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Abstract: | will discuss a novel framework of the very early universe which addresses the traditional horizon and flatness problems of big bang
cosmology and predicts a scale invariant spectrum of perturbations. Unlike

inflation, this scenario requires no exponential superluminal expansion of

space-time. Instead, the early universe is described by a conformal field theory minimally coupled to gravity. The conformal fields develop a
time-dependent expectation value which breaks the flat space so(4,2) conformal symmetry down to so(4,1), the symmetries of de Sitter, giving
perturbations a scale invariant spectrum. The solution is an attractor, at

least in the case of a single time-dependent field. Meanwhile, the metric background remains approximately flat but slowly contracts, which makes

the universe increasingly flat, homogeneous and isotropic. The essential features of the scenario depend only on the symmetry breaking pattern and
not on the details of the underlying lagrangian.
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Theorem

unique single field attractor background

broad range of scales.

® With ¢; = 1, scale inv. + attractor requires
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Theorem

unique single field attractor background

broad range of scales.

® With ¢ = 1, scale inv. + attractor requires

e <

P
a(t) ~ 1/{—7) w =~ const. a(t) =const.: w>~1/7"

——> Identical 2-point function

3-point function
fXL ~ k limited range
of gaussian modes.

® The argument generalizes fo arbifrary Cg (). including
models with cs > 1




Framework discussed in this talk will circumvent theorem by
relying on many felds.




Framework discussed in this talk will circumvent theorem by
relying on many fields.
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@ Non-inflationary multi-field mechanisms are
generally unstable

2 Symmeiry principie?
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@ Non-inflationary scenario

® Gravity is unimportant — Space-time = Minkowski
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Pseudo-Conformal Framework

@ Non-inflationary scenario

® Gravity is unimportant — Space-time = Minkowski

® Relies on approximate conformal invariance in flat space: so(4, 2)

@ Conformal invariance is sponfaneously broken:

so(4,2) — so(4,1)

9 Essential physics fixed by symmeiry breaking patfern,
irrespective of microphysics

Rubakovs U(l) model
@ Realizations

o~

Galilean Genesis



CFT 4D Minkowski

b1, I=1,...N

conformal dimensions -




CFT 4D Minkowski

Q) N

conformal dimensions T

15 conformal symmeitries:
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As usual in spontaneous symmetry breaking, much of the
physics derives from symmefry breaking pattern,

so(4,2) — so(4,1)

irrespective of underlying microphysical theory.
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As usual in spontaneous symmetry breaking, much of the
physics derives from symmefry breaking pattern,

so(4,2) — so(4,1)

irrespective of underlying microphysical theory.




Phenomenological Lagrangian

pr = ¢r— @y

@ Unbroken so(4,1) subalgebra acts linearly:

r.dy —2r, 8, +r°0 ) £r




Phenomenological Lagrangian (contd)
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Phenomenological Lagrangian {(contd)
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@ Quadratic action fixed by symmeiries
@ Fields of different conformal dimensions do not mix

@ Exactly luminal propagation {because of sol{4.1))
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Phenomenological Lagrangian (contd)

@ Coset construction: non-linear realization of so{4,2),
with linearly realized so(4,1) subgroup.

2 More on systematic approach lafer...




Lesson #1: Dynamical Attractor
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Lesson #1: Dynamical Attractor
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Lesson #1: Dynamical Attractor
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Lesson #2: Scale Invariance
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1
——> Action of scalars on de Siftter space gfg ~ 32




Lesson #1: Dynamical Attractor
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Lesson #1: Dynamical Attractor
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Lesson #2: Scale Invariance
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1
——> Action of scalars on de Sitter space gfi ~ 12w




Lesson #2: Scale Invariance

X1
(d=0) g g5 <) 4
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1
——> Action of scalars on de Sifter space g‘f ~ 3w

——> | k%/?|x%| = constant

@ 2nd field only amplifies to a constant {aftractor)

@ Contrast with other 2-field mechanisms...
@ No special funing necessary




An Example: Negative Quartic V(o).
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An Example: Negative Quartic V),
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Assuming homogeneous evolution, Olo'/3

& .
& = \&> = olt) = ﬁ\;it) (assuming E = 0)




Another Example: Galileon Genesis

Cgﬂl = calg +c3L3 + cally + c5L5

f_lf_’j e il
2¢x 2a°

@ Can violate Null Energy Condition
® Superiuminal propagatfion
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An Example: Negative Quartic V(o).
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Another Example: Galileon Genesis

» + c3L3 + sy + esL5

B . = i =
20 2cx” 4av”

9 Can violate Null Energy Conditfion
® Superiuminal propagation




An Example: Negative Quartic V(o),
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An Example: Negative Quartic V(o).
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Another Example: Galileon Genesis

ﬁgal + C‘;Eﬁ‘z S - C3£3 + 641:4 + (35£5
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@ Can violate Null Energy Condition
® Superiuminal propagation




An Example: Negative Quartic V(o).

Lo iy
ﬁfgz—E((){D) +IO

A>D0 ==

. 4 % 6
Assuming homogeneous evolution, O (o7/A

(.) = /\693 — o(t) = \/i (assuming E = 0)
VA(—1)




Turning on Gravity
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Turning on Gravity
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Turning on Gravity
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Turning on Gravity
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Turning on Gravity
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Flatness and Homogeneity

flat homogeneous

- 3K 5C C Ganie
_ Faginl mat rad aniso :
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Flatness and Homogeneity
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Akin to ekpyrotic cosmologies (contracting universe with w >> 1)




Phenomenclogical Lagrangian (revisited)
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Phenomenological Lagrangian (revisited)




Tractor Calculus

Tractors Weyl invariance tensors
diffeomorphism invariance

Guv > Vp. Q. :1#...
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connection 4+ 2 dimensions.
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Tractor Calculus
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Tractor Derivatives

T, 9T+ —T,
D#T*” - JD# Te — a#TV x 01:“ 7 il
v a.T.

@ Nice transformation properties: 7_',)Ju — UD# U—l

® Metric compatible: D,nary = 0




Tractor Derivatives
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@ Nice transformation properties: ’f)# — UD# U—l

@ Metric compatible: 'D#'J')M;g =4
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® Maps dim'n W tractors to dim'n w — 1 tractors.
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The power of fractors

=1 L dilatation invariant
- —d+2n—m n, _m
¥ "

Great. conformally invariant




The power of tractors

a1 L dilatation invariant
—d+2n—m a2n _m
0 "o
Great. conformally invariant
_ ey —d
9@ O derivatives: o)
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@ 2 derivatives: g oQ) , ¢ LI




® 4 derivatives:
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2 conformally-invariant combinations.



@ 4 derivatives:
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@ 6 derivatives:

conformally-invariant combinations...

Dy Dy DD DY D o
(Dg)®
(De)*(DaDn)?
Dy DnoDM DroDE DY o
Tractor calculus offers an elegant and powerful

framework for writing down general effective action
for our mechanism




AdS/CFT connection

strongly coupled CFT AdSs
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AdS/CFT connection
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AdS/CFT connection

ds® = i (Purdztdz” + d2*) -
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AdS/CFT connection
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Conclusions

® Spontaneous conformal symmeiry breaking so(4,2) — se(4.1

¢ @I dI
or ~t=

° symmeiry breaking patftfern
- coset construction
- tractor calculus

9 Gravity unimportant flatness and homogeneity

° - significant non-gaussianity

- negligible gravity waves

® AdS/CFT connection: 5D gravity dual in AdS;?







