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Directional Detection of Dark Matter

Direct detection requires high rejection factor against
background, which need to be very precisely
understood (radiopurity of materials, neutrons, ...)

Directional Detection
gives a clear and unambiguous signature for WIMP

The solar system rotates around the center

of the Galaxy, through a halo of WIMPs, and towards

. Background can not mimic
the Cygnus constellation.

such genuine events

More precisely the Deneb star

Strategy:
suse direct detection

sreconstruct Energy AND Track of the recoil nuclei
*Prove that the signal “comes from Cygnus”
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The MIMAC project

/ A multi-chamber detector for Dark Matter

eTrack-Energy measurements

eMatrix of chambers (correlation)

\ ouTPC : Micromegas technology
) e3He and CF, gaz : o(A) dependancy
eAxial interaction
// eDirectionnal detector
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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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4 )
MIMAC:
(Micro-tpc MAtrix of Chambers )
U J
/ \ neutralino | i
spatial
temporal (resolution

hergetic

=> recoil track

= energy threshold ~

200eV

=> electron/recoil discrimination

\_

/
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MIMAC chips integrated in the
electronics of the prototype
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Quenching factor measurement

-

e -
H‘i) \ Zebd &= |l1
Al

purce a' ‘,, | eLow energy ion source
1 to 50 keV
eDevelopped @LPSC

Micromegas UTPC
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Detection of *He (recoils) of 1.5 keV !!
(95% “He + 5% iso) at 700mbars
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Quenching Factor (%)

QF measurement !!

Lo Qenching facto @700 mbars
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Measurement of 4He
in 95% “4He + 5% C,H,,

eThreshold :300 eV (ioni.) or
1 keV (recoil)

eThe response of this “He
detector is fully understood
from 1 to 50 keV

eDark Matter range : covered

Initial energy (keV)

Range of interest for Dark Matter
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IQF Measurement of “‘He in 95% “He + 5% C,H,,

as a function of the pressure
D. Santos et al. arXiv:astro-ph0810.1137

Quenching Factor (%)
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VisuMiMac

3D track alpha (radioactivity)

X Track -0 %]

File Help
G T Lenght: 499091 cm
~ Event selection Theta: 35.5135 deg
[Search coincidence AND duration Iv] From: [30 [ﬂ To: [120 lé] Phi: 59.1888 deg
Energy Low 11998
Event list: Energy High 9374
(%] Zoom [ SaveAs ] [ Track infos ] [SetOptStats lv]
Strip count versu s time: X (black), ¥ (red) and total (blue) I Asic X I
e 20— -
90 - l 1400
E - M s
80— B }& f f ‘ B
E T r\ 1| A L 1 1200 [~
70F =l \}L\ \ 4 | B
- B i N v 2R S
60 = B } ll -
= 10— i 800 —
i Iﬁ' ﬁ st “-n}..h 3 ll of
40 ¥ m . » =%
= 5 * V\?_I B
snE o h‘- a00—
= 0 B
s T el e e CEa e o=
30 40 50 60 70 80 1] 10 20 30 40 50 60 70 1 &
xz]

N OFE 10
= 1600
so: I o
g al [, 100
50—
- - 7 1200
40:— 6 1000
30 P 800
o 4
C 600
20— T
. n - 400
L= = 2
10: [E— b 200
J..I iy el er e | frer) e & “ 3
% 40 50 60 70 0 90 7
X
Ready
,Au -i;‘[ .-‘ 2 3. 4 = pourrion@localhc (@] Visionneur de do. @ Annuaire LDAP - | bourrion - Kongu: X VisuMiMac [2]« [_‘I;Jj a m 15:13 lundi 23/03/2009

CCPM — Marsellle — 23/06/2010

. odlos (LFOL orenonie)



3D Track & electron from °°Fe

MIMAC Event display

Track | St1p count versu s time: X (black), ¥ (red) and total (blue) I
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With the
3D reconstruction

E=200 V/cm
P=350 mbar
v =16 um/ns

Track 45
¢ =41.6 deg
® = 39.2 deg

L=8 mm

First 3D track of ~6 keV electron !!
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Recoil from 144 keV neutrons

Amande facility @ IRSN Cadarache
-> Neutron field with energies down to a few keV
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ePossibility to have H as a target

eSeparate background from recoils
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MIMAC : recoil track measurements

April 2009 N ...
@ IRSN Cadarache 3

Amande facility :

eNeutron field with energies down to a few keV
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MIMAC prototype at Cadarache
(detecting neutrons by nuclear recoil)
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6 keV recoil track (*He) projections
300 mbar (95% of 4He, 5% of C,H,, )

X-Y X-Z, Y-Z
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Recul de 19F
(E~40 keV)

dans 50 mbar de
CF4 + CHF3 (30%)
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New degree of freedom to discriminate recoils
from electrons from 3D tracks

Normalized Integrated Straggling (NIS)

(Sum of partial deflections along the measured track, normalized by its total energy)
(J. Billard et al. (2009) in preparation)
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NIS(for electrons)

Entries 188
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La détection directe

’2 - - V 4 L]
Collision élastique d’un WIMP sur un noyau
cible du détecteur:

> @ ey
\<9R Er — E@COSQ QR r : la masse réduite

Halo galactique

aRr 0 (Er iR E . f1(’0)d .\ Physique des
8B £dv) Phy:
dL, MM, v particules

Umin

Taux d’interaction différentiel en fonction de I'énergie du recul P hys I que Nucléaire



La détection directe

Orbite solaire

N Zs N rcos(l)cos(b)
vV () (Ry0,0) V=V | sin(l)cos(b)
b X R,=8.0 kpc _ snb) )
Yo TS |
Vsoleil Soleil

Vitesse tangentielle du soleil:

— 220 4+ 20 km.s !

Direction: (I =90, b = 0)



La détection directe

Les trois modeéles de halo isotherme:

J )
& \"pd—i =0

La dispersion des vitesses est reliée V2 = 4rGp(7) = 4G / f(7,7,t) 8%
a Vy(r—«=) = 220 km.s"'

Distribution maxwellienne

0.0

1.0 Arbitrary units

Flux de WIMP dans le référentiel terrestre en
coordonnees galactique (HealPix)



LP== | La détection directe

Simulation des reculs:

Recul

o

Reculs de WIMP dans le référentiel terrestre en
coordonnées galactique (HealPix)




La détection directe
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Phéenomeénologie directionnelle

Soleil

- Signal plus directionnel pour des
masses petites

* Quelque soit le masse de la
particule WIMP, le signal reste
directionnel

v
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Phénomeénologie directionnelle

¥ 10keV <E_r<20keV
v 30 keV <E_r <40 keV

v 50 keV <E_r<60 keV
Background

Solell i y
0.05/— v,
* Reculs de haute énergie sont plus i B
directionnels, mais moins a r—
présents. I et
% B BT R M

* Quelque soit la gamme en
énergie, le signal reste directionnel

Opening angle y [degrees]

Spectre angulaire normalisé pour du Fluor



Phénomeénologie directionnelle

Méthode de vraisemblance « likelihood », sans priors

statistique de Poisson

Nbins

L(my, X, 0,0) = T P>(1 = X)B; + ASi(my; £,b)]|M;)

=1 - T

Parametre de découverte: coordonnées de la source des événements =>
origine galactique du signal
Significance de la découverte: donnée par le paramétre Lambda

=> fraction du signal WIMP S/(B + S)



Phéenomeénologie directionnelle
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Phénomeénologie directionnelle

On reconstruit bien la direction du Cygne a 10° (68% CL)
On obtient Nwimp = 106 £ 15 (68% CL) => Significance = 6,4

On peut en déduire une
contrainte sur le plan

g
£ 2
(@5 W) <7
» La masse n’est pas - |
contrainte, on a juste 3
M>10GeV/c 2

 Lambda est relié a la
section efficace

¥ Input
I 1. Confidence Level
[ 36 Confidence Level
MSSM

100 200 300 400
m, (GeV.c™)

J.Billard, F.Mayet, D.S. (2010,accepted in PLB)
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Exclusion plot for directional
detection

J.Billard, F.Mayet ,D.S.
(2010) submitted to PRD
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Discovery plot
(significant number of Wimn events (~50))
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MIMAC unit (1m?)

Chambers (green)
Electronics (grey)
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A small part of the 10x10 cm? pixelized anode
(Saclay-MIMAC)

J-P. Mols et al.
October 2009
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MIMAC-CYGNUS

(to have 50 evts in 3 years ...)

« The number of nuclei in 10 kg of *He = 3333 N,
 In CF,to have the same number of '° F we need 74 kg

« The axial cross section follows a A dependence (factor 40 wrt *He )
* We need 50 m? of CF, at SO0mbar

« The tracks of 30 keV P F are roughly 1mm long at 50mbar.

Possible to have other or alternative target as (H, *He, “*He or *“Ne)
without change the detector !!
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Cablage de I'anode
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L'amas du Boulet

J. Billard
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Interaction du neutralino

« Axiale

Osp(*X) a agp(p) x A?

 Scalaire

Ogi(*X) a g (p) x A

[ Pour 3He et '°F : ogp » Oy,

X X
ZO

q q

N
H, h

41



Provisional Timetable

 The ANR-MIMAC project has to show the elementary module of the 3D-
Matrix working by the end of 2010.

 The CYGNUS design study has as the main purpose to define the 1 m3 by
the end of 2012.

e These milestones will give us the design of the 50 m3 detector by 2013.

» The electronic chip necessary to read-out the pixel-anode will be defined
by the end of 2010.

e The modular design will give us the possibility to run intermediate volumes
during the mounting of the final detector with previous defined phases of
extensions.

» The construction of the detector can be done relatively fast having no
blocking problems in the design as it has been shown thanks to the ANR-
Blanc Project that allow the Saclay and the Grenoble teams work together
to define the elementary chamber.
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MIMAC : uTPC chamber

Real size prototype

cathod

Drift space : 15 cm

Micromegas

+pixellized anod (X,y)
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3D track measurement of an electron (5.9 keV, 350mbar)
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3D track measurement of an electron of 1.5 keV (X(Al))
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“He (6 keV) in “*He (100mbar)
range ~ 4mm
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Directionality of recoils measured in 3D
(E ~120 keV)

Entries 6495
Mean 15.33
RMS 7.266
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CYGNUS (CosmoloGY with NUclear recoilS)
A large Scale Directional Dark Matter Detector
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