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Abstract

Context. This work is the seventh study in a series dedicated to investigating degeneracies of simultaneous age, mass, extinction, and metallicity determinations of partially resolved or unresolved star clusters with Hubble Space Telescope broadband aperture photometry. In the sixth work (hereafter, Paper I), it was demonstrated that the adaptive aperture photometry, performed to avoid the majority of the projected foreground and background stars falling within the apertures, gives more consistent colour indices for star clusters.

Aims. In this study, we aim to supplement the homogeneous multi-colour aperture photometry results published in Paper I and provide a complete M 31 Panchromatic Hubble Andromeda Treasury (PHAT) survey star cluster photometry catalogue for further analysis.

Methods. Following Paper I, we used a two-aperture approach for photometry. The first aperture is the standard one used to measure total cluster fluxes. The second (smaller) aperture is introduced to avoid the bright foreground and background stars projecting onto the clusters. We selected the radii of smaller apertures to be larger than the half-light radii of the clusters.

Results. We present the second part of the star cluster aperture photometry catalogues for a sample of 1477 star clusters from the M 31 PHAT survey not covered in Paper I. Compared to the M 31 PHAT star cluster aperture photometry catalogue published by Johnson et al., adjustments were made to the cluster centre coordinates, aperture sizes, and sky background levels.
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1 Introduction
The ongoing breakthrough in extragalactic star cluster studies has been made possible by the extensive Panchromatic Andromeda Treasury Program (PHAT; Dalcanton et al. 2012) and the Panchromatic Hubble Andromeda Treasury: Triangulum Extended Region (PHATTER; Williams et al. 2021) surveys performed with the Hubble Space Telescope (HST). The stellar and cluster populations of M 31 and M 33 galaxy disks are aptly represented by published photometry results for a large sample (2753 objects: Johnson et al. 2015; 1214 objects: Johnson et al. 2022) of star clusters that reside in diverse environments, from extremely crowded central parts of the galaxies to their rather sparse outskirts.
Star clusters are characterised by the following key parameters: age, mass, metallicity, and interstellar extinction. These parameters can be derived using various methods and it is likely that the most accurate method is a direct determination of cluster parameters using colour-magnitude diagrams (CMDs) of their individual stars (Johnson et al. 2016; Wainer et al. 2022). However, this method is applicable only to well-resolved and not very old (≲300Myr in the cases of M 31 and M 33) star clusters since stars below the turn-off point must be measured reliably. Also, the method of integral cluster spectroscopy (Caldwell et al. 2009, 2011; Caldwell & Romanowsky 2016) is suitable for this purpose and informative; however, only rather massive clusters can be reached in M 31. Other promising methods are based on the fitting of observed integrated star cluster magnitudes and colour indices to stochastic theoretical models (Deveikis et al. 2008; Fouesneau & Lançon 2010; Fouesneau et al. 2014; de Meulenaer et al. 2013, 2014, 2015a,b; Krumholz et al. 2015; Bialopetravicius et al. 2019). These methods look promising for the study of unresolved star clusters to much larger distances than the Local Group galaxies, which could be mimicked using ground based observations of M 31 clusters (Kodaira et al. 2004; Narbutis et al. 2007a, 2008; Bridžius et al. 2008). However, when stochastic models are used, the accuracy of derived parameters strongly depends on the uncertainties of aperture photometry (Narbutis et al. 2007b) and the proper account for projecting background and foreground stars (hereinafter field stars). Moreover, Beerman et al. (2012) showed that excluding bright, evolved cluster members can lead to a more precise derivation of cluster parameters, especially in cases of low-mass star cluster aperture photometry. Therefore, we decided to continue the publication of multi-colour adaptive aperture photometry results to supplement the sample of star clusters presented in the sixth study of the series by Naujalis et al. (2021, Paper I) with as many clusters from Johnson et al. (2015) as were available.
We present star cluster photometry results using the same two-aperture method as in Paper I: (i) standard aperture approach to measure ‘total’ (T) fluxes and magnitudes and (ii) adaptive aperture approach to measure central parts of star clusters and applying an aperture correction (AC), based on the F475W pass-band measurements, to other passbands: ‘colour’ (C) fluxes and magnitudes. By selecting C apertures, we were able to avoid the majority of bright field stars and ensure consistent colour indices for star clusters in our sample. We stress that adaptive aperture photometry is reliable only for clusters without strong colour gradients beyond the clusters’ half-light radii, which could arise due to gradual variations in cluster stellar populations.
The structure of the paper is as follows. In Sect. 2, we present a brief description of the data and the star cluster sample. In Sect. 3, we briefly discuss the applied photometry procedure. In Sect. 4, we present the results of multi-colour aperture photometry. In Sect. 5, we present conclusions.
	[image: thumbnail]	Fig. 1 Locations of star clusters overlaid on the Multi-Band Imaging Photometer for Spitzer (Spitzer/MIPS) 70 µm M 31 map: (a) 1477 clusters measured in this paper; (b) 1181 clusters presented in Paper I.



2 Observations and cluster sample
2.1 Observation data
Our research is based on the HST PHAT survey (Dalcanton et al. 2012) data obtained from the Hubble Legacy Archive (HLA)1. We used the so-called “Level 2” products that have been processed by the automated HLA pipeline (with bias and dark frames subtracted, flat fielding applied, and all available exposures combined). The star cluster dataset is made of six passbands from three different HST channels: the F475W and F814W passbands are from the Advanced Camera for Surveys (ACS/WFC); while the F275W, F336W, and F110W, as well as F160W passbands are from the Wide Field Camera 3 UVIS (WFC3/UVIS) and Wide Field Camera 3 IR (WFC3/IR) channels, respectively. The number of exposures combined to produce the resulting frames varies among the passbands: the F475W frames are combined from five exposures, the F814W and F160W frames from four exposures, the F275W and F336W frames from two exposures, and the F110W frame is produced from a single exposure.
2.2 Cluster sample
In the M 31 PHAT fundamental star cluster catalogue published by Johnson et al. (2015), there are 2753 objects. Naujalis et al. (2021) measured 1181 star clusters by applying the adaptive aperture method; therefore, in this study, we analysed the remaining objects (Fig. 1). We visually inspected each object using colour images constructed from the following passbands: F275W+F336W+F475W; F336W+F475W+F814W; F475W+F110W+F160W; and looking into individual grey-scale frames (Fig. 2). For photometry, we selected frames with the highest signal-to-noise ratio (S/N) and the lowest number of cosmic ray (CR) artefacts.
We discarded 90 objects that only have frames in the F475W and the F814W passbands from further analysis. The objects AP1848 and AP2446 were abandoned since they are contaminated by background galaxies. The objects AP1588, AP1661, and AP2687 were also omitted, as they resemble reflections of bright stars or emission nebulae. The frames of the objects AP3630, AP4034, and AP4132 have irreparable empty pixel defects in the F475W passband; therefore, we discarded them. Moreover, three clusters, AP0239, AP1782, and AP3306, seem to be double objects; therefore, we separated them into two parts. In the catalogue (see Sect. 4) the second components are marked: AP60239, AP61782, and AP63306, respectively. We use the names of clusters in the format that they were introduced in, from Johnson et al. (2015).
The frames of F275W and F336W passbands contain larger numbers of CR artefacts since they are composed only from the two exposures available, which makes it difficult to reliably clean them in an automated way. To remove CRs, we used the imedit task from IRAF2 software (Tody 1986). This enabled us to carefully remove defects projected inside the T apertures.
There are some clusters residing within the gap between two WFC3/UVIS sensors. Within these gaps, there is a significantly larger number of CRs and higher noise due to only a single exposure being available at that location. Therefore, ultraviolet measurements were discarded where the gap area overlaps with star clusters. Even though the obvious artefacts were removed during visual inspection, in some cases, unrecognized CRs could remain.
In some frames, pixels with zero values (defects) were present. This is an important issue, especially for the F110W passband, in which there is only one exposure available for each field. We assigned an interpolated value for these pixels: an average out of eight surrounding non-zero-valued pixels. However, in cases when at least one uncorrected pixel inside the aperture remained after this procedure, we abandoned measurements in this passband.
In the final sample, we measured 1477 star clusters. In Fig. 1, locations of the objects analysed in this paper are compared to the distribution of the 1181 clusters from Paper I. Additionally, using DS9 software (Joye & Mandel 2003) and based on the F336W, F475W, and F814W passband frames, we interactively adjusted the centre coordinates of 1331 clusters. In the majority of cases, coordinates were changed only slightly by a few pixels, except for stellar associations, where we selected mostly the cluster-like parts.
	[image: thumbnail]	Fig. 2 Images of the cluster AP0018 in colour panels (top) produced by combining three passbands and grey-scale panels (bottom) produced from individual passband frames (passbands are labelled inside the panels). Green and red circles mark T and C apertures, respectively. The size of each panel is 10" × 10". An insert at the top-right corner indicates the location of the cluster in M 31. North is up and east is to the left.



3 Aperture photometry
Aperture photometry for each cluster was performed by precisely following the procedures described in Paper I. A set of figures, shown in Figs. 2 and 3 for guidance, were produced for each cluster under consideration and used for the analysis. In Fig. 2, the green circle indicates the aperture used to measure the T magnitude of the cluster, while the red circle shows the smaller aperture used to measure the C magnitude, which is more robust for producing consistent colour indices (unbiased by projecting field stars). Figure 3 shows measured growth curves (top) and differential flux profiles (bottom) in each passband. Vertical red and blue lines mark C and T aperture radii, respectively. Blue horizontal lines indicate magnitudes derived from T fluxes. Negative values in the differential profile indicate that the fluxes in those areas are, on average, lower than the subtracted sky background level. Various positive peaks show the presence of resolved, bright stars and demonstrate the complexity of the surrounding sky backgrounds.
The diverse appearances of star clusters and their surrounding sky backgrounds make it challenging to distinguishing individual stars that are part of the cluster from those that are field objects. However, in the majority of cases, by using the multi-colour star cluster images (Fig. 2) together with the cluster profiles (Fig. 3), we were able to determine the optimal radii for the T and C apertures.
3.1 Sky background
Sky backgrounds consist of unresolved stellar and galaxy components, as well as the Milky Way and M 31 stars projected on the field of view. Therefore, sky backgrounds are unpredictable and their correct determination is the main problem when applying star cluster aperture photometry methods in the case of disk galaxies. Various automated methods have been proposed to determine background levels (Barmby & Huchra 2001; Krienke & Hodge 2007; Johnson et al. 2012). However, their reliability is rather low in extremely dense regions such as the M 31 disk. Since automatic methods give inconsistent background level results among various passbands, we plotted growth and differential flux profiles in all passbands (Fig. 3) for each cluster and derived consistent sky background levels interactively. The main goal of the interactive procedure is to accurately determine the values of unresolved sky background and to estimate the impact of bright resolved field stars. We precisely followed the sky background determination procedure described in detail in Paper I.
	[image: thumbnail]	Fig. 3 Growth curves (top, in magnitudes) and differential flux profiles (bottom, in arbitrary units) for the cluster AP0018. Vertical red and blue lines show C and T aperture radii, respectively. The blue horizontal line indicates the magnitude derived from T fluxes.



3.2 Apertures
To determine T and C magnitudes, we used two co-centred apertures. The main criterion for selecting radii of the T apertures is to avoid splitting into parts the bright star images in the F336W, F475W, and F814W passbands; the main criterion for selecting radii of the C apertures is to avoid the brightest field stars inside it. It is expected that C magnitudes should provide more consistent cluster colour indices (less contaminated by bright stars), which are critical in determining star cluster parameters from integrated photometry results (de Meulenaer et al. 2017).
We measured the T magnitudes by applying apertures, the radii (for the majority of objects) of which vary in the range of ±0.″25 compared with the ones used by Johnson et al. (2015). In total, we decreased the apertures of 684 clusters and increased the apertures of 733 clusters. The magnitudes of all the star clusters in our sample are measured in at least four passbands (including F336W, F475W, and F814W).
The colour-consistent cluster C magnitudes in all passbands were derived by applying aperture corrections, determined for the F475W passband, F475WAC. The AC is defined as the difference between magnitudes derived from the fluxes measured through T and C apertures for the F475W passband: F475WAC = F475WT − F475WC. We followed the procedure introduced and described in detail in Paper I.
Here, we want to stress that in some complicated cases the accuracy of the photometry results can be underestimated. However, in most cases, the adaptive aperture photometry provides colour-consistent cluster magnitudes that fit well with the models (see Sect. 4).
3.3 Photometric uncertainties
In order to estimate photometric uncertainties, we considered two main sources that contribute to the errors of cluster magnitudes. The first contributor of magnitude uncertainty is sky background variation; the second part of errors could arise because of a possible aperture position bias and different sizes of stellar images in various passbands. To solve these problems, we used the same prescription to estimate photometric errors as in Paper I.
Due to high photometric uncertainties given in Johnson et al. (2015), star clusters analysed in this study were omitted in de Meulenaer et al. (2017) and Paper I. However, in this study we demonstrate that adaptive aperture photometry can be applied even to formerly rejected star clusters. Figures 4 and 5 show estimated T and C magnitude uncertainties (black) compared with the uncertainties from Paper I (red). In both cases, the photometric errors in the UV passbands are dominated by sky background uncertainties and correlate with magnitudes, except for a few dozens of clusters which have a higher scattering due to a low S/N or CR artefact residues. Uncertainties in the IR passbands are spread more widely due to the presence of irregularly distributed bright stars. However, we notice that star clusters in this study reach fainter magnitudes in the IR passbands with photometric errors that are still acceptable, compared to the data from Paper I.
	[image: thumbnail]	Fig. 4 Photometric uncertainties of star cluster T magnitudes (σT) in all six passbands versus their T magnitudes. The clusters studied in this work are marked by black circles and clusters taken from Paper I – by red circles.



	[image: thumbnail]	Fig. 5 Photometric uncertainties of star cluster C magnitudes (σC) in all six passbands versus their C magnitudes. The clusters studied in this work are marked by black circles and clusters taken from Paper I – by red circles.



4 Multi-colour photometry results
The T aperture photometry results, along with the photometric errors (σT) in each passband, are provided for all 1477 studied clusters in Table 1. The C aperture photometry results with the photometric errors (σC) for the same sample of clusters are provided in Table 2.
In Fig. 6, we show the differences between colour indices derived from T and C magnitudes versus C magnitudes. The differences arise due to the C apertures, which are selected to avoid the brightest field and cluster stars. Other parameters affecting photometry, such as star cluster positions, T aperture sizes, and sky background levels, remain the same in the cases of both apertures. Therefore, the large differences in Fig. 6 show a high sensitivity to the presence of bright field stars and highlight the importance of a careful consideration of the problems addressed in this study.
In order to test the quality of our photometry data, we compare the results with stochastic star cluster models in the age range of log10 (t/yr) from 6.6 to 10.1, masses from 102 M⊙ to 105 M⊙, and the metallicity, [M/H], range from −2.2 to +0.4. These models are based on the PAdova and tRieste Stellar Evolutionary Code (PARSEC)-COLIBRI isochrones3 (Marigo et al. 2017) and were computed using the same method as described in de Meulenaer et al. (2017). Free-of-extinction models are plotted in the background of Figs. 7 and 8.
In Fig. 7, we show two-colour diagrams constructed from T aperture photometry (panels a–c) and C aperture photometry (panels d–f) results compared to the stochastic models (grey in the background). The C aperture photometry results of star clusters follow theoretical models closely for all colour index combinations. In general, the effects of adaptive aperture photometry are equivalent to those discussed in Paper I.
The largest differences between the T and C magnitudes are observed in the IR passbands, primarily due to the stronger contamination by numerous red field stars. Photometric results (C magnitudes) of the youngest star clusters are less reliable because measured fluxes are very faint in the IR passbands (Figs. 7c, f). The accuracies of UV colour indices (Figs. 7a, d) are limited due to the low S/N. Outliers in Figs.7 d–f usually have very complicated surrounding sky backgrounds, or have bright field stars falling inside the C aperture. Some star clusters are strongly affected by the presence of interstellar extinction; noticeable systematic shifts in colour indices are evident when comparing observed clusters with the stochastic star cluster models. The extinction vectors, assuming the standard Milky Way extinction law, are shown at the bottom-left corners of panels.
To show the entire sample of star clusters possessing homogeneous aperture photometry, we merged the catalogues of star clusters in M 31, which are presented in this work (1477 objects) and in Paper I (1181 objects). Figure 8 shows two-colour diagrams of the entire sample of measured star clusters from the PHAT survey. In Fig. 8a, we show our photometry results from applying the T apertures; in Fig. 8b: photometry results by applying the C apertures. Most clusters align well with the star cluster models drawn in the background (Fig. 8). However, the C photometry results, compared with the stochastic star cluster models, are more compatible than the T photometry results.
Table 1 
M 31 star cluster T aperture photometry results.

Table 2 
M 31 star cluster C aperture photometry results.

	[image: thumbnail]	Fig. 6 Differences between colour indices derived from the T and C magnitudes (the colour index calculated from T magnitudes minus the colour index calculated from C magnitudes).



	[image: thumbnail]	Fig. 7 Two-colour diagrams showing photometry results of star clusters from this study. Panels a–c show T aperture photometry; panels d–f give the C aperture photometry. The grey colour in the background indicates areas occupied by stochastic star cluster models with masses from 102 to 105 M⊙. Colour indices indicated on the X axis are constructed from T magnitudes in panels a–c and from C magnitudes in panels d–f. The subscript TC indicates that colour indices are based on T and C aperture photometry in panels a–c and d–f, respectively. Arrows indicate the extinction vectors of AV = 1, assuming the standard Milky Way extinction law.



	[image: thumbnail]	Fig. 8 Two-colour diagrams showing star clusters from Paper I and this study over-plotted on the distributions of models. The models of clusters (areas of grey colour) are with masses from 102 to 105 M⊙. The subscript TC indicates that colour index is based on T and C aperture photometry in panels a and b, respectively. Arrows indicate extinction vectors of AV = 1, assuming the standard Milky Way extinction law.



5 Conclusions
We performed multi-colour aperture photometry of 1477 star clusters from the M 31 galaxy PHAT survey (Dalcanton et al. 2012; Johnson et al. 2012, 2015). We used two variants of photometry by applying standard (T) and adaptive (C) apertures. The T and C aperture photometry results for all (1477) clusters are presented in Tables 1 and 2.
In Figs. 4 and 5, we compared photometry accuracy estimates derived in this work with those from Paper I. It is evident that uncertainties of the present sample star cluster magnitudes are not higher than in Paper I. Also, we have demonstrated that the C aperture photometry provides more consistent colour indices compared to the T aperture photometry (Fig. 7).
Finally, in Fig. 8, we show two-colour diagrams of the presently available entire cluster sample (combined from this study and Paper I, in total 2658 objects) possessing homogeneous adaptive aperture photometry measurements. Two aspects are notable: our photometry results are in a good fit with the available stochastic cluster models and the T photometry results (Fig. 8a) differ significantly compared with the C photometry results (Fig. 8b).
We would like to stress two main problems of the star cluster aperture photometry procedure, which limit the accuracy of results in crowded fields: uncertainties on the sky background determination and the projection of field stars into apertures. Therefore, carefully accounting for both problems is the only way to guarantee reliable star cluster aperture photometry results within the disks of such galaxies as M 31.
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	[image: thumbnail]	Fig. 1 Locations of star clusters overlaid on the Multi-Band Imaging Photometer for Spitzer (Spitzer/MIPS) 70 µm M 31 map: (a) 1477 clusters measured in this paper; (b) 1181 clusters presented in Paper I.
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	[image: thumbnail]	Fig. 2 Images of the cluster AP0018 in colour panels (top) produced by combining three passbands and grey-scale panels (bottom) produced from individual passband frames (passbands are labelled inside the panels). Green and red circles mark T and C apertures, respectively. The size of each panel is 10" × 10". An insert at the top-right corner indicates the location of the cluster in M 31. North is up and east is to the left.
In the text



	[image: thumbnail]	Fig. 3 Growth curves (top, in magnitudes) and differential flux profiles (bottom, in arbitrary units) for the cluster AP0018. Vertical red and blue lines show C and T aperture radii, respectively. The blue horizontal line indicates the magnitude derived from T fluxes.
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	[image: thumbnail]	Fig. 4 Photometric uncertainties of star cluster T magnitudes (σT) in all six passbands versus their T magnitudes. The clusters studied in this work are marked by black circles and clusters taken from Paper I – by red circles.
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	[image: thumbnail]	Fig. 5 Photometric uncertainties of star cluster C magnitudes (σC) in all six passbands versus their C magnitudes. The clusters studied in this work are marked by black circles and clusters taken from Paper I – by red circles.
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	[image: thumbnail]	Fig. 6 Differences between colour indices derived from the T and C magnitudes (the colour index calculated from T magnitudes minus the colour index calculated from C magnitudes).
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	[image: thumbnail]	Fig. 7 Two-colour diagrams showing photometry results of star clusters from this study. Panels a–c show T aperture photometry; panels d–f give the C aperture photometry. The grey colour in the background indicates areas occupied by stochastic star cluster models with masses from 102 to 105 M⊙. Colour indices indicated on the X axis are constructed from T magnitudes in panels a–c and from C magnitudes in panels d–f. The subscript TC indicates that colour indices are based on T and C aperture photometry in panels a–c and d–f, respectively. Arrows indicate the extinction vectors of AV = 1, assuming the standard Milky Way extinction law.
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	[image: thumbnail]	Fig. 8 Two-colour diagrams showing star clusters from Paper I and this study over-plotted on the distributions of models. The models of clusters (areas of grey colour) are with masses from 102 to 105 M⊙. The subscript TC indicates that colour index is based on T and C aperture photometry in panels a and b, respectively. Arrows indicate extinction vectors of AV = 1, assuming the standard Milky Way extinction law.
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        Locations of star clusters overlaid on the Multi-Band Imaging Photometer for Spitzer (Spitzer/MIPS) 70 µm M 31 map: (a) 1477 clusters measured in this paper; (b) 1181 clusters presented in Paper I.
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        Images of the cluster AP0018 in colour panels (top) produced by combining three passbands and grey-scale panels (bottom) produced from individual passband frames (passbands are labelled inside the panels). Green and red circles mark T and C apertures, respectively. The size of each panel is 10" × 10". An insert at the top-right corner indicates the location of the cluster in M 31. North is up and east is to the left.
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        Growth curves (top, in magnitudes) and differential flux profiles (bottom, in arbitrary units) for the cluster AP0018. Vertical red and blue lines show C and T aperture radii, respectively. The blue horizontal line indicates the magnitude derived from T fluxes.
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        Photometric uncertainties of star cluster T magnitudes (σT) in all six passbands versus their T magnitudes. The clusters studied in this work are marked by black circles and clusters taken from Paper I – by red circles.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Photometric uncertainties of star cluster C magnitudes (σC) in all six passbands versus their C magnitudes. The clusters studied in this work are marked by black circles and clusters taken from Paper I – by red circles.
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      M 31 star cluster T aperture photometry results.

      
        


	AP
	RA(2000)(a)
	Dec(2000)(a)
	RT(b)
	F275WT
	F336WT
	F475WT
	F814WT
	F110WT
	F160WT





	12
	11.456979
	41.657342
	1.95
	21.201
	20.491
	19.887
	18.384
	17.784
	17.124



	
	
	
	
	0.082
	0.017
	0.005
	0.004
	0.005
	0.007(c)



	17
	11.490402
	42.027507
	1.80
	20.857
	20.724
	20.377
	19.523
	19.326
	19.066



	
	
	
	
	0.057
	0.019
	0.005
	0.006
	0.013
	0.020



	18
	10.871496
	41.576741
	1.80
	20.035
	19.946
	19.860
	19.128
	18.171
	17.364



	
	
	
	
	0.030
	0.010
	0.006
	0.013
	0.020
	0.019





      

      
Notes. The table shows an excerpt from data presented in the catalogue. (a)The RA(2000) and Dec(2000) coordinates are in degrees. (b)The T aperture is in arcseconds. (c)The uncertainties of T magnitudes (σT) in corresponding passbands. The full table is available at the CDS.




    

  
    
      Table 2 

      M 31 star cluster C aperture photometry results.

      
        


	AP
	RA(2000)(a)
	Dec(2000)(a)
	RC(b)
	F275WC
	F336WC
	F475WC
	F814WC
	F110WC
	F160WC





	12
	11.456979
	41.657342
	0.80
	21.533
	20.539
	19.887
	18.547
	18.083
	17.543



	
	
	
	
	0.103
	0.017
	0.005
	0.007
	0.009
	0.010(c)



	17
	11.490402
	42.027507
	0.95
	20.898
	20.660
	20.377
	19.715
	19.595
	19.406



	
	
	
	
	0.055
	0.017
	0.005
	0.009
	0.014
	0.023



	18
	10.871496
	41.576741
	0.90
	20.055
	19.896
	19.86
	19.534
	19.423
	19.081



	
	
	
	
	0.024
	0.010
	0.006
	0.013
	0.031
	0.045





      

      
Notes. The table shows an excerpt from data presented in the catalogue. (a)The RA(2000) and Dec(2000) coordinates are in degrees. (b)The C aperture is in arcseconds. (c)The uncertainties of C magnitudes (σC) in corresponding passbands. The full table is available at the CDS.




    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Differences between colour indices derived from the T and C magnitudes (the colour index calculated from T magnitudes minus the colour index calculated from C magnitudes).

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Two-colour diagrams showing photometry results of star clusters from this study. Panels a–c show T aperture photometry; panels d–f give the C aperture photometry. The grey colour in the background indicates areas occupied by stochastic star cluster models with masses from 102 to 105 M⊙. Colour indices indicated on the X axis are constructed from T magnitudes in panels a–c and from C magnitudes in panels d–f. The subscript TC indicates that colour indices are based on T and C aperture photometry in panels a–c and d–f, respectively. Arrows indicate the extinction vectors of AV = 1, assuming the standard Milky Way extinction law.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Two-colour diagrams showing star clusters from Paper I and this study over-plotted on the distributions of models. The models of clusters (areas of grey colour) are with masses from 102 to 105 M⊙. The subscript TC indicates that colour index is based on T and C aperture photometry in panels a and b, respectively. Arrows indicate extinction vectors of AV = 1, assuming the standard Milky Way extinction law.
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