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ABSTRACT

The first HI-GAL observations of the outer Galaxy consist of five dust continuum maps, between 70 and 500 um, of the area delimited by 216.5° < £ < 225.5° and —2° < b < 0°). NANTEN CO(1-0) line observations are used to derive cloud kinematics and

distances, making it possible to estimate physical parameters of the compact sources (cores and clumps) detected in the region, namely 255 proto-stellar and 590 pre-stellar sources, respectively. Both source typologies are found in all the distance
components observed in the field, up to ~6 kpc, testifying the presence of star formation beyond the Perseus arm at these longitudes. Furthermore, several sources of both proto- and pre-stellar nature are compatible with requirements for massive star
formation, based on the mass-radius relation. For the pre-stellar sources belonging to the Local arm (d < 1.5 kpc) we study the mass function, whose high-mass end shows a power-law behavior N(logM) «« M~1-2¥02_ Finally, we use a luminosity versus mass
diagram to infer the evolutionary status of the sources, finding that most of the proto-stellar are in the early accretion phase (with some cases compatible with a Class | stage), while for pre-stellar sources, in general, accretion has not started yet.

OBSERVATIONS AND DATA REDUCTION ... | FIGUREL
Here we show a study based on the first four “tiles” observed in f of{’217_2§4
the Third Galactic Quadrant (TGQ) as part of the Herschel  sow ] (blue-PACS -
Infrared Galactic plane survey (Hi-GAL; Molinari et al. 2010, : éﬁ?ﬁ?ggs;
PASP, 122, 314). They span the ranges 216.5° < £<225.5%°and  -osw - ;e)do spl)R_Erh

;) um). The

—2° < b <0° (hereafter, we will call £217-224 the entire region).
The maps were obtained using simultaneously PACS at 70 and
160 um and SPIRE at 250, 350, and 500 pm. The the area
covered by both PACS and SPIRE amounts to ~20.5 deg?.
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(Mizuno & Fukui 2004, ASP Conf. Ser., 317, 59) was also used = il

to reconstruct the gas kinematics in this area.
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region is dominated by the first (bluest)  soo} J 1111, and 1V and _20F i 77" magenta box
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few smaller features of the SPIRE map.
COMPACT SOURCES - T " "J§'°® FIGURE 4.
Compact sources have been extracted at each of the five Hi-GAL o | Hi-GAL compact
0 sources positions

bands using CuTEXx (Molinari et al. 2011, A&A, 530, A133). After
band-merging for obtaining a five-band catalog, 943 sources eligible
for grey-body fit (i.e. with a regular SED and a distance estimate
obtained through spatial association with the CO emission) have
been selected (Figure 4). Ancillary WISE photometry has been also
exploited, so that finally 255 protostellar sources (i.e. provided with
a 70 um and/or a 22+160 um detection) and 688 starless ones have

., overplotted on the
U™ column density map.
Circles, triangles,
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102 correspond to the
distance components I,
[, 11, and 1V,
respectively. The blue
-1 and red colors indicate
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been identified. Figures 5 shows the displacement of these sources in L Et;"rtl‘;ztself;rig‘:
the Galactic plane, while Figures 6 and 7 present the statistics of respectively.
some basic physical properties of them. 2720 p—” — SHEP o
Galactic longitude
FIGURE 5. FIGURE 6. 20F R B R R S ™ FIGURE 7.
Galactic positions of the i --- Proto-stellor 1} : ' ' ' 1 Histograms of T ; a,=—1.21£0.1 ° Source mass distribution for the
compact sources in £217-224. 130T —— Storless I J-L <Tps>=13.6 K T diameter (left) and : : = —0.640.1 ] component I (green: Hi-GAL pre-
The origin of the axes is in the ' <T.,>=11.1K | temperat ight) of L : Beg™— - 1 stellar sources; purple: CO clumps
, , | , perature (right) o : = , purp P
- Cores Clumps 1.5 Kroupa IMF: ¢ =-1.3 = _
Galactic center. The symbol - J; - 1 starless (red) and L ] extracted running CLUMPFIND).
and color conventions are the g 100 < > 1 proto-stellar (blue) —_ i 1 The slopes of the power-law fit to
same as in Figure 4. The o [ | sources. Notice that Z, L 4 the linear portion of the two
4 orange symbol represents the i 1 our sample is g 1.0 | 7] distributions (dashed lines) are
position of the Sun. The cyan 0] 1 composed by a = : : : 4 reported. The dotted vertical lines
solid lines are isotachs ] mixture of clumps and ) : ‘\ : 1 represent the mass completeness
corresponding to the three V ol 1 cores, and that, on 0.5 — \ -1 limits. The discrepancy between
values separating the four main -20 =15 -1.0 =05 00 5 10 15 20 25 30 average, the proto- i . 1 the two slopes is a consequence of
CO(1-0) components we Log(Diameter/pc) T (K) stellar sources are j ‘ 1 the different resolution: NANTEN
identified. slightly warmer that 0.0 B - o ... o ] sources are resolved by Herschel,
the pre-stellar ones. 0 1 2 3 A revealing a certain degree of
Log(M/Mg) fragmentation.
STABILITY, EVOLUTION T
The mass versus radius plot (Figure 8) is helpful to study the E -
gravitational stability of the starless cores. Starless sources with a 100 0' ' _’ seseianm T=20K :
mass exceeding the their Bonnor-Ebert mass (Mg[Mg] = 2.4/G ' 5 10l B e |
R[pc] c,[m s?]) are considered gravitationally bound, then pre- > |
stellar. Moreover, by comparison with thresholds for massive star g 100 ‘ l
formation several £217-224 sources (belonging to all the four i - : 2
components) are found to be candidates to form massive stars. = 10f7 1
The plot of bolometric luminosity vs the envelope mass (Figure 9), | e . '
Instead, Is used (e.g. Molinari et al. 2008, A&A, 481, 345) to infer 0.1 3
the source evolutionary status through the comparison with f 1 ;
theoretical tracks obtained from models of accreting cores. Such "'6’01 — ""6'10 -
tracks initially follow an almost vertical path corresponding to the Rodius {pc)
accretion phase. Subsequently, the proto-stellar outflow activity =~ FIGURES. | | I T EEPE B T
d | d di th idual | hori ta] Mass vs. radius diagram for the Hi-GAL sources in £217-224.
DIo _UCES Mass 10ss an |sperses e re_S_l ual enve Ope_ ( orizonta Symbols, with the same shape convention of Figure 5, represent 0.1 1.0 10.0 100.0 1000.0
portion of the tracks). We find a significant segregation between starless unbound (red open), pre-stellar (red filled) and proto-stellar CIGURE 9 M (Mg)
. . : : (blue filled) sources. Orange dashed lines are the loci of the Bonnor- -
ore_— and proto-ste_llar SOUI’CES_ In this dl_agram._the latter popqla?e d Ebert for T = 10 K and 20 K, while the green dot-dashed line Bolometric luminosity vs. the mass of the same sources of Figure 8. Here the symbol size varies
region Correspondlng to ongoing accretion, while the former lie In a represents the Larson (1981, MNRAS, 194, 809) third law. The purple according to the source temperature. Gra;_/ and black_ sol_id lines represent the evolutiona_ry Fracks for
I'egIOn COI’I’eSpOndlng tO a earller Stage FurthermOre, the mOSt and -a-b|ue backgrognd areas are the regions Correspond-ing to the the |OW- ane hlgh-mass_ regimes, respectlyely (Mf)ll-nal’l et aI._, 2008) The_gray arrow indicates the
) conditions for massive star formation to occur, according to the evolution direction, while dashed green lines delimit the region of transition between Class 0 and
evolved sources are, In general, also the warmest. Krumholz & McKee (2008, Nature, 451, 1082) and Kauffmann & Class | sources (André et al. 2000, PPV, 59) in the low-mass regime. The red dotted line represents

Pillai (2010, ApJL, 723, L7) thresholds for massive star formation. the best-fitting power law (L, < M,,,,*#7%%%) for the distribution of the pre-stellar sources.



