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A possible discovery channel for the axion!

» A thermal axion population behave as extra dark radiation (AN..¢).
In the range m,, € [0.1, 1] eV: relevant thermalization channel
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The LO HDM bound (naively)

* Using leading order axion-pion EFT (ChPT)
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Motivation
* Using leading order axion-pion EFT (ChPT)
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NLO Thermalization rate
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Correction of ~ 50 % already at
T, = 62 MeV

Convergence problem!
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AN, including NLO correction
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A reliable computation is heeded to set targets for future CMB surveys
(lattice QCD, ...?)
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Thanks for the attention!






Axion-Pion Effective Lagrangian: Leading Order
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Leading order scattering amplitude
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Thermal scattering rate
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I vs H
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ChPT validity
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Axion-Pion scattering: Next-to-Leading Order

Tree-level graph from NLO Lagrangian and loop amplitudes from LO Lagrangian
contributes to the same Order
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['vs H, NLO
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16
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Decoupling temperature for the LO and LO+NLO case, as a function of f
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h functions
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Effects of NV, on the CMB

6000 -

» N 1 = H 1T, time for photons diffusion in the |
plasma decreases, reducing Silk damping and 5000 Nett =4, g, = 3.82

restricting it to higher 2. fdump 1 < w00 N =3, g, =336
3 i
» H T Acoustic oscillation length scale decreases, g
increasing the sound horizon. 7,4 1 O Peaks
| 32000 - /\/\A
e QOverall less dumping but more peaks dumped. :
1000 |/ “Za
H7T = fs/de ; ISW effect \9\
* Also, gravitational red/blue shift increased on 00 e o 1o
1st peak scales (ISW) Multipole Moment ¢
Silk, Astrophys.J. 151 (1968)] [Brust, Kaplan, Walters, arXiv:1303.5379]

Sachs, Wolfe, Astrophys. J. 147 (1967)]
Bowen, Hansen, Melchiorri, Silk, Trotta, arXiv: astro-ph/0110636]

Brust, Kaplan, Walters, arXiv:1303.5379]
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ASTRO Bounds

QCD axion f.[GeV]
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[Di Luzio et al., Phys. Rept. 870 (2020) ]
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[Raffelt hep-ph/061135]
. gV = 0in KSVZ models

SN bound not solid from astrophysics
[Bar, Blum, D’Amico 1907.05020]

+ 8, Can be accidentally suppressed (NQ > 1)
[Di Luzio, Mescia, Nardi, arXiv:1705.05370]
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