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‘ﬁf Inflationary Paradigm: Success
%

|{B
* Solves Big Bang Pathologies

* (enerates rclial Perturbations a3

seeds fo arge scale structures, CMDB anisotropg

* Predicts (5ing|e ﬁelcl models):

1. Almost scale invariant scalar power spectrum: ng = 0.9635 £+ 0.0094
2. Almost Gaussian distribution of Primorclial Perturbations fnp <2.7+£5.8

5. Consistency relation: r = —8n



Quantum to Classical transition of
primordial perturbations

Origin of Perturbations are c]uantum but observed structures are

classical
e Solutions :

1.  Does not mocihcg the basic mechanism of OM : Decoherence

2. @:ﬂfsie mechan@ Co”apse models [Continuous
Spo Localization ( el]

l nherent mechanism evacies rec]uirement 01[ observer




Continuous Spontaneous | ocalization

+ Modifies Scnroclinger equation 199 aoding non-linear

stochastic terms -

dip, = [—%Hdht VT [ dx (M (x) — (M(x))s)dW; (x

— (M(x))¢)dt]| 1y
+ Non-linear terms break the superposition of wave functions

. Ampliﬁcation Mechanism

ym =0 ()", ) =n2y ()

+ Hamiltonian not conserved due to non-Hermitian evolution e

Non-conservation of energy

(E) = 310y




Aim : Apply collapse mechanism
to evolution equation of primordial
perturbations



* Einstein

+ Inflation :

) 4

*

lnﬂationarg Per’turbations

Field E‘c]uations :

G =8nG 1,

Wy (5 determined bg a slowlgwo”ing scalar field S Inflaton

Inflaton gy Quantum Field

~B gbO (t) + 5¢(t7 X)

Perturbations in T, —— Induces quantum Perturbations

in background metric - g/g()y)

Background metric is a tensor and t

(t) + 09y (L, %)

hus the Perturbecl metric

will have scalarJ vector and tensor ty

pe of Perturbations



Scalar perturbations



Schréclinger Picture of scalar Perturbations

* Scalar Perturbations in terms of Mukhanov-Sasaki variable
C(Ta X) [5§0g1 + S0/ (I)Bi|

* Quantum state wavetunctional satifﬁcg functional Schrédinger equation

ot RI

) k

+ Hamiltonian that of harmonic oscillator

2
YR, o BF 1,52 (R 2 __ 1.2 &
Hk = —577 RnZ T 3 (k)7 w:k_%
29(¢)

+ Solution of functional SChréclinger cquation is a functional Gaussian State

net G = VN eXp( e (w )2>



Wigner Function & Squcezing

© Wigner function recognises the correlation between

Position (field) and its momentum (conjugate to field)
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° During inflation ey O suPerhorizon scales Re QL — 0
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* Higl’wlg squeezec N momentum

direction and spread in feld

* Observation shows classicalitg in field

direction

!

Expect ‘co”apse models' to

squeeze the modes in field direction

!

Reﬂk — OO



C Sl ~like modification with

constant 7Y
© Modhcg functional 5chréclinger equation with
‘CSl-like' terms

JURT = [—7;7:[5’1617‘ A (G = (G2 amr - 3 (G - <§fj’1>)2 dT]

© Frecluencg of the Harmonic Oscillator
Hamiltonian becomes time depencient and

COmPICX
w? = k* — 24y — %ﬂ



Smaller modes  (2v <« k2)

Re (Y, ~ 2k(—kt)2 = 0,  Pr(k) = —L
Wigner function not affected 139 y

Squeezing in momentum direction (can't explain classicalitg)

Fower sPectrum 5ca|e~indepen&ent (good For obser\/ation)

Larger modes (2 > k?)

21.3
Rell, ~ 2%(_]{7—) — U PR(k) - 167?2151\4%17]60 ™

Wigner function atfected bg Y (which we wanted 1)

Squeezing in momentum direction (can't exPIain classicalitg)

FPower spec’trum 5ca|e~dependent (bad 1Cor observation)

JeromeMartin, VincentVennin, Patrick Peter(Phys.Rev.D86(2012)103524)



Modification ,'39 5ca|e~clepenclent Y

*» Modes behave more classica”g as theg start

crossing the horizon

s v should discriminate between different modes
accorcling to their Phgsical |ength scales —p Zrow
stronger as a mode starts crossing the horizon

cluring inflation

>y should be a function of time

_ _7o(k)
_(Zk‘T)O‘7 0<a<?2
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Macro—-objectiﬁcation OCCUrsS




Scale-invariancc OF POWCT’ spectrum

« To obtain a scale-invariant power sPectrum make

Y mode clc:Penclent
_@:\&
Y0 (k) = Yo (g)
* The power sPectrum becomes

Pr (k) X k3+0‘_5

o =3+« 9ielcls scale-invariant power spec‘trum



Vector perturbations —— Decay
during inflation— Not Important



Tensor perturbations



Macro~objectiﬁcation of

tensor mocles

* Jensor mocles -—-:}Traceless ancl transverse Part omc metric

fluctuations — associated with two helicitg states 4 and X

+ Fach helicitg states identical to a massless scalarin de

Sitter space

* Previous analysis of scalar Perturbations aPPIicable to
each helicit9 states to obtain macro-objectiﬁcation of

tensor mocles

© Assumption . CSL-modifed dgnamics IS essentia”9 same

for gravitons and inflatons
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Observables

* Scalar power spectrum
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» Scalar spectral index
ns —1 =08+ 2n — 4e (6=3+5—a)
* ) can be of the order of slow-roll Parameters
* Tensor sPectral index
ny = 0 — 2¢
» Tensor-to~Scalar ratio

r=—8nr + &80

s Accurate measurements of r and nrT would be able to

clistinguish this scenario with the generic one



Summarg

* SCEBIC CléPCﬂClCﬂt CO”BPSC Parameter can HICICI micro-

O jectiﬁcation of modes, both scalar and tensor

* Wave~number ClCPéﬂClCﬂCC OF CO”aPSC Parameter HICICI nearlg

scale-invariance of power sPectrum

* Co”al:)se Agnamics chaﬂges the Consistencg relation of sing|e~

ECICI mo&el

* Accurate measurement 01(: tensor~to~5ca|ar ratio and tensor
spectral index can distinguislﬁ this clgnamics from the generic

scenario






