
Cosmology: Homework 9. Solutions.
1: Models of inflation

The slow-roll equations are

3H(t)φ̇ = −V ′, H2(t) =
V

3M2
pl

,

from which we get (by diving the second by the first

H(t) = −
V

3V ′M2
pl

φ̇.

Then take

∫ tend

tH

H(t)dt = −

∫ tend

tH

V

3V ′M2
pl

φ̇ =

∫ φH

φend

V

3V ′M2
pl

dφ,

which is the expression sought.
We have the potential

V (φ) =
λn

n
φn.

We get

ǫ =
n2M2

pl

2φ2
= 1 →

φ2
end

M2
pl

= n2/2.

We use the equation above to find

N =
φ2
H
− φ2

end

2nM2
pl

→
φ2
H

M2
pl

= 2nN + n2/2.

So that

ǫH =
n

4N + n
, ηH =

2(n − 1)

4N + n

We need to satisfy

−0.03 = −6
n

4N + n
+ 2

2(n− 1)

4N + n
= −

2n + 4)

4N + n
n = 1.62.

We conclude that n = 2 is our best option. Then

(2 × 10−5)2) =
λn

n150π2M4−n
Mpl ǫH

(

2nN + n2/2
)n

,

which can just solved, given n, to find λn. n = 2 → λn ≃ 1.5 × 10−13M2
pl. If we interpret it as

a mass m2 = λn, then the mass of the inflaton is m ≃ 4 × 10−7Mpl.
We now have the potential

V (φ) = V0 −
λn

n
φn.
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We get

φH =





λnMplN

V0
+

1
√

2

λnMpl

V0

( √
2V0

Mplλn

)1/(n−1)




1/(2−n)

We introduce

x =
λnMn

pl

V0
, φ̃ = φH/Mpl,

to get

(2 × 10−5)2 =
V0φ̃

2−2n

75π2Mplx2
, −0.03 = −3x2φ̃2n−2 + 2x(1 − n)φ̃n−2.

This can be solved. Note that all of the parameters V0, λn, n enter in both constraints.
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