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Open issues and future prospects.
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Planck Epoch? < 1018 GeV
String Scale? = < 10'% GeV
Grand Unification? o~ 1015 GeV
Inflation? = < 10'° GeV
SUSY Breaking? < = 1 TeV
Baryogenesis? < = 1 TeV
Electroweak Unification 10710 g 1 TeV
CQuark-Hadron Transition : 102 MeV
Nucleon Freeze-Out 10 MeV
Neutrino Decoupling 1 MeV
| BBN 0.1 MeV
Matter-Radiation Equality VIS 1 eV
Recombination VTS 0.1 eV
Dark Ages VTS
' RHeionization VIS
Galaxy Formation ~ 6 x 108 yrs
Dark Energy VIS
Solar System 8 % 10" yrs
Albert Einstein born 14 x 10” yrs 1 meV
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@ Homogeneous and isotropic universe: FRW
metric (for spatially flat k=0):
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ds* = —dt* + a*(t)dx;



@ Homogeneous and isotropic universe: FRW
metric (for spatially flat k=0): )
ds* = —dt* + a*(t)dx;
@ Friedman Equatlons in GR:
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@® Equation of continulj_t“y in GR: ‘g-:a +3H(p + p) = a

@ Equation of state: jw = Wﬁ|




@ Homogeneous and isotropic universe: FRW
metric (for spatially flat k=0): )
ds* = —dt* + a*(t)dx;
@ Friedman Equatlons in GR:

 (a(t) p , a(t)) ~(p+3p)
i = (@) 3M2) +a (a() 6M?,

@ Equation of continu'itt in GR: ‘5 +3H(p+ p) = ﬂ

@ Equation of state: jw = p/

@ FRW Solutions:{type|w |[p(a) |a(t)
RD 1/3 | a % | ¢1/2
MD |O a3 | t%/3
N -1 a® eflt .




1. Horizon problem
2. Flatness problem
. Monopole problem

@® Big Bang Puzzles:
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1. Horizon problem
2. Flatness problem
. Monopole problem

Inflation !
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@® Big Bang Puzzles: 7 1. Horizon problem
2. Flatness problem

. Monopole problem

‘comoving'
Hubble length

horizon rv--im: ¥ Comoving

Ii/ Horizon

density Auctuation

amooth patch

Hot Big Bang

Inflation

E
lime |log(a)|
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@ Condition for inflation:

Q>0 LaH) ' <0= -t (=11) 5 0 = (p+3P) <0.
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@ Condition for inflation:

i>0e 4 —-(aH)™ {Dt:r—%(: ddN ) >0<= (p+3P) <

_Y_L
R

No. of e-foldings:
N = In(%ead) = [ Hdt
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@ Condition for inflation:

i>0< L(aH)" {Dt:r—%(: ddm ) >0 (p+3P) <

T
R

No. of e-foldings:
N = In(%ead) = [ Hdt

@ Inflationary dynamics:‘Assume “inflaton”= scalar ‘
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@ Condition for inflation:

i>0e 4 —-(aH)™ {Dt:r—%(: ddm ) >0<= (p+3P) <

T
R

No. of e-foldings:
N = In(%ead) = [ Hdt

@ Inflationary dynamics:‘Assume “inflaton”= scalar ‘
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@ Condition for inflation:

i>0e 4 —-(aH)™ {Dt:r—%(:déw);ﬁt:r(JrSP){D

T
R

No. of e-foldings:
N = In(%ead) = [ Hdt

@ Inflationary dynamics:‘Assume “inflaton”= scalar ‘

i

a—4
J"l Lr V

1’{':3';]' = Vren I{ﬂ'-‘} + Z Cox
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o Inflation via Slow-roll:

1. |¢| << |3H¢|,V (¢) = 3Hp ~ -V (o).
2. $2<<V(¢)= H?>~ 4.
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o Inflation via Slow-roll:
1. || << [3H@|,V'(¢) = 3Ho ~ =V (9).
2. << V(p)= H>~ LY

EMrp -

o M (v*)l I (V”)
= \v ) o MERR LY Flatness/ Slow-Roll

VIV"I V"E’[.J""”
( =3 ) r;r%:_.u;f( =3 ) parameter

& =M,
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o Inflation via Slow-roll:
1. |6 << [3H|,V'(¢) = 3Ho ~ —V'(9).
2. $><<V(¢)= H>~ 19,

<

M7 (V2 g (V"
Vv — —; , TV = _'i\r'_ff:l-
2 \V v Flatness/ Slow-Roll
rysm R Tl
V'V ) | (V v ) parameter

ecessarily requirea
to solve “horizon
problem”




Inflationary Model Building
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Inflationary Model Building|

ALGORITHM



Inflationary Model Building|

Construct a potential

Y

ALGORITHM

Determine the various
cosmological parameters

ﬁ

Put cosmic variances <

Apply Slow-Roll technique

N

Determine the field value at
the CMB scale from “N”

Sz

Determine various CMB
inflationary observables

z

Confront with latest
observational probes

Sz

from observation

Determine the CMB power
spectrum from model




o Inflationary observables:

CMB measures distortions in space
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o Inflationary observables:

CMB measures distortions in space

<

Metric perturbation = Curvature (Scalar)+
(SVT decomposition) Gauge(Vector)+
Primordial Gravity Waves (Tensor)
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o Inflationary observables:

CMB measures distortions in space

<

Metric perturbation = Curvature (Scalar)+
(SVT decomposition) Ga)b@@rh
Primordial Gravity Waves (Tensor)
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o Inflationary observables:

CMB measures distortions in space

<

Metric perturbation = Curvature (Scalar)+
(SVT decomposition) Mrh
Primordial Gravity Waves (Tensor)

C (C(R)C(K)) = (27)*Ps(k)S* (K + k)

scalar mode

—

hij (hij (R)hi (k")) = (21)30 P (k)8*(k + k')

tensor mode
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@ Inflationary observables:  arxiv:1404.2601

CMB measures distortions in space

iy

Metric perturbation = Curvature (Scalar)+
(SVT decomposition) Mrh
Primordial Gravity Waves (Tensor)

C (CRYC(K)) = (2m)¥Ps (R (F + k)

scalar mode

Power spectrum

S

hi; (haj (k)i (k') = (9’”)35@3(E+ k)

tensor mode —
31
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@ nflationary observables:
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Inflationary observables via flow eqn within slow-roll

1.
2.
3.
.
5
6

Scalar power spectrum: Pq(k,) = thi VE

Tensor power spectrum: Pr(k,) = Sﬂ_gw

Tensor-to-scalar ratio: r(k,) = 225 = 16ey

— Ps(k«)
Scalar spectral tilt - ng(k,) — 1 = L2255 — op,  6ey
. Tensor spectral tilt: np(k,) = L2000 — _o¢,,

. Running of scalar spectral tilt:

as(k,) = s |, = 16ny ey — 2462 — 268
Running of tensor spectral tilt:
ar(ky) = % = 4dnvey — 8¢€3
Running of the running of scalar spectral tilt:
ks(ke) = 205 |, = 192e2 1y — 1926}, + 200 — 24ev €2
+ 2y EE — 320t ey
Running of the running of tensor spectral tilt:

.y d®n _ Eq 2 A3 a2 , 2
kr(ky) = Jmizls = 56Ny ey, — 64ey, — 8y ey — dey & .



Cosmic Microwave Background

CMB Anisotropies
f(v, ) = [exp(2mv/T(R)) — 1]

F T T LU || T T T T TTTT T T T T TTT1T I_
E — 4 K Blackbody E
- — 2.725 K Blackbody .
1018 - — 2K Blackbody =
2hi® - ]
I, = ——fv i ]
L 02 ( ) - 4
s onsi 10 & E
niens E =
e . o Racket (COBRA) 3
r B Satellite (COBE: FIRAS) 5
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Cosmic Microwave Background

CMB Anisotropies
f(v,R) = [exp(2mv/T(R)) — 1]

TTTT |
E — 4 K Blackbody
- — 2.725 K Blackbody
1018 = — 2 K Blackbody
2hy® g
‘TI/ (‘2 f[lf)
. . 109 =
intensity E
® Rocket (COBRA)
B Satellite (COBE: FIRAS)
o Satellite (COBE: DMR)
10% E Optical (CN transition)
E o Ground
+ Balloon
1 1 1111 1 1 ||||||| |||||
0.1 1.0 10.0 100.0
v [GHZ]
frequency

For Gaussian fluctuations, the statistics is determined by the 2-pt function:

X v+ Y _ XY Y
< (ﬂ'fﬂl) {IE:?”: == CE 5”1{5

s wherem=-1....,+l, X,Y=T,EB

mm
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Initial Conditions ~ + Evolution + Projection

A (K) I(k)

A ) l
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Initial Conditions ~ + Evolution + Projection

AH T(k
A * l
u"
> k > k
INFLATION ANISOTROFPIES
I k., —— e e
CXY =2 [ dk k? Axi(k)Ayi(k)

¢=
SOURCES PROJECTIOY



CMB TT Power spectrum
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CMB TT Power spectrum
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WMAP COrE EPIC BICEP(12.2)
(Upto z=3300) Inflation, Inflation, PGW
Early Universe - CMB CMB LIGO

(INDIGO)
Planck SNLS GW
Early Universe (High z) DE SPT
(PGW etc.) = CMB SZ
ite
ACT, Inflation,CMB B -mode —effect
CMB Lensing, SZ LHC
effect etc. DM
SDSS el PRISM
LSS,Galaxy evolution (Upto Early Universe,
and cluster, DM, Lensing z2=2100) cviB




WMAP COrE EPIC
(Upto z=3300) Inflation, Inflation, PGW
karly Universe - CMB CMB LIGO

(INDIGO)
SNLS GW
: CMB SZ
ACT . LiteBIRD effect
, Inflation,CMB B -mode
CMB Lensing, SZ LHC
effect etc. DM
SDSS HST PRISM
LSS, Galaxy evolution (Upto Early Universe,
and cluster, DM, Lensing 2=2100) cvVB




6-Parameter Fit
Baseline ACDM Model

4 parameters for the background:

(2, = 0.045+0.001 baryons

0, = 0.315+0.016 dark matter
(O = 0.685 £ 0.018 dark energy
7 = 0.089 +0.014 optical depth

2 parameters for the perturbations: {HSSUH1IT]Q r=10as 'mc HUW}

10°4, = 2.20+0.11 amplitude
ne = 0.960 £ 0.014 spectral index
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o

4 parameters for the background:

7
Q,,
Oa

T

0.045 = 0.001
= 0.315 £ 0.016
= 0.685 £ 0.018
= 0.089 +0.014

3
(ﬁarameters for the perturbations:
r=«~—
10°4, = 2.20+0.11

Tl g

= 0.960 = 0.014

-Parameter Fit
Baseline ACDM Model

baryons
dark matter
dark energy

optical depth

Tensor to scalar ratio

amplitude

spectral index
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Cosmologlcal Parameter Dependences
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Sr. | Inflationary | PLANCK+WP+BICEP2 | PLANCK+WP WP
No. | observables o . _ o
1 | In(10"P) 3080700 3080700 32041008
2 ng 0.9600 + 0.0071 0.9603 £0.0073 | 0.9608 £ 0.008
3 (g —0.022 £ 0.010 ~0.013£0.009 | -0.023£0.011
4 ks 002075 it 00207 o2 ?
5 ' 0.2% 00 <0.12 < 0.36
(r =0 ruled out at 7o)
6 ny 1.36 £ 0.83 (Blue) 7 7
> —(.76 (Red) ? > —(.048 (Red)
(np = 0 ruled out at 3o)
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Sr. [ Inflationary | PLANCK+WP+BICEP2 | PLANCK+WP WP
No. | observables o . _ o
1 | In(10"P) 3080700 3080700 32041008
2 ng 0.9600 + 0.0071 0.9603+£0.0073 | 096084 0.008
3 as 002240010 00130009 | -0.023+0011
4 ks 002075 it 00207 o2 ?
5 r ) ,0.2“';% <0.12 < 0.36
QE' GML? ﬁu? at 7o)
6 np | 1364083 (Blue) > ? ?
> —0.76 Red) ? > ~0.043 (Red)
(np = 0 ruled out at 3o)
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Primordial Gravity Waves: If blue????

0.32

BICEP2

Planck+WP+BAQO
024 +BICEP2

+ H,+SZ+Lensing

Yo doa =(). 2(k =), ()2 )nl

0.16 To.002 — 871: \\\\
0.08
0.00 L=



Primordial Gravity Waves: If blue????
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.ent status of jomt constralr-
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But why value of “r

(%74

is important??
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But why value of “r

(%74

is important??

If Ilrll

is fixed
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(%74

But why value of “r” is important??

@ Ifr’is fixed :> Scale of inflation

V < (1.96 x 1016GeV)* Z_

P.A.R.Ade et. al, arXiv:1303.5082
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(%74

But why value of “r” is important??

@ Ifr’is fixed :> Scale of inflation

V < (1.96 x 10'6GeV)* L

P.A.R.Ade et. al, arXiv:1303.5082

Reh}a/ting
temperature

T, f:( g)*ugﬁmolﬁ(}e‘w)J —

SC,AM,EP, JHEP 04 (2014) 077,
SC,AM,SP, JCAP 07 (2013) 041, 55
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But why value of “r” is important??

@ Ifr’is fixed :} Scale of inflation

V < (1.96 x 1016GeV)i 2

But if “r” is fixed via detection
temp of tensor modes at present
. ( . then scale of inflation lie around
rh < 2

=\ 1 the GUT (O(10'GeV )) scale.
SC,AM,EP

N
Rehe

SC,AM,SP, JCAP U7 [2UI3] U4 T,
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CMB B-modes......??2?27°

(1+1)C, /21 [uK?]

10

10

BICEP2 CBl 15 Gl
BICEP1 Boomerang *,:"' a!:_+ g
QUAD \S e et 2|
QUIET-Q WMAP R ' N
QUIET-W CAPMAP v Y -

Multipole
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CMB B-modes ......??2?27°
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SC,PLB 735 (2014) 138

Components of CMB B Mode Polarization

Galaxy
and
Clusters

Faraday
Rotation

CMB E Mode Primordial

Polarization Gravity Waves ﬂ
CP Asymmetry
(Leptogenesis)

N N/

Gravitational Primordial
Lensing : AL E L <:: Magnetic Field

(Magnetogenesis)
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Modeling inflation & parameter estimation

5 Inflection
& Hillto (B} f
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Modeling inflation & parameter estimation

Inflection

“ Hillto Lo
Small field models=A¢ < M,

-

Natural

) Chaotic [

Large field models= A¢ > M,




Small Field Model: MSSM inflation




Small Field Model: MSSM inflation

® MSSM is valid below a certain scale

W = W1‘@1101‘111 Tp Z
n>J

N
T
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Small Field Model: MSSM inflation

® MSSM is valid below a certain scale




Small Field Model: MSSM inflation

® MSSM is valid below a certain scale

RS
W = Wianorm + 3172 58" SUSY s broken

n>3

Here ® 15 a gauge invariant supelﬂeld which contains the flat direction
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Small Field Model: MSSM inflation

® MSSM is valid below a certain scale
\

o
W U,renol‘m‘l'z):g A [n_:}(I)n'h |S brOken

Here @ 18 a gauge invariant superfield which contains the flat direction

—

i3]
arn—3:""n 2(n—3) ’
1;\ |V = '
nMp M5,

cos(nfl +604) < 0. An ~ O(1)

i "
V = = "’ﬁ» d°+A cos(nt+64)




Small Field Model: MSSM inflation

® MSSM is valid below a certain scale

RS
W = Wianorn + 3 172-58" SUSY s broken

n>3

Here ® 15 a gauge invariant supelﬁeld which contains the flat direction
¢ Soft SUSY breaking mass term @ The A-term |¢ The Non-renormalizable term

o 1do o = An@" (:)2('71—1‘)
V = 5/11@ o, +A COS(_IIH‘FHA)” Un =A '/\r U (n—3)

cos(nb + 04) < 0. An ~ O(1) .




Small Field Model: MSSM inflation

Example of Low scale visible sector
model
of inflation

o Soft SUSY breaking mass term @ The A-term |* The Non-renormalizable term

14, | . o™ Q;)Q(n_ 1)
V = -2 ¢*+Acos(nf+0,) ———+. :
2 @7 Ao 40 S n—a3 n " 2(71—3)
n My M;,

cos(nf +64) < 0. An ~ O(1) "



Small Field Model: MSSM inflation

SC,JHEP 04 (2014) 105,
SC,AM,EP, JHEP 04 (2014) 077,
SC,AM,SP, JCAP 07 (2013) 041,

(m3 + e H)
2

)\ﬁf’n }\2 b 2(n-1)
— cos(nf + by, +0q,) + |'2‘(n_3]
M

V(o,0)=Vy+ |e:3*|2 + (agH +aymy)

nMy

70



http://arxiv.org/abs/1111.3441
http://arxiv.org/abs/1111.3441
http://arxiv.org/abs/1111.3441
http://arxiv.org/abs/1111.3441
http://arxiv.org/abs/1111.3441

Small Field Model: MSSM inflation

Example of High scale model of inflation

SC,JHEP 04 (2014) 105,
SC,AM,EP, JHEP 04 (2014) 077,
SC,AM,SP, JCAP 07 (2013) 041,

me + L‘HHE _ \on \2|p/2(n=1)
V(g,0) = H[]‘l'( - 3 )|{;'r|2 + (agH + aymy) ¢ = Co8(nf + oy + 04y ) + o

n—a3 2(n—23
@ ?11-;;1 ﬂ.{p(n ]

Origin??? S Hidden Sector : Heavy fields
o from String sector
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Small Field Model: MSSM inflation

Example of High scale model of inflation

Hubble induced terms  SC,JHEP 04 (2014) 105,

Cosmological A SC,AMLEP, JHEP 04 (2014) 077,

Constant SC,AM,SP, JCAP 07 (2013) 041,

)\ﬁf’n }\2 b 2(n-1)
V(o,0) 9\ {] ’g a\mg)——— cos(nfl + By, + g, ) + |'2‘[n_3]
nM,~ M

> Hidden Sector : Heavy fields

Orlgm 277
from String sector
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MSSM Flat directions
pened 3 00 such combinations
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Shift symmetry




MSSM Flat directions
| pened 3 00 such combinations
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Shift symmetry




MSSM INFLATON CANDIDATE

n=4 flat directions:

QQQL,uude,QuQd, QulLe
Qli = ——(&,0)" Q= (@07,  Ql=—(®,0)
RV | RVG) V2
Iy _ L Bi _ E Bz _ E
L3t = ﬂP 2(0, @)1, dt = 7 u,? = 7
ubs — E Qo — E
© V2 TR




MSSM INFLATON CANDIDATE
n=4 flat directions:

QQQL,uude,QuQd, QulLe
Qli = ——(&,0)" Q= (@07,  Ql=—(®,0)
RV | RVG) V2
Iy _ L Bi _ E Bz _ E
L3t = ﬂP 2(0, @)1, dt = 7 u,? = 7
ubs — E Qo — E
© V2 TR

—

Gauge invariant [+
superpotential: — 4AM

p—
-
'-__1
{
‘ }d
(1%
—
e




MSSM INFLATON CANDIDATE

n=6 flat directions:
udd, LLe
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Cosmologically Flat Potential

= IMSSM s lperpotenua\

Saddle point condition: V'(do) =0, V"(¢g) =0



Cosmologically Flat Potential

= IMSSM superpotenua\




- SHAPE OF THE POTENTIAL

SC,JHEP 04 (2014) 105, v/
SC,AM,EP, JHEP 04 (2014) 077,
SC,AM,SP, JCAP 07 (2013) 041,

6.5% 1077

6.x 1077

~55%x107°

V{m(m wp._“}

5.x1077

45%107? i ]
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»| Inflection point constraints

(1)Tuning=> ol = 1 — 48°
(2)Flatness= V" (dp) =0

(3)VEV/IP= do = (VEHM3,)""
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SC,AM,SP, JCAP 07 (2013) 041
o Validity of slow-roll approximation

Evolution of the power spectrum with momentum scale
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Solution of
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SC,AM,SP, JCAP 07 (2013) 041
o Validity of slow-roll approximation

Evolution of the power spectrum with momentum scale
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For n=4 flat directions

SC,SP, JCAP 04 (2012) 018

Ps(: AE}} = 2498 X 10_9, ne = 0.957, ny = =1.550 X 1[]—30
r=1240x 107, a, = 0612 107, 5, = L749 x 10~

|

Inflationary
observables
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For n=6 flat
directions

SC,AM,SP, JCAP 07 (2013) 041 4 HOSL
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~0.0098 < ag < 0.0003, —0.0007 < kg < 0.006 | observables
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CMB TT Angutar Power Spectrum (Survey over all 1)
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Running of Runnig Spectral Index (d?ns/d? In k)
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Reconstruction of inflationary potential
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Reconstruction of inflationary potential

Inflationary observables
at CMB scale

ALGORITHM
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Reconstruction of inflationary potential

Inflationary observables :>

at CMB scale Assume Slow-Roll

ALGORITHM
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Reconstruction of inflationary potential

Inflationary observables :>

at CMB scale Assume Slow-Roll

4

A LG O R I TH M Construct potential and

its derivatives at CMB
scale
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Reconstruction of inflationary potential

Inflationary observables
at CMB scale
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ALGORITHM

Assume Slow-Roll

4

Construct potential and
its derivatives at CMB
scale

i

Using matrix inversion
technique further construct
the co-efficient of Taylor

expansion




Reconstruction of inflationary potential

Inflationary observables
at CMB scale
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ALGORITHM
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potential

Assume Slow-Roll
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Construct potential and
its derivatives at CMB
scale
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Using matrix inversion
technique further construct
the co-efficient of Taylor
expansion




Reconstruction of inflationary potential

Inflationary observables :>

at CMB scale Assume Slow-Roll

4

AlCNADITLIAA Construct potential and

Tl T Tl . | I';” '5' | Y 1_,-""”(‘.2'-;, - %
V(o) = Vi(dg) + V'(dg)(0 — &) + c(a J. (@ — @E})E T ) (¢ — fﬂﬂ]d

B 1}.*'!”."(@{}]
SC,AM,arXiv:1403.5549,1404.3398, +— (¢ — o) +--

SC,arXiv:1406.7618

potential the co-efficient of Taylor

o 102
expansion
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Reconstruction of inflationary potential

V(¢y) = 5 Ps(ka)r(ke)m2 M2, SC,AM,arXiv:1403.5549,1404.3398,
V’(qﬁ*) _ %Pg(k*)-r(k*)rrg \/HSTJMS; SC,arXiv:1406.7618
V' (6.) = §Ps(ka)r(k)m® (ns(k,) = 1+ 2¢=) M2,

V(o)) = %Ps(h)f(h)ﬂg [ 2r(k, ) (ﬂ,S(r}C*) — 14+ %)
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Let us take Planck+WP+High L +BICEP2:



Let us take Planck+WP+High L +BICEP2:

5.26 x 107" M < V(o) < 9.50 x 107°M,),

244 x 107°My <V (dg) < 174 x 107 M

419 x 107 M2 < V' () < 6.44 x 107°M2,
6.29 x 107°M, < V" (o) < 7.08 x 107°M,,

M

5.56 x 1071 <V (mu){482x10-9

ey ~ 0(0.10 — 1.69) x 1072,
v |~ O09.14 x 107 = 0.06),
(5.60 x 107 —0.014),
~ 0(2.28 x 107* - 0.017)

o



Let us take Planck+WP+High L +BICEP2:

T r o o
np = — (2 L ng) +.--,  New consistency relations
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Let us take Planck+WP+High L +BICEP2:

Esfﬁnq ted mflatlonary

°T = qnk 8\ "~ 1
p 111 sc AM, arXiv:1403.5549
P —0.019 < ny < —0.033,
dink? ¢
297 x 107" < ap < 2.86 x 10°,
SECA 2.28 x 107" < |n,| < 0.010,

:L;(zng_ —0.11x 107 {n]nf:: ~3.58 x 107,
P8 525 %107 < K, < —6.27 x 107
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Ifs and Buts in the formalism.......

1.

5.

Need to further determine the values of
the cosmological parameters....

Need to check the proper thermal
history can be explained....

Need to check which class of models are

favoured.....

To rule out models need to increase the
statistical accuracy level by upgrading
the tool.....

Need to break the degeneracy between
the cosmological parameters....
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Tensor-to scalar ratio:
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Tensor-to scalar ratio:

re(k.)
_ I nri{k,)—mzg(k. )41
ro(ks) (F.,_*)
re(k) = < _ I nr(ks)—ns (ke )41+ 20l oagiBe) (k)
'?‘f;{_.i[[‘*:l- (E)
o \ (k) s (ko) S ) s (e 1y (e ) g (e g (a) 1z ( k)
| Telke) (?)
SC,AM,NPB 882 (2014) 386 Z o= e
SC,AM.arXiv:1403.5549,1404.3398, O2.7—-5.1)
SC,arXiv:1406.7618 Ao O(2.7 —4.6)

Field — excursion (in GR) : =5

Mp (0.6 — 1.8)

O(0.2 — 0.3)
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Tensor-to scalar ratio:

[ rp(k.)

- .Iiﬂ H';'f}{,]—ﬂﬂf}{_}+1
ol k) (k—)

ra(k) = 4 3\ ke ) s (k)14 ST e S R ) (k-
]"‘b{k*} (k_*)
nr;-fk*]—n_erfk-}+1+“T“'-'J;_u"“"-lk'] ln{—,:"T:I+ (e ';r“' (ke 1n2 IZf‘T}
\ ']"'b'[:k*} (k_*)
SC,AM,NPB 882 (2014) 386 (027 —5.1)
SC,AM,arXiv:1403.5549,1404.3398, '
SC,arXiv:1406.7618 _ _ % Ao O(2.7 — 4. 6)
Field — excursion (in GR) : — | = {
Mp @(0.6 — 1.8)
0(0.2-0.3)

Note:
Large (detectable) r+ |A¢| < M, (EFT)= running/Beyond GR
(RS)/muiltifield/. ....
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In RS H? ~ ;’ﬁ’j (1 + Z{:}) M2 = ,,/4W M,
MOdEI: / 3
7=\

——hlahv >0
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In RS 2 _ V(9) ( V{fﬁ}) 3 [4moy
Model: —3

T = V’ ——P&-‘I%ﬂa > 0

47
ISC,arXiv:1406.7618 @([],24 081
- A¢ 0(0.24 - 0.73
Field — excursion (in RS): .- d L
M, 0(0.05 — 0.28
0(0.02 — 0.05
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In RS 2 V(¢) ( w@}) a 4m
H ~ 3M2 L 20 I‘VIE. — PVI

g = V —EP&IEA > 0
'SC,arXiv:1406.7618 0(0.24 - 0.31) '

. L Ao 0(0.24 - 0.73
Field — excursion (in RS): |—| = ( )
M, 0(0.05 — 0.28)
0(0.02 — 0.05)

Brane tension : o= O(1077) M,

5D Scale : Ms < O(0.04) M,

5D Cosmological Constant : Ay > —@(10_15)1&’12
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Bottom lines

‘ High scale models of inflations are favoured after

BICEP2.

125



Bottom lines

‘ High scale models of inflations are favoured after
BICEP2.

‘ Validity of EFT prescription requires: running
+HOSL,Mutifield, RS or more sophisticated
parametrization for powspec to get large “r”.
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is valid for any preferred choice of input
observational data.
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‘ Validity of EFT prescription requires: running
+HOSL,Mutifield, RS or more sophisticated
parametrization for powspec to get large “r”.

@ Proposed semi-analytical reconstruction technique
is valid for any preferred choice of input
observational data.

@ High scale MSSM model fits well with CMB TT
spectra within 2<1<2500 (Planck).
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Bottom lines

High scale models of inflations are favoured after
BICEP2.

‘ Validity of EFT prescription requires: running

+HOSL,Mutifield, RS or more sophisticated
parametrization for powspec to get large “r”.

Proposed semi-analytical reconstruction technique
is valid for any preferred choice of input
observational data.

High scale MSSM model fits well with CMB TT
spectra within 2<1<2500 (Planck).

New sets of infla consistency relations and values of
the tensor mode parameters are proposed. -



Open issues and future prospects

@ To comment on the correct value of “r”
from any observation requires new tools
for separating various components of CMB
B-modes (=Infla+PMF+NG+Lensing etc.).
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@ To comment on the correct value of
from any observation requires new tools
for separating various components of CMB
B-modes (=Infla+PMF+NG+Lensing etc.).

@ Fitting any model at a pivot scale is not
enough. Need to check whether the models
thoroughly fits well CMB spectra. (For Planck
2<1<2500).
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Open issues and future prospects

“,n
r

@ To comment on the correct value of
from any observation requires new tools
for separating various components of CMB
B-modes (=Infla+PMF+NG+Lensing etc.).

@ Fitting any model at a pivot scale is not
enough. Need to check whether the models
thoroughly fits well CMB spectra. (For Planck
2<1<2500).

@ If BICEP results are correct then need to clarify
the issue of getting blue tilted gravity waves.
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Open issues and future prospects

@® The primordial non-Gaussianity is not yet
been detected with high statistical accuracy
(flosel =27+58 & 7o <2800 ). But if it is
detected in near future experiments then
using this tool it is possible to rule out
various inflationary models.
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Open issues and future prospects

@® The primordial non-Gaussianity is not yet
been detected with high statistical accuracy
(flecdl =2.7458 & 77" <2800 ). But if it is
detected in near future experiments then

using this tool it is possible to rule out
various inflationary models.

@ To increase the numerical convergence of
the proposed reconstruction technique
need to incorporate the numerically
integrated powspec by solving MS eqn
using various numerical methods.



Open issues and future prospects

@ Need to check which class of potentials
are more favoured by the proposed
reconstruction technique.
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Open issues and future prospects

@ Need to check which class of potentials
are more favoured by the proposed
reconstruction technique.

@ Need to work on thermal features. Ex:
Reheating, Dark matter etc.
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Open issues and future prospects

@ Need to check which class of potentials
are more favoured by the proposed
reconstruction technique.

@ Need to work on thermal features. Ex:
Reheating, Dark matter etc.

@ Needto propose an unified approach through
which it is possible to unify inflation, dark
matter & dark energy. Need also to check how
Reconstruction business works here.
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