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TH Motivation

the QCD axion is one of the best motivated

BSM particles

Generally expected to be light
Ma 6m V EY
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Generally expected to be light
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Interactions w matter amenable of rigorous
EFT description within Chiral Perturbation theory
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TH Motivation

the QCD axion is one of the best motivated

BSM particles

Generally expected to be light
Ma 6 MeV EY

Georgi KaplanRandall 19863

Interactions w matter amenable of rigorous
EFT description within Chiral Perturbation theory

The axion couples to matter derivatively

La hadrons II thy B JÉ U B
fieldsof eras and bxs a




















































































E Astro probes

the coupling If coupling strength goes as
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E Astro probes

Given the coupling α Of coupling strength goes as

QCD axion's couplings to lab produced matter generally 1

Dense and let enough objects may radiate axions
and thereby cooldown faster
than expected from established mechanisms

2




















































































E Astro probes

Given the coupling If coupling strength goes as

QCD axion's couplings to lab produced matter generally 1

Dense and let enough objects may radiate axions
and thereby cooldown faster
than expected from established mechanisms

SNe in the core collapse pixture
stand out as QCD axion probes
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ARE SNe and axions

The U burst associated to SN 1987 A

strongly constrains exotic sources of cooling
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BEE SNe and axions

The U burst associated to SN 1987 A

strongly constrains exotic sources of cooling

Raffett Qa Qu see Raffett's PhysRept
bound
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ARE SNe and axions

The U burst associated to SN 1987 A

strongly constrains exotic sources of cooling

Raffett Qa Qu see Raffett's PhysRept
bound

power

Éditedimaxis
volume

2
mats elem Ext states

Qa f Efface Ed of axion producing distr functions
process

calculablewithin assumptions
distr functions notobvious away from ideal gas assumption
pit Eit Mit in medium effects
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HEED SNe and axions

The U burst associated to SN 1987 A

strongly constrains exotic sources of cooling

Raffett
bound Qa I Qu see Raffett's PhysRept
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Ba Axions from SNe processes

Most established bound obtained from nucleon axionstrahlung

N N NN a Ericson Mathiot 0989 Carenza etal long
Caputo Raffett 2024
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Ba Axions from SNe processes

Most established bound obtained from nucleon axionstrahlung

N N NN a Ericson Mathiot as 89 Carenza etal long
Caputo Raffett 2024

Recent literature suggests that Compton like No Nz a

processes may
even dominate axion emission
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Ba Axions from SNe processes

Most established bound obtained from nucleon axionstrahlung

N N NN a Ericson Mathiot as 89 Carenza etal long
Caputo Raffett 2024

Recent literature suggests that Compton like No Nz a

processes may
even dominate axion emission

hellaetal 2022

Carenza etal 2020
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A further layer of complexity

is the possible role

of beyond 1st generation matter




















































































HE What we do in short

We consider the full meson baryon octets
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HE What we do in short

We consider the full meson baryon octets

And calculate all B M Bfa Compton

Bi Bf or decay
contributions to Qa
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Eg What we do in short

We consider the full meson baryon octets

And calculate all B M Bfa Compton

B Bf or decay
contributions to Qa

Qa Ea 8 MY F FMG FAILETTE

positive definite
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HE What we do in short

We consider the full meson baryon octets

And calculate all B M Bfa Compton

Bi Bf or decay
contributions to Qa

Qa Ea 8 MY FM AFF ILIFFE
positive definite

Even if Bi Bf M fractions small the large number of

processes yields a relevant constraint
6




















































































EE Modeling of fundamental axion matter couplings
Georgi Kaplan Randall 9986

Lag 7 98149 98449 w 9 1
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From QCD to ChPT a axion
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EE Modeling of fundamental axion matter couplings
Georgi Kaplan Randall 9986

Lag 7 98149 98449 w 9 1
Mac

From QCD to ChPT a axion

TEARD I

have JIU B J UB
octet meson octet baryon w projections ofthe k couplings
field field along the octet dirs
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EE Modeling of fundamental axion matter couplings
Georgi Kaplan Randall 9986

Lag 7 98149 98449 w 9 1
Mac

From QCD to ChPT a axion

PEARD I

have JIU B J UB
octet meson octet baryon w xp projections ofthe k couplings
field field along the octet dirs

The axion hadron dynamics is also parameterized in terms

of the fundamental k couplings E axion quark couplings
7




















































































Ten k coupling d of to startwith

V A no 22133,23832 W KvA Kr kL




















































































Ten k coupling d of to startwith

KYA 230 w Kia Kraken

real by one complex

hermiticity number




















































































Ten k coupling d of to startwith

A

adf.name
a KYA KRI kn

real by
hermiticity number

Kr unobservable aside from weak interaction contribs

which are suppressed by GFF.tn 157 Bauer etal 2021




















































































Ten k coupling d of to startwith

A

adf.name
a KYA KRI kn

real by
hermiticity number

Kr unobservable aside from weak interaction contribs

which are suppressed by GF 157 Bauer etal 2021

Kula Qa bound less stringent than T K ta




















































































Ten k coupling d of to startwith

A 230

up

at KYA KRI kn

real by
hermiticity number

Kr unobservable aside from weak interaction contribs

which are suppressed by GFF.tn 157 Bauer etal 2021

Kula Qa bound less stringent than T K ta

argkx.at Qa bound not constraining




















































































Ten k coupling d of to startwith

adf.name
a Kia Kraken

hermiticity number

Kr unobservable aside from weak interaction contribs

which are suppressed by GFF.tn 157 Bauer etal 2021

Kula Qa bound less stringent than T K ta

argkx.at Qa bound not constraining

Qa chiefly constrains A no 22,33 a 23
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a Kali Ka correlations

b A direct constraint on A 23 of 0 10
1 95
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a Kali Ka correlations

that becomesharper i e bounds tighter for larger T
Kal bound dominated by Compton

b A direct constraint on A 23 of 0 10
1 95

g




















































a Kali Ka correlations

that becomesharper i e bounds tighter for larger T
Kal bound dominated by Compton

b A direct constraint on a 23 of 0 10
1 95

dominated by dray although Compton increases in

importance as T increases
9



Two alternative Eos models

hanged Iter densities
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Es Outlook

She and other compart astro objects

powerful probes of fundamental

solidly
motivated BSM such as QCD axions
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Ba Outlook

She and other compact astro objects

powerful probes of fundamental

solidly
motivated BSM such as QCD axions

Theyprobe not only
interactions w ordinary matter

but also beyond 1ˢᵗ generation ones
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Es Outlook

She and other compact astro objects

powerful probes of fundamental

solidly
motivated BSM such as QCD axions

Theyprobe not only
interactions w ordinary matter

but also beyond ast generation ones

Improved understanding of the sources crucial to

go beyond 00 answers
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Robustness of conclusions

Our conclusions must be proved robust at least

w.it the modeling of
the axion emitting SN volume

the axion hadron interactions




















































































B SN core modeling

State ofmatter defined by 3 thermodyne pars T no Ye

Fone can determine all abundances

We estimate Qa a posteriori surveying its variation as

thermodynamics is changed within reasonable ranges

T 30 40 MeV

r standard choice in literature
provides more conservative bound

quantifies the effectof T variation in
a reasonable yet large enough range

Two up values two Eos with somewhat different
strange matter densities


