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Dark matter is invoked to explain a plethora of 
astronomical and cosmological observations.

Example:  Luminous matter distribution vs gravitating matter 
distribution in the bullet cluster.

optical/x-ray optical/lensing

http://chandra.harvard.edu/
photo/2006/1e0657/ 2
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WANTED
preferably cold

WIMP
For gravitationally dominating the universe.

Reward: Nobel Prize (probably)

• Stable (or very long lived) 
• Abundant
• Weak interaction
• Heavy (>100 GeV).

χ
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The DEAP-1 prototype LAr based Dark Matter detector.
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WIMP detection in DEAP-1:

Acrylic Tetraphenyl
Butadiene
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PSD: Nuclear recoil traces differ from EM traces …

nuclear recoil 
(neutron, WIMP)

EM
(β, γ)

 PMT
Liquid Argon
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prompt window
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… they have a higher Fprompt value.

Data from an AmBe 
(neutron emitter) run

nuclear recoil band 
(neutrons)

EM
(β, γ)
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Background seen in 
nuclear recoil band 
at energies from 0 
to 8 MeV.

Simulated spectra

Acrylic TPB Argon
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Surface background model.
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22
2 Rn

21
8 Po

21
4 Po

210Po 22
0 Rn

21
6 Po

Radon spectrum leaves a maximum of 4⋅10-5 Hz unexplained. 
This is inconsistent with surface background model.

Ntotal 516 ±23

Ntagged 529 ±40

Nfitted 496 ±35
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Background seen in 
nuclear recoil band 
at energies from 0 
to 8 MeV.
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 PMTacrylic 
lightguide

stainless steel frameacrylic vesselTPB wavelength shifter

Liquid Argon(7kg, 84 K)

Neck

glass window

acrylic window

acrylic vessel

reflector sleeve

TPB
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Geometric background model:  There are areas in the detector 
from which not all scintillation light reaches the PMTs ...
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... this leads to geometric background events.

Z
fi
t

TotalPE

Radon spike data
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Rate in low energy windows follows radon decay.
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ZFit (not calibrated)
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A closer look at the 
high and low energy 
regions after the 
radon spike.



3 6 0 0
D E A P � �

Detector modification to eliminate gaps:

Courtesy M. Kuźniak

Plug

Smaller neck hole

Overlapping windows
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Background seen in 
nuclear recoil band 
at energies from 0 
to 8 MeV.

G1
34.8 d

G2
37.8 d

G3
12.1 d

A

A

A

B

B

B

C

C

C

D

D

D

D

D

D

B

B

B

B

B

B

Acrylic coated chamber

Gap-free chamber



3 6 0 0
D E A P

Surface background model now fits data.
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About 3/4 of 
214Po is missing.

< (5 ± 0.5) · 10−19 g/g
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Surface background model now fits data.
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Low energy background is now dominated by 214Po on 
TPB. 

214Po missing at 
high energies: 142±10

214Po found at 
low energies: 180±30

A
crylic

T
PB

A
rgon

214Po alpha from TPB surface

4 PE/keV

0.2 PE/keV*

0 PE/keV

*  Pollmann, T. & Boulay, M. Scintillation of thin tetraphenyl 
butadiene films under alpha particle excitation. Nuclear 
Instruments and Methods in … (2011).
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Limit on radon rate for 
DEAP-3600 from this: 
RRn < 1 · 10−4Hz. 


