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Anisotropic search in the SGWB and inspiraling PBHs
ØStochastic GW background (SGWB) from 

superposition of unresolved sources;
ØSearches by correlating detector outputs;

ØAnisotropic: spherical harmonics (extended 
sources), broadband radiometer (point-like 
sources), narrowband radiometer (point-
like, known sources);

ØAlso search for specific signatures of 
cosmic strings models (see slide 5).

Federico De Lillo
Andrew Miller

B.P. Abbott et al., Phys. Rev. 
Lett. 118, 121102 (2017)

, with 

GW flux using O1,O2,O3A 
from LIGO only and GW 
energy flux model:
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ØPrimordial black holes (PBHs) could form 
early in the universe in halos or binaries;

ØWhile GW searches have focused on 
>0.1 Msun regime, theoretically PBHs 
could be extremely light; 

ØFor PBHs of mass [10-7 ,10-3]Msun , the 
inspiral would give rise to (transient) 
CWs. 📝 soon on adapt NS techniques;

ØSearch towards galactic center. Plan 📝.

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.121102


Continuous waves from boson clouds
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ØDark matter can form clouds around 
black holes if its Compton wavelength is 
comparable to the size of the black hole

ØBoson clouds can emit continuous 
gravitational waves as they annihilate 
after superradiance (Ωb< ΩBH)

ØThis system will emit quasi- continuous 
GW;
ØnGW ≈ 2 mb ;
Ømb sensitivity around [10-13 - 10-11] eV;

Ø Methods 📝 on vector boson clouds 
and search in advanced detector data for 
nearby galactic binaries is planned.

Antoine Depasse
Andrew Miller



Computing efforts for the LIGO Virgo collaboration
Virgo online computing at EGO;

ØData collection, calibration and 
monitoring (O(105) auxiliary channels)

ØDetChar and data validation 
ØLow-latency searches (for public alerts)

Virgo offline computing at several 
centers, including UCLouvain;

ØCommon distributed computing
ØContribute CPU for opportunistic use

Ø Our WLCG Tier2 now accepts 
LVC jobs and plans to extend 
with ~500 Virgo worker nodes
in ~June 2021;
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June 2020 CPU LIGO/Virgo CPU 
accounting (core hours)

Andres Tanasijczuk https://github.com/Andres
Tanasijczuk/SlurmDagman

Ø Cluster uses SLURM batch 
system, application on git;

Ø Start deployment of 
StashCache server.

https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FAndresTanasijczuk%2FSlurmDagman&data=04%7C01%7Cjoris.vanheijningen%40uclouvain.be%7Cfbef44d9ee0b4bf190a108d87995b01a%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C0%7C0%7C637393031522810834%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=xokZPz8T6DAAJdec2%2BL5NvYmsVZBCRuoTOWUk0Y5T10%3D&reserved=0


Stochastic GW Background from Cosmic Strings

ØTopological defects that could have 
formed in the early Universe;

ØPredictions on average GW energy 
density in the universe from cosmic 
strings.
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Christophe Ringeval
Disrael da Cunha

C. Ringeval and T. Suyama JCAP12 027 (2017)

B.P. Abbott et al., Phys. Rev. Lett. 118, 121101 (2017)

https://iopscience.iop.org/article/10.1088/1475-7516/2017/12/027
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.121101


Benchtop suspensions for ETpathfinder

Nicolas Szilasi
Joris van Heijningen
Giacomo Bruno

Detection bench

Injection bench

LIGO example
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Detection bench layout

all 3” optics expect 
for the beamsplitters

alterations underway



Cryogenic inertial sensors and control for E-TEST
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ØMechanics made out of Niobium (Nb), 
superconducting at T<9.2 K; 

ØActuator of Nb wire, later deposited;
ØWe expect fm/√Hz sensitivity from 2 Hz 

onwards, interesting for ET;
ØIn collaboration with          and            ;

A. Bertolini et al.,2006, NIM A, 556, pp 616-623 M.B. Gray et al., 1999, Opt.Quant.Electron., 31, pp 571-582

JVvH, 2020, JINST 15 P06034

Francesca Badaracco
BEWARE postdoc?
Joris van Heijningen
Giacomo Bruno

Silicon
mirror
150-kg

Single crystal
silicon fibers

cold steering
platform

ultrapure
aluminum

heat extraction
links

suspended
actuation

cage

15 K

290 K

Active control platform(s), maybe with inverted pendulum stage

cr
yo

st
at

ØThe 290 K (active) and cold 15 K suspension 
designed, fabricated in Liège (             &          ); 

ØWe will contribute modern control techniques.

https://www.sciencedirect.com/science/article/pii/S0168900205020930?via=ihub
https://link.springer.com/article/10.1023/A:1006991717589
https://iopscience.iop.org/article/10.1088/1748-0221/15/06/P06034


Mode mismatch mitigation for Advanced Virgo
Ø Setup at UCLouvain to test MM   

techniques at 1550nm;
Ø Start with simple cavity and then 

proceeding to coupled cavity.
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Ø Mode matching (MM) 
sidebands; 

K. Agatsuma et al.,  Opt. Express 27, 18533-18548 (2019)

Newly installed 
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Ø Contibute to signal recyc-
ling control with                ;

https://www.osapublishing.org/oe/fulltext.cfm?uri=oe-27-13-18533&id=414579


Summary of gravitational wave efforts at UCLouvain

Ø We contibute to the LIGO/Virgo collaboration and third generation detector 
prototypes in data analysis, computing, theory and instrumentation;

Ø Anisotropic search in SGWB, continuous waves from primordial black holes, 
boson clouds and dark photon search (see Andrew’s talk);

Ø We host large(r) clusters for the LVC to process their calculations on and will 
soon host h(t) with which submitted jobs can work;

Ø Work on stochastic GW background predicts GW energy density by in the 
Universe from cosmic strings;

Ø Ramping up an instrumentation effort for Advanced Virgo+ (mode 
mismatch), ETPathfinder (benchtop suspensions) and E-TEST (cryogenic 
suspension control and inertial sensing).
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Bonus slides



What about the beam splitters?
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Latest idea

Sebastian Steinlechner

H(alf)R
coating

AR 
coating

=

=

Ø Secondary beams out of the beam splitter have to be dumped properly;
Ø A round optic of sufficient diameter to extinguish these beams (5”) would 

be too large and too heavy for the suspensions;
Ø The latest plan is rectangular fused silica beam splitters weighing 300g. 

image credit: AEI
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Cryogenic superconducting inertial sensor for E-TEST
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ØRoom temperature version was limited by 
coil-magnet actuator resulting in Q = 150;

ØMechanics made out of Niobium (Nb), 
which is superconducting at T<9.2 K; 

ØActuator of Nb wire, later deposited.

Ø This will result in Q = 104 and reduce the 
thermal noise by a factor 50;

Ø Inertial sensor development in collabor-
ation with               and                           ;

Ø Ultimately to be deployed in E-TEST.

A. Bertolini et al.,2006, NIM A, 556, pp 616-623 M.B. Gray et al., 1999, Opt.Quant.Electron., 31, pp 571-582

JVvH, 2020, JINST 15 P06034

JVvH et al., 2018, IEEE SAS Seoul, pp. 1-5

Joris van Heijningen
Francesca Badaracco
BEWARE postdoc?

https://www.sciencedirect.com/science/article/pii/S0168900205020930?via=ihub
https://link.springer.com/article/10.1023/A:1006991717589
https://iopscience.iop.org/article/10.1088/1748-0221/15/06/P06034
https://ieeexplore.ieee.org/document/8336722


Cryogenic suspension of an ET sized optic ( ⁄! " E-TEST)
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Silicon
mirror
150-kg

Single crystal
silicon fibers

cold steering
platform

ultrapure
aluminum

heat extraction
links

suspended
actuation

cage

15 K

290 K

ØThe room temperature (active) and cold suspension 
designed and fabricated in Liège (.            &          ); 

ØWe will contribute to the control strategy with 
modern control techniques.

Francesca Badaracco
Joris van Heijningen
Giacomo Bruno

example layout


