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Introduction
!

• Direct Detection 
• Directionnal detection



Direct detection
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Solar&system&

WIMPs&

Candidate: Weakly Interacting Massive Particle (WIMP):!
• Massive 
• No electric charge & No color 
• Gravitational & weak interaction 

!
Dark matter halo:!

• Surrounding the Milky Way 
• Maxwellian velocity distribution (Hydro simulation) 

Direct detection principle:  
   Measuring the energy transferred to the nuclei

Ultimate background: neutrons



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

Directional detection principle:!
 Measurement of the energy and the track of the recoils 

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 

La
tit

ud
e 

ga
la

ct
iq

ue
 

Longitude galactique 

Si
gn

at
ur

e 
 a

ng
ul

ai
re

 

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 

Target:        <— Strong couplage to the axial interaction19F



Detection strategy
!

• The bi-chamber module 
• MIMAC detection strategy 
• Observable



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 track measurement



The bi-chamber module
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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: ~ 5 L 
Online calibration: twice week (X-Ray)

Installed at Modane Underground Laboratory (LSM) in june 2012



Observables

!8

4 DATA ANALYSIS 3
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Figure 3: Measured Flash-ADC signal (top) and its derivative (bottom). The horizontal green dot-dashed lines
represent the maximum (A

max

)and the minimum (A
min

) of amplitude. The difference between these two
amplitude defines the ionization energy (E

ioni

). The vertical orange dashed lines represent the positions of the
maximum (T

max

) and the minimum of amplitude (T
min

). The difference between the maximum and the minim
of amplitude defined the ionization energy . The plain blue line represents the position of the peak (T

peak

)and
the dot-dashed lines its width defined as the ADC Length (L

ADC

).

4 Data analysis
Saturation

Fiducialisation 2D
correlation entre les longueurs

5 Results
Spectre en energie : Interpretation papier futur !!

6 Conclusions
Flash plus rapide pour le prochain run : plus de details

Flash-ADC (charge integrator)!

Eioni = 38.3 keV

- Energy 
- ADC Length 
- Number of peak & position 
- 
- 
- …

Pixelized anode (Micromegas)

- (X,Y) fiducialisation 
- Curved Length 
- Track homogeneity

T
Trigger

A ⌘ Tpeak � Ttrigger

B ⌘ T
max

� T
peak



Results
!

• Results 
• Interpretation: Radon progeny 
• Discrimination
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Results
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Date
19/07 02/08 16/08 30/08 13/09 27/09 11/10

Ev
en

t r
at

e 
[e

vt
/m

in
]

-110

1

Circulation cut

Alpha particles

Nuclear recoils

Exponential decreasing compatible with the decay of the          (3.8 days)

Observation of the          progeny

No contribution from 220Rn

222Rn

222Rn

Data 2012



Interpretation: Radon progeny
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α

Rn$

Recoil 

Rn$

Recoil 

α

Recoil stop 
In the 
cathode 

α pass 
through the 
cathode 

Intrinsic material pollution from           238U

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



Results
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Problem: Discrimination

It is the 1st radon progeny!
 measurement

But:

It isn’t Dark Matter!!!!



Radon discrimination
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La figure 5 présente les résultats de la simulation de ces traces dans la chambre no. 2. Nous comparerons ces résultats
avec la simulation de traces de 19F dans la chambre no.2 dont les énergies cinétiques sont comprises entre 0 et 150
keV (points rouges). Nous pouvons voir que ces particules ↵ (points roses) forment une branche dont les longueurs sont
de l’ordre du centimètre, semblable à la branche observée expérimentalement. Nous pouvons également noter que ces
particules ↵ se superposent avec la distribution des 19F dans le plan (E

ioni

, L
C

). Il est donc nécessaire de discriminer
ces particules ↵ du reste des événements.

E
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L
C
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c
m
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FIGURE 5 – Simulation de

19F (points rouges) et de

4He (points roses) ayant traversés la cathode.

Nous pouvons en conclure que notre hypothèse est valide et que la branche observée dans le plan (E
ioni

, L
C

) de la
figure 4 correspond bien à des traces de particules ↵ traversant la cathode. Pour la discrimination de ces événements, nous
pouvons utiliser la corrélation temporelle entre les chambres. En effet, nous devrions voir dans l’autre chambre une trace
corrélée spatialement et temporellement.

Nous avons commencé à étudier la corrélation entre les chambres. La figure 6 illustre la corrélation spatiale d’une
trace passant au travers de la cathode. La partie bleu se trouve dans la chambre no. 1 et la partie rouge dans le chambre
no. 2. Pour trouver une telle trace, nous avons sélectionné un événement saturant le flash ADC et nous avons cherché
visuellement dans l’autre chambre une trace corrélée.
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FIGURE 6 – Illustration de la correlation spatiale d’une trace entre les chambers. Les partie bleu et rouge de la trace

proviennent respectivement des chambres no. 1 et no. 2. La trace dans la chambre no.2 a saturer le flash ADC.

Run 2013: !
• Data tacking in progress 
• Chambers synchronisation available

Discrimination using coincidence: Possible



Conclusion



Study of the discrimination is in progress

No evidence of Dark Matter yet!
!
Directional detection: Promising direct Dark Matter search strategy 
!
Radon observation: Demonstration of the detection strategy interest 
!
!
!
!
!
Next step: 1 m3 detector (multiplication of bi-chamber modules) 
!
Final project: 50 m3 —> International context 
!
!

Conclusion

!15



MIMAC collaboration
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	


	
 - 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.)	
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