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Can we understand it in a 
consistent framework ?
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 Fluctuations in CMB

Creation of Matter
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Ever Changing models of Inflation 

R*R,   OLD,   NEW,   CHAOTIC,   EXTENDED,  
SOFT,    BRANS-DICKE,    SUSY,    SUGRA,  
THERMAL, EXPONENTIAL, DOUBLE, ....

1980

1990

2000

HYBRID,  MUTATED HYBRID, INVERTED 
HYBRID,  F-TERM,  D-TERM,  K-TERM, 

TOPOLOGICAL,  ASSISTED, .....

N-FLATION, BRANE, BRANE-CHAOTIC/
HYBRID, TACHYONIC, DBI, RACE-TRACK, 

HILL-TOP,  FAST-ROLL, P-TERM, F+D-
TERM, EXTENDED-HIGGS, CYCLIC, ...
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1980

1990

2000

None of these models 
actually work 

HYBRID,  MUTATED HYBRID, INVERTED 
HYBRID,  F-TERM,  D-TERM,  K-TERM, 

TOPOLOGICAL,  ASSISTED, .....

N-FLATION, BRANE, BRANE-CHAOTIC/
HYBRID, TACHYONIC, DBI, RACE-TRACK, 

HILL-TOP,  FAST-ROLL, P-TERM, F+D-
TERM, EXTENDED-HIGGS, CYCLIC, ...
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Challenge:  Inflation MUST 
create radiation & perturbations

LHC

The Inflaton Vacuum cannot be arbitrary 
Mazumdar,  Rocher, 1001.0993   Phys. Rept.  (2010),    AM,  arXiv: 1106.5408

?

After inflation

NO Hidden Radiation
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A consistent Framework, Testability
WIMP, e.g. LSP with 

R-Parity

Low scale SUSY
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A consistent set-up
Visible sector inflation

( e.g. MSSM inflaton )

Visible sector 
dark matter

 ( e.g. LSP )

Visible sector d.o.f.
e.g. MSSM           Precise determination of 

Thermal / non-thermal 
leptogenesis,

EW baryogenesis, ...

Affleck-Dine baryogenesis

TR

Thermal relics

(P)Reheating

Q-ball decay

Direct decay

Mazumdar, arXiv: 1106.5408
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Alarming Phenomena: 
Dark Matter Dominance

ΩXh2 ≈ 1017

�
TR

109 GeV

�
ρX

ρinf

Kolb (1998),  Kofman (2004),  Frey & AM (2004),   . . . . . .      
Mazumdar (2011)

Instant collapse of the 
universe

Solution:  Thermal/ kinetic 
decoupling of  dark matter 
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TeV

MP

She knows how to 
hide her essence

Beauty of 
Effective Field 

Theory
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Beyond Standard Model

Landscape

SUSY extensions of SM
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How do we know which is the right vacuum?

LAST 50-60 efoldings of 

Inflation must end in our own vacuum !
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X: - Y: -

Point of enhanced gauge 
symmetry

SU(3)c × SU(2)l × U(1)Y@ TeV scale:

All the gauge bosons and gauginos are massless
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Power of SUSY
Shift symmetryL

LHu

V

Hu

L

Hu

LHu

V

Shift symmetry is broken

SUSY is broken 

Enqvist,  AM,  Phys.  Rept.  (2004)
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MSSM Inflatons
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Allahverdi,   Enqvist,  Bellido,  AM,    (PRL, 2006,  hep-ph/0605035),
(JCAP, 2007,  hep-ph/0610134),   
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Catastrophe Theory
W =

�

n

λn

n

Φn

Mn−3
P

λ1 ≤ λ2 ≤ · · · ≤ λn ≤ 1 for φ ≤ MP

V (φ) = |f(φ)|2, f(φ) ≡ dW (φ)
dφ

f(φ) = λ1φ
2 + λ2

φ5

M3
P

+ λ3
φ8

M6
P

V �(φ) = f �(φ)f∗(φ) + h.c. = 0 @ φ = (0, a1/3, b1/3)MP

If a = b ⇒ ∂V

∂φ
=

∂V

∂φ∗ =
∂2V

∂φ2
=

∂2V

∂φ∗2 = 0

MSSM Landscape
False vacua,   Saddle points,    Inflection points, 

Mazumdar, Nadathur, 1107.4078 [hep-ph],                Allahverdi, Downes, Dutta, 1106.5004 [hep-th]
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MSSM Inflaton:
 Highly constrained model 

of Inflation

X: - Y: -

φ0 = 1014 GeV

V =
1
2
m2φ2 −A

φ6

M3
P

+
φ10

M4
P

φ =
�u + �d + �d√

3φ =
�L + �L + �e√

3

A ≈
√

40mφ ∼ 100 GeV

Electroweak 
symmetry is 

restored
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MSSM Inflation: 
Predictions for CMB + LHC

LHC

A range of spectral tilt 
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Creating SM quarks, leptons,  &  all

Allahverdi,  Ferrantelli,  Garcia-Bellido,  Mazumdar, arXiv:1103.2123, Phys. Rev. D (2011)

First ever state-of-the art calculation

TR ∼ 3× 108 GeV
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5

of the universe and other experimental results. We find
that tanβ needs to be smaller to allow for smaller values
of ns < 1. It is also interesting to note that the allowed
region of mφ, as required by the inflation data for λ = 1
lies in the stau-neutralino coannihilation region which re-
quires smaller values of the SUSY particle masses. The
SUSY particles in this parameter space are, therefore,
within the reach of the LHC very quickly. The detection
of the region at the LHC can be done and the masses can
be measured accurately [29].

So far we have chosen λ = 1. Now if λ is small e.g.,
λ <∼ 0.1, we find allowed values of mφ to be large. In this
case the dark matter allowed region requires the light-
est neutralino to have larger Higgsino component in the
mSUGRA model. As we will see shortly, this small value
of λ is accommodated in SO(10) type model. In figure 5,
we show ns = 1, 0.98 contours for δH = 1.91 × 10−5 in
the mSUGRA parameter space for tan β = 10.

In figure 6, we show the contours of λ for different val-
ues of mφ which are allowed by ns and δH = 1.91×10−3.
The blue bands show the dark matter allowed regions
for tanβ = 10. The band on the left is due to the
stau-neutralino coannihilation region allowed by other
constraints and the allowed values of λ are 0.3-1. The
gluino masses for the minimum and maximum values of
mφ allowed by the dark matter and other constraints are
765 GeV and 2.1 TeV respectively. The squarks(barring
the stop squarks) masses are similar to the gluino mass
in this region. The band is slightly curved due to the
shifting of φ0 as a function λ. (We solve for SUSY pa-
rameters from the inflaton mass at φ0). The band on
the right which continues beyond the plotting range of
the figure 6 is due to the Higgsino dominated dark mat-
ter. We find that λ is mostly ≤ 0.1 in this region and
mφ > 1.75 TeV. In this case the squark masses are much
larger than the gluino mass since m0 is much larger than
m1/2.

V. GRAND UNIFIED MODELS AND
INCLUSION OF RIGHT-HANDED NEUTRINOS

A. Embedding MSSM inflation in SU(5) or SO(10)
GUT

As we have pointed out, mSUGRA makes a mild as-
sumption that there exists a GUT physics which encom-
passes MSSM beyond the unification scale MG

10. Here
we wish to understand how such embedding would affect
inflationary scenario, for instance, would it be possible
to single out either LLe or udd as a candidate for the
MSSM inflaton.

10 We remind the readers that inflation occurs around a flat direc-
tion VEV φ0 ∼ 1014 GeV. Since φ0 " MG, heavy GUT degrees
of freedom play no role in the dynamics of MSSM inflation, and
hence they can be ignored.
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FIG. 3: The contours for different values of ns and δH are
shown in the m0 − m1/2 plane for tan β = 10. We show the
dark matter allowed region narrow blue corridor, (g-2)µ region
(light blue) for aµ ≤ 11× 10−8, Higgs mass ≤ 114 GeV (pink
region) and LEPII bounds on SUSY masses (red). We also
show the the dark matter detection rate by vertical blue lines.

The lowest order non-renormalizable superpotential
terms which lift LLe and udd are (see Eq. (1)):

(LLe)2

M3
P

,
(udd)2

M3
P

. (16)

It is generically believed that gravity breaks global sym-
metries. Then all gauge invariant terms which are MP

suppressed should appear with λ ∼ O(1). Obviously
the above terms in Eq. (16) are invariant under the SM.
Once the SM is embedded within a GUT at the scale
MG, where gauge couplings are unified, the gauge group
will be enlarged. Then the question arises whether such
terms in Eq. (16) are invariant under the GUT gauge
group or not. Note that a GUT singlet is also a singlet
under the SM, however, the vice versa is not correct. To
answer this question, let us consider SU(5) and SO(10)
cases separately.

• SU(5):
We briefly recollect representations of matter fields
in this case: L and d belong to 5̄, while e and u
belong to 10 of SU(5) group. Thus under SU(5)
the superpotential terms in Eq. (16) read

5̄× 5̄× 10× 5̄× 5̄ × 10
M3

P

. (17)

This product clearly includes a SU(5) singlet.
Therefore in the case of SU(5), we expect that

Allahverdi, Dutta,  Mazumdar
  Phys. Rev. D (2007)

LSP Dark 
Matter,

 Inflation, 
&

 LHC

MSSM Inflation 
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Allahverdi,  Dutta,  Santoso ,  Phys. Rev. D. (2010),  Mazumdar, Chatterjee, ...

MSSM Inflation @ LHC
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Higgsiology

λ�k =
λk

2(2k−1)M2k−3
P

V (ϕ, θ) =
1
2
m2(θ)ϕ2 + (−1)k−12λ�kµ cos[2(θ − 1)]ϕ2k

+ 2λ� 2
k ϕ2(2k−1)

m2(θ) = m2
Hu

+ m2
Hd

+ 2µ2 − 2Bµ cos(2θ)

Where would 
Inflation 
occur?

Near the point of enhanced gauge  
symmetry

θ = {0,±π/2}
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CMB + LHC Constraints

m2
0 = m2

Hu
+ m2

Hd
+ 2µ2 − 2Bµ

k = 3, λk ∼ 1

k = 2, λk ∼ 10−8

Mazumdar, Chatterjee,  1103.5758 [hep-ph]
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Tuned Higgses @ High VeVs
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What happens to the 
tuning @ TeV scale ?
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We can track the evolution via R-G flow from high 
scale to the observable scale

Fine tuning could come from 
many sources
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Effects from Supergravity
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k = 3

AM, Nadathur, Stephens,  arXiv: 1105.0430

W = WHid + WMSSM

K = Khid + KMSSM + δk
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In search for SUSY

MSSM Inflation

Baryons
Dark 

matter

In search for Inflaton
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Explicit example of Kahler modulus Inflaton in 
Large Volume Compactification 

All the inflaton energy 
goes to Hidden Sectors

First example of hidden 
sector inflation where all 
the couplings are known

1018 GeV

103 GeV

Cicoli,  Mazumdar:  1005.5076
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