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e come queste evolvono su grandi scale (ovvero scale piu` grandi del raggio di Hubble): 
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Possiamo quindi dire anche che: su grandi scale, il campo scalare, regione per regione nell’'universo passa
attraverso la stessa expansion history, ma ad istanti leggermente diversi, a causa delle sue fluttuazioni

quantistiche.


Possiamo quindi dire anche che: su grandi scale, il campo scalare, regione per regione nell’universo passa 
attraverso la stessa expansion history, ma ad istanti leggermente diversi, a causa delle sue fluttuazioni 
quantistiche.   
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Se 'equazione fosse classica avrei due costanti di inegrazione; stiamo pero” parlando di fluttuazioni
quantistiche —> diventano operatori di creazione e distruzione (seconda quantizzazione).
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So what's going on?

On microscopic scales (well inside the horizon) microphysics is at work:
use quantum field theory. There are quantum fluctuations of the scalar
field; if averaged over macroscopic interval of time they vanish (quantum
fluctuations of vacuum: particles are continuosly created and destroyed).

However the space-time background is exponentially inflating so their

physical wavelengths grow exponentially
Aphys X a(t) o ettt

until they become greater then the horizon H! (which remains almost

constant). On super-horizon scales the fluctuations get frozen (because of

the friction term 3H ). The fluctuations do not vanish if averaged on

macroscopic time interval: a classical fluctuation has been generated.

Said in other words: if on superhorion scales §¢» 7~ () over macroscopic
time interval then the final result is a state with a net number of
particles. This is a gravitational mechanism of amplification. The crucial

We N

point is the "in" and "out” (of the horizon) state of the fluctuations
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From S. Dodelson “"Modern Cosmology’, Academic Press (2003)
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N.B.: a lezione ho usato una notazione diversa per Ψ. A lezione, anticipando qui alcuni 
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Relativita` Generale, al posto di 
Ψ ho usato la quantita` 
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Primordial gravitational waves

GWs are tensor perturbations of the metric. Restricting ourselves to a
flat FRW background (and disregarding scalar and vector modes)

ds?=a(u)[- de? + (3 + hy(x,1)) dx' d]

where h; are tensor modes which have the following properties
h; =h; (symmetric)

hi.=0 (traceless)

hi;=0 (transverse)

and satisfy the equation of motion

n ﬁ' I \72 _
h'y 42 H =Vl =0 v




Primordial gravitational waves

GWs have only (9—2>6-1-3=) 2 independent degrees of freedom,
corresponding to the 2 polarization states of the graviton

il‘é-x - Act
) mEDE R —

W#Zﬁh#k%=0
a <=

behaviour:

k « aH (outside the horizon) h = const + decaying mode

k » aH (inside the horizon) h =e***/a  gravitational wave; it freely
streams, experiencing redshift
and dilution, like a free photon)

I | VH x V($)Y* = By

h — Energy scale of inflation!

- wMpy




el e T

}\‘GW

}\'GW

Fig. 1. We show how point particles along a ring move as a result of the interaction with a GW
propagating in the direction perpendicular to the plane of the ring. The left panel refers to a wave
with + polarization, the right panel with X polarization.

From arXiv:0709.4682
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