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Dark Matter evidences

Evidence at large scale

Precision cosmology (CMB, SN la, BAO, ...)

Dark energy p = 0.686 £+ 0.020

Non-baryonic matter [Qcpy — 0-2640 = 0.0068

Baryonic matter (), = 0.0487 + 0.0007
Planck (Ade et al. 2013)

~ 26% of Univers
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Dark Matter candidate

Dark matter halo:
e Surrounding the Milky Way

« Maxwellian velocity distribution (v) ~ 300 km.s™*
 Local density: pg = 0.3+ 0.1GeV.c %.cm™°

WIMPs

Solar system

Candidate: WIMP (Weakly Interacting Massive Particle)
e Massive: GeV/c® — TeV/c?
e Stable

e No electric charge & No color
e Gravitational & weak interaction

WIMP candidate form particle physics (SUSY): Neutralino X
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Direct detection

In the laboratory rest frame: Relative WIMP wind P
e > @ -y
Elastic diffusion on nucleus WIMP 0
. R
—p Nuclear recoil Exin, = O(10keV)

Noyau
cible

Direct detection principle:
Nuclear recoil energy measurement

Ultimate background: Neutron —» Same signal as WIMP

Background discrimination — Directionality
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Directional detection

Recoils angular distribution: Neutrons angular distribution:
Anisotropy |sotropic

Typical measured recoil

- . Simulation with 100 WIMPs & 100 bkgs
angular distribution 7

lﬁf (¢, b, my, \) Profile likelihood analysis

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

Constraints on WIMP and Halo properties

Directional detection principle:
Measurement of the energy and the track of the recoils
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Directional project in the world

DRIFT (Boulby mine)

DMTPC
(WIPP)
\ / NEWAGE

(Kamioka)

/ \ Emulsions

TPC
D3 (Hawai U.) (non-TPC)

MIMAC (LSM)
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MIMAC detection strategy

MIMAC Target: °F <— Light nucleus ——»  Low mass WIMP

& Axial interaction

Pixelized Micromegas Sampling:
MIMAC detector: UTPC = TPC =r Fast & self-trigger 512 strips @ 50 MHz
electronic TSampling =20ns

/ cathode /
/ Sampling
@ 50 MHZz
: | s > t=60 ns
E~ 200 Vicm $ : :
. Brifting properties: /=40 ns
/ gnd / V =20 um/ns
. A
/ : - § / t=20 ns
) L S O
E~30kV/cm Z
/anode L ‘ t=0 ns d £
Micromegas 10x10 cm?,
designed by IRFU- Saclay (France
Scheme of a MIMAC uTPC Evolution of the collected charges on the anode 5 Y A )

Gas mixture: 70% CF4 —+ 28% CHF3 + 2% C4H10 @ 50 mbar
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lonization quenching factor

For low energy ion: Fin # Ejioni

lonization quenching factor: Qioni =
|QF simulation from SRIM

—
| B e |

n
s 'F in CF4+CHF34C4H10 @ 50 mbar -
s "*C I CF44CHF34C4H10 @ 50 mbar -
0.8 'H In CF4+CHF34C4H10 @ 50 mbar =
-------- "F in CF4 @ 50 mbar .
-------- ¢ in CF4 @ 50 mbar
e 10 gaseous Xe @ 50 mbar
s S} i Sl cristal

0.6 |-

Micro hole ir 0.4}
0.2 ?“ -
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Flash-ADC observables

(ionization energy)
Flash-ADC:

Charge deposition measurement == |onization energy measurement

Recoll Electron
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Track observables
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Track observables

3

axGy o Ea=383keV
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Electron recoill dlscrlmlnatlo

Neutron field production reaction:

"Li(p,n) Be
Target:  ALF + Li
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The bi-chamber prototype

Buffer volume
@ 1 bar (750 torr)
Gas recirculation

m regulator

50 mbar (40 torr)

EIeCtronIC ® 6 6 6 6 o o6 o o o o o e 6 6 6 6 6 o o o o o o
board ‘ _ 25 cm S ‘
Leaktight |
interface ‘ Cathode
X-Y strips 4.5 kv

—> —> Vi
Edrift ; Edrift ‘
Field rings

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

Stainless steel
chamber

X-ray tube Cu, Pb, Cd

Installed at Modane Underground Laboratory (LSM) in June 2012
Q. Riffard - Séminaire des doctorants 14 12/05/2014



Calibration

. o 8103 = E
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c 7] ) «-particles rate:
E - -
= i .
5 Z5lr Alph? Eartlcles R, ~ 4devt /mln
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2012 date

Compatible with the aa— decay of the “?2Rn (3.8 days)

(v — decay)

*2Rn from an intrinsic material pollution of 2381
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Radon progeny

—-’ 3 alpha decays in the *?2Rn chain (cut form*°PDb life time)

Recoil stop a pass
In the through the
cathode cathode

Recoil

By, = 5MeV Erecoil 100 keV
+ + lonization Quenching
Flash-ADC saturation Erecoil & 30keV
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Radon progeny

Noyau pere | E, [MeV] | Noyau fils | Frecur [keV] | Quenching [%] | Fioni [keV]

Issus du 222 Rn

“22Rn 5.489 > Po 100.787 37.93 38.23
218 Po 6.002 214 Pb 112.270 39.10 43.90
214 Po 7.687 210 pp 146.525 40.12 58.78

Tree low energy recoils Eioni € |38, 59| keV
(using SRIM IQF estimation)

—p TWwo peaks expected with E;,,,; € [30, 50| keV
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Radon progeny origin

MPD related to the diffusion E .
D — lﬂ (AX >< AY) : 218PO 222Rn
. /'————" (4)
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Radon progeny origin

alpha event

. ' I102

I1 2)

Energy [keVee]

Progeny event

Anode events
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Cathode

Pixelized anode
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Radon progeny events

First energy spectrum of *22Rn progeny event in a DM search experiment

N
"= 0.0035 = =
g Z _
S 0.003 —
Q, _ .
O] — _
© 0.0025 — —
C Z _
o 0.002 -
> — _
it - ]
0.0015 — —
0.001 —
0.0005 [ — N o5 T
% 20 40 60 80 7100 120 20
Energy [keV] ]
15
1013 ‘
y 60 210 220 )‘(30

Q. Riffard - Seminaire des doctorants 21 12/05/2014



Radon progeny event discrimination

2013 update:

e New cathode (12 pm)

e Chamber electronic synchronisation
Vbuffer X 4

New circulation pump (no leak)
New Flash-ADC (rise time 60 ns)

Coincidence between both chambers

50_!!ll]!lll'l!!!'ll!!]!l'!l!!l!

of T T | Event with track in both chamber
e {M —» Radon progeny @ the cathode
" M M%, E

MW‘WW B w%ﬂ. —> To test on the 2013-2014 run

Energy [keV]
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Conclusions

Radon progeny:
* First measurement of the energy and the track of the daughter
nuclei

e Validation of the detection strategy
e Paper in preparation

Electron/Recoil discrimination:
e [0 apply on the 2013-2014 run
* Improvement using a complete detector simulation & a multivariate analysis

Phenomenology:
e Study of the implication of the LHC Dark Matter search at the LHC
(mono-jet / mono-photon) on direct detection
e Paper in preparation

Cathode signal:
e Promising way for the Z fiducialisation
e EXxperiment in progress
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MIMAC future upgrades:

e New 6 um mylard cathode
e (Cathode signal acquisition

e New detector 35x35 with Cu/kapton grid

Demonstrator: 1m3 detector
e 16 bi-chamber modules with 35x35 detector
e Competitive with actual project
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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, T. Descombes
- Mechanical Structure : Ch. Fourel, S. Roudier, M. Marton

- lon source (quenching) : P. Sortais, J-F. Muraz

Saclay (IRFU): |. 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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