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We know it exists:

We are in the dark ...

1. CMB

Dark Energy Survey reveals most accurate measurement of

dark matter structure in the universe 2. Galactic rotation curves
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1 Billion Light Years

4. Bullet cluster

Map of dark matter made from gravitational lensing measurements of 26 million galaxies in the Dark Energy Survey. The map covers about
1/30th of the entire sky and spans several billion light-years in extent. Red regions have more dark matter than average, blue regions less dark
matter. Image: Chihway Chang of the Kavli Institute for Cosmological Physics at the University of Chicago and the DES collaboration

From: http://news.fnal.gov/2017/08/dark-energy-survey-reveals-accurate-measurement-dark-matter-structure-universe/

BUT yet we do not know what it is.



Direct detection of WIMPs
Looking for collision of dark matter particle with atomic nuclei
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Dark Matter direct detection techniques
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Direct detection of WIMPs
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Review of the current DM experiments

e 6th Symposium on Neutrinos and Dark Matter , NDM 2018
(Daejoen, June/July 2018)
https://indico.ibs.re.kr/event/212/timetable/?ttLyt=room#20180630.detailed

* ICHEP 2018
(Seoul, 4-11 July 2018)
https://indico.cern.ch/event/686555/sessions/276020/#20180707

Two next talks are on LUX-ZEPLIN and SYGNUS



XENONIT and XENONNT
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Prompt scintillation photons

. . S2 - Charge signal:
165 scientists Secondary scintillation photons from GXe due to

27 Institutions drifted ionization charge

11 Countries 3D position reconstruction:
XY from S2 hit pattern
Z: drift time T¢,-T,



XENONI1T and XENONNT

XENON1T

-

2005 - 2007 2008 - 2016 2012 - 2018

25 kg - 15 cm drift 161 kg - 30 cm drift 3.2 tons - 1 m drift

XENONNT

2019 - 2023

8 tons - 1.5 m drift

~1047 cm?2

~10-43cm?2 ~10-45cm?2

~1048cm?2



XENONI1T and XENONNT
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Michael Murra - Latest results from the XENON Dark Matter Project — ICHEP 2018, Seoul
Eur. Phys. J. C. (2017) 77:881



XENON1T and XENONNT (backgrounds)

10°" Rn dominated Z10pg control sample
%,
| Cryogenic = i l H10°
4 dy”g . = 102 5
| Istillation 200 ﬁ%‘f@_}f XENON100 _
I el ~ SRR T = £
‘2 a 1 N }" XENON Preliminary _#
s 40 -20 0 20 40
- 104 4 X[5€ [em)
[
& =
& Surface events
1077 -
+
o % 3 o Fake interactions
= o o ¢ : :
M. Murra, PhD thesis, 2018 (Single S1 + single S2)

L, Fraction [%] Fraction [%]
—

3 222Rn (214Pb) 85.4 Cosmogenic neutrons <2.0
solar v 4.9 CEvNS 2.0
Materials 4.1

136Xe 1.4



XENONI1T and XENONNT
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The XENON1T
infrastructure and
subsystems were
originally designed
to accommodate a
larger LXe TPC

XENONNT TPC
features:

total Xe mass = 8 t
target mass = 5.9t
fiducial mass = ~4 t

Record low-back levels in
XENON1T dominated by
222Rn-daughters.
Identified strategies to
effectively reduce 222Rn
by ~ a factor 10.
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Use XENON1T subsystems,
already tested

Fast pace:

Installation starts in 2018
Commissioning in 2019
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DEAP-3600
Single phase LAr experiment at SNOLAB

Located at SNOLAB

Cube Hall 2000 m UG
Filled with 3300 kgs LAr in acrylic
vessel
Single phase : detects scintillation
light
Target background 1<evenet in
3 tonnes x years
Uses 255 low radioactivity PMTs
from Hamamatsu
3 um TPB is used for converting
UV from LAr to visible spectrum
Water Cherenkov muon veto
with 48 PMTs



DEAP-3600 (excellent pulse shape discrimination)
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DEAP-3600
Timeline and
latest results
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DARK-SIDE 50kg and future prospects

Double phase LAr experiment at Gran Sasso

e LArTPC

e 30T liquid
scintillator veto

e 1000 T of water
Cerenkov veto

 PSD based in f90:

Neutron induced - )
nuclear recoil e-like induced signal

S1 light signal time profile
allow primary particle
== identification by using the
f90 parameter

S1[0; 90] ns

0= S0 7 us

Leading to rejection power better 10’

P4

150 kg LAr: total mass
49 kg LAr: inner volume
19 +19 Hamamatsu PMTs



DARK-SIDE (50kg) results

From blind analysis : no events found in the RoR
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DARK-SIDE 20k

Today Short-term Future Long-term Future
DarkSide-50 > DarkSide-20k
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XMASS
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* 1000 m underground

* Collaboration : 40 physicists ,
* 11 institutes

* Large mass : 823 kg, 642 hexagonal
PMTs, photocathode coverage 62 %

* High LY, low threshold 0.5 keV,

* Water Cherenkov veto with 72 PMTs

e phase LXe experiment in Kamioka mine

Traces of gammas from PMTs -

R<20 cm fiducial volume
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XMASS
History of XMASS-I| data-taking

2016 2017 2018

2010 2011 2012 2013 2014 2015
Dec.: May : Nov.:
Const- : Detector I
ruction : refurbishme‘y:
: i
* Light WIMPs

» WIMP-12°Xe inelastic scattering

* Bosonic super-WIMPs

* Solar axion

» 124Xe 2v double electron capture

WIMPs search by fiducialization
Annual modulation

Hidden photons/ALPs DM

124¥e 2v double electron capture
Solar Kaluza-Klein axion

» Stably taking data for >4 years since Nov. 2013.
* Will continue data-taking until Dec. 2018. 7




XMASS (calibration, vertex reconstruction)

Data MC
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Rate [counts/day/kg/keVee]

XMASS (annual modulation searches)
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DAMA/LIBRA ~20x103 (2-3.5keV,,)
XENON100 (1.67+/-0.73)x103 (2-5.8 keV,.)
XMASS <(1.3-3.2)x10°3 (2-6 keV,,)

Dama/Libra allowed region has been excluded by
annual modulation search to the level of
1.9 x 10** cm? for 8 GeV/c?
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PANDAX (Chinese LXe DM programme)

57 R i/ BREE RV K

Deepest laboratory in the world
Horizontal access

Near future:
Panda-XT
4 tonnes

Commissioning

PandaX-1 120 kg PandaX-1580 kg 2019-2020



CRESST-III

Cryogenlc Rare Event Search with Superconductmg Thermometers

6 Institutions

46 Members

Location : Gran Sasso

Target: CaWO,

Readout channels: phonons and
scintillation light
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Parameter space explored down to 0.5 Gev/c?

Target mass:25¢g

Temp. readout: Tungsten transition edge sensor
Phonon threshold : E,;,< 100 eV

Light detector resolution: ~ 5 eV




CRESST-III

Limit with Det A 2.39 kg - day
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Unblinded 1 module above 100 eV: 2.39 kg * day
New data release and results will come soon
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Summary

* Major large LXE projects constructions or upgrades very advanced.

* 2019-2020 : LZ, XENONNT, PANDA-XT

* Constant progress in low mass WIMPs searches by cryogenic detectors

* Future: few large experiments BUT even small step takes very long time



