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It is a well-established result that many stars do not form in isolation; young stars are usually found to
be members of clusters. In particular, evidence that pre-main sequence stars of intermediate and higher
masses are found in clusters has been found in several studies at optical and infrared wavelengths. We
study Herbig Ae/Be stars which represent the most massive objects to experience an optically visible
pre-main sequence phase, bridging the gap between low- and high-mass stars. Studies in the nineties
into the occurrence of young stellar clusters around Herbig Ae/Be stars concluded, based on near-
infrared imaging data, that there is a difference between the clustering properties of low and high mass
stars. We are investigating the presence of clusters around previously known Herbig Ae/Be stars with
the detailed astrometric data offered by Gaia. Here, we outline the preliminary results obtained with
Gaia DR2 through our code CEREAL.
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ü Testi +99 analyzed the occurrence of 
young stellar clusters around Herbig
Ae/Be stars using near-infrared images.

ü Their sample covers the spectral type
range O9 to A7.

ü Rich clusters appear only around stars
earlier than B5-B7.
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45 
  s

50 
  s

55 
  s

 6 16 00 
  h  m  s

+15 16’
   o   

17’
   

18’
   

19’
   

20’
   

22 
  s

24 
  s

26 
  s

28 
  s

30 
  s

32 
  s

34 
  s

 6 59 36 
  h  m  s

-11 15’
   o   

14’
   

13’
   

12’
   

54 
  s

56 
  s

58 
  s

 5 02 00 
  h  m  s

02 
  s

04 
  s

06 
  s

08 
  s

-3 53’00"
  o      

30"
   

-3 52’00"
  o      

30"
   

-3 51’00"
  o      

30"
   

-3 50’00"
  o      

30"
   

40 
  s

42 
  s

44 
  s

46 
  s

48 
  s

50 
  s

52 
  s

54 
  s

 5 34 56 
  h  m  s

30"
   

-6 38’00"
  o      

30"
   

-6 37’00"
  o      

30"
   

-6 36’00"
  o      

30"
   

-6 35’00"
  o      

Fig. 1. K-band images of four Herbig stars: MWC 137 (upper left), HD 52721 (upper right), UX Ori (lower left) and BF Ori (lower right). On

the axes are reported right ascension and declination for the 1950.0 epoch. Rich clusters are evident in MWC 137 and HD 52721, while the

other two stars appear isolated.

A problem in using this method to discriminate between
young stars (members of the cluster) and field stars, is that some
kind of young stars (the Weak Line T-Tauri stars or in general
the infrared Class III sources) do not show infrared excess at
all. For example, about 50% of the known PMS stars in Taurus-
Auriga fall within or very close the reddening band (Kenyon
& Hartmann 1995). Also Class I sources have been found, in
some cases, to fall inside the “reddening belt” (see e.g. Greene
& Meyer 1995), and thus a fraction of them may not be easily
detected in the colour–colour diagram. This means that using
this method we may strongly underestimate the actual number
of source members of the cluster around the Herbig star.

Notwithstanding these limitations, we define a richness in-

dicator, NEX, based on the colour properties of the sources: this
quantity represents the number of NIR excess sources in each

field with the same constraints as NK, plus the requirement that
each source should have been detected in all the three bands. A
star is considered to have NIR excess if it satisfies the condition
(J−H) < 1.75(H−K)− 0.35. This relation takes into account
10% error in the color determination. To give an estimate of the
fraction of the sources detected in all the three bands that show
infrared excess we have calculated FEX as the ratio of NEX to
the number of sources detected in all the three bands (with the
same constraints as for NK). These two quantities are listed in
column 4 and 5 of Table 3.

3.3. K-band sources density profiles

The indexes NK, NEX and FEX are still not corrected for the
contamination from background/foreground stars, which may
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Fig. 1. K-band images of four Herbig stars: MWC 137 (upper left), HD 52721 (upper right), UX Ori (lower left) and BF Ori (lower right). On

the axes are reported right ascension and declination for the 1950.0 epoch. Rich clusters are evident in MWC 137 and HD 52721, while the

other two stars appear isolated.

A problem in using this method to discriminate between
young stars (members of the cluster) and field stars, is that some
kind of young stars (the Weak Line T-Tauri stars or in general
the infrared Class III sources) do not show infrared excess at
all. For example, about 50% of the known PMS stars in Taurus-
Auriga fall within or very close the reddening band (Kenyon
& Hartmann 1995). Also Class I sources have been found, in
some cases, to fall inside the “reddening belt” (see e.g. Greene
& Meyer 1995), and thus a fraction of them may not be easily
detected in the colour–colour diagram. This means that using
this method we may strongly underestimate the actual number
of source members of the cluster around the Herbig star.

Notwithstanding these limitations, we define a richness in-

dicator, NEX, based on the colour properties of the sources: this
quantity represents the number of NIR excess sources in each

field with the same constraints as NK, plus the requirement that
each source should have been detected in all the three bands. A
star is considered to have NIR excess if it satisfies the condition
(J−H) < 1.75(H−K)− 0.35. This relation takes into account
10% error in the color determination. To give an estimate of the
fraction of the sources detected in all the three bands that show
infrared excess we have calculated FEX as the ratio of NEX to
the number of sources detected in all the three bands (with the
same constraints as for NK). These two quantities are listed in
column 4 and 5 of Table 3.

3.3. K-band sources density profiles

The indexes NK, NEX and FEX are still not corrected for the
contamination from background/foreground stars, which may

Lada +93; Hillenbrand + 95; Testi + 97
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Fig. 2. Two examples of sources density profiles, on the left a rich cluster field, on the right an empty field. The error bars represent the statistical

uncertainties.

affect fields at different galactic latitude and longitude in dif-
ferent ways. We have tried to account for this effect using the
predictions of analytic star counts models. In particular, we have
used the model of Ortiz & Lépine (1993), but with little success.
The relatively small fields surveyed and the “local” small-scale
extinction enhancement (not considered in the models) lead to
great uncertainties in the predicted background/foreground star
counts and we have decided that the results of such analysis
were not meaningful.

A more straightforward way of estimating the amount of
contamination is by plotting the stellar surface density in the K-
band for each field as a function of the distance from the Herbig
star. In practice, the local source density at radius ri has been
measured from the position of the Herbig star (see Table 1) in
annuli of 12′′. As a result, it is found that there are some fields
in which the Herbig star is located near the center of a marked
local star density enhancement, while in other cases the density
is almost constant across the whole field. In Fig. 2 two extreme
cases are shown: the richest cluster associated with MWC 137
and an empty field around UX Ori.

More formally, we define another richness indicator of the
cluster around each star as the number of sources in the density
enhancement, IC = 2π

∫
∞

0
r(n(r) − n∞)dr, where n(r) is the

density of stars at radius r and n∞ = limr→∞ n(r). Practically,
we will define n∞ as the mean density in the outer parts of
the plot, and IC = π

∑imax

i=1 (r2
i − r2

i−1)(n(ri) − n∞) (r0 = 0,
and rimax is chosen in such a way to contain all the cluster
members in the field). Table 3 lists the values of IC in each field
(column 6).

In principle, IC is a very good indicator, since the contribu-
tion from field stars is evaluated close to the cluster area and
subtracted before the integration. On the other hand, the cor-
rect determination of n∞ is critical for the quantitative result,

as shown by the error on IC quoted in Table 3 and reported in
Fig. 4, which has been determined by propagating the uncer-
tainty in the determination of n∞ on the sum defined above.

Two possible sources of systematic errors in the compari-
son of the values of IC in different fields are: (i) the fact that all
the sources detected within the completeness of each observa-
tions have been considered and (ii) the extinction toward each
of the fields may differ by several magnitudes. Unfortunately
the low number of stars around the sources does not allow a
meaningful determination of the source densities maintaining
the constraint of the same absolute limiting magnitude in all the
fields. Nevertheless, we do not find a correlation between the
absolute completeness magnitudes and the presence of a star
cluster. For instance, HD 37490 and HD 52721 have absolute
completeness magnitudes that differ by more than two magni-
tudes, but the cluster appearence and the value of IC are similar.

The effect of extinction is more difficult to estimate, because
of the uncertainties in the determination of this quantity from
the NIR data alone. On the other hand, since n∞ is calculated
around the cluster, only the “local” extinction variations on the
same scale of the clusters may affect the calculation of IC. Hil-
lenbrand et al. (1995) used the measured column densities of
molecular gas to get an estimate of the extinction effect toward
different fields. She found variations in extinction as large as ten
magnitudes in the visual, but she also noted that the amount of
extinction is not correlated with the spectral type. Thus, we can
conclude that while this effect may affect the direct comparison
of some fields, it should not alter the general trend in IC that we
find and that will be discussed below.

Finally, we like to stress that in all the cases in which a well
defined cluster has been found, the bulk of the cluster is within
0.21 pc from the Herbig star. This result confirms the goodness
of our choice of the physical size in the calculation of NK. In two
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Fig. 2. Two examples of sources density profiles, on the left a rich cluster field, on the right an empty field. The error bars represent the statistical
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rect determination of n∞ is critical for the quantitative result,

as shown by the error on IC quoted in Table 3 and reported in
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the sources detected within the completeness of each observa-
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the low number of stars around the sources does not allow a
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completeness magnitudes that differ by more than two magni-
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of the uncertainties in the determination of this quantity from
the NIR data alone. On the other hand, since n∞ is calculated
around the cluster, only the “local” extinction variations on the
same scale of the clusters may affect the calculation of IC. Hil-
lenbrand et al. (1995) used the measured column densities of
molecular gas to get an estimate of the extinction effect toward
different fields. She found variations in extinction as large as ten
magnitudes in the visual, but she also noted that the amount of
extinction is not correlated with the spectral type. Thus, we can
conclude that while this effect may affect the direct comparison
of some fields, it should not alter the general trend in IC that we
find and that will be discussed below.

Finally, we like to stress that in all the cases in which a well
defined cluster has been found, the bulk of the cluster is within
0.21 pc from the Herbig star. This result confirms the goodness
of our choice of the physical size in the calculation of NK. In two

Upper panel: the K band images of a star in a rich cluster on the left (MWC 137) 
and a star that appears isolared on the right (UX Ori). Lower panel: the density 

profiles of the same stars in the upper panels. 
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Gaia Collaboration+2018; Lindegren+18a; Vioque+18

Semi-automatic code to make selections 
using the astrometric parameters of stars. 

Targets

CEREAL

Data is processed with CEREAL,
making selections around the
astrometric parameters and
asking the question: Is the target
in a cluster? Yes? Maybe? or No?

Sample of 269 Herbig Ae/Be stars

Select data around
the Herbig Ae/Be
stars with radius
~0.5 deg

CEREAL images processing. 
The upper panel shows the input data from Gaia DR2. The lower panel shows the 

output data from CEREAL. The histogram represents the parallax (green), the proper 
motion in RA (light blue) and the proper motion in DEC (dark blue). The stellar density 

profiles around the central star are also shown.
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This figure shows the spectral type distribution of the clusters
found with CEREAL for the sample of 269 stars, which cover the
spectral range from O7 to G9. The green bars represent the stars
found in clusters; the blue bars represent the stars found to
possibly be in clusters and the red bars the stars found not to be
in clusters.

A total of ~70 clusters was found.

This figure represents the distribution of the fraction of B and A
stars found to be in clusters by CEREAL. The red bars are the stars
not found in clusters and the cyan bars are the sum of both the
stars found in clusters (YES) and those possibly found in clusters
(MAYBE).

Both distributions appear to be similar for both samples.
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This figure represents the distribution of the fraction of B and A stars
located either in the centre of a cluster or not. The red bars represent
the stars not found in clusters. The dark green bars represent the stars
in clusters that are not located in the centre (OUT) and; the light
green bars represent the stars in clusters that are located in the
centre (IN).

Both distributions appear to be similar for both samples for the stars
not located in clusters, but it is clear that B stars are located at the
centre of their cluster in comparison with the A stars.

This figure shows the distribution of the fraction the stars located
at the centre of their cluster or not as a function of spectral type.
The light green bars represent the stars in clusters that are located
in the centre (IN) and the dark green bars represent the stars in
clusters that are not located in the centre (OUT).

It is evident that for the sample of B stars found in clusters, each
sub spectral type was located at the centre of their cluster (light
green bars). The A stars (dark green bars) that were found in
clusters are generally not in the centre.
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CEREAL found that 28% of the sample was located in clusters (15% yes and 13% maybe) and
those clusters were not just around early Btype stars.

The clustering fractions of B type and A type stars are similar. This similarity remained even when
additional analysis was performed, which evaluated the susceptability of this result to any possible
bias present in the astrometric parameters.

Looking closer at the cluster properties of the Herbig Ae/Be stars, it was found that their position
does not effect their cluster propertes, but shows that B stars are more predominantly found to be
the centre of their own cluster than A stars. The A stars appear to be associated with known star
formation regions.

Futher studies will be made to characterise the cluster properties of the B and A stars, and CEREAL
will be used to analyse a new sample of Herbig Ae/Be stars (see Miguel Vioque poster).

pyagyp@leeds.ac.uk


