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• MIMAC experiment!

• MIMAC @ Modane!

• Data analysis results
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Dark Matter evidences
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Planck (Ade et al. 2013)

~ 26% of Univers 
content is non-

baryonic dark matter

Dark energy ⌦⇤ = 0.686± 0.020
Non-baryonic matter ⌦CDM = 0.2640± 0.0068
Baryonic matter ⌦b = 0.0487± 0.0007

Precision cosmology (CMB, SN Ia, BAO, …)

Evidence at large scale

Local scale

Galactic Cold Dark Matter (CDM) halo

Rotation curves measurement:

From visible mass: Predictions do not 
correspond to the measurement 
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Dark Matter candidate
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Solar&system&

WIMPs&

Dark matter halo:!
• Surrounding the Milky Way 
• Maxwellian velocity distribution  
• Local density: ⇢0 = 0.3± 0.1GeV.c�2.cm�3

hvi ⇡ 300 km.s�1

Candidate: WIMP (Weakly Interacting Massive Particle)

• Massive: 
• Stable 
• No electric charge & No color 
• Gravitational & weak interaction

GeV/c2 � TeV/c2

WIMP candidate form particle physics (SUSY): Neutralino �
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Direct detection
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In the laboratory rest frame: Relative WIMP wind

Elastic diffusion on nucleus
Nuclear recoil Ekin = O(10 keV)

Ultimate background: Neutron Same signal as WIMP

Background discrimination Directionality

Direct detection principle: !
   Nuclear recoil energy measurement
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Directional detection
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Recoils angular distribution:!
            Anisotropy 

Neutrons angular distribution:!
Isotropic

Typical measured recoil 
angular distribution Simulation with 100 WIMPs & 100 bkgs

J.	
  Billard	
  et	
  al.,	
  Phys.	
  Rev.	
  D	
  85	
  (2012)	
  035006
Profile likelihood analysis

Constraints on WIMP and Halo properties

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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100 WIMP + 100 BKG 

Strong correlation with the direction of the 
Constellation  Cygnus even with a large 

background contamination 

Phenomenology: Discovery 

D. Santos (LPSC Grenoble) LTPC Conference- Paris - December 17th 2012 

Directional detection principle:!
 Measurement of the energy and the track of the recoils 
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Directional project in the world
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DRIFT (Boulby mine) 

NEWAGE 
(Kamioka) 

Emulsions 
(non-TPC) 

DMTPC 
(WIPP) 

D3 (Hawai U.) 

MIMAC (LSM)
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MIMAC detection strategy
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MIMAC 100x100 mm2(v2) 
(designed by IRFU- Saclay (France)) 

LTPC Conference- Paris - December 17th 2012 D. Santos (LPSC Grenoble) Micromegas+10x10+cm2,+
designed+by+IRFU9+Saclay+(France)++

200+μm+

Sampling:**
512*strips*@*50*MHz*
*

Pixelized*Micromegas*
Fast*&*self?trigger*

electronic*
TPC*μTPC*MIMAC%detector:%

TSampling = 20ns

Gas mixture: 70%CF4 + 28%CHF3 + 2%C4H10 @50mbar

Goal: Nuclear recoil ionization energy & track measurement

MIMAC Target:        <— Light nucleus  
                       & Axial interaction

19F Low mass WIMP
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Ionization quenching factor
For low energy ion: 

             Ionization quenching factor: 
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E
kin

6= E
ioni

Q
ioni

=
E

ioni

E
kin

SpectrometerMIMAC Ion source

Micro hole interface: 

ion

���!
EDrift

PMIMAC = 50mbar PLHI = 10�7 mbar

Overestim
ation of IQ

F fro
m SRIM

IQF simulation from SRIM

Important information for kinetic energy reconstruction 
             Measurement needed at low energy

Xenon

MIMAC
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Flash-ADC observables !
(ionization energy)
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Flash-ADC: !
!
Charge deposition measurement          Ionization energy measurement
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Electron signal
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Track observables
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Track observables

12

Eioni = 38.3 keV�Xi
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Electron recoil discrimination
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@ Amande Facility (IRSN Cadarache):

To apply on 2013-2014 data
electron - recoil discrimination10�5

MIMAC%valida+on%with%neutrons%%
“a%WIMP%signal%simulator”%

Neutron(field:(AMANDE%facility%at%IRSN%(Cadarache)%
–  Neutrons%with%a%well%defined%energy%from%resonances%of%7Li%by%the%reac+on%7Li(p,n)%
–  Monochroma+c%neutron%fields%

Neutron%will%produce%nuclear%recoils%%in%the%ac+ve%volume%with%
energies%:%
(

04/12/2013% Quen+n%Riffard%T%Moriond%2013% 1%

ERecoil = 4
mnmR

mn +mR( )2
Eneutron cos

2θ

Different%endTpoints%for%
different%nuclei%

MIMAC : nuclear recoil track measurements 
Amande facility @ IRSN Cadarache 

• Neutron field with energies down to a few keV  

D. Santos (LPSC Grenoble) 
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Neutron energy (keV)

144 keV
115 keV

52 keV

LTPC Conference- Paris - December 17th 2012 

Protons%beam%

7Li%target%

MIMAC%one%chamber%proto%

Calibra1on:((
55Fe%(5.9%keV)%and%109Cd%(3.1%keV)%sources%

✓ :%diffusion%angle%in%laboratory%referen+al%

7Li(p, n)7Be
Neutron field production reaction:

Experiment with and without Li

Electrons 
production by 
Compton scattering

Nuclear recoils 
production by 
elastic diffusion

AlF target
AlF+ Li target

Target : AlF + Li

Neutrons� � ray
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The bi-chamber prototype
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MIMAC)bi&chamber)prototype)
• Two)mirror)detectors)sharing)the)same)cathode)
))))))))!)2)x)512)electronic)channels)
• Ac>ve)volume)=)2x(25x11x11))cm3))~))5L)
• Filled)with)a)gas)mixture)of))))))))))))))))))))))))))))))))))))))))))
at)50)mbar)
• Gas)circula>on)system)with)O2)filter)
• On&line)calibra>on)system)with)a)
X&ray)generator)
•  Installed)at)Modane)Underground))
Laboratory)(LSM))in)June)2012))

18/03/13) Quen>n)Riffard)&)Moriond)2013) 9)

The MIMAC project 
A low pressure multi-chamber  detector  

•  Energy and 3D Track measurements 

• Matrix of chambers (correlation) 

• µTPC  : Micromegas technology 

• CF4, CHF3,  and 1H : σ(A) dependancy 

• Axial and scalar weak interaction  

• Directionnal detector 

Strategy:  
• direct detection  
•  Energy (Ionization) AND 3D-Track of the recoil nuclei 
• Prove that the signal “comes from Cygnus constellation” 

Bi-chamber module 
2 x (11x11x25 cm3) 

LTPC Conference- Paris - December 17th 2012 D. Santos (LPSC Grenoble) 

70% CF4 + 28% CHF3  + 2% C4H10

CF4 CHF3 C4H10

�

X-ray tube Cu, Pb, Cd  

Electronic 

board 

Leaktight 

interface 

X-Y strips 

Cathode 

-4.5 kV 

Grid 

+470 V 

Field rings 

Edrift Edrift 

Buffer volume 

1 bar (750 torr) 
Pump 

SAES 

filter 

Pressure 

regulator 

50 mbar (40 torr) 

25 cm 

1
0

 c
m

 

Stainless steel 

chamber 

Flow 

controller 

Gas recirculation 

CF4 CHF3

C4H10 CF4
19F

CHF3

Active volume: ~ 6 L 
Online calibration: weekly (X-Generator)

Installed at Modane Underground Laboratory (LSM) in June 2012
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Calibration
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Calibra)on:	
  
X-­‐ray	
  generator	
  to	
  produce	
  fluorescence	
   
photons	
  from	
  metal	
  foils	
  (Cd,	
  Fe,	
  Cu)	
  

Once	
  a	
  week	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   	
   Low	
  energy	
  detector	
  calibraSon.	
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Compatible with the       decay of the            (3.8 days)

2012 results
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2012 date
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-particles rate:↵
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Exponential decreasing
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from an intrinsic material pollution of           238U

222Rn

R↵ ⇡ 4 evt/min
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Radon progeny

17

α

Rn$

Recoil 

Rn$

Recoil 

α

Recoil stop 
In the 
cathode 

α pass 
through the 
cathode 

3 alpha decays in the            chain (cut form           life time)

Erecoil

kin

⇡ 100 keV

Erecoil

ioni

⇡ 30 keV

Ionization Quenching

E↵
kin ⇡ 5MeV

Flash-ADC saturation

222Rn 210Pb
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Radon progeny
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Noyau père E
↵

[MeV] Noyau fils E
Recul

[keV] Quenching [%] E
ioni

[keV]
Issus du 222Rn

222Rn 5.489

218Po 100.787 37.93 38.23

218Po 6.002

214Pb 112.270 39.10 43.90

214Po 7.687

210Pb 146.525 40.12 58.78

Issus du 220Rn
220Rn 6.288

216Po 116.522 38.94 45.37

216Po 6.778

212Pb 127.986 39.11 50.05

212Po 8.785

208Pb 169.073 41.26 69.76

212Bi 6.090

208T l 117.200 39.03 45.74

TABLE 1 – Tableau récapitulatif des sept désintégrations ↵ provenant de l’

238U et du

232Th pouvant être détectées sur les

quatre mois de fonctionnement. Il y est répertorié les énergies des produits de désintégration, le quenching en ionisation

du noyau fils (simulé avec SRIM) et l’énergie déposée par ionisation par le noyau fils.

Tree low energy recoils 
(using SRIM IQF estimation)

E
ioni

2 [38, 59] keV

E
ioni

2 [30, 50] keVTwo peaks expected with 
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Radon progeny origin
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Radon progeny origin
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Radon progeny events
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Radon progeny event discrimination
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Coincidence between both chambers

2013 update:!
•  New cathode (12 µm) 
•  Chamber electronic synchronisation 
•   
•  New circulation pump (no leak) 
•  New Flash-ADC (rise time 60 ns)

Vbu↵er ⇥ 4

To test on the 2013-2014 run

Event with track in both chamber

Radon progeny @ the cathode
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Conclusions
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Radon progeny:!
•  First measurement of the energy and the track of the daughter 

nuclei!
•  Validation of the detection strategy 
•  Paper in preparation

Cathode signal:!
•  Promising way for the Z fiducialisation 
•  Experiment in progress

Phenomenology:!
•  Study of the implication of the LHC Dark Matter search at the LHC 

(mono-jet / mono-photon) on direct detection 
• Paper in preparation 

Electron/Recoil discrimination:!
•  To apply on the 2013-2014 run 
•  Improvement using a complete detector simulation & a multivariate analysis
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                 MIMAC-CYGNUS, Défi de tous les savoirs 2014 
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The background induced by the decay of 222Rn, or it descendants, in particular in gas detectors, is very often one of 
the most important limitations for the sensibility in experiments at low energy and very low counting rate. In the 
case of MIMAC, the recoil energy of alpha emitters from 222Rn decay chain is equivalent to the expected energy 
produced by a WIMP in the detector. This category of events has been already observed in Modane in previous 
prototypes produced by the collaboration.  As radon is a noble gas, the only way to capture it, is by physisorption. 
Radon atoms are adsorbed in the pores of an adsorbent material by Van der Waals forces. The pore size, the 
effective surface of the adsorbent material, or the capture competition between the carrier gas and the Radon, are 
some important parameters to take into account in order to optimize the radon adsorption.  
1 - Optimization of a radon adsorbent. 
We must study the adsorption competition between radon and molecules of carrier gas (CF4, CHF3 or Isobutene) 
in order to optimize the radon capture on well suited micro porous materials as function of temperature and 
pressure and internal radioactivity. A dedicated gas setup, compatible with the high purity of MIMAC has to be 
built for this important task.  
 
 
2- Development of a radon detector.  
A high sensitivity radon detector, based on Lucas-Cell or proportional chamber technique, calibrated and adapted 
to the gas and low pressure of MIMAC TPC, will be constructed to qualify the quality of the gas.  
 
Task 4- Mechanics   (Grenoble) 
Responsibility: J. Giraud (LPSC) 
Objectives: To design and produce the chamber of the demonstrator and the mechanical structure for shielding. 
 
1: Mechanical Design of the big chamber. 
 A preliminary design has been started being the main idea to build the matrix of chambers, as shown in fig.17. 
The chamber will be made of aluminum alloy and shall have sufficient rigidity for the electronic cards (flat face on 
a square of 1.8 m x 1.8 m) with the load in normal operation (near vacuum in the chamber (50 mbar or less)). A 
design with a finite element analysis will optimize the structure. Final mass will be about 1000 kg. The important 
dimensions of the chamber (1.8 m x 1.8 m x 0.6 m) requires specific suppliers. A specific and dedicated installation 
will be set up for  integration and testing (rail + rolling crane). 

                            
    Figure 17: The first version of a preliminary design of the big vessel to assure a sensitive volume of 1m3. 
 
2: Mechanical design of the electric field structure inside the chamber.  

In order to reduce the amount of matter inside, a common cathode (~ 1m2 of surface) and a wired kapton 
foil all around will be used. 

3: Design of neutron and gamma-ray shielding and its mechanical structure.  
In order to characterize the neutron background, we will perform firstly measurements without shielding, 
but for dark matter measurements we will build a shield that has to be simulated and designed. 

3: Integration of the final detector at LSM (Modane). 
 
Task 5- Background characterization (Grenoble + Marseille + Modane) 
Responsibility: O. Meplan (LPSC), M. Ramdhane (LPSC) 

Perspectives
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MIMAC future upgrades:!
•  New 6 µm mylard cathode 
•  Cathode signal acquisition 
•  New detector 35x35 with Cu/kapton grid

Demonstrator: 1m3 detector!
•  16 bi-chamber modules with 35x35 detector 
•  Competitive with actual project

50µm
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MIMAC collaboration

25

LPSC (Grenoble): F. Mayet , D. Santos  
Q. Riffard (Ph.D) (started in October 2012) 
!
Technical Coordination : O. Guillaudin 
 - Electronics : G. Bosson, O.Bourrion, J-P. Richer	


	

 - Gas detector : O. Guillaudin, A. Pellisier 
 - Data Acquisition: O.Bourrion, T. Descombes	


	

 - Mechanical Structure : Ch. Fourel, S. Roudier, M. Marton 
 - Ion source (quenching) : P. Sortais, J-F. Muraz 
!
Saclay (IRFU): I. Giomataris, E. Ferrer, F.J. Iguaz, J-P. Mols (uM detectors)  
CCPM (Marseille): J. Busto, Ch. Tao, D. Fouchez, J. Brunner (Radon filtering)	


Neutron facility (AMANDE) : 
IRSN (Cadarache): L. Lebreton, D. Maire (Ph. D.)	




