
    
      Fig. 3 
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        Left: ERO pipeline LSB stack preserving all scales across the image. The pipeline is optimised for the photometry of extended objects such as these Perseus cluster galaxies. Right: ERO pipeline for compact-sources removing most of the LSB signal. The stack with internal background subtraction suppresses much of the signal from the large galaxies. The field size is 3′ by 3′.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Left: Image of Hα+[N II] emission from the galaxy NGC 1275 by CFHT. The filamentary structures show the cooling flow gas (e.g. Conselice et al. 2001). Right: Euclid IE image. The FoV per panel is 4′ by 4′.

      

    

  
    
      Fig. 7 
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        Illustration of the comparative depth of the CFHT and Euclid Perseus cluster observations (the featured galaxy is PGC 12254). This image indicates that our ground-based optical data (r-band here) match the Euclid data well, both for compact sources and extended emission. The detection becomes challenging from the ground towards the NIR, where the Earth sky brightness increases rapidly (CFHT z-band observations versus Euclid HE-band here). The FoV per panel is 4′ by 4′.

      

    

  
    
      Fig. 10 
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        Number counts of galaxies in the Perseus field compared to COSMOS2020 in HE and iCFHT, both corrected for MW extinction. Other data from the literature are taken from (Driver et al. 2016, D16), while the Durham Cosmology Group’s counts are from the compilation available at the dedicated web page (http://star-www.dur.ac.uk/~nm/pubhtml/counts/counts.html). Left: HE number counts. The COSMOS (from the Farmer catalogue described in Weaver et al. 2022, after removing masked regions and objects classified as stars) counts are derived from UltraVISTA H-band magnitudes converted to HE using the equation D. 22 in Euclid Collaboration: Schirmer et al. (2023, solid dark cyan line). Perseus galaxy number counts in HE are shown as a solid red line. The excess in the bright number counts can be explained by the contribution of Perseus cluster members. Right: i-band number counts. The COSMOS2020 data are from the HSC i-band, Perseus magnitudes are IE (red solid line). The same excess at bright magnitudes is also observed.

      

    

  
    
      Fig. 11 
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        Left: Comparison between the SDSS photometric redshift and the spectroscopic one for targets located within R ≤ r200 in the Perseus cluster with an r-band magnitude r ≲ 17.7. Right: Comparison between the photometric redshifts derived with Phosphoros and the spectroscopic ones for targets located within the Euclid field of the Perseus cluster (R ≤ 0.25 r200). The vertical black dotted line shows the adopted limit in spectroscopic redshift used for identifying Perseus members [zspec ≲ 0.03, corresponding to Vc + 3.5 σc = (5258 + 3.5 × 1040) km s−1]. The green dashed line shows the limit in photometric redshift to identify potential cluster candidates [zphot,SDSs ≲ 0.1, left; zphot ≲ 0.1, right]. The upper and right histograms show the spectroscopic and photometric redshift distribution, respectively, for all galaxies and for those objects classified as cluster members using their spectroscopic redshift (zspec ≲ 0.03, red).

      

    

  
    
      Fig. 12 
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        Flowchart representing the process of selecting cluster members. The red branch in the left represents the steps described in Sect. 5.1. The blue boxes are for the dwarf galaxies in Sect. 5.2, and in green we illustrate the different steps we followed to check for any possible additional member, starting from the SourceExtractor (SE on the flowchart) catalogue, discussed in Sect. 5.4. Numbers in italic and between parentheses represent the galaxies brighter than the completeness limit we adopted for the LF, M(IE) ≤ −11.33.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Perseus field divided into three regions of 10 000 pixels × 10 000 pixels each (1000″ on a side) to investigate completeness under various conditions. Region 1 contains large galaxies, Region 2 has a regular field density composed of background galaxies and stars; and Region 3 shows Galactic cirrus. The Galactic cirrus manifests itself as a faint orange haze in frame 3, with the top-left thumbnail displaying an enhanced version of the image that highlights extended diffuse emission, cirrus, and intracluster light. Collectively, these three representative regions cover 44% of the total area. In all images, north is oriented upwards, and east is to the left.

      

    

  
    
      Fig. 14 
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        Left: Section of the original VIS image (900 pixels × 900 pixels, 90″ on the side) displaying standard features, specifically extended cluster galaxies, stars, background galaxies, and optical ghosts near bright stars, which appear as faint round structures. Middle: Ring-filtered version enhancing extended sources and removing compact ones. The red circles (10″ in diameter) mark the dwarfs from our catalogue of members. Right: SourceExtractor segmentation map confirming detection of all dwarfs and maintaining a low count of other detected sources.

      

    

  
    
      Fig. 15 
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        Fits to model parameters for dwarf galaxies. A multivariate Gaussian fit (blue dots) was applied to the dwarf sample from the visual catalogue (red dots), ensuring the five defining parameters per galaxy – Sérsic index n, surface brightness Ie at the effective radius Re, ellipticity e, and position angle PA, indicated in the green box – are weighted proportionally to their occurrence in the real data. The total magnitude IE, dependent on Sérsic index, Ie, and Re, is not used in the simulation.

      

    

  
    
      Fig. 16 
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        Injection of simulated galaxies. Left: Simulated IE = 22.4 dwarf galaxy with specific physical parameters (Sérsic index = 0.61, Ie = 0.49 ADU per pixel, Re = 18.10 pixels, ellipticity = 0.14, and position angle = 72°) injected into a 250 pixel × 250 pixel grid (marked by red circles). Right: SourceExtractor segmentation map showing successful recovery of most injected sources. This example clearly demonstrates how completeness is compromised by crowding from nearby stars and galaxies. The image area is the same as in Fig. 14.

      

    

  
    
      Fig. 20 
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        Relation between the mean versus model effective surface brightness and the total magnitude for all sources in the full SourceExtractor catalogue with IE ≤ 22.96. Brown, orange, and yellow dots are for targets classified as stars consistently by six, five, and four independent criteria, respectively. Green dots are for galaxies with photometric redshifts from Phosphoros zphot ≤ 0.1, red dots for optically identified cluster members, and magenta dots for spectroscopically confirmed cluster members (zspec ≲ 0.03). The black solid line (⟨μIE⟩ = 0.783 IE + 3 mag arcsec−2) delimits the region where most (13/899, 1.4%) of the spectroscopically and visually identified members are located.

      

    

  
    
      Fig. 23 
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        Galaxy luminosity properties. Top left: Cumulative light distribution (blue line) for the Perseus cluster catalogue of 1220 galaxies, which reaches down to M(IE) = −10. The absolute magnitude of the galaxy at the centre of each image cutout is indicated in the IE band. While the 1083 dwarf galaxies dominate by number, 90% of the light in Perseus comes from the 83 galaxies brighter than M(IE) = −19.5 (the remaining 48 galaxies plus all dwarf galaxies account for just 10% of the light in Perseus). Image thumbnails: The top left diagram is illustrated with seven examples of relative brightness and physical size, all presented at the same pixel scale. The range spans from the giant elliptical NGC 1275 (bottom left), which alone contributes 10% of the light in Perseus, to a dwarf 12 magnitudes fainter (bottom right). The colour for each magnitude bin matches the colour used to represent galaxies on the map of Fig. 24. All dwarf galaxies are fainter than M(IE) = −18, while all other galaxies are brighter than M(IE) = −16.

      

    

  
    
      Fig. 24 
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        Perseus catalogue of 1220 galaxies plotted over the 0.7 deg2 sky coverage alongside the Planck dust map [average E(B − V) = 0.156]. The colour map for the galaxies is scaled from red to black according to the absolute magnitude ranging from M(IE) = −24 to −10 (Fig. 23). Measured ellipticity and angular size are depicted for the bright galaxies, while all 1083 dwarfs are represented as round dots, exaggerated in size relative to their physical dimensions. The three largest ellipses are NGC 1275 and NGC 1272 on the lower left, and NGC 1265 at the top.

      

    

  
    
      Fig. 25 
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        Scaling relations between the Sérsic index n, the effective radius Re, the central surface brightness μIE, 0, and mean effective surface brightness within Re, ⟨μIE,e⟩, and the total magnitude measured using AutoProf/AstroPhot for all galaxies identified as cluster members. Magnitudes are corrected for Galactic attenuation. The red dashed line shows the 50% completeness of the sample, corresponding to M(IE) = −11.33, assuming a mean Galactic attenuation AIE = 0.33. The effective radius is in pixel units and surface brightness in mag arcsec−2.

      

    

  
    
      Fig. 27 
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        SMF derived excluding the three cD galaxies NGC 1275, NGC 1272, and NGC 1265. The solid black and dotted black lines show the best-fit and ±1 σ confidence regions of the Schechter SMF parametrisation. The red dashed line, which is a reasonably good fit to the slope of the faint end of the distribution, has α = −1.35. The vertical grey dashed line shows the stellar mass limit used in the fit. The best-fit parameters are given in Table 4.

      

    

  
    
      Fig. A.1 
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        Left: Flux maps for NGC 1268 in various CFHT and Euclid bands. Right: Stellar mass density map obtained after SED fitting.

      

    

  
    
      Fig. B.1 
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        Examples of AutoProf radial profile extraction on VIS data to derive photometric and morphological properties. Top left: UGC 02665 isophote fitting on an 2000 pixel × 2000 pixel pixel cutout (200″ × 200″, red angular scale on the image: 30″). Top right: Radial surface brightness profile for UGC 02665, showing a dip at r = 60″ due to overlap with neighbours, marking the photometry’s limit. Bottom left: WISEAJ031858.26 +414208.7 isophote fitting on a 2000 pixel × 2000 pixel cutout (200″ × 200″, red angular scale on the image: 30″). Bottom right: Radial surface brightness profile for NGC 1281, reaching down to 30.1 mag arcsec−2 at r = 100″ despite the proximity of a bright star. Cyan and red points on the radial profiles refer to the colours of isophotes in the associated AutoProf visual, which help guide the eye when comparing plots.

      

    

  
    
      Table C.1 

      Parameters extracted from Tables C.3 to C.5, along with their descriptions and associated table numbers.

      
        


	Parameter
	Description
	Table numbers





	ID
	Object identifier
	Table C.3 to Table C.9



	RA
	Right ascension in degrees
	Table C.3 to Table C.9



	Dec
	Declination in degrees
	Table C.3 to Table C.9



	xpix
	x-coordinate in pixels for AutoProf run
	Table C.3



	ypix
	y-coordinate in pixels for AutoProf run
	Table C.3



	IE
	Apparent magnitude in VIS band
	Table C.3



	M(IE)
	Absolute magnitude in VIS band
	Table C.3



	Re,arcsec
	Effective radius in arcseconds
	Table C.3



	n
	Sersic index
	Table C.3



	AR
	Axis ratio
	Table C.3



	PA
	Position angle in degrees
	Table C.3



	μIE,0,GD
	Central surface brightness (Graham and Driver)
	Table C.3



	μIE,e,GD
	Surface brightness at effective radius (Graham and Driver)
	Table C.3



	⟨μIE,e,GD⟩
	Average surface brightness at effective radius (Graham and Driver)
	Table C.3



	μIE,0
	Central surface brightness
	Table C.3



	μIE, e
	Surface brightness at effective radius
	Table C.3



	⟨μIE,e⟩
	Average surface brightness at effective radius
	Table C.3



	σx
	Error on x-coordinate in pixels
	Table C.4



	σy
	Error on y-coordinate in pixels
	Table C.4



	σIE
	Error on apparent magnitude
	Table C.4



	σM(IE)
	Error on absolute magnitude
	Table C.4



	σRe.arcsec
	Error on effective radius in arcseconds
	Table C.4



	σn
	Error on Sersic index
	Table C.4



	σAR
	Error on axis ratio
	Table C.4



	σPA
	Error on position angle in degrees
	Table C.4



	σμIE,0,GD
	Error on central surface brightness (Graham and Driver)
	Table C.4



	σμIE,e,GD
	Error on surface brightness at effective radius (Graham and Driver)
	Table C.4



	σ⟨μIE,0,GD⟩
	Error on average surface brightness at effective radius (Graham and Driver)
	Table C.4



	σμIE,0
	Error on central surface brightness
	Table C.4



	σμIE,e
	Error on surface brightness at effective radius
	Table C.4



	σ⟨μIE,e⟩
	Error on average surface brightness at effective radius
	Table C.4



	zspec
	Spectroscopic redshift from literature
	Table C.5



	zphot
	SDSS or NED Photometric redshift
	Table C.5



	σzspec
	Error on spectroscopic redshift
	Table C.5



	σzphot
	Error on photometric redshift
	Table C.5



	flagtool
	Tool indicator (AP for AutoProf, APh for AstroPhot)
	Table C.5



	EC(IE)
	VIS extinction correction cIE E(B − V) from Eq. (1) to be used for all VIS magnitudes
	Table C.5



	EC(YE)
	Y extinction correction cYE E(B − V) from Eq. (1) to be used for all YE magnitudes
	Table C.5



	EC(JE)
	J extinction correction cJE E(B − V) from Eq. (1) to be used for all JE magnitudes
	Table C.5



	EC(HE)
	H extinction correction cHE E(B − V) from Eq. (1) to be used for all HE magnitudes
	Table C.5



	σEC(IE)
	Error on VIS extinction correction
	Table C.5



	σEC(YE)
	Error on YE extinction correction
	Table C.5



	σEC(JE)
	Error on JE extinction correction
	Table C.5



	σEC(HE)
	Error on HE extinction correction
	Table C.5





      

    

  
    
      Table C.5 

      Redshift and extinction corrections.

      
        


	ID
	RA
	Dec
	zspec
	zphot
	σzspec
	σzphot
	flagtool
	EC(IE)
	EC(YE)
	EC(JE)
	EC(HE)
	σEC(IE)
	σEC(YE)
	σEC(JE)
	σEC(HE)





	CGCG540–074
	49.115
	41.627
	0.017
	0.024
	0.000
	0.007
	AP
	0.276
	0.138
	0.094
	0.061
	0.015
	0.008
	0.005
	0.003



	WISEAJ031637_12+414721_3
	49.155
	41.789
	0.018
	0.046
	0.000
	0.013
	AP
	0.302
	0.152
	0.103
	0.067
	0.016
	0.008
	0.006
	0.004



	2MASXJ03165143+4127342
	49.214
	41.459
	−99.000
	0.018
	−99.000
	0.049
	AP
	0.285
	0.143
	0.098
	0.063
	0.016
	0.008
	0.006
	0.004



	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...



	GAIADR3239372962793322368
	49.301
	41.381
	−99.990
	−99.990
	−99.990
	−99.990
	AP
	0.309
	0.155
	0.106
	0.069
	0.018
	0.009
	0.006
	0.004



	7488
	49.495
	41.163
	−99.990
	−99.990
	−99.990
	−99.990
	AP
	0.406
	0.204
	0.139
	0.090
	0.025
	0.013
	0.009
	0.006





      

    

  
    
      Table C.6 

      Magnitudes within 1 effective radius in VIS and NISP bands.

      
        


	ID
	RA
	Dec
	IE
	M(IE)
	YE
	M(YE)
	JE
	M(JE)
	HE
	M(HE)





	CGCG540–074
	49.115
	41.627
	14.119
	-20.168
	13.346
	-20.941
	13.174
	−21.112
	13.035
	−21.252



	WISEAJO31637_12+414721_3
	49.155
	41.789
	15.827
	−18.460
	15.039
	−19.248
	14.885
	−19.402
	14.740
	−19.547



	2MASXJ03165143+4127342
	49.214
	41.459
	15.667
	−18.620
	15.029
	−19.257
	14.903
	−19.383
	14.776
	−19.510



	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...



	GAIADR3239372962793322368
	49.301
	41.381
	17.370
	−16.917
	16.546
	−17.741
	16.399
	−17.888
	16.189
	−18.098



	7488
	49.495
	41.163
	18.100
	−16.187
	17.464
	−16.822
	17.383
	−16.904
	17.266
	−17.021





      

    

  
    
      Table C.7 

      Associated errors of the 1 Re magnitudes catalogue.

      
        


	ID
	RA
	Dec
	σIE
	σM(IE)
	σYE
	σM(YE)
	σJE
	σM(JE)
	σHE
	σM(HE)





	CGCG540–074
	49.115
	41.627
	0.001
	0.001
	0.002
	0.002
	0.001
	0.001
	0.002
	0.002



	WISEAJ031637_12+414721_3
	49.155
	41.789
	0.013
	0.013
	0.004
	0.004
	0.004
	0.004
	0.004
	0.004



	2MASXJ03165143+4127342
	49.214
	41.459
	0.015
	0.015
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001



	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...



	GAIADR3239372962793322368
	49.301
	41.381
	0.010
	0.010
	0.005
	0.005
	0.006
	0.005
	0.004
	0.004



	7488
	49.495
	41.163
	0.020
	0.020
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001
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