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Milky Way in X rays



High frequency GWs (>10 kHz)

2011.12414 [gr-qc] (v2 2501.11723 [gr-qc])


Exploring all possibilities!



Directions
1. Sources and waveform production

2. Response single antenna: analytics + simulations (realistic)

GW
B0
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3. Optimization and network

5. New ideas
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Fig. V-20. Proposed antenna.

that is to be detected. This points out the principal feature of electromagnetically
coupled antennas relative to acoustically coupled ones such as bars; that an electro-
magnetic aDtenna can be.longer thar its acoustic counterpart in the ratio of the speed
of Ilght to the speed of sound !n materials, a faetor of l0-, Since it is not the strain
but rather the diJferential displacement that is measured in these gravitational antennas,
the proposed antenna can offer a distinct advantage in sensivity relative to bars in
detecting both broadband and 'single-frequenc)' gravitational radiation' A significant
improvement in thermal noise can also be realized.

5, Noise Sources in the -{ntenna

The power spectrurn of noise from various sources in an antenna of the design shorvn
in Fig, V-20 is estimated below. The power spectra are given in equivalent displace-
ments squared per unit frequeney interval,
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4. Data analysis



Directions
1. Sources and waveform production

2. Response single antenna: analytics + simulations (realistic)

GW
B0
→

3. Optimization and network

5. New ideas

(V. GRAV]TATION RESEARCH)

stow
CON]ROtrER

SHIFT
ATOR

I LAS€R I
l
\

- - - - T - . . .

HORIZONTAL
S!I5MOM€TER

POCKEI IFFECT
PHASE SHmR /,/

SPH€RICAL MIRROR ./

- _ _ _ - J .

MUL'IPIE PASS

Fig. V-20. Proposed antenna.

that is to be detected. This points out the principal feature of electromagnetically
coupled antennas relative to acoustically coupled ones such as bars; that an electro-
magnetic aDtenna can be.longer thar its acoustic counterpart in the ratio of the speed
of Ilght to the speed of sound !n materials, a faetor of l0-, Since it is not the strain
but rather the diJferential displacement that is measured in these gravitational antennas,
the proposed antenna can offer a distinct advantage in sensivity relative to bars in
detecting both broadband and 'single-frequenc)' gravitational radiation' A significant
improvement in thermal noise can also be realized.

5, Noise Sources in the -{ntenna

The power spectrurn of noise from various sources in an antenna of the design shorvn
in Fig, V-20 is estimated below. The power spectra are given in equivalent displace-
ments squared per unit frequeney interval,

HIGHPASS
FILTER

TO RECORDERs ANO SIGNAI PROCESsING EOUIPMENT

QPR No. los qq

4. Data analysis



WG1. Sources and waveform production



BH
BH

WG1. Sources and waveform production
20 N. Aggarwal et al., Gravitational Wave Searches above 10 kHz

Figure 4: Sensitivity of high-frequency gravitational wave detectors to
stochastic gravitational wave backgrounds assuming one year of integration
time. The solid curves (broadband instruments) are power-law-integrated sens-
itivity curves, the dashed lines (resonant instruments) indicate the reach when
running at fixed frequency for tint = 1year. See text for details and caveats. In
blue we indicate astrophysical constraints as discussed in Section 5.6, where
integration time varies dependent on observations [19]. The horizontal dashed
blue line indicates the upper bound from BBN on cosmological sources, see
Section 4.2. The remainder of the color coding is as in Figs. 1 and 2, with
orange, purple and cyan curves indicating published GW results, active R&D
e!orts, and proposed concepts, respectively.

this case, the sensitivity to ωGW scales as Q→1/2 (with the exception of de-
tectors limited by the single-photon threshold, which do not profit from this
scaling). We show this sensitivity as dashed lines in Fig. 4, emphasizing that
this indicates the possible reach at a given sensitivity, while fully covering the
entire frequency range shown would require an unrealistic amount of time, or
an unrealistic number of detectors running in parallel at di!erent resonance
frequencies.

Regarding Fig. 4, several comments are in order. Firstly, we note that no
proposal above the LIGO–VIRGO–KAGRA band currently reaches below the
cosmological bound of ωGWh2 ↭ 10→6 arising from the limits on excess en-
ergy density in relativistic degrees of freedom (Ne!) at BBN (see Section 4.2).
Therefore, cosmological GW sources seem currently out of reach. Scenarios
detectable with current sensitivities would for the most part imply values of
ωGW → 1, which taken at face value would correspond to a GW dominated

Aggarwal et al. 2501.11723 [gr-qc])

Tsukada et al, ‘20
SR

NS/NS mergers

Hyperbolic encounters of PBH

Casalderrey et al.  2210.03171

Garcia Bellido & S. Nesseris 1706.02111

Stochastic

BBH merger 
Franciolini et al 2205.02153

Tasks: Have templates ready to use

Luca Visinelli



WG2. Response single antenna: analytics + simulations

⌘sm =

R
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FIG. 6. The GW-cavity coupling coe�cient ⌘mnp (the radial component in the polar plane) as a function of the angular

direction of the GW propagation (�) in degrees, for various TE modes and GW polarizations. The notation for the mode

index is defined in Eqs. (A11)–(A13). Left: the external B-field is orthogonal to the cavity symmetry axis (↵ = ⇡
2 ). Right: the

external B-field is aligned with the cavity symmetry axis (↵ = 0).

These results confirm that the typical value of ⌘n for an optimally-coupled mode is O(0.1); we leave an exhaustive

investigation of all possible modes and polarizations to future work.

The coupling coe�cient is shown in Fig. 6 for various TEmnp modes, including the m = 2 TE modes that were

discussed in Sec. III B. In particular, the bottom-right panel of Fig. 6 verifies that this is the only class of modes that

couples to a GW when both the external B-field and GW wavevector are on-axis with the cavity (↵ = � = 0). This

selection rule was derived previously from the spin-2 azimuthal dependence of the e↵ective current in Eq. (24). We

also investigate more general geometrical configurations in the remaining panels of Figs. 6 and 7, taking the external

B-field and/or GW wavevector to be unaligned, but still coplanar, with the symmetry axis of the cavity (↵, � 6= 0). In

this case, the lack of cylindrical symmetry implies that a larger set of modes can optimally couple to GWs of various

polarizations, while still obeying certain selection rules in the coplanar limit. For instance, the m = 0 TMmnp modes

of Fig. 7 only couple to h⇥ for the geometries shown. While such selection rules do not generally apply outside of the

coplanar limit, these results illustrate the general fact that di↵erent modes have di↵erent sensitivities to h+ and h⇥,

potentially enabling the determination of the polarization of a putative GW signal.

An important point, evident from Figs. 6 and 7, is that di↵erent modes have di↵erent directional sensitivity.

Therefore, if the direction of the GW source is constant over the measurement time, one can in principle spatially

Understand read out INCLUDING GWs!

Implement simulations
Tasks: 

Do it

Get a multimode readout
Explore it and do it

José Reina
Younggeun Kim

Jordan Gué
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For all WG1 examples 

From templates, derive signal

Maybe 1 quanta?

Bi weekly meeting



Cavities

B0

a(x, t)
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WG3. Optimization and network

Cavities/experiments of different kind

Orientation/distribution 

Implement simulations
Tasks: 

José Reina
Younggeun Kim

Jordan Gué

Networking Quantum vs classical
Network

Simulate SNR and 
optimize



GravNet

A Global Network of HFGW Detectors

‣ Further enhance sensitivity by combining 
HFGW detectors
‣ Initial sites: Bonn, Mainz, Frascati, PSI

‣ Optimized modelling



GravNet

A Global Network of HFGW Detectors

‣ Further enhance sensitivity by combining 
HFGW detectors
‣ Initial sites: Bonn, Mainz, Frascati, PSI

‣ GPS based data-acquisition scheme 
‣ Experience from GNOME Network

‣ Nine small resonant cavities (5-9 GHz) 
‣ operation of three cavities in one magnet

‣ One large resonant cavity (100 MHz)

G
ravN

et‣ Optimized modelling



WG4. Data analysis

Generation of mock data

Tasks: 

Analysis of mock data

ML to be exploited

SGWBs vs coherent

Some correlations to exploit? 

We need WG1/WG2/WG3 -> baby steps



WG5. New ideas
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Figure 4: Sensitivity of high-frequency gravitational wave detectors to
stochastic gravitational wave backgrounds assuming one year of integration
time. The solid curves (broadband instruments) are power-law-integrated sens-
itivity curves, the dashed lines (resonant instruments) indicate the reach when
running at fixed frequency for tint = 1year. See text for details and caveats. In
blue we indicate astrophysical constraints as discussed in Section 5.6, where
integration time varies dependent on observations [19]. The horizontal dashed
blue line indicates the upper bound from BBN on cosmological sources, see
Section 4.2. The remainder of the color coding is as in Figs. 1 and 2, with
orange, purple and cyan curves indicating published GW results, active R&D
e!orts, and proposed concepts, respectively.

this case, the sensitivity to ωGW scales as Q→1/2 (with the exception of de-
tectors limited by the single-photon threshold, which do not profit from this
scaling). We show this sensitivity as dashed lines in Fig. 4, emphasizing that
this indicates the possible reach at a given sensitivity, while fully covering the
entire frequency range shown would require an unrealistic amount of time, or
an unrealistic number of detectors running in parallel at di!erent resonance
frequencies.

Regarding Fig. 4, several comments are in order. Firstly, we note that no
proposal above the LIGO–VIRGO–KAGRA band currently reaches below the
cosmological bound of ωGWh2 ↭ 10→6 arising from the limits on excess en-
ergy density in relativistic degrees of freedom (Ne!) at BBN (see Section 4.2).
Therefore, cosmological GW sources seem currently out of reach. Scenarios
detectable with current sensitivities would for the most part imply values of
ωGW → 1, which taken at face value would correspond to a GW dominated

Aggarwal et al. 2501.11723 [gr-qc])



Section 3: Overview of Detector Sensitivities and Possible Signals 17

Figure 1: Overview of achieved and projected strain sensitivities of high-
frequency gravitational wave detectors up to 100GHz. Solid (dashed) lines
indicate broadband (resonant) detectors. The color coding (see text for details)
indicates the development stage ranging from published GW results (orange)
to active R&D e!orts (purple) and proposed concepts (cyan). Details on the
di!erent proposals are given in Section 5.

includes concepts whose development is driven by physics goals other than
GWs, for instance light dark matter searches. Finally, cyan curves indicate
detector concepts which have been proposed but are, to our knowledge, not
yet under active R&D. This classification is necessarily somewhat subjective
and will evolve over time; it should therefore be taken as indicative only. For
better visibility, we have split these summary plots into two frequency regimes,
namely below 100GHz (Fig. 1) and above (Fig. 2).

Given the sensitivity curves in Figs. 1 and 2, the detectability of possible
signals can be estimated by determining the corresponding signal-to-noise ratio
as given in Eqs. (22) and (23). Various types of sources and signals will be
comprehensively discussed in Section 4; here, we focus on three exemplary
cases: a monochromatic signal, a PBH binary inspiral, and a stochastic GW
background.

For a persistent, monochromatic GW signal (arising e.g. from black
hole superradiance, see Section 4.1.5) and a detector performing a linear meas-
urement of the GW, the sensitivity to the GW amplitude can be estimated as
(see Eq. (31))

hsens
0 → (Snoise

h
/tint)

1/2 . (34)

Aggarwal et al. 2501.11723 [gr-qc])



WG5. New ideas
Clear message: 

Broadband

 Most likely we are not working with the best concept

Network/escalation
Mature enough (learn by doing)

Reach the sensing community*

Get organized (get funds)Tasks:

Fast

Map devices to signals
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