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Summary

Goal: Are there any other alternatives out there?
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Summary

SU m mary Of the ReSU ItS [for m = 1 see Geshnizjani, Kinney, and Dizgah 2011]
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Standard actions and a large class of theories with higher (spatial)
derivative or non-local terms in the action are excluded. Only theories in

the neighborhood of Lifshitz points with wy o< k° and k3 remain viable.
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Observational Constraints

@ Basic Properties of Primordial perturbations

o Nearly scale-invariant for 1 Mpc < A < 3000 Mpc
o Adiabatic
o Super-Hubble at early times (1 Mpc ~ 10*Ry(zgsn))

@ Other constraints

o Universe has become Radiation dominated by BBN ( T ~ 1 MeV,
7z~ 4 x 109
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Theoretical framework

Initial conditions: adiabatic vacuum
Conservation of energy in four dimensions (continuity equation)
Adiabatic perturbations

Not many coincidences
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Standard quadratic action

How does Inflation work?
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Ry = a}_, is the comoving Hubble radius

Ghazal Geshnizjani (University of Waterloo) criteria for alternatives to inflation September 24, 2013 6 /13



Standard quadratic action

This mechanism can be generalized to non-inflationary
Scenarlos [Khoury and Piazza (2009)]

2

S = IV;’” / Px dr 2(r)? [(35)2 - cs(7)2(vg)2] .
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Standard quadratic action

This mechanism can be generalized to non-inflationary
Scenarlos [Khoury and Piazza (2009)]

S = A/f’ / Px dr 2(r)? [(ggf - cs(7)2(vg)2] .

Time reparametrization and change of variables: dy = c;d7, g = z,/c,

and v=M, g ¢
/!
VLI-F <k2 — C;) Vi :0.
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Standard quadratic action

This mechanism can be generalized to non-inflationary
Scenarlos [Khoury and Piazza (2009)]

S = A/f’ / Px dr 2(r)? [(ggf - cs(7)2(vg)2] .

Time reparametrization and change of variables: dy = c;d7, g = z,/c,

and v=M, g ¢
/!
VLI-F <k2 — 2) Vi :0.

q x 1/y can lead to a scale invariant spectrum. For every background
a(T) — ¢s(7) such that g x 1/y.
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Standard quadratic action

This mechanism can be generalized to non-inflationary
Scenarlos [Khoury and Piazza (2009)]

S, = A/f’ / Px dr 2(r)? [(gﬁf - cs(7)2(vg)2] .

Time reparametrization and change of variables: dy = c;d7, g = z,/c,

and v=M, g ¢
/!
VL/+<k2—q >Vk:0.
q

q x 1/y can lead to a scale invariant spectrum. For every background
a(T) — ¢s(7) such that g x 1/y.

Freezing scale corresponds to :
/4
R~ y/— ~—y
¢ q"

which is shrinking in time. In general Ry # R¢
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Standard quadratic action

Different cosmological scales in scenarios with varying
speed of sound!

e=1.09
o ————
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R. and R. represent the distances
@ Non-accelerating universe light and sound each travel since
the Planck time.

. ) . R¢ and Ry represent freezout and
© subluminal propagation at all times Hubble radii.

@ scale invariant spectrum
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Obtaining scale-invariant spectrum for actions with
non-standard spatial derivatives

Action in Fourier space:
2

2
S = IV;”’/CM dr z(7)? !(if:) - f(k)b(7)2q,f] : (1)
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Non-standard spatial derivatives in the action

Obtaining scale-invariant spectrum for actions with
non-standard spatial derivatives

Action in Fourier space:
2

2
S = I\/;”l/d:“k dr z(7)? !(if:) - f(k)b(7)2q,f] : (1)

Equation of motion after change of variables: dy = b(7)d7, q(y) = zv/b
and v=M, q (:

Vi + [f(k) - ‘ﬂ vk = 0. (2)
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Non-standard spatial derivatives in the action

Obtaining scale-invariant spectrum for actions with
non-standard spatial derivatives

Action in Fourier space:
2

2
S = I\/;”l/d:“k dr z(1)? !(if:) - f(k)b(T)zqf] : (1)

Equation of motion after change of variables: dy = b(7)d7, q(y) = zv/b
and v=M, q (:

/!

v+ [f(k) - ﬂ vk = 0. (2)

Assuming q o (—y)" we obtain a Bessel equation.
After setting adiabatic vacuum initial conditions , we get these conditions
for scale invariance:
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Non-standard spatial derivatives in the action

Obtaining scale-invariant spectrum for actions with
non-standard spatial derivatives

Action in Fourier space:
2

2
S = I\/;”l/d:“k dr z(1)? !(if:) - f(k)b(T)zqf] : (1)

Equation of motion after change of variables: dy = b(7)d7, q(y) = zv/b
and v=M, q (:

/!

v+ [f(k) - ﬂ vk = 0. (2)

Assuming q o (—y)" we obtain a Bessel equation.
After setting adiabatic vacuum initial conditions , we get these conditions
for scale invariance:

o 1 <1/2
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Non-standard spatial derivatives in the action

Obtaining scale-invariant spectrum for actions with
non-standard spatial derivatives

Action in Fourier space:
2

2
S = I\/;”l/d:“k dr z(1)? !(if:) - f(k)b(T)zqf] : (1)

Equation of motion after change of variables: dy = b(7)d7, q(y) = zv/b
and v=M, q (:

Vi + [f(k) - Cﬂ vk = 0. (2)

Assuming q o (—y)" we obtain a Bessel equation.

After setting adiabatic vacuum initial conditions , we get these conditions
for scale invariance:

o 1 <1/2
o f(k) o k2™, m>0
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Non-standard spatial derivatives in the action

Obtaining scale-invariant spectrum for actions with
non-standard spatial derivatives

Action in Fourier space:
2

2
S = I\/;”l/d:“k dr z(1)? !(if:) - f(k)b(T)zqf] : (1)

Equation of motion after change of variables: dy = b(7)d7, q(y) = zv/b
and v=M, q (:

Vi + [f(k) - Cﬂ vk = 0. (2)

Assuming q o (—y)" we obtain a Bessel equation.

After setting adiabatic vacuum initial conditions , we get these conditions
for scale invariance:

o 1 <1/2

o u=
o f(k) x k2™, m >0
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Non-standard spatial derivatives in the action

Obtaining scale-invariant spectrum for actions with
non-standard spatial derivatives

Action in Fourier space:
2

2
S = I\/;”I/d:“k dr z(1)? !(if:) - f(k)b(r)zqf] : (1)

Equation of motion after change of variables: dy = b(7)d7, q(y) = zv/b
and v=M, q (:

/!

v+ [f(k) - ‘H vk = 0. (2)

Assuming q o (—y)" we obtain a Bessel equation.
After setting adiabatic vacuum initial conditions , we get these conditions
for scale invariance:

o 1 <1/2
o f(k)x k™ m >0
Consistent with m = 1, the standard case!
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Obtaining an upper bound on the number of e-foldings

0)\,‘>€N)\f
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Obtaining an upper bound on the number of e-foldings

0)\,‘>€N)\f

@ \r ~ 1 Mpc ~ 10*Ry(zgan) from Observations
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Obtaining an upper bound on the number of e-foldings

o\ > eN Af
@ \r ~ 1 Mpc ~ 10*Ry(zgan) from Observations

o Freezing for f(k) = \2mk?™:

_ 1_
Ay |~ SXmflo/m? 1
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Non-standard spatial derivatives in the action

Obtaining an upper bound on the number of e-foldings

o )i >elN )
@ \r ~ 1 Mpc ~ 10*Ry(zgan) from Observations
o Freezing for f(k) = \2mk?™:

XT=Lm |~ %5\1_’"\/ |9/m? — 1|

@ Group velocity can be derived from the dispersion relation,
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Obtaining an upper bound on the number of e-foldings

o )i >elN )
@ \r ~ 1 Mpc ~ 10*Ry(zgan) from Observations
o Freezing for f(k) = \2mk?™:
XT=Lm |~ %5\1_’"\/ |9/m? — 1|
@ Group velocity can be derived from the dispersion relation,

@ Substituting these in continuity equation for € > 1:

Cmae In 22 > 10%(e™ — 1),/]9 — m?|
pr
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Non-standard spatial derivatives in the action

Imposing:
@ Chax <1
® pi < ppL
® pf = PBBN
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Non-standard spatial derivatives in the action

Imposing:
@ Chax <1
® pi < ppL
® pf = PBBN

2.03 x 1072
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Non-standard spatial derivatives in the action

Imposing:
@ Chax <1
® pi < ppL
® pf = PBBN

2.03 x 1072

1
—In| —
m " [V —ml

N <

Observational evidence:
)\;/)\f23><103 or N>38
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Non-standard spatial derivatives in the action

SU m mary Of the ReSU ItS [for m = 1 see Geshnizjani, Kinney, and Dizgah 2011]
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Standard actions and a large class of theories with higher (spatial)
derivative or non-local terms in the action are excluded.
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Non-standard spatial derivatives in the action

SU m mary Of the ReSU ItS [for m = 1 see Geshnizjani, Kinney, and Dizgah 2011]
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Standard actions and a large class of theories with higher (spatial)
derivative or non-local terms in the action are excluded. Only theories in

the neighborhood of Lifshitz points with wy o k% and k3 remain viable.
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Non-standard spatial derivatives e action

The End
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