
    
      Fig. 3. 
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        Evolution of the Merloni et al. (2014) optically obscured AGN fraction as a function of redshift for different L2 − 10 keV values. The data points with error bars show the empirical data reproduced from Merloni et al. (2014), which was used to derive their model. The dashed lines depict extrapolation of the model.

      

    

  
    
      Fig. 5. 
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        Representative SEDs utilised for each obscured AGN SED class (‘PASS’: pink, ‘SFG’: brown, ‘SB’: purple, ‘QSO2’: orange, ‘SEY2’: green, ‘SB-AGN’: red) in this work. Based on the SED shapes in Fotopoulou et al. (2016b). Grey dotted lines highlight the rest-frame wavelength of the [O III]λ5007 Å and Hα emission lines. Templates are assigned based on the relative probability of each template class in high- and low-luminosity groups at a given redshift.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Predicted redshift distributions of Euclid detectable AGN in the redshift range 0.01 ≤ z ≤ 7 in the EWS (top) and EDS (bottom). The data are binned in steps of δz = 0.25. Separate distributions are presented for AGN detectable in each of Euclid’s photometric filters; IE (blue), YE (red), JE (green), and HE (black).

      

    

  
    
      Fig. 10. 
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        All SEDs (unobscured and obscured) assigned to AGN in this work, normalised at 1 μm. The redshift evolution of the effective wavelength for each Euclid filter over the redshift range probed in this work are depicted below as black lines. The seven SED classes in this figure are: Unobscured AGN (‘Unobsc.’; blue), Passive (‘PASS’; pink), Star-forming (‘SFG’; brown), Starburst (‘SB’; purple), High-luminosity obscured AGN (‘QSO2’; orange), Seyfert 2 (‘SEY2’; green), and Starburst-AGN composite (‘SB-AGN’; red).

      

    

  
    
      Fig. 11. 
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        Fractional uncertainty (δNAGN/NAGN) on the number of AGN detectable in at least one Euclid band in bins of redshift (Δz = 0.25) and bolometric luminosity (Δ log10[Lbol/erg s−1] = 0.25) for the EWS (left) and EDS (right). The fractional uncertainties were derived using three hundred realisations of the adopted XLF probing the ±1σ interval of each parameter given in Table 1. For reference, we plot curves corresponding to the 50% completeness flux limits of the 7 Ms exposure of the Chandra Deep Field-South (red, F2 − 7 keV = 2.5 × 10−16 erg s−1 cm−2; Luo et al. 2017) and medium-depth X-ray survey XMM-COSMOS (black, F2 − 10 keV = 5.6 × 10−15 erg s−1 cm−2; Cappelluti et al. 2009). We additionally show the sample limiting flux of the XXL 1000 brightest AGN sample (XXL-1000-AGN) as used in Fotopoulou et al. (2016b) for SED fitting (blue; F2 − 10 keV = 4.8 × 10−14 erg s−1 cm−2; Fotopoulou et al. 2016b). The flux limits were homogenised to the 2–10 keV band assuming an X-ray power law with photon index Γ = 1.9, where applicable, and converted to the bolometric domain assuming the X-ray bolometric correction of Duras et al. (2020).

      

    

  
    
      Fig. 12. 
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        Relative 1σ uncertainty of the number of AGN detectable in at least one Euclid band (NAGN) for each of the quantified sources of uncertainty introduced in this work. Displayed in this plot are uncertainties introduced by the X-ray luminosity function (XLF), infrared bolometric correction dispersion (IRBC), X-ray bolometric correction dispersion (XBC) and unobscured AGN emission lines (EL) for which a lower limit was quantified using the Lyα emission line and Hα+[N II] complex. The expected relative Poisson noise for the EDS, calculated as [image: equation], is indicated by the shaded blue region.

      

    

  
    
      Table 6. 

      Performance of Euclid photometry AGN selection criteria (Euclid Collaboration: Bisigello et al. 2024) discussed in Sect. 5.2 applied to our samples of EWS and EDS AGN.

      
        


	Survey
	Target Class
	Photometry
	Total Selected AGN
	Surface Density (deg−2)
	Unobscured AGN
	Obscured AGN
	C
	P





	EWS
	Unobsc. AGN
	Euclid
	4.8 × 106
	331
	4.4 × 106
	3.7 × 105
	0.23
	0.17



	EWS
	Unobsc. AGN
	Euclid, Rubin/LSST
	5.7 × 106
	393
	5.5 × 106
	1.8 × 105
	0.45
	0.92



	EWS
	All AGN
	Euclid, Rubin/LSST
	6.0 × 106
	413
	4.3 × 106
	1.7 × 106
	0.51
	0.19



	EWS
	∪
	Euclid, Rubin/LSST
	8.1 × 106
	556
	6.0 × 106
	2.1 × 106
	0.37
	-



	




	EDS
	Unobsc. AGN
	Euclid
	1.7 × 104
	346
	1.6 × 104
	400
	0.11
	0.23



	EDS
	Unobsc. AGN
	Euclid, Rubin/LSST
	2.0 × 104
	392
	1.9 × 104
	390
	0.45
	0.92



	EDS
	All AGN
	Euclid, Rubin/LSST
	2.9 × 104
	579
	2.0 × 104
	9.5 × 103
	0.32
	0.58



	EDS
	∪
	Euclid, Rubin/LSST
	3.5 × 104
	692
	2.5 × 104
	1.0 × 104
	0.22
	-





      

      
Notes. We consider only AGN that are detected above the 5σ limiting magnitude for the four constituent filters in each colour criterion, which are given in Appendix E. For each criterion we report its target class, referring to the population of AGN the criterion aims to select, the total number of selected AGN, the surface density of selected AGN in deg−2, the completeness (C) at the 5σ level in the relevant filters, and the expected purity (P) for the criterion, as estimated in Euclid Collaboration: Bisigello et al. (2024). The final row for each survey denotes the union (∪) of all considered selection criteria.



    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Redshift distributions (top), redshift-dependent completeness (middle), and Lbol-z planes (bottom) for the selected AGN in the EWS (left) and EDS (right). AGN selected with Euclid-only photometric criteria (blue) and the total selected sample defined as the union (∪) of all Euclid and ancillary ugrz photometric criteria discussed in Sect. 5.2 are plotted for each panel. In all plots redshift is binned with width δz = 0.5. In the Lbol-z plane points represent the median, vertical lines represent 1σ standard deviation and horizontal lines represent the width of the redshift bin.

      

    

  
    
      Fig. 14. 
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        AGN surface density versus survey area comparison for a number of wide field and medium area surveys in different wavebands. Included AGN surface densities are: EWS detectable AGN (magenta diamond, unfilled), EWS selected AGN (magenta diamond, solid fill), EWS selected AGN using Euclid photometry only (magenta diamond, translucent fill), EDS detectable AGN (blue diamond, unfilled), EDS selected AGN (blue diamond, solid fill), EDS selected AGN using Euclid photometry only (blue diamond, translucent fill), XMM-SERVS (black downward-facing triangle, unfilled), XXL-3XLSS (black cross, unfilled), eFEDS (black square, unfilled), eRASS1 (black pentagon, unfilled), DES (green circle, unfilled), SDSS spectroscopic lower limit (green lower limit), Spitzer Space Telescope combined cryogenic surveys (red plus, unfilled), AllWISE R90 selection (red left-facing triangle, unfilled), and AllWISE C75 selection (red right-facing triangle, unfilled). The considered Euclid detectable AGN have ≥5σ detection in at least one Euclid band. The plotted values and references for each survey are given in Table 7.

      

    

  
    
      Fig. 15. 
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        Density of EWS AGN in the 2–10 keV X-ray flux vs HE observed magnitude parameter space. The Euclid detectable AGN are shown in purple, whilst undetectable AGN are represented in grey. The AGN population detectable with Euclid photometry will, in part, reside beyond the X-ray flux limits of current X-ray surveys. There is also a portion of parameter space where a population of AGN detectable in modern X-ray surveys remain undetectable in the EuclidHE band. X-ray flux limits for the XMM-COSMOS (black; 90% completeness, F2 − 10 keV = 9.3 × 10−15 erg s−1 cm−2; Cappelluti et al. 2009), XXL-3XLSS (orange; 90% completeness, F2 − 10 keV = 3.8 × 10−14 erg s−1 cm−2; Chiappetti et al. 2018), the XMM-SERVS W-CDF-S field (blue; 90% of total area, F2 − 10 keV = 2.9 × 10−14 erg s−1 cm−2; Ni et al. 2021) surveys, and the XXL 1000 brightest AGN sample (XXL-1000-AGN) as used in Fotopoulou et al. (2016b) for SED fitting (red; sample flux limit, F2 − 10 keV = 4.8 × 10−14 erg s−1 cm−2; Fotopoulou et al. 2016b) are plotted for reference. The dotted black lines represent log10(FX/Fopt) = ± 1. The majority of AGN should lie between these lines.

      

    

  
    
      Fig. A.1. 
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        Normalised and extrapolated (to z = 7) redshift-space probability distributions for each obscured AGN SED class assigned in this work. Distributions are presented separately for the low (top) and high (bottom) X-ray luminosity groups.

      

    

  
    
      Table D.2. 

      Expected number of AGN detectable with Euclid photometry in the EWS and EDS, broken down into the redshift ranges 0.01 ≤ z ≤ 4 and 4 < z ≤ 7.

      
        






	Survey
	Band
	0.01 ≤ z ≤ 4
	4 < z ≤ 7



	
	
	

	




	
	
	Total
	Unobscured
	Obscured
	Total
	Unobscured
	Obscured





	EWS
	IE
	3.0 × 107
	1.1 × 107
	1.9 × 107
	1.1 × 106
	7.5 × 105
	3.5 × 105



	
	YE
	2.1 × 107
	8.1 × 106
	1.3 × 107
	8.4 × 105
	5.8 × 105
	2.6 × 105



	
	JE
	2.9 × 107
	8.9 × 106
	2.0 × 107
	1.0 × 106
	7.3 × 105
	3.1 × 105



	
	HE
	3.4 × 107
	9.1 × 106
	2.5 × 107
	1.1 × 106
	7.8 × 105
	3.7 × 105



	
	(IE | YE | JE | HE)
	3.9 × 107
	1.1 × 107
	2.7 × 107
	1.4 × 106
	9.2 × 105
	4.7 × 105



	
	(IE ∧ YE ∧ JE ∧ HE)
	2.0 × 107
	7.9 × 106
	1.2 × 107
	7.2 × 105
	5.1 × 105
	2.2 × 105



	




	EDS
	IE
	1.8 × 105
	4.5 × 104
	1.4 × 105
	6.8 × 103
	3.3 × 103
	3.4 × 103



	
	YE
	1.5 × 105
	4.0 × 104
	1.2 × 105
	5.3 × 103
	3.4 × 103
	1.9 × 103



	
	JE
	1.9 × 105
	4.1 × 104
	1.5 × 105
	6.3 × 103
	3.7 × 103
	2.6 × 103



	
	HE
	2.1 × 105
	4.2 × 104
	1.8 × 105
	7.6 × 103
	3.8 × 103
	3.8 × 103



	
	(IE | YE | JE | HE)
	2.3 × 105
	4.5 × 104
	1.8 × 105
	8.7 × 103
	3.9 × 103
	4.7 × 103



	
	(IE ∧ YE ∧ JE ∧ HE)
	1.5 × 105
	3.9 × 104
	1.1 × 105
	4.8 × 103
	3.1 × 103
	1.7 × 103





      

      
Notes. The former of these ranges corresponds to where the XLF adopted in this work is well constrained by data, whilst the latter marks regions where the XLF was extrapolated. We present total numbers as well as splits by optical obscuration class. Numbers are reported on a per-filter basis as well as the number of AGN detectable in at least one Euclid filter, (IE | YE | JE | HE), and the number of AGN detectable in all Euclid filters, (IE ∧ YE ∧ JE ∧ HE).



    

  
    
      Table E.1. 

      Redshift-dependent performance of Euclid photometry AGN selection criteria (Euclid Collaboration: Bisigello et al. 2024) applied to our samples of EWS and EDS AGN.

      
        


	Survey
	Target Class
	Photometry
	Redshift
	Selected AGN
	C
	log10(Lbol/erg s−1)





	EWS
	Unobscured AGN
	Euclid
	0.0 ≤ z < 0.5
	2.1 × 105
	0.13
	43.6 ± 0.6



	
	
	
	0.5 ≤ z < 1.0
	7.3 × 105
	0.13
	44.4 ± 0.7



	
	
	
	1.0 ≤ z < 1.5
	1.2 × 106
	0.24
	45.2 ± 0.6



	
	
	
	1.5 ≤ z < 2.0
	1.2 × 106
	0.37
	45.4 ± 0.5



	
	
	
	2.0 ≤ z < 2.5
	7.2 × 105
	0.39
	45.6 ± 0.5



	
	
	
	2.5 ≤ z < 3.0
	3.9 × 105
	0.34
	45.8 ± 0.4



	
	
	
	3.0 ≤ z < 3.5
	2.1 × 105
	0.29
	45.8 ± 0.4



	
	
	
	3.5 ≤ z < 4.0
	9.9 × 104
	0.22
	45.9 ± 0.4



	
	
	
	4.0 ≤ z < 4.5
	3.6 × 104
	0.12
	45.9 ± 0.3



	
	
	
	4.5 ≤ z < 5.0
	2.0 × 103
	0.01
	45.8 ± 0.2



	
	
	
	5.0 ≤ z < 5.5
	3
	0.00
	45.7 ± 0.1



	




	EWS
	∪
	Euclid, Rubin/LSST
	0.0 ≤ z < 0.5
	4.3 × 105
	0.26
	43.6 ± 0.6



	
	
	
	0.5 ≤ z < 1.0
	1.7 × 106
	0.28
	44.1 ± 0.7



	
	
	
	1.0 ≤ z < 1.5
	2.1 × 106
	0.38
	44.9 ± 0.6



	
	
	
	1.5 ≤ z < 2.0
	2.0 × 106
	0.56
	45.3 ± 0.5



	
	
	
	2.0 ≤ z < 2.5
	1.1 × 106
	0.53
	45.5 ± 0.5



	
	
	
	2.5 ≤ z < 3.0
	5.2 × 105
	0.44
	45.7 ± 0.4



	
	
	
	3.0 ≤ z < 3.5
	2.1 × 105
	0.29
	45.8 ± 0.4



	
	
	
	3.5 ≤ z < 4.0
	9.9 × 104
	0.22
	45.9 ± 0.4



	
	
	
	4.0 ≤ z < 4.5
	3.6 × 104
	0.12
	45.9 ± 0.3



	
	
	
	4.5 ≤ z < 5.0
	2.0 × 103
	0.01
	45.8 ± 0.2



	
	
	
	5.0 ≤ z < 5.5
	3
	0.00
	45.7 ± 0.1



	




	EDS
	Unobscured AGN
	Euclid
	0.0 ≤ z < 0.5
	3.0 × 102
	0.04
	43.5 ± 0.5



	
	
	
	0.5 ≤ z < 1.0
	2.4 × 103
	0.06
	44.0 ± 0.7



	
	
	
	1.0 ≤ z < 1.5
	5.5 × 103
	0.13
	44.7 ± 0.7



	
	
	
	1.5 ≤ z < 2.0
	4.5 × 103
	0.17
	45.2 ± 0.7



	
	
	
	2.0 ≤ z < 2.5
	2.5 × 103
	0.17
	45.4 ± 0.6



	
	
	
	2.5 ≤ z < 3.0
	1.2 × 103
	0.14
	45.6 ± 0.4



	
	
	
	3.0 ≤ z < 3.5
	6.5 × 102
	0.13
	45.6 ± 0.4



	
	
	
	3.5 ≤ z < 4.0
	2.2 × 102
	0.08
	45.6 ± 0.4



	
	
	
	4.0 ≤ z < 4.5
	78
	0.04
	45.9 ± 0.3



	




	EDS
	∪
	Euclid, Rubin/LSST
	0.0 ≤ z < 0.5
	1.5 × 103
	0.23
	43.5 ± 0.5



	
	
	
	0.5 ≤ z < 1.0
	6.2 × 103
	0.15
	43.9 ± 0.7



	
	
	
	1.0 ≤ z < 1.5
	7.5 × 103
	0.18
	44.7 ± 0.7



	
	
	
	1.5 ≤ z < 2.0
	9.4 × 103
	0.35
	45.0 ± 0.6



	
	
	
	2.0 ≤ z < 2.5
	6.4 × 103
	0.43
	45.2 ± 0.6



	
	
	
	2.5 ≤ z < 3.0
	2.6 × 103
	0.30
	45.4 ± 0.5



	
	
	
	3.0 ≤ z < 3.5
	6.8 × 102
	0.14
	45.6 ± 0.4



	
	
	
	3.5 ≤ z < 4.0
	2.2 × 102
	0.08
	45.6 ± 0.4



	
	
	
	4.0 ≤ z < 4.5
	78
	0.04
	45.9 ± 0.3





      

      
Notes. For the Euclid-only unobscured AGN criterion and union (∪) of all Euclid and Rubin/LSST selection criteria we report the number of selected AGN, completeness (C) at the 5σ level in the relevant filters, and the median bolometric luminosity (±1σ) in each redshift bin. These data are visualised in Fig. 13.



    

  
    
      Fig. E.1. 

      
        [image: thumbnail]
      

      
        Optimal Euclid photometry AGN selection criteria derived in Euclid Collaboration: Bisigello et al. (2024) for the EWS applied to our data. We show two-dimensional density plots for AGN that are detected above the 5σ point-source depths in all four relevant bands. The coloured regions show the selected AGN and grey regions show non-selected AGN. Panels show selections for unobscured AGN with Euclid photometry only (top), unobscured AGN with Euclid and Rubin/LSST photometry (middle) and all AGN with Euclid and Rubin/LSST photometry (bottom). In the top panel we plot the colour-space redshift evolution of our unobscured AGN template with E(B − V) = 0 (green) and E(B − V) = 0.1 (orange) for z ∈ [0, 7] in steps of δz = 1. White circles show the z = 0 points and white squares denote the z = 5 points. The E(B − V) = 0 green crosses in the selection region correspond to z = 1 and z = 2.
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