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W H AT  M A K E S  A T H E O R E T I C A L  P H Y S I C I S T  
…  A T H E O R E T I C A L  P H Y S I C I S T ?

I’m not sure I have a definitive answer, but one thing I do know: we are all researchers



I T ’ S  A L L  A B O U T  F I T T I N G
About 10 years ago, I was characterizing photon counters’ performance for particle physics

3Credit: GCH
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D I F F E R E N T  S C O P E …  SAME  A P P R O A C H

4Credit: GCH



9 5 %  O F  O U R  U N I V E R S E  I S  UNKNOWN

What is the nature of the agent 
driving the accelerated expansion?

What is the nature of dark matter? 
And what about neutrinos?

How did our Universe begin?

Credit: European Space Agency
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C H A S I N G  F O R  N E W  P H Y S I C S
Credit: European Space Agency/ATG, with contributions from Cañas-Herrera 

We root our Universe’s understanding in unknowns: How did the Universe begin, evolve 
and what is its future fate?
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E v o l v i n g  
d a r k  

e n e r g y ?

C o s m o l o g i c a l  
c o n s t a n t ?

Credit: European Space Agency/ATG, with contributions from Cañas-Herrera 
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Are these signs of new 
physics or just a hint of 

deeper understanding of 
instrumental behavior?

Credit: European Space Agency/ATG, with contributions from Cañas-Herrera 



C H A S I N G  E I N S T E I N  A N D  Λ
The accelerated expansion of the Universe can be explained assuming a new substance

Using a cosmological constant Assuming an unknown substance 
 (i.e: dark energy)  

with a time-dependent 
equation-of-state*

Credit: EinsteinMoji

*: We call it dark energy because we have no 
clue what it is—proof that bad marketing exists 

even in science.
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U N D E R S TA N D I N G  D A R K  E N E R G Y
Constraining w(z) gives us hints about potential new physics beyond ΛCDM 

Credit: Jip de Buck 
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But, unfortunately, we do not measure directly the equation of state of dark energy…

…We infer it.
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L A R G E - S C A L E  S T R U C T U R E  O B S E R VA B L E S
Weak Lensing and Galaxy Clustering are sensitive to the underlying cosmological model

Credit: Perseus Cluster & Altieri lens. ESA/Euclid/Euclid Consortium/NASA

W E A K  L E N S I N G

D i s t o r t i o n  o f  t h e  a p p a r e n t  s h a p e  
o f  g a l a x i e s  d u e  t o  t h e  b e n d i n g  o f  

l i g h t  b y  f o r e g r o u n d  c o s m i c  
s t r u c t u r e s



L A R G E - S C A L E  S T R U C T U R E  O B S E R VA B L E S
Weak Lensing and Galaxy Clustering are sensitive to the underlying cosmological model

G A L A X Y  C L U S T E R I N G

G a l a x i e s  a r e  b i a s e d  t r a c e r s  o f  
t h e  u n d e r l y i n g  m a t t e r  d i s t r i b u t i o n

Credit: National Geographic & FLAMINGO simulations



L A R G E - S C A L E  S T R U C T U R E  O B S E R VA B L E S
Weak Lensing and Galaxy Clustering are sensitive to the underlying cosmological model

Credit: Perseus Cluster. ESA/Euclid/Euclid Consortium/NASA

W E A K  L E N S I N G G A L A X Y  C L U S T E R I N G

C o n s t r a i n  t h e  o v e r a l l  m a t t e r  
d i s t r i b u t i o n  a n d  q u a n t i f y  i t s  l e v e l  

o f  c l u m p i n e s s

C o n s t r a i n  v i s i b l e  m a t t e r  a n d  
e x p a n s i o n  r a t e



W E A K  L E N S I N G G A L A X Y  C L U S T E R I N G

Credit: Perseus Cluster. ESA/Euclid/Euclid Consortium/NASA

T o m o g r a p h y :  C l a s s i f y i n g  g a l a x i e s  a s  a  f u n c t i o n  o f  d i s t a n c e  
t o  o b t a i n  d i f f e r e n t  t i m e  s n a p s h o t s

Weak Lensing and Galaxy Clustering are sensitive to the underlying cosmological model
L A R G E - S C A L E  S T R U C T U R E  O B S E R VA B L E S



W E A K  L E N S I N G G A L A X Y  C L U S T E R I N G

Credit: Perseus Cluster. ESA/Euclid/Euclid Consortium/NASA

C o m p r e s s  i n f o r m a t i o n  i n  s u m m a r y  s t a t i s t i c s  s u c h  a s  p o w e r  s p e c t r a  o r  
c o r r e l a t i o n  f u n c t i o n s

Weak Lensing and Galaxy Clustering are sensitive to the underlying cosmological model
L A R G E - S C A L E  S T R U C T U R E  O B S E R VA B L E S
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C O S M O L O G Y  W I T H  L S S
Aiming to fit summary statistics to infer cosmological parameters

Credit: Euclid I. Mellier et al. (GCH) 
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C O S M O L O G Y  W I T H  L S S
Aiming to fit summary statistics to infer cosmological parameters

Credit: GCH 

P O S T E R I O R
D I S T R I B U T I O N  

S T A T I S T I C A L  
F I T
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BAYES’ THEOREM

C O S M O L O G Y  W I T H  L S S
Aiming to fit summary statistics to infer cosmological parameters

P O S T E R I O R
D I S T R I B U T I O N  
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Goal: High 
FoM

BAYES’ THEOREM

C O S M O L O G Y  W I T H  L S S
Figures of Merit: quantifying the improvement
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BAYES’ THEOREM

C O S M O L O G Y  W I T H  L S S
Figures of Merit: quantifying the improvement

D E S I  

Credit: DESI Collaboration, 25

SPECTROSCOPIC BAOs
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P R E C I S I O N  C O S M O L O G Y  W I T H  L S S
Aiming to fit summary statistics to infer cosmological parameters

COVARIANCE 
MATRIX

Smaller error bars 
means more galaxies
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I N  T H E  E R A O F  L S S  C O S M O L O G Y
Surveying the sky with a purpose: understanding the dark universe

Credit: A. Wright
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E U C L I D :  A  M I S S I O N  T O  M A P  T H E  U N I V E R S E
Led by ESA, currently surveying billions of galaxies from space

Credit: GCH, 
Euclid spacecraft in Cannes, 2023

Launched in 2023, Euclid is conducting a six-year survey 
of one-third of the sky (successful first quick data release 
accomplished!)

Two instruments onboard to photograph galaxies and 
measure their distances
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+3000 workforce behind, + $1.5 B+ total cost, 6 years in 
operations, 9 data centers, +170 petabytes of data
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E U C L I D  I N S T R U M E N T S :  V I S  A N D  N I S P
Euclid instruments are designed to fulfill the objectives of the Euclid mission

Credit: ESA/ATG  

P r o d u c e  h i g h -
r e s o l u t i o n  

i m a g e s

G a t h e r  g a l a x y  
p h o t o m e t r i c  a n d  

s p e c t r o s c o p i c  
r e d s h i f t s
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Basic slideF R O M  T H E  
G R O U N D
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F R O M   
S P A C E
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Credit: ESA/ATG  



E U C L I D :  A  M I S S I O N  T O  M A P  T H E  U N I V E R S E
Euclid will provide the largest photometric and spectroscopic galaxy catalogue ever

Credit: ESA (first Euclid 500 sq. deg.)
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F R O M  O B S E R VAT I O N S  T O  C O N S T R A I N T S

I M A G E S  A N D  
D I S T A N C E S  T O  
G A L A X I E S  A R E  
P R O C E S S E D  I N  

C A T A L O G U E S

T O  C O M P U T E  
S U M M A R Y  

S T A T I S T I C S  

A N D  T O  B E  
C O M P A R E D  W I T H  

A L T E R N A T I V E  
M O D E L S

Level-1

Theory *

Euclid Science Ground Segment Data Processing 

Level-3 * Level-4 *

Inference *

VISible instrument

Near-Infrared

Photo-

Spectrometer

Level-2

raw data

 catalogues

Dark Energy equation-of-state 

 calibration*
+

Data 
reader * Cosmological constraints

two-point 

-statistics

GCsp

3x2pt *

+

Euclid Science Working Groups
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Processing Euclid data is the duty of the Science Ground Segment: the gem of the mission
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Processing Euclid data is the duty of the Science Ground Segment: the gem of the mission
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O P E R AT I N G  T H E  
I N S T R U M E N T S  
I N  R E A L  
C O N D I T I O N S
Since its launch, Euclid faced:

Credit: Koen Kuijken

❄ Ice formation – ice can accumulate on 
the optics or instruments, affecting 
observations.
☢ X-ray hits – cosmic X-rays can impact 
detectors and create noise in data.
🌟 Stray light – unwanted light entering the 
telescope can reduce image quality.
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O P E R AT I N G  T H E  
I N S T R U M E N T S  
I N  R E A L  
C O N D I T I O N S
On top, we must calibrate:

Credit: GCH

       Galaxy shapes – accurate shape 
measurements are essential for weak lensing 
studies (i.e: we rely on simulations)
       Redshifts – accurate distance 
measurements are key to unbiased 
cosmological results (i.e: using Earth-based 
observations)
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B E T T E R  D ATA M E A N S  B E T T E R  A N A LY S I S
But it comes with a cost: the parameter space becomes high-dimensional

L I K E L I H O O D  C O V A R I A N C E
M A T R I X

D A T A  T H E O R Y  

I n s t r u m e n t a l  
n u i s a n c e  

p a r a m e t e r s
( ∼ 5 0 )
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C o s m o l o g i c a l  
p a r a m e t e r s

( ∼ 1 0 )
 G a l a x y  e v o l u t i o n  

p a r a m e t e r s
( ∼ 4 0 )



M O D E L L I N G  L S S  O B S E R VA B L E S
At late times, the Universe’s evolution is dominated by non-linear gravitational effects

42

 The notorious non-linear regime – 
Accurately modeling the so-called non-linear 
regime requires running N-body simulations, as 
the simple linear approximations of structure 
growth break down in this regime

N O N - L I N E A R
R E G I M E

Credit: Jip de Buck 



M O D E L L I N G  L S S  O B S E R VA B L E S
At late times, the Universe’s evolution is dominated by non-linear gravitational effects

43Credit: P. Carrilho
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W I L L  W E  C O N S T R A I N  
D A R K  E N E R G Y ?
Eventually, we should be able to reconstruct 
its equation of state 

Credit: GCH



N E W  S TAT I S T I C A L  T E C H N I Q U E S
Rethinking cosmological inference for the challenges of tomorrow
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H O W  D O  W E  
P E R F O R M  T H E  
S T A T I S T I C A L  
A N A L Y S I S  
S U C C E S S F U L L Y ?

B Y  E N C O U R A G I N G  O P E N  
S C I E N C E  D E V E L O P M E N T  

O F  I N F E R E N C E  P I P E L I N E S  
F O L L O W I N G  F A I R  
P R I N C I P L E S  A N D  

A D O P T I N G  X X I  
T E C H N I Q U E S



U S I N G  A I  T O  T R A C K  C O N T R I B U T I O N S
Our amazing hall of fame is automatically updated to boost visibility
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W e e k s  o n  1 0 0  
C P U s ?  N o w  5  
h o u r s  o n  2 0  f o r  
a  f u l l  E u c l i d - l i k e  
a n a l y s i s



U S I N G  A I  T O  T R A C K  C O N T R I B U T I O N S
Our amazing hall of fame is automatically updated to boost visibility
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T H E  U N I V E R S E  M I G H T  B E  D A R K
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But these are truly thrilling times for cosmology



PROVIDE ANSWERS TO  
THE MOST PRESSING 

QUESTIONS IN 
COSMOLOGY

Understanding the origin 
and evolution of the 

Universe continues to 
drive active scientific 

interest across multiple 
fields.

WE ARE IN THE ERA OF 
GALAXY SURVEYS

Data of the large-scale 
structure of the Universe 
will take center stage in 

shaping the cosmological 
landscape

DELIVERABLES OF 
THIS EFFORT HOLD 

HIGH IMPACT FOR THE 
COMMUNITY

Both software and 
theoretical development 
will play a crucial role in 
advancing cosmology on 

the next years

T H E  U N I V E R S E  M I G H T  B E  D A R K
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But these are truly thrilling times for cosmology



P S :  E U C L I D  E X I S T S !
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