
Lecture 14

Perturbationsin Inflation
· Review

· Free scalar field in Minkowski

·
Free scaler field in de Sotter

· Inflationary perturbations
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·We will show that quantum
mechanics creates
classical perturbations that naturally
have He properties required
by observations. Essentially, these are

ground-state luctuations ge a free)
massless scalar field.

Free scalar field in Minkowski
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this is just an infinite set o
harmonic oscillators
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As is well known, in the ground
state
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Inflationary perturbations
· In order to develope the full theory
of inflationary perturbations we
need to

↳> repeat the steps of classical

theory of perturbations

lix the gauge,
S-V-T decomposition,



etc. for inflationary theory)
->quantize the corresponding
lields

· We will do a simplifiedtreatment
andignore the metric perturbations,

quantazing justtheperturbations
op the inflation field ⑧

· Turns out, for scalar perturbations
it gives the night answer to leading
order in slow-roll parameters (2,7 C

· There is no conceptual difficulty in

putting together the two steps, but

technically isa bit complicated

·Inelaton liele perturbations:
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(We did it at the lend of EOM,
but can also be done for the

action (
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same as

in Mat space - expectground
state oscillations.

define
x =aly) +, then

Sx =I Idx dy (x- dix+
+x]

harmonic oscillators with time - dependent
erequencies?

Fourier transform and quantizes
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+in*xn(y) Am)e



(Ax, An) =O(E-E)
what are the lunctions x* (n)?
in flatspace we had eiwl.
it's justsolution of EOM: I

=we

· Let's use de Sitter approximation.

aly) -H
Her classical EOM Dor Xa iS

xs-Fexkx, =0
Quantum operator My satisfies
the same equation (its justtime -

dependent - frequency harmour oscillator)
ri =[M, x] =wx, x =(H,p3 =B
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two solutionsof classical EOM,
we pick them by matching to

flat space resultsin ky - to limit

Iveiny similar logic to Lecture 12 in

the classical casel

Now, in the super-horizon region
we get
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us win-hil'in Mat space



This is the lamous scale-invariant

power-spectrum

ak= const, 34(x) ely) - log(x-y)

· So law we computed quantum
perturbations of it. (We did an

"exact"QM computation). In fact,
superhorizon modes are classical.
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High occupation numbers a classical state.

· We derived the spectrum of 7 =up,
how do we transform it into 4;(k)--

· Inflation always ends when p =4*4 =Pr

this happens at different times in

different partsof the underse.
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·==HMpeE

9: is a classical "random"variable

which expectation value is determined

by RM (as always in the measurement)
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In =10- to match observations

EMp

Has Mpe - good, quantum gravity
can be ignored
Butscale go inflation is not yet
dixed.



· Importantly, we have a constraint
on E and ↳:

Slow-roll corrections

produce a filt in the power

Spectrum: H =H(t):

P(h) = -1
13
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11- 1 =2y - 65

us =0.965 =0.004 <1

natural 2, y-10-2: slow-roll

approximation is good

· We did not talk about

-> Non-grussanities
-> tensor modes L gravity
waves from inflation)


