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Dark matter Not dark matter




& Wy do .We need Dark Matter =
= What i1s the Dark Matter made of ?

= Dark Matter candidates: Neutrinos, Axions, WIMPs.
= Supersymmetry and Neutralino Dark Matter.
The search for drak matter particles:
Direct search
Experimental techniques

Experiments around the world

= Conclusions.




Why.doweheed Dark Matter

S USTIONOMEDS, COSMOIOZISLS and Particles physICISLs, aic:
convinced that 90% of the mass of the Universe 1S due to
some non-luminous matter, called




= Although the nature of this dark matter 1s still unknown, 1ts
. exdstence 1s not so odd. -




Dark matter in galaxies

~the study of rotation velocity
ocated fag away from galactic centres.

expected
from
- _ luminous disk
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= Theobservation of about . o
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from the centre of galax1es the ~~ . - Ms3rotationcure
rotation velocities donot drop.

off with distance.

R (kpc)




* The explanation for these flat rotation curves is to assume that disk
galaxies are immersed in extended dark matter halos.
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=Atsmall distances thrs dark-matterTs-only a small fraction oOf
the galaxXy mass, 1t becomes a very large amount at larger
distances.

= If the Universe expands to
a maximum then contracts leading to an
inverse Big Bang (closed Universe).

radius
of the
Universe

u [E=s the"Universe expands
torever (open Universe). The same for

, where the geometry of the
Universe 1s flat.




= (Cursent obsenvations ol lumineus matter: 1 galaxies

cletermine £ ~ 0.01,
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gEel hiz €s of rotation cusves mply o= Fs

*"Thus, larger amounts of dark
matter Or non-vanishing vacuum
energy-density contribution

o the density of the Universe.....
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that a small number of: authorsssugsest that
dark matter 1s not really necessary to explain rotation
curves.

SNESCrattempisiarcyioonlyratheRadBiocin gencral burlso
ansIeIchr toraccount the necessity: ofidankematter in scales
larger than galactic ones.
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e sTo=Bans nuclcosynthcsis, wihichrexplais, the otigin o
the clements, sets: a limit to the number ol baryons that
ex1sts i the Universe: (2 <0.04
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"= The three most promising are: neutrinos, axions and
neutralines
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= Neutrinos are the only DM candidates which are known to exist. THey
are leptons with zero charge & spin 1/2.

= The exper. results indicate

pEsemeuinnes wene . thermal equilibEimsmethe Ca yAUmVErseraid
pECHLPICdVhCTINNEYAVEICHnoVIngSviNclativistic velocities.
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= Peccei & Quinn proposed U(l). symmetry  which is
spontancouslysbioken — a very.small 0 & a_Goldstene
BOSOIL, the soscalledaninn, - =

SR

* The axion mass is

where




: i'ﬁfe‘i’i | andldates for a fk matferi _he‘UﬁwerseT

= The relic density of WIMPs can
be computed with the result

® For weakly coupled partlcle with

Onﬁ..gbtalns, - . This number 1s close to the value
that we need to obtain the observed density of the Universe.




Particles
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bosons and fermions.

b o Supew, mmetric
"shadow" particles

= Higgs 1s no longer a mysterious particle. SUSY 1ntr0duce
fundamental scalars (squarks, sleptons).
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" Local SUSY leads to a partial unification of the SM with gravity:
Supergravity, which is the low-energy limit of superstrings.




*= In simplest SUSY models, there 1s ONLY interactions

* LSP may be a candidate for DM, Goldberg 1983.
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» In MSSM, the LSP is an electrically neutral with no strong
Interactions particle, called neutralino.




= Neutralinos ane Superpositions
of’ the fermionic partners of the
neutral electroweak — gauge
bosons, bino and wino, and the
fermionic partners of the [EEEERECREEI
twoneutral  Higgs  bosons, M ,sfps6, —Myspcé,

Higgsinos.




" fermion-antifermion pairs give the dominant contribution to
[LSP annhiliation.




SEAIChNBIaEAENAlEIAAICIES

target crystal

experimental = g
through elastic scattering with s
nuclui 1 a detector 1S

possible.

" Thus, every day a few WIMPs hit an atomic nucleus in a
detector.




= We compute the interactions of WIMPs with quarks and gluons, then
translate it into interactions with nucleons, then to interactions with
nuclei.




3- Measuring a small temperature rise.

* For example, when a 1 cm’ of Silicon crystal is cooled to a very low
temperature (~120 mK), the heat capacity 1S so low that even a few

keVivoi* deposited. energy raises the temperature by a measunable
amount (~10° K, —
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Experimenis.arounddhewvorlid
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= A different method for discriminating a dark
matter signal from background 1s the one used by
(the DAMA collaboration, the so-called i
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DAMAYersus . CDMS

1nvestlgates the annual
modulation of this signature.

Residuals (cpd/kg/keV)

Time (day)

‘The DAMA resultis. controversml becausesthe negative search result”
obtained by-the CDMS ‘expe experiment 1n the US.




‘modulation signa

= The DAMA result for the cross section

are generically above the expected weak-

interaction value, and therefore they are
not easy to obtain in SUSY models with
neutralino dark matter,
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* The DAMA collaboration installed a new set-up where 250 kg of Nal
are used. This will make the experiment more sensitive to the annual
modulation signal.
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~ the mass in the universe 1S some (u1ﬂ<nownj‘"rr0‘n‘1um1nous
“dark matter’.

= However, at microscopical scales it might manitest through
weak interactions, and this raises the hope that it may be
JEIECICd TN low=energy particle phySiCs cxpeiimeiiSy
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- They Will be present in our: owin galaxy: and! there will be a ilux of

= Many experiments have been carried out around the world i order to
detect the LSP flux.




