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An Intriguing Time 
for Dark Matter 

Searches

NB: 1 GeV ~ 1 proton mass
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Annual Modulation

2-5 keV

8.8 σ C.L. detection

DAMA signal in Sodium Iodide

~11.5 years, 192,000 kg-days of data



Probing the DAMA 
Signal in Antarctic Ice

50m

1450m

2450m

2820m

bedrock

IceCube lab

IceCube In-Ice array
80 strings each with 
60 DOMs

AMANDA-II 
array
(IceCube pre-
cursor)

DeepCore
6 strings each with 
60 high quantum 
efficiency
DOMs; optimized for 
low
energies

NAIAD NaI Crystal (8.5 kg)

DM-ICE 2 prototype
modules installed



Model-Independent: Assume DAMA-like signal, statistics

•  5-σ detection of DAMA-like signal with a 250-
kg / 2-year running time (2 - 4 keV) and 
comparable backgrounds to DAMA

simulated signal

Na

I

500kg-year exposure

Spin-Independent

DM-ICE sensitivity

http://arxiv.org/abs/1106.1156

http://arxiv.org/abs/1106.1156
http://arxiv.org/abs/1106.1156


Diurnal Modulation

The direction of the WIMP 
wind relative to the 
detector varies as the Earth 
rotates on its axis.

PROBABILITY DENSITY
FOR TARGET RECOIL 

ANGLE

RECOIL ENERGY
VS TARGET

RECOIL ANGLE Recoil track direction
correlated with WIMP
direction of incidence.
Seek oscillation in track
orientation having
diurnal frequency.



Gas detectors
High density liquid or solid targets in which 

WIMPs cause 1keV-100keV nuclear recoils yield
tracks a few nm long. Unresolvable with current tech.

However, a low pressure gas may yield tracks a few
mm long for a few keV energy deposit. 

Gas detectors have to be much larger in volume than 
liquid or solid targets to achieve the same target mass, but 

they are good at rejecting gamma backgrounds, and
they have the potential to detect diurnal modulation.



DRIFT-II
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S. Burgos et al., Nucl. Instr. Meth. A 584, 114 (2008)

NI-TCP (negative 
ion time projection)

Introduced by 
Jeff Martoff
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See Steve Sadler’s talk tomorrow !



MWPC readout

1m

1m

ΔX: Number of anode wires 
hit
ΔY: Number of grid wires hit
ΔZ: Drift time between start 
and end of track

• Anode plane of 512 20μm wires 
with 2mm pitch

• 2 grid planes of 512 100μm wires 
perpendicular to anode plane, 
2mm pitch - one of which is read 
out
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DRIFT-II at Boulby

• Lab at depth of 1100m (2800 
m.w.e)

• Cosmic ray flux = 4.1×10−8 
cm−2 s−1       [M. Robinson et. al, 
NIM A 511 (2003)]

• Polypropylene pellets of 
>67cm depth on all sides

• Equivalent to 40g/cm2 solid 
hydrocarbon passive 
shielding

• Lead shielding not required 
due to detector’s inherent 
insensitivity to electron recoil 
events

• Experiment operations and 
use charge for underground 
site at Boulby provided by the 
U.S. National Science 
Foundation.

Middlesborough

Whitby

Staithes

York



DRIFT-II spin-
dependent limit

IWS RMST generated from 100 GeV WIMPs is shown in Fig. 6. In
this run 9000 WIMP-F recoil events were generated, 700 events
passed all analysis cuts and 118 events fell within the acceptance
window. Similar results were then scaled to obtain a 90% C.L.
WIMP–nucleus interaction cross section. The procedure outlined
in [17] was used to convert the WIMP–nucleus interaction cross-
section into a WIMP–proton interaction cross-section for compar-
ison with other experiments.

7. Results and discussion

The limits obtained from this procedure are displayed in Fig. 7.
Several comments are appropriate. First, none of the other groups’
limits use a consistent set of WIMP velocity parameters making
comparisons difficult. The parameters for the DRIFT curve are the
same as for the PICASSO experiment. Second, this was not a ‘‘blind’’
analysis. For future DRIFT results the procedure for a fully ‘‘blind’’
analysis of the data is now established and will be used. The limits
shown in Fig. 7 serve to demonstrate that the limit setting power of
the DRIFT-IId detector, despite its low mass, is within a factor of 20
of the world’s best spin-dependent WIMP–proton limits.

8. Conclusion

A direct search for Weakly Interacting Massive Particles was
conducted with the DRIFT-IId detector operating with a gas mix-
ture that provided sensitivity to spin-dependent interactions, and
in a mode that retained its ability to reconstruct the direction of
nuclear recoils at low energy. A 47.4 live days exposure of 0.8 m3

of 30 Torr CS2 and 10 Torr CF4 revealed a population of events con-
sistent with recoil decay progeny of radon nuclei located on the
central cathode. A technique based on spatial diffusion was used
to fiducialize and reject these events. A non-blind analysis of the
remaining fiducial volume then allowed the exclusion of proton
spin-dependent interaction cross sections displaying a minimum
in sensitivity (90% C.L.) at 1.8 pb for a WIMP mass of 100 GeV/c2.
These results demonstrate that future directionally sensitive DRIFT
devices will be competitive in the search for dark matter.

Acknowledgments

We acknowledge the support of the US National Science Foun-
dation (NSF). This material is based upon work supported by the
NSF under Grant Nos. 0855933 and 0856026. Any opinions, find-
ings, and conclusions or recommendations expressed in this mate-
rial are those of the author(s) and do not necessarily reflect the
views of the NSF. We are grateful to Cleveland Potash Ltd and
the Science and Technology Facilities Council (STFC) for operations
support and use of the Boulby Underground Science Facility.

References

[1] K. Nakamura et al., J. Phys. G 37 (075021) (2010) (Particle Data Group).
[2] S. Ahlen et al., Int. J. Mod. Phys. A25 (1) (2010) 1.
[3] D.P. Snowden-Ifft, C.J. Martoff, J.M. Burwell, Phys. Rev. D 61 (2000) 1.
[4] G.J. Alner et al., Nucl. Instr. Methods A 555 (2005) 173.
[5] S. Burgos et al., Nucl. Instr. Methods A 600 (2009) 417.
[6] S. Burgos et al., Astropart. Phys. 31 (2009) 261.
[7] B. Morgan, Dark Matter Detection with Gas Time Projection Chambers, Ph.D.

Thesis, University of Sheffield, 2004.
[8] K. Miuchi et al., Phys. Lett. B 654 (2007) 58.
[9] S. Burgos et al., Astropart. Phys. 28 (4–5) (2007) 409.
[10] K. Pushkin, D.P. Snowden-Ifft, Nucl. Instr. Methods A 606 (2009) 569.
[11] D.P. Snowden-Ifft et al., Nucl. Instr. Methods A 498 (2003) 155.
[12] A. Hitachi, Rad. Phys. Chem. 77 (10–12) (2008) 1311.
[13] T. Ohnuki, C.J. Martoff, D.P. Snowden-Ifft, Nucl. Instr. Methods A 463 (1–2)

(2001) 142.
[14] J.F. Ziegler, J.P. Biersack, U. Littmark, The Stopping and Range of Ions in Solids,

Stopping and Ranges of Ions in Matter, vol. 1, Pergamon Press, New York, 1984.
http://www.srim.org/.

[15] L. Rolandi, W. Blum, Particle Detection with Drift Chambers, Springer,
Germany, 1994.

[16] J.D. Lewin, P.F. Smith, Astropart. Phys. 6 (1996) 87.
[17] D.R. Tovey et al., Phys. Lett. B 488 (2000) 17.
[18] S. Archambault et al., Phys. Lett. B 682 (2009) 185.
[19] G.J. Alner et al., Phys. Lett. B 616 (2005) 17.
[20] H.S. Lee et al., Phys. Rev. Lett. 99 (091301) (2007) 1.
[21] E. Behnke et al., Phys. Rev. Lett. 106 (021303) (2011) 1.

Fig. 7. Spin-dependent WIMP–proton limits from the DRIFT-IId detector. DRIFT
limits are shown in black while limits from PICASSO [18], NAIAD [19], KIMs [20],
COUPP [21] and are shown in orange, green, red and blue. Note that DRIFT is the
only directionally-sensitive experiment shown here. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)
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RPR background

be, on average, larger than the width of a WIMP recoil event. An
accurate measure of the width of the event is crucial for this pro-
cedure to work. Induced pulses severely affect the anode lines
and therefore a procedure, discussed in [5], was developed to re-
move the effect of induced pulses from individual anode lines.
Due to the grouping of the wires the induced pulses on anode lines
far from the main ionization have about the same size. Therefore

the line furthest from the line with the most ionization was sub-
tracted from all of the other lines. This procedure produces induced
waveform subtracted (IWS) anode lines. The most accurate mea-
sure of the width of an event was found to be the IWS anode
sum line rms time of the pulse (RMST). Fig. 2 shows a plot of F re-
coil equivalent energy vs. the IWS RMST for both science run data
(in black) and neutron recoil data produced (in red2) by a 252Cf
source, discussed below. As discussed in [5], neutron recoils from
a 252Cf source are a good approximation of nuclear recoils from
massive WIMPs. As expected, the neutron recoil events had, on
average, smaller IWS RMSTs than the RPR events providing a rough
way of discriminating these two populations. To emphasize this
point Fig. 3 shows just the IWS RMST distributions. Fig. 4 shows
only the science run data along with an acceptance window at
small IWS RMST in which F recoils are expected but in which none
were observed. Limits could therefore be obtained from this data
set.

5. Recoil calibration and simulation

As discussed in [5], elastic recoils from 252Cf neutrons provide
an ideal calibration data set. Data taken during an exposure of
the DRIFT-IId detector to 252Cf neutrons on February 16th 2010, to-
wards the end of the science run, was used for this purpose. A hol-
low plastic tube of diameter 10 cm was inserted vertically through
the shielding centered on the plane containing the central cathode
and 10 ± 1 cm in from the front door and the pellets inside were re-
moved. The 252Cf source was then placed on the top of the vacuum
vessel inside this hole. The activity of the source at the time of the
exposures was 3700 ± 200 neutrons/s (manufacturer’s information
and an independent measurement by the DRIFT collaboration [9]).
To inhibit gamma ray interactions the source was contained within
a cylindrical lead canister of wall thickness 1.3 cm and outer
dimensions 5 cm diameter by 11 cm length. 0.819 live time days
of data were recorded. After analysis cuts the average rate of

Fig. 2. A plot of the F recoil equivalent energy vs. the IWS RMST, which is a measure
of the width of an observed event, for both science run events, shown in black, and
neutron recoil events, shown in red. As expected, the neutron recoils events had, on
average, smaller IWS RMSTs than the RPR events providing a rough way of
discriminating these two populations. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. A histogram of the IWS RMST distributions, for both science run events,
shown in black, and neutron recoil events, shown in red. The two distributions were
scaled so as to have the same number of overall events. As expected, the neutron
recoils events had, on average, smaller IWS RMSTs than the RPR events providing a
way of discriminating these two populations. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this
article.)

Fig. 4. A plot of the F recoil equivalent energy vs. the IWS RMST for all science run
events. An acceptance window obtained after the data was analyzed (i.e. not a blind
analysis) is shown in tan. There are no events in this window but, from Fig. 2, WIMP
F recoils would be expected there if present in sufficient numbers.

2 For interpretation of color in Figs. 2, 3 and 5–7, the reader is referred to the web
version of this article.
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taken with a neutron 
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Aluminized Mylar 
Cathode

!"#$%&

!"'$()&

-!

-!
-!
-!

-! -!
-!

0.9 µm

Range 37µm

α

Resulted in the
RPR event rate
dropping from 
36/day to 6/day.



Head-tail information in 50-100keV
range from DRIFT
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DRIFT III 
Results from further NSF funding for hardware,
underground operations, and Boulby infrastructure.
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See Steve Sadler’s talk tomorrow for more detail on 
DRIFT
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(Thanks to Jocelyn Monroe for contributed material)



e-

G10

SS ring

Resistive separators, dia=0.5mm, every 2.5cm

CCD 
readout 
area

Amplification Plane

D. Dujmic et al., Astropart. Phys. 30 (2008)

~28cm

SS or Cu mesh

Copper Mesh, 256 um pitch

RHUL   Jocelyn Monroe                                                                                                                    February 24, 2012



Surface Run Results
nuclear recoil selection cuts, 
set using calibration data 
(note: no charge readout)
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S. Ahlen et al., Phys. Lett. B 695 (2011)
surface neutron flux measurement: T. Nakamura, T. Nunomiya, S. Abe, K. Terunuma, and H. Suzuki, 
J. of Nucl. Sci. and Tech. 42 No. 10, 843 (2005).

observed 105 events above 80 keV threshold chosen for dark matter search (threshold 
chosen for max. recoil efficiency), consistent with neutron prediction (74 events)

(C. Deaconu)

RHUL   Jocelyn Monroe                                                                                                                    February 24, 2012



WIMP mass (GeV)
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DMTPC limit
(surface, 38 gm-day)

DM-TPC Surface Run Result

cMSSM theory

DMTPC 10L surface

S. Ahlen et al., 
Phys. Lett. B 695 (2011)

RHUL   Jocelyn Monroe                                                                                                                    February 24, 2012

Theory region: 
Rozkowski et al JHEP 07  (2007) 075
Ellis et al PRD63 (2001) 065016



Plans for DMTPCino
at WIPP
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NEWAGE

50cm drift distance, 32 by 31cm micro TPC readout.

GEM (8-segmented) 
•  size: 32x31cm 
•  thickness : 100mm 
•  hole : 70mm 
•  pitch : 140mm 

0.1 atm CF4

50cm



NEWAGE surface 
results

Future 1m3 detector proposed - 108 yen (£0.75M)



MIMAC

MIMAC Prototype Chamber 

CYGNUS 2011 – Aussois June 8th,2011  D. Santos (LPSC Grenoble) 

prototype chamber
MicroTPC Matrix of chambers

The MIMAC-micromegas 100x100 (bulk) 

CYGNUS 2011 – Aussois June 8th,2011  D. Santos (LPSC Grenoble) 

New MIMAC electronics (512 channels) 

CYGNUS 2011 – Aussois June 8th,2011  D. Santos (LPSC Grenoble) 



3D track reconstruction3D Track  : 5.9 keV electron (55Fe) 

He + 5% iC4H10 

350 mbar,  

150 V/cm 

Typical 
background in 
DM detection 

D. Santos (LPSC Grenoble) CYGNUS 2011 – Aussois June 8th,2011  

55Fe X-ray

http://arxiv.org/pdf/1006.1335.pdf

3D track :   Alpha 5,5 MeV (222Rn) 

He + 5% iC4H10 

350 mbar,  

150 V/cm 

D. Santos (LPSC Grenoble) CYGNUS 2011 – Aussois June 8th,2011  

5.5 MeV α, (222Rn)

CYGNUS 2011 – Aussois June 8th,2011  D. Santos (LPSC Grenoble) 

Recoil of 19F 
(Eion~40 keV) 
in 50 mbar of 
CF4 + CHF3 (30%)  

http://arxiv.org/pdf/1006.1335.pdf
http://arxiv.org/pdf/1006.1335.pdf


Bi-chamber module (Modane ) 
2x (10x10x25 cm3) 

(November 2011 !) 

CYGNUS 2011 – Aussois June 8th,2011  D. Santos (LPSC Grenoble) 

2 of 10 by 10 by 25 cm modules
installed at Modane and 

MIMAC Current 
Status, Future PlansMIMAC – 1m3 

CYGNUS 2011 – Aussois June 8th,2011  D. Santos (LPSC Grenoble) 
MIMAC 1 tonne



How big is a 1 tonne 
directional detector?
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Super-KamiokandeSNOMINOSMini-
BooNE

14x14x14m 
DRIFT

Large, certainly, but not out of the question.
However, a project of this scale would require
a large, coherent, international collaboration.



Conclusions
Annual modulation is an important galactic signature. But, it’s a 

terribly subtle.
Diurnal modulation is potentially more powerful.

Gas TPCs have demonstrated that they could detecting diurnal 
modulation. This may be the only way to be sure of a detection.

The U.K.D.M.C. / more recently the U.K. members of the DRIFT
collaboration continue to improve sensitivity, scale up.

Several groups have made pioneering strides in new
more finely segmented readout technology.

To build 1 tonne of Gas TPC will require an international 
collaboration. It is by no means an impossible task, using existing 

technology.  Take the best of what everyone has, and pool it!


