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THE INSTITUT PASCAL

Thank you IPa! |,

> No conference fees!

> Accommodation provided for
many participants

> Ofttices for all participants

N T

[ANAN LY e— N

» Lunches and coffee breaks
» Social dinners and ice breakers
> Booklets and posters

> Fantastic support!

https://www.institut-pascal.universite-paris-saclay.fr/
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GOLD: THE GOLDEN COSMOLOGICAL SURVEYS DECADE

Thank you Valeria! ).,

» GOLD was meant to be a 10-week programme in 2020

> 3 week-long workshops on cosmology: weak lensing, galaxy
clustering and theory

> 1 week-long summer school on cosmology and data science
> Cancelled due to the COVID pandemic €3
> Revived in 2023 as COLOURS

Valeria Pettorino (ESA ESTEC)
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COLOURS

Thank all of you! ..,

> Cosmological Surveys and Synergies (COLOURS) ended up being
a 2-week programme

> 1-week summer school aimed at preparing early-career
researchers for upcoming cosmological surveys but also other
career paths

> 4-day workshop aimed at understanding what we have learned
from stage-lll cosmological surveys and what we hope to learn

nd - th
from stage IV June 2™ . 13* 2025

Institut Pascal (IPA) - France

> Thanks to some very generous speakers, the LOC and the SOC L b ERET
Alex Hall (ROE)

we managed to pull everything together! el (EIR N '

Pauline Zarrouk (LPNHE)

& CosmoStar B A

> We hope you enjoy the programme! &
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COLOURS DESIGN

Welcome to
COLOURS

Cosmological Surveys and Synergies

Thank you Lanal!

> Logo, poster, booklet and badge design

June 2-13 2025
Institut Pascal (IPA)

l.ana In Land FOOD TRAYEL DOHOTCORAPHY DESIGN&DIY ART

June 2-13

June 2™ - 13t 2025

Samuel )
Farrens Institut Pascal (IPA) - France

Stefano Camera (U. Turin) David Alonso (Oxford)
Samuel Farrens (CEA) Silvia Galli (IAP)
Natalia Porqt.Jeres (C!EA) Daniel Gruen (LMU)
E’:e': SSe"'entIP((OU(.Zk()elden) Catherine Hale (Oxford) n W
arta Spinelli Alex Hall (ROE e
Jean-Luc Starck (CEA & FORTH) Valeria Pes:torin)o (ESAESTEC) an

Marta Spinelli (OCA)
Samvuel Farrens (CEA) .
Anna Guerreschi (IPa) Pauline Zarrouk (LPNHE)

Sal;:ha Guerrini (CEA) c e @ ity A D

. Fabian Hervas Peters (CEA

httpS://WWW. Iaﬂalﬂlaﬂd.Com/ Natalia Porq(:leres (CE(A) ) => BPSMDSTAT e - AI
Vilasini Tinnaneri Sreekanth (CEA) EArH\s/g;aaé BSRE CAL % bt ARG ':':.:. S

yniversite pASCAL <> CosMoSTAT

https://www.instagram.com/lanainland/
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THE COLOURS ORGANISERS

The LOC

Samuel Farrens Anna Guerreschi Sacha Guerrini Fabian Hervas Peters Natalia Porqueres Vilasini Tinanneri Sreekanth

The SOC

> Stefano Camera (U. Turin, IT)
>~ Samuel Farrens (CEA, FR)
> Natalia Porqueres (CEA, FR)

> Elena Sellentin (U. Leiden, NL)
> Marta Spinelli (OCA, FR)
> Jean-Luc Starck (CEA, FR & FORTH, GR)

Welcome to COLOURS - S. Farrens



WHERE WE WORK

Irfu

< CosMoSTAT

www.cea.fr & irfu.cea.fr

www.cosmostat.org
CEA: French Alternative Energies and Atomic Energy > AIM: Astrophysics, Instrumentation and Modelling » CosmoStat: Cosmology and Statistics
Commission » Cosmology Weak gravitational lensing
IRFU: Institute of research into the fundamental laws of the » Galaxy Formation Machine learning
Universe » Star Formation Signal/image processing
» Exo-planets Inference
» High-energy events Euclid, Rubin LSST, SKAO, UNIONS

» Plans modelling
> Instrumentation (e.g. JWST, Euclid)

Welcome to COLOURS - S. Farrens


https://www.cosmostat.org/
https://irfu.cea.fr/dap/
https://irfu.cea.fr
https://www.cea.fr/

MOTIVATION
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Baryonic effects?
Nature of dark matter?

Nature of dark energy?
s ACDM complete?

v

v

v

Dark Matter
26 %

Dark Energy
69 %

> |s General Relativity complete?

> New physics to be found?

> Do we really understand systematics?
> Neutrino masses?

Mestgy Density

Welcome to COLOURS - S. Farrens



MOTIVATION

Afterglow Light
Pattern
375,000 yrs.

Early Times

Quantum
Fluctuations

Tension between early and late-times

Dark Energy
Accelerated Expansion

Dark Ages Development of

/ Galaxies, Planets, etc.
Late Times
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1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 billion years

Credit: NASA/WMAP
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MOTIVATION

Age of the Universe

Hubble Tension

CMB with Planck

Balkenhol et al. (2021), Planck 2018+SPT+ACT : 67.49 + 0.53
Pogosian et al. (2020), eBOSS+Planck Q,,H?: 69.6 = 1.8
Aghanim et al. (2020), Planck 2018: 67.27 = 0.60

Aghanim et al. (2020), Planck 2018+CMB lensing: 67.36 + 0.54
Ade et al. (2016), Planck 2015, Hy =67.27 + 0.66

CMB without Planck

Dutcher et al. (2021), SPT: 68.8 + 1.5

Aiola et al. (2020), ACT: 67.9+ 1.5

Aiola et al. (2020), WMAP9+ACT: 67.6 + 1.1

Zhang, Huang (2019), WMAP9+BAO: 68.36+323
Hinshaw et al. (2013), WMAP9: 70.0 + 2.2

No CMB, with BBN

D’Amico et al. (2020), BOSS DR12+BBN: 68.5 + 2.2
Colas et al. (2020), BOSS DR12+BBN: 68.7 £ 1.5
Philcox et al. (2020), P,+BAO+BBN: 68.6 + 1.1
lvanov et al. (2020), BOSS+BBN: 67.9+ 1.1

Alam et al. (2020), BOSS+eBOSS+BBN: 67.35 + 0.97

Pi(k) + CMB lensing
Philcox et al. (2020), P,(k)+CMB lensing: 70.6*27

Indirect

Direct

Cepheids — SNIa

Riess et al. (2020), R20: 73.2 £ 1.3

Breuval et al. (2020): 72.8 £ 2.7

Riess et al. (2019), R19: 74.0+x1.4

Camarena, Marra (2019): 754+ 1.7

Burns et al. (2018): 73.2

Dhawan, Jha, Leibundgut (2017), NIR: 72.
Follin, Knox (2017): 73.

Feeney, Mortlock, Dalmasso (2017): 73.
Riess et al. (2016), R16: 73.2

Cardona, Kunz, Pettorino (2016), HPs: 73.8 +
Freedman et al. (2012): 74.3 = 2.

TRGB — SNla

Soltis, Casertano, Riess (2020): 72.1 +£2.0
Freedman et al. (2020): 69.6 +1.9

Reid, Pesce, Riess (2019), SHOES: 71.1 +£1.9
Freedman et al. (2019): 69.8 +1.9

Yuan et al. (2019): 72.4+2.0

Jang, Lee (2017): 71.2 £2.5

Miras — SNia
Huang et al. (2019): 73.3 4.0
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Masers
Pesce et al. (2020): 73.9 £ 3.0

Tully — Fisher Relation (TFR)
Kourkchi et al. (2020): 76.0 + 2.6
Schombert, McGaugh, Lelli (2020): 75.1 +2.8

Surface Brightness Fluctuations
Blakeslee et al. (2021) IR-SBF w/ HST: 73.3 2.5
Khetan et al. (2020) w/ LMC DEB: 71.1 + 4.1

SNII
de Jaeger et al. (2020): 75.8%33

HIl galaxies
Fernandez Arenas et al. (2018): 71.0 + 3.5

Lensing related, mass model — dependent
Denzel et al. (2021): 71.8+33
Birrer et al. (2020), TDCOSMO+SLACS: 67.4+41, TDCOSMO: 74.5* :
Yang, Birrer, Hu (2020): Ho = 73.65%33
Millon et al. (2020), TDCOSMO: 74.2 = 1°
Baxter et al. (2020): 73.5+5.3
Qi et al. (2020): 73.618
Liao et al. (2020): 72.8*1"
Liao et al. (2019): 72.2 + 2°1
Shajib et al. (2019), STRIDES: 74.2%;7
Wong et al. (2019), HOLICOW 2019: 73.3*1-
Birrer et al. (2018), HOLICOW 2018: 72.5+31
Bonvin et al. (2016), HOLICOW 2016: 71.9¥32

Optimistic average

Di Valentino (2021): 72.94 +0.75

Ultra — conservative, no Cepheids, no lensing
Di Valentino (2021): 72.7 1.1

GW related

Gayathri et al. (2020), GW190521+GW170817: 73.4t§9?§
Mukherjee et al. (2020), GW170817+ZTF: 67.6*5
Mukherjee et al. (2019), GW170817+VLBI: 68.3*%
Abbott et al. (2017), GW170817: 70.0*3%

65 70 75 80

Di Valentino et al. (2021) Welcome to COLOURS - S. Farrens



MOTIVATION

Mass and Structure of the Universe

Sg Tension KiDS Legacy
‘ ! ‘ ‘ ] T T [ T T T T [ T T T T —71 ' T T 1T 1 7T rp1 71
| * I I ® | | ((::?\nlli IID’IIZ:‘::'I(( a-DI‘;vSrLl)o:-‘ .-JII?:TI;W non-local) P lan Ck Legacy
- CMB Planck + BAO + Pantheon (RT-minimal non-local)
| CMB Planck + BAO + Pantheon (RT non-local, AN=64) Previous work
. | = CMB Planck TT,TE,EE + lowE . 2. Y - —— 2.
|| cmBACT+wmaP Li et al. (2023) —— 2930 2.390
I ® I - WL KiDS-1000
| | ~ . l_e_l —2Z. l_e_l —1.
, Y ST | WepEsYs Legacy Nz est. & calib. 2.080 I420
I ® I WL KiDS + VIKING + DES-Y1
| ® | 7 WL + CMB lensing DES-Y3 + SPT + Planck 161G 1 126
. . —1. ] —1.
. Legacy Tomo. & KiDZ (5 bins) © :
} ® I WL + GC KiDS-1000 3x2pt
} o | 1 WL + GC DES-Y3 3x2pt
i o | WL + GC KiDS + VIKING-450 + BOSS
| Legacy Analyses
| . . ) —1. f=———] —V.
K1000 Tiles; NLA; 5 bins L.I70 0.850
* K1000 Tiles; NLA-M; 6 Bins ~ F @ 1400 —e— 1000
Legacy (fiducial) —— —0.730 ——a U./40
| | | I | | | | I | | | | | I | | | | I | | | | I | |
0.70 075 0,80 0.85 0.7 0.8 0.75 0.8 0.85
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Bouché et al. (2022) Wright et al. (2025)
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MOTIVATION

NANCY GRACE

ROMAN -

~20-40 PB

Missions

~10-20 PB

CMB-S4|

Nesd Ganstaton CU8 Expar nan: R

~600 PB/year ~10-15 PB
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THE COLOURS SCHOOL

Work Hard Play Hard Responsibly

> Monday 2nd of June until Friday 6t of June 1 Buffet Lunch on Monday afternoon
> 5 lectures/tutorials on Cosmology 1 lce Breaker on Monday evening

> 2 hands-on tutorials on Data Science 1 Social Dinner on Friday evening

> 1 hands-on tutorial on Communication Plenty of long lunch breaks!

> 1 guided visit to a Quantum Computing centre 3-day weekend!

> 1interactive session on Transferable Skills Take advantage of the channel

Welcome to COLOURS - S. Farrens 13



COMMUNICATION

https://colours-2025.slack.com

Welcome to COLOURS - S. Farrens
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https://colours-2025.slack.com

CODE OF CONDUCT

https://indico.ijclab.in2p3.fr/event /11110 /attachments/24233/35305/colours_coc.pdf

Welcome to COLOURS - S. Farrens
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https://indico.ijclab.in2p3.fr/event/11110/attachments/24233/35305/colours_coc.pdf

THE COLOURS PROGRAMME

https://indico.ijclab.in2p3.fr/event/11110/

COLOURS

2-13 Jun 202%
Institut Pascal

FurapsPass limezons

Overview
Timetable
Cantribution List

My Conference
My Contributions

Reqistration

Farticipant List

Contact

[~ anna.guerreschi@univer

Q

Timetzhble

Mon 02/08 | Tue 03708 Wed 04106

\0ON

1000

1200

Thu O5/C6  Fri 06708

Sal 07006 Sun 08,08 Mon C9/08

L4 Print PDF Full screen Detaled view

: riiter

Sescion keqend
COIDURE Schoo Registration Sacial
Hegistration: School
Coffea

In=4'ut Fasca' 29:00-1050 stk Pascal 10:20 - 10:50
Welcome to the Insttut Pascal Toes BALKANSKY
=t Fasza' 10:50- 21:10
Welcome to COLOURS Sarivel Farrens
'n=y'ut Fasca' 11:10 - 22:30
Clustering around clusters with Euclid Q1 data Celuin Murrsy

Welcome to COLOURS - S. Farrens

Detailed View

To see all session
times and
speakers. Keep an
eye for changes
that may come up
during the
programme!

16
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LOGISTICS

Food WiFi

> Buffet lunches will be provided at the IPa on
Monday 2nd and Tuesday 10th.

> Eduroam is available throughout the premises.

, , » visiteurs network also available.
> Vouchers for free lunches in the canteen will be

provided on the other days, including the Friday Password:
13th.

Building Access

> Coffee breaks will be provided twice a day.

> The ice breaker events will include snacks. > The doors are open from 09:00 till 17:00 CEST.
> You can find some goodies in the kitchen at any > All LOC members have access cards if you need to
time if you are feeling peckish. get in the building outside these times.

> You are on your own for dinner, but feel free to ask > You will be able to exit the building at any time.
the LOC for recommendations!

Welcome to COLOURS - S. Farrens 17



COLOURS SPIRIT
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Enjoy

COLOURS
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