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(industry tools -DEIMOS, ESA, SciRD, VIS, NISP, SWGs,  ...)

unfeasibleEuclid Survey is: 

Euclid Survey(s) : 

Need to prove above statement to be wrong, 
i.e. need to show that ∃! possible strategy; 
later on can optimize
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Strategy
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Main Inputs/Constraints

1. FoV, exposure times, number of ditherings

2. Possible orbits: Solar Aspect Angle, large                 
slews, area visibility

3. Limited amount of gas for manouvers

4. Targeted Calibrations: VIS, NIP, NIS
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For stability 
need to always 
observe 
orthogonally to 
the sun
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Initial scenarios
For thermal stability, need to 
observe ⊥ to sun direction 



The dust between the planets, that scatters sunlight our way, is
not from the asteroid belt (depicted here in green), but from
periodically disrupting comets that spend much of their time near
the orbit of Jupiter, a new study suggests.
CREDIT:

by Denise Chow, SPACE.com Staff Writer
Date: 19 April 2010 Time: 06:23 PM ET
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Article:

Source of Night Sky's Cosmic Zodiacal Glow Explained

0
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The origin of a mysterious glow that stretches across the nighttime sky has been identified by
scientists who examined the particles that make up the luminous dust cloud.

Called zodiacal light, the faint glow is caused by millions of tiny particles along the path
followed by the sun, moon and planets across our sky, also known as the ecliptic.

The faint, whitish glow, which can be seen best in the night sky just after sunset and before
sunrise in the spring and autumn, was first correctly identified by Joshua Childrey in 1661 as
sunlight that is scattered in our direction by dust particles in the solar system.
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www.astroshop.eu/telescopes
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www.SmartPlanet.com
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Yet, the source of the thick cloud of dust has been a topic of debate.  

In a new study, David Nesvorny and Peter Jenniskens found that more than 85 percent of the zodiacal dust originated from Jupiter family comets (so-called because their
orbits are modified by their close passage to the gas giant Jupiter), rather than asteroids, as was previously thought.

"This is the first fully dynamical model of the zodiacal cloud," said Nesvorny, a planetary scientist at the Southwest Research Institute in Boulder, Colo. "We find that
the dust of asteroids is not stirred up enough over its lifetime to make the zodiacal dust cloud as thick as observed. Only the dust of short-period comets is scattered

Astronomy Picture of the Day
Discover the cosmos! Each day a different image or photograph of our fascinating universe is featured, along with a

brief explanation written by a professional astronomer.

2010 March 20 

Zodiacal Light Vs. Milky Way 
Image Credit & Copyright: Daniel López

Explanation: Ghostly Zodiacal light, featured near the center of this remarkable panorama, is produced as sunlight is
scattered by dust in the Solar System's ecliptic plane. In the weeks surrounding the March equinox (today at 1732 UT)
Zodiacal light is more prominent after sunset in the northern hemisphere, and before sunrise in the south, when the
ecliptic makes a steep angle with the horizon. In the picture, the narrow triangle of Zodiacal light extends above the
western horizon and seems to end at the lovely Pleiades star cluster. Arcing above the Pleiades are stars and nebulae
along the plane of our Milky Way Galaxy. Recorded on March 10 from Teide National Park on the island of Tenerife,
the vista is composed of 4 separate pictures spanning over 180 degrees.

Tomorrow's picture: +1

< | Archive | Index | Search | Calendar | RSS | Education | About APOD | Discuss | >

Authors & editors: Robert Nemiroff (MTU) & Jerry Bonnell (UMCP)
NASA Official: Phillip Newman Specific rights apply.

NASA Web Privacy Policy and Important Notices
A service of: ASD at NASA / GSFC 

& Michigan Tech. U.

Zodiacal Light
(was industry initially told about?)

Drops rapidly redwards

Figure 7: The solar spectrum, adjusted to match the observed zodiacal background (solid green). Simplified
characterization - a 5800! K blackbody scaled by !0.36 (dotted black). Broken power-law parameterization
(dashed black).
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DIRBE measures are at 1.25 and 2.2 µm (Gorjian et al. 2000; Wright et al. 2001). In all
cases the observed values have been rescaled to the North Ecliptic Pole (NEP) using the
relationship provided by Leinert et al. (1998). Table 1 lists both the raw measures and the
scaled NEP values. Aldering found an overall good agreement between the new (NEP-
rescaled) data, Leinert’s original V-band measure at the NEP, and Leinert’s reddened solar
spectrum. The agreement with the data could be further  improved by adopting a slightly
higher normalization (by 0.01 dex or 0.025 mag) of the spectrum and a slightly less overall
reddening correction at lambda>0.5 micron (by ~20%) than the Leinert et al. original pre-
scription. These differences are well within the overall uncertainties of the measures and
of the methodology adopted to model the spectrum and rescale the data at the NEP.

Figure 1. Upper panel. The spectrum of the zodiacal background light at the NEP compared to broad-band
observations from the ground and HST observations. The circles are data at 0.450, 0.606 and 0.814 µm,
respectively from the HDF; the square is Leinert et al. (1998) measure at 0.5 µm, and the triangles are mea-
sures from COBE/DIRBE at 1.25 and 2.2 µm. Lower panel. The comparison between the intensity of the
three adopted normalizations of the zodiacal backgroud light. The lowest normalization is the one relative to
the NEP, and it is shown together with the broad-band data points discussed above.

Level varies



Dr Brian May CBE was confirmed as the new Chancellor for Liverpool John Moores
University following a unanimous decision by the University's Governing Body in November
2007. The image includes Pro-Chancellor and Chairman of the Board, Sir Malcolm Thornton ,
LJMU's new Chancellor Dr Brian May and Vice Chancellor Professor Michael Brown.
CREDIT: LJMU 

View full size image

by Space.com Staff
Date: 01 August 2008 Time: 12:36 PM ET
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Article:

Queen's Guitarist Publishes Astrophysics Thesis

0
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The founder of the legendary rock band Queen has completed his doctoral thesis in astrophysics after taking a 30-year break to play some guitar.

Brian May's thesis examines the mysterious phenomenon known as Zodiacal light, a misty diffuse cone of light that appears in the western sky after sunset and in the
eastern sky before sunrise. Casual observers, if they live under very dark rural skies, can best see the light two to three hours before sunrise as they look east, and many
people have been fooled into seeing it as the first sign of morning twilight. A Persian astronomer who lived around the 12th century referred to it as "false dawn" in a

Dr Brian May CBE was confirmed as the new Chancellor for Liverpool John Moores
University following a unanimous decision by the University's Governing Body in November
2007. The image includes Pro-Chancellor and Chairman of the Board, Sir Malcolm Thornton ,
LJMU's new Chancellor Dr Brian May and Vice Chancellor Professor Michael Brown.
CREDIT: LJMU 

View full size image
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Article:

Queen's Guitarist Publishes Astrophysics Thesis

0

Like

The founder of the legendary rock band Queen has completed his doctoral thesis in astrophysics after taking a 30-year break to play some guitar.

Brian May's thesis examines the mysterious phenomenon known as Zodiacal light, a misty diffuse cone of light that appears in the western sky after sunset and in the
eastern sky before sunrise. Casual observers, if they live under very dark rural skies, can best see the light two to three hours before sunrise as they look east, and many
people have been fooled into seeing it as the first sign of morning twilight. A Persian astronomer who lived around the 12th century referred to it as "false dawn" in a

Factor ~x 3 
in background
from ecliptic 
poles to plane

An interesting topic..
which attracted some 
very famous people..
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A) VIS: done with survey stars during regular operations, (plus a few star fields on 
the galactic plane, can be almost everywhere)

B) Specific calibrators for NIR (throughput, wavelength, see figure)

C) NIR imaging: needs deep fields with same objects in different positions on the 
NIR FP

D) NIR spectroscopy: needs at least one deep field fully observed with 12 different 
orientations with spacing ~10 degs. Conditions might be partly relaxed on second 
one (fewer orientations). Also frequent visits in the first year on the deep to test 
stability (might be only a few FoV, not full field). Revisits still necessary later on.

E) Deep fields observed as in wide but ∼2 mags deeper, i.e. 40 passes

Calibrations: what

Hopes/dreams	  (?):	  can	  relax	  SAA	  and	  get	  more	  flexibility/gas	  (better	  also	  for	  	  
Additional	  Surveys)

Basic, strict assumptions on SAA: get a minimal reference survey
✦ Wide should preferentially start in low background areas and fill likewise down to |β|∼10
✦ Deep fields (each roughly ≥ 40FoVs, say 6x7) need to be near ecliptic poles (β≥80) for 
visibility reasons. 

For additional surveys (Milky Way and μ lensing) need only NIR so much less demanding 
thermal stability: what could be SAA in those cases? How long to go back to WL specs? (μ 
lensing needs lots of small scale movements, in addition)
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6. Elementary Observation Baseline 
 
(Section EC, joint elementary observation definition of operation). 
(EC System) 
 
 

6.1. Survey Field Observation Sequence 

6.1.1. Definition and key Parameters 
 
The elementary block of observation of the Euclid Survey is a Survey Field (definition according to Euclid 
mission and payload definitions and associated methodology, SRE-PA/2010.099/TO) which is defined as the 
maximum Geometrical Field of View size common to both VIS and NISP instrument fields of view. 
 
The geometrical Field of View is the sky area limited by the contour of the focal plane array of a given 
instrument (VIS or NISP) projected onto the sky. The contour is defined by the first pixel line or columns of 
the detectors on the edge of the FPA as indicated on the next figure. 
 

Visible FPA: 36 VIS CCD 
NIR FPA: 16 H2RG

 
Figure 6-1: VIS (left red ensquared area) and NISP (right red ensquared area) Geometrical FoV. 

 
With the current definition of the instruments, the joint VIS/NISP Survey Geometrical Field of View is: 

• JOINT_FOV_x= 0.763° 
• JOINT_FOV_y= 0.709° 

 
The x and y field orientations are defined in the figure 6-2. 
 

The core: ~0.5 sq/degs, VIS & NIR
Focal Planes, lots of pixels !!!
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5. Mission 

 

63 

 
Figure 5.1 For every FoV four frames plus dithers form the basic mode of operations for wide and deep survey 

 
With 4 dithers per field, the Field of View nominal duration is 4000 sec. 
 

Slew overheads .TBC ESA  

64 s for the positioning of a dither and 280 s for slews between fields (to be completed by ESA). 

5.2.2 Reference survey scenario 
The main driving requirements are the survey area and depth. To these adds the need for calibrations. Part of 
the latters are achieved by observations on specific targets (known calibrators or dense star field) and part are 
achieved through repeated visits on to areas of ~20 deg2 each, which naturally become deep fields. 

The main survey is the Euclid Wide Survey (WS), which needs to cover ~15,000 deg2 (we use a goal of 
20,000 and sized the consumables and lifetime limiting items accordingly [check with Project]) of 
extragalactic sky (|b|>30 deg) at a depth such as to observe ~30 galaxies per arcmin2 useful for weak lensing 
(10σ at mAB=24.5 extended source), to reach S/N=3.5 for emission lines at 3x10-16 cgs, and have NIR 
imaging in Y, J and H at mAB=24 (5σ point source). This is achieved by the exposure times considered in 
the previous section. In order to do so, preferred areas are at high ecliptic latitude, since the zodiacal light 
background increases towards the ecliptic plane.  

As mentioned above, several specific calibrations must be performed over the mission lifetime to test 
throughput, PSF, wavelength solutions (higher frequency in the first year). In addition, large areas must be 
repeatedly observed with similar settings as in the WS, on the one hand for stability checks, on the other for 
scientific calibration purposes. The different requirements sum up in having at least two different fields of 
~20 sq degs each, observed at least two magnitues deeper than the WS (i.e. ~40 exposures as in the WS), 
with different orientations to check spectral confusion and finally with different patterns to achieve very 
good photometric intercalibrations. These requirements, however, face the severe SAA constraint described 
above, therefore the best and only location for these fields, which will be called Euclid Deep Fields [EDFs] 
is to have them as close as possible to the ecliptic poles for visibility purposes.  

[TBD provide a list of calibration observations during routine phase, see  issue 4.1.1 of the MOCD] 

5.2.3 Euclid Reference Survey 
Wide Survey 

For the Wide Survey, the preferred observational sequence, while obeying to SAA requirements, covers first 
the best areas (in terms of extinction, star saturation, zodiacal background). Therefore one has: (1) First 

4	  dithers	  ~1	  full	  Field	  -‐0.5	  sq	  deg-‐	  /	  1.1hr

NIR:	  ;irst	  spectroscopy	  contemporarily	  to	  VIS,	  
then	  imaging	  (;ilter	  wheels	  motion	  perturbs	  VIS)

Observing	  
sequence	  
for	  each	  
frame

Slitless:	  Blue,	  then	  Red	  grism,	  then	  again	  at	  90	  degs

~10	  sq	  deg/day
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For calibrations use specific targets 
or Deep Fields

NISP calibrators above, for WL need dense star regions 
(in the galaxy plane)
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Figure 4-1: We show the distribution on the sky (ecliptic coordinates) of calibrators that can be used for spectroscopy: 24 white 
dwarves (red diamonds, off the galactic plane and close to the NEP) for spectral throughput, 197 PN  (blue triangles, mostly in the 
galactic plane) for wavelength calibrations, 58 open galaxy clusters (green squares, in the galactic plane), for wavelength stability. 

White Dwarf

Planetary Nebula

Open Cluster 



Typical patterns you can 
get for a given year

Wide Survey

C. Burigana, E. Maiorano
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Figure 6-5: Targeted area for year 1. 

 
 
 

6.2.3.1. Second Year 
 

 
Second Year Period / Southern Cap 

Sequence Type of Sequence Duration  
SLEW3_0 Slew to Southern Ecliptic Pole Deep Field start point   
DEEP3_1 Cover as much as possible of the Deep Field with 

SAA within accepted limits. Start with largest SAA 
depointing, and end with the SAA corresponding to 
observation of the next Wide Field. 

2 days  
 
 
Loop 6 times this 
Sequence SLEW3_1 Slew to Wide targeted area for second year (see 

second year recommended targeted area) 
 

WIDE3_1 Cover as much as possible of the Wide field with SAA 
within accepted limits. 

28 days 

SLEW3_2 Slew to Southern Ecliptic Pole Deep Field start point  
  Total 

Duration 
 

  180 days  
 
 

 
Second Year Period / Northern Cap 

Sequence Type of Sequence Duration  
SLEW4_0 Slew to Northern Ecliptic Pole Deep Field start point   
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Figure 6-9: Targeted area for year 5. 

 

6.2.3.1. Sixth and Seventh Years 
Those years are used to complete the minimum 15 000 sq.deg and goal 20 000 sq.deg from the area 
reached at the end of year 5. 
 
 

6.3. Survey Baseline Performance 
 

6.3.1. Commissioning Phase (Jérôme) 
(ESA) 

6.3.2. Main Survey Phase (Jérôme) 
 
The following implementation for the survey strategy is proposed, following the guidelines given by the 
reference scenario. 
 
Evaluation are performed for the nominal (no margin: 3684 s per Field of view ) and the margin scenario 
(margin: 4000 s per Field of view ). 
 

6.3.2.1. First Year (Nominal Scenario) 
 

Wide Survey
1st year

Wide Survey
5th year

Example!!!
J. Amiaux
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6.3.2.6. Nominal Scenario Summary 
The Nominal implementation is compliant to the need to cover the best 15 000 sq.deg first, as during the 
5 first years, the region within the galactic plane and the ecliptic plane are avoided. 
This scenario can be further optimised in a later phase.  

 
Figure 6-17: Observed area after year 7 (Ecliptic Coordinates). 

 

 
Figure 6-18: Observed area after year 7 (Galactic Coordinates). 
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6.3.2.6. Nominal Scenario Summary 
The Nominal implementation is compliant to the need to cover the best 15 000 sq.deg first, as during the 
5 first years, the region within the galactic plane and the ecliptic plane are avoided. 
This scenario can be further optimised in a later phase.  

 
Figure 6-17: Observed area after year 7 (Ecliptic Coordinates). 

 

 
Figure 6-18: Observed area after year 7 (Galactic Coordinates). 
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Figure 6-30: Observed as a function of time 

 
The Survey Strategy allows observing 15 000 sq.deg of Wide Survey in 5 years and 4 months. Then one 
needs to add specific calibrations, 17 days x 5 = 85 days. 
 
In addition, the deep survey needs to be added into the scenario, with a total of ~40x40x2=3200 FoVs. 
With 4000 sec/FoV this takes ~148 days on DFs (+ time for slews etc). 
 
The Wide and Deep Survey in this case would take ~ (5 years plus 4 mos)+(3+5) months, i.e. a total of 6 
years. 
 
A 7 year mission would lead to a ~17000 sq. deg coverage and also allow for additional surveys. This is 
a preliminary evaluation that will be refined in the optimization phase. 
 
 

Number of unobserved areas 
that can be pointed at within 
SAA constraints drop with timeec  
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 Figure 6-19: Observed as a function of time 

 
The Survey Strategy allows observing 15 000 sq.deg of Wide Survey in 4 years and 10 months. 
 
Then one needs to add specific calibrations, 17 days x 5 = 85 days (~3 months). 
 
In addition, the Deep Survey needs to be added into the scenario, with a total of ~40x40x2=3200 FoVs 
(# of passes x area in sq degs x number of FoVs/sq deg). With ~3700 sec/FoV this takes ~144 days on 
DFs (+ time for slews etc): ~5 mos. 

 
The Wide plus Deep Survey in this case would take ~ (4 years plus 10months) +(3+5) months, i.e. a total 
of ~5.5 years.  
 
 

 
Figure 6-20: Revisit of Survey Area 

 
The Solar Aspect angle Variation map shows that the SAA remains permanently within the SAA 
authorised allocation. Moreover, most of the survey is performed with extremely constant SAA, ensuring 
the very high stability of the PSF over the Survey. 

With  nominal values (no margins) 
go faster
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           Figure 6-4: Northern Deep Field.                                                    Figure 6-6: Southern Deep Field 

 
The pointing centers of the FoVs, however, in repeated passes will be collectively shifted by same 
amounts to satisfy the requirement from imaging (Req DS2.2-20). One can cover one full EDF in two 
days with same exposures and ditherings as in the WS, with max SAA=±2 degs. (if the stringent SAA 
condition is too constraining for the Deep Survey, it could be relaxed, and associated requirement on 
image quality could be accepted to be less stable as for the Wide Field, pending on thermal stabilization 
constant time that should not delay the Wide Survey when switching back from Deep to Wide).  
 
For NIR Imaging in order to have accurate photometric relative calibrations it is important to have 
repeated observations of same objects in widely different positions of the NIR Focal Plane (cf. Req DS 
2.2.-20). This is achieved by staggered exposures with random shifts of appropriate size. For 
Spectroscopy is of particular importance to observe the EDFs in different times so to have a rotation of 
the telescope FoV with respect previous passes. The aim is to have non overlapping spectra wrt relative 
orientations of objects (Req .DS 2.2-14 and 2.2-15). This can be accomplished for the EDFN by 
observing it every month over one year: in this way we will get 12 exposures x 4 dithers, matching the 
required 48, with rotations being spaced by 30 degs. Then the other 28 passes needed to reach two 
magnitudes deeper than the WS (Req DS 2.2.-2, -4) can be done when the WS becomes inefficient 
because of the presence of galactic strip in the visible region. An example of a possible implementation is 
given in the figures below. 
 

   
 

.    Figure 6-7: Northern Deep Field example: basic pattern of 41 FoV  (left); 28 exposures with random shifts over 2mo time 
(middle; field rotates of ~60 degs); 12 passes with equispaced rotations and random shifts (right) 
 

Northen Field:
on the NEP for 
max visibility
(calibrations)

High ecliptic 
latitude for 
observability 
& low dust 
background
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• Euclid Northern Deep Field (EDFN, on the North Ecliptic Pole): 
o Ecliptic Longitude Centre: N/A 
o Ecliptic Latitude Centre:  +90.0° 

 
• Euclid Southern Deep Field (EDFS, close to the South Ecliptic Pole): 

o Ecliptic Longitude Centre: 24.6° 
o Ecliptic Latitude Centre:   -82.0° 

 
The EDFS finely precise location is subject to results of the optimization phases (tradeoffs of extinction vs 
visibility, SAA). Both EDFs will have a number of FoVs ! 40 to satisfy the requirement of total area in the 
DS (Req. DS 2.2.-1). The centers and an equivalent circular area of radius 2.5 degs is shown in the 
figures below, superposed to the IRAS extinction maps. Observation sequences (exposure times, 
dithering patterns) will be the same as for the WS (Req. DS 2.2.-3 and 2.2.-5). One needs ~40 of such 
exposures to reach 2 mags deeper than the WS (Req. DS 2.2.-2 and 2.2.-4)  
 

 
 

           Figure 6-4: Northern Deep Field.                                                    Figure 6-5: Southern Deep Field 
 

One can cover one full EDF in two days with same exposures and ditherings as in the WS, with max 
SAA=±2 degs. (if the stringent SAA condition is too constraining for the Deep Survey, it could be relaxed, 
and associated requirement on image quality could be accepted to be less stable as for the Wide Field, 
pending on thermal stabilization constant time that should not delay the Wide Survey when switching 
back from Deep to Wide, see T-DS.2.2-13 of AD[2]).  
 
The pointing centers of the FoVs, however, in repeated passes will be collectively shifted by same 
amounts to satisfy the requirement from NIR imaging (Req DS2.2-19). In fact for NIR Imaging in order to 
have accurate photometric relative calibrations it is important to have repeated observations of same 
objects in widely different positions of the NIR Focal Plane. This can be achieved by staggered exposures 
with random shifts of appropriate size. For Spectroscopy is of particular importance to observe the EDFs 
in different times so to have a rotation of the telescope FoV with respect previous passes. The aim is to 
have non overlapping spectra wrt relative orientations of objects (Req .DS 2.2-14 and 2.2-15). This can 
be accomplished for the EDFN by observing it once every month (on average) over the first year: in this 
way we will get 12 exposures x 2 directions (in each exposure during the 4 dithers two orthogonal spectra 
are taken), matching the required 48 dithers, with 24 directions spaced by 15 degs (see figure 6.7). Then 
the other 28 passes needed to reach two magnitudes deeper than the WS (Req DS 2.2.-2, -4) can be 
done in subsequent years (a few also in the Performance Verification Phase). An example of a possible 
implementation is given in the figures below. 
 

Possible 
location 
for the 
southern 
deep field
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• Unique legacy survey: 2 billion galaxies imaged in optical/NIR to mag >24 

Million NIR galaxy spectra, full extragalactic sky coverage, Galactic sources

• Unique datase for various fields in astronomy: galaxy evolution, search for high-z 

objects, clusters, strong lensing, brown dwarfs, exo-planets, etc

• Synergies with other facilities: JWST, Planck, Erosita, GAIA, DES, Pan-STARSS, LSST, 

E-ELT etc (e.g. to do NIR from the ground would take several  x 103 yr)

• All data publicly available through a legacy archive 

High-z QSOs

16

3. Scientific Requirements 

 

43 

The deep survey offers a unique possibility for Euclid to probe fainter and to higher redshift than with the 
wide survey. With repeated visits of the same field it also opens up the possibility of time-domain science 
which otherwise would be impossible, in particular performing a systematic search of Supernovae Type Ia.. 
The deep field will be 2 magnitudes deeper than the wide-survey and combined with an area of 40 deg^2 we 
will have a truly unique survey, 50 times larger than the UltraVista survey and 3 times larger and 2 
magnitudes fainter than the VIDEO survey. A comparison with current and ongoing NIR surveys is provided 
in Fig. 3.5. The Euclid deep survey will allow us to detect high-redshift star forming galaxies at z>7, 
measure the faint end slope of the H-! luminosity function at all redshifts it is detectable and allow us to 
relate galaxies and their dark matter halos for normal galaxies at z~2.  

 
Figure 3.5: The depth of current and on-going NIR surveys (red points), and the optical KIDS survey (blue triangles), 
compared to the Euclid deep surveys in visible and NIR wavelengths (blue squares). 

The depth and area of the deep survey are set by the requirements of identifying a substantial sample of the 
brightest galaxies at z~8 for detailed spectroscopic study, while providing a significant detection of the 
21cm-galaxy cross-power spectrum, for the study of the epoch of reionisation. The proposed survey detects 
galaxies in three different redshift intervals, 6.3-7.1, 7.1-7.9, 7.9-8.5, using different colour combinations. 
There are currently only two galaxies at z>7 with robust spectroscopic redshifts (Vanzella et al., 2011), and 
both have J>26. To discover 50 bright galaxies in the highest redshift interval 7.9<z<8.5 (using YJH 
selection) with a bright survey limit of J=25.5 would require a survey over 40 deg2, reaching J=26 at S/N of 
5. A survey similar in scope is indicated, to provide a high S/N detection of the 21cm galaxy cross-power 
spectrum in the lowest redshift interval 6.3-7.1, which has the largest numbers of galaxies. Scaling the results 
of the analysis of Lidz et al (2009), and matching the space density of the reference survey discussed there, 
indicates that for the redshift interval 6.3<z<7.1 a survey reaching J=25.4 over 35 deg2 will achieve a S/N=10 
detection of the 21cm galaxy cross-power spectrum. These requirements are similar to the above 
requirements for spectroscopic study of the brightest highest redshift galaxies (i.e. J=26, 5sigma, over 40 
deg2), which are therefore adopted as the baseline for the deep survey. 

The top-level deep survey requirements can be fulfilled in a much shorter observing time than the wide 
survey. Deep survey areas of several tens of square degrees can be obtained in a few months observing time. 
Since the deep survey observations will be used to monitor the stability of the system, it is necessary that the 
observing mode is identical to that of the wide survey. This condition can be fulfilled by repeating the wide 
survey measurement on the same sky position until the required depth (2 magnitudes deeper) has been 
achieved. It is also required that the rotation angles at which the spectroscopic images are taken should be 
spread in angular orientation so that the deep field is suited for understanding the spectroscopic confusion in 
the wide survey. 



STC #3 meeting Paris, May16, 2011

Euclid
Consortium

R. Scaramella

A) VIS: “easy”, few FOVs on galactic plane, choose later, no 
particular specifics for deep fields

B) NIP: use staggered FoV centers for subsequent passes

Calibrations: how 
on Deep Fields
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C) NIS: has time and orientation constraints. They can be accomplished for fields with high 
ecliptic latitude, of  which one is observed in the first year every month for two days, then every 
two months. 

This implies f.i. that a "basic sequence" on average can spend 28 days on wide, 2 days on one 
deep (∼±2 degs on the field respecting SAA), for the first year. Get orientations "for free". If  in 
the first year cover high |β|then reduce slews. Leave two day gaps in the wide to be covered later 
on. ec  
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.    Figure 6-7: Northern Deep Field example: directions of 12 passes with angles for spectra (at each solid line corresponds a 
dashed one shifted by 90 degs) 

 
This pattern, however, avoids overlaps on the two orthogonal spectra taken in each exposure and fulfills the 
requirement that the spacing needs to be larger than 10 degrees, spreading observations along the year. 
This is shown in Fig. 6-7, where the result is that each spectrum is taken over 24 different directions 
separated by 15 degs 
 
 
Summarizing, in the first year we have three main kinds of operations: 
 

i. Calibrations on the EDFN: these 12 visits will be taken on average once per month (see above 
discussion about details of the cadence), each of these will last ~two days and require 2 slews. 
Total: 24 days and 24 slews. If the EDFS was not visible in the performance verification, then need 
add one visit to it, therefore total 26 days and 26 slews (taken into account in the EWS tables) 
 

ii. Calibrations on specific targets such as dense star fields, Planetary Nebulae, White Dwarves, open 
star clusters. Exact targets in the optimization phase (cf Fig. 4.1), for each conservatively adopt 2 
slews and one day (taken into account in the specific tables). Total 17 days and 34 slews per year. 
 

iii. Wide survey. Remainder of time, consider additional 6 slews for change of hemisphere and pointing 
on EDFN when no Wide is available. 

 
 

 
First Year Period specific calibrations 

Sequence Type of Sequence Duration Cadence 
SLEW0_0 Slew to a galactic star field    

Every month CALIB0_1 Take exposures with different times [VIS-CAL-F-006  #1] 1 day 
SLEW0_1 Slew back on WS  
SLEW0_4 Slew to a Planetary Nebula  Twice (one 

after 3mos, 
the other 

after 6mos) 

CALIB2_1 Take exposures with different times and orientations 
[NIS-CAL-WS_#1] 

1 day 

SLEW0_5 Slew back on WS  
SLEW0_6 Slew to a WD  Twice (one 

after 3mos, 
the other 

after 6mos) 

CALIB3_1 Take exposures with different times and positions 
[NIS-CAL-WS_#2] 

1 day 

SLEW0_7 Slew back on WS  
SLEW0_8    

On NEP can observe when you need it
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Deep Field example

Basic
Staggered
(∼random) 
centers

Staggered
2 months
continuous

Staggered
one year, 
one per 
month

Useful for color gradient calibration too!
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EDFN done piecemeal, EDFS in one shot (can change!)

We preliminarily recall that the final number, position and observing strategy is still open to changes 
according to results of optimization phase.

The deep survey needs to fulfill several constraints, some of which require time monitoring and 
therefore repeated visits over the mission lifetime, while others just require the build up of exposures.

Therefore we plan to use the NEP field, which has the maximum visibility, for the one-two month 
interval single passes. 

Now, the Southern field has a visibility of few months and (the following is subject to possible 
changes) we think there are several advantages   in completing it in the first fraction of the mission 
lifetime, for both risk and scientific considerations.

Risk is obvious: since the information from the deep is needed to better control and understand the 
results of the wide it is safer to secure it as early as possible (for the part which is not subject to monitor 
constraints).

In addition, in this way there are the following scientific/technical benefits:

•Use of CCD which have not yet been much degraded by cosmic radiation and therefore better image 
quality without need of CTI corrections (cf. Fig 6.2 in page 82 of the RB, we would be in the leftmost flat 
part)

•Early release to the community of one whole deep dataset so to maximize available time for follows 
ups and scientific exploitation (notice this affects the use of southern facilities, therefore it maximizes 
return for European communities).

•Possibility of detecting and studying high-z SN. The cadence needed by calibrations for the EDFN is not 
useful for this science topic. On the contrary, with three exposures on a single FoV, we can have over a 
three month span a cadence of ~6 days and reference images  deeper than the wide.

•Fewer big slews (~80) wrt the case of separated, single passes and therefore less gas consumption 
(which could then be used for additional tasks such as MW observations)

All of the above cannot apply to the Northern field.
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Part I: Approach 

1. A simple tiling
In what follows we assume a square FoV of side 0.7 degs and that one of the sides is always 
parallel to ecliptic isolatitude (parallel) lines. The tiling is the simplest one it has equal step in 
latitude, Δβ=side, and variable step in latitude, such as Δλ=side/cos(β). Here side=0.99 x 0.7 deg 
so to take into account 1%  overlap of a field on each side with neighboring ones. With this tiling the 
whole sphere is covered with 80084 square tiles, i.e. an area of 40381 square degrees. The 
difference with a perfect coverage (41253 sq degs) is ~0.2%.

 Figure 3: part of sphere with centers of tile and one zoomed region in Mercator projection with 
outlined the “square” boundaries of observable fields

After this tiling is done, we have the list of centers of each field/pixel and therefore it becomes quite 
easy  to attach to each of these interesting values such as zodiacal background and extinction 
values, to be used later on as weights for a merit function or even for more efficient strategies such 
as an equal S/N survey.

2. The tiling and the reference survey

Now we first label (in yellow) the ~80 pixels which belong to the two Deep Fields. Then, since it is 
assumed an exposure time of ~4000 secs per field (it includes margins), we assume that ~21 
pixels can be covered each day  (check time for slews). However, we need to obey  the constraint of 
|SAA| < ±1 deg, and need also try to avoid large slews along meridians.

version 1.0

4

Already started 
playing a bit...

Fig. 2. Other example of proposed strategies 

It must be noticed that other, better strategies are proposed from industry  if the SAA rigid constraint 
can be relaxed. However, for present time we stick to the worst case scenario.
We propose a different approach, i.e. one based on a a priori tiling of the sky, such that sequences 
of observed fields are close but not necessarily contiguous. This approach is area centered, i.e. 
always fulfilling the main constraint(s) such as SAA, the spacecraft needs to observe a predefined 
sequence of fields, chosen according to the criteria of interest.
This approach is quite elementary  and numbers evaluated below are admittedly  naive, therefore at 
present time it has to be considered as an ansatz, which needs to be evaluated and validated 
through more sophisticated tools to investigate effects not accounted for in this basic approach. 
However, the first results look interesting and therefore warrant further investigation, for instance 
also by examining more elaborate tiling patterns.
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Change approach: from 
satellite relative pointings 
to a predetermined tiling

Next: optimization 
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different 5 years of observations (red, green, blue, cyan, magenta), now contiguous

The results with the last conditions to avoid the flip flop  on the galactic plane are shown in 
Figure 6 (the numbers of covered pixels by year are the same). If needed, it can be easy  to 
implement things in the fifth year such as to have a regular final boundary 

3. Results for the reference survey

Figure 7: Histogram of latitude values for the different 5 years of observations (red, green, blue, 
cyan, magenta) shown in Fig. 6
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Figure 5: Celestial sphere in Mercatore projection cut at |b|<30 and with different colors for the 
different 5 years of observations (red, green, blue, cyan, magenta)

A simple solution is as follows: each day  m (360 per year) the satellite can observe only pixels 
which have longitude within 0.5 degs from m, i.e. satisfy  the condition |λ-m|≤0.5 deg. Among these, 
some will have been already  labelled (see next step), so we choose to "observe"  new  21 among 
the "free" ones and we label them as observed. In order to maximize results and minimize risks we 
start by  labeling the pixel which have the largest |β| among the free ones. In other words we start 
from high |β| and the observe the available pixels along the meridian up to 21 of them, the pass to 
those which have λ=m+1 etc. After reaching m=359 one starts again from m=0 and a new year is 
counted. We show the results of this simple approach are shown in Figure 7 where the pixels 
observed during the same year have same color.

One can immediately  notice the fuzzy  boundaries*  which separate the different years. This is 
due to the specifics of the chosen geometrical tiling and can change according to the latter. 

Another problem is that for late years the areas straddle the galactic plane. This would imply 
an excessive number of slews (one every  day), therefore we force the regions in the same year/
region to be contiguous, even if this is slightly  less than optimal in terms of latitude coverage. In 
this first case in total there are there are 30488 pixels, which cover 14936 square degs, 
subdivided in the first 5 years as: 3406, 3174, 2990, 2792, 2574.

version 1.0

5
* It would be too obvious to call this “spaghetti”-like, so we prefer the “anemone”-like description

A simple approach: do as 
many Fovs as you can 
having the highest β 
among the unobserved 
fields: get a medusa-like 
pattern (filled the 
following year) Figure 6: Celestial sphere in Mercator projection cut at |b|<30 and with different colors for the 

different 5 years of observations (red, green, blue, cyan, magenta), now contiguous

The results with the last conditions to avoid the flip flop  on the galactic plane are shown in 
Figure 6 (the numbers of covered pixels by year are the same). If needed, it can be easy  to 
implement things in the fifth year such as to have a regular final boundary 

3. Results for the reference survey

Figure 7: Histogram of latitude values for the different 5 years of observations (red, green, blue, 
cyan, magenta) shown in Fig. 6

version 1.0

6

β

best 
areas 
first



R. Scaramella EC meeting Bologna Sep 2011

Useful galaxies for WL per square arc min 
(on average want ~30)

Fig. 9. Smoothed isocontours of the number of useful galaxies for WL in Euclid [N / sq arc min] 
obtainable with the standard exposure time. The required level n=30/sq arc min is shown as 
thick contour  and correspond to a limit of |β|~25-30 degs. Regions of galactic plane heavily 
absorbed are clearly shown as it is the effect of the increase of the zodiacal background 
towards the ecliptic equator.

Then we obtained for each pixel the observable number of galaxies as a function of the local 
background by  using a simple linear fit to the results of number counts simulations recently 
updated by  M. Meneghetti with the use of latest IPRR revised values (PSF, throughtput, read 
noise, T_exp). This is shown in Fig. 8 where it is seen that for background magnitudes smaller than 
mAB~22.2 the number of galaxies useful for WL satisfies the requirement of being larger than 30 
per sq arc min.

Fig. 10. As in the previous figure on an equiarea projection
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The different latitude values are shown in the histograms of Figure 7 

We first for each pixel center computed the galactic dust extinction as from Schlegel et al, adopting 
Ai ~ 2.0 E(B-V). Then we summed this to a simple |β| dependence of the Zodiacal Background, 

adopting the NEP value computed by  Boulade (which uses values taken from Aldering) and scaling 
with the value of |β| as in the HST observing manual.

Fig. 10. Extinction map in ecliptic coordinates.

version 1.0

Figure 8:  Density of galaxies useful for WL as a function of the background level for 
fixed T_exp of 4 dithers (Meneghetti). The slope is ~14/mag 

Fig. 9. Smoothed isocontours of the number of useful galaxies for WL in Euclid [N / sq arc min] 
obtainable with the standard exposure time. The required level n=30/sq arc min is shown as 
thick contour  and correspond to a limit of |β|~25-30 degs. Regions of galactic plane heavily 
absorbed are clearly shown as it is the effect of the increase of the zodiacal background 
towards the ecliptic equator.

Then we obtained for each pixel the observable number of galaxies as a function of the local 
background by  using a simple linear fit to the results of number counts simulations recently 
updated by  M. Meneghetti with the use of latest IPRR revised values (PSF, throughtput, read 
noise, T_exp). This is shown in Fig. 8 where it is seen that for background magnitudes smaller than 
mAB~22.2 the number of galaxies useful for WL satisfies the requirement of being larger than 30 
per sq arc min.

Fig. 10. As in the previous figure on an equiarea projection
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Figure 12: Histogram of number of fields as a function of the galaxy number density observable 
with the standard exposure (4 dithers). Dashed line: all fields with |b|>30 degs. Green solid line 
is relative to all the observed fields as in Fig. 10. Red dashed line: nominal threshold in galaxy 
density. The fraction of green fields below the latter is ~15%

In the case shown in Fig. 10 one has observed:  30264 fields, area: 14826 sq degs. Of these the 
following fraction has low galaxy density: 4508 fields, 2208 sq degs,  fraction: 15%. Notice that the 
fraction n<28 is only ~4%.
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Much work to be done in 
optimization...

You are welcome in helping !! 
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...tiny pause...
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EE2E: Euclid End to End simulations overview

Euclid is a complex mission and its major task is to derive important 
statistical results by minimizing and controlling systematic uncertainties in 
the experiment. 

! Moreover, data reduction aspects are extremely challenging, not only 
because of the sheer amount of it but both because some quantities 
require complex analyses and some of the payload related effects are 
expected to significantly change over the mission lifetime. These aspects 
require significant efforts both on the calibration and monitoring of 
instrument performances and on their needed accurate modeling. 

! The above calls for a well controlled flow of sophisticated simulations 
which are needed for evaluate and monitor performances, to validate the 
data reduction procedures and, in the end, to demonstrate the full 
control of the aforementioned systematic effects and uncertainties, a 
mandatory step to have confidence in the final results of the mission.
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General framework

The EC has plenty of skilled resources to accomplish the needed tasks. Different parts of 
the work (a lot of which has already taken place) are naturally done in the SWGs, by the 
instrument teams and in the OUs. Even though there is some overlaps across the 
contiguous boundaries, the different roles and stages at the basic level are in a natural 
sequence:

E-2-E sims
Data analysis

(GSS)

Increasing

complexity

Size
Effects (on-off)

Instrument model

(ISS)

Increasing complexity

Effects (on-off) Size

Input data

1D

2D

2.5D

3D

SWG, OU-SIM2-3D

Verification

Logical scheme, not 
a functional one

1. Science/simulations groups give (even complex) information as inputs
2. Instrument teams convert inputs into "as observed" data 
3. OUs try to revert the previous step as best as they can
4. All discuss the comparisons, together identify possible problems and work on them.
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Level D Characteristics Comments
1

1.5

2

2.5

3

simple scalar quantities Exp Time Calc, basic checks
single objects (postamps or spectra) Study of details (photometric profiles, line shapes 

and S/N etc)
"ideal" sky: image populated randomly with 
model galaxies and stars, typically 
extracted according to given analytical pdfs 
for numbers, sizes, colors (from SEDs), 
shapes.

Typically no clustering is implemented (at max in 
few cases an angular correlation function from an 
analytical w(θ) ) 

"real" sky: images or characteristics 
observed with other instruments, after 
having transformed in a realistic input 
(typically start from real HST images and/or 
spectral surveys).

These -of course- have all orders of the spatial 
clustering folded in, as well as results of non 
linearities (in some cases one might even have a 
known and non zero shear field to start with; 
however the latter can be not preserved during the 
transform process).

images obtained by full fledged numerical 
nbody simulations (cosmological ones)

Ray tracing is implemented when needed.

Characterizing simulations is difficult. Here we have different 
probes, different kind of data, differences in complexity and 
dimensions, such as to require the use of supercomputers.

A rough and simple recipe: label a given level with D,  a 
parameter somehow related/proportional to the simulation 
“effective dimension”  

Now
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EE2E Current Status:
 Spectroscopic simulations have already all blocks glued together (Garilli 

talk) and, for instance, already have shown they can fully take into account 
effects due to a change in hardware (shorter wavelength range for blue grism). 
Others checked the NIP required precision (Seidel talk). Future work will deal 
with refinements and optimizations (optimal spectra extraction etc)

 WL simulations have shown to have all main blocks in place for taking care 
of the instrumental effects: they have shown that we can model changes in the 
latters (both PSF and CTI, Cropper & Miller talks) and also have produced 
spectacular images as seen by Euclid and other facilities (Meneghetti talk).

 Future work will deal with gluing these blocks and implementing them for a 
production stage so to enlarge area sizes and pool of users. 

 Later on we will make use of very large Nbody simulations (Teyssier talk) to 
produce vast sky areas “as seen from Euclid” in which we’ll have embedded the 
tiny statistical effects that we want to recover (both BAO and WL). 

 This will be done for the ‘canonical’ universe and for different, more exciting 
ones, as f.i. those which have modified gravity 
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7.3.6  Linear reconstruction (drizzling) and S/N 

 Three images are combined for our worst-case photometric tests, although drizzling 
is implemented for an arbitrary number of dithered images. The current dithering 
strategy shift the images in each step according to the following table: 

An image rotation is precluded in this dithering scheme, and a random, uniformly 
distributed shift on sub-pixel scales is assumed. Figures 3 to 5 show AB magnitude 
24 flat spectrum point sources observed in Y, J and H band. Post-facto magnitudes 
determined by fitting a dithered PSF for these sample images are 23.64, 23.95 and 24.05 respectively. 

 
 
 
 
 
 
 
 
 
 

 

 

For samples of 5000 simulated flat spectrum m(AB) 24 point sources the recovered signal to noise ratios are: 

 

 S/N ± 1-! error of S/N estimate 
Y-band 5.499 ± 0.078 
J-band 5.418 ± 0.077 
H-band 5.535 ± 0.078 

 
  

Dither Step x Step y 
1 100” 50” 
2 100” 0” 
3 100” 0” 

Figure 42: m_Y(AB) 24 
point source 

Figure 43: m_J(AB) 24 
point source 

Figure 44: m_H(AB) 24 
point source 
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density, using as reference 2 different galactic latitudes: |b|=60 and |b|=30.  

6.2.2 Images and 2D spectra on the array  

For each galaxy and star an incident spectrum is created. Galaxy spectra are generated taking the continuum of 
the corresponding morphological type template and rescaling it to the object magnitude. The H! line with the 
correct flux and equivalent width as from the input catalog is added upon the continuum and a standard set of 
lines is added ([OII], H", [OIIIa], [OIIIb], [NII] and [SII]); fluxes for these lines are computed from the H! flux 
using standard lines ratios depending on the morphological type. Spectra for contaminating stars are created 
from the Pickles stellar template library corresponding to the spectral and luminosity type, rescaled for each 
object to its magnitude.  

 

 
Figure 9: Example of a simulated 
direct image (single array) 

 
Figure 10: its dispersed counterpart in 
the blue band obtained with the aXeSIM 
software. 

 

The actual spectra simulation is carried out fully through the aXeSIM§ code, which generates a direct image and 
a dispersed image of the simulated field, based on the input  instrumental parameters (PSF values, full 
transmission, etc.). It also includes the zodiacal light background, estimated by integrating the zodiacal signal 
within the observational wavelength range. As an example, Figure 9 shows the output for a direct image 
simulation of the created field. Figure 10 is the counterpart dispersed simulated image in the blue band. 

6.2.3 1D spectra  

Once the 2D dispersed image has been simulated, 1D spectra extraction is performed. The results are 2 mono-
dimensional spectra (one for each roll angle as foreseen by the observing strategy), each one covering the full 
wavelength range 1.1-2.0 microns Figure 11 shows the 2D spectrum obtained from the red bands (top) and the 
corresponding ‘one dimensional spectra’ extracted (bottom). 

With this approach, the resulting spectra are already convolved by the FOV imprinting and the different 
exposure times applicable to each part of a spectrum, so that final results on completeness and purity already 
take into account these effects. 

                                                        
§ http://www.stecf.org/software/slitless_software/axesim/ 

NISP

EC 
 

Euclid End to End 
Simulations [EE2E]: 
 Status and Plan  

 

Ref.  
Version:  
Date: 
Page: 

EUCL-UR2-EUC-PL-00167 
1.0 
26/08/11 
45/64 

 

The presented document is Proprietary information of the Euclid Consortium. 
This document shall be used and disclosed by the receiving Party and its related entities (e.g. contractors and subcontractors) only for the purposes of 

fulfilling the receiving Party's responsibilities under the Euclid Project and that the identified and marked technical data shall not be disclosed or retransferred to 
any other entity without prior written permission of the document preparer. 

 
Figure 35 Left: Real image from the Hubble Space Telescope, eight years after launch, showing charge 
trailing due to CTI. Right: The same image after correction using software like that planned for Euclid. The 
logarithmic colour scale in the images has been chosen to enhance the visibility of the charge trailing. Note 
that the cosmic ray event trails correctly remain in the right hand image. 

 

7.2.6 Current status of End-to-End Simulation and Processing Chain 

Most of the components for the end-end performance calculation are available now, and have been being 
assembled into a coherent structure. We have explained in detail how PSFs are generated using the Euclid 
model, and assembled into VIS images including radiation effects. Full mosaics can then be created, 
incorporating the CCD metrology (Figure 35). Currently most effects are included, the major exception being 
the inclusion of the astrometry (distortion) which requires further consideration in order to build the full 24k x 
24k image mosaic for each dither. In many cases the smaller images are adequate for evaluating many aspects. 
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Figure 39: VIS PSF eigenvectors and residuals as a function of number of eigenvectors used in the 
reconstruction of a given Euclid PSF 

 

 

 
Figure 40: VIS PSF eigenvectors and as a function of number of eigenvectors used in the reconstruction over 
the full FoV (cf. Figure 38). 

 

7.2.8 Implementation planning to date  

The VIS PSF verification pipeline can be increased in sophistication in a number of ways, all of which will act 
to increase the realism of the final images and data analysis leading to an increase in the understanding of the 
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Figure 22: Euclid PSF (800 nm oversampled on 1.0 µm grid) centre of field of reference system. 

 

 
Figure 23: Reference System PSF for analysis, full FoV coverage and 50 arcmin² coverage. 

 

For 4 others Monte-Carlo realization of the stability tolerancing: 

• Over a 50 arcmin! FOV: 5x5 PSF scanning equally the CCD typical scale (@800 nm) 

VIS CTI
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box sizes are however enormous. If one required a power spectrum estimates better than 0.1%, we will need box 
size of the order of 10 Gpc/h. At the other end of the spectrum, we also need to probe much, much smaller 
scales with high-accuracy. For the pure dark matter case, we need first to reach angular scales of the order of 
l=10^5, where the instrumental noise starts to dominate. This translates into a maximum comoving wave 
number k=50 h/Mpc. We also want to sample halo and sub-halo population down to the minimum galaxy mass 
detected by Euclid. This roughly corresponds to Mhalo=10^11 Msun. Assuming a minimum of 100 particle per 
halo and sub-halo to reliably compute their properties and mass accretion histories, this translates into the 
astronomical particle number of 16384^3 = 4.4 Trillion particles (4.4x10^12) or 16 times Millenium XXL. 
Although this number seems out of reach today, it will be routinely executed in a decade from now, at the prize 
of a profound evolution of our codes. Euclid science will therefore fit in the average “grand challenge” 
supercomputing applications foreseen in the near future. The Euclid Consortium is in a world-leading position 
for running these extreme simulations as some of its members have been main actors in the development of sate-
of-the-art cosmological simulations (Millennium, MICE, Horizon, Millennium XXL…). Significant resources 
in term of PhD students and postdocs will have however to be allocated to upgrade the simulation and post-
processing codes to exascale computing.      

 
Figure 15: Estimated error on the measured power spectrum for N body simulations using 10 000^3 particles 
and various box sizes. Starting with a box size of 200 Mpc/h for the uppermost plot, each line correspond to a 
box size 2 times larger. The blue curve is for a box size of 50 Gpc/h and reaches the goal of 0.1% accuracy 
for k>0.1 h/Mpc. Below this scale, analytical perturbation theories will provide enough accuracy for 0.001 
h/Mpc < k < 0.1 h/Mpc. 

7.1.2.4  Understanding the effect of baryonic physics: 

Another important input from cosmological simulations to the Euclid E2ES pipeline is the impact of baryonic 
physics on the total matter distribution, and on the properties of the simulated galaxies that will populate our 
mock galaxy catalogs. The physics of galaxy formation is still poorly understood, and cosmological simulations 
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Figure 8: Combined Euclid images of a high redshift cluster  

 

A not-so massive (! ! !!!"!"!!!!!!!!!galaxy cluster located at redshift z ~ 1. Now some old cluster galaxies 
appear yellower than others because the 4000 A break straddle Euclid NIR bands. 

 

 

  

High z  cluster

Tiger Team work: no show stoppers !!
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Does gravity follow standard G.R.?  
Need experiments with high sensitivity/precision....

EIC & ENIS consortia:: All sky low-z cosmology

gravity model yields the same expansion history. Either

explanation is indistinguishable at the background level

and therefore one needs more information, different from

H(a), and so to look study additional quantities, such as

density perturbations.

Therefore the growth-rate of the matter perturbations

comes into play. In the standard picture, once H(a) is ac-

curately known, the dark matter perturbations evolve ac-

cording to δ̈m+2H δ̇m = 4πGρmδm. A common parametri-

sation is in terms of the parameter γ, the matter growth

index (Wang & Steinhardt 1998)

d log δm

d log a
≡ f(a) ∼= Ωm(a)

γ
. (2)

In this simple case, γ is uniquely fixed by the expansion

history, which in turn depends on w(a). A good fit to

the full numerical result is γ ≈ 0.55 + 0.05[1 + w(a =

0.5)] (Linder 2005). The above description, which has only

one parameter, assumes both Poisson equation and that

only Dark Matter contributes to the density perturbation

source term, i.e. ∆φ = 4πGρδm.
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Fig. 3. Predicted constraints from Euclid on the dark energy

w0-wa plane for a w0 = −0.95 reference model. The outer

(green) ellipses show the constraints from BAO, orange shows

the galaxy power spectrum, P(k), purple weak lensing alone,

and inner blue ellipse the combined Euclid probes. The inner

red ellipse is the combined Eulcid and Planck constraints. The

square denotes ΛCDM and diamond DGP in parameter space,

with the dotted line connecting them showing where extended

DGP models lie.

Now, in order to consider a wider class of possible mod-

els one then needs to study perturbations at a more gen-

eral level by the considering the metric element

ds
2

= a(τ)
2
�
−(1 + 2ψ)dτ2

+ (1− 2φ)dr
2
�
. (3)

where the two functions of position and time ψ and φ
play a role very similar to gravitational potentials. It is

worth noticing that massive particles will be influenced

practically only by ψ, while massless ones, such as lensed

photons, will feel the difference of the two (EICSB).

At the background, unperturbed level, the evolution

of the universe is described by H, which is linked to ρ
by the Einstein equations, and p controls the evolution of

ρ, but a priori it is a free quantity describing the phys-

ical properties of the fluid. Therefore in addition to the

standard picture now there are ψ and φ describing the

Universe, and they are linked to δρ and peculiar v of the

fluids through the Einstein equations. Pressure perturba-

tions δp and anisotropic stress π in turn describe the fluids.

This means that a general dark energy component can be

described by phenomenological parameters similar to w,

even at the level of first order perturbation theory. This

description adds the two new parameters δp and π, which

are both functions of scale as well as time. These param-

eters fully describe the dark energy fluid, and they can in

principle be measured (see Fig. 2).

An alternative to invoking the presence of dark flu-

ids in the energy momentum tensor is to slightly modify

GR itself to explain the accelerated expansion. However,

these deviations can still be recast in the form Gµν =

−8πGTµν − Yµν , where Yµν can be intepreted again as

the presence of a fluid with an effective anisotropic stress

and an pressure perturbation, i.e. a specific ad hoc Dark

Energy model. Therefore at the linear perturbation level

both the dark energy perturbations or the modifications

of gravity can be described by two additional functions.

A single extra parameter, for example only γ, does not

suffice.
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Fig. 4. Constraints similar to those in Fig. 3 but in the wp

and γm plane

The two potential functions φ(k, a) and ψ(k, a) can in

general be recast in terms of other, simpler parameters

such as the dimensionless quantities Q (related to the DE
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2. Theory and quest for observable, discriminating
parameters

In the last decade from new measurements of Supernovæ
and of the anisotropies in the cosmic microwave back-
ground (CMB), a coherent picture started to emerge: even
though the Universe appears to be spatially flat, matter
only makes up 25% of the critical energy today, and the
rest is something else, for which the best-known candi-
date is the cosmological constant Λ. But it is not only
the 75% dark energy that is puzzling. Both big-bang nu-
cleosynthesis (BBN) and the CMB indicate that baryons
(the “normal” matter) only make up about 4% of the en-
ergy density today. The remaining 21% are an unknown
substance called dark matter because it is apparently in-
visible but clusters at least on large scales like pressureless
matter.

Fig. 1. Effect of dark energy on the evolution of the Universe.

Fraction of the density of the Universe in the form of dark en-

ergy as a function of redshift z., for a model with a cosmological

constant (w=-1, black solid line), dark energy with a different

equation of state (w=-0.7, red dotted line), and a modified

gravity model (blue dashed line). In all cases, dark energy be-

comes dominant in the low redshift Universe era probed by

Euclid, while the early Universe is probed by the CMB.

In general, given the plethora of possible theoreti-
cal models, it is useful to adopt a phenomenological ap-
proach and therefore some parametrisations. In the dark
energy context tne main parameter is the one for equa-
tion of state of the dark energy component, w ≡ p/ρ.
If we can consider the Universe as evolving like a ho-
mogeneous and isotropic Friedmann-Lemâıtre-Robertson-
Walker (FLRW) universe, then the only observationally
accessible quantity is the expansion rate of the universe
H, given by the Friedmann equation, H(a)2 = (ȧ/a)2 =
(8πG/3) [ρm(a) + ρDE(a)]. This equation governs the ex-
pansion law of the Universe as whole and can be studied
with geometrical tests: luminosity and angular diameter
distances are determined by integrals of 1/H, and H it-
self can be directly measured by a number of methods.

The dark energy is described by its homogeneous en-
ergy density ρDE and the isotropic pressure pDE, diagonal
elements of the energy momentum tensor. Any other non-
zero component of the latter would require us to go beyond

the FLRW description of the Universe. The evolution of ρ
is then governed by the covariant conservation equations
which in this case reduce simply to

ρ̇DE = −3H(ρDE + pDE) = −3H(1 + w)ρDE. (1)

Conclusions can be drawn from the phenomenolog-
ical w(a): if the observed w ever deviates significantly
from −1 then a cosmological constant is ruled out, and
if w < −1 then canonical scalar field models of the dark
energy are in trouble. Once H(a) has been measured with
the needed accuracy, then w(a) can be extracted. For an
evolving w(a) a number of models can be described by
the parametrization (Chevallier & Polarski 2001, Linder
2003) w(a) = wp + (ap − a)wa obtained by Taylor ex-
pansion around a pivot expansion factor, ap, which ren-
ders errors on wp and wa uncorrelated (often one normal-
izes at present where a = 1 and the parameters plane is
w0 −wa). Then the ability of a given experiment to mea-
sure the DE equation of state can be expressed (Albrecht
et al. 2005) in terms of a ”Figure-of-Merit” [FoM], given
by FoM= 1/(∆wp ×∆wa).

Fig. 2. Growth factor of cosmic structures for the same three

models in Fig. 1. Only by measuring the geometry and the

growth of structure at low redshifts can a modification of dark

energy be distinguished from that of gravity.

The latter ∆ are obtained by marginaliziation in the
Fisher Matrix over the many other typical parameters of
the models, such as f.i. details of the power spectrum (am-
plitude, σ8, primordial spectral index, n). The discriminat-
ing power of a given experiment then can immediately be
expressed graphically by ellipses in the wa−wp plane and
confronted with models predictions in the same plane (in
the w0−wa plane the ellipses are tilted, since the param-
eters are correlated). The FoM is inversely proportional
to the ellipse area. By combining present experiments this
is ∼ O(10) (Komatsu et al. 2009), while Euclid will yield
∼ 500 by itself and will reach ∼ 1500 by adding the infor-
mation which will be provided by Planck (EYB).

However, there is an ambiguity present since it is pos-
sible, for instance, to ascribe the expansion history to a
scalar field potential or equivalently to construct a func-
tion f so that a f(R) type (in the Lagrangian) modified
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tion of state of the dark energy component, w ≡ p/ρ.
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H, given by the Friedmann equation, H(a)2 = (ȧ/a)2 =
(8πG/3) [ρm(a) + ρDE(a)]. This equation governs the ex-
pansion law of the Universe as whole and can be studied
with geometrical tests: luminosity and angular diameter
distances are determined by integrals of 1/H, and H it-
self can be directly measured by a number of methods.

The dark energy is described by its homogeneous en-
ergy density ρDE and the isotropic pressure pDE, diagonal
elements of the energy momentum tensor. Any other non-
zero component of the latter would require us to go beyond

the FLRW description of the Universe. The evolution of ρ
is then governed by the covariant conservation equations
which in this case reduce simply to

ρ̇DE = −3H(ρDE + pDE) = −3H(1 + w)ρDE. (1)

Conclusions can be drawn from the phenomenolog-
ical w(a): if the observed w ever deviates significantly
from −1 then a cosmological constant is ruled out, and
if w < −1 then canonical scalar field models of the dark
energy are in trouble. Once H(a) has been measured with
the needed accuracy, then w(a) can be extracted. For an
evolving w(a) a number of models can be described by
the parametrization (Chevallier & Polarski 2001, Linder
2003) w(a) = wp + (ap − a)wa obtained by Taylor ex-
pansion around a pivot expansion factor, ap, which ren-
ders errors on wp and wa uncorrelated (often one normal-
izes at present where a = 1 and the parameters plane is
w0 −wa). Then the ability of a given experiment to mea-
sure the DE equation of state can be expressed (Albrecht
et al. 2005) in terms of a ”Figure-of-Merit” [FoM], given
by FoM= 1/(∆wp ×∆wa).

Fig. 2. Growth factor of cosmic structures for the same three

models in Fig. 1. Only by measuring the geometry and the

growth of structure at low redshifts can a modification of dark

energy be distinguished from that of gravity.

The latter ∆ are obtained by marginaliziation in the
Fisher Matrix over the many other typical parameters of
the models, such as f.i. details of the power spectrum (am-
plitude, σ8, primordial spectral index, n). The discriminat-
ing power of a given experiment then can immediately be
expressed graphically by ellipses in the wa−wp plane and
confronted with models predictions in the same plane (in
the w0−wa plane the ellipses are tilted, since the param-
eters are correlated). The FoM is inversely proportional
to the ellipse area. By combining present experiments this
is ∼ O(10) (Komatsu et al. 2009), while Euclid will yield
∼ 500 by itself and will reach ∼ 1500 by adding the infor-
mation which will be provided by Planck (EYB).

However, there is an ambiguity present since it is pos-
sible, for instance, to ascribe the expansion history to a
scalar field potential or equivalently to construct a func-
tion f so that a f(R) type (in the Lagrangian) modified

e.g. F(R)  in 
Lagrangian

EIC & ENIS consortia:: All sky low-z cosmology

gravity model yields the same expansion history. Either

explanation is indistinguishable at the background level

and therefore one needs more information, different from

H(a), and so to look study additional quantities, such as

density perturbations.

Therefore the growth-rate of the matter perturbations

comes into play. In the standard picture, once H(a) is ac-

curately known, the dark matter perturbations evolve ac-

cording to δ̈m+2H δ̇m = 4πGρmδm. A common parametri-

sation is in terms of the parameter γ, the matter growth

index (Wang & Steinhardt 1998)

d log δm

d log a
≡ f(a) ∼= Ωm(a)

γ
. (2)

In this simple case, γ is uniquely fixed by the expansion

history, which in turn depends on w(a). A good fit to

the full numerical result is γ ≈ 0.55 + 0.05[1 + w(a =

0.5)] (Linder 2005). The above description, which has only

one parameter, assumes both Poisson equation and that

only Dark Matter contributes to the density perturbation

source term, i.e. ∆φ = 4πGρδm.
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Fig. 3. Predicted constraints from Euclid on the dark energy

w0-wa plane for a w0 = −0.95 reference model. The outer

(green) ellipses show the constraints from BAO, orange shows

the galaxy power spectrum, P(k), purple weak lensing alone,

and inner blue ellipse the combined Euclid probes. The inner

red ellipse is the combined Eulcid and Planck constraints. The

square denotes ΛCDM and diamond DGP in parameter space,

with the dotted line connecting them showing where extended

DGP models lie.

Now, in order to consider a wider class of possible mod-

els one then needs to study perturbations at a more gen-

eral level by the considering the metric element

ds
2

= a(τ)
2
�
−(1 + 2ψ)dτ2

+ (1− 2φ)dr
2
�
. (3)

where the two functions of position and time ψ and φ
play a role very similar to gravitational potentials. It is

worth noticing that massive particles will be influenced

practically only by ψ, while massless ones, such as lensed

photons, will feel the difference of the two (EICSB).

At the background, unperturbed level, the evolution

of the universe is described by H, which is linked to ρ
by the Einstein equations, and p controls the evolution of

ρ, but a priori it is a free quantity describing the phys-

ical properties of the fluid. Therefore in addition to the

standard picture now there are ψ and φ describing the

Universe, and they are linked to δρ and peculiar v of the

fluids through the Einstein equations. Pressure perturba-

tions δp and anisotropic stress π in turn describe the fluids.

This means that a general dark energy component can be

described by phenomenological parameters similar to w,

even at the level of first order perturbation theory. This

description adds the two new parameters δp and π, which

are both functions of scale as well as time. These param-

eters fully describe the dark energy fluid, and they can in

principle be measured (see Fig. 2).

An alternative to invoking the presence of dark flu-

ids in the energy momentum tensor is to slightly modify

GR itself to explain the accelerated expansion. However,

these deviations can still be recast in the form Gµν =

−8πGTµν − Yµν , where Yµν can be intepreted again as

the presence of a fluid with an effective anisotropic stress

and an pressure perturbation, i.e. a specific ad hoc Dark

Energy model. Therefore at the linear perturbation level

both the dark energy perturbations or the modifications

of gravity can be described by two additional functions.

A single extra parameter, for example only γ, does not

suffice.
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Fig. 4. Constraints similar to those in Fig. 3 but in the wp

and γm plane

The two potential functions φ(k, a) and ψ(k, a) can in

general be recast in terms of other, simpler parameters

such as the dimensionless quantities Q (related to the DE

Weak 
limit
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Introduction
In f(R) gravity, one seeks to generalize the Lagrangian of the Einstein-Hilbert action:

to

where ,  is the determinant of the metric tensor  and  is some function of the
Ricci Curvature.

Metric f(R) Gravity

Derivation of field equations

In metric f(R) gravity, one arrives at the field equations by varying with respect to the metric and not
treating the connection independently. For completeness we will now briefly mention the basic steps of the
variation of the action. The main steps are the same as in the case of the variation of the Einstein-Hilbert
action (see the article for more details) but there are also some important differences.

The variation of the determinant is as always:
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Derivation of field equations
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The Ricci scalar is defined as

Therefore, its variation with respect to the inverse metric  is given by

For the second step see the article about the Einstein-Hilbert action. Now, since  is actually the
difference of two connections, it should transform as a tensor. Therefore, it can be written as

and substituting in the equation above one finds:

where  is the covariant derivative and  is the D'Alembert operator defined as .

Now the variation in the action reads:

where . Doing integration by parts on the second and third terms we get:

By demanding that the action remains invariant under variations of the metric, ie , one obtains
the field equations:

where  is the energy-momentum tensor defined as

where  is the matter Lagrangian.

The generalized Friedmann equations
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L = crossover scale:

• 5D gravity dominates at low energy/late times/large scales
• 4D gravity recovered at high energy/early times/small scales
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γ: perturbation growth under gravity
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Possible outcomes.....

Quite useful but 
a bit dull....

Much more 
interesting!!

Λ=const

Ωm

w -1.00

-1.01

-0.99

Ωm

w -1.00

-1.01

-0.99

?!?!?


