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IIltI’OdllCtiOIl The thermal axion scenario, constrained by » Channels \

ANgsr, provides an mmportant and independent bound on axion TaKt - ntKO oKt
coupling. In T < T, the hadronic contribution to axion thermalization aK~ - 1KY n°K~ arn® - v, 7970
rate has long been estimated by only taking am <— mm reaction into aK® - n°K°, n~K* " an® - 7T+TL'O ]
account, while the other channels, such as aK «— nK, aN <— nN, L aK® - K%, mTK™
etc., are neglected because of Boltzmann suppression. » Dominant contribution
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This approximation ignores the dynamical enhancement due to the I .
nonperturbative hadronic interactions in the reaction amplitudes. We IB and IC axion couplings IB axion coupling
@examine this assumption, focusing on aK <= K (vs. am < mm). [B=isospin-breaking, [C=isospin-conserving /

\ m » Cross sections of axion reaction processes
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Equivalent representation by g = (u, d, s)’ — exp (l T Qa)/s) q > 2; S
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Qq = ) M = diag(m,, mg4, mg), {---) denotes flavor trace. S e I S Ry
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»In aK™ channels, C; and Cg contributions interfere{

+[singlet current contribution (ignored)] destructively in I] = 20 sector.
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constructively in I] = E 0 sector

C; ~ 0.341, Cq =~ 0.550, Cs =~ 0.216m2

>In aK® channels, C; and Cg contributions interfere{

destructively in I] = %1 sector.

SU(3) ChPT with axion couplings: The aKt - 7K"Y process exhibits a particularly large cross
d,a section — about four times greater than that of an™ - wtn?,
£3, = (3,001 Ut + (Ut + Uyt (@) — 223,255 CIE, . : |
2fa ' challenging the assumption that am — mm process 1s the

U = exp (i Z?=F1 /’liqbi) b, are SU(3) octet pNGBs. dominant hadronic axion thermalization channel below T..

. A
x(a) = 2B,M e ‘Fale » Axion thermalization rate: aK < K vs. am <> it
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Unitarization recipe accounting for the hadron resonances S o006 ; *”i » 1O
in both ar — nw and aK — nK: ; 0.004
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» Meson-meson scattering: 0000 g e '
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TH™ T( : [T( : T,(] L T,(]) -G - T,(]) ' T,(]) The aK < mK channel begins to account for more than
> Axion reaction: 40% of the total rate at temperatures above 110 MeV, and
_1 surpasses the am <> mm contribution around 130 MeV.
um _ (2) [T(Z) (4 LECs) _ (2) G- @] . Y@
) 1 The Kaon channels should be considered despite
« G = diag(Gq, Gy, ) is the diagonal matrix of two-point one-loop Boltzmann suppression!
functions (DR+MS with subtraction constant).
. effects are neglected 1n the meson-meson scattering. > Bounds on f, in the KSVZ axion model
040+ % % ----------
> Additional coupled states in the coupled channel formalism: < 035 i3 | The cosmological bound on
) i Planck'18 (20 excluded) . .
N = T : }“; fo 1n the KSVZ axion model
ar® » i, n° CHKJ’ > K% n°K™ % 05 | is tightened by approximately
(T[T[)I]:OO: == (KI?)I]=OO (T[K)Ijzgo,%l: = (771(),]:%0%1 0.20?—2;:;&,;:1{—:’?( L :.30% after ak <> mK channel
| e g included.
() j=20: elastic mm { (mK)), J=20 + elastic TK fa in unit of [10’xGeV]
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T ) j1=11: & KI? =
( )l] 11 ( )U =11 (similar for aK° channels)

» The assumption that ar <= mm dominates the hadronic
(1) 1j=20: elastic axion thermalization rate below T, which has long been

adopted 1n the literature, 1s not valid.
» Fix the meson-meson FSIs using the scattering data

» We calculated the aK — mK scattering amplitudes using a
up to /s = 1.2 GeV.

coupled-channel unitarization framework that incorporates

~oasob T
4 zOO\L\I%z il L ' the relevant resonance dynamics.
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3 100; » The axion thermalization rate from the aK <« mwK channel
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the am <= mm channel for the temperatures above 110 MeV.
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The aK < mK channel 1s therefore non-negligible below
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the QCD crossover. Including 1ts contribution tightens the

1

11

2

07 k. x ldegrees]

=,
=] o

10

nK-nK

)

0 400 6{I)0 8{I}0 ldOO 12:00 0 700 800 960 10I00 11I00 1200 o 760 860 QZOI T(;OO‘ ;:0_0 _12_00 HDM bounds On aXionS by up tO 30%.
Vs [MeV] Vs [MeV] Vs [MeV]
\_ AN Y
~
references This poster is based on: J. B. Wang, Z. H. Guo and H. Q. Zhou, Phys. Rev. D 112, no.3, L031701 (2025), doi:10.1103/xsvj-g811.
O R. D. Peccei and H. R. Quinn, Phys. Rev. Lett. 38, 1440 (1977). 0 L. Di Luzio, G. Martinelli, and G. Piazza, Phys. Rev. Lett. 126, 241801 (2021).
O R. D. Peccei and H. R. Quinn, Phys. Rev. D 16, 1791 (1977). 0 L. Di Luzio, J. Martin Camalich, G. Martinelli, J. A. Oller, and G. Piazza, Phys.
O S. Weinberg, Phys. Rev. Lett. 40, 223 (1978). Rev. D 108, 035025 (2023).
O F. Wilczek, Phys. Rev. Lett. 40, 279 (1978). [ J. Gasser and H. Leutwyler, Nucl. Phys. B 250, 465 (1985).
O S. Chang and K. Choi, Phys. Lett. B 316, 51 (1993). [d J. A. Oller, E. Oset, and J. R. Pelaez, Phys. Rev. Lett. 80, 3452 (1998).
o /

F+EFEENDIEHHITES

The 10t Workshop on Chiral Effective Field Theory




	幻灯片 1

