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Just Enough Inflation

Inflation - just enough

@ Inflation is an epoch of accelerated expansion of spacetime before the
onset of radiation dominated era.

@ About 60 e-folds of this epoch is necessary to resolve the cosmological
problems - horizon problem, flatness problem, etc.

@ The scalar perturbations evolved from such an epoch explains the origin
of tiny anisotropies observed in the Cosmic Microwave Background
(CMB).

@ If this epoch had lasted only for the required number of e-folds, such
a scenario is termed as ‘just enough inflation’!.

1Carlo R Contaldi, et.al., JCAP, 2003, 002, (2003);
E. Ramirez and D. J. Schwarz, Phys. Rev. D., 85, 103516, (2012);
L.T. Hergt, et.al. Phys. Rev. D., 100, 023501, (2019).
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Just Enough Inflation

Motivation
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The Cy's of the anisotropies in CMB have consistently exhibited low power
over large scales?.

2Planck Collaboration, (2018) [arXiv: 1807.06211v2[astro-ph.CO]].
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Just Enough Inflation

Dynamics

Scalar field with large initial kinetic energy can effect this scenario.
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Just Enough Inflation Power spectrum

Power spectrum from just enough inflation

The power spectra of perturbations in such a scenario exhibit suppression
over modes of that are outside the Hubble radius.
Models :V(¢) = m?¢?/2, Vo[l — e~ V30/Mp))2
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Scalar power spectra from just enough inflation.
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Just Enough Inflation Scalar bispectrum

Scalar bispectrum - Cubic order action

The cubic order action contributing to the bispectrum of scalar
perturbation R is of the form>

SPUKR] = M2 / dnd’x [a%% RR” + a2 R(OR)? — 2ae1 R';RI'x
2 .
+%616l2 R2R + %87;7261)(82)( + %6272(8)()2
5£RR
271 (R
+2F1(R) 3R }

3Alrlro'a and Tanaka, JCAP, 2011, 005, (2011).
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Just Enough Inflation Scalar bispectrum

Scalar bispectrum - Cubic order action

The cubic order action contributing to the bispectrum of scalar
perturbation R is of the form>

SPUKR] = M2 /dn d’z [a%% RR” + a2 R(OR)? — 2ae1 R';RI'x
2 .
+%616l2 R2R + %87;7261)(82)( + %6272(8)()2
5L
+2F1(R) RR}

S:]?oundary [R]

2 3 3 3, @ 2
Mm/dr]d wd—n|:—9a HR +ER(6R)

- H3 (9R)29?R — %R(@R)z
—TERR? - SR + M%(aiajnaiafx — 9°ROY)
2RH (8,0, x0'07x — 0%x0%x )}
Here, x =ac1072R’ and F1(R) = 1e,R? + BR. 4+ L [7 (OR)(OR) +a—2<aiaj(ainaj7z))}+
b [(ORIO - 02019 (ainajx>>].

3Alrlro'a and Tanaka, JCAP, 2011, 005, (2011).
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Just Enough Inflation Scalar bispectrum

Scalar bispectrum

The scalar bispectrum, evaluated at the end of inflation, 7, is defined as
(Riey (1) Ry () Ries (1)) = (27m)*2 Gk, Koo, ks) 0™ (Rer + koo + kes).

This is evaluated using the relation

~ N ~ Ne R R ~ .
(Riey (M) Ry () Ries () = —i/ dn{[Rie; (1) Riey (1) Ries (1) H e e (0)])
ni
where, HX =-L" . Hence,

G (K1, k2, k3) = Gu(k1, k2, k3) + GBoundary (K1, k2, k3).
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Just Enough Inflation Scalar bispectrum

Bispectrum - Bulk and Boundary

G(k1, k2, k3) = Guk(k1, k2, k3) + GBoundary (k1, k2, k3).
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Just Enough Inflation non-Gaussianity

Behaviour of the non-Gaussianity parameter

The scalar non-Gaussianity is quantified as

(¥ )16 1 (k1koks)® G(k1, k2, ks3)

fNL:k:i”PR(kg)PR(k‘) k3P (k1)Pr (k3) + k3P (k1) Py (k2)
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Just Enough Inflation

non-Gaussianity

Behaviour of the non-Gaussianity parameter

The scalar non-Gaussianity is quantified as

fo, = — () gr (ki kaks)* Gk, ez, Kes)
M B PR (ka)Pr (ks) + k3 Py (k1) Py (k3) + k3P (k1) Pr (k2)
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Just Enough Inflation non-Gaussianity

Behaviour of the non-Gaussianity parameter

The scalar non-Gaussianity is quantified as

fo, = — () gr (ki kaks)* Gk, ez, Kes)
N k3P (k)P (ks) + k3P (k1) Py (ks) + k3P (k1) P (k2)

Equilateral limit (k1 = ko = k3); €1, = 2.99
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Just Enough Inflation non-Gaussianity

Behaviour of f, in squeezed limit

The non-Gaussianity parameter in the squeezed limit, is expected to satisfy

the consistency condition, which is given by
5
W= (g — 1),

where, ng — 1 = dinP, /dink.
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Just Enough Inflation non-Gaussianity

Behaviour of f, in squeezed limit

The non-Gaussianity parameter in the squeezed limit, is expected to satisfy

the consistency condition, which is given by

)
= e~ 1),

where, ng — 1 = dinP, /dink.
Squeezed limit (k1 ~ —ko; k3 ~0); €, =1
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Just Enough Inflation non-Gaussianity

Behaviour of f, in squeezed limit

The non-Gaussianity parameter in the squeezed limit, is expected to satisfy
the consistency condition, which is given by

)
= e~ 1),

where, ng — 1 = dinP,, /dink.
Squeezed limit (k; ~ —ko; k3 ~0); €, = 2.99
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Just Enough Inflation Conclusion

Conclusion

@ Just enough inflation effects a model independent feature in the
power spectrum.

@ The onset of inflation gives a unique shape to the non-Gaussianity
parameter across models.

@ However, one can discriminate models based on the magnitude of the
non-Gaussianity parameter.

@ It also violates the consistency condition relating the bispectrum in
the squeezed limit to the power spectrum.
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Just Enough Inflation Conclusion

Conclusion

@ Just enough inflation effects a model independent feature in the
power spectrum.

@ The onset of inflation gives a unique shape to the non-Gaussianity
parameter across models.

@ However, one can discriminate models based on the magnitude of the
non-Gaussianity parameter.

@ It also violates the consistency condition relating the bispectrum in
the squeezed limit to the power spectrum.

Thank You.

This presentation is based on the work arXiv:1906.03942 [astro-ph.CO] by HVR, Debika
Chowdhury, and L. Sriramkumar.
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Just Enough Inflation Appendix - |

Appendix - |

The scalar bispectrum, evaluated at the end of inflation, 7, is defined as

(R ()R, (1) Ry () = (27)*/2G(hor, Koz, k36 (R + kg + Ka).
7
G(kl,kg,kg) = Z Gc(k1>k27k3)
Cc=1
6
= Msl Z ey (Me) fres (Ne) fies ()
Cc=1

x G, (k1, k2, k3) + complex conjugate

+Gr(ki, k2, k3)
+ Gp, (k1, k2, k3) + G, (k1, k2, k3)
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Just Enough Inflation Appendix - |

Appendix - |

The different contributions G's are given by,
. [T 2 2 % plk plx
Gi(ki, ko, k3) = 2i dn a” ey ( fi, fioy ficy
Ui
+ two permutations),

Ga(k1, k2, k3) —2i (k1 - k2 + two permutations)

e 2 2 px * *
X/ dna Elfkl fk2 f}csy
n

i

[T ki -k .
Gs(k1, k2, ks) = *21/ dn a2€%< lkz = O T
Ul 2
+ five pcrmutations),
. e 2 / * * 1%
Ga(k1, k2, k3) = i dn a®e1 ey | [y fiy Fiog
Ul

+ two permutations) s
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Just Enough Inflation Appendix - |

Appendix - |

7 Me k1 - ko
Gallr ko ke) = 2 [ ana? e§< Lk e
n

k3

+ five permutations) ,

i [Te k2 (ko -k
Go(k1, k2, k3) = 5/ dna®ef (WfﬁlfIQZféz
Ui 2 ™3

i

+ two permutations> X

Gr(ki, k2, k3) = —i M2 (fi, () fro (M) frs (Me))

a*erea £, (n) iy () £ ()

e
+ two permutations] + complex conjugate.
ni
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Just Enough Inflation Appendix - |

Appendix - |

G, = i(fkl(nc)sz(nc)fka(nc))X[ (n)fkl(n)fh(n)f@(n)}

ni
X |:54 (a(ni)H(m))2 + 2(1 —e1) (k1 -k + k1 - ko + k1 - k2)

((F1 - k2)k3 + (k2 - k3)k3 + (k3 - ki1)k3)
+ 2
2 (a(n:i)H ()
Gy, = i(fry(Me) fry (M) frg(ne))

) 2 ) 2
{[QHQf,ﬁ( ) g ) i | 12+ - (B2 ) - (P ]

. 2 Ne
{ AL g ) st ) f;;;(m} {261 o) ]}

+ two permutations + complex conjugate

+ complex conjugate
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