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ABSTRACT

The rst Euclid Quick Data Release (Q1) contains millions of galaxies with excellent optical and near-infrared (IR) coverage. To complement thi:
dataset, we investigate the average far-IR properti€aiofid-selected main sequence (MS) galaxies using existieigcheland SCUBA-2 data.

We use 17.6 dég2.4 degd) of overlappingHerschel(SCUBA-2) data, containing 2.6 million (240 000) MS galaxies. We bin&helid catalogue

by stellar mass and photometric redshift and perform a stacking analysis foll@mgtack, which takes into account galaxy clustering and
bin-to-bin correlations. We detect stacked far-IR ux densities across a signi cant fraction of the bins. We t modi ed blackbody spectral energy
distributions in each bin and derive mean dust temperatigsdust massesMy), and star-formation rates (SFRs). We nd similar mean SFRs
compared to th&uclid catalogue, and we show that the average dust-to-stellar mass ratios decreasgd Trtorthe present day. Average dust
temperatures are largely independent of stellar mass and are well-described by the fiinetfdn T,) e &, wheret is the age of the Universe,
T1=(797 T74)K,T,=(232 0:1)K,and =(1:6 0:1)Gyr. We argue that since the dust temperatures are converging to a non-zero value below
z=1, the dust is now primarily heated by the existing cooler and older stellar population, as opposed to hot young stars in star-forming regior
at higher redshift. We show that since the dust temperatures are independent of stellar mass, the correlation between dust temperature and
depends on stellar mass. Lastly, we estimate the contribution &ublkd catalogue to the cosmic IR background (CIB), nding that it accounts

for > 60% of the CIB at 250, 350, and 50én. As theEuclid mission progresses, larger catalogues will allow us to probe the far-IR properties of
MS galaxies out to higher redshifts and lower stellar masses, potentially recovering the complete CIB.

Key words. Galaxies: evolution — Galaxies: star formation — Submillimetre: galaxies — Submillimetrgsalbackground

1. Introduction increases with redshift — this has been attributed to a changesn

. ) ) ) environments suppressing cold gas accretion with redshift and
The Euclid mission (Euclid Collaboration: Mellier et al. 2025)quenching (e.g., Dekel & Birnboim 2006 Daddi et al. 2022).
will observe 14 000 dégof the extragalactic sky, detecting bil- ' ’

lions of galaxies at optical (with the VIS instrument at 550— While optical and near-infrared (IR) light observed from the
900 nm; Euclid Collaboration: Cropper et al. 2025) and nedrarth is primarily sensitive to the stellar emission from galax-
infrared (with the Near-Infrared Spectrometer and PhotometiS at all redshifts (with the longer wavelengths being weighted
NISP at 1-2 m; Euclid Collaboration: Jahnke et al. 2025) wavel®_higher-redshift galaxies), far-IR light (from tens to around
lengths. The rst Quick Data Release (Q1; Euclid Quick Relead®00 m; note that this also includes wavelengths often de-
Q1 2025) provided single-exposure observations covering th&&ibed as submillimetre at the longer end) is sensitive to the
deep elds: Euclid Deep Field Fornax (EDF-F); Euclid Deebhgrmal emission from warm dust grains in galaxies at all red-
Field North (EDF-N); and Euclid Deep Field South (EDF-Sghifts. Since these dust grains are primarily produced by stas-
Even at the current depths (about magnitude 24.7 in VIS atqjmation processes, there is a tight correlation between the far-
23.2 in NISP) the catalogues generated from these observati§hduminosity (often de ned as the integral of the luminosity
contain over 10 million galaxies detected in tBeclid Iters ~density between 8 and 100f) and the SFR (e.g., Kennicutt
(Euclid Collaboration: Romelli et al. 2025). 1998), and therefore a connection to the galaxy MS. It is there-
Spectral energy distributions (SEDs) have been t tofue fore of interest to check the consistency between the SFRs ste-

clid-selected galaxies, providing robust photometric redshi '\{ed frdom lopt]iccal afnd Plsarr]lR photometrg to thoss ge“"‘?d (in-
stellar masses, and star-formation rates (SFRs) for the majofigPendently) from far-IR photometry, and to see if there is evo-
of the galaxies (Euclid Collaboration: Tucci et al. 2025). Thi

Ion in the dust properties that can provide insight into the pro-
catalogue was recently used to constrain the correlation betw&EFSes changing the MS.

the stellar massM ) and SFR of star-forming galaxies (known  There have been many large extragalactic surveys carried st
as the galaxy star-forming main sequence, or MS) o#<+® by far-IR and submillimetre observatories, particularly by the
(Euclid Collaboration: Enia et al. 2025). The correlation is réderschelPhotodetector Array Camera and Spectrometer (PACS
lated to universal processes which have been converting cold Baglitsch et al. 2010) at 70-16@, the HerschelSpectral and
reservoirs into stars since at least6. Because the bulk of the Photometric Imaging REceiver (SPIRE Gn et al. 2010) at
galaxies in the Universe follow the star-forming MS, determir250, 350, and 500m, and the Submillimetre Common-Useko
ing its evolution is crucial for understanding galaxy evolutioBolometer Array 2 (SCUBA-2 Holland et al. 2013) at 450 and
in general. For example, it is known that the amplitude of tt&50 m. Herschele ectively measures the peak of the thermal
MS increases with redshift for galaxies of all stellar mass (SpesEDs of mosEuclid galaxies, providing eective constraints on
gle et al. 2014; Daddi et al. 2022; Popesso et al. 2023), impljust temperatures (which is proportional to the peak frequency),
ing that the speci ¢ SFRs (sSFRs) of all galaxies were highervrhile SCUBA-2 probes the Rayleigh—Jeans tail of the therme
the early Universe. There is also a deviation from a linear tre8&D, the amplitude of which is essentially proportional to dust
at high stellar mass, meaning that there is a maximum averagass. MoreoverHerschelhas surveyed roughly 1000 degf
SFR at a given epoch, and this characteristic bending mass at&oextragalactic sky (and SCUBA-2 about 58e@ssentially

all of which will ultimately overlap withEuclid by the nal data
e-mail:ryleyhill@phas.ubc.ca release. 70

?
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Compared to the exquisite angular resolution Exiclid NUV r*>3(¢* J)+1landNUV r*>3:1,leaving 1318898
(approximately 62), the angular resolution dflerscheland objects in the EDF-F and 2 658 118 objects in the EDF-N.
SCUBA-2 is much more coarse, ranging between abotRatl In order to ensure an accurate stacking analysis, we need to
30°° Far-IR maps therefore do not individually detect most aéike into account the fact that some regions within Euelid
the galaxies thaEuclid sees, but rather blend these galaxies tésotprint do not contain any extragalactic objects, due to cass
gether into a coherent pattern that traces the large-scale structtar@ination from bright stars. This can be done by calculating a
Making progress requires stacking, where the average valuarafsk that is associated with theiclid catalogue, and propagat-
the pixels at the locations of a large number of objects is caldng that mask through all the calculations.
lated, as opposed to trying to directly measure the ux densities For each of our far-IR images we therefore calculate the
of each object in the map — more precisely, this operation calimber ofEuclid objects in each pixel, then lightly smooth theto
culates the covariance between a catalogue and a map (seemap, using a Gaussian kernel. We then de ne fhelid cata-
Marsden et al. 2009; Wang et al. 2015). THerschelproper- logue mask to be the regions where this smoothed map has a
ties of optical and near-IR catalogues have been investigatedwadue less than a given threshold, determined visually by ensur-
stacking in other elds such as the UKIDSS Ultra-Deep Surveyig that the mask agreed well with the actual galaxy distribution.
(UDS; Viero et al. 2013, 1 déy the Cosmic Evolution Survey De ned this way, theEuclid mask removes far-IR pixels thatas
(COSMOS; Duivenvoorden et al. 2020, 2 dgboth UDS and have no extragalactiEuclid objects across a stciently large
COSMOS (Koprowski et al. 2024), and the Galaxy And Massale.

Assembly (GAMA) elds and the Stripe 82 region (Wang et al.
2016). However, the elds used in these studies are either small _ )
and su er from sample variance to some degree, or the opticaf- Far-IR imaging

catalogues do not go beyond redshift 1. Wilclid we can dra- The SPIRE maps of the EDF-F (or CDFS-SWIRE) and the EDF-
matically expand these results to include millions of star-forming (or AKARI-NEP) were obtained from thélerschel Extra- 150
galaxies across tens of degMoreover, futureEuclid data re- gajactic Legacy Project (HELP) archive (Shirley et al. 2021).
leases will continue to overlap with existitkgerschelobserva- The HELP data products include un Itered maps and matched-
tions, eventually amounting to a billion galaxies over 100G degjtered maps, along with their corresponding noise (or RMS)
We therefore focus on stacking the entire Q1 catalogue Riyns. Throughout this paper we use the un ltered products be-
Herscheland SCUBA-2 maps, amounting to the largest stugy,se we do not expect these maps to have signi cant uctuss-
yet of this kind. In Sect. 2 we describe tBeclid catalogues and tions caused by instrumental ects, nor signi cant contamina-
far-IR maps used in the analysis, in Sect. 3 we present our stagkp, from dust in the Milky Way. The CDFS-SWIRE image cov-
ing pipeline, in Sect. 4 we show our results, and in Sect. 5 Wes 12 g deg) while the AKARI-NEP image covers 9.0 defal-
discuss our ndings. The paper concludes in Sect. 6. Through@igh not all of this area overlaps wiuclid). The raw SPIRE
this paper we assume the cosmological parameters from Plaggls "rRmSs maps and masks for each of the two elds are shaem

Collaboration VI (2020). in Figs. 1 and 2. In both maps extra observations were taken near
the centres of the elds to decrease the noise and create small
2. Data deep elds and wide shallow elds, and the HELP data products

) ) o combine all of the observations into a single image.
The Euclid Q1 release is split into three elds: the EDF-F | aqdition to SPIRE maps, the HELP archive also provides
(12.1deg); the EDF-N (22.9 de); and the EDF-S (28.1d8) pACS maps at 100 and 166, wherever the data were taken.
Of these three elds, EDF-F and EDF-N have overlapping COfor the EDF-F, the full area observed by SPIRE was also ob-
erage from SPIRE. The SPIRE eld overlapping with the EDF-Eeryeq by PACS (albeit to a much shallower depth), which we
is known as "CDFS-SWIRE', and the eld overlapping with thgnae use of here. The AKARI-NEP was also observed, cov-
EDF-N is known as the AKARI-NEP'. Here we describe th@ying 0.6 deg of the EDF-N. For these data only the outputo
multivavelength data in these two elds that we will be using. from the standard PACS processing pipeline is available; some
Itering is done to the raw data in order to reduce strong 1

2.1. Euclid catalogues and masks noise and remove artefacts from bright sources, but the maps are
not matched- Itered. The PACS data, RMS maps and masks are
TheEuclidmerging (MER) Q1 catalogue (Euclid Collaborationshown in Appendix A. 175

Romelli et al. 2025) contains the photometry of all VIS- and SCUBA-2 was used to map the AKARI-NEP (EDF-N) eld
NISP-detected galaxies, as well as ground-based photometrgdnpart of the SCUBA-2 Cosmology Legacy Survey (S2CLS;
theu, g, r, i, andz bands from various telescopes (see Tereno@kach et al. 2017), and this eld was later expanded in the North
al.in prep. for details). Here we make use of Eneclid catalogue Ecliptic Pole SCUBA-2 survey (NEPSC2; Shim et al. 2620)
described in Euclid Collaboration: Enia et al. (2025), which Ithe data products include un ltered maps and matched- Itersd
cludes additional photometry from the Infrared Array Camefaaps, along with their corresponding RMS maps. As with the
(IRAC) onboard theSpitzerSpace Telescope (Fazio et al. 20043p|RE images, here we use the un ltered maps. The total area
at 3.6 and 4.5m. This catalogue also includes re tting of SEDgovered by SCUBA-2 in the AKARI-NEP is 2.9 degand the
with the additional IRAC data in order to derive photometrigntirety of this eld has been observed Byclid. The SCUBA-

redshifts, stellar masses, and SFRs. The nal catalogue c@rjata, RMS map and mask are shown alongside the PACS rugps
tains 2884906 objects in the EDF-F and 6 221 146 objectsjinappendix A.

the EDF-N. We note that this is somewhat fewer ObjeCtS than in Despite the fact that we can down_weight noisy regions us-

the full Q1 catalogue, since stars and other image artefacts w@ge RMS maps, very noisy pixels near the edges of these maps

removed before cross-matching to IRAC. can still cause signi cant issues, since the uncertainties for re-
Since in this study we are interested in the average prop-

erties of MS galaxies, we use the same colour cuts to re+ttps://hedam.lam.fr/HELP/
move quiescent galaxies. Speci cally, galaxies are removed withhttps://dx.doi.org/10.5281/zenodo.3897405
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Fig. 1: Top: HerschelSPIRE data covering the CDFS-SWIRE eld (which overlaps with the EDF-F) at 250, 350, andrbOthe blue contour
shows the mask applied to the SPIRE images in order to remove bad edge pixels. The grey contours show the corréapbadetglogue
mask, where masked rectangles are the locations of bright stars in the eld that contaminate source eBdditinrSame as the top panel, but
showing the RMS of thélerschelSPIRE data. Coordinates are conventional RA and Dec.

gions with few “hits' can be underestimated. To mitigate this isnasks are also shown in Figs. 1, 2, A.1, and A.2 along with the
sue, we also create masks to remove problematic edge pixelsEtglid catalogue masks.

make the mask for the SPIRE CDFS-SWIRE eld we smooth

the noise maps using a Gaussian kernel with a standard devia-

tion of 7.5 pixels, then mask regions where the smoothed no
map has a value 7 mJy beamt; for reference, typical noise val-
ues are< 4 mJy beamt. For the AKARI-NEP eld this strategy
does not work because the noise map is too inhomogeneousifer accounting for the masked regions, the total overlapping
instead we manually de ne a rectangular masked region outsiglea between the EDF-F and the SPIRE CDFS-SWIRE data is
of which the noise pattern begins to deviate from the majority0.8 deg, while for the EDF-N and the SPIRE AKARI-NEP

of the map. For the PACS maps of the CDFS-SWIRE eld theata the total overlapping area is 6.8 tlefpr a total area of
noise is again quite inhomogeneous, so we also manually d&-6 ded. Within the unmasked EDF-F region, the catalogem
ne a central region with a consistent noise level. For the PAGfom Euclid Collaboration: Enia et al. (2025) contains about 1.5
AKARI-NEP maps we smooth the noise maps using a Gaussiaillion MS galaxies, while the EDF-N regions contains about
kernel with a standard deviation of 5 pixels and mask regiomsl million galaxies (note that the exact values beyond the rst
where the smoothed noise map has a vatud mJybeam' digit depend somewhat on the SPIRE wavelength, since each
(compared to the typical noise level of about 30 mJy béam SPIRE band has slightly derent coverage). This brings the totabs
For the SCUBA-2 data, we simply mask pixels with noise vahumber of MS galaxies overlapping with SPIRE to 2.6 million.
ues >30mJy beam (compared to the typical noise level ofFor PACS, the total area available for stacking, after account-
about 10 mJy beam). Lastly, the AKARI-NEP eld contains ing for the Euclid mask, is 8.9 degin the EDF-F and 0.4 dég
NGC 6543 (the "Cat's Eye Nebula’), which is particularly brighin the EDF-N, with 1.3 million and 70000 MS galaxies, re-
in the PACS and SCUBA-2 images. Since this is a Galactic ofpectively. The total PACS area is thus 9.34gepntaining 1.4 230
ject, we mask it before stacking our galaxy catalogue. Thessilion MS galaxies. For SCUBA-2, the total area available for

?g Overlap between Euclid Q1 products and far-IR images 215
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