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In both frameworks there is massive spin-2 ghost.
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Effective non-unitary theory?

@ Usually if you deal with the non-renormalizable theory you use the
effective field theory to control quantum corrections
e Example: For Higgs inflation it's impossible to connect inflation with
low energy physics without UV completion. (sibiryakov et. al., arxiv:1008.5157)
@ The main proposal: use the renormalizable gravity as UV completion
and try to hide the non-unitarity (if possible).
@ Lets quantize the ghost with negative norm = positive energy, no
infinite integrals, but negative probabilities.
@ What is the ghost impact on inflation?
e Heavy ghost, m > H;: studied in sasaki et al. arXiv:0007.3868, arXiv:1012.5202.
Small corrections to the amplitude of tensor perturbations and no
corrections for the scalar perturbations. No ghost production.

e Light ghost, m < H;:
We studied the scalar perturbations for that case.
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How to hide a ghost

May the light ghost be safe?

e For m > 100 GeV — the naturalness problem for the Higgs mass.
Ghost impact on the ratio my/Mp becomes large (A salvio and A Strumia,
1403.4226).

@ The great problem of interpretation exists only for the interacting
ghost. The coupling with matter is of order p/Mp, the decay rate is
[~ m3/M2.For m< 10MeV ghost lives longer then Universe.

@ Ghost production in the hot plasma:

-
~ 2 /M2 QL = 0.02 — GEYS
o~ e/ gh 10 MeV 103 GeV

@ From short distance constraints: m > 410712 GeV (s. J. smuliin, A. A.

Geraci, D. M. Weld, A. Kapitulnik and J. Chiaverini, eConf C 040802, MOTO004 (2004).)
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Inflationary perturbations

Linearized action in the newtonian gauge at inflation
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For de Sitter background — exact diagonalization. Vacuum initial
conditions on field perturbations at n — oo:

Hogn  _; Ho
¢ = e ian — 70 o e—ian
P YR X=5_an
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Inflationary perturbations

Superhorizon solutions
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Inflationary perturbations

The comoving gauge

The Einstein equations may be written as one 4-th order equation on
W = W — &. The four solutions in the superhorizon limit and for yH? > 1
are:
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Inflationary perturbations

The comoving gauge

The Einstein equations may be written as one 4-th order equation on
W = W — &. The four solutions in the superhorizon limit and for yH? > 1

are:

dt hH 2 aH )
W] /adt, o /adtl/ ?dtz/ Tpdts o (t, %)

The Newtonian gauge breaks: V. & ~a = ¥V ¢ > 1.
The comoving gauge:
goo = a°(1 + 2A), goi = 23°0;B, gj = a*(0;;(1 + 2R) + 0;0;E)

E—0, R=-Ye___th B=L=\/EE
2 2m\/2eMp 2 V37q
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Inflationary perturbations
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Ghost becomes heavier than the Hubble parameter:
vH? < 1

‘aoctp7 p<1‘

Superhorizon solutions for W:
C[ert]. [ereriiva|

Sewing this solutions to previous limit use two important properties:
e Solutions tP/2eE/V7 do not impact on R
e Einstein solutions W,, t=~! do not impact on B
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Inflationary perturbations

Ghost becomes heavier than the Hubble parameter:
vH? < 1

’aoct”7 p<1‘

Superhorizon solutions for W:
Al (1], [epr2e*t/v7

Sewing this solutions to previous limit use two important properties:
e Solutions tP/2eE/V7 do not impact on R
e Einstein solutions W,, t=~! do not impact on B

Result:
-p/2
R = const, B = \/EE (L) eEit/ /7
3qg \\V7
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Results for the ghost perturbations

Crossing back the horizon

@ The ghost solutions W ~ tP/2e*t/v/7 remains unchanged after
horizon crossing.
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Crossing back the horizon

@ The ghost solutions W ~ tP/2e*t/v/7 remains unchanged after
horizon crossing.

@ Einstein modes behaves as usual.
@ Ghost impact to the matter density contrast:
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@ The relative ghost impact to CMB is characterized by go; = njgB/R
in comoving gauge.
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Results for the ghost perturbations

n;goi spectrum at recombination
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Results for the ghost perturbations

n;goi Spectrum now

m=107? GeV
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Conclusions

Conclusions

It looks possible to use the renormalizable quadratic gravity for
constructing inflationary models with controlled quantum corrections
The light ghost limit correspond to very weak coupling to matter:

o Negligible production in a hot plasma
o Lifetime is much larger than the Universe lifetime

I
1073 &V < m <10 MeV

Are very small negative probabilities dangerous?

@ The cosmological ghost scalar perturbations do not affect the Planck
data.
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Conclusions

Thanks for your attention!
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