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 Introduction: Axion Birefringence
 Signal from the Cosmic Microwave Background
« Possible explanations: different models

e Conclusion and future directions



Axion

Birefringence

Turner & Widrow (1988)

the effective Lagrangian for axion electrodynamics is
Chemn- Simnml term

L=—13,00"0—'F, F*+[g,6F, F"), (3.7
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where g, is a coupling constant of the o/der «, and the

vacuum angle 6=4¢, /f, (¢, =axion field)| The equations

gaycl)E> ‘B Parity odd

Axion-photon interaction modifies the photon dispersion relation in
a parity-violating way
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T, K) + k2 (1 ¥ Bay ' >AJ_,(n, k) =0

Left- and right handed photons propagate with a different speed
gay
Wy = k+ =" (I)

I.  Frequency independent
i. Evoling field ¢ # 0 U
I volving tield ¢ , w. > w

Rotation of the photon linear polarization «———— .--



CMB photons emitted 13.8 billion
years ago

Rotation accumulates over distance

Birefringence of CMB is called
COSMIC BIREFRINGENCE

Lue, Wang & Kamionkowski (1997); Feng
et al. (2005,2006); Liu, Lee & Ng (2006)

Cosmic Microwave Backgrounad

as a perfect target
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Uniform rotation of CMB polarization of an angle B generates an EB cross-correlation

1
EB,ob :
C o = Esm(4[3) (crf —cPP)

B is degenerate with a miscalibration angle - New method from Minami and Komatsu
(2020) from reported B=0.35°+0.14° also Diego-Palazuelos et al. (2022), Eskilt (2022)

Current measure: B = 0.342%00%%deg (3.60) | Frequency independent!

Zero excluded at 99.987% C.L. from the joint analysis of Planck and WMAP data
Eskilt et al (2023)
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Axion Explanation VG
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1 (MNobs Nobs d / . . . \
B(R) == dn(w_ — w,) = @j dn ¢ _ Jay (Pops(A) — Pem(A)) The field evolution is model-
2 ) om 2 Mo dn 2 \ | dependent
Y .
Axion field displacement ¢ + 32H(|2) +V'(¢) =0
Different scenarios: from CM8 andtoday V(gp) = fa T“ <1 — COS( i ) )
N faN /

Uniform axion-like background Network of topological defects:
. Pre-inflationary case (f; > Hj) . Post-inflationary case (f, < H;): cosmic strings and

domain walls
. (Early-)Dark Energy or percentage of Dark

matter Il Large quantum diffusion (g,, > f3): domain walls

Il Small fluctuations expected IIl.  Large anisotropies, isotropic rotation on average




Implication for single-field

Parameter space explaining the CMB signal f ~ 0.3 deg Dark energy equation of state
V(p) = Ema b2 10 10 10 102 10° 10 10t 108 V) ~sd | v 12 10° 10 103
.............................. T © ALPSIL sesssennenannnnnee /g i I 108
B SN1987TA | B
l()—]Q ---------------------------- (-:a ‘;‘;;l.d.r-a--.‘ 10 12 - Chandra 10
....................................... o 110°__
0} >
= @ A4q 10l20h
| ; o110
> 1071 @) = =
g 0 ~ s
£ N S ENFLEN
> e 110
SN
, 107 ¢
10718 ’
— — [(=0.340.11 deg 110
DE SZ¢, — Q(b.mmc ) — 920 . . L L
| Vinass| < N 10 6 —4 9 0
: | 10 10 10 10
WEs T e T oy e g 4 e g
1070 10% 107% 10°¥ 10-%2 109 103 107 slope s Recent evolution
mleV]

T. Fujita et al. (2020) SG & I. Obata (2022) of the field



Loglo((%%)

Axions within 15 orders of magnitude in mass could
generate the signal even with a small energy density

— AXIVERSE Arvanitaki et al (2009) ...

Multi- fields and
the Axiverse

The total birefringence signal is given by the variance
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[ Fabrizio’s ]
Talk

|sotropic rotation

Topological
defects: (B) = "2 (0, — (6,5(M))
Domain Wa" Symmetry breaking broken by

the field local value

// { Anisotropic rotation

Anisotropic power spectrum

ciP ) =22, [ <23 Uetn) Py (k)

Depends on the field power
spectrum at CMB

\ / ( 79 .




Birefringence and gravitational waves

Anisotropic Birefringence:
(still undetected)
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Assuming “scaling regime” (1 domain wall per Hubble
volume), the spectrum peaks at CMB horizon scale.
Birefringence does not depend on the field energy density

Stochastic Gravitational-

wave background:

1 0—12 L
—+—— Excluded

1

Current and future CMB constraint
on the stochastic GW background
from Namikawa et al (2019)
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Bound on the GW energy density from domain wall
network still present or annihilated after CMB

10



Birefringence and gravitational waves

Stochastic Gravitational-
wave background:

Anisotropic Birefringence:
(still undetected)
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Birefringence does not depend on the field energy density



If the CMB signal is confirmed, how do we distinguish between
models? The isotropic signal is very degenerate!

|, Anisotropic counterpart
II. Tomography to study its evolution (ask me)
IIl. Looking for other polarized sources (from local universe)
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Dark energy &
defects
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Overview of constraints and forecast from
astrophysical and laboratory searches of
birefringence

At higher axion masses the signal would be
periodic with frequency w = m,

M87 (EHT)
100 Pulsars
_ (30-years) H . . . '
1o ' : Experimental Contribution to White Paper of Cosmic
Astrophysical /b mcion WISPer COST action (in preparation)
10-2 /CMB
0% 107 102 077 101 o7 MaleV]

Conclusions




‘ String-wall and String network case

It was considered by Agrawal et al 2020, Jain et al 2021 & 2022 — in the presence of strings the signal can be
enhanced at small angles because after each loop-crossing birefringence gets a A8 = *a,,,c — it seemed that the
non-detection of anisotropies is incompatible with the isotropic signal.

measurement

PP S L |7t

model simulations

)
i
r

] )
1

\
1
\
\
1

\
1 .|J\L_L.|l -

-3 -2 -1

monopole agg [deg]

0

1

" 1 n 1 " L | L L L L

0 10 20

A%

Isotropic BF B SPTrpoL B Isotropic BF + SPTroL

Jain et al 2022

40

BUT the local gradient/value of the network which differs from the
average value at recombination also contributes to the monopole
which is not captured in the loop-crossing model

(6) — 0.21c (gbloc

Tl et <eg(ﬁ>>)

Environmental birefringence

Il

It seems that the isotropic
birefringence naturally arises in
every axionic network
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‘ DWs at recombination and reionization

Anisotropies in the scalar power spectrum translate into
anisotropies in the cosmic birefringence,

CP () = = B2, [ 52 JF Ckesm)Py (o)
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Contributions coming from the
DW network at recombination
and reionization which peak at
different scales
— birefringence tomography
can be used to distinguish
different formation/annihilation
scenarios
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