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Directional detection

WIMP e

<vy>=220 km/s T~~~ g .
Nuclear recoil

Target nucleus O (1-100 keV)

An additional obgervable: the nuclear recoil direction
D.N. Spergel. Phys. Rev. D. 37 (1988) 1353

WIMP arrival directions Angular distribution of nuclear recoils
in galactic coordinates 19F [5-50] keV and myy;p=100 GeV/c?

1.0 Arbitrary units

From Cygnug Constellation (1= 90,b = 0) J. Billard et al. Phys. Lett. B. 691 (2010) 156
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Phenomenology

Interests of the dark matter directional detection compared to
the standard direct detection

1) Discovery: an anistropy in the nuclear recoil angular distribution
would provide a non-ambiquous signal, even with small numbers of
events (background is expected isotropic)

O (IO) WIMP eventg if no background B. Morgan et al., Phys. Rev. D 71 (2005)
() (100) WIMP events if S/B =1 J. Billard et al, Phys. Rev. D 85 (2012)

100 WIMPs + 100 Bckg

Numb er af even

2) ldentification: dark matter properties can be constrained from the
anqular distribution

WIMP magg and crogs section, Main arrival direction (1, b),
Drift velocity dispersion

J. Billard et al., Phys. Rev. D 83 (2011)
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Current projects

Most of projects use a low pressure gas TPC with CF, (°F ag target)
See website of Cygnus workshop 2013 for the current status

DRIFT
DMTPC (Boulby mine)
(WIPP)
NEWAGE
(Kamioka)
N ps
(Hawai U.)
Emulgiong
(LNGS)
MIMAC
(LSM)
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Expected sensitivity

9F agtarget and low pressure — proton gpin-dependent interaction
(could be competitive on SI only at low WIMP mass with a very low energy threshold)
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WIMP mass (GeV/c?)

For an exposure of 30 kg.year

D. Albornoz-Vasquez et al., Phys. Rev. D (2012)

MSSM + LHC regulte
—) O0,/0n | 1.3

Some room...
XENONIT might close the window
... or open the door !

See F. Mayet's talk at Cygnus workshop
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Key parameters for detectors

Enerqgy threchold the lower the better as for the direct detection
specially for low mass WIMP.

Angular resolution not the most crucial parameter since we look at the
nuclear recoil distribution

Senge recognition (head-tail) Discovery sensitivity
not mandatory, we canlive without g [ 71 T g B
a3 Eﬂ.‘:upp 2010 ;
& »
; W . E Simple 2011 §
Without e

Detector B

Background

Axial cross-section on proton (pb)

Detector A

E:n [keV] | Ry [evts/kg/year| | o [°] | enT [%]

Detector A 5 0 20 100 B
10 J. B|IIard et al., Phys. Rev. D
Detector B 20 10 50 0 i Lo 1|

10 %MP mass (GeV/c?)
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The MIMAC project 6

TPC with micromegas => 3D tracks + energy
Low pressure 50 mbar (40 torr)
Gas mixture CF, (709%) + CHF, (28%) + C,H,, (29) (target = '°F)

First prototypes Bi-chamber module Matrix of bi-chambersg
(2007-201) SL=1gCF, 0.5 m* =100 g CF,

LPSC (Grenoble) G.Bosson, O. Bourrion, Ch. Fourel, O. Guillaudin, J. Lamblin, M. Marton,
F. Mayet, J.-F. Muraz, A. Pelissier, J.-P. Richer, Q. Riffard (Ph.D), S. Roudier, D. Santos

CCPM (Margeille) J. Busto, Ch. Tao, D. Fouchegz, J. Brunner
IRSN (Cadarache) L. Lebreton, D. Maire (Ph. D.), J. Médard
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The bi-chamber module

Buffer volume
1 bar (750 torr)

Gas recirculation

Pressure
regulator

Flow
controller
50 mbar (40 torr)

25 cm

.
]

— Grid —— Cathode
+470V -4.5 kV

? —
drift E drife
—

® & & & & & 0 ® & & & & & & & & 0 0 @

Field rings
Stainless steal
chamber

X-ray tube Cu, Pb, Cd
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Track meagurement

cathode /
Sampling VA— —

@ 50 MHz

Vdrift ~ 25 ym/ng

grid

micromegas /

256 ym I /anode

48
Y

46 76
4% 42 40 oo gg 70 72 7% Uy

24

Fluorine recoil candidate ~100 keVnr
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Enerqy measurement 9

Ionization enerqgy measured

1=
with a charge integrator qﬂ’}) 1o ]
connected to the grid § 3 -
Calibration = X-ray fluorescence ®
- Cd, Cu, PP (foils), i
- Cr, Fe (stainless steal) 10° 3
=> electronic recoils [3 keV; 12 keV] ,J-ljnj RN

0 50 100 150 200 250 300 350

2959 ADC Channel
s 300F Excellent gain linearity
§250;— Regolution (c) ~ 9 % @ 8 keV

200 Nuclear recoil enerqy scale

150 Preliminary quenching

100F- measurements performed at LPSC

e m [1.25 keVee; 25 keVee]

Energy (keV) <> [5 keVnr; 50 keVnr]
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ECR source

Gas volume |
with -
Micromegas E

Extraction
field

Electron and Ion gource from 5 keV to 50 keV being developed at LPSC

Will be used soon to calibrate the detector (nuclear recoil enerqy scale)
and to characterize the track measurements (efficiency, angular
regolution, diffusion)
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Backqground studies B

First underground run at LSM during summer Z012.

Remote control and operation.

Calibration peak position
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Stable operation
during 3 months.,



Alpha = few MeV

250 —
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Nuclear recoils =

high ionization density
=> gmall track
=> short grid signal duration

~40 keVee
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Event discrimination 12

® Electron = low ionization density => no track or only few pixelg

=> long straight track and energy saturation
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Backqground origing 13

~200 alphas per hour: Gas recirculation No gas
. Rtee et nte recirculation
® 2/3 from ??ZRn (and its progeny) Alphag o
coming from the gas recirculation 10° =
system (few 10 mBq/g) vk
3 -
® 1/3 from detector materials (U, Th) £ [
= i 1 = 3.8 days
Nuclear recoils: 2 enerqy peaks = [ 4
m1000— E‘E ++ ++++* “M +
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The fight has just started..

Upgrades:
® New pump with a better leak rate  => No Radon from the lab

® Time synchronisation of chambers | => Anti-coincidence to reject
® New thinner cathode (12 uym) nuclear recoils from the cathode

® Faster electronics  => Pulse chape analysis of the grid cignal

The upgraded detector is going back to LSM this week.
New run will start next week!

Alsgo under study:
® Radon filter
® Material gelection

® Track analygsis to discriminate fluorine from heavy iong
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® Directional detection could provide a non-ambiquous
signature of dark matter.

¢ GStill some room in the parameter space of spin dependent
interaction.

® MIMAC = a detector able to measure 3D tracks and
energy of nuclear recoils at low energy.

® A detailed characterization of the detector is forthcoming
and the background is under study.

® Next step: cubic meter scale.
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