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EVIDENCE FOR EVIDENCE FOR 
THE EXISTENCE OF THE EXISTENCE OF 
DARK MATTERDARK MATTERDARK MATTERDARK MATTER
•• Gravitational effects around galaxiesGravitational effects around galaxies
•• The recent observation of the collision ofThe recent observation of the collision of•• The recent observation of the collision of The recent observation of the collision of 

two galaxy clusters (totwo galaxy clusters (to--day 3.5day 3.5 101099 ly ly 
away from us 2away from us 2 101066 ly apart)ly apart)away from us, 2away from us, 2 101066 ly apart)ly apart)

•• Cosmological Observations (confirmed by Cosmological Observations (confirmed by 
h WMAP3 h i h d kh WMAP3 h i h d kthe recent WMAP3 ; together with dark the recent WMAP3 ; together with dark 

energy)        energy)        
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If we could see Dark MatterIf we could see Dark Matter
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Slicing the Pie of the CosmosSlicing the Pie of the Cosmos WMAP3:WMAP3:
ΩΩ ==0 240 24±±0 020 02 ΩΩ ==0 720 72±±0 040 04ΩΩCDM CDM ==0.240.24±±0.02,0.02, ΩΩΛΛ ==0.720.72±±0.040.04,,

ΩΩbb ==0.0.040422±±0.00.00303b b 

CYGNUS (ILIASCYGNUS (ILIAS--N3)     BOULBY  N3)     BOULBY  
22/07/0722/07/07



Dark Matter exists!                       Dark Matter exists!                       
What is the nature of dark matter?What is the nature of dark matter?What is the nature of dark matter?What is the nature of dark matter?

It is not known.  However:It is not known.  However:
•• It possesses gravitational interactionsIt possesses gravitational interactions ((from the rotationfrom the rotation•• It possesses gravitational interactions It possesses gravitational interactions ((from the rotation from the rotation 

curves)curves)
•• No other long range interaction is allowed. Otherwise it No other long range interaction is allowed. Otherwise it 

would have formed “would have formed “atomsatoms” and hence stars etc So” and hence stars etc Sowould have formed “would have formed “atomsatoms” and , hence, stars etc. So ” and , hence, stars etc. So 
It isIt is electrically neutral electrically neutral 

•• It does not interactIt does not interact stronglystrongly (if it did, it should have(if it did, it should haveIt does not interactIt does not interact stronglystrongly (if it did, it should have (if it did, it should have 
already been detected)already been detected)

•• It may (hopefully!) posses some very weak interactionIt may (hopefully!) posses some very weak interaction
Thi ill d d th d thThi ill d d th d thThis will depend on the assumed theory This will depend on the assumed theory 

WIMPs (Weakly Interacting Massive Particles)WIMPs (Weakly Interacting Massive Particles)
•• Such an interaction may be exploitedSuch an interaction may be exploited for its directfor its direct•• Such an interaction may be exploited Such an interaction may be exploited for its direct for its direct 

detectiondetection
•• The smallness of  the strength of such an interaction and The smallness of  the strength of such an interaction and 

it lit l k itk it di t d t ti t ldi t d t ti t l
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its low energyits low energy makes its makes its direct detection extremely direct detection extremely 
difficultdifficult. . 



DARK MATTER (WIMP) CANDIDATESDARK MATTER (WIMP) CANDIDATES
•• The axionThe axion:: 1010--6 6 eVeV<<mma a <10<10--3 3 eVeV
•• The neutrinoThe neutrino: : It is not dominant. It is not cold, not It is not dominant. It is not cold, not CDMCDM..
•• Supersymmetric particlesSupersymmetric particles•• Supersymmetric particlesSupersymmetric particles..

Four possibilitiesFour possibilities::
ii)) ss--νετρίνονετρίνο:: Excluded on the basis of results of undergroundExcluded on the basis of results of undergroundii) ) ss νετρίνονετρίνο: : Excluded on the basis of results of underground Excluded on the basis of results of underground 
experiments and accelerator experimentsexperiments and accelerator experiments (LEP)(LEP)
ii) ii) GravitinoGravitino: : Not directly detectableNot directly detectable
iiiiii)) ΑΑ ii N t di tl d t t blN t di tl d t t bliiiiii) ) ΑΑxinoxino: : Not directly detectableNot directly detectable
iv)iv) AA Majorana fermionMajorana fermion, , the the neutralino neutralino oror LSP LSP 

((The lightest supersymmetric particleThe lightest supersymmetric particle):): A linearA linear((The lightest supersymmetric particleThe lightest supersymmetric particle):): A linear    A linear    
combination of the 2 neutral gauginos and the 2     combination of the 2 neutral gauginos and the 2     
neutral Higgsinos. neutral Higgsinos. MOST FAVORITE  CANDIDATE!MOST FAVORITE  CANDIDATE!

•• Particles from Universal Extra Dimension Theories  (e.g. KaluzaParticles from Universal Extra Dimension Theories  (e.g. Kaluza--
Klein WIMPs)Klein WIMPs)

•• The Lightest Technibaryon LTB (GudnasonThe Lightest Technibaryon LTB (Gudnason--KouvarisKouvaris--Sannino)Sannino)
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•• The Lightest Technibaryon, LTB (GudnasonThe Lightest Technibaryon, LTB (Gudnason--KouvarisKouvaris--Sannino)Sannino)



Rate in a given direction of recoil/Rate in a given direction of recoil/Rate in a given direction of recoil/ Rate in a given direction of recoil/ 
Standard non directional rateStandard non directional rate

•• The WIMP Mass  (the only particle The WIMP Mass  (the only particle 
t d d) F tt d d) F tparameter needed). Free parameterparameter needed). Free parameter

•• The WIMP velocity distributionThe WIMP velocity distributione e oc ty d st but oe e oc ty d st but o
•• The nuclear form factorThe nuclear form factor
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LSP Velocity DistributionsLSP Velocity Distributions
•• Conventional:Conventional: Isothermal modelsIsothermal models•• Conventional:Conventional: Isothermal modelsIsothermal models
•• (1) Maxwell(1) Maxwell--BoltzmannBoltzmann (symmetric or axially symmetric) (symmetric or axially symmetric) 

with characteristic velocity equal to the sun’s velocity around the center of with characteristic velocity equal to the sun’s velocity around the center of 
the galaxythe galaxy υυ == υυ00 = 220 km/s= 220 km/sthe  galaxy, the  galaxy, υυ ΜΒΜΒ= = υυ0 0 = 220 km/s, = 220 km/s, 

and escape velocity  and escape velocity  υυesc esc =2.84=2.84υυ00 put in by hand.put in by hand.
•• (2)(2) Modification of MModification of M--B characteristic velocityB characteristic velocity υυΜΒ ΜΒ following thefollowing the

interaction of dark matter with dark energy:interaction of dark matter with dark energy:interaction of dark matter with dark energy:interaction of dark matter with dark energy:
υυΜΒΜΒ == nnυυ0 0 ,  ,  υυesc esc =n2.84 =n2.84 υυ00 ,, n>1n>1
(Tetradis, Feassler and JDV )(Tetradis, Feassler and JDV )
Adi b ti d l l iAdi b ti d l l i Eddi t ’ hEddi t ’ h•• Adiabatic models employingAdiabatic models employing Eddington’s approachEddington’s approach: : 
ρρ((rr)) ΦΦ((rr) ) f(f(r,vr,v) (JDV) (JDV--Owen)Owen)

•• Realistic axially symmetric velocity distributions obtained via simulations Realistic axially symmetric velocity distributions obtained via simulations 
T lli t f ti (H d JDV)T lli t f ti (H d JDV)Tsallis type functions (Hansen and JDV)Tsallis type functions (Hansen and JDV)

•• Other nonOther non--thermal modelsthermal models::
--Caustic ringsCaustic rings (Sikivie , JDV), WIMP’s in bound orbits etc(Sikivie , JDV), WIMP’s in bound orbits etc
--Sgr Dwarf galaxySgr Dwarf galaxy, anisotropic flux,  (Green & Spooner), anisotropic flux,  (Green & Spooner)
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Tsallis type functionsTsallis type functions (for radial and(for radial andTsallis type functions Tsallis type functions (for radial and (for radial and 
Tangential components) Tangential components) MBMB aas qs q 11

•• Adopt: q=3/4Adopt: q=3/4

•• Adopt: q=5/3Adopt: q=5/3
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MB and Tsallis functions.MB and Tsallis functions.
Asymmetry Asymmetry β β ((Hansen and JDV)Hansen and JDV)
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A: Conversion of the energy of the A: Conversion of the energy of the 
ili l i t d t t blili l i t d t t blrecoiling nucleus into detectable recoiling nucleus into detectable 

form (light heat ionization etc )form (light heat ionization etc )form (light, heat, ionization etc.)form (light, heat, ionization etc.)
•• The WIMP is non relativisticThe WIMP is non relativistic,< β>,< β>≈10≈10--33..

•• With few exceptions, it cannot excite the nucleus. It only With few exceptions, it cannot excite the nucleus. It only scatters off elastically:scatters off elastically:

•• Measuring the energy of the recoiling nucleus is extremely hardMeasuring the energy of the recoiling nucleus is extremely hard::
--Low event rateLow event rate (much less than 10 per Kg of target per year are expected)(much less than 10 per Kg of target per year are expected)..
--Bothersome backgroundsBothersome backgrounds (the signal is not very characteristic)(the signal is not very characteristic)..
--Threshold effectsThreshold effects..
--Quenching factorsQuenching factors..
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TheThe event rateevent rate for the coherentfor the coherentTheThe event rateevent rate for the coherent for the coherent 
modemode
•• The number of events during time t is given byThe number of events during time t is given by::

Where:Where:
•• t depends on nuclear physics the WIMP mass and the velocity distributiont depends on nuclear physics the WIMP mass and the velocity distribution•• t depends on nuclear physics, the WIMP mass and the velocity distributiont depends on nuclear physics, the WIMP mass and the velocity distribution
•• ρ(0)ρ(0):: the local WIMP density≈0.3 GeV/cmthe local WIMP density≈0.3 GeV/cm33..
σσSS

pp,χ,χ : the WIMP: the WIMP--nucleon cross section. nucleon cross section. It is computed in a particle model.It is computed in a particle model.
It can be extractedIt can be extracted from the data from the data once once ffcoh coh (A,m(A,mχχ)) is knownis known
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ttcohcoh for a light target.for a light target. QQthr thr =0 (top), =0 (top), 
5k V (b tt ) MB5k V (b tt ) MB L ft T lliL ft T lli5keV (bottom); MB 5keV (bottom); MB Left, Tsallis Left, Tsallis 
formform RightRight (asymmetry shown in both )(asymmetry shown in both )formform Right Right (asymmetry shown in both )(asymmetry shown in both )
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ttcohcoh for medium target.for medium target. QQthr thr =0 (top), =0 (top), 
10k V (b tt ) MB10k V (b tt ) MB L ft T lliL ft T lli10keV (bottom); MB 10keV (bottom); MB Left, Tsallis Left, Tsallis 
formform RightRight (asymmetry shown in both )(asymmetry shown in both )formform Right Right (asymmetry shown in both )(asymmetry shown in both )
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Novel approachesNovel approaches: : Exploitation ofExploitation of
other signaturesother signatures of the reactionof the reaction

Th d l ti ff tTh d l ti ff t Th l d t thTh l d t th•• The modulation effectThe modulation effect: The  seasonal, due to the : The  seasonal, due to the 
motion of the Earth, dependence of the rate.motion of the Earth, dependence of the rate.
Th it tiTh it ti f th l (if th l (i•• The excitationThe excitation of the nucleus (in some cases , of the nucleus (in some cases , 
heavy WIMP etc, that this is realistic) andheavy WIMP etc, that this is realistic) and
detection of the subsequently emitted dedetection of the subsequently emitted dedetection of the subsequently emitted dedetection of the subsequently emitted de--
excitationexcitation γ γ rays.rays.

•• Asymmetry measurements in directionalAsymmetry measurements in directional•• Asymmetry measurements in directional Asymmetry measurements in directional 
experiments experiments (the (the direction of the recoiling direction of the recoiling 
nucleusnucleus must also be measured)must also be measured)nucleusnucleus must also be measured).must also be measured).

•• Detection of other particles (electrons, XDetection of other particles (electrons, X--rays), rays), 
produced during the LSPproduced during the LSP--nucleus collisionnucleus collision
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THETHE MODULATION EFFECT*MODULATION EFFECT*THETHE MODULATION EFFECTMODULATION EFFECT
(continued)(continued)
•• R=RR=R0 0 (1+h(1+h coscosαα))
((αα 0 around June 3nd)0 around June 3nd)((αα=0 around June 3nd)   =0 around June 3nd)   
•• h=modulation amplitudeh=modulation amplitude..
•• RR00 =average rate=average rate..
•• *n=2 corresponds to calculations with non *n=2 corresponds to calculations with non pp

standard Mstandard M--B (Tetradis, Faeesler and JDV)B (Tetradis, Faeesler and JDV)
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hhcohcoh for a light target.for a light target. QQthr thr =0 (top), =0 (top), 
5k V (b tt ) MB5k V (b tt ) MB L ft T lliL ft T lli5keV (bottom); MB 5keV (bottom); MB Left, Tsallis Left, Tsallis 
formform RightRight (asymmetry shown in both )(asymmetry shown in both )formform Right Right (asymmetry shown in both )(asymmetry shown in both )
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hhcohcoh for medium target.for medium target. QQthr thr =0 (top), =0 (top), 
10 k V (b tt ) MB10 k V (b tt ) MB L ft T lliL ft T lli10 keV (bottom); MB 10 keV (bottom); MB Left, Tsallis Left, Tsallis 
formform RightRight (asymmetry shown in both )(asymmetry shown in both )formform Right Right (asymmetry shown in both )(asymmetry shown in both )
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The directional event rate* The directional event rate* 
(The direction of recoil is observed)(The direction of recoil is observed)
•• The event rate in The event rate in directional experimentsdirectional experiments is:is:

RRdirdir=(=(κ/2π)κ/2π)RR00[1+h[1+hmmcos(cos(αα--ααmmππ))]]dirdir (( / )/ ) 00[[ mm (( mm ))]]
•• RR00 is the average usual (is the average usual (nonnon--dirdir) rate) rate
•• αα the phase of the Earththe phase of the Earth (as usual)(as usual)

hh i hi h d l i li dd l i li d (i l d d h(i l d d h•• hh mm is the is the modulation amplitudemodulation amplitude (it strongly depends on the (it strongly depends on the 
direction of observation)direction of observation)

•• αα mm is theis the shift in the phase of the Earthshift in the phase of the Earth (it strongly depends on(it strongly depends onα α mm is the is the shift in the phase of the Earthshift in the phase of the Earth (it strongly depends on (it strongly depends on 
the direction of observation)the direction of observation)

•• κ/2πκ/2π is the is the reduction factorreduction factor (it depends on the (it depends on the direction of direction of 
observationobservation))observationobservation))

•• ΚΚ,, hhm m and and ααm m depend only slightly on SUSY parameters and depend only slightly on SUSY parameters and µµrr
•• * Calculations by Faessler and JDV* Calculations by Faessler and JDV
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The The parameter parameter κκ vs the polar anglevs the polar angle
in the case ofin the case of A=32A=32;; mm =100=100 GeVGeVin the case of in the case of A=32A=32; ; mmχχ=100 =100 GeV GeV 
definite sense (Left), Both senses (Right)definite sense (Left), Both senses (Right)
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The The parameter parameter κκ vs the polar anglevs the polar angle
in the case ofin the case of A=127A=127;; mm =100=100 GeVGeVin the case of in the case of A=127A=127; ; mmχχ=100 =100 GeV GeV 
definite sense (Left), definite sense (Left), Both senses (Right)Both senses (Right)( )( ) ( g )( g )
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What about if the recoil is not exactly inWhat about if the recoil is not exactly inWhat about if the recoil is not exactly in What about if the recoil is not exactly in 
the direction of observation?the direction of observation?
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What about if the recoil is not exactly inWhat about if the recoil is not exactly inWhat about if the recoil is not exactly in What about if the recoil is not exactly in 
the direction of observation?the direction of observation?

CYGNUS (ILIASCYGNUS (ILIAS--N3)     BOULBY  N3)     BOULBY  
22/07/0722/07/07



The The parameter hparameter hmm vs the polar anglevs the polar angle
in the case ofin the case of A=32A=32;; mm =100=100 GeVGeVin the case of in the case of A=32A=32; ; mmχχ=100 =100 GeV GeV 
One sense (Left), Both senses (Right)One sense (Left), Both senses (Right)( ), ( g )( ), ( g )
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The The phase phase ααmm vs the polar anglevs the polar angle
in the case ofin the case of A=32A=32;; mm =100=100 GeVGeVin the case of in the case of A=32A=32; ; mmχχ=100 =100 GeV GeV 
One sense (Left), Both senses (Right)One sense (Left), Both senses (Right)( ), ( g )( ), ( g )
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NON RECOIL MEASUREMENTSNON RECOIL MEASUREMENTSNON RECOIL MEASUREMENTSNON RECOIL MEASUREMENTS

•• (a) Measurement of ionization electrons (a) Measurement of ionization electrons 
d d di tl d i th WIMPd d di tl d i th WIMPproduced directly during the WIMPproduced directly during the WIMP--

nucleus collisionsnucleus collisions
•• (b) Measurement of hard X(b) Measurement of hard X--rays following rays following 

the dethe de--excitation of the atom in (a)excitation of the atom in (a)the dethe de--excitation of the atom in (a)excitation of the atom in (a)
•• (c) Excitation of the Nucleus and (c) Excitation of the Nucleus and 

observation of the deobservation of the de--excitation excitation γγ raysrays
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Relative rate for electron ionizationRelative rate for electron ionizationRelative rate for electron ionizationRelative rate for electron ionization
(there are (there are Z electronsZ electrons in an atom!)in an atom!)
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D t ti fD t ti f h d Xh d XDetection ofDetection of hard Xhard X--raysrays

•• After the ionization there is a probability for a After the ionization there is a probability for a K K 
or L holeor L holeor L holeor L hole

•• This hole deThis hole de--excites via excites via emitting Xemitting X--raysrays or or Auger Auger 
electronselectronselectronselectrons..

•• the the fraction of Xfraction of X--rays per recoilrays per recoil is:is:
σσ //σσ = b= b ((σσ //σσ )) withwith σσ //σσ the relativethe relativeσσX(nX(nℓℓ) ) //σσr  r  = b= bnlnl((σσnnℓℓ//σσrr)) with with σσnnℓℓ//σσr r the relative   the relative   
ionization rateionization rate per orbit and per orbit and bbnnℓℓ the fluorescence the fluorescence 
ratioratio (determined experimentally)(determined experimentally)ratioratio (determined experimentally)(determined experimentally)

••
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The K XThe K X--ray BR in WIMP interactions in ray BR in WIMP interactions in 132 132 XeXe for for 
LL 30G V30G V MM 100G V100G V HH 300G V300G Vmasses: masses: LL 30GeV30GeV, , MM 100GeV100GeV, , HH 300GeV300GeV
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Excitation of the nucleus:Excitation of the nucleus:Excitation of the nucleus:Excitation of the nucleus:
Appears possible in the exotic modelsAppears possible in the exotic models

••<T<Tχχ>>≈≈40 40 keV nkeV n2 2 (m(mχχ/100GeV)/100GeV)χχ χχ

••TTχχ,max,max≈≈ 215215 keV nkeV n2 2 (m(mχχ/100GeV)./100GeV).
ThThThusThus

•• mm =500GeV n=2=500GeV n=2•• mmχχ =500GeV, n=2 =500GeV, n=2 
<T<Tχχ>>≈≈0.8 MeV, 0.8 MeV, TTχχ maxmax≈≈ 4 MeV4 MeVχχ 0 8 e ,0 8 e , χχ,max,max ee
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Unfortunately,Unfortunately,Unfortunately,Unfortunately,
Not all available energy is exploitableNot all available energy is exploitable!!
•• For ground to ground transitions (qFor ground to ground transitions (q momentum, Q momentum, Q energy)energy)

•• For Transitions to excited statesFor Transitions to excited states•• For Transitions to excited statesFor Transitions to excited states

•• Both peaked around Both peaked around ξ=1ξ=1
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The recoil energy in keV as a function of the WIMP velocity, in the The recoil energy in keV as a function of the WIMP velocity, in the 
case of A=127.case of A=127. Elastic scattering on the left and transitions to the  Elastic scattering on the left and transitions to the  
∆∆=50 keV excited state on the right.=50 keV excited state on the right. Shown for  WIMP masses in Shown for  WIMP masses in 
the the 100100, , 200, 200, 500, 500, 10001000 and and 15001500 GeV. <GeV. <ξβ>=10ξβ>=10--33
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The average nuclear recoil energy:The average nuclear recoil energy:The average nuclear recoil energy:The average nuclear recoil energy:
A=127;A=127; ∆=∆=50 keV (left),50 keV (left), ∆=∆=30 keV (right)30 keV (right)
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BR for transitions to theBR for transitions to the first excited first excited 
statestate at 50 keV of Iat 50 keV of I vs LSP massvs LSP mass (Ejiri; (Ejiri; 
Quentin, Strottman and JDV)Quentin, Strottman and JDV) Relative to nucleonRelative to nucleonQuentin, Strottman and JDV)  Quentin, Strottman and JDV)  Relative to nucleon  Relative to nucleon  
recoil. recoil. Quenching not included in the recoil Quenching not included in the recoil 
i)i) LeftLeft EE =0 keV ii)=0 keV ii) RightRight EE =10 keV=10 keVi) i) Left Left EEth th =0 keV ii) =0 keV ii) Right Right EEth th =10 keV=10 keV
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CONCLUSIONS: NonCONCLUSIONS: Non--directionaldirectionalCONCLUSIONS: NonCONCLUSIONS: Non directionaldirectional
•• The The modulation amplitude hmodulation amplitude h is small less is small less than 2%than 2% and and 

d d h Sd d h Sdepends on the LSP mass. depends on the LSP mass. 
•• It crucially It crucially depends on the velocity distributiondepends on the velocity distribution
•• ItsIts signsign is alsois also uncertainuncertain for intermediate and heavyfor intermediate and heavy•• Its Its signsign is also is also uncertainuncertain for intermediate and heavy for intermediate and heavy 

nuclei.nuclei.
•• It may It may increaseincrease as the energy cut off remains big (as in as the energy cut off remains big (as in 

th DAMA i t) b tth DAMA i t) b t t th f tht th f ththe DAMA experiment), but the DAMA experiment), but at the expense of the at the expense of the 
number of counts.number of counts. The DAMA experiment The DAMA experiment maybe maybe 
consistentconsistent with the other experiments, with the other experiments, if  the spin if  the spin 
i i d ii i d i Th h i l h ldTh h i l h ldinteraction dominatesinteraction dominates. Then their contour plot should . Then their contour plot should 
move elsewhere.move elsewhere.

•• The modulation is reduced in velocity distributionsThe modulation is reduced in velocity distributionsThe modulation is reduced in velocity distributions The modulation is reduced in velocity distributions 
resulting from the coupling of dark matter to dark resulting from the coupling of dark matter to dark 
energyenergy
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CONCLUSIONS: directionalCONCLUSIONS: directional ExpsExpsCONCLUSIONS: directionalCONCLUSIONS: directional ExpsExps
•• κ (κ (the reduction factor) smallthe reduction factor) small κκ≈≈1/(21/(2π)π) in thein the•• κ (κ (the reduction factor) small. the reduction factor) small. κκ≈≈1/(21/(2π) π) in the in the 

most favored directionmost favored direction ((Θ=π Θ=π in in ΜΒ)ΜΒ)
•• The modulation amplitude in the most favoredThe modulation amplitude in the most favored•• The modulation amplitude in the most favored The modulation amplitude in the most favored 

direction is direction is 0.02<h0.02<hmm<0.1<0.1 (bigger than in non(bigger than in non--
di ti l ) d di th WIMPdi ti l ) d di th WIMPdirectional case) depending on the WIMP mass.directional case) depending on the WIMP mass.

•• In the perpendicular plane hIn the perpendicular plane hmm is much bigger:is much bigger:mm gggg
| h| hmm| | ≈≈0.30.3 (60% difference between maximum (60% difference between maximum 
and minimum).and minimum). Both the magnitude and its signBoth the magnitude and its signand minimum).and minimum). Both the magnitude and its sign Both the magnitude and its sign 
depend on the azymouthal angle depend on the azymouthal angle ΦΦ
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CONCLUSIONSCONCLUSIONS:: Electron productionElectron productionCONCLUSIONSCONCLUSIONS: : Electron productionElectron production
during LSPduring LSP--nucleus collisionsnucleus collisions
•• During the neutralinoDuring the neutralino--nucleus collisions, nucleus collisions, electrons may electrons may 

be kicked off the atombe kicked off the atombe kicked off the atombe kicked off the atom
•• Electrons can be identified Electrons can be identified easier than nuclear recoils easier than nuclear recoils 

(Needed: low threshold(Needed: low threshold ~0 25keV~0 25keV TPC detectors)TPC detectors)(Needed: low threshold (Needed: low threshold ~0.25keV ~0.25keV TPC detectors)TPC detectors)
•• The The branching ratio branching ratio for this process depends on the for this process depends on the 

threshold energies and the LSP massthreshold energies and the LSP massthreshold energies and the LSP mass.threshold energies and the LSP mass.
•• For a For a threshold energy of 0.25 keVthreshold energy of 0.25 keV the ionization the ionization 

event rate in the case of a heavy targetevent rate in the case of a heavy target can exceedcan exceedevent rate in the case of  a heavy target event rate in the case of  a heavy target can  exceed can  exceed 
the rate for recoilsthe rate for recoils by an order of magnitudeby an order of magnitude..

•• Detection of hard XDetection of hard X--rays seams more feasiblerays seams more feasible
CYGNUS (ILIASCYGNUS (ILIAS--N3)     BOULBY  N3)     BOULBY  

22/07/0722/07/07

Detection of hard XDetection of hard X rays  seams more feasiblerays  seams more feasible



COMMON WISDOM!COMMON WISDOM!COMMON WISDOM!COMMON WISDOM!
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••THE ENDTHE END••THE ENDTHE END
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Techniques for direct WIMP detectionTechniques for direct WIMP detection
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Techniques for direct WIMP detectionTechniques for direct WIMP detectionqq
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Another view (ApPEC 19/10/06)Another view (ApPEC 19/10/06)
Blue Blue SUSY calculationsSUSY calculations (parameters on top)(parameters on top)
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