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QCD axions & axidike particles
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1) Primakov production in stars:©

2 ) Conversiorw< [ inlaboratoryandastrophysicaB-fields

AXiOnphOtOn 3 ) Axion cecay®© [ T
Interactions




eV-scale axions

a x pA6 | =) Infrared photons

Hunting Dark Matter Lines in the Infrared Background

with the James Webb Space Telescope Shedding Infrared Light on QCD Axion and ALP Dark Matter with JWST
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First Result for Dark Matter Search by WINERED

First constraints on QCD axion dark matter

using James Webb Space Telescope observations Wen Yin', Taiki Bessho?, Yuji Ikeda"?, Hitomi Kobayashi?, Daisuke Taniguchi’,
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@ Galactic Center

@ Dwarf galaxies

(3) Galaxy clusters




Galactic Center

Pros:

A Highest DM density in the Milky Way

A Largest DM signal

A Multi-wavelength observations (GCE in
gammarays with FermLAT)

Cons:

A Large astrophysical backgrounds

A Large uncertainties on the DM
distribution




Dwarf galaxies

Pros: |

A DM dominated =iV

A Favourable signdb-background ratio

A Complementary searches in other Sc[
wavelengths (Fermi and MAGIC in O el
gammarays MUSE in opticaétc) ’ s mw.. T {

‘ i Vo) |

Cons: T

A Low signal .‘

A Some dwarfs have large uncertainties

on the signal (Bactor and Jactor) - . o

100,000 light years




Galaxy clusters

Pros:

A Strong DM signal

A Expected to host a large
population of subhalos which

boost the signal

Ccons:

A Far away from us

A The contributions of the
substructures Is uncertain

A Large uncertainties

. .
© NasaHubblg Space Te)écope -



~ Blanksky observations



Albert Stebbins R Lily Robinthal, myself Albert Stebbins




Blanksky observations (diffuse)

Pros:

A Tons of archival data

A No need to apply for time
on the telescope

A DM signatto-background
more favourable

cons:
A The DM signal might be low if the

location is far from the GC
A Less deep than target observations
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Doppler effect Instrumental response
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JWST launch

-

Launch: 25 December 2021
from French Guiana

Arianespace Ariane 5 rocket

It does not orbit around the
Earth like the Hubble Space
Telescope, it orbits the Sun
1.5 xp tkm away from Earth
at L2 (2nd Lagrange point)




JWST
Instruments




NIRSPEC and MIRI

NIRSpec: Nednfrared Spectrograph MIRI: MidInfrared Instrument
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A Highredshift galaxy (z=10.6) in the constellation of Ursa Majo

A Most distant known galaxy until 2022 (when JWST discoverec
JADESSS2130)

A Fun fact: Maiolino et al (2024) discovered that-&N. contains
the most distant (aka earliest) black hole known in the Univers
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A vabhcol
AO & pmn' ABRI

A 2 observations: 1167s and 1897 s (less than 1h)



Blanksky flux

Observations from MAS

G235M, 1167 s

G140M, 1897 s

mg =1eV Jayy = 1.1x1071GeV ™1
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X-ray
detector

500 s

CAST

QCD Axion

Target:SunbhConversion of photons in the Sun into axions due to EM fields (Primakoff effe

(Cern Axion Solar Telescope) use the reverse process ofEhaton conversion
(magnetic telescope): solar axions may be converted into photons iBg@d)

Dark matter mass range:.2 eV



Stellar cooling due to axions

Globular Cluster€Gravitationally bound systems of stars,
among the oldest systems the Milky Way

Axions could be via the Primakoff:
process, and drain energy from its interior

| AGKSNI SYSNAE f BAaacka buynd 2

Higher rate of nuclear burning expedites thtellar evolution .= Messier 2

main seguence (core H burning), rgeint branch (RGB, H burning shell),
horizontal branch (HR, core He burning), asymptotic giant branch (AGB, felrmamg shell)



Stellar Evolution Bounds

' Stellar
Evolution

ebserved with the

QY O(EAG6 ifd L Q'Y ,theaxionis massless from the star perspective

Dark matter mass range: 10 keV



MUSE Bounds

Stellar
Evolution

& < s iw | ’
Large Telescope ™ imm,.

ekeo T, Sculptor, Eridanus 2, Grus 1, Hydra |l

(Multi-Unit Spectroscopic Explorer) at the Very Large Telesocope:
wavelength 480@ 9350! , resolution 1.23 , observation time 22h

Dark matter mass rang@.7-5.3 eV



VIMOS Bounds

CAST

QCD Axion

Stellar
Evolution

Very Large Telescope

Target: Abell 2667 and 2390

(Visible MulttObject Spectrograph) at the Very Large Telescope.:
wavelength 350@ 7000! , resolution 18 , exposure time 10.8ks

Dark matter mass rangd:5-7.7 eV



WINERED Bounds

Ver Magellan Telescopes

Target:Dwarf galaxieteo V and Tucana |l

(Warm Infrared Echelle spectrograph for Realizing Extreme Dispersion) at the
Magellan Clay Telescope: @.2.35° m, R28,00Q exposure time 1hr and 1.2hr

Dark matter mass rangé'.8-2.7 eV Yin et al, arXiv:2402.07976v]



