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The	post	Planck	Universe LCDM   

Post	Planck	Universe

• 69.4	%		dark energy
• 25.8	%		dark matter
• 4.8	%			baryons

ÞConfirmation	LCDM

ÞCosmological	constant	WL confirmed	by	Planck	,	 supernovæ
and	BAO	(baryonic	acoustic	oscillation	)

ÞNo	indication	for	a	more	complex	explanation	than		WL , that	
can	explain	the	acceleration	of	the	expansion	of	the	Universe
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Nature	of	dark energy….	Where	we	stand...

Alam et al 2016

 Does DE vary with time? 
 today ..no sensitivity to 
- wa with w(a) = w0 + wa(1 − a)

Does gravity self consistent with the accelerated
expansion? (modified gravity)

 => Verify that growth of structures consistent 
with LCDM ?

?
Transition DE-DM?
Acceleration-decceleration? 

What we need:

• Reduce by	1	order the	errors on	DE	equation of	state.	
• Test	the	geometry of	the	Universe
• Track the	cosmic history of	structure	formation
• Go	beyond z>	1	

No	indication
Or	no	sensitivity?
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1

2

Exploring the	DM/DE	transition	period :	H(z)/D(z)	

?
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Euclid:	Exploring the	cosmic history with structure	formation	

3

4

It	is	fundamental	to	have
access	to	both	potentials
To	distinguish	effects	
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Measurements	=	power	spectrum
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A	multi	probe	approach

Imaging
Photometry

Spectroscopy
Redshift survey

Photometry+
spectroscopy

q Clustering /Large	scale structure	(LSS)	(	BA0,	RSD…)	
distance	+	ordinary matter power	spectrum
+	growth of	structures	 (access to	f)

q Weak gravitational shear.	
distance	+	dark matter power	spectrum,
growth of	structure	(access to	(f+y)

q Galaxy cluster		/		Voids
count,	power	spectrum

Power
spectrum

distances
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EUCLID 

The mission
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Euclid	objectives	

Use	one	mission	and	same data	to	achieve previous objectives	
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Mission	objectifs

Goal	è -reduce	by	1	order	the	errors	on	DE	equation	of	state.	(FOM	GC+WL	>	400)	
-Test	the	geometry of	the	Universe
-Track the	cosmic history of	structure	formation	

Method		è Observations	of	both		expension H(z)	and	growth	of	structure	f(z)	
on	large	sky	and	different	epochs

Key	issues	è Systematic	Errors ->	observational	strategy,	reduction,simulation
è Interpretation	->	analysis,	multi	probe	interpretation

Multi	probes	è
- Galaxy	Clustering	:		BAO,	RSD,	growth	of	structure
- Weak	Lensing	:	growth	of	structure		
- Cluster	counts	/voids	…..
- Supernovae	:	standard	candle
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Euclid	strategy and	space

Strategy:	use	a	multi	probes		approach		sensitive	to	H(z)	and	f(z)

Þ Reduce	statistical	errors	by	a	full	sky	coverage	
Þ wide	field	instruments
Þ Same	survey,	same	data,	better	control	of	all	errors.	

Þ Control	systematic	errors	using		space	advantages	:

Þ High	image	quality	
Þ Ultra	High	PSF	stability	over	6	years
Þ Infrared	access	to		redshift	>	1
Þ Low	sky	background		(1000	less	than	ground	)

(Doing	the	same	observation	on	VLT/VISTA	than	Euclid	would	have	taken	640	
years)
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Primary: Galaxy Clustering: BAO + RSD

• 3-D	position	measurements	of	
galaxies	 over	0.9<z<2

• Probes	expansion	rate	of	the	
Universe	(BAO)	and	clustering	
history	of	galaxies	induced	by	
gravity	(RSD);		y, H(z). 

• Need	high	precision	3-D	
distribution	of	galaxies	with	
spectroscopic	redshifts	
from spectroscopy in	NIR	range.

35 million spectroscopic redshifts
with 0.001 (1+z) accuracy over 
15,000 deg2

BAO RSD 
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Primary probe	1:	Euclid		Redshift	Survey

Galaxy
Survey

What are the neutrino 
masses, matter density?

What is the expansion rate of the 
Universe?

What is the expansion rate of the 
Universe?

How does structure form within 
this background?

What is fnl, which quantifies non-
Gaussianity?
GR-horizon effects

Understanding 
Dark Energy

Understanding 
Inflation, GR

Understanding
energy-density

Does the potential change along 
line-of-sight to CMB

Understanding 
DE, GR

Understanding
energy-density, 
gravity
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Primary probe 2: Weak Lensing
Cosmic shear  over 0<z<2  
•Probes distribution of matter (Dark 
+Luminous):  expansion history, lensing 
potential f+y . 

à Shapes+distance of	galaxies: shear	
amplitude,	and	bin	the	Universe	into	
slices.

à “Photometric	redshifts”	sufficient	for		
distances

Shape	measurement and	photo-z’s from
optical an	NIR	data

1.5	billion	galaxies	over	15,000	deg2	
+shape	and	photo-z’s

Colombi, Mellier 2001

Source plane z2

Source plane z1
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Cosmology Weak Lensing survey
Colombi, Mellier 2001

What are the neutrino 
masses, matter density?

What is the expansion rate of the 
Universe?

What is the expansion rate of the 
Universe?

How does structure form within 
this background?

What is fnl, which quantifies non-
Gaussianity?
GR-horizon effects

Understanding 
Dark Energy

Understanding 
Inflation, GR

Understanding
energy-density

Does the potential change along 
line-of-sight to CMB

Understanding 
DE, GR

Understanding
energy-density, 
gravity

WL 
Survey
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Euclid:		an	ESA		space mission

Shear clustering

ØEuclid	is	an	ESA	mission	with	a	strong	
scientific	consortium
ØESA	provides	the		telescope	and	detectors	
(via	industry),	the	satellite,	launch	and	
operation	centers
ØCountries	provide	the	2	instruments (VIS	and	
NISP)	and	the	ground	segment	(SGS)

ØThe	ground	segment	and	related	computing		
is	a	very	expensive	and	challenging	aspect	of	
the	project	

ØEUCLID	is	under	implementation	an	starting	
the	construction	of	instrument	and	telecope
ØFor	a	launch	end	2020

Euclid	was	selected	by	ESA	in	Oct.	2011,	Adopted	in	June	2012	in	the	cosmic	vision	program	as	
the	M2	mission		to	be	launched	in	2020	
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The	ESA	Euclid	mission in	one	view
Soyuz@Kourou Q4 2020

Survey:
6 years - 15000 deg2

Ground-based 
photometric and 
spectroscopic data

Science Ground Segment 
(data processing)

Science Working Groups
Cosmology and legacy 
analysis

∅ 1.2m

1
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The	instruments

36 CCDs,4kx4k, 12 micron pixels
0,1 arcsec pixel on sky
1 filter Y(R+I+Y)
Bandpass 550-900 nm
Data volume 520 Gbit/day
Mass 135 Kg

16 2kx2k, H2RG, 18 micron pixels
0,3 arcsec pixel on sky
3 filters Y,J,H

4 grisms 1B(920-1350),3 R(1250-1850)
Data Volume 290 Gbit/day
Mass 159 Kg 

VIS
NISP
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Euclid	is under construction	

• VIS • NISP	
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Euclid	in	simulation				=VIS	CCDs
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Euclid	is under simulation	

CFHT EUCLID
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Euclid	Survey	Machine:	15,000	deg2 +	40	deg2 deep

Cosmic Shear  
survey

Galaxy Redshift 
survey

Cosmological explorer of 
gravity, dark matter, dark energy 

and inflation

Dark Matter and Galaxy 
Power Spectra with look back time

Other Euclid 
probes

Legacy
Science

VIS Imaging
IAB=24.5 ; 10s
IAB=26.5 ; 10s

NIR Photometry
Y,J,H=24.0 ; 5s
Y,J,H=26.0 ; 5s

NIR Spectroscopy
2 10-16 erg.cm-2.s-1  ; 3.5s
5 10-17 erg.cm-2.s-1  ; 3.5s

External 
Photometry

and
External Spectroscopy

Cosmo. Simul.

Planck, 
eROSITA, …

Space Euclid VIS and NIR observer of stars and galaxies
12 109 sources,  1.5 109 WL galaxies, 3.107spectra Wide
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VIS: 
• Imaging
• 36 4k x 4k CCD
• 0.54 deg2 per field
• 0.1” pixels on the sky
• limiting magnitude: 24.5 AB @10σ
• 520 Gbit/day

NISP: 
• Imaging and slitless grism spectroscopy
• 16 2k x 2k NIR arrays
• 0.55 deg2 per field
• 0.3” pixels on the sky
• limiting magnitude: 24 H @5σ
• 2 10-16 erg.cm-2.s-1  ; 3.5s
• 240 Gbit/day

Visible	and	infrared	imaging,	as	well	as	infrared	spectroscopy	are	obtained	“simultaneously”

Euclid	is	a	
cosmological	survey	
mission,	but	unlike	
CMB	experiments,	it	
will	only	do	its	
survey	once!

Survey	strategy	is	
constrained	by	the	
number	of	times	we	
can	point	the	
satellite!

Euclid	wide survey

12	billion	source
1.5	billion	for	WL
35	millions	with
spectroscopy
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Euclid	deep surveys and	external data	

• VIS limiting magnitude: 26.5 AB @10σ
• NISP limiting magnitude 26 H @ 5σ
+Spectro 5 10-17 erg.cm-2.s-1  ; 3.5s

Deep survey
10	million	source
1.5	millon for	WL
150	000	with
spectroscopy

External data	
Mandatory ground
basesd imaging in	4	
bands		for	the	WL	
photoz-s	of	all	WL	
galaxies
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The mission PDR has just end up. No major issues.  CDR expected in 2016. 



Pont2017	 31

EUCLID 
Science Performances

forcasts

3124/04/2017 The Euclid mission 
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Euclid	:	the	core program
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Euclid can explore the transition area with redshift survey only

-Measuring growth rate 

EUCLID: Exploring the DM-DE transition period

Credit: G.Guzzo
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EUCLID	:	galaxy power	spectrum
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Performance	using clustering only
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Euclid:	Combining WL	and	GC	power	spectrum

• Tomographic WL shear cross-power spectrum for 0.5 < z < 1.0
and 1.0 < z < 1.5 bins.
• Percentage difference [expected – measured] power spectrum:
recovered to 1% .

Input P(k)

B-modes

• Veff ≈	19	h-3 Gpc3 ≈	75x	larger	than	SDSS
• Redshifts	0.9<z<1.9

• Percentage difference [expected – measured] power
spectrum: recovered to 1% .

Dark	matter power	spectrum Galaxies	power	spectrum
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Dark	Energy	analyses

Variation	in	time	 Growth rate	
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Euclid		Forecast for	the	Primary Program

Modified 
Gravity Dark Matter Initial 

Conditions Dark Energy

Parameter g m n /eV fNL wp wa FoM

Euclid primary (WL+GC) 0.010 0.027 5.5 0.015 0.150 430

EuclidAll (clusters,ISW) 0.009 0.020 2.0 0.013 0.048 1540

Euclid+Planck 0.007 0.019 2.0 0.007 0.035 6000

Current (2009) 0.200 0.580 100 0.100 1.500 ~10

Improvement Factor 30 30 50 >10 >40 >400

Ref: Euclid RB  
arXiv:1110.3193 

= 1/(Δw0×Δwa)

Assume systematic errors are under control

• DE equation of state:  P/r = w  , and w(a) = wp + wa(ap-a) 
• Growth rate of structure formation: f ~ W g ;   
• From Euclid data alone, get FoM=1/(Dwa x Dwp) > 400à ~1% precision on w’s.
• Notice neutrino constraints -> minimal mass possible ~ 0.05 eV!
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Clusters	of	galaxies	
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Cosmology with clusters	of	galaxies		in	Euclid
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Cosmology with voids in	Euclid	

We expect 1 Million of voids !
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Need	to	combine	all	probes….

Planck	coll 2015.
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Thank you
4424/04/2017

Euclid
Launch in	2020
First	data	for	cosmology in	2023
Survey	completed by	2026
Final	results for		2027

We	need	to	be	prepared	to	
explore	Dark	Energy		and	the	
matter	of	the	Univers in	the	
next	decade
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Euclid	data	release	schedule

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

T0: Start of nominal mission (2021)

QR1: ~50 deg2

QR2: + ~50 deg2

QR3: + ~50 deg2

QR4: + ~50 deg2

DR1: 2500 deg2 (first year)

DR2: +5000 deg2, total 7000 deg2

DR3: +7500 deg2, total 15000 deg2
Missio
n 
Timeli
ne

QR:	Quick	Releases
• No cosmology relevant data 

products.
• Focussed releases (e.g. highly 

observed sky fields, catalogs of 
objects).

DR:	Data	Releases
• Full release of the Euclid pipeline 

data products.
• Validated by Science Working 

Groups (accompanying papers).
• Cosmology relevant.
• Will contain ground-based data but 

do not supersede actual releases 
by ground-based teams.

• DR1: first year of data delivered at 
end of year 2.

• DR2: first 3 years of date delivered 
at end of year 4

• DR3: all data delivered 1 year after 
the end of the survey.Early 2028…

4



Pont2017	 49



Pont2017	 50



Pont2017	 51

Euclid	challenges

5
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