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FromFromFromFrom a a a a hosthosthosthost of of of of astrophysicalastrophysicalastrophysicalastrophysical and and and and cosmologicalcosmologicalcosmologicalcosmological observationsobservationsobservationsobservations
the the the the mattermattermattermatter density in the density in the density in the density in the UniverseUniverseUniverseUniverse isisisis
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and and and and usingusingusingusing 12.0/ <ΩΩ CDMν ((((formationformationformationformation of of of of cosmologicalcosmologicalcosmologicalcosmological structuresstructuresstructuresstructures))))
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AlternativesAlternativesAlternativesAlternatives totototo dark dark dark dark mattermattermattermatter ????

M ostM ostM ostM ost mattermattermattermatter isisisis dark, dark, dark, dark, onlyonlyonlyonly a a a a smallsmallsmallsmall fractionfractionfractionfraction of of of of itititit isisisis baryonicbaryonicbaryonicbaryonic

ModificationModificationModificationModification of of of of NewtonianNewtonianNewtonianNewtonian gravitygravitygravitygravity
etcetcetcetc



are very interesting to be are very interesting to be are very interesting to be are very interesting to be investigatedinvestigatedinvestigatedinvestigated, , , , thoughthoughthoughthough representing representing representing representing subdominantsubdominantsubdominantsubdominant
componentscomponentscomponentscomponents of DM of DM of DM of DM –––– their detection rates can be large!their detection rates can be large!their detection rates can be large!their detection rates can be large!

A A A A particleparticleparticleparticle isisisis a a a a goodgoodgoodgood dark dark dark dark mattermattermattermatter candidatecandidatecandidatecandidate ifififif

itititit isisisis stablestablestablestable ((((protectedprotectedprotectedprotected bybybyby a a a a conservedconservedconservedconserved quantum quantum quantum quantum numbernumbernumbernumber))))

itititit isisisis weaklyweaklyweaklyweakly----interactinginteractinginteractinginteracting ((((unchargedunchargedunchargeduncharged and and and and uncoloureduncoloureduncoloureduncoloured))))

itsitsitsits relicrelicrelicrelic abundanceabundanceabundanceabundance isisisis CDMΩ≈

NoticeNoticeNoticeNotice thatthatthatthat alsoalsoalsoalso relicrelicrelicrelic particlesparticlesparticlesparticles whosewhosewhosewhose relicrelicrelicrelic abundanceabundanceabundanceabundance isisisis lesslesslessless thanthanthanthan CDMΩ



ProductionProductionProductionProduction of of of of relicrelicrelicrelic particlesparticlesparticlesparticles

---- ThermalThermalThermalThermal productionproductionproductionproduction

hot  hot  hot  hot  candidatescandidatescandidatescandidates
(relativistic at decoupling)

coldcoldcoldcold candidatescandidatescandidatescandidates
(non-relativistic at decoupling)

---- NonNonNonNon----thermalthermalthermalthermal productionproductionproductionproduction

ColdColdColdCold relicrelicrelicrelic particlesparticlesparticlesparticles are are are are neededneededneededneeded forforforfor the the the the formationformationformationformation
of of of of cosmologicalcosmologicalcosmologicalcosmological structuresstructuresstructuresstructures
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Catena, Fornengo, Masiero, Pietroni and  Rosati: ast ro–ph/0403614
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No candidate No candidate No candidate No candidate forforforfor coldcoldcoldcold dark dark dark dark mattermattermattermatter (CDM)(CDM)(CDM)(CDM)
can can can can bebebebe foundfoundfoundfound in the Standard Modelin the Standard Modelin the Standard Modelin the Standard Model

ManyManyManyMany naturalnaturalnaturalnatural candidatescandidatescandidatescandidates forforforfor CDM are CDM are CDM are CDM are foundfoundfoundfound inininin
extensionsextensionsextensionsextensions of the Standard Model of the Standard Model of the Standard Model of the Standard Model notnotnotnot motivatedmotivatedmotivatedmotivated

bybybyby cosmologicalcosmologicalcosmologicalcosmological reasonsreasonsreasonsreasons
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TwoTwoTwoTwo importantimportantimportantimportant examplesexamplesexamplesexamples
SupersymmetricSupersymmetricSupersymmetricSupersymmetric theoriestheoriestheoriestheories

thethethethe LLLLightestightestightestightest SSSSupersymmetricupersymmetricupersymmetricupersymmetric PPPParticlearticlearticlearticle isisisis stablestablestablestable ifififif RRRR----parityparityparityparity isisisis conservedconservedconservedconserved
the the the the nature of the LSPnature of the LSPnature of the LSPnature of the LSP dependsdependsdependsdepends on the on the on the on the propertiespropertiespropertiesproperties of the of the of the of the susysusysusysusy model and model and model and model and 
on the regions of the susy parameter space: many possibilities on the regions of the susy parameter space: many possibilities on the regions of the susy parameter space: many possibilities on the regions of the susy parameter space: many possibilities totototo havehavehavehave
a LSP a LSP a LSP a LSP whichwhichwhichwhich isisisis uncoloureduncoloureduncoloureduncoloured and and and and unchargedunchargedunchargeduncharged
the the the the mostmostmostmost popularpopularpopularpopular case:   case:   case:   case:   LSP  =   LSP  =   LSP  =   LSP  =   neutralinoneutralinoneutralinoneutralino

TheoriesTheoriesTheoriesTheories withwithwithwith compactificationcompactificationcompactificationcompactification of extra of extra of extra of extra dimensionsdimensionsdimensionsdimensions
thethethethe LLLLightestightestightestightest KKKKaluzaaluzaaluzaaluza----KleinKleinKleinKlein PPPParticlearticlearticlearticle isisisis stablestablestablestable ifififif KKKKKKKK----parityparityparityparity isisisis conservedconservedconservedconserved
severalseveralseveralseveral possibilitiespossibilitiespossibilitiespossibilities forforforfor a a a a goodgoodgoodgood candidate: candidate: candidate: candidate: 
first level modes of massive neutral first level modes of massive neutral first level modes of massive neutral first level modes of massive neutral gaugegaugegaugegauge bosonsbosonsbosonsbosons
first first first first levellevellevellevel mode of the neutrinomode of the neutrinomode of the neutrinomode of the neutrino
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Relic Abundance
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From G. Servant and T.M.P. Tait, hep-ph/0206071



Neutralino – neutralino annihilation diagrams
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CosmologicalCosmologicalboundboundon on mmχχ
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Detection of  Detection of  Detection of  Detection of  relicrelicrelicrelic particlesparticlesparticlesparticles



WIMP direct WIMP direct measurementsmeasurements
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AnnihilationsAnnihilations takingtaking placeplace in the in the HaloHalo
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for signals due to produced by WIMP self-annihilations
in the galactic halo

-- propagation and diffusion of the charged particles in the halo

-- evaluation of the secondary productions (background)

Detection Detection Detection Detection ratesratesratesrates dependdependdependdepend sensitivelysensitivelysensitivelysensitively on the on the on the on the followingfollowingfollowingfollowing propertiespropertiespropertiesproperties::::
phase-space distribution function for the WIMPs in the galactic halo

-- deviations of the smooth component from the isothermal sphere

-- possible existence of streams and clumps

dpe ,,+



SignalsSignalsSignalsSignals versusversusversusversus WIMP massWIMP massWIMP massWIMP mass
((((onlyonlyonlyonly orientative) orientative) orientative) orientative) 

direct detection

exotic components of CRs
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The elastic cross section is

bounded from below:

→ “funnel” at low mass

Neutralino – nucleon cross section
Color code

from now on:

● Ω h2 < 0.095

×××× Ω h2 > 0.095



DAMA modulation region, likelyhood function values distant

more than 4 σ from the null result (absence on modulation) 

hypothesis, Riv. N. Cim. 26 n. 1 (2003) 1-73, astro-ph/0307403

Exposure: about 108.000 kg day

Neutralino – nucleon cross section
Color code

from now on:

● Ω h2 < 0.095

×××× Ω h2 > 0.095

The elastic cross section is

bounded from below:

→ “funnel” at low mass



Neutralino – nucleon cross section

CDMS

D. S. Akerib et al., astro-ph/0405033

(in  astro-ph/0509259 the upper limit is 

improved by a factor of  2.5 )  

EDELWEISS

A. Benoit et al., 

Phys. Lett. B 545, 43 (2002)

Upper limits from direct searches

assumptions: 

isothermal sphere, 

v
0
=220 km/sec, 

ρ0=0.3 GeV/cm
3



Dependence of  the upper bounds on the WIMP galactic
distribution function

B1 = non-isotropic velocity dispersion
A0 = isothermal sphere
C3 = axisymmetric spatial distribution
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Antiprotons



Among the signals due to WIMP self-annihilation in the halo, 
those of antiprotons are the most constraining for relic
neutralinos with masses in the range GeVmGeV  200 10 ≤≤ χ

maximal annihilation
rate  R 

experimental
upper bound

χmGeV 200

above antiprotons from neutralino self annihilation
are irrelevant (e.g. are dominated by secondary production) 
unless the halo is substantially clumpy

GeVm  200≈χ

a  qualitative plot



A.B., Donato, Fornengo and Salati: hep-ph/0507086

effects due to light neutralinos can be sizeable, but hardly distinguishable
from background 
constraints relaxed by astrophysical uncertainties of primary fluxes



Diffusion in a two-zones halo: 
- energy-dependent coefficient
- L = halo thickness parameter

)(0 rigidityRRKK == δβ



10 GeV

20 GeV
30 GeV

Diffusion in a two-zones halo: 
- energy-dependent coefficient
- L = halo thickness parameter

)(0 rigidityRRKK == δβ



Gamma-rays



Elsasser and Mannheim: astro-ph/0405235
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J. Albert et al, astro-ph/0512469



Particle dark matter is being actively searched for
by different independent means

Present experimental sensitivities already allow
investigation of some interesting particle physics
models (e.g. neutralino in some classes of super-
symmetric  schemes)

Clear-cut interpretations of experimental data require a 
conservative approach – hopefully other independent 
investigations will provide significant reduction of 
astrophysical uncertainties

Independent information from accelerators is necessary

Conclusions (for this part)



Search for dark matter was one of the major 

scientific interests of Angel Morales

His theoretical interest extented to the 

experimental aspects of WIMP direct detection:

- pioneering activity in the field

- activity of the Zaragoza group on searches 

for dark matter at the Canfranc Laboratory: 
COSME, ANAIS, ROSEBUD, IGEX-DM

- driving force also in experiments in other

laboratories and in the shaping of an European

coordination in this field
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Review talks on WIMP direct detection

TAUP  2003
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