

















































































Axion emission

from beyond 1st generation matter

in core collapse She
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TH Motivation

The QCD axion is one of the best motivated

BSM particles

Generally expected to be light

Ma 6 fell Eft Leg Villadoro et al 2006

Interactions w matter amenable of rigorous
EFT description

within Chiral Perturbation Theory
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CUPT description

couplings to
matter are inherently model dependent

14 9 1
no hat No fundamental reason why

Knir L Kij we iaj 3

should be negligible 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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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

power

Éditedimaxis
volume

2
math elem Ext states

Qa f f pce
Ed of axion producing distr functions

process

calculablewithin assumptions
pit Eit Mit in medium effects

distr functions notobvious away from ideal gas assumption
L




















































































LEEN 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

É

w
a5

for Hitting34053
erg

MSNcore PMO
w f core

Qu 1.5.10

g l 3 8.004rem
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Be Axions from SNe N Nz Nz Na a

Mostreliable bound obtained from nucleon axionstrahlung

N N NN a see discussion in Caputo Raffett 2024

Reliable requires taking
into account many effects

Mt to e exchange in medium my N multiple scatterings
CarenzaFischer etal 2009

Parametrisation must also comply with copious data
on NN scattering Ericson Mathiot 1989
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Ba Axions from SNe I No Nz a

Recent literature suggests that Compton like No Nz a

processes may
even dominate axion emission

hella etal 2022

Carenza etal 2020
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Ed N Nza underlying argument Fore Reddy 2019

n rich dense stellarmatter high he

sources other like charged particles it interesting as it
intera its strongly

for high T 5 50MeV low 3 00 91ms

population of thermal

Use virial expansion to calculate thermodyne properties of interacting

gases fugacities small 2 exp β pi mi

NA 15 large enough to enhance

g
IN the Carenza et al 2020
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Qa TN Nza critically depends

on the actual hi Value

which is difficult to pin down with high confidence

see discussion in Caputo Raffelt
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A further layer of complexity

is the possible role

of beyond 1st generation matter

No




















































































Eg What we do in short

We consider the full meson baryon octets

And calculate all B M Bf 934pros

B Bfa 9 procs
contributions to Qa

Qa Ea 8 MYFFMG FHIL.EE E
positivedefinite

Even if YBi.BF.ME 952 the large number of

processes yields a relevant constraint
1




















































































HE Main findings in short

The Raffett bound on

Σ Qa BIM Bfa Qa Bi Bfa
ifiM

introduces

new correlations between flavor diagonal

axial couplings KA
11 22 33

a new bound on the off diagonal
flavor violating counterpart a 23

This bound 90 152 for fa 109 GeV
A




















































































Axious from SNe still many
TODOS

luckily

Subject in rapid development

More hydrodynamical modeling required e g

axion in transport like
neutrinos

possible departures from spherical sym

axion emitting SN volume often modeled

as an object w ee T everywhere

Can one do better

t
o e e
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Setup

Our conclusions must be proved robust at least

w.it the modeling of
the axion emitting SN volume

the axion hadron interactions
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E SN core modeling

State ofmatter defined by 3 thermodyne pars T no Ye

Tone can determine all abundances

Ideally

e LL values ofthese pars
obtainable Bruenn 1905

by solving the E S

E mom his ne coupled to w Ipt

axions should enter h

especially if they provide 06 corrections to w induced cooling

Fischeretal 2020 Mori et al 2022 2023 Betranhandy OConnor 222
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Our approach

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

MB 9 9.5 hsat Usaf 1.6 0034cm

2 E S DDT vs SFHOY
W somewhat different strange matter densities

M Fortin et al 2047 MMarques etal 2097
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EE Modeling of fundamental axion matter couplings
Georgi Kaplan Randall 9986

Lag 7 98149 98449 w 9 1
Mac

ftp.c JTPR.L

From QCD to

cap axion

TEAM

Laub t.FI KEJH x JI
octet meson octet baryon
field field

w a t E n a
db

projections offakoflings along the octet dirs
A




















































































Love 7
JH JI

Noether currents of theglobal SU 3 SO 3 chiral sym
applied to the Ch PT a axion Lagrangian

J J U B

A




















































































J Jf U B yield the following interactions

M a fully local vertex

Bi Be first included for nuleons in Choint

M a axion strahlung

Bi Bf
from the full baryon octet

µ a anagen gymmeans in

Bi By Bf Chang Choi 93 ensuing literature

M a axion strahlung
Mj

Bi Bf from the meson octet

1




















































































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
2




















































































Kali bounds

Ka no 22
bounded from data on isolated NS cooling

Buschmann et al 202

A s genuinely bounded by SNe

Since Qa α well defined linear combi's of KAlii 22,33

we find that Qa transfers the Kalama NS bounds

to A 33
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Kalas bounds from K physics K bounds

Martin Camalish et al 2020

K bteh constrained by

K a constrains Kr only

K KT mixing constrains jointly Kula Kala

both in abs arg

We take labs arg s randomly and filter them
with K bounds before subjecting them to Qa
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K K mixing means

DMK MKL Mks

EK

ect tin a's
opposed to direct

i.e.mixi induceoiie.in K decays

follows from Kc Ks not
being CP eigenstates
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We find that Qa is more constraining on Ka

than K bounds for the QCD axion already

i.e for fa No Gov Ma Min Mbi Mbe mm

Useful to test Qa's constraining power on Ka

against different
motivated approaches to

modeling these couplings
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an Approaches to modeling the k couplings

Sag agnostic scenario

No TH assumption whatsoever on any of the Kij
Constrain them from data only Nss K bounds Qa

Spe minimal QCD axion solution t flavour problem

Ema et al Calibbi et al 2006

Bottom line result

Ka ii EOC Katz 0.2 06
P

Cabibbo angle 2




















































































Sfe more details

Startwith the axion fermion Lag in the form

faff A a Frj fi th c f mid

Solution to the flavor problem achieved by a complex

spout breaking UM p at very high scale yielding

Enfe w N g it a it d

d

ii 9 mid
d
i

2




















































































Match the 2ⁿᵈ couplings to our Kun ones

paying
attention that

K couplings are derivative A couplings are no

if indices count generations for 7 couplings

and lightquarks for k couplings

1

f
and k.info

sum of allPcanalinthequarkg n s matching
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k
subsetofquark QNs under Uclpa Of

sum total ofquark QNs under U a
pa

K similar ratio Van z 0.2.00

down strange Cabibbe
pst 2ⁿᵈgenangle
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A third plausible scenario KS.VE DFSZ MFV

KSVZorDFSZ models allow to fix A
10,22 33

at f A GeV as

a 11,22ps
KSYZ

0 10
1

DFSE

see Choi stat 2020

The minimal radiatively induced flavor violation yields

Katy f m 2 logs ratio ofUVscales

10 6

KR is not generated by def
2




















































































The Qa constraint is trivially fulfilled

within such scenario

In the numerical study it is sufficient

to restrict to Sag Sfe

Our conclusions hold irrespective of this choice

3




















































































Ed Results

But first a qualification

Using Qa Ea 84 MYFFMGFHIE.FI
W Vacuum Ei mi means treating the involved

particles as ideal gases

In mediumeffects may be estimated at meen field
Martinez Pined etal 2012 Robertsetal 2002 Reddyetal 0998 Denteletal

220

determinetiitikitsitatiitifingnodic

Mj Mj Mj pj pj Ej Ej
3

























































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
9 95

dominated by decey although Compton increases in

importance as T increases
3




















































































Both findings a b diag correlations off diag

bound sharper as ups increases

Ya decreases
Kon phase spaceincreases

01 2

bound

Noteworthy that DDZY
with whish we reproduce Carenza etal in their setup
leads to tighter bounds than SFHoY
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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 ast generation ones

Improved understanding of the sources crucial to

go beyond 00 answers
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