Primordial GW from Axion-Gauge Fields Dynamics
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Inflation, the minimal paradigm, SFSR

Simplest realization: single-scalar field in slow-roll
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Metric Fluctuations
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scalar fluctuations tensor perturbations



Primordial Fluctuations

(in the minimal scenario)
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Tensor-to-scalar ratio (79.002)

Single-field Inflation is doing well
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Amplitude & Scale Dependence in SFSR
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Axion-Gauge Field Models

typically blue or bump-like
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Laser Interferometers a new frontier to test primordial physics at small scales



Why go beyond the single-field scenario?

interpreting observations

what to infer from GW detection? hkely
e.g. r <—> H relation

string theory
|
flux compactifications
|

4D EFT with many moduli fields intere Stillg

signatures of new content
on GW spectrum:
PS: scale-dependence, chirality;
n-G: (amplitude, shape, angular..)



Inflation

L= "gR[g" (I")2" p*(+Cos["/f ])

[Freese, Frieman, Olinto}

axion-like potential

simple

(technically) natural: shift symmetry v

viable for f | Mp




Chromo Inflation

[Adshead, Wymanl}
[Dimastrogiovanni, MF, Tolley}

[Dimastrogiovanni, Pelosol,
[Domcke, Mares, Muia, Pieronil, [...}
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f 1 Mp realization

very interesting GW signatures !
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Chromo Inflation

‘"o,
LY
[Adshead, Wyman} /'* SU(2) but could be U(D) ! & %
[Dimastrogiovanni, MF, Tolley}
[Dimastrogiovanni, Pelosol,
[Domcke, Mares, Muia, Pieronil, [...}
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f 1 Mp realization
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Spectator Chromo Inflation

[Dimastrogiovanni, MF, Fujital
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L | LinBaton "’ ZFZ + EFF" (#")2" Uaxion (")
f
f I Mp realization

¢ < same interesting GW spectrum

observationally viable
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Spectator Chromo Inflation

[Dimastrogiovanni, MF, Fujital

9 ’.
SU(2) but could be U(D) ! &%

/) e.g. Juan’s talk on Tuesday

1 !ll .
L | LinBaton "’ ZFZ + EFF" (#")2" Uaxion (")
f
f I Mp realization

¢ < same interesting GW spectrum

observationally viable

\



Primordial GW in SCNI
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H +3H!; + k7l Pt +aaa ...
[Dimastrogiovanni, MF, Fujita}
sourced vacuum
P, P,

now possible!



metric | ' g + 1! — RL — = oW (tr,L )
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Chirality

I 1 .
(background +) Chern-Simons coupling —— FF

Af

IL &R
Li B L

chiral spectrum
P- E PI

cross-correlation @ different locations [Smith, Caldwell 2017]

Testable at small scales via interferometers . . . .
kinematically induced dipole [, ke et al 2010]



Slightly Bump-like GW Power Spectrum




Related models can be blue
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Appeal of axion-gauge field models

Model Building

——

“simple” ingredients

eta problem UV complet-able

scale-dependence non-GGaussianity

chirality

Tests



Challenge I: Perturbativity

| t? | t?

the same interaction enhancing sourced GW affects the 1-loop scalar PS

1! loo n n+1 :
From P,"€€ | P, P oratleast P" ! P™" from a given nonwards

stem StI'Ol’lg constraints on the thCOI'y parameter Space

=_===>

in SCNI the sourced GW signal can be larger than the vacuum but within same order of magnitude

[Dimastrogiovanni, MF, Hardwick, Assadullahi, Koyama, Wands 2018}
[Papageorgiou, Peloso, Unal 2018 & 2019}

@ (mostly CMB) bounds on non-Gaussianity play a similar role



Challenge II: Backreaction

eom for the gauge field background

gA . 2
—XQ" + ...
f \
fluctuations backreact on
background ==> reduced regime of validity

Q+3HQ + (H+2H2> Q +24°Q° =

107°

10—6,

SCNI further restricted, small window still viable. For non-Abelian need strong-backreaction regime, numerical & eventually lattice

U(1) more well-studied, strong backreaction from the start + recent works including lattice qualitatively agreeing on main effects



Challenge I11: UV Completion

field content easily obtained, key is strength of CS interaction, i.e. A

interesting GW phenomenology requires A >100

very hard to obtain in

clockwork mechanisms

[Agrawal, Fan, Reece 2018}
[Kim, Nilles, Peloso 2004}

strongly constrained on

more general unitarity grounds

[Agrawal, Fan, Reece 2018} .
[Bagherian, Reece, Xu 2022] nevertheless possible

in string theory

[Holland, Zavala, Tasinato 2020}



For the latest on inflation & GW with non-Abelian fields

tune in for Martino’s talk this afternoon!



Thank you!



non-Gaussianity (TTT)

[Agrawal - Fujita - Komatsu 2017}
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larger than in minimal SFSR



non-Gaussianity (STT)

[Fujita, Namba, Obatal
[Dimastrogiovanni, MF, Hardwick, Koyama, Wands}

several channels (e.g. mixing terms between scalars)
contribute to STT ==> folded shape

f gauge | 903y



Abelian case (intriguing phenomenology)

1 # .
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Gauge field quanta produced by the rolling axion
2K"

12+ k% £ A: (#,k)=0
A, (1 k)1 € R %

[Anber, Sorbo 2009 - Barnaby, Peloso 2011, Barnaby, Namba, Peloso 2011, Bartolo et al 2014+...}

[Pajer, Peloso (2013)}



By now a rich literature on the subject

...Anber - Sorbo 2009; Cook - Sorbo 2011; Barnaby - Peloso 2011;
Adshead- Wyman 2011; Maleknejad - Sheikh-Jabbari, 2011;
Dimastrogiovanni - MF - Tolley 2012; Dimastrogiovanni - Peloso 2012;
Adshead - Martinec -Wyman 2013; Garcia-Bellido - Peloso - Unal 2016;
Agrawal - Fujita - Komatsu 2017; Fujita - Namba - Obata 2018; Domcke -
Mukaida 2018; Iarygina - Sfakianakis 2021; ...

Supergravity embedding
[Dall’Agata}

Lots of research in this direction

+ gravitational Chern-Simons term W + SCNI in string theory
+ fermions production [Holland, Zavala, Tasinato}

. + gravitational leptogenesis
+ back-reaction & pros

[Caldwell, Devulder} + perturbativity bounds

[Papageorgiou, Peloso, Unall

[Komatsu et al, x 3}



e = g°Q*/(H Mpy)°



Why not clockwork in a Nutshell

[Agrawal, Fan, Reece 2018l
[Bagherian, Reece, Xu 2022}
From periodicity of axion field follows

o j-k°92
A= 872

Integer k from integrating out fermions carrying SU(2) gauge charge with y-dependent masses

Validity of such EFT of fermions (and gauge) fields needs k < 45/gA2

66399

act on big “j” instead via clockwork

n—1

m. . .
Z //L21+1 oS [ i X4 n Xz—i—l] n lel cos X1
— fi  fin h

Integrating out heaviest modes ==> parametrically light mode  with effective potential j = 11 m_i 4"

each cosine mediates axion scattering ==> perturbative unitarity bound —> upper bound on
==>
paired up with phenomenological constraints implies this mechanism does not work for the model



Unitarity Bounds

[Bagherian, Reece, Xu 2022}

d. 2-—>2 axion gauge scattering amplitudes
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String Theory Embedding

[Holland, Zavala, Tasinato 2020}

Framework
Kahler inflation in type IIB large volume string compactifications

need spectator sector associated with gaugino condensation on multiply magnetised D7-branes

Successful inflation (+large GW enhancement) hinges on suitable values of three parameters:

- magnetic flux
- degree of the condensing gauge group
- wrapping number of the D7-brane

gauge group degree N ! 1075 not easy to realise, yet necessary for phenomenology!



Observational bounds/sensitivities for SGWB
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Scalar bispectrum: current bounds

E flocal =1 09+ 51 fo =126+ 47 f3M° =1 38+ 24
[68% CL

Scalar bispectrum: future bounds

N gSKiT , flocal 11 o 2l-em I flo 1 101
. SPHEREX [Munoz, Ali-Haimoud, Kamionkowski ]

Tensor bispectrum




Backreaction Under Control




