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Evidence of Accelerating Universe
* Distance measurements of different Type la Supernovae

*The luminosity distance is actually measured.

L
s = —
s 4 F

*Where F is the energy flux at a distance d.
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can accrele mass SD|EII' masses and
from a binary suddenly explode
partner into a Type la
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If a white dwarf’s binary partner 10 billion years
is another white dwarf, then accretion ’
to one of them could drive it

TCGC 2015: ITKGP to supernova conditions.




Evidence of Accelerating Universe
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Just after Big Bang, the Universe went through a rapid phase of expansion
known as “Inflation”.

During the inflationary phase, the Universe has expands to
50 - 60 e-foldings.

This era is known as the Inflationary era
(107 {-36} to 10~ {—33} or 10" {—32} s after Big Bang).

This era is followed by radiation and matter dominated era (structure is formed,;
stars, galaxies etc.).

Recent cosmological observations suggest that the Universe is currently
undergoing another phase of accelerated expansion. But the rate of expansion is
not as high as the rate of inflation.

It is conjectured that the late time acceleration can be attributed to an exotic fluid
with negative pressure namely Dark Energy
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Dark Energy constitutes about ~ 70% of the total energy content of the Universe

The simplest candidate for Dark Energy
consistent with the observation is a cosmological constant.
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Can zero point energy be a solution?

/klnax dgk E /klnax dgk \ ..-'}'CE + .mli
Pvac — -
0 ]

(27)3 (27)3 2

In the large momentum limit (k >> m)

L[ R
Prac = 0 (2m)2 1672

kmax — ﬂ"{Pl Pvac =~ 1074 GEV4

102! order of magnitude larger than the observed value of cosmological constant

Problem of Fine Tuning!
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Alternate to Cosmological Constant

Assumes the presence of a scalar field (Quintessence)
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Py %@2 — V(o)
Po  30*+ V(o)

Late time cosmic acceleration is realised if

L

V(g) >> /2 el

The scalar field has to roll down the potential very

slowly
da
Py X €xp (—3/(1 - ’u,*qb)—a)
a

Energy density tends to a constant value.

Slower variation of the energy density of the scalar field than that of matter
The scalar field models can alleviate the fine tuning problem

But a large humber of scalar models is permitted
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Another alternate approach:
Modified Gravity

Gravity gets quantum mechanically corrected at small scales
(beyond the observational reach)

might be possible that Gravity may suffer modifications at large scales
(never tested directly)

Any modification should not conflict with the local physics

We consider here Galileon Gravity
(Nicolis, Rattazzi et al., PRD 79 064306 (2009),
Deffayet et al., PRD 79 084003 (2009))

Motivated by Dvali-Gabadadze-Porrati model (PLB 485, 208 (2000))

The Galileon field 7T respects the Galileon symmetry
(shift symmetry 7 — 7 + a + b,x*) in flat space-time
- B YL
| T
pTv T oz T u T

In curved space-time [ — — %gﬁ“"’ﬂ-;

respects the Galileon symmetry.
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The action

S = /dil’f\/i (J\[2 (g‘“’” — (;;; )ﬂ;#ﬂ;p) — V(’ﬂ')]
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The equations of motion
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] Time derivative of Galileon field 77 is smaller than
L = \/_—ja;u-(v —go+) that of a canonical scalar field (slow moving)
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Friedmann Equations
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Conclusions

We consider a modified gravity model (Galileon model) to explain
late time cosmic acceleration

Here the Galileon field 7T obeys a shift symmetry
We have studied the model by taking an exponential form of the potential

Though the potential breaks the symmetry, it serves an important role in
obtaining a viable cosmology

We have demonstrated that this model gives an accelerating Universe
at late times
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