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Some motivations
Amiso&rayi«: and [ao\r&:j breaking
imﬂa&iamarv sighatures,

UV complete” model. Stable under
radiative corrections,
Testing non minimal couplings with

gravity during inflation.



A qgeneral shift tnvariant Lagrangian involving scalar,
vectors and gravity
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A qgeneral shift tnvariant Lagrangian involving scalar,
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Broken shift symmebry, A potential is generated
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The symmetry is broken by global effects
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A qgeneral shift tnvariant Lagrangian involving scalar,
vectors and gravity
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A qgeneral shift tnvariant Lagrangian involving scalar,
vectors and gravity
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Motivation: Higqs Inflation like model. Slow roll
due to hon minimal coupling.
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Non minimal coupling with gravity

We add nonminimal coupling with gravity to the previous system
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Why this is useful? Correlation functions are invariant under conformal transformation of the

metric. Often, it is easier to calculate the correlators in the Einsteianram%. N _ - e
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n, and r

Chiral gravitational waves spectrum

@ Spectral index of scalar perturbations
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Natural inflation and electromagnetic dissipation

Steep inflation V (¢) = A*(1 + cos(¢/f)). f ~ Mp

Y
Small f 03¢
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Flat potential

0.1 0.1
Steep potential [

Background metric
Nearly de Sitter geometry a(7) ~ —1/H 7 with constant Hubble parameter H,

= = LA®
JPBA (UAN) Pseudo-scalars and inflation 31/07/2018 9/30




A qgeneral shift tnvariant Lagrangian involving scalar,
vectors and gravity

M G
Stz Jd4x\/jg ITPR s (g’“‘” 2 ) V.oV, 9+ V(¢)]

| aqb % C.e @raf‘mami, % A. Kehagias
4 . | .,
_Zjd X/ T8 [FWFW | P FWFW]» PRL 106 (2011) 161302

\\ M. Anber & L. Sorbo

PRD %1 (Ro10) 043534

1
G* = R* ——g"R, V,6*=0.——> 2nd order EOM



L8 o
ﬁ T,ul/ T T,m/ M2 G)/,w e G"T’Q\/L&v
p

V,V,p-V,——F*F, =0 —> Scalar

w1 2 g , Vect
Vol +7¢F =0 —> ector



1 ,
T/?v 5 aﬂ¢av¢ — 8w <Eg aﬂaa¢aﬁ¢ h V) e Scalar

U

=V Noa

1
Tlljl/ = F,MaF ya i gMU_F : > Vector

|

¢+5

g ((

4

R 1
© oo E V,Lt¢ Vu¢ k2 V(Iu¢Ry)a Va¢ i 5( V¢)2G/,w i Va¢ Vﬂ¢RﬂaUﬂ i V,u Va¢ VU Va¢

B = VPGV Vb~ 2V YV pRP

Gr&vé&v



- M 1 — = “
H =@ |l +V(¢)+5(E + 5 —> Gravity

YT ) M2
p A
. P PRl L Hd e /
H = d* | 1 -3 2 ¢. [E-+ B}/
OM3 M2 M2 Tapeg ) 3ME

& 1+ 2 + 3H¢ Pos, a il V, (B B)
|]\42 |]\42|]\42 s ’¢f

=~ Scolar

05450 a

| 2Kk¢ g
2fH  2afH Vector

A;+(k2_ )Ai=o with ¢=

T




The helicity model + is enhanced. Parity breaking feature.
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Friction terms combine, They affect the evolution of the
scalar and the perturbations.

H2
S raV, , a- % g A K=1+ 3@
o' —— | 1— o’ 4 O = 5E>.B>.
T 2KfH? K Kf
H>M
— 04 Ead b it
Sd(z, k) = o dr, a*(r)) G(x, Tl) L fﬁ(q, )
s & 7TO{V¢
- : e FHK
: T T\ 1 /
Glrr)=Ce (—,> = <—,> O —7), wikh
JAN T T

RS T OHK



The per%mba&oms are suppressad bj the M scale!
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Non minimal coupling with gravity

Pseudoscalar coupled to gauge fields. Results for the scalar and tensor spectrum.

@ Scalar perturbations spectrum
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Chiral sourced gravitational waves.
C. Germani & VY.
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Chiral sourced gravitational waves.
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Chiral sourced gravitational waves.
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Enhancement of GW



Measurable pmame&em Tensor ko scalar rakio.
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Statistics of the sourced GW. Nown gaussianibies.

(BTBTBT) at 3o with LiteBIRD
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Lite BIRD: ank& sabellite ﬂfc:)r the s&u,olc,es 04: B—mode poi.amz.a&wh and
nflation from cosmic background adiation ' etection (2020)
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Observakions

Lite BIRD: Light sabellite for the studies of -mode oi.ariz.a&&am

and nhlation from cosmic backqround adiation ebtectiown.,

Science

LiteBIRD is a satellite that will search for primordial gravitational waves emitted during the cosmic

inflation era (around 10-38 sec after the peginning of the Universe). [t goal is to test
representative inflationary models (single-field slow-role models with large field variation) by
performing an all-sky CMB polarization survey.

Primordial gravitational waves are expected to be imprinted in the CMB polarization map as
special patterns, called the "B-mode”. If we succeed to detect them, it will provide entirely new
and profound knowledge on how our Universe began.

From the viewpoint of high-energy physics or elementary particle physics, the observation of the
CMB B-mode is very important because it will allow us to search for physics in ultra high-energy
scales, which are not accessible with man-made accelerators. Measurements of CMB polarization
will open a new era of testing theoretical predictions of quantum gravity, including those by the
superstring theory.




Conclusions and Remarkes

Gravitational waves can be a good guantity to “detect”
parity breaking signatures.

Topologic terms Like FYF acquire nhon trivial dynamics
when coupled to a scalar field.

Kinetic couplings are useful to reduce the velocity of
the inflaton. At the same time, ik is useful to suppress
the ampti&uc&@; of the scalar Far%urba&iams.

Kinetic couplings with the Einstein term maintain 2nd

order derivakives in the EOM.



