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Directional Detection of Dark Matter

Direct detection requires high rejection factor against
background, which need to be very precisely
understood (radiopurity of materials, neutrons, ...)

Directional Detection
gives a clear and unambiguous signature for WIMP

The solar system rotates around the center

of the Galaxy, through a halo of WIMPs, and towards

. Background can not mimic
the Cygnus constellation.

such genuine events

Strategy:
suse direct detection

sreconstruct Energy AND Track of the recoil nuclei
*Prove that the signal “comes from Cygnus”
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The MIMAC project
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A multi-chamber detector
eTrack-Energy measurements
eMatrix of chambers (correlation)
ouTPC : Micromegas technology

e 3He, CF, and 'H : o(A) dependancy
eAxial interaction

eDirectionnal detector
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LP==  Directional Detection D

Recoill

Map of recoils in galactic coordinates (HealPix)
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Example of a MIMAC map measurement:
100 WIMP evts + 100 Background evts

0.0 e— — 2.0

Background Wimp recoils




J.Billard, F.Mayet et D.S, PLB(2010)
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Likelihood analysis

WIMP mass: m, > 10 GeV.c?

WIMP fraction: A = 0.53+0.085 (16 CL)
Galactic latitude: | = 95 + 10° (1o CL)
Galactic Longitude: b = 6 +10 (1o CL)
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Quenching factor measurement

-
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Al

purce a' ‘,, | eLow energy ion source
1 to 50 keV
eDevelopped @LPSC

Micromegas UTPC
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Detection of *He (recoils) of 1.5 keV !!
(95% “He + 5% iso) at 700mbars
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Quenching Factor (%)

QF measurement !!

Lo Qenching facto @700 mbars
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Measurement of 4He
in 95% “4He + 5% C,H,,

eThreshold :300 eV (ioni.) or
1 keV (recoil)

eThe response of this “He
detector is fully understood
from 1 to 50 keV

eDark Matter range : covered

Initial energy (keV)

Range of interest for Dark Matter
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IQF Measurement of “‘He in 95% “He + 5% C,H,,

as a function of the pressure
D. Santos et al. arXiv:astro-ph0810.1137

Quenching Factor (%)
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MIMAC chips integrated in the
electronics of the prototype
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e Tk Sk 96+96=192 channels
* J Covering 3x3 cm?
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3D track : Alpha 5,5 MeV (**’Rn)

4 He + 5% iC4H10 A
350 mbar,
N 150 V/em )
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What about the low
energies?




3D Track & electron from °°Fe

MIMAC Event display
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With the
3D reconstruction

E=200 V/cm
P=350 mbar
v =16 um/ns

Track 45
¢ = 41.6 deg
® = 39.2 deg

L=8 mm

First 3D track of ~6 keV electron !!
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MIMAC : recoil track measurements

April 2009 N ...
@ IRSN Cadarache 3

Amande facility :

eNeutron field with energies down to a few keV
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MIMAC prototype at Cadarache
(detecting neutrons by nuclear recoil)
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Recolls from 144 keV neutrons

, I
Pure isobutane
- 100 mbar
Amande facility @ IRSN Cadarache
-> Neutron field with energies down to a few keV \ 150 V/ecm y
6—
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Energy (ADC)

ePossibility to have H as a target

eBackground discrimination from recoils
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3D Track: proton 8 keV in He + 5% 1C,H,,

/He + 5% iC4H10\
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Trak in 3D : PF in 70 % CF, + 30% CHF, !l!

: - ™
6 70 % CF, + 30% CHF,

E XY (anode) 95 mbarr,
: S 170 Vicm y

~40 keV (ionization), ~3 mm
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6 keV recoil track (*He) projections
300 mbar (95% of 4He, 5% of C,H,, )

X-Y X-7,
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3D Track : 5.9 keV electron (*>°Fe)
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DM detection




Proton
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Proton recoll in iIsobutane

100% iC,4H,,
50 mbair,

_/,\

3D reconstruction

L
w 'S (&)
N o N =

az

;ﬁ'ﬁ% : 89 90 91
p 87 88

g2 83 84 85 86 X




10

50 mbair,

>

W W W W A A A A bS

180 keV recoll

11

10

Proton recoll in isobutane

N 1g ]
16 -
14 -
12 -
10 -

3D reconstruction

=)

RN ON D O ®
'E U RRTE TS AU |




3D Tracks: Reconstruction & simulation

SRIM + Magboltz ( electron diffusion) + detector response simulation (DAQ ...)
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New degree of freedom to discriminate recoils
from electrons from 3D tracks

Normalized Integrated Straggling (NIS)

(Sum of partial deflections along the measured track, normalized by its total energy)
(J. Billard et al. (2010) in preparation)
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NIS(for electrons)

Entries 188

B Mean 1.075
0.05— RMS  0.5518
0.04—
0.03—
0.02— ﬂ '
0.01 { 1 |—|m

0 B H | —‘ | | | | | | | | | | | | | | | | IH H H | | ’_I‘ H H | H
0 0.5 1 1.5 2 2.5 3

NIS

IDM2010 — Montpellier July 27th 2010 D. Santos (LPSC Grenoble)



o""\lﬂs T T LI B B B T T T

) KIMS
& > #Xenon10
= 10 4 NAIAD

% ¥-couprp
'5- 10 ¥ picasso

s
=
-

b
=
w

Background : rate 10/Kg/year
(w/0 sense reco.)

““‘..-“‘.'
-

g
=
EN

L TN ki

Axial cross-section on
=
=
~

at
-
-t
-yt .
TwmAe

(w/ sense reco)

b
=
&

Background free

10°
10

: _
1Y IMP mass (GeVic)

IDM2010 — Montpellier July 27th 2010

Exclusion plot for directional
detection

J.Billard, F.Mayet ,D.S.
(2010) submitted to PRD
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Discovery plot
(significant number of Wimp events (~50))
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J.Billard, F.Mayet et D.S. PRD (2010)
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WIMP mass (GeV/c)
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A small part of the 10x10 cm? pixelized anode
(Saclay-MIMAC)

J-P. Mols et al.
October 2009

IDM2010 — Montpellier July 27th 2010 D. Santos (LPSC Grenoble)



MIMAC unit (Im?) in 2013...

Chambers (green)
MIMAC Electronics (brown)
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MIMAC:
(MlIcro-tpc MAtrix of Chambers )

LPSC (Grenoble) : F. Mayet, D. Santos , C. Grignon (post-doc),

J. Billard (Ph.D )
Technical Coordination : O. Guillaudin
- Electronics : G. Bosson, O.Bourrion, J-P. Richer
- Gas detector : A. Pellisier, O. Zimmermann
- Data Acquisition: O. Bourrion
- Mechanical Structure : Ch. Fourel
- Ion source : T. Lamy, J. Angot, P. Sole

CEA-Saclay (IRFU): I. Giomataris, P. Colas, A. Giganon,
E. Ferrer, J-P. Mols

IRSN (Cadarache): L. Lebreton, C. Golabek
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