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Evidence for Dark Matter
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Galactic DM Candidates - °

Dark baryons - primafdial i
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Cold dark matter particle searches are driven by:-

« Cosmology —is the dark matter that makes up 22%
of the Universe in the form of massive particles?

o Supersymmetry — are these the particles predicted
by supersymmetry?
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» Galaxy formation and dynamics — how do these
particles behave within galaxes?




Neutralino Detection

- Indirect detection via annihilation products
- Neutrinos — Antares, Amanda/l ceCube
- Gamma-rays— HESS, GLAST
- Particles - AMS

- Direct detection from elastic scattering from nuclei.
- Energy deposit produces phonons, photons and electrons
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WIMP elastic nuclear 1GEX,
recoils deposit < 100keV DRIFTI, 11
of energy at a rate 10° to
1 event/day/kg

P phonons, photons and
charge whose relative

proportions and /or
characteristics depend on
dE/dx b particle type

ZEPLIN 11, 111, MAX, CDMS, EDELWEISS

XENON

NAIAD, ZEPLIN 1,

DAMA CRESST |
CRESST 11,
ROSEBUD
World competition is
Event-by-event particle iIntense and uses a wit
identification requires range of complemente

combpound information techniaues



Neutralino signatures

- Characteristic (but featureless) recoil spectrum which depends
(rate and spectrum) on target nuclear mass and spin.

- Annual modulation expected in the event rate.
- Annual modulation expected in the spectrum
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- Directional modulation on daily basis. : -
- Directional modulation on yearly basis. S g0 |
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Scintillation Detectors - Nal
DAMA/Nal-1 to -7

» Residuals of the rate vs time and energy Riv. N. Cim. 26 n.1. (2003) |
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Time Constant Discrimination
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CRYOGENIC DETECTORS
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CRYOGENIC DETECTORS
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CRYOGENIC DETECTORS

Neutron
backgrounds
are now, or
soon will be,
limiting most
experiments
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CRYOGENIC DETECTORS
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World Status

Comparison between experiments made using a ‘standard’ Galaxy model

« Separated into spin-independent (scalar) cross-sections and spin-
dependent (axial) cross-sections and ‘normalised’ to one nucleon
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Galaxy halo model

local dark matter density
~ 0.3-0.4 GeV/cm?

~spherical 1/r den5|ty
distribution

Truncated Maxwellian
velocity distribution

neutralino mass?
Earth’s spin
Earth’s orbital motion

Solar system orbital
motion

PPROIA Prep

Non-spherical halo
Halo rotation
Galactic in-fall - cusps?

Bound solar system
Earth-crossing
component

clumpy halo
cluster in-fall
sub-dominant density

Options

perial College
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Spin dependent
(a) Coupling to unpaired proton
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World Status

Spin dependent
(a) Coupling to unpaired neutron

(pb)
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What Next?
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(Secondary scintillation | onisation ‘ +Xe
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DIRECTIONAL DETECTORS
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Current DRIFT Status

e DRIFTI

completed its role as a technology demonstrator

papers submitted on both the technological
achievements and a first dark matter search result.

Discrimination against gamma and alpha
backgrounds demonstrated.

Directionality capability confirmed (high energy).
Solutions have been found for all technical problems.
Achieved safe and stable operations underground.

Established ambient neutron background in Boulby

-ﬁﬁ

e DRIFTII r" ’*ﬁﬂf]'lﬁinuw

— First module built, tested and ready to go.




The JIF area - Jan 2005

Now a class <2500 clean room

Store / DRIFT -1l

Phase B
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Air shower Materials
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control
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Neutralino cross-sections

Neutralino
model?

Spin-independent
Spin-dependent
Form-factors?
Spin factors?
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event/day/ton

perial College
N (R fCD 2°NNR

1@‘3 T T Tl | I I
B Eo with ﬁaﬁ bound

. Aa hatind
. fan B=10,1> 0
T T

—
&
['=9

40 100 200 300 400 500

10-1 10"

101 m, (GeY)

pin—ind. cross section oy {picobarns)
=
<

Kxy
WM MHE ¥
HHEREK HMXA R

"
b3
4
=
x
=

FERS
PETEE SIS ETE L S ®
Hi KMENKEXHHAERN
EEE SR S R S R % —
RENAHANMHERENNE XX ——
AHXHAKAKAR XL LRAL N =
HOHNONOM MM N K EN ew Mo
KRN KEA MR N ALRNZANNE X K
MR AR AR R KK KRN
KU N KKK R NRE XWRY
AREMAA XA M EN LMY N NN
WoOXKNE MR AR R NN S
HOMNANEHENHN NN AKX YR Y X
ONEEMEERENEMENN ®ooH
HENKEHY KA R R AL NN KW
x HEXHHAX LR EEXIHNR x
WM MM N MM NN KN K K
HEXAXKFHE X ELT XN MY
KAANANEAXNKHK A XANK
KAANNE KN B AR MEY XX X
AHN KKK R NK X
HAERNHE XN HY ®
KARKME X XA ¥ . ]
WM KM MM OKH MM K o s
HEH AR ERNXNK
WMMEHHERRY WX
AEEERANEST R®
RHANENR YN K %
MMM K MMM MK
UMY HE Y NN
HAMNK MK X % X
HEH O HEY
RAREMN R
X OKH M H e
HoOR M
X ® Mo

EHO*SE cenius  0.052 < Q;h? < 0.236-

i
[ | I I N

103

neutralino mass M, (GeV/c?)

Fllicat.al 2001 - hen-Rh/OT10R148 1 1~x ~ma s






SUMMARY

Spin-independent
wimp-nucleon
sengitivitiesin pb

Done

‘M odifications/upgrade’

Building
Dreaming
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