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Mapping the Universe with slitless spectroscopy
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Abstract. Euclid will survey most of the accessible extragalactic sky with imaging and
slitless spectroscopy observations, creating a unique spectroscopic catalog of galaxies with
Hα line in emission that will map the Universe from z = 0.9 to 1.8. With low expected
statistical errors, the error budget will likely be dominated by systematic errors related to
uncertainties in the data and modelling. I will discuss the strategy that has been proposed
to mitigate the expected systematic effects and propagate the uncertainty of mitigation to
cosmological parameter errobars.
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1. Introduction

Observations of the Cosmic Microwave
Background (CMB, Planck Collaboration
2018) have provided percent-accurate con-
straints to cosmological parameters, strength-
ening the case for a 6-parameter flat ΛCDM
cosmological model; this is consistent with
most available evidence on large scales, but
at the cost of leaving 95% of the present
mass-energy budget unexplained. In fact,
most matter today is thought to be in the
form of an unknown collisionless particle,
and most energy today is thought to be in a
dark energy component that is accelerating the
Universe expansion, represented by a positive
cosmological constant.

To shed light on the dark sector, it is crucial
to map the Universe at lower redshift, when

dark energy becomes dominant. The European
Space Agency has promoted the Euclid mis-
sion (Laureijs et al. 2011), an optical and
near-infrared space telescope that will survey
the sky with a visual imager (VIS), optimised
for galaxy lensing, and a near-infrared imager
and spectrograph (NISP), optimised for galaxy
clustering.

2. Galaxy Clustering with slitless
spectroscopy

Spectroscopic observations from space are
complicated by the impossibility to use screens
with suitably pierced holes or slits, as custom-
ary from the ground. While JWST has im-
plemented a novel micro-mirror technology
that provides a way to select what part of the
image is to be dispersed by a grism, Euclid
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will adopt a straight slitless spectroscopy strat-
egy, already experimented with Hubble Space
Telescope (Bagley et al. 2020).This means that
each source will produce a straight track on
the NISP detector, as showed in the simulation
in Fig. 1. These tracks will be separated and
used to produce 1D spectra with a resolution
of R = 380. This observing strategy will allow
us to detect emission-line galaxies (ELGs) and
measure their redshift, provided that the emis-
sion line is correctly recognised. The grism
will be sensitive to wavelengths in the range
λ ∈ [1.25, 1.85] µm, so the most abundant de-
tectable ELGs are expected to be Hα emitters
in the redshift range z ∈ [0.9, 1.8]. Simulations
show that the probability of detecting an ELG
drops for line fluxes below 2 × 10−16 erg s−1

cm−2, the nominal line-flux limit of the Euclid
Wide Survey.

The obvious drawback of this strategy, the
need to deblend all the sources in a field, is
balanced by the ability to perform a matter-
of-fact blind search of emission-line galaxies.
Indeed, spectra will be extracted for any source
detected in the photometric observations, that
we may think as limited to HE < 24, and
the number of Hα ELGs associated to fainter
sources has been demonstrated to be negligible
in Bagley et al. (2020). At the same time, al-
though we expect the success rate of deblend-
ing to be a function of surface density of all
sources, the sample will be free of fiber colli-
sion bias (e.g., Bianchi et al. 2018).

3. Chasing systematic effects

The Observational Systematics Work Package
of the Galaxy Clustering Science Working
Group has surveyed the whole pipeline, from
raw data to the measure of galaxy clustering
that is provided to the likelihood. Using the for-
malism of Monaco, Di Dio & Sefusatti (2019),
we have classified the possible systematic ef-
fects as follows: (i) modulations of the effec-
tive flux limit of the sample, due either to in-
strumental issues (e.g. the tiling of the various
dithers will produce an inhomogeneous expo-
sure time map, while straylight from nearby
bright stars will modulate the noise) or to astro-
physical foregrounds (e.g. zodiacal light will

add to the background noise, while Milky Way
extinction will decrease the signal); (ii) redshift
errors due to line misidentifications; (iii) red-
shift errors due to noise fluctuations being in-
terpreted as lines in an overall undetected spec-
trum, thus creating ‘noise interlopers’.

The first class of systematic effects will be
mitigated by suitably constructing a random
catalog. To get rid of the angular footprint of a
survey, clustering estimators usually compare
the density field measured with the data sam-
ple with that from a random sample that covers
the same area and is unclustered on the sky; its
number density is usually taken to be 50 times
that of the data sample (fitted by a model in
order not to erase some radial modes), to min-
imise the amount of extra shot noise introduced
by the random. We will construct the random
by forward-modeling the completeness and pu-
rity of the spectroscopic sample, thus creating
what we call a visibility mask. This will be
done by taking profit of the Euclid Deep Field,
where 50 deg2 of the sky will be surveyed ten
times with various orientations of the grism,
and with 40 more pointings with a ‘blue grism’
that is sensitive in the range λ ∈ [0.92, 1.25]
µm; from it, we will extract a bona fide sam-
ple, pure at ∼ 99% level, of the ELGs that
can be seen in the EWS. These galaxies will
be used to create a parent random catalog that
is unclustered on the sky, whose objects have
the same physical properties of the target sam-
ple; these random galaxies will be injected in
the EWS NISP images, and processed to deter-
mine their probability of detection. This way
the space density of the selected random will
be modulated on the sky by systematics in the
same way as the data sample.

While the third class of systematic effects,
the noise interlopers, can be modeled by suit-
ably adding a class of contaminants to the ran-
dom catalog, the second class, line misidenti-
fications, is more subtle to address (Addison
et al. 2019). With a typically steep luminosity
function of sources, most objects in a catalog
are around the detection limit, where a single
emission line is typically detected. If no further
information is used, the contamination level
is expected to be around ∼ 10–20 %, mostly
coming from [Oiii] emitters at higher redshift.
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Fig. 1. Simulations of a NISP exposure, where each source produces a stripe along the dispersion imprinted
by the grism. Circles denote the positions of the Hα lines. Credit: Ben Granett, OU-SIM an OU-SIR teams.

These galaxies will be moved from their red-
shift to the one corresponding to Hα, carrying
with them their rescaled clustering signal, so
the measured two-point function ξ(r) will be
the weighted sum of the target one (1− f )2ξtarget

and the contaminant one f 2ξinterloper, where f
is the fraction of contaminants in the sam-
ple. This contamination can be mitigated at the
likelihood level, comparing the measurements
with a weighted sum of predictions relative to
the target sample and to the significant contam-
inants, with fi fractions treated as nuisance pa-
rameters subject to a tight prior coming from
measurement of the Deep Field.

4. Propagating the uncertainty in the
mitigation

This mitigation strategy will anyway leave
residuals that contaminate the sample. Every
step in the modeling of the visibility mask of
the EWS has an associated uncertainty that
must be propagated to parameter errorbars.
The most effective way to achieve this is to
construct a set of simulated mock galaxy cat-
alogs and process them in the same way as the
parent random catalog described above: inject
galaxies in the images and compute their prob-

ability of being detected. However, this process
should not be performed using our best knowl-
edge of the visibility mask but a modulation of
it, obtained by perturbing every single step in
the pipeline, sampling its estimated error PDF.
As an example, detection probability will de-
pend on the measured noise level, and we will
use the best-fit value of the noise to create the
random, and a value drawn from its PDF for
applying the visibility mask to mock galaxy
catalogs.

This approach will provide a brute-force
numerical estimate of the covariance matrix
that will include both cosmic covariance and
the uncertainty in the mitigation of system-
atic effects. Proper sampling of the matrix re-
quires thousands of mocks; in this moment the
Galaxy Clustering Science Working Group is
preparing 3500 simulations of the Euclid sky.
N-body codes are simply too expensive to ad-
dress this massive production, so we will re-
sort to approximate methods (Monaco 2016). I
am presently working to prepare such a large
set of simulations using the PINOCCHIO code
(Monaco, Theuns & Taffoni 2002; Munari et
al. 2017), based on Lagrangian Perturbation
Theory. Fig. 2 shows one of these ligh-
cones, reporting dark matter halos (with Mh >
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Fig. 2. Lightcone generated with PINOCCHIO, see text for explanations.

1012 M�, one in 500) in comoving coordinates,
in a slice that cuts through the survey volume;
the catalogs cover half of the sky, with the ex-
ception of unobserved low Galactic latitudes,
and start at z = 4. The red lines mark the
box size (3380 h−1 Mpc), that is tiled to cover
the survey volume. When ready, this will be
the largest set of cosmological simulations ever
produced.
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