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* Arises in several extensions of the SM

e Can solve the strong CP problem (QCD axion)
e Can be the DM or part of a dark sector

* |ts mass could be small

 Can couple to SM particles (gauge bosons, fermions, etc.)
Garyy

1 ~ Y a
o _ZgawaFWFW Nvg

v

Cristina Mondino



Axion (Like) Particles

1 i Yayy
E D _Zga/yf)/a/F F/JJ/ ,y -------
107 y
CAST
NECE Diffuse SN M Laboratory
\

— O Mk
T Fermi SNe-7 21
> Betelgeuse
o 10711 JUShzelERis NGCl1275 >
ermi
I_L_D_‘ Super star clusters 5
= SN1987A-y . >
g
< 10712 (Chandra) MWD |2 -
50 - Polarisation |2 =
] g 2

Astrophysics (-1

10-1% 1078 10712 1011 1019 10° 10°% 1077 10°® 10°
m, [eV]

From Ciaran O’Hare (cajohare.github.io/AxionLimits/)

Cristina Mondino


https://cajohare.github.io/AxionLimits/

Axion (Like) Particles

1 i Garyy
E D _Zga/yf)/a/F F/JJ/ ,y -------
10~ Y
CAST
MR Diffuse SN I Laboratory
\

— O Mk
T Fermi SNe¢-7 21
> Betelgeuse
o 10711 JushzeiEea N(%;C12)75 >
ermi
I_L_D_‘ Super star clusters 5
= SN1987A-y . >
g

< 10712 ; (Chandra) MWD |2 -
50 - 3 Polarisation |2 =
] g 2

This talk:

Astrophysics 14-13 ’ Cosmology

10-1% 1078 10712 1011 1019 10° 10°% 1077 10°® 10°
m, [eV]

From Ciaran O’Hare (cajohare.github.io/AxionLimits/)

Cristina Mondino


https://cajohare.github.io/AxionLimits/

Ax1on (- '

1 Yayy

L5~ gunaF* By, Y~y

CAST

MWD X-
e Diffus: SN e Laboratory

\

— O Mk
T Fermi SNe¢-7 21
> Betelgeuse
o 1011 Jehchiens NGC1275 >
I_L_D_‘ Super star clusters 5
= SN1987A-y . >
=i

< 10712 ; (Chandra) MWD |2 -
50 - 3 Polarisation |2 =
] g 2

This talk:

Astrophysics 14-13 ’ Cosmology

10-1% 1078 10712 1011 1019 10° 10°% 1077 10°® 10°
m, [eV]

From Ciaran O’Hare (cajohare.github.io/AxionLimits/)

Cristina Mondino


https://cajohare.github.io/AxionLimits/

Cristina Mondino

Outline

CMB secondary anisotropies
Photon-axion conversion inside halos
Axion signal (temperature, polarization)

Sensitivity projections






£ &9
<~ -
ic Microwave Background Speptrumofr& CO
T T T —— 1 T “’Il ‘
COBE Data —

Black Body Spectrum

=
L
>
=
=
2
12}
| S
7]
2
=

|
10 12

Frequency [1/cm)]

L




=
2
=
=
=
2
2]
| ©
3]
)
=

COBE Data +

Black Body Spectrum

I

Planck 2018

+¢¢ 40,08 & 900 5,000900 04000%00 b0t bbb L T11]

¢ 1oadel!l, 3
P LA A MCRMAMMA M1 (T AL ¢ §'++:

| | 1

1000

I T S T I SR T T
1500 2000 2500
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What about New Physics?
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Why CMB secondaries?

Future CMB experiments will have better sensitivity at high resolution
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Photon-axion conversion
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In an external B field, we can have photon-axion oscillations
(like neutrino oscillations)

G. Raffelt and L. Stodolsky, 1988
C. Deffayet, D. Harari, J.P. Uzan, and M. Zaldarriaga, 2002
A. Mirizzi, G. Raffelt, and P. D. Serpico, 2005
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Photon-axion resonant conversion
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Photon-axion resonant conversion
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Photon-axion resonant conversion
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Resonant conversion 1n halos
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Resonant conversion 1n halos
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Depends on:

 halo density profile

N
/N

Cristina Mondino

tres

e frequency of the photon



CMB photon disappearance
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CMB photon disappearance
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CMB photon disappearance

Distortion of the
black body spectrum
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CMB photon disappearance
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Anisotropic screening

The signal is not
iIsotropic!
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Halo B field

Auriga: high resolution cosmological magnetohydrodynamical simulations

B field profile

; '—' 2 =35 R, =31kpc R. Pakmor et al.,
—_— z = 2.0, Ry;; = 73 kpc . . . . . . .
10! 3 - 1.8, 2 " 1o Epc—g Magnetising the circumgalactic medium of disk galaxies
: Tl a Ziewe]  MNRAS, 498, 3,3125 (2020), arXiv:1911.11163
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R. Pakmor et al.,
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AX10n screening

X B Only B _| to the line of sight
€o (angular momentum conservation)
_ﬁ, Only B H to the polarization direction
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AX10n screening
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One-point function: temperature
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One-point function: polarization
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Two-point function: temperature
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Two-point function: polarization
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Two-point function: polarization
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Two-point function: polarization
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Two-point function: polarization
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Cross-correlation: temperature
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Polarization-LSS bispectrum
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Internal Linear Combination (ILC)

n 1 — e_“’/T _ X 1 — e—w/T
Taxion (n) — TPfY_m, (n, QJ) X w/T

W
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Weight different maps
appropriately to minimize the
noise with respect to the
frequency scaling of the signal
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Signal-to-Noise Ratio
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SNR? = Z
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Projections: Planck
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Projections: Planck
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New Physics can induce
secondary anisotropies

example from this talk:
axions on the CMB

Next: analysis with
Planck+unWISE, (soon) ACT DR6

With Sam Goldstein, Fiona McCarthy, Colin Hill

With Dalila Pirvu , Junwu Huang, and Matt Johnson
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