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Axion is a dark matter candidate

Buschmann et al. (2022)
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QUAX Target
40 ~ 180 μeV

Axion is a dark matter candidate
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Axion in the low energy regime
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C. Braggio, Presented at the STDM Conference, Rome, Italy
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Axion Haloscope - QUAX-gaγ
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QUaerere AXion (QUAX)
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G. Ruoso, Presented at the STDM Conference, Rome, Italy
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QUAX-PD/LNL Infrastructure
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QUAX-BLU QUAX-LNL QUAX-RED

10 mK Sub-100 mK Sub-100 mK

9 T Magnet 9 T Magnet 14 T Magnet

Single Microwave Photon Counter Quantum-Limited Noise Amplifier Quantum-Limited Noise Amplifier

Axion/Ferromagnetic Haloscope Axion Haloscope Axion Haloscope, Dark Photon
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QUAX-LNL Haloscope

Dielectrically Loaded Tunable Cavity
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Beyond Standard Quantum Limit
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Beyond Standard Quantum Limit
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Working Principle
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Pathfinder

C. Braggio, Presented at the STDM Conference, Rome, Italy
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Pathfinder

C. Braggio, Presented at the STDM Conference, Rome, Italy
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Background Limited Search: Dark Counts

C. Braggio, Presented at the STDM Conference, Rome, Italy
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New Generation SMPD in Our Lab

C. Braggio, Presented at the STDM Conference, Rome, Italy
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Experimental Apparatus

C. Braggio, Presented at the STDM Conference, Rome, Italy
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Experimental Apparatus
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Qubit Characterization & Photon Counting with 4 Wave Mixing

VNA: TWPA optimization, buffer/waste resonator response
FPGA-based Qubit Measurement : T1, T2*, T2Echo, Single-Shot, Qubit Reset
Photon Counting
(1) Calibrate Photon Flux (Stark-Shift)
(2) Four-Wave Mixing Calibration (pump amplitude, frequency & detuning)
(3) Buffer Detection Bandwidth
(4) Photon Counting with Cyclic Sequence (efficiency & dark count)
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Qubit Characterization & Photon Counting with 4 Wave Mixing

VNA: TWPA optimization, buffer/waste resonator response
FPGA-based Qubit Measurement : T1, T2*, T2Echo, Single-Shot, Qubit Reset
Photon Counting
(1) Calibrate Photon Flux (Stark-Shift)
(2) Four-Wave Mixing Calibration (pump amplitude, frequency & detuning)
(3) Buffer Detection Bandwidth
(4) Photon Counting with Cyclic Sequence (efficiency & dark count)
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New Generation SMPD in Our Lab
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https://cajohare.github.io/AxionLimits/

Motivation: kHz Axion Dark Matter Detection
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PHYSICAL REVIEW D 93, 112004 (2016)

DAQ up to 8 kHz
But less sensitivity

Shot Noise Regime

Extend Detection Frequency O(10 kHz)

Vibration Noise
is Less Dominant



46

SQUID Readout

46
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PHYSICAL REVIEW D 93, 112004 (2016)

DAQ up to 8 kHz
But less sensitivity

Extend Detection Frequency O(10 kHz)

Shot Noise Regime

Phys. Rev. D 83, 124008 (2011)

Neutron Star Binary Signal Can Give kHz Gravitational Wave Signal

Vibration Noise
is Less Dominant
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Motivation: Gravitational Wave Detection
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PHYSICAL REVIEW D 93, 112004 (2016)

DAQ up to 8 kHz
But less sensitivity

Extend Detection Frequency O(10 kHz)

Shot Noise Regime

Phys. Rev. D 83, 124008 (2011)

Higher Frequency Signals up to 10 kHz

Vibration Noise
is Less Dominant
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Phys. Rev. D 82, 022003 (2010)
Mechanical
Resonance

Signal ∝ Mass x Length x Qmech
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Electro-Magnetic
Resonance ?

Phys. Rev. D 82, 022003 (2010)

Pierluigi Fortini, Enrico Montanari, 
Antonello Ortolan, Gerhard Schäfer,
Gravitational Wave Interaction with Normal 
and Superconducting Circuits, Annals of 
Physics, Volume 248, Issue 1, (1996)

Magnetic Field Detector with SQUID Readout
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Electro-Magnetic
Resonance ?

Phys. Rev. D 82, 022003 (2010)

Signal ∝ B x Apickup

B

Magnetic Field Detector with SQUID Readout
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Bext

BextBext

𝜆𝐺𝑊 ~ 10 𝑘𝑚 ≫ 𝜆𝐷𝑒𝑡 ~ 1𝑚

ℎ+

Magnetic Field Detector with SQUID Readout
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𝜆𝐺𝑊 ~ 10 𝑘𝑚 ≫ 𝜆𝐷𝑒𝑡 ~ 1𝑚

𝛿𝐵𝑧 = 𝐵0ℎ𝐺𝑊 sin2 𝜃 cos 2𝜓

Magnetic Field Detector with SQUID Readout
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Mechanical Resonant of Bar + Transducer Resonance + Electro Magnetic Mode

L. Baggio, M. Bignotto, M. Bonaldi, M. Cerdonio, L. Conti, P. Falferi, N. Liguori, A. Marin, R. Mezzena, A. Ortolan, S. Poggi, G. 
A. Prodi, F. Salemi, G. Soranzo, L. Taffarello, G. Vedovato, A. Vinante, S. Vitale, and J. P. Zendri, “3-mode detection for wideni
ng the bandwidth of resonant gravitational wave detectors,” Physical Review Letters 94, 241101 (2005).

Motivation: Bar Detector with SQUID Readout
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SQUID Readout for 100 Hz Bandwidth Detection
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SQUID Readout for 100 Hz Bandwidth Detection
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Strain Sensitivity
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Superconducting LC Resonator
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Q = 500,000 at 1.5 kHz

Magnet

Superconducting Shield

Superconducting LC
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Piezoaxionic Effect

IBS Dark Matter Axion Group Seminar



59

Summary

59

Status and Prospects of  QUAX-PD/LNL
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➢ QUAX-LNL is searching for axion dark matter near 10 GHz, with the 2025–2026 data analysis curre

ntly in progress. 

➢ Future upgrades include a wider-tuning, higher-𝑄 cavity, a 14 T magnet, and an optimized TWPA to 

improve sensitivity and scan speed. 

➢ The SMPD program aims to go beyond the standard quantum limit through single-microwave-photo

n counting. 

➢ SQUID-based readout activities extend QUAX searches toward kHz-frequency axion and gravitation

al-wave signals.
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Grazie per l’ascolto. ☺

Thank you for listening!

6161IBS Dark Matter Axion Group Seminar
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