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Direct Detection Spectrum  
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recoil energy Er [keV] 

Acceptance necessarily drops to 0 at Er=0:  

Measured signal is a bump after all.  

mc = 1000 GeV 

mc = 100 GeV 

mc = 10 GeV 

Elastic non -relativistic scattering.  

Falling exponential spectrum,  

e.g. Xe target, s =10 -45cm 2: 
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ÅItõs about sensitivity, no point in òzero backgroundó 

 

ÅOptimize  

 

 

Å Increase Signal  

ÅHigh -A targets  

ÅMassive detectors, long exposure  

ÅOptimize analysis to retain maximum acceptance  

 

ÅDecrease background  

Signal/ãBackground 
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Background Reduction:  

ÅGo underground  

ÅShield and use active veto  

ÅUse only low -background materials  

ÅEmploy pure targets  

ÅFiducialize  

ÅDiscriminate ER Ƅ NR 

ÅDisentangle artefacts  

 e.g. surface events, pile up, é 

 limiting systematic for all past experiments  

 Ƃ extract redundant information from each event 

 

Signal/ãBackground 

 easy to simulate (e.g. GEANT4)  

tricky: each detector  

is a one -of-a-kind  
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SuperCDMS  
Germanium or Silicon calorimeters  
 

Cooled to mK  to collect phonons  
 

Interleaved electrodes  

for ionization  
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577 kg days optimized for ~GeV WIMPs:  

SuperCDMS  Soudan Ƃ SNOLAB 
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SuperCDMS  

CoGeNT 2013  

> Order  

of magnitude  

Expect            events  

Observe 11 (8+3)  

Excludes CoGeNT 

(and CDMS -Si) excess  

 

CDMSLite  
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Worked great for n experiments:  

Single -Phase Liquid Noble  

hn 

hn 

PMTs 

liquid  

Vertex position from scintillation (S1) hit pattern  
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ÅSingle -phase liquid xenon  

Å@ Kamioka  (Japan)  

Å642 2.5ó hex PMTs 

Å 830kg total, 100kg fiducial  

Å Light yield 14 PE/ keVee 

XMASS  
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Inelastic Scattering  
cross -check limits, measure halo  

129 Xe 129 Xe* 129 Xe+g40keV 
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Exposure & background similar to DAMA  

but not so modulating:  

XMASS Modulation Analysis  
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XMASS  

data 0.8 t yr  

XMASS  

best fit modulation  

Naïve DAMA  

comparison  
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Ar 2
* dimer  

singlet state decays  

with 6ns, triplet  

state with 1.5 ms. 

e.g. in DEAP3600:  

 

 

 

Excellent  

1:10 6 discrimination  

but only at high energy 

threshold ~ 40 keV nr  

(DarkSide -50) 

 

Argon: Pulse Shape Discrimination  

B
e

rt
a

 B
e

lt
ra

n
 T

A
U

P
2
0
1
5

 

nuclear  
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electronic  
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ÅSingle -phase liquid argon  

Å@ SNOLAB (Canada)  

ÅAcrylic vessel  

Å 3.6t argon total, 1t fiducial  

Å255 8ó PMTs 

ÅResurfacer  removed 500 mm 

 reduced Rn by factor 2000  

Å data taking started  

Å 10 -46cm 2 sensitivity  

 after 3 years  

 

DEAP-3600 Status  
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Two-Phase Liquid/Gas TPC  

bottom  

PMT array  

(S1, S2)  

Time Projection Chamber  

top PMTs  

(position)  

gas 

liquid  

+ 

- cathode  

anode  

S1 S2 

e- 
e- 

e- 

drift time  

Vertex position from S2 

hit pattern & drift time 

with ~mm resolution  

hn 
hn 
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ÅTwo-phase liquid argon  

Å@ Gran Sasso (Italy)  

Å153kg total, 46kg fiducial  

ÅSurrounded by borated  

 liquid scintillator veto 

 

 

DarkSide -50  
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Use underground 

Argon to get rid 

of 39Ar : 

 

 

DarkSide -50 Status  

565keV  687keV  

Atmospheric argon  

Underground  
            argon  
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ÅTwo-phase liquid xenon  

Å@ Gran Sasso (Italy)  

Å161kg total, ~34kg fiducial  

 

XENON100  
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~99.5% ER rejection @ 50% NR acceptance  

energy threshold ~3keV nr  

17  

Xenon: S2/S1 Discrimination  
60Co, 232 Th and 241 AmBe calibration  
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S1 / PE  
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Ample, redundant information even at lowest energies:  

ÅScintillation S1 size. S1 PMT pattern.  

Å Ionization S2 size. S2 PMT pattern.  

ÅSingle/Multiple Scatter.  

ÅElectronic/Nuclear Recoil.  

ÅVertex position.  

ÅS2 width.  

ÅTiming.  

18 

XENON100 Candidate, E~3keV nr  

S2 

S2 S1 

S1 
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ÅTwo-phase liquid xenon  

Å@ Gran Sasso (Italy)  

Å161kg total, ~34kg fiducial  

ÅLots of limitsé 

 

XENON100  
spin -independent  

spin -dependent proton  

spin -dependent neutron  

X
E

N
O

N
1
0

0
 1

2
0

7
.5

9
8

8
, 

1
3
0

1
.6

6
2

0
, 

1
4
0

4
.1

4
5

5
 

solar axions  

axion -like particles  
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XENON100 excludes DAMA for good  
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Excludes  

Åaxial -vector DM @ 4.4 Ȓ 

Åmirror DM @ 3.6 Ȓ 

Å luminous DM @ 4.6 Ȓ 

XENON100 background 

smaller than 

DAMA/LIBRA 

modulation amplitude  


