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Background: Star Formation
Briceño+2019

✤ OB associations are relatively 
large groups that share hare 
common movements (proper 
movement and radial velocity). 
Around the most massive stars 
there may be more compact 
groups (clusters).

✤ Open clusters (! 10 Myrs) are 
groups of hundreds of stars, 
spatially conglomerated which 
share a common origin.

≤



Background: Young objects
16 / NURIA CALVET AND PAOLA D’ALESSIO

Fig. 2.1. Location of young stellar objects in HR diagram. Shown are substellar T Tauri stars
(YBDs), classical T Tauri stars (CTTSs), weak-line T Tauri stars (WTTSs), Herbig Ae stars
and their predecessors, and intermediate-mass T Tauri stars (IMTTSs). Sources for the data:
substellar objects [15], Tauru’s CTTSs and WTTSs [114], and Herbig Ae [95]. Zero-age main
sequence (ZAMS, long-dashed line), evolutionary tracks (solid lines, labeled by the corre-
sponding stellar mass in solar masses), and isochrones (dashed lines, corresponding to 0.3,
1, 3, 10, and 30 Myr from top to bottom) from [161] and [13].

and isochrones from [161] and [13]. These objects are given different names
depending on their mass:

• Herbig Ae/Be stars (HAeBe), A and B stars with emission lines [90], with
masses 1 M⊙ < M∗ < 8 M⊙.

• T Tauri stars (TTSs):, characterized by late-type spectra superimposed by
strong emission lines [90], with masses 0.08 < M∗ ≤ 1 M⊙;

• Young brown dwarfs (YBDs), substellar objects with masses M∗ <

0.08 M⊙ that will never reach a central temperature high enough to burn
hydrogen.

As shown in Fig. 2.1, TTSs and YBDs tend to be on theHayashi track, while
HAeBe are much closer to the main sequence, and all have ages ∼ 1–10 Myr.
However, note that some TTSs have masses comparable to the HAeBe (the
intermediate-mass TTSs, IMTTSs) and will end up as HAeBe as they evolve
along the radiative tracks.

Young stars are subject to different classification schemes, based on obser-
vational criteria. These categories are usually related to evolutionary stages, but
we will see that the picture is not as clear as it seems at first sight. For instance,
according to the slope dlog(λFλ)/dlogλ of their spectral energy distribution
(SED) in the 2.2 to 25 µm range [117, 116], YSOs have been classified as

Location of the young stellar objects in the 
Hertzsprung-Russell diagram.

Garcia, 2011; Herbig 60; Hernández+ 04

The newly formed stars follow 
a characteristic evolution path 
of the main pre-sequence stars.

Herbig Ae / Be stars, type A 
and B stars with emission lines 
and masses between 
! , associated 
with bright or dark nebulae.
2M⊙ < M* < 8M⊙
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Background: Occurrence of young stellar clusters 
around Herbig Ae/Be stars

K band images of four Herbig stars.

162 L. Testi et al.: A search for clustering around Herbig Ae/Be stars
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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

MWC137 HD52721

UX Ori BF Ori

Lada +93; Hillenbrand + 95; Testi + 97

✤ Testi +99 analyzed the 
occurrence of young 
stellar clusters around 
Herbig Ae/Be stars 
from near-infrared 
images. 

✤ Spectral type range O9 
to A7.



ClustER detEction ALgorithm : CEREAL

Semi-automatic code to make selection using the astrometric 
parameters. 

Gaia Collaboration+2018; Lindengren+18a; Vioque+18;Herbig 60; Thé+94; Che+16 

Targets CEREAL

We compiled 270 stars from the 
known Herbig Ae/Be star 

candidates 
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CEREAL vs TESTI

✤ IC ≥ ︎40, the Herbig stars 
are definitely associated 
with rich clusters;

✤ 10 ︎≤ IC ︎≥ 40 a small 
cluster may be present; 

✤ IC ≤︎10 only small 
aggregates or 
background stars in the 
field are found. 

Testi + 99



Conclusion…

✤ CEREAL has classified ~ 70 stars to be in a cluster.

✤ As preliminary result: B stars are more likely to be in clusters 
than A stars. (Testi+99) 
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Future work

✤ Clustering properties for those Herbig Ae/Be stars.

✤ Clustering algorithms comparison (Cánovas+19).
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