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Direct Detection Spectrum

Elastic non -relativistic scattering.
Falling exponential spectrum,
e.g. Xe target, s =10-*°cm?:
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Acceptance necessarily dropsto 0 at E,=0:
Measured signal is a bump after all.
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Signal / aBackground

Altds about sensitivity, no p
' |
A Optimize Elens
v/Background

A Increase Signal
A High -A targets
A Massive detectors, long exposure
A Optimize analysis to retain maximum acceptance

A Decrease background
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Signal / aBackground

Background Reduction:

A Go underground

A Shield and use active veto

A Use only low -background materials
A Employ pure targets

A Fiducialize easy to simulate (e.g. GEANT4)
ADiscriminate Rricklp: eddiRdetector
A Disentangle artefacts Is a one -of-a-kind
e.g. surface event s, pil e up
limiting systematic for all past experiments
b extract redundant 1 nfor mat
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SuperCDMS

Germanium or Silicon calorimeters
Cooled to mK to collect phonons

Interleaved electrodes
for 1onization
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SuperCDMS Soudan b SN

577 kg days optimized for ~GeV WIMPs:

Lindhard nuclear-recoil energy [keVnr]
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Single -Phase Liguid Noble

Worked great for n experiments:

Vertex position from scintillation (S1) hit pattern
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XMASS

A Single -phase liquid xenon
A @ Kamioka (Japan)
A642 2.506 hex
A 830kg total, 100kg fiducial
A Light yield 14 PE/ keVee

e
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Inelastic Scattering

XMASS 1401.4737
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XMASS Modulation Analysis

Exposure & background similar to DAMA
but not so modulating:

051.0keVeg

Sm: -5.128-03 = 4.57a-03

1.36

Residual rate [events/daykg/hkaV,, m]

Days fram 2014.Jan.1st

XMASS XMASS Naive DAMA
data 0.8t yr Dbest fit modulation comparison
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Argon: Pulse Shape Discrimination

Ar," dimer 0.05 ' ' ' '
singlet state decays s il aamn L4 L Ly o Lammamaany
with 6ns, triplet ~u P T
. E" nuclear
state with 1.5 ns. s OF n e ;
e.g. in DEAP3600: E LIS 1
0.2 |- -
0.95 '. '. '.
0
Excellent 2 05 | , Aldl |
1:10 ¢ discrimination E;D 0.1 | electronic -
but only at high energy E 015 recoll !
threshold ~40 keV * o2l) J
(DarkSide -50) 025 . . . .
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Time [ns]
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DEAP -3600 Status

A Single -phase liquid argon
_A @ SNOLAB (Canada)
=A Acrylic vessel
5(/3\ 3.6t argon total, 1t fiducial
~A 255 86 PMTs

SA Resurfacer removed 500 mm
5 reduced Rn by factor 2000
¢A data taking started
A 10-46cm? sensitivity

after 3 years 755

Detector neck
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Two-Phase Liquid/Gas TPC

Time Projection Chamber Vertex position from S2
top PMTs hit pattern & drift time
(position) . . . with ~mm resolution
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DarkSide -50

A Two-phase liquid argon

A @ Gran Sasso (ltaly)

A 153kg total, 46kg fiducial

A Surrounded by borated
liquid scintillator  veto




DarkSide -50 Status
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XENON100

A Two-phase liquid xenon
A @ Gran Sasso (ltaly)
A 161kg total, ~34kg fiducial
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Xenon: S2/S1 Discrimination

0Co, 232Th and #**AmBe calibration
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XENON100 Candidate, E~3keV

Ample, redundant information even at lowest energies:

A Scintillation S1 size. S1 PMT pattern. iis1
A lonization S2 size. S2 PMT pattern. i
A Single/Multiple  Scatter. .

A Electronic/Nuclear Recoil.
A Vertex position.
A S2 width. |-
A Timing.
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XENON100
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Two-phase liquid xenon
@ Gran Sasso (Italy)
161kg total, ~34kg fiducial

Lot s of
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XENON100 excludes DAMA for good

Excludes

A axial -vector DM @ 4.4 R
A mirrorDM @ 3.6 R

A luminousDM @ 4.6 R
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