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The MIMAC project

A low pressure multi-chamber detector

* Energy and 3D Track measurements

*Matrix of chambers (correlation)

*uTPC : Micromegas technology

Bi-chamber module
*CF, CHF;, and 'H : 6(A) dependancy 2 x (11x11x25 cm?)

*Axial interaction

*Directionnal detector

Strategy:
edirect detection

* Energy AND 3D-Track of the recoil nuclei
*Prove that the signal “comes from Cygnus”
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MIMAC: Detection strategy
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Scheme of a MIMAC uTPC Evolution of the collected charges on the anode

Measurement of the ionization energy: Charge integrator connected to the grid
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Ionization Quenching Facility at LPSC-Grenoble

o A i eLow energy ion source
L W . | 1 to 50 keV
— 3 | AR eDevelopped @LPSC
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Ionization Quenching Measurements:

S5keV °F Recoil in 60 mbar
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MIMAC 100x100 mm?(v2)
esigned by IRFU- Saclay (France))
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New MIMAC e¢lectronics (512 channels)
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Entirely developed
(ASICs included) by the
MIMAC team at the
LPSC-Grenoble
(France)
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MIMAC: Performance at low energies
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MIMAC : nuclear recoil track measurements

April 2009
@ IRSN Cadarache ;
and May 16th, 2011 ! |

Amande facility :

eNeutron field with energies down to a few keV
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Recoils from 144 keV neutrons

Amande facility @ IRSN Cadarache
-> Neutron field with energies down to a few keV
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ePossibility to have H as a target

eBackground discrimination from recoils
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Normalized Integrated Straggling (NIS)
(a new degree of freedom for e-recoil discrimination)
( The adition of partial deflections along the measured track,
normalized by its total (ionization) energy)
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MIMAC (bi-chamber module)
at Modane Underground
Laboratory (France)

since June 227 2012 working at
50 mbar (CF, + 30% CHF;) ina
permanent circulating mode

Laboratoire Sousterrain de Modane

(LSM) IN2P3 (CNRS) — CEA
FRANCE
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Calibration — Chamber2- Cd-(Cr-Fe)-Cu
(binding energy of °F ~ 0.7 keV)
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Gain stability (Peak channel vs. time(days))

in Chamberl(X-ray generator)

2.5 keV (blue), 5.7 keV (red), 7.3 keV (green)
(June 22M to July 34 with different conditions)
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An alpha particle crossing the detector
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A recoil event ( ~ 34 keVee)

[By event number ~>|  From: [133 = To: [133 =] search Events | |JINNNNNNNNNNNNNEN 100% Event list: [133 ~]
I7200m velocity: 26  =H strip size: 420 = time clock: 20 = Track infosl
Anode projection Track zZX Track ZY
36 7 < 36 6
- s 124 - -
32 P 120 3 32 4
> 30 - X 118 > 30 3
3 2
28 5 116 28 2
26 1 ﬁ: 1 26 1
24 0 0 24 0
D T T [P AR P U I U e IO A L I T T T
112 114 116 118 120 122 124 6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
X Z Z
Strip count versus time flash signal flash derivative signal
10 _? ~ Xstrips 1600 140
8 ~ Y strips Lig00 1o
. P 1 200 100
6 - X+Y E.l 000 _g. gg
S 4 g 800 T 40
5 600 20
400 0 86.3598, -16.0976
0 200 -20
[FARAPARA AR AR P R AR ) [ R I I I T A T [ IR T AT I
0 20 40 60 80 100120140160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
o o e Rine  nE L L e e L § N p— +ime clrt P P tima clat

IDM2012 — Chicago (USA) — July 24th 2012 D. Santos (LPSC Grenoble)



A recoil event (~ 40 keVee)
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A recoil event ( ~ 28 keVee)
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Phenomenology: Discovery

J. Billard et al., PLB 2010
J. Billard et al., arXiv:1110.6079

Proof of discovery: Signal pointing toward the Cygnus constellation

Blind likelihood analysis in order to establish the galactic origin of the signal
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Phenomenology: Identification

J. Billard et al., PRD 2011

The eight parameters are strongly constrained with only one directional data set.
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MIMAC Phenomenology: Discovery

Estimation of the discovery potential

MIMAC characteristics
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Conclusions:

1) MIMAC bi-chamber module 1s running at Modane
Underground Laboratory since June 227 2012.

11) For the first time 3D nuclear recoil tracks are available between
lkeVee and 100 keVee to characterize fast neutron background

111) New degrees of freedom are available to discriminate
electrons from nuclear recoils to improve the DM search for.

1v) The directional deteccion at low energies 1s possible !
v) A lot of work to be done...You are all welcome !
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MIMAC : Dark Matter discovery/exclusion

J. Billard et al., PLB 2010
J. Billard et al., PRD 2010
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