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The QCD Axion CUODEX

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

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

Novel detection system for 330-460 peV range (W-band):
Haloscope + Kinetic Inductance Detectors (KIDs)
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------ 3 month exposure with NEP = 10~ W/y/Hz
8 year scan with NEP = 3 x 1072 W/+4/Hz
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CADEXx Conceptual Design
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Calibrator:
Reference signal emitted through
individual resonators via an

electro-mechanical switch

Aim to discriminate polarized
axion-photon conversion signal
from unpolarized background.



Haloscope CUODEX

TM 110 mode C\/ 1 1

resonant frequency: Jr = 2\ g2 | b2

Example: a = 1.7mm and b = 40a
gives resonance frequency f,- = 90GHz

Need to scan over resonant frequency
of haloscope cavity.

Develop tunable cavities to scan

Maximize volume to increase the sensitivity
frequency range f,. € [86,111]GHz

Parallelized haloscope of 7/16 cavities
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CADEX haloscope characterization o

2 cavities designed & fabricated (UPCT, UPN).
Characterization of one of them (UPN & OY) e T2
Cryogenic measurements at Yebes Observatory |511] |
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Optical system CcabD

ncrease the Volumen by stacking several cavities and sum signals coherently
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Kinetic Inductance Detectors (KIDs) CODE

Heterodyne detection HDM |
» Excellent for measuring narrow | SIS ) @LO (1827GHz) | PC |
Conversion| ] . o
spectralfeatures. murror : * A
» Limited by Standard Quantum Limit (SQL) nd o
- State of the art 25 K = 10xSQL at 100 GHz , , 0l
Focusine Tt % % 4 & ¢ Mixer .ézznphﬁem Oscilloscope
e :F"'_-"—"W—“Bﬂ__,._ (SBD) (36 dBx2) FFT (0-4 GHz)

Bolometer /Direct

» Broadband. No frequency resolution

* Not limited by Standard Quantum Limit.
* Detection of 102> W KSVZ axion signal
e State of the art NEP NEP ~10-"°W/ Hz.

Photon counting
* Beyond current capability
 Evolving fast driven by quantum science

Inductance Thermal Mass
e ci

(KIDs)
Potential to break the SQL |
Details next talk by Victor Rollano. Thermmial Aeseriol

CADEXx uses Kinetic Inductance Detectors %




CADEx Timeline CODEX

CADEX accepted by Canfranc Underground Laboratory (LSC) under Eol-31-2021

Design and Demonstration phase (2 years)

Cryostat acquisition (LSC & IFCA), installation and operation. Design and

fabrication of cavities and KIDs . Demonstration of key technology (haloscope,
detectors, etc.) in the lab.

Pathfinder phase (2 years)

Development of first prototype of CADEX and installation in the LSC/IFCA/CAB

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

Design and demostration Pathfinder Phase CADEX full operation

2023 2024 2025 2026 2027



Outlook and Landscape CUODEX

CADEX: a novel haloscope search for Dark Matter axions in the mass range 330—
460 peV (86-111 GHz)
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Dark Photon Sensitivity C@Dwé% |12
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Other possibilities too:
e.q. GHz Gravitational Waves

P, = 0.45 GeV cm 3

107> 104 103
Dark photon mass, m. [eV]

------ 3 month exposure with NEP = 10~ 1°W /v/Hz
8 year scan with NEP = 3 x 1072°W /+/Hz
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