
LISA CosWG Perspective on 
Tests of CDMΛ

Nicola Tamanini

10/08/2023

Laboratoire des 2 infinis - Toulouse 
CNRS / IN2P3 / Univ. Paul Sabatier



2

• LISA CosWG governing rules 
• Past CosWG collaborative projects 
• Future/ongoing collaborative projects 
• LISA Cosmology white paper

Outline
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LISA CosWG Organisation

• ~ Monthly CosWG telecons

◦ Inform the group and collect 

feedback

◦ Share relevant news and 

information

◦ Present recent interesting 

works


Currently 440 members

• 10th LISA CosWG Workshop, 
Stavanger (Norway), 5-9 June 2023

◦ Workshop website

• New rules to regulate CosWG 
collaborative projects

◦ Link to rules online

https://indico.uis.no/event/28/
https://docs.google.com/document/d/1w0wfUEOh-rI4QatjzKZjA-KHvdwSRiE-3_yoy0h2YeA/edit?usp=sharing
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LISA CosWG Workshop
5-9 June 2023, 
Stavanger, Norway 


First in-person 
workshop after Covid


78 participants


Plenty of time for 
discussion of new 
collaborative projects


Finalisation of new 
CosWG rules
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LISA CosWG White Paper

1. Introduction

2. Tests of cosmic expansion and acceleration with standard sirens

3. Gravitational lensing of gravitational wave signals

4. Constraints on modified gravity theories

5. Stochastic gravitational wave background as a probe of the early universe

6. First order phase transitions

7. Cosmic Strings

8. Inflation

9. Tests of non-standard pre-Big-Bang nucleosynthesis cosmology via the SGWB

10.Primordial black holes

11.Tools/pipelines for the analysis of transient signal data in cosmology

12.Tools/pipelines for the analysis of stochastic gravitational wave background data
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LISA CosWG White Paper
• White paper has been accepted by Liv. Rev. Rel. and is already on the 

arXiv: arXiv:2204.05434

• Huge community effort and coordination

• Some data:

◦ 180 authors: 107 directly contributing (1st tier) + 73 endorsers (2nd tier)

◦ 176 pages in total (~30 pages of bibliography)

◦ 1346 references mainly from last few years (young and expanding field) 

Bibliography  
LISA white papers 

https://arxiv.org/abs/2204.05434
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LISA CosWG Rules
• The CosWG rules mainly regulate the collaborative projects


• Link to complete rules online  

• In a nutshell 
• Any CosWG member can propose a new collaborative projects

• Preliminary discussions define the scope, timeline and needed person power

• CosWG chairs (in consultation withLSG WP coordinators) approve if the project is 

expected to advance the investigation of one or more of LISA’s science objectives

• A contributing team is then formed from CosWG members volunteers + solicited 

LISA members if specific expertise/knowledge is needed

• Two coordinators are nominated with the task of managing the project and the team, 

and of giving regular update at the monthly CosWG calls

• Each collaborative project is followed by (at least) one CosWG chair 

• All publications produced by CosWG collaborative projects receive a LISA CosWG 
preprint number and digital watermark (after LISA internal PnP review) 

• Short-author papers written by CosWG members may ask for a CosWG preprint number

• Papers must undergo LISA internal PnP review

• Results must advance the investigation of at least one of LISA’s science objectives

https://docs.google.com/document/d/1w0wfUEOh-rI4QatjzKZjA-KHvdwSRiE-3_yoy0h2YeA/edit?usp=sharing
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LISA CosWG Rules
In practice: 

• A blue form to propose a new 
CollPorject


• A green form to offer own personal 
contribution to a proposed CollProject


• A standardised weekly logbook to 
keep track of individual contributions
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LISA CosWG Rules
In practice: 

• A blue form to propose a new 
CollPorject


• A green form to offer own personal 
contribution to a proposed CollProject


• A standardised weekly logbook to 
keep track of individual contributions

New rules have just been approved! 

No CollProject yet started with them
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CosWG Past CollProjects
List of completed CosWG Collaborative Projects
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CosWG Past CollProjects

[Belgacem+ (LISA CosWG), JCAP (2019)]

Probing modified GW propagation with LISA bright sirens
The GW luminosity distance differ from the EM luminosity 
distance if GR is modified at cosmological scales:

dGW
L

dEM
L

= Ξ0 +
1 − Ξ0

(1 + z)n

Forecast with LISA MBHBs as bright sirens
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CosWG Past CollProjects
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CosWG Ongoing CollProjects

1

1. A modular code/toolbox 

2. for end-to-end computations 
of PBH GW signatures  

3. developed by a team of 20 
PBH experts,  

4. based on PBH living review 

5. with pre-implemented 
models and scripts 

6. well documented and up-to-
date 

7. public  

8. easy to install, to use and to 
modify

Sebastien Clesse (coord), 
Juan Garcia-Bellido (coord), 

Eleni Bagui, 
Valerio De Luca, 

Gabriele Franciolini, 
Cristian Joana, 

Rajeev Kumar Jain, 
Sachiko Kuroyanagi, 

Ilia Musco, 
Theodoros Papanikolaou, 

Marco Peloso, 
Alvise Raccanelli, 

Sebastien Renaux-Petel, 
Antonio Riotto, 

Ester Ruiz Morales, 
Marco Scalisi, 

Olga Sergĳenko, 
Caner Unal, 

Vincent Vennin, 
David Wands

PrimBHoles LISA team of  
PBH experts

Living-review on primordial  
black holes (PBHs) 

Mergers of 
early binaries

GWB from 
early binaries

Mergers in 
PBH clusters

GWB from 
PBH clusters

GWB from    
2nd order 

pert. 

GWB from 
Poisson fluct

hyperbolic 
encounters

GWB from 
hyperbolic 
encounters

High-z 
binaries

Continuous  
GW from 

subsolar BH 

Asteroid-
mass PBHs in 
solar system

LSS-GW 
correlations

From the latest theoretical models  
to the GW signatures of PBHs 

and perspectives for LISA 

Coming very soon! 
(internal review almost completed)

Slide by S. Clesse & J. Garcia-Bellido
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CosWG Future CollProjects
TESTING GW POLARISATIONS

Six possible polarisations in a general theory of gravity

[Ezquiaga, Zumalacarregui 2019]

Preliminary 
coordinators: 

Macarena Lagos

(Columbia)


Alberto Mangiagli

(APC)
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CosWG Future CollProjects

MBBHs

SOBBHs

• Typically high SNR: help detect small deviations from GR


• “Short”-lived: limited LISA orbital motion leverage


• Higher-order modes: dependence on waveform assumptions

• Typically low SNR


• Long-lived: LISA orbital motion leverage for angular parameters


• Monochromatic: no frequency-evolution assumption involved

Preliminary 
coordinators: 

Macarena Lagos

(Columbia)


Alberto Mangiagli

(APC)

EMRIs?
• Long-lived: LISA orbital motion leverage for angular parameters


• Difficult to model: disentangling alternative polarisations may be challenging 

LISA target sources:

TESTING GW POLARISATIONS
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CosWG Future CollProjects
Preliminary 

coordinators: 

Macarena Lagos

(Columbia)


Alberto Mangiagli

(APC)

TESTING GW POLARISATIONS

Collaboration with the LISA 
Fundamental Physics WG 

will be welcome!

Get in touch with CosWG chairs or one of the project coordinators if 
you are interested in contributing to this project!
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• New rules governing the LISA CosWG 
are in place 

• CosWG collaborative projects 
• 8 completed 
• 5 ongoing 
• ~10 new proposals under discussion 

• LISA Cosmology white paper 
• Currently in editorial production 
• Huge effort from CosWG members

Conclusions
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BACKUP SLIDES



[LISA (2017), arXiv:1702.00786]

LISA can detect stochastic backgrounds of GW of both 
astrophysical and cosmological origin

[Baldes & Garcis-Cely, JHEP (2019)]

[Caprini & Figueroa, CQG (2018)]

Early universe SGWB ( )z → ∞



[LISA (2017), arXiv:1702.00786]

LISA can detect stochastic backgrounds of GW of both 
astrophysical and cosmological origin

[Baldes & Garcis-Cely, JHEP (2019)]

[Caprini & Figueroa, CQG (2018)]

Related science: 

• Galactic astrophysics / 
morphology 

• BBH population properties 
• Early-universe high-energy 

physics 
• Phase transitions at TeV 

scales 
• Cosmic strings 
• Physics of inflation 
• Primordial BHs 

• …

Early universe SGWB ( )z → ∞
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LISA CosWG White Paper

1. Introduction

2. Tests of cosmic expansion and acceleration with standard sirens

3. Gravitational lensing of gravitational wave signals

High redshift events 
(MBHBs) have high 
probability of being lensed


Wave effects for lenses of 
mass 106 ≲ ML ≲ 109



Test modified gravity

dGW
L

dEM
L

≃ Ξ0

[LISA CosmoWG, JCAP (2019)]

22

LISA MBHB data will be very useful to probe CDM at high-redshiftΛ

Test quasars Hubble diagram

[Speri+,

PRD (2021)]

Damping 
of GWs

Test alternative cosmological models
ΛCDM
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Dark sector interaction

[Caprini & Tamanini, 
JCAP (2016)]

[Cai+, JCAP (2017)]

Massive BBHs ( )z ≲ 10



Test GW speed

[LISA CosmoWG, arXiv (2022)]
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LISA MBHB data will be very useful to probe CDM at high-redshiftΛ
Test cosmological extra-dimensions

dGW
L

dEM
L

= 1 + ( dEM
L

(1 + z)Rc )
n

D − 4
2n

[Corman+, PRD (2022)]

At both larger distance and 
lower frequency (and possibly 

higher accuracy)

Massive BBHs ( )z ≲ 10


