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As Vet
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o Observations are in perfect agreement with Inflation.

o The Particle Physics of Inflation is still unknown.

o The Standard models of inflation are based on Scalars.
Tuflation Particle Physics:  a scalar field beyoud the SW,

o Primordial Gravitational Waves (PGW):
Vacuum fluctuations: unpolarized, red-tilted, and nearly Ganssian.

Ems < 10%GeV
1

|
Inflation
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o Observations are in perfect agreement with Inflation.

o The Particle Physics of Inflation is still unknown.

o The Standard models of inflation are based on Scalars.

 — .

| What about Gaunge Fields?!l |

Epny < 10%*GeV

o Inflation happened at highest energy scales observable! |
Inflation

o  They are building blocks of particle physics, SM & beyond.

o What do they do in inflation?!



Sensitivity curves on evergy density of GWs
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Gauge fields given by Yang-Mills

dilutes like radiation

A,~1/a

Gauge fields coupled to inflaton
are generated in inflation.

£
8f

(Axion fields are naturally
conpled to gange fields.)

FF Q Axion

Gange field Ay
(active in inflation)

U

A




Gauge fields given by Yang-Mills
dilutes like radiation A,~1/a

Spatial isotropy & homogeneity
U(1) vacuum A,

A; =Q)5; T

P

A.M. & Sheikh-Jabbari, 2011

Gauge fields coupled to inflaton
are generated 1n inflation.

A o .
g FF @ Axion

(Axion fields are naturally
conpled to gange fields.)

SU(2) vacuum A, = A; T,
[Tq, Typ] = [ cEe T,

Spatially 1sotropic
Az

A} = Q6] ,
Al ‘

/S
so(3) & su(2) are 1somorphic



How SU(2) restores isotropy?

Let us work in temporal gauge, A, = 0.

Rotation

SU(2) VEV, 4, = A% T,

U Rotation

U(1) vacuum A4,
A; = Q)67

= Q()6}

A.M. and M. M. Sheikh-Jabbari, 2011



How SU(2) restores isotropy?

Let us work in temporal gauge, A, = 0.
Rotation

U(1) vacuum 4,
A; = Q)57
SUR)VEV, 4, =4, T, (PrE s Gange Transformation
= Q(t)6;

A.M. and M. M. Sheikh-Jabbari, 2011

Isomorphy of so(3) & su(2) algebras



SU(2) Gauge fields and Initial Anisotropies

* SU(2) gauge fields are FRW friendly: (respect isotropy & homogeneity)

Az(t):{ a(t)s¢ p=i

* How stable 1s the 1sotropic ansatz against initial anisotropies, 1.e. Bianchi

Al (t) =+

punoJsyoeg
21d0.4105]

( 0 u=~0 Anisotroples v gange field




SU(2) Gauge fields and Initial Anisotropies

* SU(2) gauge fields are FRW friendly: (respect isotropy & homogeneity)
a

t) = :

u () a(t)éd u=i

* How stable 1s the 1sotropic ansatz against initial anisotropies, 1.e. Bianchi

|. Wolfson, A. M., T. Murata, E. Komatsu, T. Kobayashi arXiv:2105.06259

Axion is only coupled to the isotropic part of the gauge field,

Anisotropic part decays like radiation and

Isotropic Solution 1s the
Attractor! e

A. M. and M.M. Sheikh-Jabbari, J. Soda, 2012
A. M. and E. Erfani, 2013

punoJsyoeg
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A New Class of Twuflation Models

(OIOSGY‘ +0o Particle 'PVNS‘OS) A. M., & Sheikh-Jabbari, 2011
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Axion-inflation and gange fields (won-Abelian)
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A New Class of Twuflation Models
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A New Class of Twuflation Models

(OIOSGV +o Particle ?VNS]GS) A. M., & Sheikh-Jabbari, 2011
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A New Class of Twuflation Models

A. M., & Sheikh-Jabbari, 2011
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A New Class of Tuflation Models

(0[056}" +o Particle 'FVI\{SiOS) P. Adshead, M. Wyman, 2012
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A New Class of Twuflation Models
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Novel Observable Signature: CMB

e The sourced tensor modes is

Highly non-Gaussian. Equilateral Shape
E,=0,4,—-0,4,—ig|A,A,]

Self-interaction

Agrawal, Fujita, Komatsu 2018
 That can be probe with future

CMB missions., e.g. Litebird
~ and CMB-54
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Maresuke Shiraishi, Front. Astron. Space Sci. 2019



Parity Odd CMB Correlations: TB& EB # 0
Sources of Parity violation on CMB:

- Cosmic Birefringence: axion-photon coupling @ FF > High
< > CMB Z
Modern
EW phase CMB Universe photon

o Sﬁ.uc transition

— —— T ¥ ; ..f--'._

Big Bang
Singularity

. f Low |

- SU(2)-axion Inflation: SU(2) field-Graviton coupling

- Gravitational Chern-Simons: axion-graviton coupling ¢ RR

B. Thorne et. al.2018



Parity Odd CMB Correlations: TB & EB # 0
Sources of Parity violation on CMB:

axion-photon coupling (@ FF' '

GW: Vacuum R Inflation {r = 0.004%
GW: S_U(%J + R” Inflation

- Cosmic Birefringence (7 — 0.3 deg)
New Physics Total
Lensed B mode
SPTpol
BICEP/Keck Array
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SU(2) field -Graviton coupling

axion-graviton coupling (9 RR

B. Thorne et. al.2018
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_ EW Qcb CMB Universe
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Big Bang
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Ganae fields are expected +o contribute v physics of axion inflation.

Compelling Consequences:

—

This Set-up is a complete BSM that can solve T-IV:

) Particle physics of Inflation

1) Origin of matter asymmetry

1) Origin of Neutrino mass

V) Particle nature of DM

Puezles of Particle Cosmology

T+ provides a deep connection between inflation, baryogenesis & DW,

So naturally explains cosmological coincidences ng = 0.3 P; and Qpy = 5Qp!

T+ comes with a cosmological smoking guw on Primordial Gws.
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