Theendence for Dark M atier

Potential candidaiesior Dark Maiier (WIM Ps)
The UK programmeand current resulis.
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o Qut of thisWorld: HST
e TheWorld' s Coldest:
Antarctica




e Britain's Highest: R R Wilson's
Ben Nevis

Granddaughter

e Britain's Deepedt:
Boulby Mine




» Usethelaw of gravity in this |aboratory

6400 km ‘




* Newton'slaw of gravity: F Gm,mg
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e Dynamics. S= u1.“+%at2
» Earth’smass by gravity: ,
. ZFES 2% 6.4 x[..2.]
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e Earth’s mass by weighing:
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mg = 5.0x10 kg




» Heavy metal core increases mean density of planet

6400 km ‘




o Scale 10kPc (30 000 light years)

o Uses Doppler shift of light from star in spiral galaxy to
give velocity (red shift)
» Expect velocity to fall off with distance from centre V2 = G, M

— ..but it doesn’t M (r)—chy r
*  Pgm~03GeVicc d fGy

NGC6503

Halo

Disc
Gas




e Scalel Mpc
(3 000 000 light years)
» Use gravitational
lensing of quasars or
galaxies by galaxy
clusters.
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Gravitational Lens HST - W’FPCE
Galaxy Cluster 0024+1654

PRCY9E=-10 - ST Scl OPO - April 24, 1996
WL Colley (Princeton Universily), E. lurer (Princeton University),
J.A. Tyson (ATET Bell Labe) and MASA




» Describe with acosmological mass density called Q .

- QL QT Lpgmt L) +Q,+Q
 Q, >0: Universe ‘open’: Big Chill

— Thisistheway the World ends,

Not with a bang but with a whimper. (T.S.Eliot)

» Q, <0: Universe‘closed’: Big Crunch

— Some say theworld will end in fire, some
say inice. From what |I'vetasted of
desire, | hold with those who favor fire.
(R. Frost)

* Best scenario Qia =1,
Q,!107Q,! 004

Q. ! 03, Q24! 003

* Big Bang inflationary theory
requires Q, ., = 1 exactly

15.67
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* [Four neutralinos w5 V) Mass of neutralino

— , lightest SUSY particle(LSP) * Connects particles and forces
— 34 GeV <m, < 300TeV (expt.) — Fermions have sfermion partners
~ 10%2pb < o, < 10%pb (theory) — Bosons have bosino partners




* Hybrid Solution for cosmology: " =" ,+" . +" .,
004 03 07

MACHO/EROS/OGLE
Gravitational lensing sear ches v

No consistent
theory yet

Oscillation expts.
US Large scale / "0 and time of flight

experiment running from supernovae




 1,000,000,000 WIMPs pass through every body
each second

e Travelling at 1,000,000 km/hr
O

e 0.01 - 1 will hit nucleii in the body
each day

* This causes the whole nucleus to
recoil (coherently)

Dark Matter Particle/
v = 300km/s
M= 200GeV

40keV Nuclear Recoil




» Recoiling nucleus releases energy

+

40keV Recoail
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 |onisation: free eectric charge released
e Thermal: phonons created
» Scintillation: light pulse
— Thebest detectors use a combination of all three, or

differenceswithin a processto tell the difference between
WIM Ps and background events

* UK project concentrates on scintillation and ionisation
detectors (Nal, liquid Xe, CS))




 Not assmpleasall that

Background Source Solution
» [For each DM event there
are millions of events neutrons from cosmic ray
muons (1,000/day) Go deep underground
from other sources
Gai;]:?su%?‘gs " Shielding of detector
(1,000,000/day) High purity Pb/Cu
Gamma rays f_rom L ow background materials
photomultipliers
(100,000/day)
Betarays from materials| | .. _ _
(300/day) High purity target design

Gammarays from Radon | Clean room construction

18 . decay (100/day)
vVvDOYAGER




Working salt mine
Easily modified structure

Boultry Mine
Dk Marter
facility




clething

Glasses,
gloves &
earplugs

Sandwiches

Steel toe
shoes







o Surface facilities

— Workshop, offices, etc.
e Underground facilities

— New clean area, upgrade existing
* Opened April ‘03 by Lord Sainsbury
— With aplacein the Sun
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SIE! Experiment | Technicue Target Salus
Baksan (Russia) IGEX lonisation 3kg Ge Operational
Bern (Switzerland) ORPHEUS SSD 0.5kg Sn Operational
Boulby (UK) Nal Scintillator 5kg Nal Completed
NaAD Scintillator 50kg Nal Operational
ZEPLIN | Scintillator 3kg Lxe Operational
ZEPLIN 1I/111 Scintillator/l onisation 30kg/7kg Xe Construction
ZEPLIN-MAX | Scintillator/lonisation 1000kg Xe Planned
DRIFT-I TPC 0.2kg CS, Operational
DRIFT-II TPC 3kg CS, Planned
Canfranc (Spain) COSME |onisation 0.2kg Ge Completed
IGEX lonisation 2.1kg Ge Operational
ANAIS Scintillator 107kg Nal Constrcution
ROSEBUD Thermal Al,0,,Ge,CaWO, | Operational
Frejus (France) Saclay-Nal Scintillation 10kg Nal Completed
EDELWEISS| | Thermal/lonisation 0.07kg Ge Completed
EDELWEISS || | Thermal/lonisation 1.3 kg Ge Operational
Gran Sasso (Italy) Hdlberg/Mscw | lonisation 2.7kg Ge Completed
HDMS lonisation 0.2kg Ge Operational
Genius lonisation 100kg Ge Planned
DAMA Scintillation 100kg Nal Operational
LIBRA Scintillation 250kg Nal Construction
Xenon Scintillation 6kg Xe Operational
CRESST-I Thermal 1kg Al,O, Oprational
CRESST-II Thermal/Scintillation 10kg Cawo, Construction
CUORICINO | Thermal 40kg TeO, Construction
CUORE Thermal 760kg TeO, Planned
Otto-Cosmo (Japan) | ElegantsV Scintillation Nal Operational
Elegants VI Scintillation 750kg CaF, Operational
Rustrel (France) SIMPLE SDD 1g Freon Operational
Stanford (USA) CDMS-1 Thermal/lonisation 0.1kg Si, 1kg Ge Completed
Soudan (USA) CDMSHI Thermal/lonisation 1kg Si, 7 kg Ge Construction
CryoArray Thermal/l onisation 1000 kg Planned
SNO (Canada) PICASSO SDD 1g Freon Operational

Apologies to the rest
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Xenon recovery system

Xenon purifier

Polycold cryogenerator

ZEPLIN | target




CDMS 2003

10%pb ~ 1 event/kg/day

Scalar interaction cross section (WIMP-nucleon)

hitpe/fidmtonls berkeley edu
Gaitskell & Marygs
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e ZEPLIN lI/111: 10-40kg two phase discrimination in Xenon

— Primary scintillation
— Electroluminescencein high-E field
— Better discrimination against background

PMT—




WVIISSIEmESsSHin Galexy

— 30% of Universeismatter

— 90% of thisis non-baryonic

— Particle Physics expects.....
WIMIPS

— Current sensitivities ~ 10-%pb

— Planned upgrades ~ 108pb

— Future (5years) 1 tonne ~101%b
Theereticall expectation 10:pb - 10-°pb

Ultimately: link the very large and the very small




