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Standard Model Lagrangian includes all terms of canonical dimension 4 and less,
consistent with three generations of quarks and leptons and the
SUB3)*SUR)*U(1) gauge structure at classical and quantum levels.
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#

| OEffectiveO charge of the Odark sectorO péfiscf@ = e! &
(if momentum scale q > ). At g < m, one can say that
particle %has a nofvanishing EM charge radipg ~ 6emy,’

I Dark photon can OcommunicateO interaction between SM an

dark matterlt represents a simple example of BSM physicsf



Planck Data Release 1 (March 2013)
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Planck DR1 Baryon Density
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Exponentiakexpansiorof the Universe withH = H,., ~ const , that
stretche®nesmallpatch to many many horizons,
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There are some conceptual problems: nearly arbitrary choice for
Inflaton potential, eternal inflations, initial conditiole$c

Only theupperboundon H,; exists. This is usually phrased as a lir
on the secalled tensoto-scalar ratio (0.
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Hilltop quartic model
« attractors

| e H,q < 10* GeV.
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= Low scale SB SUSY I
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Primordial tilt (ns)

We do not know at whattemperaturd inflation ended and created h
Universe We do not know what maximum mass relics can be
produced.
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What was the initial temperature of hot Universe?

Did Owedive through the electroweak phase transition? Based or
popular/minimal models of baryogenesis, most likely OyesO. In tl
sense, existence of an epoch with my, ; ,Is very likely.

Problem:very few observational clues from epochs earlier than Bl
baryonantibaryon asymmetry, and perhaps dark matter.
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baryon density parameter ! gh?
|
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CMB spectrum is shown to be precisely Planckian (FIRES experimg
on COBE) with 1 part per 20Standard cosmology does not predict
much more than 1ppb deviations.
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| Extremely important epoch in cosmology

| After matterradiation equality, structures start growing, DM devel
potential wells where barygohoton fluid is OfallingO, developing
pressure waves.

! Electrons and protons form neutral H, and photon mean free patt
becomes large.e.they no longer scatter. We see O2dO informatic
where photons last scattered
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Unstable or annihilating particles can inject energy during the CMB
epoch, affecting the ionized fraction, optical depth, and consequentl

statistics of anisotropy peaks.
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I (Figures fromFurlanettcet al, 2006, Phys. Rep.)
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I 'We live in the era of precision cosmology and know that atoms al
subdominant component to other forms of energy: Dark Matter al
Dark energy.

| Early Universe has some peridtiat are relatively well understood
by us €.9.BBN, CMB epoch). We understand what inflation does
the sky mapO and to formation of structure, but do not know wha
energy content it had.

I FIPs,dependingpntheirmasscouplingandtheway theyare
producecanddecay can: modify/saturate DM, change equation of
state for dark energy, lead to radiatikee degree of freedom that
modify N.4 cause late time energy injection modifying BBN and
CMB observational patterns E..

Example®in the next lecture.



