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o Axion landscape

o Dark Matter searches

o Astrophysical searches

o Laboratory experiments

o And when the axion is found

o Summary thoughts

Apologies in advance! The brief time allocated required great selectivity in topics.



Much has been done! From Ciaran O’Hare, Axion Limits, https://github.com/cajohare
Frequency [MHz]

10° 10%
10~?
—-10
10 Neutron Stars
SN1987A
2 %
: 10—11 NuSTAR % % %: E %
| Pulsars 2| % s 9
Z A
= - = =
L 107124 il 1o B
E : o - AA/S
&, = Al |- EINZ
b . Y j-
~10713 4 7 KSVZ
S - %
b% " - DS’
10_]4 = N = 5/3
- EIN=
1010 =
= oo = 0.45GeV cm ™3
i | | | | | | I | | | | | | | L | |
1076 10~ 1074



But after 40 years of experiments, we’ve hardly begun ...
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The QCD axion bifurcates cosmolgically with implications for instrumentation
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In particular, new resonator paradigms required

SN1987A

Solar v )

SHAFT
DSNALP Globular clusters

Eermi-SNe Mk 42i1
Hiydral %x’tiq}%
S

Diffuse-9

<

O~

J 5 O

2 Fermi 5 5
o

SO
MB75 | o MWDIE!

Qﬁ’) uondeIy
UOIJRSIUO]

—-12 andra > N\%q’ -
U 10 Chand %
10713 = Ao
< qn-14 E AR
s 10y < Metamaterials °
b0 10715 2 Optical resonators,
1016 o Cavities
10717 o &
—18 . . . XMM-Newton
10 E LC circuits NuSTAR—"il}
19 7 INTEGRAL ‘
10 RLLLLLL RLALLLL EUULLLL ALY ALY ALY BUUALLLLLL SALALLL SUALLLL UALAALL S EUBULLLLLY AL NUBULLL UL AL AL

2 AY A0 9 9% 17 o0 5 A& % 2 AN OV A 2 . 0. A 0 o0 A
xO/\OAXQA 407407 407 407 407 407 40 40 400 10 40T 407 400 400 40 40" 10

m, [eV]



The Primakoff Effect redux P Sikivie, Phys. Rev. Lett. 51 (1983) 1415

Classical EM field Sea of virtual photons Primakoff Effect



Rudiments of axion haloscopes Dicke radiometer equation:
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Welcome TASEH - Taiwanese Axion Search Haloscope
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MADMAX (MAgnetized Disc and Mirror Axion eXperiment) see talk of Bela Majorovits
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ALPHA — Axion Longitudinal Plasma Haloscope Concept: M. Lawson et al., PRL 123 (2019) 141802

Microwave Cavity Metamaterial Resonator see talks by Samantha Lewis, Jianyang Qi
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S,1 measurements of wire array metamaterials

Theory
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BREAD: Broadband Reflector Experimental Axion Detector courtesy Stefan Knirck

cp 20t (a) Limit on ALP-photon coupling

o Highly flexible concept, adaptable to a wide array of configurations

o
ol

Globular
clusters

o Will be a franchise of many experiments of different frequencies
o GigaBREAD, TeraBREAD, InfraBREAD, QualityBREAD ...
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HAYSTAC: Quantum & sub- quantum receivers
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The path to GUT-scale axions: Lumped element haloscopes see Victoria Ankel 2/6
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Laying the groundwork for GUT-scale axions
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Magnet 10L 9T ~10T,10 m3 DOE DMNI program terminated
Coaxial pickup Competing geometries under Intermediate scale experiment
Better SQUIDs study; magnet requires R&D being designed around existing
Data run 2027 $100M experiment, 2030’s magnet & fridge; 2-year build

e.g..3T repurposed MRI



SPACE (Student Project for an Axion Cavity Experiment): Axions to the People!

Nabil Salama & Agit Akgumus

o Undergraduates at Univ. of Hamburg
build an axion haloscope on their own

o Warm experiment, HEMT-only receiver
o Set limits 102 better than CAST
o JCAP 04 (2026) 054
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We had often said that when the axion experiment
was discovered, it would become an undergraduate
teaching lab the same week. This team didn’t wait!




Axion-photon mixing in a transverse magnetic field
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A history of helioscopes

~.:x2

g gl
e -
CERN CAST
~ 120 ;10
I r Gev_ aborato
E : ayy | ]1077
o 100 108
E .
Q L
= 107°
= 80j J
: L 10—10 v B
= b ALPS-TINBII | | ' | Baby1axo v/ i
£ 60 10~ E il rays TAXO /:'_‘_’_',T/
k= s >
~ 10712 7
5 40 i | st 2
Z Primakoff (x50)
%‘ 20 * Non-hadronic axions;
2 /ABC”Sola only if axions couple to
To kyo S U M ICO L‘E 0_ 11 | \ﬁ%r?n |FI!.H)|(\*‘I 11 | L1l | I | | eleCtronS (JCAP 131 2 008)

01 2 3 4 5 6 7 8 9 10
E, (keV)



BabylAXO description and status see Ana Quintana Garcia’s talk 2/6

|AXO prototype (2 of 8 bores), SNR x100 CAST

Cutting-edge technologies in large magnets,
X-ray optics, detectors, etc.

Non-magnet components being assembled
Rich ALPs, GW etc. program, 150 collaborators
2028: Dark photon run; 2030+: Axion running

LRy

| 4 |
/ ", q ‘
/ / Y, : > i

First km of Rutherford First Micromegas x-ray detector

design cable delivered with shielding taking data at DESY

Structure
drive

Courtesy Igor Irastorza Large vacuum beampipes just finished



ALPS Il @ DESY: generate and detect dark matter candidates

Two football pitches long!

24 5.3T HERA dipoles
Matched Fabry-Perot
150 W, 1064 nm laser™

@)
s

F. Hoogeveen, T. Ziegenhagen, Nucl. Phys. B 358 (1991) 3
P. Sikivie, D.B. Tanner, K. van Bibber, Phys. Rev. Lett. 98 (2007) 172002
G. Mueller, P. Sikivie, D.B. Tanner, K. van Bibber, Phys. Rev. D 80 (2009) 072004 Courtesy Axel Lindner



ALPS Il @ DESY: First results

Results of first axion search science campaign just published
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https://arxiv.org/abs/2512.14110

ARIADNE (Axion Resonant InterAction Detection Experiment) courtesy A. Geraci, A. Hipp

Range set by axion Compton wavelength
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ARIADNE setup - passing all tests so far
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ASTRA - A dedicated radio telescope for axion searches

Frequency [GHz]
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5-meter dish installed on Mt. Fan, part of the
NRAO radio quiet zone

L-band initially, later S- and C-band

Will tile the sky 24/7/365 particularly focusing
on discrete and unresolved young pulsars

Sees the galactic center 4 hours/day

Can see axions in new parameter space for
axion miniclusters traversing NS

Cost: $250K for initial configuration

U. Bhura et al., 2603.13194v1.pdf



Axion interferometry! J. Foster et al., Phys. Rev. D 103 (2021) 076018

A recent spectacular example from radio astronomy (2019): The Event Horizon Telescope (EHT)
SMT

ok IRAM 30m

The central black hole in M87

Analogously, one can carry out axion
interferometry with multiple platforms
located within a few coherence lengths




Example from Foster paper
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Summary and some personal observations

The breadth and progress of the technical and scientific work in the Axion/ALPs domain
Is breathtaking — my congratulations to all of you!

That being said, we are not yet progressing fast enough. Because these searches are
overwhelmingly resonant tuning experiments, there is an undercurrent of tension in the
field between going deep and going wide.

Technology development is wonderful, but don’t forget why we are here.

We are not smarter than nature, and discovery could lurk anywhere in the white space.
Thus, we need a few experiments willing to cover decades of mass very quickly, with

studious disregard to theoretical models.

IDM 2028 will be the 50" anniversary of the axion. Let’s make sure it shows up for the party!



Additional slides as time permits



Field Mapping — Bead Perturbation method

Aw = (6 = 1) Vbead E(T)Z

Discontinuities in Waveguides, J. Schwinger & D. Saxon (1968)

1113 Example: TEM (n = 19), HAYSTAC cavity
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Photonic Band Gap structures to suppress fore
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ADMX-VERA: Innovations to increase frequency without loss of volume

Lowf, High f,
Frequency (MHz)
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10°
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Tgyg = jlo]. K
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& ADMX-VERA proposal: 2.7-5.3 GHz
A " (Light blue) 3 years runtime
— (Dark blue) w/ SQL detector
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<— Single 1D wedge resonator

Courtesy Chelsea Bartram (SLAC)



Cylindrical
Sapphire
Shells

S

QUAX - Boosting the quality factor Q

Cavity coolings: Q factor vs temperature

R. Di Vora et al., Phys. Rev. Appl.17, 054013 (2022)
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A copper cavity loaded with two
concentric sapphire cylindrical
shells achieves Q =6M @ 4K in the
TMg30 mode

No superconducting materials!

Well know that one can use shells

to reduce the E-field at the copper
surface, and thus resistive loss

But very surprisingly, Q increases
by 50% with magnetic field; Q = 9M
atB=8T

Far exceeds ~2% increase due to
magnetoresistive effect in Cu;
hypothesis that B-field suppresses
losses in Fe, Cr, Vimpurities



CAPP = DMAG

Many resonator innovations particularly superconductivity

DMAG-12TB (12T/320mm)

f>1GHz, V=32L, T,s~ 200 mK
df/dt ~ 2 MHz/day @ DFSZ
PRX 14 031023 (2024)

Hybrid cavity
(Cu cavity + HTS tuning rod)
DAQ since Nov. 2025 (1.3-1.5 GHz)

Hybrid cavity with
HTS tuning rod

CAPP-8T
(8T7/125mm)

HTS SC cavity + JPA
(2.3 GHz, Q ~ 3.5 M)

AQN search
PRD 112, L121305 (2025
|

HTS cavity, Q ~ 3.5M

DMAG-12T
(127/96m)

TMy, + auxetic + JPA
(6.1 GHz)

Near KSVZ sensitivity
PRL 135 091804 (2025

Auxetic tuning
mechanism

DMAG-8TB
(8T/165mm)

8-cell + JPA
(6.9 GHz, 400 mK)

KSVZ sensitivity
PRI 135 211801 (2025)

Coupled multicell
‘pizza’ cavity
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Proposed Experiment to Produce and Detect Light Pseudoscalars

K. Van Bibber | Bo Bo PMT

Lawrence Livermore National Laboratory, Livermore, California 94550 ]

Laser W— — -t — —W
N. R. Dagdeviren and S. E. Koonin

W. K. Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125

A. K. Kerman

Center for Theoretical Physics, Department of Physics, and Laboratory for Nuclear Science,
Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

and

H. N. Nelson

Department of Physics and Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
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We propose a laboratory experiment to produce and detect a light neutral pseudoscalar particle that
couples to two photons. The pseudoscalar would be produced by a (real) photon from a laser beam in-
teracting with a second (virtual) photon from a static magnetic field; it would be detected after it recon-
verts to a real photon in a duplicate magnetic field. The bounds on the coupling constant that could be
obtained from a null result in such an experiment compete favorably with astrophysical limits and would Defector
substantially improve those from direct measurements.
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