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Abstract

© 2017 IOP Publishing Ltd and Sissa Medialab srl . In this paper we investigate the implications
of having a varying second slow-roll index on the canonical scalar field inflationary dynamics.
We  shall  be  interested  in  cases  that  the  second  slow-roll  can  take  small  values  and
correspondingly large values, for limiting cases of the function that quantifies the variation of
the second slow-roll index. As we demonstrate, this can naturally introduce a smooth transition
between  slow-roll  and  constant-roll  eras.  We  discuss  the  theoretical  implications  of  the
mechanism we introduce and we use various illustrative examples in order to better understand
the new features that the varying second slow-roll index introduces. In the examples we will
present, the second slow-roll index has exponential dependence on the scalar field, and in one
of these cases, the slow-roll era corresponds to a type of α-attractor inflation. Finally, we briefly
discuss how the combination of slow-roll and constant-roll may lead to non-Gaussianities in the
primordial perturbations.

http://dx.doi.org/10.1088/1475-7516/2017/04/041

Keywords

ination, physics of the early universe

References

[1] A.D. Linde, 2008 Inflationary Cosmology, Lect. Notes Phys. 738 1 [0705.0164]
[2] D.S.  Gorbunov  and  V.A.  Rubakov,  2011  Introduction  to  the  theory  of  the  early  universe:  cosmological

perturbations and inflationary theory, World Scientific, Hackensack, U.S.A.
[3] A. Linde, Inflationary Cosmology after Planck 2013, [1402.0526]
[4] D.H. Lyth and A. Riotto, 1999 Particle physics models of inflation and the cosmological density perturbation,

Phys. Rept. 314 1 [hep-ph/9807278]
[5] K.  Bamba and S.D. Odintsov, 2015 Inflationary cosmology in modified gravity theories,  Symmetry 7 220

[1503.00442]
[6] S. Nojiri and S.D. Odintsov, 2006 Introduction to modified gravity and gravitational alternative for dark energy

C 0602061 06 [hep-th/0601213]
[7] S. Nojiri and S.D. Odintsov, 2007 Int. J. Geom. Meth. Mod. Phys. 4 115
[8] S. Capozziello and M. De Laurentis, 2011 Extended Theories of Gravity, Phys. Rept. 509 167 [1108.6266]
[9] V. Faraoni and S. Capozziello, 2010 Beyond Einstein Gravity : A Survey of Gravitational Theories for Cosmology

and Astrophysics, in Fundamental Theories of Physics 170
[10] S. Nojiri and S.D. Odintsov, 2011 Unified cosmic history in modified gravity: from F(R) theory to Lorentz non-

invariant models, Phys. Rept. 505 59 [1011.0544]

http://dx.doi.org/10.1088/1475-7516/2017/04/041


[11] T. Clifton, P.G. Ferreira, A. Padilla and C. Skordis, 2012 Modified Gravity and Cosmology, Phys. Rept. 513 1
[1106.2476]

[12] Planck  collaboration,  P.A.R.  Ade  et  al.,  2016  Planck  2015  results.  XX.  Constraints  on  inflation,  Astron.
Astrophys. 594 A20 [1502.02114]

[13] R. Kallosh and A. Linde, 2013 Universality Class in Conformal Inflation J. Cosmol. Astropart. Phys. 2013 07 002
[1306.5220]

[14] S. Ferrara, R. Kallosh, A. Linde and M. Porrati, 2013 Minimal Supergravity Models of Inflation, Phys. Rev. D 88
085038 [1307.7696]

[15] R.  Kallosh,  A.  Linde  and  D.  Roest,  2013  Superconformal  Inflationary  α-Attractors  J.  High  Energy  Phys.
JHEP11(2013)198 [1311.0472]

[16] M. Galante, R. Kallosh, A. Linde and D. Roest, 2015 Unity of Cosmological Inflation Attractors, Phys. Rev. Lett.
114 141302 [1412.3797]

[17] S. Cecotti  and R. Kallosh, 2014 Cosmological Attractor Models and Higher Curvature Supergravity J.  High
Energy Phys. JHEP05(2014)114 [1403.2932]

[18] J.J.M. Carrasco, R. Kallosh and A. Linde, 2015 α -Attractors: Planck, LHC and Dark Energy J. High Energy Phys.
JHEP10(2015)147 [1506.01708]

[19] A. Linde, 2015 Single-field α-attractors J. Cosmol. Astropart. Phys. 2015 05 003 [1504.00663]
[20] D. Roest and M. Scalisi, 2015 Cosmological attractors from α-scale supergravity, Phys. Rev. D 92 043525

[1503.07909]
[21] R. Kallosh, A. Linde and D. Roest, 2014 Large field inflation and double α-attractors J. High Energy Phys.

JHEP08(2014)052 [1405.3646]
[22] J.  Ellis,  D.V. Nanopoulos and K.A. Olive,  2013 Starobinsky-like Inflationary Models as Avatars of  No-Scale

Supergravity J. Cosmol. Astropart. Phys. 2013 10 009 [1307.3537]
[23] Y.-F. Cai, J.-O. Gong and S. Pi, 2014 Inflation beyond T-models and primordial B-modes, Phys. Lett. B 738 20

[1404.2560]
[24] Z. Yi and Y. Gong, 2016 Nonminimal coupling and inflationary attractors, Phys. Rev. D 94 103527 [1608.05922]
[25] R. Kallosh and A. Linde, 2015 Planck, LHC and α-attractors, Phys. Rev. D 91 083528 [1502.07733]
[26] E.V. Linder, 2015 Dark Energy from α-Attractors, Phys. Rev. D 91 123012 [1505.00815]
[27] E. Elizalde, S.D. Odintsov, E.O. Pozdeeva and S. Yu. Vernov, 2016 Cosmological attractor inflation from the RG-

improved Higgs sector of finite gauge theory J. Cosmol. Astropart. Phys. 2016 02 025 [1509.08817]
[28] R. Kallosh, A. Linde and D. Roest, 2014 The double attractor behavior of induced inflation J. High Energy Phys.

JHEP09(2014)062 [1407.4471]
[29] S.D. Odintsov and V.K. Oikonomou, 2016 Inflationary α-attractors from F(R) gravity, Phys. Rev. D 94 124026

[1612.01126]
[30] S.D. Odintsov and V.K. Oikonomou, Inverse Symmetric Inflationary Attractors, [1611.00738]
[31] K. Dimopoulos and C. Owen, Quintessential Inflation with α-attractors, [1703.00305]
[32] A.A. Starobinsky, 1980 A New Type of Isotropic Cosmological Models Without Singularity, Phys. Lett. B 91 99
[33] J.D. Barrow and S. Cotsakis, 1988 Inflation and the Conformal Structure of Higher Order Gravity Theories, Phys.

Lett. B 214 515
[34] F.L. Bezrukov and M. Shaposhnikov, 2008 The Standard Model Higgs boson as the inflaton, Phys. Lett. B 659

703 [0710.3755]
[35] X. Chen, 2010 Primordial Non-Gaussianities from Inflation Models, Adv. Astron. 2010 638979 [1002.1416]
[36] S. Inoue and J. Yokoyama, 2002 Curvature perturbation at the local extremum of the inflaton's potential, Phys.

Lett. B 524 15 [hep-ph/0104083]
[37] N.C. Tsamis and R.P. Woodard, 2004 Improved estimates of cosmological perturbations, Phys. Rev. D 69

084005 [astro-ph/0307463]
[38] W.H. Kinney, 2005 Horizon crossing and inflation with large eta, Phys. Rev. D 72 023515 [gr-qc/0503017]
[39] K. Tzirakis and W.H. Kinney, 2007 Inflation over the hill, Phys. Rev. D 75 123510 [astro-ph/0701432]
[40] M.H. Namjoo, H. Firouzjahi and M. Sasaki, 2013 Violation of non-Gaussianity consistency relation in a single

field inflationary model, Europhys. Lett. 101 39001 [1210.3692]
[41] J. Martin, H. Motohashi and T. Suyama, 2013 Ultra Slow-Roll Inflation and the non-Gaussianity Consistency

Relation, Phys. Rev. D 87 023514 [1211.0083]
[42] H. Motohashi, A.A. Starobinsky and J. Yokoyama, 2015 Inflation with a constant rate of roll J. Cosmol. Astropart.

Phys. 2015 09 018 [1411.5021]
[43] Y.-F. Cai, J.-O. Gong, D.-G. Wang and Z. Wang, 2016 Features from the non-attractor beginning of inflation J.

Cosmol. Astropart. Phys. 2016 10 017 [1607.07872]



[44] H. Motohashi and A.A. Starobinsky, 2017 Constant-roll inflation: confrontation with recent observational data,
Europhys. Lett. 117 39001 [1702.05847]

[45] S.  Hirano,  T.  Kobayashi  and  S.  Yokoyama,  2016  Ultra  slow-roll  G-inflation,  Phys.  Rev.  D  94  103515
[1604.00141]

[46] L. Anguelova, 2016 A Gravity Dual of Ultra-slow Roll Inflation, Nucl. Phys. B 911 480 [1512.08556]
[47] J.L. Cook and L.M. Krauss, 2016 Large Slow Roll Parameters in Single Field Inflation J. Cosmol. Astropart. Phys.

2016 03 028 [1508.03647]
[48] K.S. Kumar, J.  Marto, P. Vargas Moniz and S. Das, 2016 Non-slow-roll  dynamics in α-attractors J.  Cosmol.

Astropart. Phys. 2016 04 005 [1506.05366]
[49] Q. Gao and Y. Gong, Reconstruction of extended inflationary potentials for attractors, [1703.02220]
[50] J. Lin, Q. Gao and Y. Gong, 2016 The reconstruction of inflationary potentials, Mon. Not. Roy. Astron. Soc. 459

4029 [1508.07145]
[51] A.R. Liddle, P. Parsons and J.D. Barrow, 1994 Formalizing the slow roll approximation in inflation, Phys. Rev. D

50 7222 [astro-ph/9408015]


