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MIMAC-He3, 
a project for a  

MIcro-tpc Matrix of Chambers of Helium 3
for axial direct detection 

of non-baryonic dark matter 



MIMAC-He3: 
(MIcro-tpc MAtrix of Chambers of Helium 3)

• LPSC (Grenoble) : O. Bourrion, G. Bosson, V. Comparat, G.Duhamel,   
J. Genevey, R. Guglielmini, O. Guillaudin, T. Lamy, E. Moulin, J.A. 
Pinston, D. Santos, P. Sortais, Ch. Vescovi.

• ILL (Grenoble) : P. Van Esch, B. Guerard, G. Manzin

• Dapnia-Saclay : S. Aune, I. Giomataris

• CPPM (Marseille) : J. Bustó

• CdF (Paris) :  Ph. Gorodetzky, P. Salin
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3He for axial detection 
of non-baryonic dark matter 

spin 1/2 nucleus ⇒ axial interaction with the neutralino χ

energy range ~ 1-6 keV

sensitivity to Mχ > 5 GeV 

neutron capture signature : n + 3He → p + 3H + 764 keV

very low sensitivity to γ-rays

no intrinsic X-rays
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MIMAC-He3: 
Micro-tpc MAtrix of Chambers of He 3

spatial 
High    temporal     resolution

energetic

⇒ recoil track projection 
⇒ energy threshold <  1 keV
⇒ electron/recoil discrimination     

Readout

Charge
amplifier

• Room temperature running 
• Recoil direction (Bragg peak)?
• Localisation of Auger electrons from walls 
(fudicial volume at 3mm from surfaces)

27 m3 of 3He at 3 bar pressure with a large number of chambers
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Ionization ratio higher than 40% for 
nuclear recoils of energy higher than 1 keV

Lindhard theory for ionization ratio  

Adapted from  
NIMA507(2003)643
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Quenching factor measurement
for MIMAC-He3
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Recoil energy distribution  after a  
polypropylen sheet (0.44µg/cm2) for 
45 and 50 keV accelerating energies

3He2+ ion source in the keV
energy range
under construction at LPSC

3He energy (keV)

Polypropylen 
sheet

SRIM2003 simulations

gaseous
3He

MIMAC-He3
prototype



3He Electron

MC simulations
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range vs energy

• Gammas : 
- Compton diffusion ⇒ electronic recoil 
Discrimination : Range vs Eee

• Neutrons : 
- elastic diffusion ⇒ nuclear recoil   
Discrimination :  - multiple scattering

- capture : n + 3He → p + 3H + 764 keV
• Neutralinos :

- only 1 interaction
- E < 6keV
- nuclear recoil   

Pressure =1 atm
Pressure =2 atm
Pressure =3 atm

Pressure =1 atm
Pressure =2 atm
Pressure =3 atm

E. Moulin               XXXXth Rencontres de Moriond



Electron/recoil discrimination  
by track projection 

Electronic recoil projected in the 
anode plane

He3

Electron

A 1 keV
R ~ 4

A 6 keV
R ~ 30

a/b a/b

MC simulations :
3He/e- generated 
isotropically
at 10 cm from anode

Timing information will 
improve electronic recoil rejection…
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Phenomenological study 
for direct detection of  

supersymmetric dark matter
with helium 3
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For 3He : σSD » σSI ⇒ only σSD considered

With spin content of 3He : <Sp>=-0.05 

<Sn>=0.49

⇒ scattering on the unpaired neutron 

3He-χ cross section  

σ(3He) ∝ mr
2 (J+1)/J (ap<Sp>+an<Sn>)2
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SUSY models and parameter space scan

Parameters  
(GeV) M2 µ m0 MA tan β

Min 50 50 100 100 5

Max 1000 1000 1000 1000 60

• Trilinear couplings :            At,b = 0
• Non-universal gaugino masses : M1 = R M2 ; 0.01 ≤ R ≤ 0.5

universal case
DarkSUSY (modified to include non-universality), parameters at EW scale 

Scan ⇒ 25 x 106 models

Relic density constraint :        0.02 < Ωχh2 < 0.15 
Accelerator constraints : -25 < δaµx1010 < 69

2.04 < BR(b→s+γ)x104 < 4.42
h mass > 91.6 GeV
χ± mass > 103.5 GeV

After constraints : 4 x 105 models
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3He-χ axial cross section 
and rate in MIMAC-He3 (10kg)

• 0.02< Ωχh2< 0.15
• Accelerator constraints   

Exclusion curve for 
10-3 day-1kg-1

background

Accessible models  in 
MIMAC-He3 : 1.7 x 105 modèles
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Complementarity with scalar direct detection 

σSD and σSI
not

correlated
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Complementarity with neutrino telescopes

MIMAC-He3
background 

Ultimate 
background for
ν telescopes
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Experimental limit on σA ⇒ limits on σp ou σn ?

Problematic !
Usual methods: 

• ap = 0  ou an = 0
• ap/an = constant

WIMP-nucleus SD elastic cross section

This ratio depends generally on neutralino composition :  

⇒ WIMP model-dependent method
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For a given nucleus :

limwith σΑ     the experimental 
exclusion limit

⇒ 3D exclusion plot : ap, an, mχ

For a given mχFor a given mχ

Allowed space
=

Intersection 

Experimental limit on σA ⇒ limits on σp or σn ?

Problematic !

Tovey et al. (2000)
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Nucleus Experiment
Odd       

nucleon     <Sp> <Sn>

3He MIMAC-He3 n -0.05 0.49

19F SIMPLE p 0.44 -0.11

27Al CRESST p 0.34 0.03

73Ge Edelweiss n 0.03 0.38

Exclusion curves for SD experiments 

Allowed 
parameter space

Allowed 
parameter space

Allowed 
parameter space

Exclusion curve 
in the (ap,an) plane
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Exclusion curve in the (ap,an) plane

complementarity of MIMAC-He3 with SD on proton experiments
sensitivity of MIMAC-He3 to light WIMPs

E. Moulin et al. , accepted to PLB
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Exclusion curves in the (σp,σn) plane

E. Moulin et al. , accepted to PLB

Complementarity with :
• SD direct detection on p
• indirect detection

Models visible 
in MIMAC-He3

E. Moulin               XXXXth Rencontres de Moriond



Conclusion

MIMAC-He3 : electron/recul discrimination by track projection 

Quenching factor measurement in 3He : June 2005

Sensitivity of MIMAC-He3 to light WIMPs

Complementarity with:
- scalar direct detection
- indirect detection
- other spin-dependent experiments
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