPLIN-II

30 35 40
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SuperCDMSIlite (Ge) [Ei{E 56eVee 600g
EDELWEISS (Ge) BE{E 900eVnr 800g
CRESST-II (CaWw04) [i{& 100eVnr 24g

CRESST-I1I' low threshold detectors

Qc

jall EDELWEISS-11I: FID Ge-bolometer
Detector layout optimized for low mass dark matter

Full InterDigitized (FID) detectors: 820-890 g, h =40 mm, Radical reduction of dimension
* Cuboid crystals of (20x20x10)mm? (=24g)

+ Self grown crystals =3 counts/(keV kg day) I I o setecingana

+ 100 eV threshold e
* Fully scintillating housing Veto surface e

* Instrumented sticks } related background

Simultaneous measurement
of heat and ionization signals

©T. Dettlaff/MPP

the CRESST-IIl experimen
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Fig. 6 Energy spectrum of all events in the acceptance region (307 eV—
40keV, see Fig. 5) truncated at a bin content of 30 for reasons of clarity.
For the final result all events are conservatively considered as poten-
tial signal events to extract an exclusion limit using Yellin’s optimum

interval method C RESST
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m SDHD/TH5SDD : PICO

m BEURRAE(superheated droplet) C,Fg /\TI)LFTV/\—

BEREEES (TRIVLF—ZARD MIVBRIEZL)  3.3keV

ZMCKEE 60w )L arX1v:1702.07666v2
HAIUNICITEER L

SLBTAHY ~ — 0FZ/ 1167kgdays

Hugh Lippincott, Fermilab
for the PICO Collaboration
EDU 2017
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The indirect hnuts from Iu( ul)f \11<.l 57\11])!.,.11\ assume :
hilation 7 leptons (dashed) and b quarks (dotted). The
purple ion represents parameter space of the constrained
minin Ag! node 9]. Additional limits, not

et by LUX [40] and XENONIGO [41]
(comparable to PandaX-11) and by ANTARES [42, 43] (com-
barable to IceCube).

iHow many bubbles can you count?
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New Journal of Physics 2 (2000) 14.1-14.14
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m SN5 0 UT7%0 Nal

DAMAICEDNBI RS
250kgDNal> >V F L —~

1.33ton * FFDERA

1451 D )VDZFEZEE) (9.30)

Residuals (cpd/kg/keV)

h ;I;ime (day)
Time (day)

Eur. Phys. J. C (2008) 56: 333-355 Eur. Phys. J. C (2013) 73:2648
DOI 10.1140/epjc/s10052-008-0662-y

a Ep'l‘i¥\ KB%:: i l\ IJ /E&T@E%BED%_I\:%S“E PRL 114, 151301 (2015)
= ®BE+OBRETIVIEEEINT, Eur. Phys. J. C (2014) 74:3196
m T/ VBEDEERTIIHER < NalEERCIIREER

m DAMAGECEETND., SEHNKREHETEDTAEFEN, . » 19



FiEXe {EmassiER SDRDES5SDD TNHwL\T7ELNal

e fiDONalEES

m DAMADG&RITBREIE o2,
m COSINE. SABRE. ANAIS. PICOLON 7E&ENMOE TS HITTRER

COSINE-100 Nal(Tl) Crystals

+ 8 crystals, total 106 kg .
Culmination of R&D program with Alpha Spectra , m COSINE
U/Th/K below DAMA, 21°Po very close s T running in YangYang(Korea)

Light yield ~15 p.e./keV : ' m 2016fN~

hall . putting it all togeth
Challenge: putting it all together %E ﬁ%%éﬁﬁ%ﬁg

Total Background: 2 - 4 x DAMA’s avg. Preliminary
Mass (kg) Powder Type “°K (ppb) 2®U (ppt) 2*Th (ppt) 2'°Po (mBg/kg) Light Yield (npc/ke'\)

Crystal 1 , Powder B 34.74+474 <002  1.31+035  3.20£004

Crystal 2 9.15 Powder C  60.64+4.64  <0.12 <0.63 2.06-0.03 Expected Sensiti |V|'|:y of COSINE-100
Crystal 3 16  WIMPScint-Il 3434+310 <004  044+019  [0.760.02
Crystal 4 . WIMPScint-II ~ 33.32+3.50 <0.3 0.74£0.02

Crystal 5 A Powder C 2.351+0.31 .06£0.0

Crystal 6 b WIMPScint-I1I §16.7942.46 <0.018 0.5640.19 1.524+0.02 € p : DAMA allowed region (30%C.L., 30, 50)
Crystal 7 5 WIMPScint-I1I [18.69+2.79 <0.6 1.54+0.02 N 2yearsofdata
Crystal 8 : Powder C  54.25+3.82 <0.9 2.05+0.02 ! SRR : koY, Kedan Sansitiviy (00%L.L)

7 : : keV, Median Sensitivity (90%C.L.)
<20 0.7-10 0.5-7.5 <0.5 v . : i B 1o B 20

1

WIMP Mass (Ge\})
*Assumed 2 dru or 4 dru flat backgrounds depending on crystals.

Sensitivity comparable with DAMA’s allowed region.
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are ready to attack the dark side.
JEDI : Japanese “xperimental Dark matter Investigators
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= XMASS
m JRIAF1t2_/ Y 835kg

HREX

m 181 SFEHESRICERE

m DAMALEEFEDERAIZE

XMASS detector

» Quter detector (OD, water tank)
» 72 20-inch PMTs for cosmic-ray muon
» Water is also passive shield for gamma-ray
and neutron from rock/wall.
> Inner detector (ID, Liquid Xe)
» Liquid Xe surrounded by 642 2-inch PMTs
» photo coverage: 62%
» diameter: ~800mm

Iilexagonal PMT
Hamamatsu R10789

22
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XMASSHY =50 . BFRL -8

FRILER
CRCHIVE—T12%5 (2017456 A)

Takeda@XeSAT2017

Low mass WIMPs search,

Solar axion search,

Bosonic super-WIMPs
search, PRL 113, 121301

Inelastic WIMP nucleus
scattering search, PTEP

PLB 719 (2013) 78

Annual modulation, PLB 759 (2016) 272

PLB 724 46 (2013)
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Possibility of supernova neutrino

PLB 759 (2016) 64

8 10 12 14 16 18
WIMP Mass[Gevic” ]

detection, Astropart. Phys. 89 (2017) 51

12k

Supernova at 10kpc
(Livermore model)

Humber ol evens

Expected signal
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= PICO-LON

NallZ & BDAMAEET
BEROEAMT CTHEDS SR RE
INBEUE SR Tt F CBGEITE

— KEYESR CEZENZE)

[ TIEEMERNEL] U DisE
HNES

IR 1 :Purity of Nal(Tl) KRR ¥—9%5—0

BRI £2017
Ingot 26~37
(2016)

natK (ppb) <20 660 ~80

22Th(ppt)  0.5-0.7 2.5 0.3+0.5
28(ppt)  0.7-10 1.4 4.74+0.3

210pb
(uBa/ke)

5-30 1470 29.416.6

U-chain: 1ppt= 12.3uBg/kg
Th-chain: 1ppt= 4.0uBqg/kg
210ph; 1ppt=2.5kBq/kg

DAMA: NIM A592 (2008) 297.

DM-ICE: Phys. Rev. D90 (2014) 092005.

KamLAND-PICO: 1ton

gcale up
250 kg

54 kg

2 ANKOK

m 2EBNRIEPILTY
m {EEEWIMPHEIEZE?)LT
Y TCHIRERZEIET

VUV MPPC

N2 Smmﬁ MPPC
S ST —UR

FRHFOWMERSR

HFH 4—I73—ND8RHK=2017

Active mass 30kg

PMT (5t247%)
R11065MOD

100kgd (>20KeVnr)
100kgd (>15KeVnr)

4 1000kgd (>20KeVnr)
(~30kg x 30days)

102 WIMP Mass (GeV)
% FiducialflfR > {E‘-H‘ﬂ!{l’,wiﬁ (A~ 1mmEL T . XY EEVUV-MPPC)
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SKYMAP (measured DATA)

B AU —DEHE

Electron microscope image

CYGNUS/NEWA!GE vessel | R& D -' % E § '::; | 25

ENA#HF/N—] 20torr ~100g/m*3
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@ XENON1t — B neutrino shoulder
@ “threshidino!?”

i K. Ishiwata
E 552*213: N. Nagata

a XENON nT, LZ “WINO-DM” ~ 10“47cm23TeV
2 10FEE :

m DARWIN — atmospheric neutrino floor

J. Hisano

Scaling to PICO-500
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