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The QCD Axion 2

Axions, a, are light pseudo-scalar particles proposed to solve the Strong CP

oroblem of QCD, and natural cold Dark Matter candidates!
The window 20 to 200 GHz is difficult but theoretically interesting (e.g. Sailkawa+ 2024),
and few experiments can explore it.
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Motivation for CADEX:

Novel detection system for 330-460 peV range (W-band):

Haloscope + Kinetic Inductance Detectors (KIDs)

AXIoNn-photon conversion power:
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CADEX Conceptual Design

Weakly coupled ports to
inject calibration signal

Cryocooler

Wire grid polarizer
Rotates 45 degrees for
calibration purposes
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Aim to discriminate polarized
axion-photon conversion signal
from unpolarized background.

Immerse haloscope array in high
static magnetic field of B =8-10 T
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Need to maximize volume to increase the sensitivity —
Parallelized haloscope of 7 cavities



Detection: KIDs | |7

Quasi-optical system of16 horns + mirrors (now 7) focuses signal on broadband
Kinetic Inductance Detector (KID) sensors

KIDs sensitivity characterized by Noise
Equivalent Power (NEP); values of

3.8 X 1071° W/+/Hz have been
achieved.

Aim to reduce NEP by a tactor of 4-10.

[1306.4238, S. Hailey-Dunsheath et al. (2021)]
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CADEXx Status: Kinetic Inductance
Detectors

> Detection system based on superconducting Kinetic Inductance Detectors.

> A 64 LEKID camera based on Ti/Al bilayer is being developed and characterized.
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CADEX Axion Sensitivity

Axlon-photon conversion power: Pd X gg},—aBzVQO

mg
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I CADEx Timeline _ CADEXx already accepted by Canfranc 11

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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Additional Slides



Dark Photon Sensitivity
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CADEX is sensitive to conversion of

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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