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Abstract. Euclid is an ESA Medium Class mission in the Cosmic Visions-pr
gramme to be launched in 2020. With its 1.2m telescope, &uglgoing to survey
15,000 deg of extragalactic sky in a broad optical band with outstagdinage qual-
ity fit for weak gravitational lensing measurements. It vailko provide near-infrared
slitless spectroscopy of more than’lé@mission-line galaxies with the main goal of
measuring galaxy clustering. Imaging in three near-ifdidnands by Euclid will be
complemented by ground-based follow-up in optical bandsifaply high-quality pho-
tometric redshift estimates out = 2. In combination, its primary cosmological
science drivers, weak gravitational lensing and galaxgteling, will yield unprece-
dented constraints on the properties of dark matter and eiaekgy, as well as the
validity of Einstein gravity on large scales. Euclid’s ridatasets will facilitate further
cosmological probes such as statistics of galaxy clustetiseostudy of galactic dark
matter haloes, and a vast array of legacy science. In thexfimiy a brief overview on
the Euclid mission and its key science is provided.

1. Galaxy survey cosmology from space

In the past few decades cosmology has undergone a rapiditarisom a notoriously
data-starved science to one that abounds in a variety afasirgly large sets of obser-
vations and simulations, to the point that the field facesveihchallenge in processing
huge datasets and in extracting small cosmological sidrais much larger noise and
non-cosmological ‘foregrounds’. A prime source of infotioa that was instrumen-
tal in establishing andffirming the standard model of cosmology is the cosmic mi-
crowave background (CMB), as explored by the Planck st€Hlanck Collaboration
et al. 2015) as well as its space-based predecessors antigvased complements.
While the CMB provides us with an accurate picture of theestdtthe Universe at a
redshiftz ~ 1000, we need a similarly precise census at low redshiftswbahity in
order to cover the recent phase of accelerated expansioessaglish a baseline to the
CMB which measures the growth rate of matter structuress Wil allow us to get
clues on the nature of dark matter and dark energy, whichthegeomprise 95 % of
the energy density in the Universe, and enables tests ofdiirstheory of gravity on
unprecedentedly large scales.

Galaxy surveys are the prime candidates to deliver the measunts for preci-
sion cosmology at low redshift (Albrecht et al. 2006; Pe&ostcal. 2006). The three-
dimensional clustering of galaxies as measured from spemipic redshift surveys
probes the spatial geometry via the baryon acoustic oioillpeak, measures the dis-
tribution of galaxy velocities via redshift-space distomts, and constrains the ampli-
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tude and shape of the matter power spectrum. The small, muthdistortions of galaxy
shapes due to the gravitational lensirfieet by the large-scale structure in-between
these galaxies and the observer are a powerful probe of ggoared the total mat-
ter distribution, including its evolution. This technigiseknown as weak gravitational
lensing, where ‘weak’ refers to the fact that the changeslaxy shapes are typically
at the per cent level of the intrinsic galaxy shape and hean@nly be detected by sta-
tistical analysis over large numbers of objects. Analysatly, in particular if in the
same parts of the sky, these two probes are highly complementtheir constraints on
key cosmological parameters (see Eriksen & Gaztanaga 20itHreferences therein)
and in their capabilities of self-calibrating systematiteets (see e.g. Bernstein 2009;
Joachimi & Bridle 2010, for the case of astrophysical nuisasignals).

The European Space Agency’s Euclid missidoilows this concept in adopting
galaxy clustering and weak gravitational lensing as iteypry probes which drive the
mission. Its main science goals are at least order-of-niagdmiimprovements on pa-
rameters of the properties of dark energy (such as the equafistate), dark matter
(such as mass constraints on neutrino species and more dadti matter candidates),
and gravity (such as the growth rate of matter structurebg rich dataset that Euclid
will accumulate will also allow for the study of secondarysnwlogical probes, such
as galaxy cluster counts, galaxy-CMB cross-correlatiamg, strong lensing statistics,
as well as a vast array of legacy science, especially in thiedfegalaxy evolution. For
more details see Laureijs et al. (2011), the Definition StRdport which formed the
basis of the selection of Euclid as a medium-class missidaSA's Cosmic Visions
programme.

2. The Euclid mission

Figure 1 shows an image of the satellite and a sketch of itlopdy Euclid consists
of a three-mirror, on-axis telescope with a 1.2m primaryramir It will carry two in-
struments, both with a.Bded field of view. VIS (Cropper et al. 2014) is an optical
imager with a~500 Megapixel CCD camera that observes in a broad band (Ri&) f
550- 900nm. With a pixel size of.@”, VIS will produce galaxy images with a spatial
resolution and stability of image quality that is imposeilb achieve from the ground,
making it ideally suited for the galaxy shape measuremegsired for weak gravita-
tional lensing. NISP combines near-infrared broad-banstgrhetry in theY, J, and
H bands and slitless grism spectra within the wavelengthedng2um (exact limits
within this range are still to be confirmed), with spectraal@tionR = 250. The NISP
instrument has a filter wheel that selects between the thmsalHilters and grisms in
different orientations separated by 90deg to deal with the smanflof slitless spectra.
Redshifts for the galaxy clustering sample will mainly beasied from the H emis-
sion line, with a baseline expectation abX 10’ galaxies in a redshift range that is
complementary to existing and forthcoming ground-basdaxgaedshift surveys.
Euclid builds on the philosophy that it only performs thoseasurements from
space that cannot be done from the ground, or only so withradingitations. This in-
cludes the optical imaging with weak lensing quality as waslhear-infrared data. Op-
tical broad-band photometrygriz) is readily obtained from the ground and therefore

Ihttp://sci.esa.int/euclid
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Figure 1. Left: Artist's impression of the spacecraf® ESA.Right: Sketch of the
Euclid payload module. It consists of a three-mirror tetgmewith a primary of 1.2m
diameter. The two instruments are the visual imager (graeth}he NISP instrument
(red) which will perform near-infrared photometry andlsks spectroscopy Air-
bus Defence and Space. Figures accessedHiam: //www.euclid-ec.org.

will complement Euclid’s own data, primarily for the purgosf determining photo-
metric redshift estimates for the5ix 10° galaxies expected in the Euclid weak lensing
sample. Together with the on-board near-infrared bandspliotometric redshift scat-
ter will be Q05(1 + 2) in the rangez = [0.2; 2], with no more than 10 % of catastrophic
failures.

Launched from Kourou in a Soyuz rocket, Euclid will be delad to the Sun-
Earth Lagrange point 2 for a total of six years of main scigmogramme. Apart from
extensive calibration observations (e.g. on the deep fidddsrved by the Hubble Space
Telescope, HST), this programme consists of the Wide Spuo@xering 15000 ded
of extragalactic sky (note the dominant contribution to blaekground in the images
comes from zodiacal light) and the Deep Survey of 4Fd¥gde Survey areas are vis-
ited once (with typically four dithers per field) and obsathwe step-and-stare mode to a
depth of 24.5mag (10 extended source) in the RIZ band, to 24 mag f®int source)
in YJH, and to 3x 10 % ergstcm 2 (3.5 line flux) for the spectroscopy. The Deep
Survey fields will be located at, or close to, the Eclipticgm{details are still under dis-
cussion) and revisited to become eventually 2 magnitudegetehan the Wide Survey.
While the Wide Survey is the driver of Euclid’s cosmologicahstraining power, the
Deep Survey has high legacy value and is instrumental farackerising the success
rate of spectroscopic redshifts as well as the intrinsitridigtion of galaxy ellipticities
required for gravitational shear estimation.
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Figure 2.  Predicted constraints on the dark energy equatistate parameterg,
andw, with Euclid weak lensing. The grey areas indicatfedent classes of dark
energy models (Barger et al. 2006). Contours ardd constraints from two-point
statistics (power spectrum) and three-point statisticsp@ztrum), for the reference
Euclid survey (req.) and a more optimistic performance go&rom Joachimi
(2010), with updated survey area.
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Figure 3.  Predicted constraints on the linear determingaiaxy bias and the
growth rate of structuré, with Euclid spectroscopic galaxy clustering. Contours are
68 % and 98 % and shown for seven out of 14 redshift bins, whattedoand f, are
varied independently in each bin. Reproduced with permisgom Amendola et al.
(2013).

Figures 2 to 4 show a small selection of cosmological comtgrahat Euclid will
be uniquely positioned to obtain: constraints on the dadeggnequation of state pa-
rametemwy andw, from Euclid weak lensing statistics (Figure 2), joint caasits on
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Figure 4.  Predictedd constraints on the fractiof,/Qq of the contribution by
axions (light dark matter candidates) to the total dark ematensity. Individual
constraints are for a Planck-like survey (CMB), Euclid tdugg (GRS), and Euclid
weak lensing (WL). The combined measurement yields @1 % error driven by
weak lensing, independent of axion mass. Reproduced withipsion from Marsh
et al. (2012).

the growth rate of matter structures and galaxy bias fromié&gealaxy clustering (Fig-
ure 3), and constraints on the fraction of a potential cbation by axions to the total
dark matter density from a joint Planck and Euclid primargh@s analysis (Figure 4).
Euclid was originally created by merging two independemippsals in the Cos-
mic Visions programme, DUNE for weak gravitational lensangd SPACE for galaxy
clustering. While these origins are still reflected in Edislitwo instruments, there is
now a single Euclid Consortiumwhich forms the largest collaboration of astrophysi-
cists on the planet and is responsible for building Euclitksrument and data analysis
pipelines. For more details on the Euclid mission see e.grdip et al. (2014b).

3. Some key challenges

In the following a few important challenges for the missi@sigin and data analysis of
Euclid are highlighted. This selection is strongly biasedards the main activities of
the author and should merely serve as a starting point ftidureading and to give a
flavour of the on-going research activities in the Euclid Satium.

3.1. Slitless spectroscopy

The main issue for the analysis of spectroscopic data is dhéusion of the slitless
spectra, which is alleviated by two to thredfdient grism positions per pointing (see
Zoubian et al. 2014 for details and NISP instrument simaitedj. The required purity is
at least 80 % (increasing t099 % for the Deep Survey), with a minimum completeness
of 45%. Moreover, the number density ofvHemitters atz > 1 is still uncertain,

’http://www.euclid-ec.org



6 B. Joachimi

with recent results pointing to a lower density than origfinexpected (L. Pozzetti, C.
Hirata, J. Geach, in prep.).

3.2. Galaxy shape measurement

The main challenge on the weak lensing side is the precissurgaent of gravitational
shear on faint, small, and pixelated galaxy images. Muchness has taken place over
the last few years, as demonstrated, and indeed fosteretheb@REAT challenges
(Mandelbaum et al. 2014; Kitching et al. 2012; Bridle et &1Q). The sources of
systematics on shear measurement and their propagatiowareell understood and
have been translated into requirements on the Euclid desidmnalysis (Cropper et al.
2013; Massey et al. 2013). In particular, the important aited noise bias, generated
by the non-linear propagation of pixel noise in the imageaiaxgy ellipticity, has been
thoroughly investigated from first principles (Viola et 2014, and references therein).
Semboloni et al. (2013a) looked at the subtle colour-gradigas, which is important
for Euclid with its wavelength-dependent point spread fionc (as it is difraction-
limited) and very broad optical filter, and proposed to aalib the &ect with existing
multi-colour HST observations.

3.3. Astrophysical systematics

Galaxy surveys contain a wealth of information on small egalvhich, however, is
difficult to extract because of the non-linear evolution of $tnes, the influence of
processes driven by baryonic matter, and astrophysic@hoonants which become in-
creasingly complicated to model on small scales. Prime plesrof the latter class are
non-linear, stochastic, and scale-dependent galaxy biagafaxy clustering (e.g. Per-
cival et al. 2007) and intrinsic galaxy alignments for weatkding (Joachimi et al. 2015;
Kiessling et al. 2015; Kirk et al. 2015). New large-volumealhy-dynamic simulations
indicate that much work is also still to be done on modellihg matter power spec-
trum on small scales, which ar§ected by as yet little-understood baryonic processes
(Semboloni et al. 2013b).

3.4. Data analysis

The large data volume including the ingestion of grouncetdamnd external data and the
involved, inter-dependent data processing steps make ¢ormgplex analysis pipeline
in the Euclid ground segment (see Laureijs et al. 2014a)ddiitian, a huge simulation
effort will be required for testing algorithms and the end-tat@ipeline, as well as de-
termining the statistical uncertainties of the cosmolabimeasurements (Taylor et al.
2013). Closely related to this are purely statistical cdesitions, such as the cosmol-
ogy dependence of covariance matrices (Kalus et al. 201theampact of noise in the
covariance matrix (Percival et al. 2014; Taylor & Joachii®iZ).

4. Status and timeline

In June 2012 Euclid was approved for implementation by ES#¥h & launch date
scheduled for the end of 2020. Further important milestavibde the critical design
reviews of the two instruments later this year and of the imisand ground segment
in 2017. The nominal mission will end in 2027, while the datelgsis is likely to
keep researchers busy until the end of that decade. Thissntalaid a contemporary
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of other, largely complementary surveys such as LS®ESF, NASA'S WFIRST
mission (which exploits similar probes but is deeper andecoless area), and the first
stages of the SKA Together with these other projects, Euclid is expectedriie d
decisive advancement of our knowledge of cosmology, stradormation, and extra-
galactic astrophysics in the coming decade.
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