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“ Nature is imperfectly perfect ” :
in order to reveal her beauty we
require a concept of an abstract
mathematical world

Maxwell’s legacy

Concept of Field which brought the scientific
revolution of the 20th century physics
Maxwell-Boltzmann distribution
revolutionized astronomy &
astrophysics

Every cubic inch of Space is a

MIRACLE !
Walt Whitman

• Background radiation
• Virtual particles
• Dark matter
• Higgs potential
• Dark energy

Questions & puzzles
• How to create the background radiation ?
• What is the origin of dark matter ?
• What is the origin of matter-anti-matter
asymmetry ?

• What is the origin of dark energy ?
• What is the origin of neutrino masses?
• How the Universe began ?

Inflation expands every cubic
inch of space

Inflation creates matter &
perturbations

?

LHC

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

Tera-scale @ beyond

Higgs is different !

Higgs can really shape our Universe

Higgs & Beyond : SUSY in the
Desert
A simple setting which addresses many issues

Many in this room have contributed towards our
understanding of SUSY
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Enqvist, AM, Phys. Rept. (2004)
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Did the
Higgs boson
puff up the
Universe?

Allahverdi, Dutta, AM, Phys. Rev. Lett. (2007), New Scientist (2008)
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Inflation, Baryons, Dark matter & Neutrino masses
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Allahverdi, Kusenko, AM , JCAP (2007)
Kusenko, AM,

Phys. Rev. Lett. (2009)

Here mν denotes the neutrino mass which is
mν = h$Hu %, with $Hu % & 174 GeV. For neutr
with a hierarchical pattern, the largest neut
is mν & 0.05 eV in order to explain the at
neutrino oscillations
[12], while the current up
Baryons
on the sum of the neutrino masses from cosmo
WMAP and SDSS data alone,14
is 0.94 eV [13].
Electroweak symmetry is restored
Inflation can take place along the gauge inv
direction φ, near a saddle point φ0 2 . The dy

φ
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Higgs fluctuations
in the sky!

SUSY Higgs inflation

arXiv:1101.6046 [astro-ph.CO],

Hotchkins, AM, Seshadri

Inflaton, Neutrino Mass & Sparticle Masses

✓

Inflaton & Dirac Neutrino
masses are correlated

Inflaton & Sparticle
✓masses
are correlated

Potential discovery of
Inflaton @ LHC
Allahverdi, Dutta, AM , Phys. Rev. Lett. (2007)

Dark matter as an Inflaton

SU (3) × SU (2) × U (1)Y × U (1)B−L

VI.

NUMERICAL RESULTS

Signatures of Sneutrino Dark Matter

We solve the equations of motion for the field ϕ, see Eqs. (25) with the help of E
dimensional cubic N 3 lattice along wih the evolution of gravity wave components, s

✓

Direct Detection
Sneutrino interacts with quarks via
Z’ exchange

✓
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(a)m3/2 t = 0

Collider signal

LHC :
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Signal is similar to the Neutralino LSP
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We need to pin down the spin of the Dark
FIG. Matter
1: Two dimensional fragmentation plots, N = (64) .
3

White shades are the instabi
Q-balls with varied sizes. The fragmentation lasts during m3/2 t ∼ O(102 − 103 ).

✓

Indirect signal

the purpose of illustration, we have fixed our parameters, the soft supersymm
Lumps of SneutrinobyFor
balls
m
= 10passing
GeV, which is through
well motivated byearth
supergravity mediated supersymme
directions which we are interested in are the ones which do not carry any baryon an
˜ QQũd,
˜ QLũẽ, e
creatingwhich
neutrino
shower
have net B − L
= 0, examples of such directions are: ũũdẽ,
3/2

2

values for K = −0.2, − 0.2, − 0.05, − 0.025. The initial vev is taken to be: ϕ0 =

Gravity waves are excited during the
formation of these lumps with a detectable
signature by LIGO/LISA
(a)m3/2 t = 900

(b)m3/2 t = 1050

Allahverdi, Dutta, AM , Phys. Rev.
FIG.Lett.
2: Three (2007)
dimensional fragmentation plots, N = (64)3 .

(c)m3/2 t = 1200

Lumps of Q-matter is shown i
linked with each other and eventually becomes separated over the dynamical evolution.

Kusenko, AM, Phys. Rev. Lett. (2008),

How the Universe began ?

Inflation is not past eternal

Need to resolve the Cosmic
Singularity problem

Magic without a magic : Resolution of a
Big Bang Singularity
Asymptotically Free Gravity

Biswas, AM, Siegel, JCAP (2006),
Biswas, Koivisto, AM, JCAP (2010)

Null and time like geodesics are complete
Inflation can be made Past & Future Eternal !

Cyclic Higgs

String theory landscape
Majority of vacua are anti De-Sitter

Large Kinetic term for
Higgs is necessary
Biswas, Koivisto, AM (To appear soon)

Conclusions
• Higgs can puff up the Universe
• Higgs decay can create all matter, perturbations &
dark matter

• Asymptotically free gravity is the most promising
route to resolve the Big Bang Singularity

• Higgs kinetic energy can trigger a Cyclic Universe &
possibly shed some light on how our Universe
began
We are still learning new tricks with gravity !
Hopefully by 2012 Higgs-Maxwell meeting we will learn something new

Embedding Higgs Inflation in NMSSM

arXiv:1101.6046 [astro-ph.CO],

Hotchkins, AM, Seshadri

Gauged Inflaton
10
1 2 2
φ6
φ
V = m φ − Aλ6 3 + λ26 6
2
MP
MP

m ∼ 100 GeV, λ6 ∼ O(0.1), A ∼ O(10)m
Allahverdi, Enqvist, AM Phys. Rev. Lett. (2006)

Inflation is driven in the observable
sector

W ∼ udd,

Imaginary direction is heavy & decouple
from the dynamics

LLe

Inflation ends at the point of
enhanced symmetry
Sub-Planckian VeV, Low scale
inflation
Hinf ∼ 1 GeV
Large e-foldings of inflation
3
Ne ∼ 10
Reheat temperature

Trh ∼ 102 − 103 GeV

Trans-Planckian issues and moduli
problems are solved

Eternal
regime

Slow roll
regime

V0 ∼ 1034 (GeV)4

∆φ << MP , φ0 << MP
φ0 = 3 × 1014 GeV

V !!! (φ0 ) != 0 V ! (φ0 ) = 0, V !! (φ0 ) = 0
Inflation happens around the point of inflection

Allahverdi, Enqvist, Garcia-Bellido, AM, JCAP (2007),

Allahverdi, Dutta, AM, PRD (2008)

CMB Observations
WMAP 5-year Cosmological Interpretation

13

Regime.” When φ̃ ! 1, the potential is indistinguishable from the chaotic-type (model (a)) with
α = 2. We call this region “Chaotic Inflation-like
Regime.” When φ̃ ∼ 1, the model shows a transitional behaviour, and thus we call it “Transition
Regime.” We find that the flat potential regime
with φ̃ ! 2/3 lies outside of the 95% region. The
transition regime with 2/3 ! φ̃ ! 1 is within the
95% region, but outside of the 68% region. Finally,
the chaotic-like regime contains the 68% region.
Since inflation in this model ends by the second
field whose dynamics depends on other parameters,
there is no constraint from the number of e-folds.

δT
≡ δH × k ns −1
T

These examples show that the WMAP 5-year data,
combined with the distance information from BAO and
SN, begin to disfavour a number of popular inflation
models.
3.4. Curvature of the observable universe
3.4.1. Motivation

A range of spectral tilt

The flatness of the observable universe is one of the
predictions of conventional inflation models. How much
curvature can we expect from inflation? The common
view is that inflation naturally produces the spatial curvature parameter, Ωk , on the order of the magnitude of
quantum fluctuations, i.e., Ωk ∼ 10−5 . On the other
hand, the current limit on Ωk is of order 10−2 ; thus, the
current data are not capable of reaching the level of Ωk
that is predicted by the common view.
Would a detection of Ωk rule out inflation? It is possible that the value of Ωk is just below our current detection limit, even within the context of inflation: inflation
may not have lasted for so long, and the curvature radius
of our universe may just be large enough for us not to
see the evidence for curvature within our measurement
accuracy, yet. While this sounds like fine-tuning, it is a
possibility.
This is something we can test by constraining Ωk better. There is also a revived (and growing) interest in
measurements of Ωk , as Ωk is degenerate with the equaFig. 5.— Constraint on three representative inflation models
whose potential is positively curved, V !! > 0 (§ 3.3). The contours
tion of state of dark energy, w. Therefore, a better deshow the 68% and 95% CL derived from WMAP+BAO+SN. (Top)
termination of Ωk has an important implication for our
The monomial, chaotic-type potential, V (φ) ∝ φα (Linde 1983),
ability
to constrain
nature Rev.
of dark
energy.
Allahverdi,
Enqvist,
AM,the Phys.
Lett.
(2006) (saddle
with α = 4 (solid) and α = 2 (dashed) for single-field models,

point)
Analysis
Allahverdi, Enqvist, 3.4.2.
Garcia-Bellido,
AM, JCAP (2007),
Measurements of the CMB power spectrum alone do
Allahverdi, Dutta, AM,
PRD (2008)
inflection,
which gives a range of n_s )
not strongly
constrain (ΩkPoint
. Moreofprecisely,
any experi-

and α = 2 for multi-axion field models with β = 1/2 (Easther
& McAllister 2006) (dotted). The symbols show the predictions
from each of these models with the number of e-folds of inflation
equal to 50 and 60. The λφ4 potential is excluded convincingly,
the m2 φ2 single-field model lies outside of (at the boundary of) the
68% region for N = 50 (60), and the m2 φ2 multi-axion model with

ments that measure the angular diameter or luminosity

Connection with LHC

Allahverdi, Dutta, Santoso , Phys. Rev. D. (2010)
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SUSY
Dark
Matter,
Inflation,
&
LHC
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