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Direct detection strategies
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Why do we think we need a large TPC?

Axial interaction and Scalar interaction
 Mass dependence cross section (modularity)
 Directionality

« Two different operating modes (pressure)

* Low energy threshold detection (~ 300 eV)
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[ 3He for axial detection J
of non-baryonic dark matter

/fspin 1/2 nucleus = axial interaction \

> high "signal/noise” ratio : energy range ~ 1-5 keV

> sensitive fo M (WIMP) > 6 GeV

» neutron capture signature: n+3He — p + 3H + 764 keV
> very low sensivity to y-rays

> in a gas form, the possibility to share a "patchy” matrix
with other gases to follow the A cross section function
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CFias a quencher and target

« Axial interaction
* Odd in proton
 |onization (~20% ) : E<7.5keV (in3He: E<5 keV)

 The volume needed to have the same number of nuclei
that we have in 10 kg of 3He is the 20 m3at 1 bar.

« Discrimination electron- recolil by tracks even better.
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[ Spin contributions to the axial interaction ]

Nucleus Z nﬁgion J <§,> <S>
SHe 2 n 1/2 -0.05 0.49
19F 9 P 1/2 0.44 -0.11
2TA| 13 P 5/2 0.34 0.03

129Xe 54 n 1/2 0.03 0.36
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Cross section *He-y
and event rate in MIMAC-He3 (10kg)
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[ Complementarity with scalar detection
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MIMAC-He3:
(Micro-tpc MAtrix of Chambers of He 3)
- y
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— recoil track
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= energy threshold ~ 200eV
— electron/recoil discrimination
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Quenching factor calculation
(Lindhard theory)

F. Mayet (2006)
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Range vs. Energy

He3 recolls
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a/b ratio = f (pressure)
L~10 cm
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Time collection = f(pressure)
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ASIC MIMAC

16 « pixel » channels + mixer & shaper [energy] + double serialiser
Process

BiCMOS-SiGe 0.35um
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“He (6 keV) in “He (100mbar)
range ~ 4mm
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Source °He, ‘He, 'H, (...)
( LPSC-Grenoble)

J
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Time of flight measurement of the ion coming out of the
MIMAC source at 50 kV
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He3 -TOF measurement

BAV.S7W "He"
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Source 10kV (Proton 2,7 keV)
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He3 (1.1 keV) + e (Co57)

histogramme
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X-rays (e’) detection : 1.5 keV and 5.9 keV in 4He
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lonization energy measured as a
function of the Mesh voltage (drift)

Number of electrons as a function of U
(5% isobutane P=1000 mbars AU=410V)
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(Gain as a function of anode voltage for

different pressures (550,700, 1000 mbars)

Standardized gain (charge) as a function of AU (alpha 16 kV)

(5% isobutane U=600 V) 12/07/07
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(Gain as a function of pressure

Number of electrons as a function of pressure
(5% isobutane U=600 V AU=410 V)
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Hexagonal Module (bi-chamber)

Diameter : 30 cm
Chamber (vol) : 14.625 |
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AMANDE facility (IRSN-LPSC collaboration)
(to validate the recoil track measurements)
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CYGNUS (DRIFT + MIMAC+...)
Grenoble-Saclay-Sheffield-Zaragoza-...

 Common interest in the definition of a
Large TPC for non-baryonic dark matter

e Common efforts in:
— simulation studies

— read-out electronics

— optimization of micromegas detector (100 mb
up to 2000 mb)

— Pixellized anode design
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