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Abstract. The process of accretion through circumstellar disks in young stellar objects is an integral part of
star formation and the Hα emission line is a prominent signature of accretion in low-mass stars. We present the
detection and characterization of Hα emission line sources in the central region of a distant, low-metallicity
young stellar cluster Dolidze 25 (at ∼4.5 kpc) using medium-resolution optical spectra (4750–9350 Å)
obtained with the multi-unit spectroscopic explorer (MUSE) at the VLT. We have identified 14 potential accret-
ing sources within a rectangular region of (2′ × 1′) towards the center of the cluster based on the detection of
strong and broad emissions in Hα as well as the presence of other emission lines, such as [OI] and Hβ. Based
on their positions in both photometric color–magnitude and color–color diagrams, we have also confirmed that
these objects belong to the pre-main sequence phase of star formation. Our results were compared with the disk
and diskless members of the cluster previously identified by Guarcello et al. (2021) using near-IR colors, and all
sources they had identified as disks were confirmed to be accreting based on the spectroscopic characteristics.
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1. Introduction

Protoplanetary disk evolution plays a pivotal role in
the theory of star and planet formation (see reviews by
Andrews 2020; Manara et al. 2022). Disks are formed
due to the gravitational collapse of pre-stellar cloud
cores and then disperse as the host star progresses
toward the main sequence phase. Throughout their exis-
tence, protoplanetary disks go through various physical
processes that cause their gas and dust composition and
their structural properties to change.

During the early phase of the pre-main sequence
(PMS), young stars undergo active accretion of mat-
ter from the surrounding optically thick, gas-rich disk
(Hartmann et al. 1998). This phase is marked by var-
ious emission lines and UV/optical continuum excess,
resulting from the accretion of high angular momentum
material from the disk onto the central star. The near-IR
and mid-IR regimes also exhibit excess continuum dust
emission from the heated inner disk.

This article is part of the Special Issue on “Star formation studies
in the context of NIR instruments on 3.6m DOT”.

One of the most common signatures of accretion in
low-mass stars is a broad, asymmetric and typically
strong Hα emission line. The strength of this line can
distinguish between classical T Tauri stars or accretors
and weak-line T Tauri stars or non-accretors (Muzerolle
et al. 2003). In the context of magnetospheric accretion,
the Hα line is created due to gas falling onto the star
from the inner disk (Hartmann et al. 2016). The strength
of the Hα emission line decreases with increasing stel-
lar age, indicating a gradual decline in accretion activity
during the PMS phase. Eventually, as stars evolve into
weak-lined T Tauri stars or non-accretors, their Hα

emission weakens and arises primarily from chromo-
spheric activity. The Hα profiles of accretors tend to
be broader due to the high velocity and opacity of the
accreting gas and may exhibit asymmetries resulting
from inclination effects or absorption by a wind com-
ponent (Kurosawa & Proga 2008). The presence or
absence of accretion signatures offers valuable insight
into the inner disk evolution of young stellar objects.

Numerous studies show that a variety of factors
may have an impact on how the disk evolves, which
include stellar and disk mass, metallicity and local
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environment (Fang et al. 2009, 2012; Hartmann et al.
2016; Guarcello et al. 2021). The initial metallicity of
disks is thought to play a significant role in star for-
mation and disk evolution by influencing the relative
content of dust (Yasui et al. 2010, 2016a, b, 2021).
Observations on the accretion process in star-forming
regions of low metallicity, both within our galaxy and
in extragalactic systems, have revealed that on an aver-
age, low-metallicity stars exhibit higher accretion rates
than their solar metallicity counterparts (Spezzi et al.
2012; De Marchi et al. 2013). However, a conflicting
result was obtained by Kalari & Vink (2015), who found
no substantial difference in the inferred mass accre-
tion rates between low-metallicity (1/6Z�) stars in the
Dolidze 25 open cluster and solar metallicity PMS stars
of equivalent mass. A further in-depth examination is
necessary to determine the source of this discrepancy.

The young open cluster Dolidze 25 (Do 25) is
one of the best-known rare cases of galactic low-
metallicity environments with average abundances of
∼0.5–0.7 dex below solar metallicity (Lennon et al.
1990; Fitzsimmons et al. 1992; Negueruela et al. 2015).
Located at a distance of ∼4.5 kpc towards the galactic
anticenter and associated with the Hii region Sh2-284
(Puga et al. 2007), Do 25 has an estimated age of 1–2
Myr (Guarcello et al. 2021). Do 25 is thus an ideal lab-
oratory to study the role of metallicity in star formation.

The main objective of this research is to gain insights
into the impact of metallicity on the evolution of pro-
toplanetary disk in star formation. In this paper, we
present our findings from the search for Hα emission
line sources in the core of the Dolidze 25 cluster using
VLT-MUSE IFU observations. Our analysis is sup-
ported by the existing list of disk and diskless members
of the cluster previously identified by Guarcello et al.
(2021). This paper is organized as follows: Section 2
provides an overview of the observations, Section 3
focuses on the detection of Hα emission line sources in
the cluster, Section 4 characterizes the identified mem-
bers, and finally, Section 5 summarizes the results. A
more comprehensive analysis of the impact of metallic-
ity on protoplanetary disk evolution will be presented
in a future publication.

2. Observations from VLT-MUSE

The raw data for Dolidze 25 observed during January
2017 using the VLT-MUSE integral field unit (IFU) (PI:
G. Herczeg; Program ID: 098.C-0435) was obtained
from the ESO science archive facility. The observa-
tions were taken in the nominal wavelength range
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Figure 1. RGB image of the central area of Dolidze 25
constructed from the UKIDSS JHK bands. The MUSE field
of view of two pointings (C and D) are represented by white
boxes, which together cover an area of 2′ × 1′ around the
center of the cluster.

(4750–9350 Å) using the instrument’s wide-field mode
(1′ ×1′ per pointing). The spectral resolution of MUSE
ranges from 1750 at 4750 Å to 3750 at 9350 Å, at Hα

(6563 Å), the resolving power is ∼2500. Two pointings
were obtained towards the core of the cluster centered at
(06:45:02.68, +00:13:11.4; Field C) and (06:44:58.82,
+00:13:11.4; Field D) (Figure 1). The seeing during the
night was ∼0.7 arcseconds.

This data was reduced using the MUSE EsoRex
pipeline recipes (2.8.4) (Weilbacher et al. 2014) to
obtain the wavelength and flux-calibrated data cubes.
However, upon inspection, the cubes were found to
have poorly subtracted sky with negative fluxes because
of heavy contamination present due to the skylines.
The sky subtraction method present in the pipeline is
not ideal for nebular regions since it considers some
of the nebular emissions as skylines (McLeod et al.
2020). This resulted in negative fluxes in the reduced
data cube. Therefore, we re-reduced the raw data utiliz-
ing the modified sky subtraction method by MusePack
(Zeidler 2019), a wrapper for the standard reduction
pipeline. Figure 2 shows the integrated and mosaiced
i-band image constructed using the MUSE datacubes
from two pointings.

Since Do 25 is associated with the Hii region Sh2-
284, emission from the nebular background needs to
be completely removed to ensure that the observed
lines are solely from the star. We eliminated the
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Figure 2. Integrated and mosaiced i-band image obtained from the data cube of MUSE-IFU observations. The yellow
circles represent the Hα emission line sources from MUSE spectral analysis. Red crosses are disk sources and blue crosses
are diskless sources identified based on their NIR excess/non-excess characteristics by Guarcello et al. (2021).

nebular emission from the Hii region by subtracting
the local background 4×FWHM away from each stel-
lar source. We inspected the individual spectra using the
[NII] (λ ∼ 6549, 6583) lines as a gauge for the quality
of the background removal. These two lines are purely
from the nebula and should be completely absent in
the stellar spectra (Zeidler 2019). Thus, we ensure that
the emission lines associated with the stellar spectra
are devoid of any background contribution. Details on
sky subtraction, wavelength and flux calibration and the
calibration accuracy will be presented elsewhere.

The spectra of 290 sources were extracted from
the total field-of-view. For the 183 spectra with the
signal-to-noise ratio >5, we shifted the wavelengths
adopting radial velocity of the cluster to be
71 km s−1 based on Wu et al. (2009). We use these spec-
tra to identify sources with Hα emission. In addition,
we utilized archival optical and near-IR photometry
from Pan-STARRS (Chambers et al. 2016), IPHAS
DR2 (Barentsen et al. 2014) and UKIDSS DR10
(Lawrence et al. 2007) for further analysis.

3. Emission line sources and young candidate
members in the cluster

In this paper, we identify sources with significant emis-
sion in Hα towards the center of Do 25. We compare
our results with the disk and diskless sources identified
within the MUSE field-of-view (FoV) from litera-
ture based on their NIR excess/non-excess properties.
Below, we detail the methods.

3.1 Hα emission line sources within Do 25

All spectra in our dataset that had a signal-to-noise ratio
of 5 or greater, were inspected for the presence of the
Hα emission line feature. Any spectrum that exhibited a
significant emission line atλ ∼ 6563 Å was categorized
as a candidate accretor. The equivalent width (EW) of
the Hα line was then determined for all candidate accre-
tors in our sample using PHEW (Núñez et al. 2022).
This utility uses PySpecKit (Ginsburg et al. 2022) to
automate the EW calculation to fit a Voigt profile to the
Hα line. By conducting 1000 Monte Carlo iterations
with Gaussian noise introduced to the flux spectrum,
PHEW determines the mean and standard deviation
of the resulting 1000 EWs, which we adopt as the
measured EW and its 1σ uncertainty.

The measured EW of Hα and consequently, the
threshold to classify an object as an accretor, depends
on the spectral type. White & Basri (2003) demon-
strated that the full width at 10% of the Hα emission
profile peak provides a more practical and poten-
tially more precise indicator of accretion than the
EW of Hα or optical veiling. Stars with 10% width
>270 km s−1 are regarded as accreting sources (clas-
sical T Tauri stars), regardless of their spectral type.
To determine the 10% width of the Hα line from
the MUSE spectrum, we adopted a technique simi-
lar to the one outlined by Fedele et al. (2010) for
obtaining 10% width from low-resolution VIMOS spec-
troscopy. This method involves drawing a horizontal
line at the evaluation height, which corresponds to 10%
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Table 1. Details of sources with emission in Hα identified using MUSE-IFU observations.

J H K EW Hα 10% width
RA Dec (mag) (mag) (mag) (Å) (km s−1)

101.24456 0.21642 18.197 ± 0.048 17.267 ± 0.038 16.588 ± 0.047 − 52 ± 3.0 495
101.26342 0.22046 18.200 ± 0.049 17.253 ± 0.037 16.614 ± 0.048 − 43 ± 4.0 374
101.25261 0.22512 18.080 ± 0.044 16.917 ± 0.027 16.289 ± 0.035 − 38 ± 3.0 365
101.25312 0.22653 16.219 ± 0.008 15.282 ± 0.006 14.667 ± 0.008 − 27 ± 0.4 450
101.24560 0.21182 17.270 ± 0.021 16.308 ± 0.016 15.781 ± 0.023 − 26 ± 0.5 270
101.24636 0.21983 16.737 ± 0.013 15.801 ± 0.010 15.258 ± 0.014 − 19 ± 0.4 422
101.24206 0.22036 17.340 ± 0.022 16.460 ± 0.018 16.163 ± 0.032 − 19 ± 0.6 384
101.25885 0.22761 16.310 ± 0.009 15.307 ± 0.006 14.611 ± 0.008 − 18 ± 0.5 391
101.24913 0.22590 17.162 ± 0.019 16.262 ± 0.015 15.913 ± 0.025 − 13 ± 0.5 532
101.25972 0.21554 15.980 ± 0.007 15.179 ± 0.005 14.785 ± 0.009 − 13 ± 0.5 462
101.24744 0.22536 16.930 ± 0.015 16.139 ± 0.013 15.885 ± 0.024 − 12 ± 0.5 536
101.25545 0.21764 16.929 ± 0.015 16.059 ± 0.012 15.719 ± 0.021 − 10 ± 0.5 376
101.25359 0.22218 16.604 ± 0.012 15.753 ± 0.009 15.394 ± 0.016 − 4.0 ± 0.5 320
101.26211 0.22759 16.454 ± 0.010 15.675 ± 0.009 15.392 ± 0.016 − 3.0 ± 0.5 431

of the line peak, and extending it on both sides until
it intersected with the signal. We then estimated the
wavelengths corresponding to the intersection points
using linear interpolation and calculated the difference
between them as the 10% width. We measured the 10%
width of Hα line for all sources with an EW >3 Å
using this method. In low signal-to-noise spectrum, the
10% level might be confused with the continuum fluc-
tuations. To avoid this, all the measured widths were
visually inspected.

Possible accretors are selected based on the shape of
their line profiles, specifically whether the Hα emis-
sion line is strong (EW >3 Å) and asymmetric with
10% width >270 km s−1, as well as the existence of
emission lines such as [OI] and Hβ, which are often
associated with accretion disk-driven outflows (Harti-
gan et al. 1995). We thus identify 14 sources within the
FoW of Do 25 falling under this criteria. The Hα emis-
sion line sources thus identified are marked in Figure 2
with properties listed in Table 1. Figure 3 shows sam-
ple spectra of some of the Hα emission line sources
identified within the cluster.

3.2 Disk-bearing and diskless sources

We compare the list of Hα emission line sources iden-
tified from MUSE spectra with the disk bearing and
diskless sources from Guarcello et al. (2021). They used
infrared and optical photometry from UKIDSS/2MASS,
Spitzer-IRAC, PanSTARRS, IPHAS/VPHAS along

with X-ray data from Chandra space telescope to iden-
tify the candidate disk and diskless members of the
cluster. They provide a catalog of the selected disk-
bearing population in a 1◦ circular region centered on
Dolidze 25 from the criteria based on infrared colors and
the diskless population within a smaller central region
based on X-ray sources with optical and IR counter-
part (Figure 6). They derived the disk fraction from the
smaller central region of the cluster to be ∼34 ± 4% .
The photometric sensitivity of the above surveys largely
limits their study.

All the disk and diskless sources reported in Guar-
cello et al. (2021) have been retrieved in our MUSE
data within its (2′ × 1′) FoV. There are six disks and 21
diskless sources confirmed as members of the cluster by
Guarcello et al. (2021) within the FoV of MUSE. We
search for their counterparts in the MUSE data, and all
six disk sources are included in the list of Hα emission
line sources. In addition, three of the 21 diskless mem-
bers also show Hα emission in MUSE spectra. These
sources have 10% width >300 km s−1, and hence, we
include them in the list of possible accretors. Com-
plementary to the spectroscopic characteristics, they
exhibit a significant excess in IPHAS/VPHAS-based
r-Hα colors (Figure 5), which provide additional evi-
dence that they are candidate accretors.

Additionally, we found five more sources in Hα

emission, which are not recognized as cluster members
by Guarcello et al. (2021). The membership of these
five sources was likely not established as they were
not detected in the IR/X-ray catalog. Since the MUSE
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Figure 3. Spectra of accreting sources, which are confirmed as disk-bearing members of the cluster based on NIR excess
emission.

observations are deeper than IRAC photometry, we are
identifying more accretors though they are not listed in
the disk sources in Guarcello et al. (2021). The spatial
locations of these sources are marked in Figure 2.

4. Discussion

The selection of accretors was made by taking into
account all the good SNR spectra that were retrieved
from the cube, but no membership analysis was car-
ried out. We obtained the archival photometry from
Pan-STARRS, which has the deepest data available in
the optical wavelength range; IPHAS, for the magni-
tudes measured with Hα filter; and UKIDSS, which
has the deepest infrared data available for the region.
We inspected the location of the accretors on the color–
magnitude and color–color diagrams along with the
isochrones matching with the age (∼1 Myr), metallicity
(∼0.003) which is corrected for the extinction (AV ∼ 2
mag) and distance (4.5 kpc) (Guarcello et al. 2021) of
the cluster.

The color–magnitude diagram (CMD) using Pan-
STARRS optical photometry as well as the infrared
CMD using UKIDSS photometry is given in Figure 4.
Both the diagrams show that especially in the NIR
CMD, the diskless sources are mostly less scattered
and lined up along a sequence close to the isochrone,
whereas the identified accretors are mostly scattered
towards the right of the PMS branch, which indicates
that they belong to the PMS class of stars. Since all the
accreting sources are positioned along the PMS branch
in both CMDs along with the disk and diskless cluster
members identified in the literature, the Hα emission
line sources can be considered as candidate members
of the cluster. Further spectroscopic analysis is essen-
tial to confirm their membership, which is beyond the
scope of this paper.

Figure 5 shows the r − i vs. r − Hα color–color dia-
gram for all the sources in the FoV of MUSE for which
IPHAS photometry is available. Hα equivalent width
as well as 10% width measured from MUSE spectra,
are represented as color gradient in the figure. The gen-
eral trend reveals that the spectroscopic EWs and 10%
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Figure 4. Left: r−z vz. r optical color–magnitude diagram using pan-STARRS photometry. Right: Infrared color–magnitude
diagram using UKIDSS JHK photometry. The red and blue crosses indicate disk members and diskless members, identified
by Guarcello et al. (2021), and yellow star marks are the Hα emission line sources within the MUSE FoV. Black solid lines
represent the 1 Myr PARSEC isochrones (Bressan et al. 2012) at a metallicity of Z = 0.003 corrected for an AV of 2 mag
and distance of 4.5 kpc.

Figure 5. (r − Hα) vs. (r − i) color–color diagram using IPHAS photometry for sources within the MUSE FoV. Hα

emission line sources identified from MUSE spectra are marked as stars. The color of the emission line sources represents
their Hα EW (left) and 10% width (right) and the respective color bars are also shown.

width are proportional to the photometric color excess
in IPHAS r − Hα on the Y-axis of Figure 5. It is to
be noted that the photometric and spectroscopic mea-
surements are from two separate epochs, hence, it is
assumed that fluctuations in the trend are likely to be
caused by variability in accretion (see review by Fis-
cher et al. 2022).

To confirm the spectroscopic classification of stars
with disks from those without disks, in Figure 6, we
plot the Spitzer/IRAC mid-infrared photometric colors
against J–K colors from UKIDSS, a good proxy for the
stellar photosphere as well as excess emission from the
disk. To better visualize the segregation between the two
classes of sources, we also plot the disk-bearing mem-
bers within a 1◦ circular region centered on Dolidze
25 and the disk-less population within a smaller central

region published in the Guarcello et al. (2021) cata-
log. The color–color diagrams (Figure 6) differentiate
the two classes of objects. Diskless stars do not exhibit
an excess of color in the IRAC channels and are there-
fore located near the origin, whereas stars with disks
are clustered in an area with an excess of color. Only
seven of the 14 identified accreting sources have been
detected in the spitzer 3.6, 4.5 and 5.8 µm bands, while
only six have been detected in the 8 µm band. These
sources have been identified as having infrared excess,
and their positions in the color–color diagram corre-
spond to those of disk sources.

Several studies have shown that on average, the
emission-line strength in PMS stars decreases with
age and decreases significantly in a short period of
time (Manoj et al. 2006). Additionally, stars with low
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Figure 6. Left: UKIDSS J–K vs. IRAC [3.6]–[5.8] color–color diagram. The red and blue crosses are the disk and diskless
members identified by Guarcello et al. (2021) within an area of ∼1◦ around Do 25; they are plotted to easily identify the
segregation of two classes. Right: J-4.5 vs. K-4.5 color–color diagram of sources within the central region of Do 25. The
yellow stars indicate the accretors identified using MUSE spectra color coded based on the their EW. Only seven out of 14
accretors have detections in the IRAC [3.6], [4.5] and [5.8] bands.

emission-line activity tend to have smaller IR excess,
while those with strong emission-line activity exhibit
larger IR excess (Cabrit et al. 1990). In our analysis, we
found that the sources with low EWs are not detected in
the IRAC bands, suggesting a lower level of IR excess,
which aligns with previous studies.

Figure 6 (right panel) presents K-[4.5] and J-[4.5]
color–color diagram. The sources identified as Hα

emitters in MUSE spectra are shown as star symbols
color-coded based on the their Hα EWs. Of the 14 Hα

emitters, only seven have detections in the IRAC [4.5]
band, and these are the sources with Hα EWs greater
than ∼− 20 in the MUSE spectra. Considering the cor-
relation between the NIR excess and the strength of the
Hα emission, the sources with lower EWs may not be
brighter at NIR wavelengths. Furthermore, the emission
lines are considered to be a better indicators of accre-
tion activity than the infrared excess, as the latter can
be produced even by passive disks through the presence
of hot (T ∼ 1000 K) dust close to the star (Muzerolle
et al. 2004). Therefore, we cannot affirm that the sources
not detected by Spitzer are WTTS. It is also notewor-
thy that the emission line activity can exhibit substantial
fluctuations in a short amount of time due to accretion
variability. Although all 14 sources are considered to be
CTTS based on their spectroscopic characteristics, we
cannot rule out the possibility of some of them being
WTTS, given their smaller EW values.

5. Conclusion and future prospects

Low-metallicity protoplanetary discs are hypothesized
to develop on different timescales compared to solar-
metallicity ones. Despite its relevance, the conclusions
on the impact of metallicity in disc evolution remain

contentious. Dolidze 25 is an excellent laboratory to
study star formation at lower metallicities. The disc
fraction of Dolidze 25 is smaller than what would be
predicted based on its age alone (Guarcello et al. 2021).
Given the low stellar density of the cluster and low
O-type stellar population, the rapid disk dispersal is
likely governed by the low metallicity of the com-
plex rather than external photoevaporation or dynamical
interactions, which are proposed as the major exter-
nal factors influencing the disk evolution (e.g., Win-
ter et al. 2018). Hence, it is crucial to study how
the low metallicity influences disk evolution in this
region using state of art instruments and techniques.

In this paper, we discuss the preliminary results of
the spectroscopic analysis of the disk population in the
central region of Dolidze 25, a low-metallicity young
cluster, using medium-resolution spectra extracted from
VLT-MUSE data. We obtained the flux-calibrated spec-
tra of 280 stars in the field corrected for the average
value of radial velocity (71 km s−1) of the cluster from
literature (Wu et al. 2009). The accretors are selected
based on three criteria, the equivalent width of Hα emis-
sion >3 Å, velocity broadened Hα profiles with 10%
width >270 km s−1, as well as the existence of emission
lines, such as [OI] and Hβ. Based on this, we identify 14
accreting sources within the field. Of them, six sources
are confirmed disk sources based on their IR excess.
We also confirm that the 14 accreting sources in Do 25
belong to the PMS class based on their locations on the
optical and IR color–magnitude diagrams.

Our work aims to achieve long-term goals, which
involve estimating the physical characteristics of sources
in Dolidze 25, such as age, mass, distance and lumi-
nosity as well as conducting membership analysis.



   67 Page 8 of 8 J. Astrophys. Astr.           (2023) 44:67 

Furthermore, we intend to assess the accretion rate of
identified accretors and compare them with solar metal-
licity spectral templates of nearby regions, such as Orion
and NGC 2264, to determine how physical parame-
ters vary with metallicity. To attain these goals, we are
conducting an in-depth investigation that employs low-
metallicity models to establish a correlation between
accretion and stellar parameters. The findings of our
research will be reported in a subsequent publication.
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