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Detectable astrophysical sources

Supernovae, pulsar glitches, …

Fast-spinning neutron starsMerging neutron stars, black holes

Stochastic gravitational waves



Gravitational wave detections are now routine!

Ø What does this imply for how (binary) compact objects form? 
[Talks by Sana, Marchant, Picco, Van Zeist, Torrado]



In search of sub-solar mass black holes
Ø If black holes with mass                    exist, most likely primordialm < 1M�

Mc M

n(t) + h(✓, t) = ntrue(t) + h(✓true, t) = s(t)

✓ 6= ✓true n(t) 6= ntrue(t)

1

[Talk by Clesse]
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FIG. 2. Constraints on the fraction of dark matter in PBHs.
The horizontal axis shows the source frame mass of the black
hole in each model; for LVK results this is the component
mass for each object in the binary. Each constraint shown
carries a model dependency. Shown (pink) are the LVK re-
sults from O1 [96], O2 [97], and O3a (this work); (orange) mi-
crolensing constraints from MACHO [152], EROS [153], and
OGLE [154]; (green) dynamical constraints from observations
of Segue I [155] and Eridanus II [156] dwarf galaxies; (blue) su-
pernova lensing constraints from the Joint Light-curve Anal-
ysis and Union 2.1 datasets [157]. LVK results use the Planck
“TT,TE,EE+lowP+lensing+ext” cosmology [140].

IV. CONCLUSIONS AND OUTLOOK

Gravitational waves from compact object mergers pro-
vide a unique probe of dark matter structures on the
smallest scales. Here, we have considered two possible
dark matter candidates: PBHs and fermionic dark mat-
ter particles that can dissipate and form dark matter
black holes. Both of these formation mechanisms can
potentially produce both sub and supersolar mass black
holes. We have focused on the SSM regime, which cannot
be populated with black holes by any known astrophysi-
cal channel.

We have used three di↵erent algorithms to search the
data from O3a for compact binaries in which at least
one of the component objects had a mass between [0.2�
1.0] M�. We have found no candidates, and obtained
upper limits on the merger rate of SSM black holes in
the range [220� 24200] Gpc�3 yr�1 . The upper limit is
dependent on the chirp mass of the source and shown in
Fig. 1. These upper limits can be recast into limits on
the physical parameters of SSM black holes populations.

By considering a phenomenological model for SSM
PBHs in which the compact objects are all formed with

FIG. 3. Constraints on the fraction of dark matter, fDBH,
in black holes formed from cooling of dissipative dark matter
and their minimum possible source frame mass Mmin.

the same mass, we have obtained a limit on the abun-
dance of these black holes as a function of their mass at
formation: fPBH

<
⇠ 6% in the mass range, as seen in

Fig. 2. This significantly improves microlensing and su-
pernova lensing constraints in the same mass region as
well as our previous constraints from Ref. [97], though we
note that there are uncertain mechanisms that can reduce
the expected PBHmerger rate and raise the allowed value
of fPBH [148–150]. We have also considered a model for
fermionic dissipative dark matter, parametrized by the
abundance of the black holes it produces, and by their
minimum mass. The most stringent limit is obtained at
Mmin = 1 M� for which fDBH

<
⇠ 0.003%, as shown

in Fig. 3. The constraint on the minimum mass can
be interpreted in two ways. The most straightforward
is as a constraint on the Chandrasekhar limit of dark
matter black holes [78], which constrains the mass of a
dark fermion analogous to the proton to be in the range
0.66–8.8 GeV/c2. Additionally, the minimum mass of
black holes formed when the dark matter gas cools and
fragments depends on the coldest temperature the gas
can reach, that is, on the dark matter chemistry. For
the model we considered, this temperature is set by the
energy di↵erence of the lowest energy molecular radia-
tive transition. Therefore, a constraint on the minimum
mass of any dark black holes also implies a constraint on
the dark molecular energy spacing, although the precise
relationship depends on astrophysical modeling.

In the coming years, the sensitivity of Advanced LIGO
and Advanced Virgo will continue to improve [158], and
the global network of detectors is expected to grow with

LIGO, Virgo, PRL 129, 061104 (2022)



Access to strongly curved, dynamical spacetime

[Talks by Kalaghatgi, Cano, Maenaut, Bosch, Ribes Metidieri, Druart, Machet]

Ø Wealth of detections and improved modeling enables increasingly more precise 
tests of GR … and novel tests



Tests of general relativity with gravitational waves
Ø Bounds on deviations in post-Newtonian 

coefficients that govern the inspiral

Ø Probing the nature of black holes
§ Horizonless objects emit 

gravitational wave “echoes”

Ø Bounds on anomalous GW propagation
§ E.g. dispersion due to massive 

graviton:

Ø Probing the polarization content of GWs 

mg  1.76⇥ 10�23 eV/c2

!220(Mf , af )

⌧220(Mf , af )

 = 1  > 0  ⇠ 20� 150  < 0

D =
R

tan ✓
' 365000 km

1

LIGO, Virgo, KAGRA, arXiv:2112.06861

Lo et al., PRD 99, 084052 (2019)

Latest battery of GR tests by LIGO-Virgo-KAGRA: arXiv:2112.06861



Ø Just like ordinary light, gravitational waves can undergo lensing

Ø Gravitational wave “images”
§ Waveforms with same frequency evolution (but different amplitudes)           

arriving at different times: minutes to months apart 

Ø Searching for pairs of images
§ Look for gravitational waves detected at different times but with similar 

masses, sky location, …
§ Sheer number of detections in the coming observing runs may cause many 

false alarms
o Incorporate lens models predicting distributions for arrival time differences, 

relative magnifications of images

Gravitational lensing of gravitational waves

[Talk by Janquart]



Ø Localization of binary black hole mergers inside their host galaxies:

§ Study association of binary black holes with their host

§ High-redshift measurements of the Hubble constant

§ High-precision studies of the polarization content of gravitational waves

§ Searching for differences in propagation between gravitational waves and light

Gravitational lensing of gravitational waves

[Talk by Narola]



Binary neutron star coalescences 

10 
 

 

Our group includes gravitational-wave data analysis experts (Nikhef), leading scientists on the 

modelling of neutron stars and on electromagnetic signatures of neutron-star mergers (Nikhef and 

GRAPPA/Amsterdam), as well as the PI of the BlackGEM array to find electromagnetic counterparts 

(Groot in Nijmegen). Moreover, recently several members of the ALICE group1 (notably Snellings 

from Utrecht) joined our consortium to explore synergies between their expertise in dense nuclear-

matter and our quest to understand the neutron star equation of state, as particle accelerator 

experiments and binary neutron-star observations explore complementary regimes of QCD. We 

envisage the following division of tasks for the requested junior scientists: 

x A postdoc (PD2) is needed to lay the theoretical groundwork for understanding how 

observations will connect with neutron-star microphysics, using fully general relativistic 

(3+1)-dimensional numerical simulations. One aim is to gain an understanding (for binary 

neutron stars, not just neutron-star – black-hole mergers) of the central engine causing the 

ejection of matter and the origin of electromagnetic counterparts as well as the ejecta 

themselves, including their composition. Comprehensive modelling of the role of neutrinos, 

magnetic fields, and phase transitions will be needed to establish a direct link between 

gravitational-wave and electromagnetic observations and neutron-star microphysics [82-

84]. Finally, the state-of-the-art numerical simulations that will be produced will not only 

connect the source properties to the information from multi-messenger observations, but 

will also provide key input to the construction of gravitational-waveform templates by PhD2 

below. 

x A PhD student (PhD2) will work on the development of gravitational-waveform models 

with not only a significant improvement of the description of inspiral (where tidal effects are 

apparent), but which will also incorporate an appropriate phenomenological description of 

                                                           
1 ALICE is one of the four experiments at CERN’s Large Hadron Collider and is in particular optimized to study the dense environment – quark-
gluon plasma – occurring in high-energy heavy-ion collisions. 

Figure 7. Gravitational waveforms (top) from large-scale numerical simulations of binary neutron-star mergers 
(bottom) will give valuable input for the construction of phenomenological waveform models that can be used in 
data analysis. Towards the end of the proposal duration, we will have access not only to tidal effects during 
inspiral (bottom left), but also the signal from a hypermassive neutron-star resulting from the merger (bottom 
middle and right). (Figure from Ref. [77].) 

Ø Major uncertainties on the neutron star equation of state 
§ Equation of state information from tidal effects during inspiral
§ Combine with information from other channels:

o Kilonova afterglow, jet and gamma ray burst, mass/radius measurements 
by other means (e.g. NICER)

o … and now also from heavy ion collisions in accelerators on Earth 
[Talks by Puecher, Char]

Bernuzzi, Dietrich, Nagar, PRL 115, 091101 (2015)
Huth, Pang, et al., Nature 606, 276 (2022)



Hubble constant measurements
Ø Traditional methods:

Standard candles
Cosmic microwave background

5-sigma tension
between measurements



Hubble constant: gravitational waves
Ø Hubble’s law (small redshifts):

§ Using a network of GW detectors: direct measurement of distance
§ Need to separately measure redshift
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dy = dr sin ✓ + r cos ✓ d✓

M̈
11(t) = �2µR2

!
2 cos(2!t)

M̈
12(t) = �2µR2

!
2 cos(◆) sin(2!t)

M̈
22(t) = 2µR2

!
2 cos2(◆) cos(2!t)

⇢opt =
p
hh|hi / A

= 1 ⇢opt = hh|hi/
p
hh|hi =

p
hh|hi

g =

0

BBB@

1 0 0

0 1 0

0 0 1

1

CCCA

1

cz = H0 DL DL z

M
ij =

Z
d
3x ⇢(t,x) xi

x
j

= m

Z
d
3x �

3(x� xm(t)) x
i
x
j

= mx
i
m(t) x

j
m(t)

= ma
2 cos2(!t) êiêj
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LIGO, Virgo, ApJ. 909, 218 (2021)

Ø Binary neutron stars (e.g. GW170817)
§ Kilonova afterglow allowed 

identification of host galaxy

Ø Cross-correlation with galaxy catalog
§ Galaxies consistent with 3D 

localization of source give statistical 
information on redshift

§ Can also be used with binary black 
holes! 

[Talks by Dálya, Turski, Veronesi, 
Garoffolo, Balaudo, Beirnaert on 
these and other aspects]



Continuous waves from pulsars

LIGO, Virgo, KAGRA, ApJ 935, 1 (2022)

�

ˠˡ͓ŽƜŇƈãƀƈ͓ƈƜƀŽãƈƈČĆ͓
ƔĬČıƀ͓ƈŽıő́ĆŚƴő͓ŇıŏıƔ

�ƀãþ̨͓ͺ˞̮˞˞˧͓ČőČƀĥƺ͓ŇŚƈƔ͓
Ƴıã͓BÎƈ̩͓ͺˠÿŏ͓͉ŏŚƜőƔãıő͊

̻ˡÿŏ
͓ŽƀČƳ

ıŚƜƈŇƺ
̼



Machine learning
Ø Efficient characterization of instrumental glitches

Ø Early alerts for binary neutron star coalescence       
(10 - 100 s before merger)
§ First PhD of a Virgo member in Belgium: 

Congratulations Grégory Baltus! 

Ø Search for lensed gravitational waves
[Talk by Offermans]

Ø Parameter estimation 
[Talk by Bhardwaj]

Ø Other novel techniques, towards Einstein Telescope 
[Talk by Baka] 

Simulating Transient Noise Bursts in LIGO with
gengli

M. López, S. Schmidt and S. Caudill
Nikhef, Science Park 105, 1098 XG,

Amsterdam, The Netherlands
Institute for Gravitational and Subatomic Physics
(GRASP), Utrecht University, Princetonplein 1,

3584 CC Utrecht, The Netherlands
Email: m.lopez@uu.nl

Email: s.schmidt@uu.nl
Email: s.e.caudill@uu.nl

V. Boudart
STAR Institute, Bâtiment B5,

Université de Liège, Sart Tilman B4000
Liège, Belgium

Email: vboudart@uliege.be

Abstract—In the field of gravitational-wave (GW) interferom-
eters, the most severe limitation to the detection of GW signals
from astrophysical sources comes from random noise, which
reduces the instrument sensitivity and impacts the data quality.
For transient searches, the most problematic are transient noise
artifacts, known as glitches, happening at a rate around 1min�1.
As they can mimic GW signals, there is a need for better modeling
and inclusion of glitches in large-scale studies, such as stress
testing the searches pipelines and increasing confidence of a detec-
tion. In this work, we employ Generative Adversarial Networks
(GAN) to learn the underlying distribution of blip glitches and
to generate artificial populations. Taking inspiration from the
field of image processing, we implement Wasserstein GAN with
consistency term penalty for the generation of glitches in time
domain. Furthermore, we share the trained weights through the
gengli, a user-friendly open-source software package for fast
glitch generation and provide practical examples about its usage.

Index terms—Generative adversarial networks, gravitational
waves, synthetic data, machine learning.

I. INTRODUCTION

The existence of gravitational-wave (GW) signal from bi-
nary black hole (BBH) coalescence was successfully proven
by Advanced Laser Interferometer Gravitational-Wave Obser-
vatory (LIGO) during the first observing run (O1) [1]. After an
upgrade of the detectors to increase their sensitivity, Advanced
LIGO [2] started in November 2016 the second observing
run (O2), which Advanced Virgo [3] joined in August 2017
[4], [5]. Following significant upgrades, in April 2019, the
third observing run (O3) was initiated by Advanced LIGO,
and Advanced Virgo [6], [7], [8]. In the coming years, the
improvement of the second generation of interferometers and
the construction of the third generation of detectors, such as
Cosmic Explorer, LISA, and Einstein Telescope, will increase
significantly the detection sensitivity [9], [10], [11].

Despite the significant improvements acquired in the past
years to isolate the components of the interferometers from
non-cosmic disturbances, LIGO detectors are still susceptible
to transient bursts of non-Gaussian noise, known as “glitches”.
Glitches come in a wide variety of time-frequency-amplitude
morphologies produced by instrumental or environmental

Fig. 1. (Left) Q-transform of a blip glitch retrieved from Gravity Spy. (Right)

Q-transform of a intermediate binary blach hole chirp.

causes. They reduce the amount of analyzable data, biasing
astrophysical detection and parameter estimation, and even
mimic GW signals (see Fig. 1 for an example) [12], [13]. Thus,
it is fundamental to develop robust techniques to identify and
characterize these sources of noise for their elimination.

Due to the overwhelming amount of glitches present in the
LIGO data1, this task goes beyond human ability. An exciting
way around this problem is to construct machine learning
(ML) algorithms to classify their different morphologies. The
main difficulty of this approach, besides network design, lies
in the need of having a pre-labeled, fairly regular, data set. In
a pionieering work, Zevin et al. [14] have pursued this goal
building a method to identify transient noise, called Gravity

Spy. It combines the strengths of both humans and computers
to analyze and characterize LIGO glitches and to improve the
effectiveness of GW searches. In this way, volunteers provide
large labeled data sets to train the ML algorithms through
Zooniverse platform, while ML algorithms learn to classify
the rest of the glitches correctly and guide how information is
provided back to participants. In practice, a time series of the
glitch that we wish to classify is fed to the ML classifier that
generates the Q-transform of its input (see [14] for details).
Then, Gravity Spy assigns a class and a confidence value cGS

to the Q-transform of the glitch, where cGS represents how
confident the algorithm is about its classification.

The identification of glitches is the first step towards a robust

1The rate of glitches can be as large as ⌅ 1 min�1 (see [8] for details).
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Figure 1. Schematic configuration of lensing of GW in the thin
lens approximation where the angle, ↵ and � are negligible. � is
the position of the source in the source plane which measures the
displacement of the position of the source from the line of sight, ⇠
is the impact factor which can be normalized by the Einstein radius,
⇠0. DL, DS , and DLS indicate the distances from observer to the
lens, to the source, and from the lens to the source, respectively. The
differences in colors on h(f) and hL(f) represent the frequency
dependent amplification effect in GW described in Equation (3).

where F (f) is the amplification factor which can be deter-
mined by y and the surface mass density of lens.

For the surface mass density of a lens, we consider two
simple lens models, the point mass lens model (PM) and the
singular isothermal sphere lens model (SIS). In the geomet-
rical optics limit, F (f) of each model is written as

PM :F (f)=
p

|µ+|� i
p

|µ�|e2⇡if�td (4)

SIS :F (f)=

8
<

:

p
|µ+|� i

p
|µ�|e2⇡if�td , y  1,

p
|µ+|, y � 1,
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where µ± and �td are the magnification factors of two im-
ages and the time delay between them, respectively. µ± and
�td are respectively given by
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2y
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for the PM and

µ±=±1 +
1

y
, (8)

�td=
8GMLzy

c3
, (9)

for the SIS. In Equations (7) and (9), MLz = ML(1 + zL)
is the redshifted mass of a lens. From Equations (6) – (9),
one can see that µ± and �td are given as the function of y
and MLz . In this work, we regard y as free parameter and

will discuss the constraint on the range of its value in the
following section.

3. METHOD

3.1. Data Preparation

The main goal of this work is to identify lensed GWs with
deep learning from the confirmed detections1. To this end,
we describe the details of data preparation from the genera-
tion of simulated GWs to the preparation of practical spec-
trogram samples for the purpose.

3.1.1. Gravitational-Wave Model

We firstly consider a waveform model for GWs from the
BBH. Specifically, we mainly focus on the inspiral phase in-
stead of the merger and ringdown phases because the portion
of the latter two phases are much shorter than inspiral phase
to see the superposed waveform due to the two images of a
lensed GW arrived at different time with �td. In Singh et al.
(2019), we have indeed shown that considering only the in-
spiral phase without the precision effect of the BBH system
is sufficient to study the feasibility on the classification of
lensed GWs from unlensed ones even in the pedagogical ap-
proach.

On the other hand, a precessing binary system originating
from the non-zero and misaligned component spins can intro-
duce modulation in the amplitude and phase of GWs (Han-
nam 2014) which may appear similar to the beating pattern of
lensed GWs due to the superposition of two non-precessing
GWs. Therefore, we also quantify our ability to discrimi-
nate lensed GWs from the precessing ones. However, in this
work, we discard the lensing of precessing GWs for simplic-
ity.

We use the IMRPhenomPv2 model (Schmidt et al. 2015;
Hannam et al. 2014) for the generation of simulated wave-
forms of both non-precessing and precessing GWs in a con-
sistent manner except the spin of component objects of the
BBH merger. In the use of the waveform model, we set the
range of the mass of individual component objects as 4M�
– 35M� which is commonly used for the BBH merger in
the conventional template-based GW data analysis methods
such as PyCBC (Nitz et al. 2020; Usman et al. 2016) and
gstlal (Sachdev et al. 2019; Messick et al. 2017). For the
precessing GWs, we set the spin of the component objects as
s1, s2 2 [�1, 1].

3.1.2. Constraint on Position Parameter

Since we are interested in the lensing effect imprinted in
GW which may appear as a beating pattern in a spectrogram,
the order of time delay, �td, between two images of a lensed

1 See Figure 10 in Abbott et al. (2019) for the illustration of similar procedure
using the standard nested sampling analysis.



Dark matter: Ultralight boson clouds around black holes
Ø Ultralight bosons whose Compton wavelength 

comparable to size of black hole

Superradiance: black hole rotational energy   
converted into boson cloud  

Ø Ground-based:

Ø LISA:  
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Ø Observational channels:
§ Less massive black hole orbiting central black hole + cloud

o Exchange of energy between orbit and boson cloud
§ Decay of the cloud: 

o Continuous gravitational wave emission
§ After cloud formation: remnant BH spin depends on boson mass,          

black hole mass, initial black hole spin
o Existing observations:                                                                 excluded  

Baumann et al., PRL 128, 221102 (2022)

LIGO, Virgo, KAGRA, 
PRD 105, 102001 (2022)
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Ng et al., PRL 126, 151102 (2021)
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Dark matter searches with the interferometers themselves
Ø Various forms of dark matter 

affecting the components of 
interferometers:

§ Scalar, dilaton DM causing 
oscillations in Bohr radius of 
atoms

§ Axions altering phase 
velocities of circularly 
polarized photons in the
laser beams

§ Dark photons coupling to 
baryons in mirrors, causing 
oscillatory force

6

frequency (Hz) SNR SNR(Bkg)
483.872 0.53+5.03i Re: [-3.62, 3.62] Im: [-3.52, 3.51]
853.389 -0.18+5.02i Re: [-3.85, 3.85] Im: [-3.55, 3.90]
1139.590 -5.21+0.67i Re: [-3.54, 3.39] Im: [-3.61, 3.58]
1686.598 5.01+1.63i Re: [-3.50, 3.70] Im: [-3.65, 3.89]

TABLE I. Four sub-threshold outliers returned by the cross correlation analysis of the HL baseline. We report the (complex)
signal-to-noise ratio (SNR) for each outlier and the associated background (Bkg) SNR. For the background SNR, we include
the range of the real part (Re) and imaginary part (Im) among ten lagged results. These four events are consistent with the
Gaussian noise expectation over all of the clean bands in the analysis.

frequency (Hz) average CR TFFT (s) baseline source
15.9000 5.29 44762 HL unknown line in L
17.8000 28.93 44762 LV unidentified line in L (17.8 Hz)
36.2000 8.90 22382 HV unidentified line in H (36.2 Hz)
599.324 12.38 1492 HV peakmap artifact; no significant candidate in L
599.325 12.33 1492 HV peakmap artifact; no significant candidate in L
1478.75 6.47 604 HL noisy spectra in H
1496.26 7.12 596 HL noisy violin resonance regions
1498.77 8.73 596 HL noisy violin resonance regions
1799.63 7.40 498 HV unidentified line in H (1799.63904 Hz)
1936.88 7.96 462 HL noisy violin resonance regions
1982.91 6.34 450 HL noisy violin resonance regions

TABLE II. Outliers returned by the BSD analysis. The frequency resolution of each outlier is 1/TFFT. We have determined
the origin of all outliers to be from instrumental lines or peakmap artifacts. No outlier was found to be in triple coincidence.
A list of unidentified lines can be found in [58].

FIG. 3. Upper limits derived using a Feldman-Cousins approach for both searches on dark photon/baryon coupling, U(1)B.
The limits from each method are comparable, noting that the BSD-based analysis takes an optimally chosen TFFT and can
observe for twice as long than the cross-correlation method can. We plot for comparison upper limits from MICROSCOPE
given in [30], though other weaker limits exist [59–61], that have been converted from the coupling constant to gravity, ↵, to
✏2, using the equation below figure 3 in [62], and from the Eöt-Wash torsion balance experiment [28]. To produce limits on
dark photon/baryon-lepton coupling, U(1)B�L, our limits should be multiplied by four.

LIGO, Virgo, KAGRA, 
PRD 105, 063030 (2022)

Vermeulen et al., Nature 600, 424 (2021)

Nagano et al., PRL 124, 111301 (2019)

[Further connections between 
GWs and dark matter: 
Talks by Miller, Vanvlasselaer]



Stochastic backgrounds
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STOCHASTIC BACKGROUND SOURCES AND DETECTOR SENSITIVITIES
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Figure 4.2: Stochastic GW background for several proposed model spectra in comparison with past mea-
surements (Advanced LIGO upper limit [249], constraints based on the big bang nucleosynthesis and cosmic
microwave background (CMB) observations, low-l CMB observations, and pulsar timing [250]), and future
expected sensitivities [251], (the final sensitivity of Advanced LIGO [252], Cosmic Explorer [90], and LISA, all
assuming 1 year of exposure [253, 254]). The gray band denotes the expected amplitude of the background due
to the cosmic population of compact binary mergers, based on the observed coalescieng binary systems [255].

To be an efficient direct source of GWs, a phase transition must be of first order. First-order phase
transitions proceed through the nucleation of bubbles of the, energetically more favourable, true vacuum in the
space-filling false vacuum. The dynamics of the bubble expansion and collision is phenomenologically rich,
and the sources of GWs are the tensor anisotropic stresses generated by these multiple phenomena: the bubble
wall’s expansion [217, 260], the sound waves in the plasma [219], and the subsequent magnetohydrodynamic
turbulence [220, 261]. The nature of the phase transition and its energy scale determine the amplitude and
the spectral shape of the GW background. An example of such a background is shown in Figure 4.2 which is
potentially within reach of the 3G network [254].

Cosmic Strings: Topological defects such as cosmic strings may arise in the aftermath of a phase transition
[262]. Often, the string tension is the only free parameter and it defines the energy scale of the phase transition
and the accompanying spontaneous symmetry breaking scale that leads to the formation of cosmic strings. It
is also possible to form a network of fundamental cosmic (super)strings. Cosmic strings predominantly decay
by the formation of loops and the subsequent GW emission by cosmic string cusps and kinks [263, 264].
Searches for individual bursts of GWs from cosmic strings and for the stochastic background from a string
network have placed a strong constraint on the string tension for the three well-known models [265–268].
The 3G network will either detect cosmic strings or improve on these bounds by eight orders of magnitude,
depending on the model (see Fig. 4.2).

Dark Photons: A dark photon is proposed to be a light but massive gauge boson in an extension of the
Standard Model. If sufficiently light, the local occupation number of the dark photon could be much larger
than one, so it can then be treated as a coherently oscillating background field that imposes an oscillating force
on objects that carry dark charge. The oscillation frequency is determined by the mass of the dark photon.
Such effects could result in a stochastic background that could be measured by 3G detectors, potentially
exploring large parts of the parameter space of such models [269].

Kalogera et al., arXiv:2111.06990

Ø Belgium has one of the most visible stochastic search groups 
§ Studies of correlated noise [talk by Janssen]
§ Anisotropic searches [talk by Suresh]
§ Implications of pulsar glitches [talk by De Lillo]

[Talk by Canevarolo]
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