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Standard Model – describes nearly everything
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Standard Model and nothing else above up to Planck
scale?

No heavy particles/scales
no physical high scale quadratic contributions to the Higgs
boson vev
hierarchy problem may be addressed by starting from a
scale invariant theory
Processes at the highest energy (inflation) may be directly
related to the low energy properties

Should explain everything }
this talkInflation

Dark Matter  νMSMNeutrino oscillations
Baryon asymmetry of the Universe
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Light Inflaton model essentials–one new scalar
L = LSM,M=0

Standard Model
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Produces DM sterile neutrino N1 in decays φ → NN
Gives mass to DM sterile neutrino MN1 = f 〈φ〉
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Light Inflaton model essentials–one new scalar
L = LSM,M=0

Standard Model
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Higgs-inflaton mixing θ 2 = 2α/λ
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Light Inflaton model essentials–one new scalar
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The tensor perturbations are suppressed,
inflaton self-coupling β is increased by non-minimal

coupling ξ
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Parameters can be determined from cosmology
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Sterile-active mixing θ1 is bound (discovered?!) in
X-ray observations

N1 – keV scale sterile
neutrino DM
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FIG. 4: Constraints on sterile neutrino DM within νMSM [4]. The
blue point would corresponds to the best-fit value from M31 if the
line comes from DM decay. Thick errorbars are ±1σ limits on the
flux. Thin errorbars correspond to the uncertainty in the DM distri-
bution in the center of M31.

to detect the candidate line in the “strong line” regime [35]. In
particular, Astro-H should be able to resolve the Milky Way
halo’s DM decay signal and therefore all its observations can
be used. Failure to detect such a line will rule out the DM
origin of the Andromeda/Perseus signal presented here.
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Parameters can be determined from cosmology
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Inflaton decays and lifetime
Coupled to everything proportional particle mass
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Experimental searches are possible
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Search in beam target SHiP facility
proposed in CERN using SPS beam

Search for decays of produced particle in empty volume
Existing bounds – CHARM (similar experiment at SPS)
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Longer lifetimes are excluded by CHARM
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Another prediction: EW vacuum should be stable

Inflation proceeds
along H†H = α

λ
X 2

The Higgs
self-coupling λ :
must be positive up
to inflationary scales
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[FB, Kalmykov, Kniehl„ Shaposhnikov’12,
Degrassi, Di Vita, Elias-Miro, Espinosa, Giudice, Isidori„ Strumia’12]
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Conclusions

A minimal model without any new scales can
Fully describe the Universe
Can be constrained from a combination of cosmological
and laboratory experiments

Example: light non-minimally coupled inflaton
Searches in cosmology and astrophysics:

measurement of r (many experiments out there)
search for DM decays in X-rays (ASTRO-H)

Searches in the laboratory
Inflaton – search in rare decays of B (LHCb, SHIP)
Sterile neutrinos – no large neutrinoless double beta decay,
search in rare decays, SHIP
Top quark Yukawa (and Higgs boson mass) – TLEP, ILC
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Constraints and searches for heavier sterile N2,3
νMSM with inflaton decay into DM

Leptogenesys by N2,3

∆M/M ∼ 10−3

Experimental searches
N2,3 production in
hadron decays:

Missing energy in K
decays
Peaks in Dalitz plot

N2,3 decays into SM
Beam target
experiments – SHIP

[Gorbunov, Shaposhnikov’07]
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