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Physics beyond the standard model
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There is physics beyond the SM

> Dark matter and dark energy:
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Expanding universe

http://science.nasa.gov/astrophysics/focus-areas/what-is-dark-energy/

Dark Matter

Even if one neglects dark energy:
Dark Energy 85% of the matter is of unknown constituents.
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There is physics beyond the SM

> Dark matter and dark energy candidate constituents:
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> Very weak interaction witl Q? iter > Extremely lightweight scalar particle
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Evidence for dark matter in the universe

Dark matter

shows up in gravitation only, il
which is the only interaction not + Fungecuentar Foroes
embedded in the standard e .o
model. —

gravitation fits

only shows up in large systems
much beyond the scale of the

solar system! o G_rqvitation requires
; : additional dark matter
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Dark matter properties

> The dark matter density around us is of about
0.3 GeV/cm3 = 5-10-?° g/cm?3

> It has negligible interactions with our
A v i swoldd aednegligible self-interaction.
The couplings is fAweakl yo at

2l Showease

>t 1 s ncol derelativisticepgeedgonlgt n on -

> It is non-baryonic.

> The dark matter constituents must have a
lifetime much longer than the age of the universe.

None of the known particles within the Standard Model

fulfills all these requirements! T
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Our prime DM Candidates

1. Weakly Interacting Massive Particles: WIMPs
Most promising candidate: lightest supersymmetric particle (neutralino,
a linear combination of photino, zino and higgsinos,
to be found at LHC?),
very heavy (around 101leV).

2. Sterile neutrinos
Naturally relax a hierarchy in the fermion sector, could show up
Indirectly in neutrino oscillations, could constitute DM
if Dark Matter: medium weight (around 103eV)

3. Axion or Axion Like Particles: ALPs
|l nvented to explain CP c
moment of the neutron z
Non-thermal production in the early universe,

very light (around 10-°eV).
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Intoduction to WeaklylInteractingSlimParticles

> WISPs are hypothetical bosons with masses below 1eV (< 0,000002 m,).

> Axion: a neutral pseudoscalar predicted to explain the CP conservation
iIn QCD. Its physics is determined just by a symmetry breaking scale f_:

A Mass: m, = 0.6eV - (107GeV / f,) .
A Coupling to two photons: g,, & (2 -f,) /ﬁ

A|Abundancy in the universe: q,/ q, ~ (f, / 1012GeV)"/® q,li:

axion

Cold Dark Matter Y

for m, around 10 eeV!
originating from phase
transitions in the early universe
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Intoduction to WeaklylnteractingSlimParticles

> WISPs are hypothetical bosons with masses below 1eV (< 0,000002 m,).

> Axion: a neutral pseudoscalar predicted to explain the CP conservation
iIn QCD. Its physics is determined just by a symmetry breaking scale f_:

A Mass: m, = 0.6eV - (107GeV / f,) e
A Coupling to two photons: g,, & (2 -f,) /ﬁ

A Abundancy in the universe: g,/ q. ~ (f, / 1012GeV)"/6 q,lii:

axion

> Axion-like particles (ALPs):
Coupling strength and mass are not related by one f,.

> Hidden photons: neutral vector bosons. ’\/\/\rH—P(— —
My =

> Mini-charged particles, Chameleons, massi ve gravity
(some of these might be related to dark energy).
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Axion and axion-like-particle (ALP) couplings

> Axion and other Nambu-Goldstone bosons arising from spontaneous

breakdown of global symmetries are theoretically well-motivated very
weakly interacting slim (ultra-light) particles.

The coefficients are determined by specific ultraviolet extension of SM.

Courtesy A. Ringwald
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