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Study of the N126 dust bubble in the infrared wavelength range

In recent years, the research of bubbles, partially circular structures in the interstellar medium, consisting
of dust and gas, has received the considerable attention. The analysis of the structure and evolution of bubbles
provides insight into the conditions under which stars and planets form in the interstellar medium. Dust
bubbles are inextricably linked with star formation regions and are powerful tools for studying the interaction
of young stellar objects with their environment at various stages of evolution.

The main goal of this article is to study the region of the N126 dust bubble, search for and identify young
stellar objects. Identification of young stellar objects by their fluxes at infrared wavelengths is relatively recent,
and identification criteria are still at the stage of improvement. Therefore, in this article, the criteria for
identifying young stellar objects were used according to the works of Koenig X.P. (2012), Koenig X.P. &
Leisawitz D.V. (2014) and Fischer W.J. (2016), which are based on analysis of WISE observational data in the
near- and mid-infrared bands W1 (3.4 um), W2 (4.6 um), W3 (12 um), and W4 (22 um). The data from the
2MASS and AlIWISE catalogs with reliable non-zero fluxes of infrared radiation sources were used in that work.
For the researched dust bubble, young stellar objects of class O (protostars) and class | were not detected. 4
objects of class Il, 1 object of the class of transition disks and 48 objects of class Ill were identified. Energy
distributions in the spectra for class Il objects were constructed, which also confirmed their evolutionary
status. For all identified YSOs, color diagrams were constructed showing the locations of the found objects
with their corresponding areas of evolution. Maps of the distribution of YSOs in space are analyzed, which
indicate possible signs of an initiated star formation process in the N126 dust bubble.

Key words: bubble, infrared radiation, WISE, young stellar objects, evolutionary stage.
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N126 To3aH KenipLiriH TONKbIH Y3blHAbIFbIHBIH, MHPPAKbI3bIN AMana3oHbIHAA 3epTTey

COHfFbl Kbl4apbl WaH, MeH raszaH TypaTblH XYyA4bl3apasblK KeHICTIKTEr Kenipwiktepai, COHbIH, iWiHae
apTblNal CakMHaNbl KypblabiMaapabl 3epTTeyre Ken KeHin 6eniHyae. KenipwikTtepadiH KypbiabiMbl MeH
3BOIOUMACHIH TaNAay *KyAAbl3apasblK KEHICTIKTE XKyA4bl34ap MeH NAaHeTaNapablH Nanga 60y KaraanaapbiH
TyciHyre mMymKiHAiK 6epegi. WaH Kenipwiktepi Xyaabi3 Ty3iny alMmaKTapbiIMeH Tbifbl3 OalNaHbICTbl KaHe
3BOMOLMANDBIK AaMydblH 9PTYPAI Ke3eHaepiHae Kac XKyNabl3abl 0ObeKTinepaiH 0NapablH KopllafraH opTameH
opeKeTTecyiH 3epTTeyiH 6acTbl Kypanbl 60abiN Tabblnaabl.

byn 3eptTeyaid Herisri makcatbl N126 wwaH Kenipwiri alimafbliH 3epTTey, *ac Kyaabi3abl 06bekTinepai
i3/1ey KaHe aHblKTay bonabl. HKac *Kynabisabl 06bekTinepai MHOPaKbI3bla TONKbIH Y3bIHAbIFbIHAAFbI aFbIHAAPbI
OOoMbIHLIA COMKEeCTeHAIPY MKYPri3inreHiHe canbiCTbipManbl TYpAe Kemn VyakblT eTnefgi, an cankecTeHaipy
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Study of the N126 dust bubble in the infrared wavelength range

KpuTepuinnepi ani ae xetingipy catbicbiHaa. CoHAbIKTaH, Oy 3epTTeyaeri »ac Kyaabi3Abl 00beKTinepai
aHbIkTay KpuTepuiinepi Koenig X.P. (2012), Koenig X. P. & Leisawitz D. V. (2014) xkaHe Fischer W.J. (2016), onap
W1 (3,4 mkm), W2 (4,6 MKm), W3 (12 MKM) kaHe W4 (22 MKM) KaKblH XaHe opTa MHOPaKbI3bia
)onakTapbiHaafel WISE baKkbinay gepekTepiH Tangayra HerisgenreH. 3eptrey 6apbiCbiHAa MHOPAKbI3bIA
coyneneHy Ke3aepiHiH ceHimai Henmik emec afbiHAapbl 6ap 2MASS kaHe AlIWISE KaTanortapbiHAaFbI
AepeKkTep naiganaHbinabl. 3epTTeneTiH WaH Kenipuwiri ywid O KnacbiHAafbl (anfallKkbl Kyaabi3gap) *KaHe |
KJaCCTafbl *Kac KyAabl3abl 06beKTiiep aHbikTanmagbl. || KnacTbl 4 0O6beKT, eTneni Auckinep KnacbiHbiH, 1
obbekTici »aHe Il KnacTbl 48 06bEKT aHbikTanabl. || KnacTbl 0ObeKTinepre apHanfaH ChnekTpaepaeri
SHEPruAHbIH, Tapanynapbl KypacTblipblagpl, Oyn onapAblH, 3BOMOUMANBIK CTATyCblH pacTadbl. Bapabik
aHbikTanfaH MMKO yWiH 3BOMOUMAHBIH COMKEC almaKkTapbiMeH TabblnFaH oObeKTiNepadiH, opHanacy
OpbIHAAPbIH KePCETETIH TYCTI AMarpammanap KypacTbipbinabl. N126 wwaH Kenipwirinae 6actanfaH »Kyaabi3
TY3i/ly NPOLECIHIH MYMKiH BenrinepiH kepceTteTiH MK O-TiH fapblliTa Tapaay KapTanapbl TangaHasl.

TyliH ceanep: KenipLwik, nHdpakrbi3bin caynenep, WISE, *ac *Kynabisapl 00beKTiNep, 3BONOLMANbIK KE3EH,
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UccnepnosaHme nbinesoro nysbipa N126 8 nHdpakpacHOM anManasoHe 4/1MH BOH

B nocnenHue roapl 60/blWOe BHUMaHWE yAENAETCA UCCAeA0BaHUAM My3blpen - YaCTUYHO KO/bLIEBbIM
CTPYKTYpPam B MEK3BE3AHOM MPOCTPAHCTBE, COCTOALIMM M3 MblAW U rasa. AHasM3 CTPYKTYPbl M 3BOMOUMN
ny3blpeit gaeT npeactaBneHne o6 ycnoBusX, NPU KOTOPbIX 3Be34pl U MaHeTbl 06pasyloTca B MeK3Be3AHOM
npocTpaHcTBe. [blneBble My3blpM HEepaspbiBHO CBSA3aHbl C 006nacTAMM 3Be340006pa3oBaHMA M ABAAIOTCA
MOLLHBIMM MHCTPYMEHTAMM AN U3YYEeHMA B3aMMOAENCTBMA MONOAbIX 3BE3AHbIX OOBEKTOB C OKPYKatoLLeM
cpenoi Ha pasIyHbIX CTaAMAX 3BOMOLMOHHOIO Pas3BUTKA.

OCHOBHOW Lie/Iblo A@HHOTO UCcaeaoBaHMnA HbIN0 M3ydeHne obaacTu nbinesoro nyssips N126, nouck u
NAeHTUOUKAUMA MONOAbIX 3BE3AHbIX 0OBEKTOB. MAeHTUPMKALMA MOMOAbIX 3BE3AHbIX OOBEKTOB MO WX
MOTOKamM Ha A/MHAX BOMH WMH(PaKpPacHOro aAuanasoHa BeAeTCS OTHOCUTENbHO HEeAaBHO M Kputepum
NAeHTUOUKAUMM HAXOAATCS ellle Ha CTaAMM YCOBEPLLEHCTBOBaHMA. [103TOMY B AaHHOM MUCCaea0BaHMUM Bbian
MCMO/Ib30BaHbl KpUTEPUU UAEHTUGUKALMM MOSIOAbIX 3BE3AHbIX 0OBEKTOB cornacHo pabot Koenig X.P. (2012),
Koenig X. P. & Leisawitz D.V. (2014) n Fischer W.J. (2016), KoTOpble OCHOBaHbl Ha aHanM3e AaHHbIX
HabntoaeHuin WISE B nonocax 61mxHero 1 cpeaHero nHdpakpacHoro avanasoHa W1 (3,4 mkm), W2 (4,6 mkm),
W3 (12 mKM) 1 W4 (22 mKm). B nccnenosardunm bbiam MCNoAb30BaHbl AaHHble 13 Katanoros 2MASS un AlIWISE,
MMeIoLLIME HaAEeXKHble HEeHy/neBble MOTOKM WMCTOYHWMKOB MHOPAKPaACcHOro m3nydyeHus. Oas muccnenyemoro
NbIAEBOrO My3blps MosoAble 3Be3AHble 06bekTbl O (NpoTo3Be3abl) M | Knacca He 6bianM OBHapPyKeHbI.
NaeHTndMuMpoBaHbl 4 obbekTa Il Knacca, 1 06bEKT — Kacc nepexoaHbix AMckos 1 48 obbekTos — Il Knacca.
MocTpoeHbl pacnpeaeneHns sHepruin B cnekTpax Ans obbekToB Il Knacca, KOTOpble TaKkKe NoATBEPAMIN UX
3BOJIOLUMOHHBIM  cTaTyc. [ns Bcex WAeHTUOMUMPOBAHHbIX M30O noCTpoeHbl LIBETOBbIE AMArpPaMmbl,
MOKa3bIBalOLIME PACMNONONKEHMA HAWAEHHbIX OOBEKTOB C COOTBETCTBYHOLIMMU MM 06MACTAMKU 3BOOLMM.
MpoaHanM3nMpoBaHbl KapTbl pacnpeaeneHna M30 B NpOCTPAHCTBE, KOTOPbIE YKa3bIBAKOT Ha BO3MOMKHblE
NPU3HaKM MHULMPOBAHHOTO NpoLecca 38e31006pa3oBaHMA B NblieBOM MNy3blpe N126.

Kniouesble cnoBa: nysbipb, WHbpakpacHoe wu3nyderHne, WISE, monoable 3Be3faHble 0OBEKTHI,
3BOJIOLMOHHAA CTaams.

Introduction Universe. The improved radiation detection

techniques, new technologies and data processing

Researches of objects in the interstellar medium  techniques allow to obtain increasingly reliable

provide the explanation of star formation processes, information and detailed images of the interstellar
galaxy formation and the general structure of the
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medium, scientific
research.

In recent years, much attention has been
paifocused to the study of bubbles, partially circular
structures in interstellar medium, consisting of dust
and gas, which are inextricably linked with star
formation regions [1-3], so analysis of the structure
and evolution of bubbles provide insight into the
conditions under which stars and planets form in
interstellar space. Bubbles have a morphology that
indicates the presence of advanced or stimulated star
formation process. The star formation process can
occur due to the expansion of the bubble, when the
leading shock front overtakes and compresses the pre-
existing molecular cloud core. The gravitational
collapse of the core occurs at this moment, which is
an initiated mechanism of star formation in bubbles.
Therefore, the research of it is currently still in its
early stages and subject of great interest to
researchers in the star formation field.

Since studies of infrared dust bubbles are a
powerful tool for studying of star-forming regions,
the identification of young stellar objects plays an
important role in to understand their interaction with
the environment at different stages of evolutionary
development.

The main goal of this study is to investigate the
region near the dust bubble N126, to search and to
identify young stellar objects (YSO).

opening new horizons for

Methods

Data

The given research used the large-scale surveys
in the infrared wavelength range: 2MASS and WISE
(Wide-Field Infrared Survey Explorer). Near-infrared
sky observations of J (1.25 um), H (1.65 pm) and Ks
(2.17 um) obtained by 2MASS were presented in the
2MASS All-Sky Catalog of Point Sources (2003) [4].
WISE observations were presented in the AIIWISE
catalog [5], which contains radiation fluxes in the
near and mid-infrared range at wavelengths W1 (3.4
pm), W2 (4.6 um), W3 (12 um) and W4 (22 pm).

For this investigarion, the following data from
catalogs with reliable non-zero fluxes was selected:
the flux error should be less than 0.2 mag; signal-to-
noise ratio - wsnr greater than 3.

Infrared dust bubble N126

N126 is one of the small galactic infrared
bubbles cataloged by Churchwell [6]. N126 is a dust
bubble centered at B | =59,606°, b=0,330° with an
average radius of about 0,03° (1.87 arcmin) and an
average shell thickness of 0,008° (0,5 arcmin). In
terms of its morphology, N126 is type B and FI, which
means that the bubble is a broken or incomplete ring,

the structure of it is flocculent or lumpy (Figure 1).
The scientific work [7] mentions the diffuse
morphology of N126.

b) Spitzer

Figure 1 - Image of N126 at near and mid-infrared
wavelengths

According to [8], the distance to N126 is 6.3 kpc. The
coordinates of the central position and radius of the
galactic IR bubble N126 estimating on a circular scale
were refined in [9]. According to that work, the
galactic coordinates are | =59,601°, b=0,319°, and the
radius of the bubble is 1.98 arcmin.In addition, the
component brightness distributions were also
obtained:

|Og(LPAH/LSun) =3.83+£0.12,

log(Lwarm/Lsun) = 4.04 + 0.20 and

log(Lcoid/Lsun) = 3.42 + 0.15.
Based on the brightness of the PES, warm and cold
dust, the authors calculated the total IR brightness of
the dust bubble log(Ltir/Lsun) =4.31+0.11.
According to the information on the flux densities
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Study of the N126 dust bubble in the infrared wavelength range

obtained using (< 2R) circular aperture photometry,
Figure 2 shows the energy distribution in the
spectrum of the N126 dust bubble.
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Figure 2 — Energy distribution in the spectrum of
the N126 dust bubble

Results and Discussion

The search for young stellar objects was carried
out in the astronomical database SIMBAD
Astronomical Database - CDS (Strasbourg) using the
catalogs describing above on this paper. Basic

information on the region and the sources finding
within the search radius are shown in Table 1.

Table 1 — Parameters for searching of objects

. Search | Number
Region R.A. Decl. radius | of found
range (deg) | range (deg) (arcmin) | objects
N126 | 295,364 <a. | 23,712 <8 5 463
<295,447 <23,741

The algorithm for identifying young stellar
objects is used according to the scheme [10, 11]. The
young stellar objects are grouped on dependence of
evolution’s stage: class O (protostars), class I and II,
transition disks and class Il [12-15]. Therefore,
identification is carried out in the same manner in that
study. First of all, it is necessary to remove polluting
factors  (AGN; stationary  stars; sources
corresponding to PAH emission and particle
emission at the leading edge of shock waves).

The young stellar objects of class 0 (protostars)
and class | were not detected. 4 objects of class I, 1
object of the class of transition disks and 48 objects
of class Il were identified for the investigating dust
bubles. Information on flows for 20 YSOs was
presented in Table 2.

Table 2 - YSOs
Class RA(J2000) DE(J2000) W1, w2, W3, W4,
. - AlIWISE
YSO h:m:s d:m:s mag mag mag mag
1 194149 +23 42 07 J194149.48+234207.9 13.602 | 13.467 | 10.873 | 7.068
1 194144 +234119 J194144.43+234119.9 10.388 | 10.009 | 7.592 | 5.257
1 19 41 47 +234521 J194147.40+234521.4 11.188 | 10.933 | 8.949 | 8.667
1 1941 46 +2338 34 J194146.58+233834.1 6.902 6.126 5.161 | 5.642
Tr.disc | 194145 +2346 11 J194145.53+234611.1 9.805 9.561 8.708 | 4.029
i 19 41 47 +23 43 26 J194147.00+234326.5 11.204 | 10.826 | 8.052 | 5.394
i 194145 +2342 20 J194145.11+234220.8 13.042 | 13.483 | 10.864 | 7.823
i 1941 47 +23 4155 J194147.14+234155.5 10.796 | 10.680 | 10.284 | 7.241
i 194152 +23 4255 J194152.21+234255.6 12.060 | 11.980 | 8.783 | 5.281
i 194151 +234200 J194151.00+234200.3 13.729 | 14.296 | 10.871 | 5.602
i 1941 46 +234142 J194146.88+234142.2 9.516 9.531 10.623 | 7.040
i 194149 +234140 J194149.45+234140.9 13.736 | 14.695 | 10.656 | 8.409
11 194144 +23 4154 J194144.32+234154.4 13.219 | 13.642 | 10.505 | 8.089
i 194152 +23 4302 J194152.91+234302.0 10.537 | 10.517 | 8.471 | 5.566
i 194148 +2341 30 J194148.88+234130.7 13.844 | 14.968 | 10.626 | 8.408
i 194150 +2341 39 J194150.78+234139.2 13.264 | 13.804 | 10.859 | 8.818
11 194154 +23 42 54 J194154.34+234254.6 13.113 | 13.195 | 10.316 | 6.062
11 194154 +2343 17 J194154.26+234317.1 13.003 | 13.085 9.906 6.619
i 19 41 55 +2342 32 J194155.08+234232.5 13.074 | 12,949 | 8.813 | 5.463
i 194142 +234131 J194142.39+234131.2 10.393 | 10.357 | 7.970 | 5.970

For all finding YSOs, the color indicators were
determined and their diagram was constructed in
Figure 3. The green squares indicated class 11 YSOs,
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into evolution classes on color diagrams are still at the
stage of improvement. There were selected the
criteria for dividing areas to famous and used for
WISE flows for analyzation of finding YSOs'
location. In Figure 3, the dotted lines showed the
criteria for YSO having the various classes of
evolution [11]. The boundaries of the areas in the
diagram were indicated in accordance with the
classification presented in [16].
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Figure 3 — Color-color diagram for the YSOs in
the region of the N126 dust bubble

Figure 3 illustrateS that objects of class Il are
located at the edges of the corresponding evolution
region, which indicates the correct identification of
the evolution class of these objects. An object of the
“Transition disks” class is lied near its corresponding
evolution region. The location of the evolutionary
stage of transition disks is currently unknown with
certainty. Therefore, taking into account the
assumptions of recent relevant research it is an
intermediate stage between classes Il and Il and the
location of this object near the group of class 111 YSOs
is quite understandable. The objects on class Il are
practically formed young stars, so their location on
the diagram corresponds to their evolution class. It is
interesting that YSOs with class Il are located in
small groups on both sides of the “transition disks”
region, which indicates a direct connection between
the evolutionary development of objects with
“transition disks” and class III.

Moreover, for all of finding objects there were
searched for information in astronomical databases in
order to identify previously unidentified objects. As a
result of the search, no information on the
evolutionary status and spectral type of the object was
found in the catalogs for the receiving young stellar
objects.

For three class Il YSOs, the astronomical
catalogs GLIMPSE Source Catalog (I + Il + 3D)
(IPAC 2008) [17] and MIPSGAL 24pm point source
catalog (Gutermuth+, 2015) [18] contain information
on fluxes, on the basis of it the distributions were
constructed energy in the spectra with suitable models
according to [19]. Figure 4 shows that YSOs have an
IR excess in the spectrum, which corresponds to our
previously determined evolutionary status of these
objects.

The map of the integrated intensity of infrared
radiation at near and mid-range wavelengths is shown
in Figure 5, where the locations of found and
identificated candidates for young stellar objects are
plotted. The white triangle corresponds to the YSO of
the “transition disks” class, the red circles to the YSO
of class Il and the yellow stars to the YSO of class I1I.
The white cross is the coordinates of the center of the
dust bubble in accordance of the Churchwell catalog

[6].
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Figure 4 — DES for YSOs on class Il points —

observational data, lines — theoretical models
(black line — the most suitable model)
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Figure 5 illustrates that the YZO distribution has
a thread-like structure. Class 11 YSOs are located near
large sources of infrared radiation, and the bulk of the
found class 111 YSOs lies in the southern region of
bubble’s circular structure. Most objects are placed at
the edges of flocculent structures and are observed in
small groups.

Figure 5 — Distribution of YSOs in space in the
Spitzer image. Denoted: «+» — coordinates of the
center of the bubble, «A» — “transition disks”,

«o» —II class, «"»— I class

Figure 6 shows the number of YSOs on the
dependence of distance from the center of the dust
bubble. The crumpled structure is observed near the
center of the dust bubble, and there are shown that any
YSOs are not detected in this area. in addition, there
are noticed the maximum number of YSOs at a
distance of approximately 145 to 155 arcseconds, i.e.
in the inner region of the dust bubble between the
flocculent structures. however, there are not observed
any YSOs at a distance of approximately 180
arcseconds, which is a region of flocculent structures.
Furthermore, the number of YSOs decreases with
increasing of distance.
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Figure 6 — Distribution of the number of YSOs on
the dependence of distance to the bubble's center
coordinate

Conclusion

In the present research the region near the N126
dust bubble was investigated. The search and
identification of YSOs at various stages of evolution
were carried out on the basis of applied infrared
radiation fluxes near and mid-wavelength ranges. As
a result of the study, 4 objects of class I, 1 object of
the class of transition disks and 48 objects of class 111
were found. The color-color diagrams were
constructed showing the correspondence of the
location of the finding objects with the areas of
evolution. A search for information was carried out in
astronomical catalogs, and on the basis of it the
energy distributions in spectra with the most suitable
theoretical models were constructed for class Il
YSOs. The DES diagrams show that YSOs have an
IR excess in the spectrum corresponding to the
evolutionary status of these objects which were
previously determined. Maps of the distribution of
small objects in space were also analyzed, which
indicated the presence of initiated star formation
process in the N126 dust bubble.
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