
GravNet - A Global Network for the Search of High 
Frequency Gravitational Waves
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Gravitational Waves Landscape

Models of the primordial 
Universe predict a wide-
band spectrum of 
gravitational waves up to 
high frequencies.

Cosmological 
observations constraint 
their amplitude.

Present and future 
experiments will probe 
the frequency region up to 
10 kHz.
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Gravitational Waves Landscape

The landscape of 
gravitational waves in the 
ultra-high frequency 
regime is beyond the 
sensitivities of the present 
terrestrial experiments.

HFGW could potentially 
be sourced by a collection 
of exotic physical 
phenomena originating 
both in the early and late 
Universe.

Aggarwalet al. Challenges and Opportunities of Gravitational Wave Searches above 10 kHz - arXiv:2501.11723 



How to Detect HFGW

4



Similar to Axion DM Detection
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GravNet: A Global Network for the Search 
for High Frequency Gravitational Waves
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Claudio Gatti (INFN), Dmitry Budker (Mainz), Matthias Schott 
(Bonn), Diego Blas (IFAE)



GravNet

1. Open a new window to the 
Universe (MHz to GHz gravitational 
waves).

2. Measure a physical phenomenon 
we have never measured before: 
the (inverse) Gertsenshtein effect, 
the generation of a photon by a 
gravitational wave that traverses a 
strong magnetic field. 

3. Start a new initiative on which to 
build in the future. 

4. Re-use of cavities which are 
already employed for axion 
searches. 

5. Operating a network.
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GravNet
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Source Modeling 
and Data Analysis

Resonant 
Cavities Quantum Sensing Network 

Operation



Source 
Modeling 
and Data 
Analysis

9

Primordial BH

Boson 
stars 
mergers

BH superradiance

Cosmic strings
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Source Modeling and Data Analysis

1 - For swiping signals (PBH) time domain 
analysis improves the S/N ration   

Frequency domain Time domain

2 т Combine data of all cavities with NN 
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Typical values for cylindrical cavities:
Å Axions  C010=0.6
Å HFGW  h=0.1

Cavity Design: GW-Cavity Coupling

Optimize cavity design to increase the GW-Cavity coupling 
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Cavity Design: Superconductive Cavity

G. Marconato et al., "NbTi Thin-Film SRF Cavities for Dark Matter Search," 
in IEEE Transactions on Applied Superconductivity, vol. 34, no. 7, (2024).

f=7 GHz

S. Posen et al. PHYS. REV. APPLIED 20, 034004 (2023)

f=3.9 GHz

Danho Ahn 18th Patras Workshop
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Cavity Design: Multi-Mode Detection

Mode Resonant 
Frequency 

[MHz]

Q factor 
(@4°K)

TM010 109.5 626e3

TM011 166.1 526e3

TM012 272.3 752e3

TM110 174.4 790e3

TM111 214.5 598e3

TM112 304.7 712e3

TM210 233.7 915e3

TM211 264.9 664e3

TM212 342.1 755e3

A. Berlin Phys. Rev. D105, 116011

TM010 TM012

FERMILAB-PUB-22-008-TD

FLASH
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Network Operation

GravNet initial sites: Mainz, Bonn, PSI, Frascati

QUAX@LNF

FLASH

SUPAX

Á 3 high frequency rf cavities per site
Á One rf cavity at 100 MHz
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SQUID

Counter based on 
superconducting qubit
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JPA 

Quantum Sensing
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SQUID

JPA

Counter based on 
superconducting qubit
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Quantum Sensing
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Quantum Sensing
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Quantum Sensing
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ЮШ?ŔǂŔƣШљÉĲċƖĦőŔŰŊШ?~ШƽŔƣőШƕƨĤŔƣƚњШPhys. Rev. Lett.126, 141302 

Searching Dark Matter and HFGW with Qubits
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ЮШ?ŔǂŔƣШљÉĲċƖĦőŔŰŊШ?~ШƽŔƣőШƕƨĤŔƣƚњШPhys. Rev. Lett.126, 141302 

B0 For axion and HFGW 
searches we must 
apply a strong magnetic 
field!

Searching Dark Matter and HFGW with Qubits
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ЮШ?ŔǂŔƣШљÉĲċƖĦőŔŰŊШ?~ШƽŔƣőШƕƨĤŔƣƚњШPhys. Rev. Lett.126, 141302 

B0

Searching Dark Matter and HFGW with Qubits
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ЮШ?ŔǂŔƣШљÉĲċƖĦőŔŰŊШ?~ШƽŔƣőШƕƨĤŔƣƚњШPhys. Rev. Lett.126, 141302 

B0

Two possible solutions:
Å Magnetically resilient qubit
Å Itinerant photon detection

Searching Dark Matter and HFGW with Qubits



Can we Build a Magnetically Resilient Qubit?
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Thin NbSe2 (niobium diselenide) retains superconductivity at a high inplane 
magnetic field up to 30 T!  Spins pinned on the orthogonal directioin by strong 
spin orbit coupling insensitive to inplane magnetic field.

NbSe2 : Transition-metal dichalcogenide (TMD) superconductors

B//

https:// doi.org/10.1038/nphys3538

*See https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.115021 for axion searches with resilient qubits.

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.115021


NbSe2 van der Waals 
Josephson Junctions

ÅThe layered structure of NbSe2 allows it to be 
exfoliated into thin flakes. When the vdW interface 
has a misalignment, decoupling becomes 
sufficiently large and the superconducting state of 
the NbSe2 crystal cannot be described by a single-
order parameter.
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https:// doi.org/10.1103/PhysRevB.104.214512

https:// doi.org/10.1038/ncomms10616



NbSe2 3D qubit
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Rabi-Like Oscillation in NbSe2 3D qubit
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Rabi pulse sequence
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Itinerant Photon Detection

10 T magnet

Resonant cavity

T=10 mK

Superconducting 
devices must be placed 
in a B-field free region

27

mu-metal  + sc shield



Itinerant Photon Detection

10 T magnet

Resonant cavity

T=10 mK

Superconducting 
devices must be placed 
in a B-field free region
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mu-metal  + sc shield

We must detect the photon
Traveling in the coax cable!
Ą Itinerant photon detection



Quantum nonтdemolition detection of an itinerant photon
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Konoet al.Nature Phys14, 546т549 (2018)

Dark count rate
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The qubit dephasing during the gate interval 
results in an erroneous phase flip of the 
qubit. The qubit dephasing also contributes 
dominantly to the dark-count probability of 
лΦлмпт± лΦлллрΦ

cavityqubit

*See also https://hal.science/hal -04523241 for a different detection scheme of itinerant photons

https://hal.science/hal-04523241


Two Qubits Detection Scheme

cavity

qubits

Reflected photon

Strong magnet

Itinerant photon

Conversion 
cavity

Coax cable

30
A ?ќEũŔċ Appl. Sci.2024,14(4), 1478
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Evolution of the Quantum State 
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Derived from the time evolution of the density matrix.

Input photon

Probability P(11)

D. Milillo, Roma Tre University

Readout resonator 1

Readout resonator 2

Qubit 1

Qubit 2

љƚƣŸƖċŊĲњ resonator

A. Rettaroli https:// doi.org/10.1016/j.nima.2024.170010



CNR-IFN, INFN, MiB  
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Cavity Spectroscopy

Bare resonator

Dressed 
resonator

CNR-IFN

Qubit Spectroscopy
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Spectroscopy of a 3D qubit


