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Distribution of redshift (left), 0.5–2 keV luminosity and column density (right) for the 53 579 AGNs contained in one of the mock catalogs used in our analysis. The sources cover a 1 deg2 field and are drawn from the Gilli et al. (2007) model.



    

  
    
      Fig. 2. 
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Left: cumulative AGN number counts as a function of the 0.5–2 keV flux. The number counts from our mock catalog, derived using the Gilli et al. (2007) AGN population synthesis model, are plotted as a solid red line. As a comparison, we also plot the number counts derived in the CDF-S 7 Ms (cyan squares; Luo et al. 2017), Chandra COSMOS Legacy (orange circles; Civano et al. 2016), J1030 (pink stars; Nanni et al. 2020), and Stripe 82X (green diamonds; LaMassa et al. 2013b) surveys. The number counts derived from the Ueda et al. (2014) X-ray luminosity function are also shown with a dashed black line, for comparison. We note that the difference at faint fluxes between these number counts and those of our mock is almost completely due to the fact that Ueda et al. (2014) did not include AGNs with luminosities < 1041 erg s−1 in their analysis. Center: cumulative nonactive galaxies number counts as a function of the 0.5–2 keV flux. The number counts from our mock catalog, derived using the Ranalli et al. (2005) luminosity function, are plotted as a solid red line. The observed (cyan squares) and model-inferred number counts (dashed cyan line) derived in the CDF-S 7 Ms (Luo et al. 2017) are also shown for comparison. Right: cumulative galaxy clusters number counts as a function of the 0.5–2 keV flux. The number counts from our mock catalog are plotted as a solid red line. As a comparison, we also plot the number counts derived in the Extended Chandra Deep Field–South field (dashed blue line; the 1σ uncertainty area is shown as a blue shaded area; Finoguenov et al. 2015), and those derived combining data from ROSAT, ASCA and Beppo-SAX surveys (dash-dotted orange line; Rosati et al. 2002). Finally, we plot as magenta dashed line the predictions of the Planck cosmological simulation (Planck Collaboration XVI 2014).
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AGN spectra used in our simulations, at z = 0 and for different log(NH) values. We also plot the spectrum of a CT-AGN with log(NH) = 24.5 as modeled using the borus02 model (Baloković et al. 2018, dashed black line), as a reference.
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Cumulative 0.5–2 keV number counts at redshift z > 3 (left) and z > 4 (right). The number counts of the mock catalog we derived from the Vito et al. (2014)z > 3 XLF are plotted as a solid red line, while those of the mock derived using the Gilli et al. (2007) CXB model are shown using a dashed red line. The z = [3–5] number counts derived with the Ueda et al. (2014, dashed black line) model are also shown for comparison. Finally, the observational results from Chandra COSMOS Legacy (orange circles, Marchesi et al. 2016b) and from the CDF-S 7 Ms and CDF-N 2 Ms (green shaded area highligting the 68% confidence region; Vito et al. 2018) are also plotted for comparision.
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Cumulative 0.5–2 keV (left) and 2–10 keV (right) fluxes per unit of square degree of the AGNs (dashed red line), nonactive galaxies (dash-dotted blue line) and galaxy clusters (dotted cyan line) simulated for the mocks used in this work. The overall distribution is plotted as a solid black line. The flux of the cosmic X-ray background measured by Cappelluti et al. (2017) is plotted in yellow, with 20% errors to account for the uncertainties in the CXB absolute flux level measured by different instruments.
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Distribution of the 0.5–2 keV flux for the four mocks presented in this work: AGN from the Gilli et al. (2007) AGN population synthesis model (red solid line for the whole population; red dotted line for the z > 3 subsample); z > 3 AGN from the Vito et al. (2014) X-ray luminosity function (blue long-dashed line); nonactive galaxies (black short-dashed line); and clusters of galaxies (cyan long dashed line). All histograms refer to a 1 deg2 field.
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Left: AXIS planned effective area as a function of energy (red solid red line), compared with those of the XMM-Newton pn camera (dashed magenta line) and of the Chandra ACIS-I camera (dashed blue line) as of early 2020, and with the ACIS-I one at the time Chandra was launched (solid blue line). The ATHENA effective area for a 5′ field of view (dashed cyan line) is also plotted for comparison. Right: AXIS (solid red line) angular resolution as a function of the off-axis angle. The same quantities are also plotted for ATHENA–WFI (dash-dotted cyan line; Nandra et al. 2013) and Chandra ACIS-I (dashed blue line).



    

  
    Table 1. 

Properties of three reference AXIS surveys simulated in this work.




	Survey
	Area
	Tile exposure
	Total exposure
	Flux limit (0.5–2 keV)
	Number of detections




	
	deg2
	ks
	Ms
	erg s−1 cm−2
	AGN
	Galaxies





	Deep
	0.16
	5000
	5
	5 × 10−19
	3496
	5387



	Intermediate
	2.5
	300
	5
	3 × 10−18
	32655
	22071



	Wide
	50
	15
	5
	4 × 10−17
	190149
	21840






Notes. The flux limit corresponds to 1% of the covered field (see Fig. 9), and is the flux at which 1% of the input sources is detected. The number of detections is computed in the 0.5–7 keV band.




  
    
      Fig. 8. 
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Left: smoothed three-color image (red: 0.5–2 keV; green: 2–4.5 keV blue: 7 keV) of a simulated 5-Ms deep field (24′×24′) with AXIS. The extended red structures are galaxy clusters. The white boxes highlight two regions, one on-axis and the one at the boundary of the field of view: we show a zoom-in of these regions in the top and central right panels. The AXIS PSF is expected to have remarkably small degradation as a function of the off-axis angle. In the bottom right panel, we show as a reference a ∼2′ × 2′, 8′ off-axis 0.5–7 keV image of the 4 Ms CDF-S.



    

  
    Table 2. 

Number of sources, overall and divided by class, detected in the 0.5–7 keV, 0.5–2 keV and 2–7 keV bands in each of the three reference AXIS surveys.




	Survey
	Band
	Total
	AGN
	Galaxies
	Flux 20%
	Flux 80%



	
	
	
	
	
	erg s−1 cm−2





	Deep
	0.5–7 keV
	9016
	3496 (38.8%)
	5387 (59.7%)
	8.5 × 10−18
	2.9 × 10−17



	
	0.5–2 keV
	8205
	3051 (37.2%)
	5065 (61.7%)
	1.4 × 10−18
	4.4 × 10−18



	
	2–7 keV
	5706
	3521 (60.7%)
	2172 (37.5%)
	9.1 × 10−18
	2.4 × 10−17



	




	Intermediate
	0.5–7 keV
	54774
	32655 (59.6%)
	22071 (40.3%)
	3.9 × 10−17
	1.5 × 10−16



	
	0.5-2 keV
	47689
	27555 (57.8%)
	20124 (42.2%)
	8.8 × 10−18
	2.8 × 10−17



	
	2-7 keV
	26192
	23553 (90.0%)
	2605 (9.9%)
	7.1 × 10−17
	2.0 × 10−16



	




	Wide
	0.5–7 keV
	212058
	190149 (89.7%)
	21840 (10.3%)
	3.6 × 10−16
	1.5 × 10−15



	
	0.5–2 keV
	172690
	153669 (89.0%)
	18974 (11.0%)
	1.0 × 10−16
	2.7 × 10−16



	
	2–7 keV
	81443
	80831 (99.2%)
	581 (0.7%)
	1.2 × 10−15
	3.1 × 10−15






Notes. In parentheses, we report the fraction of sources belonging to each class with respect to the total number of sources detected in a given energy range. Spurious detections, not reported in this table, are always < 0.5% of the overall detections. “Flux 20%” and “Flux 80%” are the flux limits reached over 20% and 80% of the proposed survey area, respectively: the Full and Hard band fluxes are computed in the 0.5–10 keV and 2–10 keV bands for an easier comparison with previous works, but the detections are obtained in the 0.5–7 keV and 2–7 keV bands.




  
    
      Fig. 10. 
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0.5–2 keV (left) and 2–10 keV (right) area-flux curves for the AXIS deep, 5 Ms (solid black line), intermediate, 300 ks (dashed black line) and wide, 15 ks (dotted black line) reference surveys. For comparison, we show the area-flux curves of several existing X-ray surveys: CDF-S 7 Ms (Luo et al. 2017, dotted blue line); CDF-N 2 Ms (Xue et al. 2016, dashed gray line); AEGIS XD (Nandra et al. 2015, dotted purple line); SSA22 (Lehmer et al. 2009, dotted light green line); XDEEP-2 F1 (Goulding et al. 2012, dashed yellow line); J1030 (dashed pink line; Nanni et al. 2020); X-UDS (Kocevski et al. 2018, dashed brown line); Chandra COSMOS Legacy (Civano et al. 2016, dashed cyan line); X-Bootes (Murray et al. 2005, dashed magenta line); Stripe 82X (LaMassa et al. 2013b,a, 2016, dashed green line); and XMM-XXL (Pierre et al. 2016, dashed orange line). We also show the predictions made for the ATHENA deep– and wide–area survey (dashed red lines; see the text for more details), and those for four years of eROSITA observations (i.e., eRASS:8; Merloni et al. 2012; Comparat et al. 2019, dashed light green line). The plotted lines have been derived from the 0.5–2 keV survey sensitivity curves in an area range that starts at 20% and stops at 80% of the area covered by the survey.



    

  
    Table 4. 

Number of expected high-redshift detections in the deep and wide tier of the ATHENA–WFI survey simulation, and logarithm of the 0.5–2 keV luminosity limit (computed using the flux limit at 20% of the survey area).




	
	Gilli et al. (2007) mock

	
	Vito et al. (2014) mock




	ATHENA survey
	z > 3

	z > 4

	z > 5

	z > 6

	z > 7

	
	z > 3
	z > 4
	z > 5
	z > 6
	z > 7



	
	nsrc
	Llim
	nsrc
	Llim
	nsrc
	Llim
	nsrc
	Llim
	nsrc
	Llim
	
	nsrc
	nsrc
	nsrc
	nsrc
	nsrc





	Deep
	1744
	42.1
	326
	42.4
	68
	42.6
	15
	42.8
	6
	42.9
	
	2667
	534
	147
	38
	15



	Wide
	7344
	42.5
	1350
	42.8
	259
	43.0
	54
	43.2
	22
	43.3
	
	8878
	1831
	416
	85
	23







  
    
      Fig. 11. 
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0.5–2 keV luminosity as a function of redshift for the z > 3 sources detected in the simulated AXIS (black circles) and ATHENA (red squares) surveys. 1σ uncertainties are computed using the Gehrels (1986) equations. The z > 5.5 AGNs detected in the X-rays by currently available facilities are also plot for comparison (Vito et al. 2019, blue stars; Nanni et al. 2017, cyan diamonds). Two different models of black hole seed accretion are also shown (light SMBH seed: dashed yellow line; heavy SMBH seed: solid magenta line; see the text for more details).



    

  
    
      Fig. 12. 
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Expected X-ray luminosity function at z ∼ 6.5 (left) and z ∼ 7.5 (right), of AXIS (black) and ATHENA (red), respectively. The Vito et al. (2014) XLFs at the same redshifts are plotted as a blue dashed line and a solid cyan line, respectively. In the right panel, the range of predictions from the hydro-dynamical simulations and semi-analytical models discussed in Amarantidis et al. (2019, khaki area) is also shown for comparison.



    

  
    Table 5. 

Expected number of Compton thick AGN (i.e., sources having column density NH > 1024 cm−2) in each of the planned AXIS and ATHENA surveys.




	
	AXIS

	
	ATHENA




	
	Whole sample

	
	> 100 net counts

	
	Whole sample

	
	> 100 net counts




	Survey
	All

	z > 3

	
	All
	z > 3
	
	All

	z > 3

	
	All
	z > 3



	
	nsrc
	Llim
	nsrc
	Llim
	
	nsrc
	nsrc
	
	nsrc
	Llim
	nsrc
	Llim
	
	nsrc
	nsrc





	Deep
	850
	37.0
	62
	41.6
	
	452
	31
	
	4476
	38.1
	218
	43.8
	
	2821
	131



	Intermediate
	4396
	37.8
	268
	42.3
	
	335
	10
	
	–
	–
	–
	–
	
	–
	–



	Wide
	6113
	38.9
	172
	44.5
	
	69
	0
	
	7236
	38.5
	236
	44.2
	
	594
	0






Notes. We report both the overall results and the number of sources for which more than 100 0.5–7 keV net counts are detected, thus making possible a reliable X-ray spectral analysis. The logarithm of the 0.5–2 keV luminosity is computed using the spectral model described in Sect. 5.3 and a 0.5–2 keV flux corresponding to the one at which 20% of the survey area is covered (see Table 2).
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Spectrum of a z = 3.5 CT-AGN with Log(NH) = 24.5 and 0.5–2 keV intrinsic luminosity Log(L0.5 − 2) = 44.5, as it would be detected in the AXIS deep, 5 Ms survey. The spectrum is rebinned with a minimum of 5 counts per bin. In the insets, we show the 68, 90 and 99% confidence level contours for the power law photon index Γ and the line-of-sight column density NH.
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