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The QCD Axion 2,

Axions, a, are light pseudo-scalar particles proposed to solve the Strong CP
oroblem of QCD*. Also natural cold Dark Matter candidates!

*Why is Charge-Parity (CP) symmetry preserved by QCD
(or, why doesn’t the neutron have an electric dipole moment?)
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The Canfranc Axion Detection
Experiment (CADEXx): search for
axions at 90 GHz with Kinetic
Inductance Detectors
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* Instituto de Ciencias del Cosmos de la Universidad de
Barcelona

 Donostia International Physics Center

 Laboratorio Subterraneo de Canfranc

e |nstituto de Fisica de Cantabria (CSIC-UC)

Haloscope
* Universidad Politécnica de Cartagena

e |Instituto de Fisica Corpuscular (Universidad de Valencia,
CSIC)

Optics
e Universidad Publica de Navarra
e Anteral S.L.

Detectors: Heterodyne & KiIDs
 (Observatorio de Yebes (IGN)
* (Centro de Astrobiologia (CSIC-INTA)
 Universidad de Cantabria
* |nstituto de Fisica de Cantabria (CSIC-UC)
* |nstituto Madrileno de Estudios Avanzados en Nanociencia
* [nstituto de Ciencias del Cosmos de la Universidad de
Barcelona

Calibration & data reduction
* Instituto de Ciencias del Cosmos de la Universidad de
Barcelona
 Donostia International Physics Center
 |Laboratorio Subterraneo de Canfranc
e |nstituto de Fisica de Cantabria (CSIC-UC)
* (Centro de Astrobiologia (CSIC-INTA)
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I Ha‘OSCOpe _ Detectable axion mass set by resonant L

frequency of the haloscope cavity.

For the TM,,, mode, c |1 1
'~ f’l“ — ; 9 9
the resonant frequency is: a? b

2

Dimensions a ~ 1.7mm and b = 40a QIves
. a resonance frequency of . = 90 GHz

Develop tunable cavities to scan
frequency range f. € [86,111]1GHz

'S

v

Need to maximize volume to increase the sensitivity —
Parallelized haloscope of 16 cavities



Detection: KIDs | ¢

Quasi-optical system of16 horns + mirrors focuses signal on broadband
Kinetic Inductance Detector (KID) sensors
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CADEX Conceptual Design

Cryocooler

Calibration signal
output waveguide

He3 line
wl II.‘

Calibration signal
Input waveguide

KIDs read-out

line

Cryocooler

Still

Immerse haloscope array in high
static magnetic field of B =8-10 T

Wire grid polarizer
Rotates 45 degrees for
calibration purposes

», p— .é .;: '.—i-{_;: -
" Rotating half-w !E ' ‘4

. polarization mo§

* Magnetic field + haloscope: < 0.1 K IL
e Optics: <0.1K

e Superconducting detector system: mK

e Calibration system : injection signal

Magnet

Weakly coupled ports to
inject calibration signal

ator
Calibrator:

Reference signal emitted through
individual resonators via an

electro-mechanical switch

Aim to discriminate polarized
axion-photon conversion signal
from unpolarized background.
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Optics : <0.1 K

Superconducting detector system: mK
Calibration system : injection signal
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Reference signal emitted through
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axion-photon conversion signal
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CADEXx Axion Sensitivity e

o,
Axion-photon conversion power: P, & g2 - BZVQO
md
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Dark Photon Sensitivity
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photons to Dark Photon ¥’ even

without a magnetic field
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Other possibilities too:
e.g. GHz Gravitational Waves
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3 month exposure with NEP = 10~1° W/7/Hz

8 year scan with NEP = 3 x 1072 W/4/Hz
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I CADEx Timeline _ CADEXx already accepted by Canfranc Iﬂ

Underground Laboratory (LSC) under Eol-31-2021

Design and Demonstration phase (2 years)

Cryostat acquisition, installation and operation. Design and tabrication of

cavities. Demonstration of key technology (haloscope, detectors, etc.) in the
[ab.

Pathfinder phase (2 years)

Development of first prototype of CADEXx and installation in the LSC facility in

the first year (haloscope + KIDs + calibration). During the second year, the
pathfinder experiment will be carried out.

Operation phase (8 years)

Upgrade the experiment to improve the sensitivity & efficient non-resonant
waveguide haloscope. Installation & Commissioning. Full Operation to cover
mass range m, € [330,460] ueV

2023 2024 2025 2026 2027



Outlook and Landscape [

CADEX: a novel haloscope search for Dark Matter axions in the mass range
330-460 peV (86—-111 GHz)
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CADEX: a novel haloscope search for Dark Matter axions in the mass range
330-460 peV (86—-111 GHz)
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I COmp\ementaﬂty a y NS surrounded by a dense plasma L

Jayry which allows ‘resonant’ conversion,

AXxion-photon conversic when axion mass matches

can lead to detectable (B plasma mass: o (B, P) = m /2x
radio signals

100 GHz Radio Searches
(same process...)

A new search strategy with much to do:

* Develop an end-to-end signal

| modeling pipeline (axion minicluster

disruption, axion-photon conversion,

| radio detection)

« Comprehensive exploration of most
promising targets (Andromeda’” Milky
Way”? Elsewhere?)

— An axion haloscope!

Neutron stars benefit from

enhanced DM density (strong * Explore a wide range of radio
gravitational field) and large frequencies (and therefore a wide

magnetic fields (B > 101°T) range of axion masses!)

[Originally proposed by Ben Safdi and [See e.g. 1910.11907, 2104.08290;
collaborators, e.g. 1804.03145] 1912.08815, 2202.08274]
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I Comp\ementaﬂty a y NS surrounded by a dense plasma L

Jaryy which allows ‘resonant’ conversion,
AXxion-photon conversion when axion mass matches
can lead to detectable (B plasma mass: o (B, P) = m /2x
radio signals

— — —— — —
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Can also look for transient radio signatures from
encounters of neutron stars and axion miniclusters

le.g. 2011.05377, 2011.05378]
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s

Sensitivity Estimates Parameter  Symbol Value
' Axion DM Density Pa 0.45GeV cm ™3

Total cavity volume V 0.2 L

Detected axion-photon Magnetic field B 8-10T

conversion DOWer: Unloaded quality factor Qo 2 x 10%

Coupling factor 5] 1
p > Pa n Form factor C 0.66
Py = d — ga}/_aB CVQO :

(1 + p)? Axion mass Mg 330460 peV

Noise equivalent power =~ NEP 1 x 107! (3 x 1072°) W/vHz

GeV] = (3°88 X 102) \/ (1+8)? | SNRm,[eV] NEP[W/vHz|
Jary o B[T] ,8 \ V[L] QO t[S]% O

— 3.88 x 107 13QeV 1

1

y (1%'1‘) ( 0.2 )2
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D | =
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5 3.7 x 10~%eV

1
(0.2L)% 2 % 104 2 (3 months)i
V Qo ¢

D | =

y NEP
1 x 107 W/vHz

g (0.66)%
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1The Wider Picture
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