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Figure 16. Parameter constraints for the owCDM cosmological model, comparing the BAO and BAO+FS results from this paper as well as the DR12
LOWZ+CMASS results from Cuesta et al. (2016a). One sees that adding a 3rd redshift bin has improved the constraints somewhat, but full-shape infor-
mation, especially the constraint on H(z)DM (z) from the Alcock-Paczynski effect on sub-BAO scales, sharpens constraints substantially.

Figure 17. Parameter constraints for the owCDM (left) and w0waCDM (right) cosmological models, comparing the results from BAO and BAO+FS to those
with JLA SNe. One sees that the galaxy clustering results are particularly strong in the ⌦K–w space and are comparable to the SNe in the w0–wa space.

9.2 Cosmological Parameter Results: Dark Energy and
Curvature

We now use these results to constrain parametrized cosmological
models. We will do this using Markov Chain Monte Carlo, follow-
ing procedures similar to those described in Aubourg et al. (2015),
but due to use of the full power spectrum shape data we do not
run any chains using that paper’s simplified “background evolu-
tion only” code. Instead, we calculate all our chains using the July
2015 version of the workhorse COSMOMC code (Lewis & Bridle
2002). The code was minimally modified to add the latest galaxy
data points and their covariance, the Ly↵ BAO datasets, and two
optional Af�8 and Bf�8 parameters described later in the text. We
use a minimal neutrino sector, with one species with a mass of 0.06
eV/c2 and two massless, corresponding to the lightest possible sum
of neutrino masses consistent with atmospheric and solar oscilla-
tion experiments (Abe et al. 2014; Adamson et al. 2014; Gando et
al. 2013), unless otherwise mentioned.

We first consider models that vary the cosmological distance

scale with spatial curvature or parametrizations of the dark energy
equation of state via w(a) = w0+wa(1�a) (Chevallier & Polarski
2001; Linder 2003). These results are shown in Table 10 for vari-
ous combinations of measurements. In all cases, the table shows the
mean and 1� error, marginalized over other parameters. Of course,
some parameters are covariant, as illustrated by contours in some
of our figures. Our model spaces always include variations in the
matter density ⌦mh2, the baryon density ⌦bh

2, the amplitude and
spectral index of the primordial spectrum, and the optical depth to
recombination. However, we do not show results for these param-
eters as they are heavily dominated by the CMB and are not the
focus of our low-redshift investigations.

We begin with the standard cosmology, the ⇤CDM model,
which includes a flat Universe with a cosmological constant and
cold dark matter. As is well known, CMB anisotropy data alone
can constrain this model well: the acoustic peaks imply the baryon
and matter density, and thereby the sound horizon, allowing the
acoustic peak to determine the angular diameter distance to re-
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M. Betoule et al.: Joint cosmological analysis of the SNLS and SDSS SNe Ia.

7.1.2. Baryon Acoustic Oscillations

The detection of the characteristic scale of the baryon acous-
tic oscillations (BAO) in the correlation function of di↵erent
matter distribution tracers provides a powerful standard ruler
to probe the angular-diameter-distance versus redshift relation
and Hubble parameter evolution. The BAO scale has now been
detected in the correlation function of various galaxy surveys
(Eisenstein et al. 2005; Beutler et al. 2011; Blake et al. 2011;
Anderson et al. 2012), as well as in the Ly↵ forest of distant
quasars (Busca et al. 2013; Slosar et al. 2013). Large-scale sur-
veys also probe the horizon size at matter-radiation equality.
However, this latter measurement appears to be more a↵ected
by systematic uncertainties than the robust BAO scale measure-
ment.

BAO analyses usually perform a spherical average of their
scale measurement constraining a combination of the angular
scale and redshift separation:

dz =
rs(zdrag)
Dv(z)

(21)

with:

Dv(z) =
 
(1 + z)2D2

A
cz

H(z)

!1/3

(22)

For this work, we follow Planck Collaboration XVI (2013) in
using the measurement of the BAO scale at z = 0.106, 0.35,
and 0.57 from Beutler et al. (2011); Padmanabhan et al. (2012);
Anderson et al. (2012), respectively. We consider a BAO prior of
the form:

�2
bao = (dz � dbao

z )†C�1
bao(dz � dbao

z ) (23)

with zdrag computed from the Eisenstein & Hu (1998) fit-
ting formulae, dbao

z = (0.336, 0.1126, 0.07315) and C�1
bao =

diag(4444, 215156, 721487).

7.2. Constraints on cosmological parameters for various dark
energy models

We consider three alternatives to the base ⇤CDM model:

– the one-parameter extension allowing for non-zero spatial
curvature ⌦k, labeled o-⇤CDM.

– the one-parameter extension allowing for dark energy in a
spatially flat universe with an arbitrary constant equation of
state parameter w, labeled w-CDM.

– the two-parameter extension allowing for dark energy in a
spatially flat universe with a time varying equation of state
parameter parameterized as w(a) = w0 + wa(1 � a) with a =
1/(1 + z) (Linder 2003) and labeled wz-CDM.

We follow the assumptions of Planck Collaboration XVI (2013)
to achieve consistency with our prior. In particular we assume
massive neutrinos can be approximated as a single massive
eigenstate with m⌫ = 0.06 eV and an e↵ective energy density
when relativistic:

⇢⌫ = Ne↵
7
8

 
4

11

!4/3

⇢� (24)

with ⇢� the radiation energy density and Ne↵ = 3.046. We use
Tcmb = 2.7255 K for the CMB temperature today.

Best-fit parameters for di↵erent probe combinations are
given in Tables 13, 14 and 15. Errors quoted in the ta-
bles are 1-� Cramér-Rao lower bounds from the approximate

Fig. 15. 68% and 95% confidence contours (including system-
atic uncertainty) for the⌦m and⌦⇤ cosmological parameters for
the o-⇤CDM model. Labels for the various data sets correspond
to the present SN Ia compilation (JLA), the Conley et al. (2011)
SN Ia compilation (C11), the combination of Planck temperature
and WMAP polarization measurements of the CMB fluctuation
(Planck+WP), and a combination of measurements of the BAO
scale (BAO). See Sect. 7.1 for details. The black dashed line cor-
responds to a flat universe.
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Fig. 16. Confidence contours at 68% and 95% (including sys-
tematic uncertainty) for the ⌦m and w cosmological parameters
for the flat w-⇤CDM model. The black dashed line corresponds
to the cosmological constant hypothesis.

Fisher Information Matrix. Confidence contours corresponding
to ��2 = 2.28 (68%) and ��2 = 6 (95%) are shown in
Figs. 15, 16 and 17. For all studies involving SNe Ia, we used
likelihood functions similar to Eq. (15), with both statistical and
systematic uncertainties included in the computation of C. We
also performed fits involving the SNLS+SDSS subsample and
the C11 “SALT2” sample for comparison (see Sect. 6).

In all cases the combination of our supernova sample with
the two other probes is compatible with the cosmological con-
stant solution in a flat universe, which could have been antic-
ipated from the agreement between CMB and SN Ia measure-
ments of ⇤CDM parameters (see Sect. 6.6). This concordance is
the main result of the present paper. We note that this conclusion

21

Betoule  2014

Dark Energy questions
• What is the equation of state of DE: constant? or change with time?   
• New energy component or breakdown of GR at large scale ?

Not yet enough precision to distinguish among 
various scenarios.

➤ Observe the expansion rate H(z) and growth of structure f(z) at different epoch. 

p = w⇢
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Euclid Primary Objectives 
๏ Euclid is a M-class ESA Space Mission dedicated to understand :  

• The origin of the Universe’s accelerating expansion 
• The properties and nature of Dark Energy and Gravity on large scale.  

๏ Probe the effects of Dark Energy, Dark Matter and Gravity by:
• The expansion history of the universe  
• The history of structure formation   
• Tracking their observational signatures on the  

✓ Galaxy Clustering (GC), Baryonic Acoustic Oscillation (BAO), Redshift-
Space Distortion (RDS) 

✓ Weak Lensing (WL), Cluster of Galaxies (CL) 
• Multi-probes approach to address different models (ΛCDM, wCDM, mod-GR…) 
•  Large statistics = large survey to reduce statistica error 
• Controlling systematics to an unprecedented level of accuracy
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Italy	in	Euclid
“Euclid-Italy”	Team
• ~320	members
• Financial	support	 from	ASI,	partly	

from	MIUR	(PRIN),	INFN
• Universities	:	Bo,	Mi,	Na,	Pd,	RM1,	

RM2,	RM3,	TS,	SISSA,	SNS
• INAF	:	OABo,	OABrera,	OACt,	OAA,	

OANa,	OAPd,	OARM,	OATo,	OATs,	
IASFBO,	IASFMII,	IAPS

• INFN:	Bologna,	Genova,Lecce,	Milano,	
Padova,	Roma1

“Euclid-INFN”	Team
~44+7 members
• Bologna:	16	members
• Genova:	≈	7
• Lecce:	5
• Milano:	3
• Padova:	11
• Roma1:	9

Note:	partial	overlap	between	INFN-INAF-UNI
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clocking and bias generation circuit is implemented for each CCD half. Loss of one ROE results in loss of <10% of the 
focal plane, and the consequent thermal perturbations are manageable. Within each ROE it is envisaged that individual 
CCDs may be lost without loss of the entire unit, providing further redundancy.  

 

 

 
  

Command and Data Processing Unit (CDPU) 

 
Figure 2: The five units comprising VIS. The two units at the bottom are in the Service Module and the other three in the 
Payload Module.  

 

The CCDs are read out through four readout nodes at a rate of 70 kpix s–1. Analogue signals are converted to 16 bits 
resolution. In order to maintain thermal stability, all circuitry remains powered during exposures. Care is taken in the 
design of mixed signal circuitry handling very low level analogue inputs, to prevent cross-talk and other noise pick-up: 
multi-layer printed circuit boards are used with separate ground planes for analogue and digital functions. System 
grounding and decoupling is carefully planned to prevent circulating currents in ground lines from introducing noise 
sources. All of the CCDs are read out synchronously, removing electrical co-interference that could result from a slew of 
non-synchronised clocks; an LVDS (low-voltage differential signaling) interface (Figure 4) is used for the synchronisation. 

Warm Units  
in Service Module 

Payload and Mechanism 
Control Unit (PMCU) 

Key requirements – design drivers 
 
VIS warm electronics 

Shutter (RSU) 

Focal Plane Array (FPA) 

Calibration Unit 

Cold Units  
in Payload 
Module 

• 36 CCDs, 604 Mpixel, 12 μm pixels 
• 0.1 arcsec pixel on sky,  
• 0.54 deg2 per field  
• 1 filter Y (R+I+Y) 
• Bandpass 550-900 nm 
• Data volume 520 Gbit/day 
• Mass 135 Kg 

VIS
NISP

In the photometer mode the NISP instrument images the telescope light in the wavelength range from 920nm to 2000nm (Y, J, H bands). The spatial 
sampling is required to be 0.3 arcsec per pixel. The FoV of the instrument is 0.55deg2 having a rectangular shape of 0.763deg × 0.722deg.  
In the spectrometer mode the light of the observed target is dispersed by means of grisms covering the wavelength range of 950 – 1850 nm. In order to 
provide a flat resolution over the specified wavelength range, four grisms are mounted in a wheel. These four grisms yield three dispersion directions 
tilted against each other by 90° in order to reduce confusion from overlapping (due to slitless observing mode). The field and waveband definitions used 
in the individual configurations for spectroscopy and photometry are: 

• Three photometric bands: 
1. Y Band: 950 − 1192nm  
2. J Band: 1192 − 1544nm 
3. H Band: 1544 – 2000nm 

• Four Slitless spectroscopic bands: 
1. Red 0°; 90° and 180° dispersion: 1250 − 1850nm  
2. Blue 0° dispersion: 920 − 1300nm  

The spectral resolution shall be higher than 250 for a one arcsec homogenous illumination object size. For such an object, the flux limit in spectroscopy 
shall be lower than 2x10-16 erg·cm-2·s-1 at 1600 nm wavelength. As with all slitless spectrographs, the real resolution varies with the object size (the 
smaller the size is, higher the resolution is). 
The image quality of the instrument in flight shall deliver a 50% radius encircled energy better than 0.3 arcsec and a 80% one better than 0.7 arcsec. 
There is a variation due to diffraction with wavelength. 
 
The NISP budgets are presently the following: 
The instrument sits in a box of 1.0 × 0.6 × 0.5m  
The total mass of the instrument is 155kg 
The maximum power consumption is 178W 
The instrument will produce 290GBit of data per day 
 
European Contributor countries for NISP are: France, Italy, Germany, Spain, Denmark and Norway, ESA for the engineering detectors and USA 
(NASA) for the flight detectors. 
 

2. NISP GLOBAL DESCRIPTION 
The NISP instrument consists of three main Assemblies 

• The NI-OMA (Opto-Mechanical Assembly), composed of the Mechanical Support Structure (NI-SA) and its thermal control (NI-TC), the 
Optical elements (NI-OA), the Filter Wheel Assembly (NI-FWA), the Grism Wheel Assembly (NI-GWA), the Calibration Unit (NI-CU). 
The NI-OMA structure supports the Optical elements, the calibration unit, the Filter and Grism Wheel Units and the detection system. It 
provides the thermo-mechanical interface towards the Euclid PLM. 

• The NI-DS (Detector System Assembly) is composed by the Focal Plane Assembly (NI-FPA; the mechanical part of NI-DS) and by the 
Sensor Chip System (NI-SCS) compose). The NI-DS comprises the 16 H2RG detectors and associated 16 ASICS (Sidecars), passively 
cooled at operating temperature (<100K for the detectors; 140K for the ASICS Sidecar). Thermal stabilization of the detector is "naturally" 
obtained thanks to the very good thermal stability provided by the Euclid PLM at the NISP interfaces 

• The Warm Electronics Assembly (NI-WE), composed of the Instrument Data Processing Unit and Control Unit (NI-DPU/DCU), and the 
Instrument Control Unit (NI-ICU). The NI-ICU is managing the commanding and the control of the instrument. It is interfaced with the 
satellite via a 1553 bus. The NI-DPU/DCU controls the Sensor Chip System and basic image processing such as co-adding (DCU function) 
and the science onboard data processing, the compression and transfer of scientific data to the S/C Mass Memory using Spacewire links 
(DPU function). The NI-DPU/DCU functions are regrouped in a single mechanical box for controlling eight detectors. There are two NI-
DPU/DCU boxes. 

 
The NI-DS is screwed on the NI-OMA (SiC panel to SiC panel). The NI-OMA+NI-DS is located in the Euclid spacecraft Payload module in a cold 
environment (130K). The Warm electronic are located in the Euclid spacecraft Service Module at room temperature. A dedicated harness interconnects the 
NI-OMA, the NI-DS, the NI-WE and different spacecraft electronics boxes. 
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• 16 H2RG (HgCdTe), 67 Mpixel, 18 μm pixel  
• 0.3 arcsec pixel on sky, 0.55 deg2 per field  
• 3 filter Y, J, H 
• 4 grims: 1xB(920-1350 nm), 3xR(1250-1850) 
• Data volume 290 Gbit/day 
• Mass 159 Kg 

Contributo INFN
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Warm Electronics

• INFN ha la responsibilita  del “Assembly Integration and Verification (AIV)” della 
Warm Electronics dello strumento NISP 

• Contratto ASI 2015-18 con finanziamento 259 keuro (~2 RtD) 
• Nuovo contratto (2018-21) in fase di definizione con richieste simili al precedente 
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ESA UNCLASSIFIED - For Official Use Euclid Consortium meeting 2018 | Project Status | G.D.Racca| Bonn, 11th June 2018 | | Slide  36

2012 2013 2014 2015 2016 2017 2018 2019 2020

Mission Milestones

S/C KO Implement. Phase

S/C Subsystems Selection

S/C Equipment  Selection

S/C Equipm. Manufacturing

S/C Equipment Deliveries

PLM Subco Selection

PLM Equipm. Manufacturing

PLM FM Assembly

PLM KO Implement. Phase

S/C FM Integrat. and testing

SRR PDR CDR FAR Launch

Feb 14 Oct 15 May 18 Aug 21 Jan 22

Jul 13

Jan 13

PDR
Apr 14

PLM Equipment Manufacturing

PLM FM Assembly

Equipm. Selection

May 13

May 20

S/C Subsystems Selection Jun 15

S/C Equipment Selection

S/C Equipment Manufacturing

S/C Equipment Deliveries

Aug 14

Feb 16

Nov18

Jun 18

Mission
Adoption

Jun 12

Oct 21

S/C FM Integration and testing

Mar 16

Jan 16

Nov 18

VIS reviews and deliveries
PDR CDR

Feb 14 Jan 17

NISP reviews and deliveries
PDR CDR

Mar 14 Nov16

May 19
VIS FM

Jul 17
EM Apr 18

STM

STM
Sep16

EM
Jun 18 NISP FM

Jun 19

SGS – OGS reviews Mar15

Aug 21

Aug20
GS-ORR

GS-SGS-DR
Jun19Dec17Jul16Jul13

SGS-PRR SGS-SRR GS-RQR GS-SGS-RRGS-SGS-IR

Euclid Schedule: Bonn 2018
2021

Nov 18

May 19

Consegna NISP: second meta 2019 
• + 6-12 mesi rispetto ad un anno fa (package ASIC Teledyne, ICU PCB…)  
•  Impatto sulle attività di AIV della WE e NISP: slittamento e aumento del carico 
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NISP	MANAGEMENT

q NISP SCHEDULE
Ø NISP FM:

v Option 3 is considered as the only one viable (see Rémi talk)
v Stable delivery for NI-SA, NI-TC, NI-CU, NI-GWA, NI-DPU and GSE’s
v Slight delay announced for NI-FWA, NI-OA, and NI-ICU, but covered by SCS 

delay and compliant with the NISP first TV test in June 2018
v The NISP FM new sequence is then the following :

o Integration of the NI-OMA FM from October 2017 to April 2018
o CPPM characterization of SCA’s with “4 good already produced non 

flyable SCE’s”. Expected to be completed for end of January 2018
o Integration of the NI-DS “FM” with FM SCA’s but non flight SCE’s; 

April 2018
o Integration of the NI-DS “FM” on the NI-OMA FM; April / May 2018
o NISP “FM” first TV test (focus, functional) with ALL NISP subsystem 

and GSE; June / July 2018
o Replacement of the non flight SCE’s by SCE’s FM after the first TV 

test; August 2018
o Second NISP TV dedicated to SCS’s characterization and SCS’s 

tuning with Markury EGSE; September 2018
o NISP vibration; October 2018
o Third NISP TV tests (performances and calibration) test with NISP 

in its final FM configuration; November/December 2018

Page : 7

1

2

3

Effetto: da 1 a 3 sessioni di test @ LAM (Marsiglia) 

Fine 2018

Meta 2019

Fine 2019

Integrazione NISP Flight Model (FM)
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Clean	Room	ISO8	
for	NISP	WE	test

CCS	Room	with	2	
CCS-operator	

station	

SCOE

DPU

ICUNI-OMADA	
AVM

CCS Lite

TCC #1 

TCC #2

DPU TE

Not in scale

IWS

9

Attivita’ a Padova 2017-18 
• Installazione EGSE (Elettrical Ground Support Equipment), SCOE + CCS, per test WE 
• Integrazione e test del modello avionico (AVM) dello strumento NISP  

(nov. 2017 -> giu. 2018), presso INFN Padova, coordinamento INFN. 
• Primo modello rappresentativo delle funzionalità di NISP. 
• Validazione del SW della WE (DPU + ICU) 
• Test formali (ESA+Thales) 22/5 -> 4/6, successful  
• Modello consegnato a ThalesAlenia Space 15/6.   

NI-DPU

NI-ICU

NI-OMADA

MILBUS to SCOE

MILBUS ICU-DPU

SCE harness

GWA FWACUSCE

Heaters

Temperature 
sensors

FlexCable

Ground 
connection

SCOE

Simulatore funzionale del sistema 
opto-meccanico di NISP
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In aggiunta ai test AVM

• Integrazione ICU + 2 DPUs (EM + EQM) (flight conf.) 
• Verifica e debug SW ICU e DPU  
•  Verifica acquisizione sincronizzata 2 DPUsDt = 6.8 ns   

Integrazione NISP WE con Grism Wheel (GWA) EQM 
• Verifica telecomando e telemetrie 
• Verifica procedura di home-search e home-check non 

possibile con simulatori 

DPU-EQM
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Attivita’ di analisi 

Calcolo per 
Euclid

Fine	della	saga	!

Riunione computing	 in	CSNII	il 25	giugno 2018,	ai Caprettari.
Presenti:	Lucchesi (presidente CCCS),	Zoccoli,	Masiero (Giunta),	Pallavicini,	Ferroni
Presentato il modello di	calcolo per	Euclid:	stamped	!
(con	un	TBC	a	breve sulla mini-farm	HPC	al	CNAF	e/o	a	Pisa-Tier2		per	development)

Science	Data	Centre
(INAF)

- Permanent	Mission	
Data	Storage

CINECA
(INFN)
- Simulations
- Data	Analysis

CNAF	(INFN)

- Research	and	Development
- Long	term	simulations	and	data	
analysis	results	storage

5M	+	0.5M/1M	
hours	per	year

0.5	PB/anno

Codici

1	PB/anno

• Da settembre 2017 il gruppo di e’ allargato. Alessandro Renzi art.36 INFN su fondi ASI, contratto fino fine 2019. 
• Grande esperienza in analisi dati (Planck)  
• Co-leadership del work package Euclid WP3: Correlation of Cosmic Microwave Background lensing with Large 

Scale Structures Tracers 
➡  Sviluppare un estimatore di cross-correlazione tra il lensing della CMB di Planck (o di nuovi CMB dataset 

suborbitali) e le strutture di grande scala mappate da Euclid (es. cataloghi di redshift di galassie o Euclid weak 
lensing); 

• Vaidazione algoritmi di calcolo del Power Spectrum    
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Nome Contratto Qualifica Aff. CSN Percentuale
Bartolo	Nicola Associato Prof.	Associato 4 10
Benevento Gianpaolo Associato Do2orando 4 10
Bertacca	Daniele Associato Ricercatore	DFA 4 10
Dusini	Stefano Dipendente	 Ricercatore	INFN 2 70
Karagiannis	Dionysios Associato Assegnista 4 10
Laudisio	Fulvio Associato Do2orando 2 100
Liguori	Michele Associato Ricercatore	DFA 4 10
Matarrese	Sabino Associato Prof.	Ordinario 4 10
Nale2o	Giampiero Associato Prof.	Associato 2 10
Renzi	Alessandro Dipendente	 Ricercatore	INFN 2 100
Sirignano	Chiara Associato Ricercatore	DFA 2 70
Stanco	Luca Dipendente	 Dirigente	Ricerca 2 60
Ventura	Sandro Dipendente	 Primo	Tecnologo 2 10
Totale 4,8

Rapp. Nazionale: Luca Stanco 
Rapp. Locale: Stefano Dusini  

Responsibilita’: 
S.Dusini:  

NISP AIV deputy Manager 
A.Renzi:  

 Co-lead Euclid WP3 
C.Sirignano: 

ECDC member

Anagrafica + richieste 

Richieste finanziarie:
• ~25 k turni/attivita LAM (Marsiglia) integrazione FM NISP 
• ~ 5k per attività coordinamento/responsabilita 
• 10 k collaboration & progress  meeting 
• 4 k conferenze 
• Consumo: 4k  
• Trasporti: 3k  
• Licenze VxWorks: 13.5K 


