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Direct detection
Principlei
_ The DAMA Signal claim

CDMS & Edelweis results
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QDarkMaﬁer~O-3 fOI“ QtofNI
(COBE, Boomerang, Maxima)

Most striking exemple: Rotation curves of spiral galaxies

Possible explanation: Halo of dark matter
(po~0.3 GeV/cm3, <v>~270 km/s).

May be composed of Weakly Interracting
Massive Particles.
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What are WIMPs?

Relic population of stable, massive particles.
Present density given by:

Quimes ~ 0.3 implies 6, ~ weak

The SUSY candidate

The SUSY Lightest Supersymmetric Particle
IS a WIMP candidate (under R-parity
conservation hypothesis).

Most likely the neutralino:

=a,B +a, W3+ a;H% + q,H9
=8 TR G 4l

gaugino higgsino
40 GeV < my < ~TeV
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Products: cosmic-ray antimatter
antiprotons (BESS.,...)
positrons (HEAT,...)

v rays (EGRET, GLAST...)

BE Too many astrophysical uncertainities
= to make significant conclusions...

neutrinos
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XX —>VV
—> ff — decay — v

Reaction in the centre of the Sun or the
Earth (accretion due to gravitational capture)

Detection of an upward-going muon produced
by a neutrino passing through the Earth.

* Muon pointing to the neutrino’'s source
+ Energy range: ~1/3-1/2 My  >20 GeV
(Solar neutrinos: E < ~10MeV )

nmemnd |OW bGCkgf‘OUﬂd
(Only atmospheric neutrinos +
Cosmic-ray interaction in the Sun)
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2nd generation: detectors devoted to WIMPs
search (under construction):
* higher exposure areas (~104m?) : natural
medium as a detector (water for ANTARES,
ice for AMANDA) ,
* higher thresholds (~25GeV).

Limits achievable: factor 10% improvement
¢ < 10 km-2,yr-!
(¢ < 100 km-2.yr-! for My 1p<100GeV)

%@
i e
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_ Principle (1)

Diffusion of WIMPs on nuclei.
WIMP WIMP'

Nuclear recoil -> heat
ionisation
light

Heavy constraints:
WIMPs are slow => Recoil energy < 100 keV

—> Need for a sensitive detector

Weak interaction:
\ Need for a massive detector
Need for a low background
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Direct detection:
Principle (2)
G in the MSSM Frame

Neutralino-quark coupling:
Spin-dependent interactions (axial vector)

X X X 0-;;(--Nuclems o J

\ q with J

/é - nucleus spin.
/ q

Spin-independent interactions (scalar)

X
g ~ X
x\/x \ / GN(IAZ

< /
S H.h \q / ! with A
K | / \ atomic number
of nucleus N
i 9 \ g

Osr > Ogp for A>30 & Ry <1 evt./kg/day
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dulatiol

*WIMP halo rotating around the galaxy
(<v>~270 km/s)
-Earth rotating around the Sun

( VEarth/sun ™ 30km/s)
w===> Modulated « WIMP wind » on Earth.

Annual modulaﬂo'f‘:‘iof + 15 km/s
~ 5°/o vama’nons on IMPs r'm‘e

Strong signature of WIMPs direct detection.
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Detection of ionisation sf+etel-depesited-
erergy)in a Ge crystal.

First detectors used for WIMPs search
( Heidelberg-Moscou, IGEX, GENIUS )...

Excellent o |
resolution o Tl el
(lkeV @ 1MeV)
High purity + low
background.
But.. no
background
rejection of
electron recoils

(Y+B)

] (thormalised to nucleon)

~l

Cross—section [cm

10" 107 10
WIMP Mass [GeV]
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Residuals (cpd/kg/keV)

Detection of light in a scintillator (NaI).
UKDMC, DAMA....

Emission of UV or visible y emitted by
electrons excited by the recoiling particle.

10 © hitp:/idmiools berkeley od
Gaitskell &£Ma

on)

High A, high purity
low background,
large masses

(>100kg). Electron

. R4 .
Cross—section [cm™] (normalised to nucle

recoils rejection . |
possible.
107 huxsca — i
10 10° 10°
WIMP Mass [GeV]
| DAMA claims
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-0.05 C :
500 1000 1500
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Voia chaleur x1 Bolo 1

Bolometers (1)

Principle

Detection of heat

: \ WIMP diffusé

impulsion de chaleur
—

cristal de Ge

9_\ CC N with T

| | wemmp need of low T
o ‘ (20 mK)
~—"""""| Sensor R(T) polarised
. wemmp  signal V(E)
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Bolometers (2)

Background rejection

In addition to classical shielding :

Active rejection of electron recoils:

Measure of a second parameter:
light (CRESST)
ionisation (Edelweiss, CDMS)

C . E ion
For‘ lonISGT'on: /\ /EMca;’, 01/03/03 13.45
3209 Bolometer Neutron calibraton run
B o e e e e MMM

1 e IR

E — Nel L ' :'.;': | .. . Elgctrons recoil zone
u ... ' L ] . <
2 e ..‘.n.z..o g . o . TY o ° N
. I .‘ .-:~.:".'t‘. ol o :.: ." ® . .... “w . p
Elecfron reco”s: r ..:; .’bl- o+ £ T .o & .

Nuclear recoils :

O.Martineau LaThuile 09/03/01 15

.
uclear recoil zone

T A PTIN SPEE SRS BT TS SPUNT ST NI SN S S SIS SR RS
0 20 40 60 80 100 120 140 160 180 200

lon/Rec vs Erecul keV recul




Bolometers (3)
Results

Incompatibilty of DAMA with CDMS:

1998-99 Run:
Ge (10.6 kg.days)+Si (1.6 kg.days) detectors
at Stanford (16 mwe + muon veto)

13 nuclear recoils in Ge (OK with DAMA).
BUT: 4 Ge multiple scatter

4 Si single scatter

Neutrons simulations

immp These 13 events MUST be neutrons.
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Bolometers (4)
Results

Run2000 Edelweiss results:

Large improvement of the 1999 results
with a 320g Ge detector (heat + ionisation) in
Frejus Underground Laboratory for 24 live
days.

Getting into DAMA zone.

ovroaz 15,08 Spin independent coupling

Edelwaiss 320g Holometer 2000 Preliminary rasuits
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Model dependant nmmsp very difficult

L."B.ryam)m.d Edejo and P. Gondoko. 1988
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e Spin Independent :
Comparison for
Earth annihilation.
Strong correlation.
Direct detection

| 5 better.
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