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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



Outline Minimal BSM Light Inflaton and cosmological constraints Laboratory search Conclusions

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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Boyarsky et.al.’14])
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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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[9] L. Strüder, U. Briel, K. Dennerl, R. Hartmann, E. Kendziorra,
N. Meidinger, E. Pfeffermann, C. Reppin, B. Aschenbach,
W. Bornemann, et al., A&A 365, L18 (2001).

[10] Xmm-newton science analysis system,
http://xmm.esa.int/sas/.

[11] A. M. Read and T. J. Ponman, A&A 409, 395 (2003).
[12] K. D. Kuntz and S. L. Snowden, A&A 478, 575 (2008).
[13] A. Boyarsky, O. Ruchayskiy, D. Iakubovskyi, M. G. Walker,

S. Riemer-Sørensen, and S. H. Hansen, MNRAS 407, 1188
(2010).

[14] A. De Luca and S. Molendi, Astron. Astrophys. 419, 837
(2004).

[15] Fin over fout public script, v. 1.1,
http://xmm.vilspa.esa.es/external/xmm_sw_cal/background/Fin_over_Fout.

[16] D. Iakubovskyi, Ph.D. thesis, Leiden University (2013).
[17] T. Abbey, J. Carpenter, A. Read, A. Wells, Xmm Science Cen-

tre, and Swift Mission Operations Center, in The X-ray Uni-
verse 2005, edited by A.Wilson (2006), vol. 604 of ESA Special
Publication, p. 943.

[18] Xmm-newton epic mos1 ccd6 update,
http://xmm.esac.esa.int/external/xmm_news/items/MOS1-CCD6/.

[19] Irby, B., The ftools webpage, HeaSoft,
http://heasarc.gsfc.nasa.gov/docs/
software/ftools/ftools menu.html (2008).

[20] J. A. Carter and A. M. Read, A&A 464, 1155 (2007).
[21] D. B. Henley and R. L. Shelton, Astrophys.J.Suppl. 202, 14

(2012).
[22] E. Corbelli, S. Lorenzoni, R. A. M. Walterbos, R. Braun, and

D. A. Thilker, A&A 511, A89 (2010).
[23] A. Simionescu, S. W. Allen, A. Mantz, N. Werner, Y. Takei,

R. G. Morris, A. C. Fabian, J. S. Sanders, P. E. J. Nulsen, M. R.
George, et al., Science 331, 1576 (2011).

[24] L. Chemin, C. Carignan, and T. Foster, Astrophys. J. 705, 1395
(2009).

[25] M. A. Sanchez-Conde, M. Cannoni, F. Zandanel, M. E. Gomez,
and F. Prada, JCAP 1112, 011 (2011).

[26] O. Urban, A. Simionescu, N. Werner, S. Allen, S. Ehlert, et al.,
MNRAS 437, 3939 (2014).

[27] A. Boyarsky, A. Neronov, O. Ruchayskiy, and I. Tkachev, Phys.
Rev. Lett. 104, 191301 (2010).

[28] L. J. King and J. M. G. Mead, MNRAS 416, 2539 (2011).
[29] R. Mandelbaum, U. Seljak, and C. M. Hirata, JCAP 0808, 006

(2008).
[30] S. Dodelson and L. M. Widrow, Phys. Rev. Lett. 72, 17 (1994).
[31] X.-d. Shi and G. M. Fuller, Phys. Rev. Lett. 82, 2832 (1999).
[32] M. Shaposhnikov, JHEP 08, 008 (2008).
[33] M. Laine and M. Shaposhnikov, JCAP 6, 31 (2008).
[34] T. Takahashi, K. Mitsuda, R. Kelley, H. Aharonian, F. Aarts,

et al., 1210.4378 (2012).
[35] A. Boyarsky, J. W. den Herder, A. Neronov, and O. Ruchayskiy,

Astropart. Phys. 28, 303 (2007).

3.5 keV X-ray hint–mixing
θ 2

1 (Dirak Yukawa F ) too
small mixing to produce
DM via non-resonantly
enhanced oscillations



Outline Minimal BSM Light Inflaton and cosmological constraints Laboratory search Conclusions

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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