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Present status of CMB,observations :
Post-PLANCK (+BICEP2) Era

- With PLANCK data we have entered a new era of precision
cosmology

- This data indicates that we live in a flat universe |Qk | < 0.005

- Primordial cosmological fluctuations are adiabatic —— entropic

modes are constrained to contribute less than a few percent
. These fluctuations are also Gaussian in nature /% =0.8+5.0

- Primordial fluctuations yield a nearly scale-invariant power

spectrum ns = 0.968 + 0.006 — ruled out the Harrison-Zeldovich
spectrum at more than 5o

- Data puts an upper-limit on tensor-to-scalar ratio 7 < 0.07



Success saga of (single-pPeld) inf3ation

Simplest single-field slow-roll R AR A AR AR RRRR:
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What would be the shape of
the InRaton potential ?7?



G raceless exit of Quartic and
Quadratic potentials of inf3aton
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Way out ?7?

Non-minimal coupling::: Higgs Inf3ation



nggS IﬂBathn (ln bfl@f) (Bezrukov & Shaposhnikov)

- The standard model Higgs potential is quartic (not flat)

1 2
V =Am (’HTH! 5@)

- However, scalar fields can (should?) non-minimally couple to
gravity (in Jordan frame) :

1
S:/d4x\/—g §R—§HT’HR+£SM

- Upon canonically transforming to Einstein frame :
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- Where the potential is U(X):@ 1+exp —2x/V6



nggS |nBat|0n (ln b”Ef) (Bezrukov & Shaposhnikov)
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U(x) = — o eXp: —2x/V6

= 1

. WHehixBil (B> 1/4/8)

the potential becomes very
flat and the inflaton can
slow-roll

- However, one needs
for the correct amplitude
of the curvature & ~ 10*
perturbations

- The model yields very small
tensor-to-scalar ratio ~ 1073
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Fig. 2. The allowed WMAP region for inflationary parameters (r,
n). The green boxes are our predictions supposing 50 and 60 e—
foldings of inflation. Black and white dots are predictions of usual
chaotic inflation with A¢* and mZ2¢? potentials, HZ is the Har-
rison-Zeldovich spectrum.



Cons.of Higgs inl3ation ??

1..0One has to .assume . SM to be valid all the way: upto
Planck scale

2. Two-loop analysis shows that:126 GeVx+194 GeV
for successful inf3ation given:m=171.2.GeV.and
1, =0.1276 +(0904.1537)

3. Too small tensor-to-scalar ratio

4. Too high mon-minimal coupling : Unitarity
problem?



What if inf3aton is assisted by .another scalar during
iInBation ??

Can we accommodate, quartic.and, quadratic
potentials?



Soft infRation

S = d%\ﬁ —R——(w) —le‘W;(W) —e‘WV(cb)-

Berkin, Maeda & Yokoyama
PRL 1990 ¢0), PRD 199

- The aim was to keep the coupling constant near
unity : avoid fine-tuning

t can be achieved only when =0 : Standard

kKinetic term

t cannot be achieved in presence of non-standard

Kinetic term



Cons.of =0 .case ?7?

1..0One has to-.assume that.the multiplicative
exponential factor comes from some fundamental

theory

Pros .of non-standard kinetic term case ??

1. The exponential factor. comes:from a.conformal
transformation to Einstein frame of a more
fundamental theory

Such as E



B ran S' D I C ke T h e Ofry (Starobinsky & Yokoyama)

- The original action in the Jordan frame looks like :
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- Make conformal transformation :
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- |n Einstein frame :
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Our Model :

Consider # and."to be two independent
parameters : Generalised'Brans-Dicke Theory



Our Model (@arxiv: 1511.03121

- The equations of motion :
5+ 3HG + %e"wgéz _ Be=PoV(¢) = 0,

$+3Ho—vo9+ 7PV (9) =0,
1 EFn & B
S =& e e H BTV (@),
: 1 .
A — it @)

- We want both the fields to slow-roll during inflation
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- We want ey ! b3 =€ +e' e # 1 which implies 7<<5



Our Model (@arxiv: 151103121

- Comoving curvature perturbations:

0 0
R = H—¢6’WA+H OB (B wicifiey , £ B 6,/ é)

¢

-+ |socurvature perturbations :

o _ 2H(Bod?V (d)e "7 + ¢5V'(9)) (60 , 5_¢>
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- Comoving curvature power spectrum :
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. |socurvature power spectrum (vanishes in slow-roll approximation) :
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Our Model : Observableaarxw: 1511.03)121

0.20
s : Quadratic Potential —~ [5=.025,y=.1-44
- Scalar spectral index: . e 1
0.15/ —~— [=.045,y=.1-1.8

B=.055,y=.1-1.3

hot gL S O, @ BT K waE
. f0% L Bel?] — Bi

0.05¢
- Tensor-to-scalar ratio : 4 L omy

0.00
0.94 0.95 0.96 0.97 0.98 0.99 1.00
S
nS
ri=—HlliOc H i
Quartic Potential — ,3 030, y=.1-40
0.30| — 045, 550 > 5%
i ~—,80607/1157
. - =075, y=.1—1.1
M Running of the spectral 0 B By
° k :
index : 0.15
= | . 0.10;
as >~ —6.7 x 10 quadratic \
0.05; < s - BER
_3 L]
a;, ~ —1.2 X 10 quartic 0.00
094 095 096 097 098 0.99 1.00
ng
g N On—Gaussa | n |ty : FIG. 3. ns — r predictions of our two field model are shown.
We have taken ! N = 60 and oo = 0.1. In both the figures
O 1 =y O 1 =3 the range of values of ~y increases along the curves from top
fNL £ ( O ) = ( O ) to bottom. It is also manifest that as the values of 8 and ~

goes to zero, Ns and r values converges to standard slow-roll
inflation predictions.



Our Model :

Pros :
e Tensor-to-scalar ratio cani'be.as high as 0.05

Cons:
e Coupling constants still have to'be Pne-tuned



Our Model :

Consider # and "to be two independentparameters
Generalised Brans:Dicke ' Theory

Can we:obtain-such:armodel:in
particle physics?

Yes :inithe realm oho-scale SUGRA




No-scale SUGRA maodel: KShler potential

- Kahler Potential considered :
%k

bpp
(I + T*)»

K =-3In|T 4+ T7| -

- '[" . Is the two-component chiral super-field whose real
part is a dilaton (assisting scalar) and the imaginary

part is a axion (inflaton)

- P :is an additional matter field with modular weight w
(this field rapidly goes to zero at the beginning of

inflation due to its exponentially steep potential )

. Generically in such a model w = 3

- We treat w as a phenomenological parameter where it

can deviate from 3 slightly



No-scale SUGRA :model: The Lagrangian

- The super potential considered :

W= X tp 1§

- Decompose T in real and imaginary part :
T = e~ V2EY 4+ i4/2/36

- Feed these into Kahler and Super potentials in the

SUGRA OlCtIOn |n E'ﬂSte“q Fl"ame (Ellis, Garcia, Nanopoulos, Olive 2014) .
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No-scale SUGRA:model : Validity

- The Lagrangian :
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FIG. 5. The ns — r predictions for quadratic (n = 2) and

quartic (n = 4) potentials, with a fixed value of v = 2,/2/3,
are shown. The range of values of 3 increases along the curves
from top to bottom.



To summarise :

Pros :

If inflation is assisted by another scalar, then quartic and
quadratic potentials can be made compatible with observations
(no isocurvature, small enough running and non-Gaussianity)

+ Tensor-to-scalar ratio can be much higher than the Higgs-
inflation mechanism and hence easily falsifiable with future

experiments

« Such a model can be realised in no-scale SUGRA scenario

cons :

Fine-tuning of coupling constants cannot be avoided
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