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lmqationa:y F’aracligm: Success

+ Solves E)ig Bang Pathologies

* Generates Primorclial Perturbations-—-—b seeds for

large scale structures, CMb anisotropg

o Predicts (Single field models):

1 Almost scale invariant scalar power spectrum: ns = 0.9635 £ 0.0094

2. Almost Gaussian distribution of Primorclial Perturbations . fNL <2.7+58

5. Consistency relation: r = —8nT

e



- S S i 35 S e g

iy St s

PAVS T IN NUNC VAT N s

g S PN

B e i I - g N e el g s Siimbitiaih - o Ll

Lingering concep‘cual Issues

A. Trans~P|anc‘<ian issue: Largest observable modes were below Planck

|ength duringinﬂation

e Solutions : Alternatives to inflation

B. Quantum to Classical transition of !:)rimorclial Perturbations:

origin of Perturbations are c]uantum but observed structures are classical

e Solutions :

1. Doesnot modifzg the basic mechanism of QM : Decoherence

2.  Modifies basic mechanism of QM : Co”apse models [Continuous Spontaneous
Localization (CSL) Model]
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Continous Spontaneous | ocalization

L Modifies Schrédinger ec]uation bﬂ acﬂcling non-linear

[ L Hdt + X2 [ dx(M(x) — (M(x)):)dWy (x

e puts

T g e s

stochastic terms -

x) = (M(x))e)?dt] ¢

+ Non-linear terms break the superposition of wave functions

. Ampliﬁcation Mechanism

ym = ()", ) =nPy ()

* Hamiltonian not conserved due to non-Hermitian evolution —

Non-conservation of energy

IR = o g




Schrédinger Picture of inflation

* Scalar Perturbations in terms of Mukhanov-Sasaki variable
Clr X —4d [5g0g1 + g CDB}

* Quantum state wavefunctional satis{y functional Schré’)clinger equation
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* Hamiltonian that of harmonic oscillator
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* Solution of functional Schréjdinger equation is a functional Gaussian State

ne' [r 6 = VR eXp( e )2>
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Wigner Function & Squeezing

© Wigner function recognises the correlation between

Position (field) and its momentum (conjugate to field)

1 X Yy SR e D, X Y
W R) I’ R’I af /dd\IJ*(R——,I——> 1P T zpky\Ij(R _,I _)
(Cic's Cie> Pie > Pic) (21)? xay G 5 (r 5 ) Gk T 5 S 9
SR T I Al e AT
= %e_Rer(CEQ+Ci2)€_< k+;e§:Ck) €_< k+]§{e§:gk>
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* During inflation — on suPerhorizon scales Re Q.

2 2
W (G Gl k) — Beltee™e(F 46 )5 (o) 6 (5}
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direction and spread in feld

Highlg squeezec INn momentum
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* Observation shows classicalitg in field
cllrec’cxon
Exl:)ect ‘co”apse models' to
squeeze the modes in field direction

!
Re Qk = X
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C Sl ~like modification with

constant 7Y
< Modhcy functional Schréclinger equation with
'CS|-like' terms

JURT = [—m}j’ldf + (G = (&1 aw, - 3 (&' - <§fj’1>)2 dT]

= l:requency of the Harmonic Oscillator

Hamiltonian becomes time clel:)enclent and

complex

w2:k2—2ify—%”
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» Smaller modes (27 < k?)

ReQy ~ 2k(—k7)2 = 0,  Pr(k)= L

Wigner function not affected bﬂ Al
Squeezing in momentum direction (can't explain classicalitg)

FPower spoctrum scale~inc!opendont (goocl for observation)

L arger modes (27 > k?)

oo
i Qk - 2%(_]{7_) o O’ PR(k) r 167?212]\4%17160 e_AN

Wigner function affected bﬂ Y (which we wanted 1)
Squeozing in momentum direction (can't oxplain Classicalitg)

FPower spoc’crum 5ca|o~olopendent (bacl 1Cor observation)

JeromeMartin, VincentVennin, Patrick Peter(Phys.Rev.D86(2012)103524)
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Modification 1'39 5ca|e~dependent 9

2 Mooles behave more classica”g as theg start

Crossing the horizon

. o should discriminate between different modes
accorcling to their Phgsical length scales ——p Zrow
stronger as a moole starts crossing the horizon

cluring inflation

s should be a function of time

. (Zok(f))a , U-pn - 2







Scale-invariance of power spectrum

|« Toobtain a scale-invariant power spectrum make =

Y mode clePencJent
v0(k) = 7o (%)5

* The power sPec’trum becomes

N e b il s Sl - . i

Pr (k) o ko

e

s 0t yielcls scale-invariant power sPcctrum
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Macro~o!:>jectiﬁcation of

tensor mocles

* [ensor moc:les -—-}Traceless and transverse Part omc metric

fluctuations — associated with two helicitg states 4+ and X

+ Fach helicitg states identical to a massless scalar in de

Sitter space

* Previous ana|95i5 of scalar Pertur]:)ations applicable to

each helicitg states to obtain macro~objectiﬁcation of

tensor mocles

* Assuml:)tion . CSL-modified clgnamics IS essentia”g same

for gravitons and inflatons
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Observables

* Scalar power 5Pectrum

3+a—p 3+a—LB+2n—3¢
o i e o—(14+)AN [ s k. :
» 87T€M1;2,1 ’70 k() k*

= 4,(k) (kﬁ>_l

* Jensor Power SPec’crum

3+a— S oy 0
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* Jensor amplitu&e GlCPCﬂGlS UPOI"I CO”BPSC

Parameter B Stronger co”apse Parameter can

bring down the scale of inflation
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» Scalar spectral index
ns — 1 =04 2n — 4e
* ) can be of the order of slow-roll Parameters
* Tensor spectral index
nr = 0 — 2¢
» Tensor-to-Scalar ratio

r=—8nr + &0

s Accurate measurements of r and nrT would be able to

clistinguish this scenario with the generic one
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Summarg

> Scale ClCPCﬂClCﬂt CO”aPSC Parameter can 316!(31 micro-

objectiﬁcation of modes, both scalar and tensor

* WBVG**I’]UYTI]DCT’ CICPCHCICHCC O{: CO”EBPSC Parameter 916!(31 nearlg

scale-invariance of power spectrum

* CO”BPSC Agnamics changes tl"lC COﬂSiSt@ﬂCﬂ relation OF Siﬂglé~

ﬁClCl moclel

* Accurate measurement 01C tensor~to~scalar ratio and tensor

sl:)ectral index can clistinguish this clgnamics from the generic

scenario
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