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Why Directionality?
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Signal Modulation
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Dark Matter Recoils
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DMTPC Collaboration
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Detector Papers 
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T. Caldwell et al. [DMTPC] arXiv:0905.2549 (2009)
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Detector Concept
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Detector Concept

7

-V

+V

+V+V

Gnd

χ

χ

F

CCD PMTPMT

Primary Ionization and Scintillation



PATRAS, 13 July 2009

Detector Concept
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Detector Concept
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Detector Concept
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Prototype Detector
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G10

SS ring

Resistive separators (fishing

lines) dia=0.5mm, every 2.5cm

e-

SS mesh

~28cm
CCD

readout

area

Materials:

- copper (SS)

- Fluorocarbon wires

- G10, nylon

cm

Minimal Materials:
copper, G10, 

nylon, steel, fishing wire



! !

!
"
#"
$%
&

!"#"$%&

'($)(*+,-(
$$.

-(%/01
$2-/&$3/3*1$10453

$$60-(%30/7$/2$3-*%8

$$9(7+($/2$:0-(%30/7

;/-$7,%1(*-$-(%/01+<

:.=:>$!"#$"%&"&

*1/74$3-*%8

PATRAS, 13 July 2009

Directionality
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Bragg Peak

Total energy is given 
by amount of light 

deposited

Angle and sense 
are given by 

knowledge of the 
energy deposition
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Incident neutrons

Directionality and Head-Tail

Dujmic et al. Astropart. Phys. 30 (2008) arXiv:0804.4827100 pixels = 6 mm

6 mm

935 keV 550 keV

530 keV 475 keV

365 keV 313 keV
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Nuclear Head-Tail
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Dujmic et al. Astropart. Phys. 30 (2008) arXiv:0804.4827
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Dujmic et al. Astropart. Phys. 30 (2008) arXiv:0804.4827
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Skewness
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Dujmic et al. Astropart. Phys. 30 (2008) arXiv:0804.4827
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Background

Study

Surface (basement) lab

5-second exposures (shutter-less)

Without trigger - every image saved 

Refill gas every 24h

Exposure ~ 44 g·day

Mass~3.3g

(3 weeks)

1% gain stability/day

1% width stability

Detector stability

Surface Background Run
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๏ Basement lab at MIT

๏ Triggerless, remote 
operation

๏ 5s CCD exposures

๏ Refill gas every 24 
hours

๏ 70% live time

๏ 1% gain stability
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Data Without Cuts
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Alphas Background
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Alpha

๏ From U, Th decays 
in materials

๏ Efficiently remove 
with edge cuts, 
range/energy

๏ Reduce with 
radiopure materials
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Worms
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DMTPC
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?

๏CCD effect
๏Remove most in 
software with energy 
density cut
๏Reduce by going 
underground, new 
hardware
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Final Cuts
Energy range:  110-200 keV

Measured # bg events:  7

Expected # bg events:  21

Detector live time:  10.8 days

Active detector mass:  0.0033kg

Limit calc

Preliminary Background Rate
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๏ Observe 7 recoil events in 110-200 keV range

๏ 10.8 day live-time

๏ 3.3 g detector mass

Preliminary

Preliminary



! !

!!"#$%&$' ($)*+&+,+&-

!"#$%&'(
)*+,-./0

/)123-1/0,4+0
5046)/+7/80
/7/91):0

;'06<=0
/>?/.1/80

0@AA=B8-C:
DE&&'</F0G

PATRAS, 13 July 2009

Expected Sensitivity
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MSSM
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Going Underground
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Waste Isolation Pilot Plant

๏New 10L detector with purer materials and four cameras
๏~1600 m.w.e passive shielding and active neutron monitoring
๏Low radon contamination, < 7 Bq/m3

Site of 
DMTPC

Camera (1 of 4)

Active Region

Gas System

PMT
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Projected Sensitivity
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Xenon10

KIMS DMTPC 10 L 
with 50 keV 

threshold 
underground 
for 1 year at 

100 torr

MSSM

CMSSM
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Scaling to 1 m3
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32

Scaling to larger volumes

Cubic meter module

• 0.38 kg   (75 torr)

• 1/2,500 ton

Four drift
regions

1.2 m

Four drift 
regions

1.2 m
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lens

pmt
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DMTPC 100 kg-y
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Ongoing and Future Work
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๏Use secondary detection (PMTs, charge readout) to improve 
reconstruction
๏Different gas mixtures (e.g. Xe/CF4 mixes)
๏Incorporate inelastic dark matter models 
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Summary
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๏ Demonstrated operation of a 
CCD-based gas detector with 
directional sensitivity

๏ Collected and analyzed surface 
run background data

๏ Plans for underground operation 
at WIPP


