Searching QCD Axion and Axion-like Particle (ALP)
Dark Matter with JWST

Akash Kumar Saha

Based on

arXiv: 2b03.1458°2
AKS, Subhadip Bouri, Anirban Das, Abhishek Dubey, and Ranjan Laha

S e g
e oe s center for @
S50 Yl nish energy physics




PRIMORDIAL
BLACK HOLES @
Mass range
~1to ~30
solar masses

ULTRALIGHT
DARK MATTER

Mass range
~10-22 gV to ~10-¢ eV

Experiments

LIGO/Virgo
Experiments

1012
CASPEr, MAGIS-100

WIMPs

Mass range

§ -1 GeV to ~1 TeV
What Could —: : e

Experiments

10-? Dark Matter 101 XENONNT.
Be f) PandaX-4T,
LZ, CRESST, DAMA,
COSINE-100
10-6
AXIONS SUB-GeV

gDQ)Q Mass range
~10-% eV to ~10-3 eV

DARK MATTER Q%)
Mass range O
~1 keV to ~1 GeV
Experiments
SENSEI, TESSERACT

Experiments
ADMX, MADMAX,
QUAX, CAPP-8TB

103

Source: Quanta Magazine
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QCD Axion and ALPs
Lecture 3 by Prof. JiJi Fan

Strong CP Problem

1

Impose a global U(1) symmetry that makes the theta dynamical ™=  Appearance of QCD axion

Peccei Quinn solution:

Axion-like particles (ALPs):

Doesn't need to solve
_—
the Strong CP
problem

Generic predictions from higher dimensional theories like String theory

Ref: Dark Matter: Evidence, Theory and Constraints, by David J E Marsh, David Ellis and Viraf M Mehta, Rrinceton University Press
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Wide range of parameter space
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James Webb Space Telescope

Credit: Northrop Grumman
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James Webb Space Telescope
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ELECTROMAGNETIC SPECTRUM
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James Webb Space Telescope Finds First Evidence of Einstein Zig-
Zag Phenomenon In a Distant Quasar

JWST Captures Unseen Details of Exoplanets in HR 8799 and 51
Eridani Systems

Article | Open access | Published: 07 March 2025

Photometric detectionat7.7 pum of agalaxy beyond
redshift 14 with JWST/MIRI
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James Webb Space Telescope's First Deep Field
EEID C— image Is Mind-Boggling
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Posted in | News | Quantum Physics

JWST Finds an Unexpectedly Bright and
Mature Galaxy



DM hunting with JWST
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NIRSpec integral field unit

(IFU) ~ 0.90 - 5.27
micrometers

DM hunting with JWST
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JWST targets used
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doi=10.17909/3e5f-nv69
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Our Limits
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Kuture Prospects
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We need to model the known molecular lines properly to search for any DM signal
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Conclusions

* QCD axions and ALPs are one of the most well-motivated DM candidates

» Given the coupling to photons, MW axions can decay to photons and contribute to
spectroscopic observations made by JWST

» Using the public JWST datasets we put world-leading constraints on QCD axion
and ALP DM coupling to photons

* Future JWST observations of DM rich targets like dwarf galaxies, with a better
understanding of background will become important tools in discovering the non-
gravitational nature of DM

15



Conclusions

* QCD axions and ALPs are one of the most well-motivated DM candidates

» Given the coupling to photons, MW axions can decay to photons and contribute to
spectroscopic observations made by JWST

» Using the public JWST datasets we put world-leading constraints on QCD axion
and ALP DM coupling to photons

* Future JWST observations of DM rich targets like dwarf galaxies, with a better
understanding of background will become important tools in discovering the non-
gravitational nature of DM

Thank You

Email: akashks@iisc.ac.in
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Galaxy Rotation Curve

Observed

Rotation Speed

Slowl/ Expected

‘A

" Distance from Center

=3
-
-
=
Z
Q
=
-
i @
-
(43
1’4
(]
i @
(]
=
(]
o
=
o
.m
=
Q
-
(=
=
-~
@
174
z
(]
=
3
oy
—
[
i
S~
S
i
S~
re
=]
Y
=
»
<
=]
=
-
=
=
=
=
()
=
-
<
o
Qo o
=
o

Multipole moment, ¢

_ 2 10 50 500 1000 1500 2000 2500 T P T
6000 - ‘Bullet Cluster (1E 0657-56)% *
= CMB AT : -3 ’ c, e 3
. : S
— 5000}
(7))
-
2 4000}
©
=)
S 3000}
(v
D
S 2000}
© }
“é 1000 | ﬁ ;
00°  18° 10 0.2° 0.1° 0.07°

Angular scale
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Indirect detection
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Credit: https://ned.ipac.caltech.edu

Wide range of parameter space
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Credit: https://github.com/cajohare/AxionLimits



QCD Axion and ALPs
Lecture 3 by Prof. JiJi Fan

Strong CP Problem Neutron electric dipole moment (EDM)
gz length of dipole
~ 3 ~ _ -16 o =
,C@ — () 39,2 Tr[Gw) G"“’] d,=3.6 x10 ®¢ cm.

charge of an electron

® =0 +argdetMyp

Peccei Quinn solution:

Impose a global U(1) symmetry that makes the theta dynamical ™=  Appearance of QCD axion

Axion-like pClI"TiCIZS (ALPS) Doesn't need to solve

Generic predictions from higher dimensional theories like String theory mm= the Strong CP
problem

Ref: Dark Matter: Evidence, Theory and Constraints, by David J E Marsh, David Ellis and Viraf M Mehta, Ptinceton University Press



NIRSpec IFU
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Direction of Dispersion

Credit: https://jwst-docs.stsci.edu/



Our Limits
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Previous Limits

Ryan Janish, Elena Pinetti
PRL 134.071002 (arXiv: 2310.15393)
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https://arxiv.org/abs/2310.15395

Kuture Prospects

» Dwarf galaxies are known to be DM rich targets with
minimal astrophysical backgrounds

» Spectroscopic observations of dwarf galaxies by
telescopes like HST, WINERED have put leading
constraints on ALP DM parameter space

» Future JWST spectroscopic observations of dwarf
galaxies can provide the strongest limits for QCD axion

and ALP DM.

26

Fornax dwarf galaxy

(Credit: ESO/Digitized Sky Survey 2)



JWST dispersers

Table 1. Instrument configurations, spectral resolutions, and wavelength ranges for the NIRSpec IFU

Disperser-filter combination @ Nominal resolving power @ Wavelength range (um)

G140M/FO70LP ~1,000 0.90-1.27
G140M/F100LP 0.97-1.89
G235M/F170LP 1.66-3.17
G395M/F290LP 2.87-5.27
G140H/FO70LP ~2,700 0.95-1.27
G140H/F100LP 0.97-1.89
G235H/F170LP 1.66-3.17
G395H/F290LP 2.87-5.27
PRISM/CLEAR ~100 0.6-5.3

Credit: https://jwst-docs.stsci.edu/



Axion Decay

Resulting photon peak wavelength:  Aq = 47T/ma

1 dé m, T dNDED
Flux : b, = ? _ GL)

YTAQdN 2 dmmg AN AQ

AN 1 A= A2

— =2 X exp
dA vV 2mw?

with




Most constraining JWST targets
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