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Motivation

Cosmic inflation persits as the most compelling
mechanism explaining the origin of primordial curvature
perturbations.

Multipole moment [

10 100 500 1000
6000: I T T T T T T 1] T T T | T T T T

o))

e

-

o
|

4000 F
3000 F

2000 ;

Temperature Fluctuations [uK?]
S
3
|

0 : I I | I 4
90° 2° 0.5° 0.2°

Angular Size WMAP collaboration (2010)

jueves 15 de marzo de 12



Motivation

Cosmic inflation persists as the most compelling
mechanism explaining the origin fo primordial
curvature perturbations.

The fact that inflation is formulated within a field
theoretical framework makes it particularly
compelling to test our ideas about fundamental
theories

These theories predicts the existence of a large
number of degrees of fredom (scalar potentials)
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Motivation

® For Example, inflation can be written as an EFT for a
Goldstone Boson 7

)2 \2
/ A4/~ [ M2R — M2 H ( (9im) ) + oM (7%2 PE B ) ) ~ %Mglfr?’ T ]

a? a?

Cheung et al. 2008

® Where %E characterizes fluctuations in

the clock measuring time during inflation
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Inflation as an EFT
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Inflation as an EFT

® So our question now should be. When this
approach turns invalid.

® VWe have two possible naive answers

® When the theory becomes strong coupled!?

Avgoustadis et al(2012), Cremononi et al(2010), Green & Baumann (201 1)

® When other degrees of fredom becomes
relevant? Achucarro et al(2012), Xi & Chiu et al(2011)
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Inflation as an EFT

® According to the standard lore, other
degrees of fredoms becomes relevant if
they are comparable to the scale of
inflation H

® |f other degrees of fredoms are very
massive they can be integrated out




Motivation

Inflations needs a light scalar field, but the
others degrees of fredoms can be very

massive M > H

Common lore: If heavy degrees
of freedom are sufficiently
massive, then we can ignore
them
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Motivation

Inflations needs a light scalar field, but the
others degrees of fredoms can be very

massive M > H

Common lore: If heavy degrees
of freedom are sufficiently
massive, then we can ignore
them

But it has been recently showed that
heavy degrees of fredoms can
imprints signatures on the primordial
power spectrum (/0/0.3693)
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Inflation

® | et us recall some basic facts about standard

single field inflation
® |nflation is driven by a single scalar field (called inflaton).

® We need that the slow roll conditions keep satisfied

H
Ez—ﬁ<<1
¢
=<1
n Hq5<<

® The scale of Inflation is H and the quantum perturbations

produced during inflation keep frozen when they reach the
horizon

® Inflation predicts an almost invariant of scale power

spectrum v
A2(Ek) ~ N — 1 = 2n* — 6G¢*
S( ) 2471'2 Mf)ll €, S 77v A%
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Two field inflation

Let us start by define the action for multifield inflation

B | _
S = /d4:13\/ —( §R — §g“y%bﬁu¢a 1/¢b — V(¢>

We consider isotropic and homogeneus solutions given by

d82 — —dtz —+ CL2 (t)ézjdilﬁzdil?]

And get the following equation of motion

D . . D : .
— ¢t +3HPE + V=0 — X% = X4 T¢ ppXC
dt where dt
1. -
3H2:§¢(2)‘|‘V Hzg Ve =~"9,V
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Kinematical Frame
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We define a set of © = ¢/ dg
orthogonal unitary
vectors Na = €T




The equation of motion
Where 'V2>:ZCZQ‘/Q

éo+3H$o+V¢:O

We define the so-called slow roll

paranneters:
1 W d
€ — a
H2 e can aescompose 7’] )
1 Dgg m = ®o
7= }J@&) dt > -E{¢k)
VN
N1 —

doH
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The equation of motion

éo+3H$o+V¢:O

We define the so-called slow roll

parameters:
H W d
€ — a
H2 e can aescompose 77 )
1 Dgg Qo
= Hqgo dt

711 shows us how fast the heavy
directions is changing with respect to —
the light direction
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It will be useful to
define

N
L
/]
=
~—
-
-

Finally let us
rememember that in
standard single field )| <1

inflations

e <1
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Perturbation Theory

Now, we consider the scalar perturbations from the
homogeneus and isotropic background.

P (t,x) = ¢y (t) + 09 (1, x)

Instead of working with §¢°(t,x), it is more convenient to
consider the following gauge inviante fields defined as

0
H

vl = aT,00% + a—1

v = aN,d0%

eves 15 de marzo de 12



It is more useful to change to aQ
curvature and isocurvature fields H

For simplicity we will define: T ¢ S

Then we get:

1[4 5| s 2 (VR?Z2 ., (VF)?
Stot:§/dm Y T e T T8

+ 4dpon | RF — AM2. F?

where Mezlcf = Vn + H?eR — 62
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Let us V2R 2

analyze R+ (3+2¢— 277||)H7.2 T2 _2$—77J_ []: +@B—n —xL)HF
this 2 X
equation F+3HF — —— + M%&F =2¢on. R
a
k/a
For constant 7) |, we have the following solutions.
—— off

R ~ R+6—zw+t i R_e—zw_t’
T ~ .F+6_Zw+t _I_‘F_e—zw_t7
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Let = : VR H?2 .
anilyuzse R+ (34 2¢—2n)HR - a2 _ng []:+ (3—my — XJ_)HJT"}
this . . VQJT" | |
cquation I+ 3HF = 2+ MEGF = 200, R
k/a
Two y . ka
| bW~
For constant 7) |, we have the following solutions. n}?;z:s

F o~ Fre ™+ Fe ™7,
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VR H? .
= —2=—1 {]:Jr (3—m) — XJ_)H'F}

Let us 7é,—|- (3—|—2€— 277||)HR—

analyze a? %
this . . VZ2F :
, .
k/a
=
o wy ~w_ ~k/a
, , massles
For constant 7) |, we have the following solutions. ;4.
R~ R+€—iw+t LR p w1 l = eft
. o J The W__ v k/a,
T~ f"_|_6_w+t 4 F_e—iw—t degeneracy
7 broke W 7~ Meff
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VR H?2

Let us 7?,—|-(3—|—2€—277||)H7?,— 5 :_2°—77J_ [ﬁ+(3—
analyze a o
this . . V2JT" | |
cquition ¥+ 3HF 25+ MEF = 200, R
k/a
Two
I
For constant 7) |, we have the following solutions. n}?;z:s
~ —wwyt —1w_t1 l —r—
R~ Rye +R_e , .
F o~ JT"_|_6_iw+t -+ f_@_iw—t degeneracy
7 broke
l ——
Outside
the
horizon

M — XL)HF]

wy ~w_ ~k/a

eff
w_ ~kla

Wi ~~ eff

H

w4 decays

w__ freezes
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Effective field theory

. . V2R H? :
R—|—(3—|—2€—277||)HR— :—2.—77J_ |:F—|_(3_77||_XJ_)HFi|

2
@ ®o

- M2 F = 2¢0n.LR

We can integrate Fr = 200m1L R
out (k2 /a? + M)
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Effective Field Theory




Effective Field Theory
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12 Fast turns can
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Power spectra

From the observational pont, the main quantities of
interest are the n-point correlation functions

We will calculate the 2-point correlations
functions given by:

kS
Pr(k,T) = ) > Ralk, T)RE (K, 7)
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Turning Trajectories

The validity of the EFT will depend on

That could be written

d? 2071 9 201
< M .
dt? <(k2/a2 + M) (k202 + M2)

Then — 0| < MZ%
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Turning trajectories

S0, the condition d .
was that: g In 0 < Mef

Now, we are going to see what happens when we
have trajectories with turns

Let us define the parameters:

Ao = k|AH




Turning trajectories

We can have the following cases:

K> A¢p K~ A A K<< A
K —>
/ /{y ,~T
—>- o —> I-A¢ %
AP
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Turning trajectories

We define the time scales Agb
asocciated with the turns T = —
as gb
RN

¢ (1)

>» 1
¢
As M.g > H ,the adiabaticity condition translate as:
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Turning trajectories

We build toy models to study
numerically this turns

Model |:Sudden turns in canonical models

= M? (xyp — a?)?

V(Xv @b) = Vo + V¢(X _ w) 9 (X 1 w)g

Ti B M?2q?
T]%4 - 2¢H?2

Defining: =




Two fields fheory
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— 7L l
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Model 2: Sudden turns induced by the metric

M;
Vx.¥) =Vo+ Vox+ — 1

(1 T
1T\ T 1+T2(x) )

D) = 2 (1+ tanh [2(x — x0)/Ax)

We define
2 M2Ay2 H?2T?2
o = L I X b= S 0
T]%4 2¢ H? AXQMQ

(2
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250 '
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Difference
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large features and an excellent
agreement between both power
spectra
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Conclusions

Fast turns produce features in the primordial spectrum

Features might offer a direct insight on heavy physics

Heavy phyiscs can be encoded in an EFT with a modified speed of

sound when d In 0

M
dt K et

Future data will put strong constraints on primordial features,
improving our understanding of the role of UV physics in the early

universe
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