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Abstract. We present single dish and interferometric maps &y words: ISM: clouds — ISM: Hi1 regions — ISM: kinematics
several rotational transitions of H® vibrationally excited lev- and dynamics — ISM: molecules

els towards Sgr B2. H{N is a very suitable molecule to probe
hot and dense regions (hot cores) affected by high extinction

sir_me its vibr_ationall levels are mainly exciteq by _mid-IR radii_ Introduction

ation. The single dish maps show, for the first time, that the

HC;N vibrationally excited emission (H@I*) is not restricted Recent massive star formation in the Galaxy is commonly rec-
to Sgr B2M and N but extended over an a#84 x 20" in ex- ognized by signposts, like UC HIl regionsp@ masers, near
tent. We distinguish four bright clumps (Sgr B2R1 to B2R4)nd mid infrared emission and hot and dense condensations con-
in the ridge connecting the main cores Sgr B2M and Sgr B2tining molecules and dust. These condensations are known as
and a low brightness extended region to the west of the ridget cores and represent a relatively early phase of massive star
(Sgr B2W). The physical properties and the kinematics of dfirmation.

hot cores have been derived from the4\Z lines. Our high an- The Sagittarius B2 molecular cloud, located near the
gular resolution images show that the Sgr B2N hot core bredkslactic center, at a distance of 7.1 kpc (Reid et al., 1988)
in two different hot cores, Sgr B2N1 and N2, with different rais one of the most active regions of massive star formation
dial velocities and separated by 2” in declination. We find in the Galaxy. It contains two cores, Sgr B2M and Sgr
that the excitation of the H{N* emission in all hot cores can B2N, which show all the typical signposts of very luminous
be represented by a single temperature and that the linewigthbedded young stellar objects. Sgr B2M and Sgr B2N,
of the HGN* rotational lines arising from different vibrationalare very strong IR emitters| (Thronson & Harper, 1986;
levels systematically decreases as the energy of the vibratidaaldsmith et al., 1987; Goldsmith et al., 1990), they
level increases. The systematic trend in the linewidth is likeppntain several compact and ultra compact HIl re-
related to the increase of the velocity as the distance to the giens (Gaume & Claussen, 1990; Gaume et al., 1995;
citing source increases. We have developed a simple modedieoPree etal., 1998),  hot  cores | (Vogeletal., 1987;
study the excitation of the H@I vibrational levels by IR ra- [Mehringer & Menten, 1997; Main-Pintado et al., 1990;
diation. We find that the single excitation temperature can e Vicente et al., 1997) and @ masers [(Reid et al., 1988;
explained by high luminosities of embedded starsl()” L) |Kobayashi et al., 1989).

and small source sizes/(2 — 3"”). The estimated clump masses The Sgr B2N and Sgr B2M hot cores have already
are 500 M, for Sgr B2M, 800 M, for Sgr B2N and 10-30 M  been studied for example, in NHVogel et al., 198]7), HCO

for Sgr B2R1 to B2R4. Luminosities aie— 2 10° L, for Sgr (Martin-Pintado et al., 1990), G}€N (de Vicente et al., 1997)
B2R1-B2R4 and Sgr B2M antD” L, for Sgr B2N. We esti- and GH3CN (Liu & Snyder, 1999). Different molecules seem
mate HGN abundances df 10~? for Sgr B2M and Sgr B2N2 to give different physical properties and kinematics for the hot
and10~7 for the rest of the hot cores. The different f}Cabun- cores. This is because different tracers require different exci-
dances in the hot cores reflect different stages of evolution dagon conditions and because of the complexity of the region.
to time dependent chemistry and/or photo-dissociation by Usyanoacetylene (H{N) is a very suitable molecule to probe
radiation from nearby HII regions. According to the mass aritle physical properties and kinematics in the hot cores since
the luminosity of the different hot cores, we propose that Stjthas several vibrational states which lie in the range between
B2M and B2N contain a cluster of 20-30 hot cores, each likk0 and 1000 K, which are only excited by IR radiation in the
thatin Orion A, a number similar to the UC Hll regions alreadfiot cores. Thus the vibrationally excited lines of HiCprobe
detected in the region. The Sgr B2R1-B2R4 hot cores represeggions with strong emission in the mid-IR.

isolated formation of massive stars. Since the detection of the rotational line from the vibra-
tional v7=1 state by Goldsmith et &l. (1982) in Orion, rotational
Send offprint requests t®. de Vicente (vicente@oan.es) lines from vibrational states arising from other sources and from
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other vibrational states have been discovered. Most of the stlidble 1. Instrumental parameters for the PdBI observations
ies of vibrationally excited HEN (hereafter HGN*) emission

towards Sgr B2 have been made with low angular resoluti®arameter Value
(Goldsmith et al., 1985b; Mari-Pintado et al., 1986) and onlysgyrces observed 2
towards Sgr B2M and Sgr B2N. Total time on sources 1.6 hours
Recently Marin-Pintado et al[{1999) have found that recertentral sky frequency 91.155 GHz
massive star formation in the stage of hot cores is not orftyimary beam (HPBW) 56

restricted to Sgr B2M, Sgr B2N, and Sgr B2S but is also preséhtthesized beam (HPBW) (B2M)  10.5” x 4.9” PA: 0
in the envelope of Sgr B2. These new hot cores are less masSiv@thesized beam (HPBW) (B2N) 12.2" x 4.4” PA: —14°
than those in Sgr B2M and Sgr B2N. This suggests that rec&fjgrferometer configuration Dc (WOS,E03,NO5)
massive star formation similar to that in Orion A might occup!uX density calibrator 1730-130 (14 y)

over more extended regions than the main cores Sgr B2M, BERfise and Band Pass calibrators 183%)723-(1333 J(;)A' %)

and B2S. The aim of this paper is twofold: to obtain a globgh, .56 center position 2000 (B2M) ~ 17:47:20.3 -28:23:07
picture of massive star formation between the main cores $@,<e center position J2000 (B2N) 17:47:20.3 -28:22:19

B2M and B2N and to study in detail the hot cores Sgr B2Mpsolute position error +0.4"
and Sgr B2N. To study in detail the physical properties and
the kinematics of the hot cores in Sgr B2M and Sgr B2N, we ) )

present interferometric observations of severalsNClines. N our map. Observations towards the most intense condensa-
The global picture of star formation has been obtained frofins in the previous map were also made in the J=10-9,1v7,1f
mapping several HEN* lines obtained with the IRAM 30m 1v6.1e and 1v5,1f transitions and in the J=24-23,1v7,1f transi-

dish. This map has revealed for the first time the presence Jf{-

ridge of hot cores similar to that in Orion A.

2.2. Interferometric observations

2. Observations _ . . . _
Since the single dish H®I* maps showed this emission to be

2.1. Single dish observations unresolved towards the Sgr B2M and Sgr B2N cores we used

We have carried out single dish observations of different rot e IRAM interferometer at Plateau de Bure, France, to map

tional lines of HGN and its isotopic species HECCN and the emission with higher angular resolgtion. We perfor'med two
HCC'3CN from the ground and vibrational states with thgnapshots of Sgr B2M and Sgr B2N in July 1995 with three

IRAM 30m telescope at Pico de Veleta (Spain) towards tﬁé\tennas. The instrume_ntal parameters forth_e Plateau de Bure
regions containing the hot cores Sgr B2M and Sgr B2N. We Olg_tgrferometer observations are sgmmanzed in Tole 1._Obser-
served the J=10-9 (3.3 mm), J=12-11 (2.9 mm), J=15-14 (Zajlons were made at 91.2 GHz in order to measure simulta-
mm), J=16-15 (2 mm), J=17—16 (1.9 mm) and J=24-23 (1n§ously the J=10-9,1v5,1f, J=10-9,1v6,1e, J=10-9,1v7,1e and
' i %:10—9,1v7,1f transitions. We used the source 1730-13 (14 Jy)

;rg).ZTQE dHfg ;?:/]ve\:\:aliezaﬁrz;l/lv I;;Z g‘;?m)uzfe?fhitssﬁ%pas the flux density and bandpass calibrator and 1830-21 (3.2 Jy)
! s the phase calibrator.

receivers to observe simultaneously the 3, 2 and 1.3 mm lind
Most of the observations were made with the receivers tuned
to SSB mode with an image rejection of 7 to 9 dB. The obsei- Results
vations were perf_o_rmed in a position switphing mode, ta_lkir}_g_l_ Single dish
the reference position 10ff the on-sources in right ascension.
The line intensity calibration was established measuring a céli).[1 shows a map of the integrated intensity of the J=24—
and ambient temperature load of known temperatures. The IR&3v7,1eHC3N line. This line was observed with the re-
intensities have been converted to main beam temperaturesdiyer tuned in nearly double side band, the relative gain for
using beam efficiencies of 0.6 for 3 and 2mm and 0.45 for 1tl8e image band was only 0.2. The integrated emission also
mm and a forward eficciency of 0.9 for all wavelengths. Asontains the J=25-24,1v7,1e and 1v6,1e lines which were ob-
spectrometers we used two 512 MHz filter banks and one 1Gfved in the image band. The map shows the morphology of
channel autocorrelator. The velocity resolution provided by ttiee HGN* in the region. The HC3N* emission is dominated
spectrometers were 3.3, 2.7, 1.9 and 0.4khfsr the 3.3, 2.9, by the already known massive hot cores associated with Sgr
2 and 1.3 mm lines respectively. B2M and Sgr B2N|(Goldsmith et al., 1987; Vogel et al., 1987,
In order to determine the spatial extension of thesN€ |Lis & Goldsmith, 19911} Mafn-Pintado et al., 1990). The map
emission, we mapped a region of’50 50" around Sgr B2M also shows for the first time the presence of a ridge of NC
and Sgr B2N in the J=16-15,3v7,1e and the J=24-23,3v7dmission connecting the Sgr B2M and B2N hot cores, and an
HCsN lines with a 3 spacing. Simultaneous with the J=16,1eextended low brightness emission to the west of the ridge. The
15,3v7,1e line we observed thg3CO 2(1,1)-2(1,0) transition HC3N* ridge is unresolved in the east-west direction. For fur-
which is seen in absorption towards both continuum sources d@hdr study we have considered four sources labelled as B2R1,
allowed to check the pointing relative to the continuum sourcB2R2, B2R3 and B2R4 (see Hig. 1). The extended component
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Fig. 1.Map obtained at the 30m radio telescope for the integrated inten- 0 50 100 0 50 100
Vlsr (km/s) Vlsr (km/s)

sity of HC3N J=24-23,3v7,1e transition (see Sect. 3.1 for an additional
explanation). Levels are 5, 10 15, 20, 25, 30, 50, 100, and 150 KkmsFig. 2. Spectra taken at the 30m radio telescope for thg M@=10-
using antenna temperature scale. We have labeled the new hot cgrggsition in different vibrational excited levels, towards Sgr B2M
along the ridge as Sgr B2R1, B2R2, B2R3 and BZR4. The filled circlyy sqr B2N. The upper panel shows the spectra of the J=10-9 line of
in the upper right corner shows the beam size. HC!3CCN in the 1v6.1e vibrational level.

has a size of- 30", and hereafter will be referred to as Sgr Table[3 summarizes the Gaussian fits to l@'2CCN
B2W. and HCC'3CN single dish profiles at the ground and vibra-
Fig[2 shows typical profiles of the J=10-9 line of N tional excited levels. The frequencies of the ¥HCCN and
and HC3CCN for several vibrational states towards Sgr B2MICC'3CN lines have been calculated using the expressions
(left panel) and Sgr B2N (right panel) taken at the 30m radgiven by Wyrowski et al. (1999). Due to line confusion we have
telescope. This figure clearly shows the difference in the exoinly used those transitions which were not blended with other
tation of the material in the Sgr B2M and Sgr B2N hot corefines. The rotational transitions for the vibrational ground state
Tabld2 summarizes the single dish results. The line parametrsIC'*CCN and HCC3CN are separated a few MHz and can
in this table have been derived by fitting a Gaussian profile b@ observed simultaneously. Both lines have similar intensities
the lines. As intensity scale we have used the main beam teamd widths indicating that both isotopic substitutions have the
perature because the emission region is in all cases smaller theame abundance, within the calibration errors.
the telescope beam. From the intensities of the main isotope and from those of
The rotational transitions of the vibrational states appetire 'C isotope, and assuming an isotopic rafi€/'>C of 20
in pairs, due to the level degeneracy, separated in frequefmythe Galactic center (Wilson & Rood, 1994), we estimate the
by tenths of MHz. This feature has been used to aid in tlepacity depth of the main isotope HR lines. Towards Sgr
determination of the parameters of the Gaussian fits when @®2M the opacities of the main isotope rotational transitions in
of the transition pairs appears contaminated by more interie ground vibrational state are between 0.4 and 0.6, while for
lines. In those cases in which we have used the width of the piie vibrational levels we obtain an upper limit of 0.1. Therefore
transition, the error associated with the fitted parameter of thkHCs;N* lines in the Sgr B2M hot core are optically thin. On
contaminated line is indicated in Talfle 2 as 0. The line widthise other hand the opacity of the KIiE* lines towards Sgr B2N
towards Sgr B2N and Sgr B2M depend on the energy of levégs~ 4.5. This means that HECCN and HCC3CN lines in the
involved in the transition. The line width increases as the energsound states are also probably optically thick and cannot be
of the levels involved increases. used to determine the opacity of the main isotope transitions.
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Table 2. Fits for differentHCsN transitions towards Sgr B2M and Sgr B2N. Single dish observations

Sgr B2M Sgr B2N

Transition Ewp  Trmo v Av Area T v Av Area

(K) (K) (kms™) (kms™!) (Kkms™') (K) (kms™!) (kms™') (Kkms™!)
10-9 241 745 59.2(0.1) 19.3(0.3) 153.0(1.9) 7.24 66.5(0.1) 23.6(0.1) 182.0(0.7)
10,1e-9,1e 1v5 978.3 0.43 62.3(0.6) 13.9(1.0) 6.4(0.5)
10,1f-9,1f 1v5 978.3 0.04 65.5(1.3) 7.3(2.5) 0.3(0.1) 0.32 63.9(0.8) 15.3(1.9) 5.2(0.6)
10,1e-9,1e 1v6 741.3 0.09 64.8(0.6) 11.3(1.4) 1.0(0.1) 0.54 63.6(0.7) 17.6(1.7) 10.1(0.8)
10,1f-9,1f 1v6 741.3 0.07 62.8(0.0) 8.4(0.0) 0.7(0.0) 0.49 63.6(0.1) 16.1(1.1) 8.3(0.5)
10,1e-9,1e 1v7 3441 0.36 64.1(0.3) 11.7(0.8) 4.4(0.3) 1.13 63.0(0.1) 23.0(0.6) 27.5(0.7)
10,0-9,0 2v7 662.1 0.22 64.0(1.0) 24.2(1.3) 5.6(0.4)
10,2e-9,2e 2v7 664.7 0.22 63.9(0.0) 24.2(0.0) 5.6(0.0)
10,2f-9,2f 2v7 664.7 0.22 64.0(0.0) 24.2(0.0) 5.6(0.0)
10,1e-9,1e 3v7 980.6 0.08 62.6(1.2) 8.9(2.2) 0.7(0.2) 0.23 61.1(1.4) 14.0(0.0) 3.5(0.4)
12-11 341 919 594(0.1) 18.1(0.3) 177.1(2.3) 8.33 66.0(0.1) 22.1(0.2) 196.3(1.3)
12,1e-11,1e 1Iv5  988.3 0.78 63.4(0.7) 15.8(1.4) 13.1(1.1)
12,1f-11,1f 1v5 988.3 0.75 63.0(0.0) 12.0(0.0) 9.6(0.0)
12,1e-11,1elv6  751.3 0.16 62.9(1.0) 11.6(2.5) 2.0(0.3) 0.60 62.4(0.5) 19.2(1.2) 12.1(0.6)
12,1f-11,1f 1v6 7514 0.15 63.0(0.0) 11.6(0.0) 1.9(0.0) 0.90 64.0(0.0) 15.8(0.0) 15.1(1.6)

12,1e-11,1e1v7 3541 0.68 62.7(0.0) 17.000.0)  12.3(1.1) 2.11 62.2(0.0) 26.000.0)  58.5(0.0)
12,1-11,1f1v7  354.1 0.87 61.1(2.0) 17.00.0) 157(21) 175 62.2(1.4) 28.2(34)  60.8(4.5)

12,0-11,0 2v7  672.2 0.80 62.9(2.7) 17.2(27)  13.8(2.1)
12,1e-11,1e 2v7  672.2 0.80 62.9(0.0) 13.8(00.0)  17.2(0.0)
12,1-11,1f2v7  672.2 0.80 62.9(0.0) 13.8(0.0)  17.2(0.0)
15-14 524 731 61.4(0.1) 17.0(0.3) 131.9(23) 7.62 64.50.3) 20.4(0.9) 165.4(5.5)
15,1e-14,1e 1v5  1006.7 0.88 63.00.0) 14.1(0.0)  15.0(0.0)
15,1-14,1f1v5  1006.7 0.14 63.0(0.0) 12.0(0.0) 1.7(0.0) 0.8 63.0(0.0) 15.0(0.0) 7.7(0.0)
16-15 50.4 7.73 60.3(0.1) 17.8(0.2) 146.2(15) 8.84 657(0.3) 22.1(0.8) 206.4(5.8)
16,1e-15,1e 3v7 1016.3 0.22 61.9(1.7) 10.0(0.0) 2.4(0.4) 0.65 655(1.6) 14.2(3.6)  9.87(2.1)
17-16 66.8 17.75 62.3(0.1) 14.9(0.2) 282.4(3.5) 11.20 64.2(0.1) 20.0(0.7)  240.1(6.2)
17,1-16,1f 1v5  1021.1 1.24 63.3(0.4) 10.0(0.0)  13.2(0.7)
17,1-16,1f1v7  387.1 219 62.3(0.3) 15.7(0.6)  36.5(1.2) 3.99 64.7(0.3) 25.5(0.8)  108.3(3.0)
17,0-16,0 2v7 7052 0.76 62.9(0.0) 12.0(0.0) 9.7(0.8) 156 71.9(0.6) 24.1(0.8)  40.1(0.8)
17,2e-16,2¢ 2v7  707.8 0.76 62.9(0.0) 12.0(0.0) 9.7(0.0) 156 71.9(0.0) 24.1(0.8)  40.1(0.0)
17,2f-16,2f2v7  707.8 076 62.9(0.0) 12.0(0.0) 9.7(0.0) 156 71.9(0.0) 24.1(0.8)  40.1(0.0)
17,1e-16,1e 3v7 1023.7 1.0 62.6(1.4) 11.1(25)  11.8(2.7)
24,1e-23,1e1v6  848.6 053 63.5(0.0) 11.0(0.0) 6.3(2.2) 159 78.7(2.1) 14.4(4.7)  24.3(0.8)

241e-23,1e 1v7 4513 2.06 63.1(0.8) 17.000.0)  37.3(1.7) 5.89 66.9(0.8) 23.6(2.6) 147.8(0.8)
241f-23,1f1v7 4515 19 62.6(0.4) 18.8(0.8) 38.7(15) 554 6590.1) 26.5(1.8) 156.6(0.9)

Table[4 lists the results of the Gaussian fits towards thed Sgr B2N obtained with the PdB interferometer. The crosses
new hot cores Sgr B2R1, Sgr B2R2, Sgr B2R3 and Sgr B2RHAow the location of the continuum peaks measured with the
determined from the 30m dish observations of the 10-9, 1v7,BBI at 3 mm in both regions. The continuum flux densities
1v6,1e and 1v5,1f and 24-23,1v7,1f transitions !N isotope are 3 Jy/beam for Sgr B2M and 2 Jy/beam for Sgr B2N. The
lines of HGN have been measured for these sources. HC;N* line emission is unresolved towards both hot cores with
an upper limit to the size of the emitting regions 3f x 5"

(1/2 the HPBW). The peak of the HE* emission is shifted
from the continuum by~ 3” to the southeast for Sgr B2M
Figs[3a andI3b show the maps of the integrated intensityanfd to the south for Sgr B2N. The condensations Sgr B2R1
the HGN J=10-9,1v7,1f line (at 64 kms) towards Sgr B2M and Sgr B2R2 are also seen at the border of the interferometric

3.2. Interferometric data
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Table 3.Fits for differentHC'*CCN (a) andHCC'*CN (b) transitions towards Sgr B2M and Sgr B2N. Single dish observations

Sgr B2M Sgr B2N

Transition Eupp T v Av Area T v Av Area

(K) (K) (kms™) (kms™!) (Kkms™) (K) (kms™!) (kms™') (Kkms™!)
10,1e-9,1le1v6  741.6 <0.01 0.19 60.1(0.4) 7.0(0.9) 1.5(0.1)
10,1f-9,1f 1v7  343.9 <0.03 0.25 63.5(1.4) 17.3(2.6) 4.6(0.4)
10,1e-9,1e 2v7  664.0 <0.01 0.12 64.9(1.2) 17.7(3.4) 2.4(0.2)
12,111,1f1v7 354.0 <0.07 0.21 62.9(1.5) 17.5(4.0) 3.9(0.5)
15-14 52.2 0.46 62.2(0.7) 15.1(1.8) 5.3(0.5) 1.13 65.5(1.2) 22.4(2.7) 26.9(3.6)
15-14 52.2 0.53 62.2(0.6) 13.8(1.3) 5.5(0.4) 0.98 68.1(1.6) 24.3(3.3) 25.3(3.6)
16-15 59.2 0.68 64.0(0.4) 13.5(0.9) 9.6(0.6) 1.03 67.5(0.6) 26.1(1.3) 28.7(1.4)
16-15 59.2 0.67 62.6(0.4) 13.4(0.9) 9.6(0.6) 1.10 65.6(0.4) 18.3(1.0) 21.4(1.2)
17-16 66.5 0.56 34.1(0.5) 17.6(1.6) 10.4(0.7) 1.14 65.9(1.3) 22.0(0.0) 26.6(1.2)
17-16 66.5 0.51 63.50.4) 15.2(1.0) 8.2(0.5) 0.98 63.4(0.9) 23.4(1.8) 24.6(1.8)
17,1f-16,1f1v7 384.9 <0.07 1.03 65.3(0.5) 16.9(1.1) 18.7(0.7)

Table 4. Fits for differentHC3N vibrationally excited transitions to- ometer towards Sgr B2M and Sgr B2N are within the calibration
wards Sgr B2R1, Sgr B2R2, Sgr B2R3 and Sgr B2R4. Single diehrors (20%) of those obtained from single dish. Therefore, as

observations expected, all the emission from HE* arises from compact
sources unresolved with our resolution.
Sgr B2R1
Transition Tonb v Av Area
(K) (K) (kms ') (Kkms™h)
10,1f-9,1f1v5  0.06 67.4(2.0) 12.0(0.0) 0.84(0.3) . :
101e-91e1v6 020 63807) 11.7(17) 2.45(0.4) 4. Velocity structure in the Sgr B2M and B2N cores
10,1e-9,1f1v7 043 65.5(0.4) 23.7(1.0)  11.04(0.5) The gaussian fits obtained from single dish and interferometric
24,11-23,1f1v7 040 57.4(0.8) 7.5(2.3) 3.20(1.0)  observations show that the rotational lines arising from differ-
Sgr B2R2 ent vibrational levels have different line widths. The linewidth
1011-91f1v5 002 64829) 17.0(0.0) 0.45(0.2) decrealseif] ai tg«le energy of the V|l;;]atl<)trr11al 1Ie\;el! mcrgases. IIn
10,1e-9,1e 1v6  0.10 63.9(1.0) 17.7(2.7)  1.90(0.3) 9e€neral, the LVblines are narrower than the v/ ines by nearly
10,1f-9,1f 1v7  0.24 63.2(0.5) 19.1(L.5) 491(0.4) @ factor. of 2 (sge Tablé 6 for a summary). F(_)r Sgr B2N the I|.nes
24,11-23,1f1v7 0.28 59.6(0.4)  9.0(1.0) 2.70(0.2) ~ are optically thick and opacity could explain some of the line
broadening. However the 'BICCCN lines in the 1v7 and 1v6
Sgr B2R3 vibrationally excited states which are optically thin also show
10,1e-9,1e1v6 0.11 65.3(1.1) 8.9(2.7) 1.07(0.4) the same trend.
10,1+-9,1f1v7  0.26 63.4(1.0) 14.0(0.0)  3.86(0.5) We can use the interferometric data to obtain more in-
24,1-231f1v7  0.24 624(0.7) 13.1(1.6) 5.01(0-5)  formation about the velocity structure in the hot cores, when
Sgr B2R4 the interferometric data have high signal to noise ratio. We
10,1e-9,1e 1v6 0.12 65.3(0.8)  8.0(0.0) 1.03(0.2) havg determingd the r'ellative. ppsition of the.Iine emission
10,1-9,1f1v7 029 63.1(0.6) 17.2(1.9) 530(05) at _dlfferent rad_|al vglqcyt_w_:s within the synt_hes_:lz_ed beam by
24,1f-23,1f1v7 0.34 58.8(0.8) 16.9(1.6) 6.06(0.6) fitting the relative visibilities between the individual veloc-

ity channels. Fid.J5 shows the location of the ¢ J=10-
9,1v7,1f emission at different radial velocities towards Sgr
B2N and Sgr B2M superposed on the 1.3cm continuum im-

maps, although close to the noise limit (Fij. 3b). Elg. 4 shovg@e from Gaume et all (1995). We have also included in

the spectra taken towards the maximum of thggN€emission

the same plot the position of 4 masers| (Reid et al., 1988;

in Sgr B2M (lower) and Sgr B2N (upper). We have used tr"|@obayashi etal., 1989), the NH (Vogeletal., 1987) and
main beam temperature as the intensity scale (conversion faﬂﬂSOH cores (Mehringer & Menten, 1997) and our 3.3 mm

of 2.9 Jy/K).

Table[ summarizes the results of the Gaussian fits p
formed to the HGN* profiles towards Sgr B2M and Sgr B2N.
Lines towards Sgr B2N show two velocity components at 63 an
75kms t. Each velocity corresponds to a different hot core, as

geak continuum emission. F[g. 6 shows an average position-
é]ocity plot for Sgr B2N. The data were obtained averaging the
velocity channels for transitions H8* 10-9,1v7,1f, 1v7,1e6,
6,1e and 1v5,1f weighted with their error.

we will see in Sect. 4. The line fluxes measured with the interfer-
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Fig. 3a and b. Line emission from transition HEN* 10-9,1v7,1f towards Sgr B2M and Sgr B2N as observed with the Plateau de Bure
Interferometer. The cross represents the continuum position at 91 GHz. Sgr B2M: levels at 0.14, 0.29, 0.43, 0.58, 0.72 and 0.87 Jy/beam. Sgr
B2N: levels at 1.2, 2.3, 3.4 and 4.5 Jy/beam. The vertical bar accompanying the spectra represents an intensity of 0.5 Jy/beam in Sgr B2M and
2 Jy/beam in Sgr B2N.
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Fig. 4. Spectra of the HEN* lines towards Sgr B2M (lower) and Sgr B2N (upper) as obtained with the Plateau de Bure Interferometer.

4.1. Sgr B2N (de Pree et al., 1995). Furthermore Lis et/al. (1993) detected ex-
. . . . tended dust emission in the north-south direction, which indi-

Zpazoé&as lnersn?;:g::l ;2?:; S%gﬁfg?ggﬁf:;gﬂ'g;geggrs\'/téé_)&es the presence of two dust condensations. Therefore the final
locity ranges between 50 and 70 kmisthe emission at lower picture for Sgr B2N, supported by all data, suggests that itis

- ) .~ composed by two hot cores, one at 60 krh§Sgr B2N1) and
velocities occurs towards the east and for higher velocities EPfe other at 75 kms! (Sgr B2N2) separate?!’ in a south-north
wards the west. For radial velocities between 70-80kinthe 9 P

HCsN emission shifts abruptl®” to the north (see also F[d. 3’d|rect|on.
Fig.[8) This shift suggests that the emission between 70 and
80 kms! comes from a different hot core than the HCemis- 4.2. Sgr B2M

sion at 60-70 kms' '_A similqr suggestion has also been madﬁc;),N emission towards Sgr B2M also shows some kine-
by Miao et al. [139b) and Liu & Snydef (T999) from;B;CN mafic structure although the larger errors make this determi-

line observations. However these authors estimate a d'StanCﬁzﬁ on very uncertain. Radial velocities increase for decreasing

1

> bct)attr\iveen %oth pe;';\kst.h f t . ¢ thA The same trend is observed in thg@®maser emission
-ther evidence Tor the presence ol recent massive star (f(bbayashi etal., 1989). Other molecular tracers show differ-

mation near to the hot core at 70-80 kmiomes from the de-

. X . . . ent behavior as a function of radial velocity. Vogel etlal. {1987)
tection of UC HIlI region K3 with a radial velocity of 71 km$ the NH; emission found from the NHemission that the blue-
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Table 5. Fits for differentHC3N vibrationally excited transitions towards Sgr B2M and Sgr B2N. Interferometric observations

Sgr B2M Sgr B2N

Transition Ewp Tmo v Av Area  Tpp v Av Area
(K)Y (K) (kms™) (kms™!') (Kkms™?!) (K) (kms™!) (kms™!') (Kkms™!)

10,1f-9,1f1v5 978.3 0.52 65.2(0.4) 6.6(1.2) 3.7(0.6) 3.55 63.9(0.1) 10.7(0.1) 40.6(0.5)
0.41 75.0(0.0) 5.0(0.8) 2.2(0.4)

10,1e-9,1le1v6 741.3 0.73 64.9(0.6) 8.2(1.2) 6.4(0.9) 6.12 62.8(0.2) 14.9(0.5) 97.5(2.8)
1.11 75.6(0.6) 6.4(0.9) 7.6(2.1)

10,1f-9,1f1v6  741.3 0.69 65.4(0.3) 6.8(1.6) 5.2(0.9) 1.60 69.3(0.9) 16.0(0.0) 27.0(1.5)

10,1e-9,1e Iv7 344.1 251 65.4(0.3) 10.3(0.0)  27.4(0.9) 10.77 64.6(0.2) 23.0(0.0) 262.7(1.4)

10,1e-9,1f 1v7 344.1 2.48 65.1(0.2) 10.9(0.4)  28.8(0.9) 11.91 62.2(0.2) 17.0(0.0) 215.6(4.4)
451 75.00.0) 15.2(1.1)  73.0(5.8)

Sgr BEM 10-9,1v7,1f Sgr B2N 10-9,1v7,1f

T T T T T T T T T T T T
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Fig. 5. Location of the HGN* 10-9,1v7,1f velocity features (circles) towards Sgr B2N and Sgr B2M, as obtained from the interferometer using
an UV fitting technique. Circles are plotted in steps of 2.1 k3 he background image is the 1.3 cm continuum image from Gaume etall (1995).
Asterisks correspond to4® maser positions from Reid et al. (1988) (Sgr B2N) and Kobayashi etal.|(1989) (Sgr B2M), diamonds to 3.3 mm peak
emission (this article), squares to Nithermal coreg (Vogel et al., 1987), and crosses tg@H thermal cores (Mehringer & Menten, 1997)

shifted and red-shifted components are separated. Gaum&akile 6.Line widths averaged for differefitCs N vibrationally excited
Clausseri(1990), with higher angular resolution observationgisitions towards Sgr B2M and Sgr B2N. Single dish observations
NH3, see a continuous north-south velocity gradient. Lis et al

(1993) point out that the velocity gradient obtained fromsMIC Sgr B2M Sgr B2N

25-24 emission in the SE-NW direction does not agree with 12c 13 12¢ 13c

the structure seen in Njand suggest that HBl and ammonia Transition Av (kms™') Av (kms™!) Av (kms™!) Av (kms™?)

may be tracing different components. vO 17.4(0.8) 14.3(0.4) 21.6(0.7) 21.8(1.7)

v7 16.2(1.0) 25.5(1.1) 17.0(1.0)

, - , 2v7 12.0(1.0) 21.8(2.8) 17.7(3.4)

5. Location of the emission regions 6 10.8(0.7) 16.6(0.9) 7.0(0.9)

Table[? summarizes the location of the 3.4 mm continuum aBd? 9.5(0.5) 13.3(0.9)

the HGN* line peak emission as derived from Gaussian fits 9.6(2.3) 13.8(0.9)

the integrated intensity of the different HR* lines. For com-

parison we have also included the positions of th®Hinasers

(Reid et al., 1988), the NH(Vogel et al., 1987) and C{OH peak emission (Lis et al., 1993), and the nearest ultra-compact
(Mehringer & Menten, 1997) thermal cores, our 3.3 mm, thall (UC HIl) regions, K2, K3 and F2 measured at 1.3cm
3.4 mm [Carlstrom & Vogel, 1989) and 1.3 mm continuuniGaume et al., 1995). The position in Table 7 for th&Hnaser
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Table 7. Location of the emission regions for the mm continuum, somgMCL0-9 transitions, and other tracers towards Sgr B2M and Sgr
B2N.

Sgr B2M Sgr B2N
Transition o (J2000) & (J2000) o (J2000) 5 (J2000)
17" 47 -28° 23" 17" 47 -28° 22m

HC3N 1v7,1f 20.15+ 0.04 03.20+ 0.5 19.94+ 0.01 18.64+ 0.4
HC3N 1v7,1e 20.15t 0.04 04.20+ 0.5 19.94+0.5 18.86+1
HCsN 1v6,1e 20.15t 0.07 05.20+ 1.0 19.94+0.5 18.86+1
HC3N 1v5,1e 20.15: 0.11 05.50+ 2.0 19.94+0.5 18.76+1
3.3mm Cont. 20.25 03.60 19.95 16.43
3.4mm Cont" 20.17+ 0.02 04.77+0.5 19.87+ 0.02 18.79+0.5
1.3mm Cont(® 20.16 04.97 19.89 17.79
H,0 &4 20.13+ 0.003 04.3Gt 0.06 19.91+ 0.003 19.47+ 0.06
NH; ® 20.17 04.77 19.88 19.09
CH50H 67 20.15+ 0.05 04.97+ 0.7 19.84+ 0.05 18.90+ 0.7
UC Hll region® 20.17+ 0.01 03.57+ 0.1 19.88+ 0.01 18.39+ 0.1

() Carlstrom & Vogel (1989)(? Lis et al. (1993)(®) Kobayashi et al. (1989)
) Reid et al. (1988)(>) VGP (1987),(®) Mehringer & Menten (1997)
(" Houghton & Whiteoak (1995f®) Gaume et al. (1995): F2(B2M), K2 & K3(B2N)

. Sgr B2N (10-9,11,1v7) As already stated in Sect. 3.2, the positions of the 3.3 mm

PrrrTTrT T T continuum peak are different from the KI* peak emis-
sions, indicating that the hot cores observed insNGre lo-
cated in different regions than the HIl regions. Our contin-
uum maxima at 3.3 mm also differ from the 3.4 mm maxima
(Carlstrom & Vogel, 1989) by~ 1.5 and 1’ in Sgr B2N and
Sgr B2M, which is probably due to the complex distribution
of HIl regions in both sources and the different beam sizes.
The HGN positions in Sgr B2M and Sgr B2N agree withifi
with the positions of the KO masers in each source, indicating
S L L I I that the two emissions must be related. Furthermore tha\4C
emission also peaks close to the {{H and NH; thermal cores
and therefore the two emissions are likely associated.

The IR radiation, which is the main excitation mechanism
for HC3N*, might also be responsible for the pumping of the
H,O masers. The lack of radiocontinuum emission associated
with the hot cores suggests that these IR sources have not yet

N T ionized their surroundings.
- 50 60 -0 80 90 None of the Sgr B2R hot cores is coincident with any Hll re-
Visr (kms™) gion (Gaume et al., 1995). Sgr B2R11i&’ southeast of UC HlI
Fig. 6. 10-9,1f,1v7 spatial position in RA and DEC for each velocitj€9'0" X8.33, SQF B2R2 i8” .north of UC _H” region _210'24'
channel as obtained from a fitting process (see Sect. 4). while Sgr B2R3i$" south of it. Sgr B2R4 is within” distance
of HIl region Al. The Sgr B2W extended emission encom-
passes HIl regions A2, A1, B9.89,B9.99,B9.96, Y,E,Dand C
. i : .., (Gaume et al., 1995). None of the Sgr B2R cores coincides with
E\T@izzto:u(rlr?s:edr i:( ?;;tt?gf)(fg)rresponds to the cluster with he 6.7 GHz methanol masefs (Houghton & Whiteoak, 1995)
" ' although they are within a distance o’ of some of them.
The position for other masers such as,GD

: : gr B2R2 and Sgr B2R4 a¥ from two H,O maser features
(Mehringer et al., 1995), OH | (Gaume & Claussen, 199§ -
and CH,OH (Mehringer & Menten, 1997) detected toward 'Kobayashi et al., 1989). As for the Sgr B2M and Sgr B2N hot

Sgr B2N and Sgr B2M have not been included in Table C})res, the Sgr B2R hot cores have not yet evolved to the UC HII

because they do not come from the same region where {ﬁglon stage.
HCsN* lines arise and apparently do not have relation with

these cores. They are probably related to the hot expanding

shells discovered by Mart-Pintado et al[(1999).

|

|

|
N T N T T T Y s s = S
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e N E towards Sgr B2N2. The column densities for Sgr B2N2 are
- - uncertain because of the blending with the Sgr B2N1 lines and
_7 — — should be considered as rough guidelines.
N - 3 Fig[d shows the population diagram (see Goldsmith &
=\5 26 [— — Langer [1990) for an explanation of the nomenclature) for Sgr
& - 3 B2M, Sgr B2N1 and Sgr B2N2. Surprisingly, a straight line can
% g5l SGRBANZ (HCN) . — fit all the data points for all sources. The slope of this line should
| - — o ) . o
= . be related to the excitation temperature. We estimate excitation
24 AN temperatures 0f£190K towards Sgr B2M~350K from the
- - HC!CCN and HCC3CN data towards Sgr B2N1 andl80 K
e+ 1 | I I S I - towards Sgr B2N2. The excitation temperatures that we obtgin
C SR BN (O CON+HECN) Z towards Sgr B2M and Sgr B2N1 are in good agreement with
C n those determined from the ground states lines 0§ CNl by de
R6 — -] Vicente et al.[(1997) and from NfHowards Sgr B2M by Vogel
& -
0 5] - et al. (1987).
™ o5 [ 7 However, as mentioned in Sect. 4, the linewidths for the dif-
Z = 4_10 — ferent vibrational transitions are different with the width of the
5 - - lines decreasing as the energy of the vibrational levels increases.
24 [— A ] Therefore, the excitation temperature derived from the popula-
- Za ] tion diagrams does not reflect the actual temperature structure of
- oo _ the hot cores. If we use the linewidth of the 1v5,1f for Sgr B2M
7 S ) R B R E R and Sgr B2N1, and the linewidth of 1v6,1e for Sgr B2N2, we
B SGR B2M (HC,N) . obtain excitation temperatures©850 K for Sgr B2M~700 K
A 10-9 - for SgrB2N1 and-270 K for Sgr B2N2. This behaviour clearly
. 8 :EQ Q %g:ii ] indicates that the excitation temperature in the hot core has a
@ C m16-15 ] gradient as a function of the distance to the heating source. This
s 26— = § Lol ] will be discussed in detail in the model presented in Sect. 7.
z N A s _ The beam averaged H® column density obtained using
oa | o ] excitation temperatures of 190K towards Sgr B2M, 350K to-
- H e AN wards Sgr B2N1 and 180 K towards Sgr B2N22 i)' cm 2
B A A for Sgr B2M,10'6 cm—2 towards Sgr B2N1 and 10 cm 2
o i S R R R R M towards Sgr B2N2. To obtain the total column densities we have

E500 ® 1000 computed the partition function including all vibrational levels

sup with energies up to 1100 K, and assuming LTE population with
Fig. 7. Population diagram of vibrationally excited transitions. Frorfh€ excitation temperature derived from the rotational diagrams
single dish observations towards Sgr B2M and Sgr B2N1 and fraand a'2C/*3C ratio of 20.
interferometric observations towards Sgr B2N2. The excitation temperatures of the hot cores Sgr B2R1,
B2R2, B2R3 and B2R4 have been estimated from the J=10-9
1v5,1f, 1v6,1e and 1v7,1f column densities measured with the
30mdish. In case that opacity effects are importantin these lines

The HG;N* lines observed in this paper sample hot gas in awid@e estimated excitation temperatures and column densities are
range of temperatures from the ground state up to 2000 K. cdewer limits to the actual values. The estimated excitation tem-
bining the emission from all lines one can study the density aRgratures are 270, 320, 240 and 250K and the beam averaged
the temperature gradients in the hot cores. Table 8 summarizésN total column densities0'?, 710, 510" and610'*

the main physical parameters (excitation, temperaturg,;NHCcm > for Sgr B2R1, B2R2, B2R3 and B2R4 respectively.
column density, sizes and abundance) for the hot cores as de-

rived from the HGN* data presented in this paper. 6.2. Size of the emitting regions

6. Properties of the hot cores determined from HGN*

The interferometric maps show that the H}€ emission to-
wards Sgr B2N and Sgr B2M is unresolved, and therefore we

From the single dish optically thin H®I* lines towards Sgr €an place an upper limit & x 5" to the size of the hot cores,
B2M and the!3C isotopic substitution of HN* lines towards Which is consistent with the size of the emission presented in
Sgr B2N1 we have determined the KT column densities in Fig[8. We can also use brightness temperature arguments to es-
different vibrational levels for both hot cores. We have aldgnate the area of the emitting region when its corresponding
used the interferometric HO!* lines at 75kms! to estimate Size @) is smaller than the bearfi). For this, we will use the

the HGN column densities in the different vibrational leveldin€ intensity at the radial velocity where the line peaks. A lower

6.1. Excitation temperatures and HIS column densities
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Table 8. Hot core properties.

Hot Core « (J2000) 6 (J2000) N(HGN)® T Size () n(Hz)®>  N(H2)*  X(HC3N)» Mas®  LP
17h47™ 28" 23" (em™?) (K) (Lower) (Upper) (cnT?) (em™2) M) (Lo)
Sgr B2M 20.15 04.00 710 190 1.8¢<1.8’ 3x5 5107 1.410% 5107° 500 310°
Sgr B2N1 19.94 18.74 10'® 350 0.5¢<0.5 3x5 6107 10%° 1007 200¢ 2107
Sgr B2N2 19.90 17.30 910 180 0.5¢<0.5 3x5 2108 310% 3107%  600° 3.410°
Sgr B2R1 18.64 18.74 510" 270 0.7x07 7x7 <107 <2510** >2107" <10 310°
Sgr B2R2 20.00 38.00 7107 320 0.6x0.6 7x7 3107 310% 21077 30 510°
Sgr B2R3 20.00 50.00 210" 240 1.0x10 7x7 <107 <10**  >2107" <10  210°
Sgr B2R4 19.38 00.40 210'" 250 0.8x08 7x7 <107 <10* >21007 <10  310°

& Estimated from interferometric 1.3mm flux measurements by Lis et al. (1993).

P Calculated assumingy, = 2" for SgrB2M andd, = 1.5” for Sgr B2N1 and B2N2 anél, = 1.5 for Sgr B2R1 to B2R4.
¢ The total mass for the Sgr B2N core~s800 M,

4 Size estimated only for the 1v7,1f and 1v7,1e emission.

Table 9. HC3N* core sizes towards Sgr B2N estimated from a linalso been measured from interferometric data, such as contin-

opacity of 4.5 uum (Lis et al., 1993), Nkl emission|(Vogel et al., 1987) and

thermal CHOH emission|(Mehringer & Menten, 1997). These
Transition Size (arcsec) sizes are slightly larger or similar to those derived in this section.
10-9,1v7,1f  1.5” x 1.5" Sizes of the Sgr B2R1to B2R4 cores are difficult to estimate. We
10-9,1v6,1e  1.0” x 1.0” can set a lower limit using the same arguments as for Sgr B2N
10-9,1v5,1f  0.8" x 0.8"” for the J=24-23,3v7,1f transition. The results are summarized
10-9,2v7,1f 0.5 x 0.5” in Table[8.

10-9,3v7,1f 0.7 x 0.7”

6.3. HGN abundance, Kdensity and masses

limit to the area of the source, assuming circular geometry, 4o HGN abundance in Sgr B2M, Sgr B2N1 and Sgr B2N2
given by,03 > 67T, /Ty, whereT}, is the brightness tempera-;,, pe inferred from our HON column densities and the,H

ture of the emission arifi,,; is'ih(_a main beam temperature. INbolumn density estimated by Lis et &l. (1993) from continuum
the case of Sgr B2N1 the H®* lines of the main isotope are qaqyrements at 1.3 mm obtained with similar angular resolu-

optically thick and therefore the brightness temperature mysf, gsince the HEN source sizes for the Sgr B2M, Sgr B2N1

equal the excitation temperature. Using the excitation tempgp SgrB2N2 hot cores are 1s2ne order of magnitude smaller

ature derived from the population diagrams 850K) and @ 4 the smallest single dish beam used in our observations, the
line qpacny of 4.5 (_denved in S_ect. 3_.1)for all transitions, WBeam averaged H®! column density derived in Sect. 4.1 must
obtain the SOurce sizes summarized In Tﬁﬂ)le 9. Columns 6 orrected for beam dilution effects. This increases theNHC
7 of Table[8 give the upper and lower limits to the actual sourgg), \n density by approximately two orders of magnitude for
sizes. Size limits for Sgr B2N1 are consistent with the extefifs gingle dish data and one order of magnitude for the interfer-
of this hot core as derived from kinematic data. If the lines 3ffnetric data. The corrected HR column densities for all hot
optically thick, the actual area of the hot cores in the sky for tr&%res are given in Column 4 of Talile 8.
different HGN* |II.’1€S.mU.St be close to thos_e in Table 8. ) We have recalculated the,ldolumn densities from the con-

_ The source size is different for the various #C transi- iy, ym measurements of Lis et 4l (1993). We have assumed that
tions towards Sgr B2N1, indicating the presence of a tempgia gyst temperatures are similar to thedME excitation tem-
ature gradient. In this case the derived excitation temperat%'i?ratures, a dust emissivity with a power law with a slope of 1.1
from the population diagrams<(350 K) must be considered &g, 5| sources (see Mdrt-Pintado et al.[{1990) and Lis et al.
mean dust temperature in the hot core. (1993) for a discussion on this issue), and the peak flux densi-

The s.ize of Sgr BZ_NZ Is difficult to estimate since we ignorgq measyred by Lis et &l. (1993), with the free-free contribution
the opacity of these lines. However from Hig. 5 we may accefipiracted.

1.5" as areasonable value. . Lis et al. [1993) report a deconvolved size for the dust emis-
The opacities of the H{N* lines towards Sgr B2M are gjqn towards Sgr B2N of 1.3” x 5” in the south-north direc-

small and therefore we can only give a lower limit to the sizg&,\ The size of the hot core determined from the,NEemis-
of th? core. The Va“ie shown in TaEI]e188.”. x 1.8, ha_ls been sion, 1.9, is similar to the size of the dust in RA. As discussed
obtained from the J=17-16,1v7,1f transition assuming that fiesect 4 the elongation in declination of the dust emission is

line is optically thick and an excitation temperature of 190K, « to two hot cores with sizes of 1.5" separated b’ We
The upper limit size in Tablel 8 is derived from our beam (1/2

HPBW). Sizes of the Sgr B2M and Sgr B2N hot cores have



1068 P. de Vicente et al.: A ridge of recent massive star formation between Sgr B2M and Sgr B2N

have considered half the total continuum flux at 1.3mm to e The distribution of the hot dust in the hot cores
associated with each hot core (9 Jy/beam).

Under the previous hypothesis we obtain mearcsiumn Goldsmith et al.[(1988b) argued, based on the thermalization at

L _ _ ly one temperature and on the larged¢nsities {0'° cm—3)
nsities ofl.4 10%° 2 towar r B2M and0?® 2 Oy« g o :
densities o 0% e towards Sg and0” cm required for the collisional excitation of the HN* lines, that

towards Sgr B2N1 angl102® cm~2 towards Sgr B2N2 (see Ta- . ) o o
blemB). The H column density for Sgr B2R2 has been estimatetgese lines are excited by IR radiation. Slm_|lar arguments also
from the continuum interferometric flux measured by Lis et a"il.pply to th.e Sg_r B2 hot cores. The BIT* rotgtlopal lines from
(1993), assuming a source size of 1 arcsec, a temperatur?'g?rem vibrational levels will trace IR emission at the wave-
350 K a,md a flux of 1 Jy/beam. Towards Sgr BéRZ we getan |_iength of the vibrational transitions. One can then use the differ-
column density of 10%4 Cm_gl ent sizes obtained from the lines to study the thermal structure

For the total HGN column aensities o1 106 cm~2 for Sgr of the dust and gas surrounding the young massive stars.

In order to understand the population diagrams derived from

B2M, 10*8 cm~2 for Sgr B2N1,9 1016 cm =2 for Sgr B2N2 and . :
710'7 for Sgr B2R2 and the kcalculated densities, we deter-tehxii?ﬁgln :fat;aemegﬁvzrg;\;?ézpfi?:g’c')n;g:eenz];[?o?: toc:( nggr:ze
mine a fractional HGN abundance df 10—2,10~7,3 102 and ' 9

210-7 towards Sgr B2M, Sgr B2N1, Sgr B2N2 and Sgr BZRQust surrounding a young star. For §|mpI|C|ty, we ha_ve coqsud-
respectively. ered that the hot cores have spherical geometry with an inner

: 16 N
For the other hot cores in the ridge we can only set IOWradlus of10*® cm. The excitation temperature of the piC

r
limits to the HGN abundance considering the upper limit to ttheS (1v7, 1v6, 1v5, 2v7 and 3v7) has been assumed to be

continuum flux density at 1.3mm and assuming a typical Siggual to the dust temperature as expected frondésities of

for the hot cores of”. We estimate a lower limit to the H®! > 10° em* glgrived for .the hot cores in Sgr B2. For the H

abundance o2 10~7, in agreement with that obtained for theCO“.”n.n densities we derive for the hot cores (_Tﬁﬂ)le 8)’. th? dust

Sgr B2R2 hot core. Lower abundances of fiCare possible emission at th_e wav_elenght_s where j[he vibrational excnauqn of
grt P ._HCsN ocurrs is optically thick. In this case, one can consider

onlyifthe hotcores SgrB2R1, B2R3 and B2R4 are substantlar| 3 b y o )

larger. at dust and gas are coupled :?md that the radial profile of the

For a depth along the line of sight similar to the size of thldeus_t temperature can be approximated by the Stefan-Boltzmann

hot cores we estimate mean Hensities off 107 cm 3 for Sgr aw.

B2M and6 107 cm 3 for Sgr B2N1,2 10% cm 2 for Sgr B2N2 14 o\ 1/4

and3 107cm 2 for Sgr B2R2. Assuming a spherical geometry, . _ ( L, ) _ 15.999 (L* {mlﬁcm} ) 1)

and the previous densities we derive masses of 5@ Sgr ~ “*“** 4or? ' Lo T

B2M and 200 M, for Sgr B2N1, and 600 M for Sgr B2N2.

Then the total mass in Sgr B2N would be roughly800 Mg, This approximation gives a similar dust temperature profile

similar to that in Sgr B2ZM. The masses for the ridge hot cor@s that obtained by Lis & Goldsmith (1990) from models that

are between 10 to 30 M substantially smaller than those foisolve the radiative transferin a dusty cloud for the distances from

Sgr B2M and Sgr B2N (see Talile 8). the heating source relevant to our model, betwseEs1 6 cm and
310'® cm. The main discrepancies between the temperatures
6.4. Luminosities from expression 1 and the radial profile from Lis & Goldsmith

(1990), are found in a very small regioh0¢® to 3106 cm)
The high temperatures obtained from theMC emission in-  around the star which has a negligible contribution to thgNtC
dicate that the hot cores are internally heated. For the deriygf intensities.
H, densities (07-10% cm™?) gas and dust are coupled and the  To perform the radiative transfer in the cloud we have di-
excitation temperature given in Table 8 should also correspafiled the hot core into 300 shells. The idensity has been
to the dust temperature. considered to decrease with the distance a%¥2 as expected
For the H column densities derived previously, the dust ifyr a hot core[(Osorio et al., 1999). We have also considered a
optically thick even at 10Qum, indicating that the hot coresconstant HGN abundance through the hot core. The widths of
emit like a blackbody at the dust temperature. The bolometfjge HGN* lines used in the model were 6 and 10 kmsfor
luminosity of the hot cores can be estimated from the Stefaggr B2M and Sgr B2N1 respectively.
Boltzmann law. The results, obtained assuming a source radiusTap|gT0 shows the parameters for Sgr B2M and Sgr B2N1
of 1" for Sgr B2M,0.75" for Sgr B2N1 and Sgr B2N2 artl5”  that give the best fit to the HEGI* data. Fig[8 shows the model
for Sgr B2R1 to B2R4, are summarized in Tdble 8. predictions in the form of population diagrams. To compare the
The luminosity may be overestimated due to geometric gksyits of the model (filled circles) with our data we also show in
fects (the sources may have a disk geometry instead of a Sphejgr[g a comparison with the population diagrams derived from
calone, see Cesaroni etal. (1997)). However lower luminositige data obtained with the interferometer (open circles). It is
would not explain the sizes of the HN* emission lines (see jnteresting to note that, in spite of the presence of a temperature
next section). gradient within the hot core, as expected for excitation by radi-
ation, the population diagrams shows a straight line indicating
a single excitation temperature.
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Fig. 9. Population diagram obtained from the model described in
s Sect. 7, comparing a source of a siz&6fvith a luminosity ofLl07 L,
N (filled circles), with source of a size @”, with a luminosity of5 10°
z Lo (open circles). The points correspond to transitions 10-9, 1v7,1f,
5 1v6,1e and 1v5,1f.
Table 10.Final parameters used in the model.

Parameter Sgr B2M Sgr B2N1

Luminosity (L) 2107 107
Fig. 8. Population diagrams comparing the interferometric data (op&listance (pc) 7100 7100
circles) and the results from the model for transitions 10-9 1v7,Tf(H) (cm™2, 7o = 10'%cm) 6 10%(r/r0) /2 10°(r/ro) /2
1v6,1e and 1v5,1f (filled circles). Numbers between parenthesis indiC;N line width (kms ) 6.5 10
cate i T, (K) and line width (kms* respectively for each transition. HC3N abundance 51077 1077

Source size (arcsec) 3 1.9

Although the sizes of the hot cores have been estimated from
the HGN* line intensities we have considered both the sizes- The observed line intensities (values in parenthesis ifilFFig. 8)
and the luminosities as free parameters. One interesting resulttowards Sgr B2N1 and Sgr B2M are fitted by the model
from our modelling is that the shape of the population diagrams within 20%. The discrepancies, between the model predic-
depends on the size and the luminosity of the hot core[Fig. 9 tions and the data in the population diagrams are due to the
shows the population diagrams for a hot core with a si2¥ afs different line width of the observed lines.
measured for Sgr B2N1 with the estimated luminosity®fL.,  — The model predicts that the lines towards Sgr B2N1 are
and a hot core with the size t6” and a luminosity 06 10° L. broadened by opacity. However the opacity cannot repro-
The population diagram predicted for the large hot core with low duce the observed large linewidth for the 1v7 and 1v6 tran-
luminosity shows the typical shape of atemperature gradientand sitions. This is consistent with the HECCN* data and in-
cannot be fitted by a straight line. On the other hand, one obtains dicates the presence of systematic kinematic effects within
the population diagram that can be fitted by a straight line if the the hot core.
size of the hot core is relatively small and the luminosity high— The luminosity needed to fit the line intensities towards Sgr
This is because for the latter case the range of dust temperature®82M is higher than that estimated in Sect. 6.4 by a factor
within the hot cores is relatively smalll; the range of temperatures of ~10. If we use the luminosity in Tablg 8, the observed
that contribute to the HEN* emissionis between 200and 330K T,,,; ratios between 1v7, 1v6 and 1v5 transitions cannot be
(radii betweeri.8 10'7 and7 10'6 cm). Under this conditionthe  reproduced.
population diagrams will be represented by a straight line with
an excitation temperature close to the average temperatur% i
the hot core. This indicates that the KH}C* emission should
be restricted to a smaller region to that expected to be excitede of the most remarkable results from our data is the large
in the 1v7 line. The small size of the HN* hot core could abundance of H¢N towards the hot cores in Sgr B2, spe-
be due to a sharp drop of the B abundance or of the H cially towards Sgr B2N1 and Sgr B2R1 to B2R4, where it is
densities. The first possibility is the most likely since the largef the order of10~7. Typically, HGN emission is found in
HC3;N abundances (see Sect. 8) requires a particular chemistarm clouds like the extended ridge and fingers in Orion A
(HC3N evaporation from grains) which is strongly coupled t¢Rodiguez-Franco et al., 1998) where its abundancE)is’.
the temperature. In Orion A, the HGN abundance increases by one order of

The main results obtained from the model can be summmaagnitude {0~8) for the hot core and decreases one order of
rized as follows: magnitude towards the photo-dissociation regions in the ioniza-

"ot core chemistry
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tion fronts of the HIl region Orion A. In fact, Rotljuez-Franco the other hand Vogel et al. (1987) and Kuan & Snyder (1994)
etal. (1998) propose that the large abundance gfi€mission report a southeast-northwest velocity structure ingldhid HNO
is a good tracer of hot cores and regions which are well shieldedpectively.
from the UV radiation. The HEN abundance we estimate for  The presence of two hot cores with different radial velocities
SgrB2N1 and Sgr B2R1-B2R4 agrees with the maximum abuiarifies the inconsistencies observed in different tracers. As
dance in the gas phase that Caselli ef al. (1993) obtain, at a telready discussed in Sect. 4, the final picture for the emission
of ~ 310%yr, after the startup of gravitational collapse for atowards Sgr B2N as two hot cores, Sgr B2N1 and Sgr B2N2
Orion hot core type. Caselli et al. {1993) developed a model tiat~ 60 and~ 75kms™!, respectively, separated B in the
considers the evolution of the chemistry of some moleculesnorth-south direction, explains the north-south velocity gradient
the formation of a massive star. The HCabundance towards observed in molecules like NHand HNO. However the east-
Sgr B2M is better fit by the abundance values obtained for thest velocity gradient observed in HR, OCS and the KO
hot core phase, when accretion has stalled and moleculesragesers is unclear. From the velocities and proper motions of
evaporated from grains. the H,O masers a solid rigid disk has been proposed. This is
The large difference in the HB! abundance between Sgralso consistent with the presence of a kinematical structure in
B2M and Sgr B2N1 could also be related to the UV radiatidine source as described in Sect. 7 to explain the difference in the
from nearby OB stars that penetrates deeper in the hot core Anewidths. If the HGN* data is to be explained by a solid rigid
photodissociate the fragile molecules like HiC Indeed the Sgr disk, the dynamical mass needed to bind the material in a disk
B2M complex has more than 20 HIl regions powered by OBhich is inclined with respect to the line of sight by an angle
stars within 8 from the Sgr B2M hot core (Gaume et al., 19953nd whose maximum observed velocityjs,. is given by:
which should produce an intense UV radiation field. This con- 1
trasts with Sgr B2N, where there are fewer HII regions. The/[M ] = 232.49 (vyas[km s71])? r[pc] — (2)
same explanation applies to the Sgr B2R cores, where the abun- Sl
dance is similar to that in Sgr B2N and where there is one or F@r the inclination derived from the kinematics and proper mo-
Hll regions in the neighborhood of the hot core. The lowsMC tions of H,O masers (Reid et al., 1988), and a maximum radial
abundance towards Sgr B2N2 has no simple explanation. velocity of 9kms! at a distance 00.8” (0.027 pc) from the
center of the source, the dynamical mass required to bind the
diskis 750 M. This is nearly a factor 3 larger than the mass we
derive in Sect. 6.3. However, the analysis of the proper motions
One of the most remarkable results of the observations aifd kinematics from the $O masers is based on the fact that
HC;N* towards the hot cores is the decrease of the linewidthe emission comes from one source, while the;NE€data
as the energy of the vibrational level in which the rotationglearly shows that there are two hot cores. Another possibility
lines arise increases. This systematic trend in the linewidth coithat HGN* may come from a cluster of hot cores with typical
bined with different sizes of the region where the different vinasses of- 20 M, similar to thatin Orion A, which have been
brationally excited lines arise indicates that the linewidth of tfermed from molecular gas with a velocity gradient. The star
HCsN* lines depends on the distance to the exciting sourdermation may have been triggered by the nearby HIl regions
There are two possibilities to explain the larger line widths f@nd the hot cores now reflect the kinematics of these regions. In
the larger distances. fact, the morphology of the hot cores in Hig. 5 resemble that of
The first possibility is that the H(N* linewidth is domi- the southern edge of Hlil region K5. Higher angular resolution
nated by turbulence, with the linewidth depending on the sig@servations are needed to distinguish between the two different
of the eddies. The second possibility is that the velocity syssenarios.
tematically increases with the distance to the source. This is the
most likely explanation in view of the previous kinematical reg 5 Sgr B2M
sults on both sources. We discuss now the implications of the

results presented in this paper on the kinematics of the hot cofgsstated for Sgr B2N the trend of HE* line widths in Sgr
in Sgr B2M and Sgr B2N. B2M would also be consistent with the kinematics of a solid

rigid. The dynamical mass required to bind the material in this
9.1. Sgr B2N case wo'uld be- 400 M, which is similar to the mass we es-
o timated in Sect. 6.3. It may also be possible that the kinematics
The kinematics in the Sgr B2N hot core has been subjectrofly be related to the velocity structure of multiple hot cores
debate. Lis et al[(1993), from the map of the J=25-24MNC being formed in Sgr B2ZM. Higher angular observations are re-
line, and de Vicente (1994), based on the spatial distributigrired to settle this discussion.
of the high velocity gas observed in the J=13-12 and J=20-19
OCS rotational lines, proposed an east-west outflow. Reid etfé.
(1988) suggested from a model to fit the proper motion of the”
H,O masers, that the kinematics is due to a solid body rotatiSgr B2 has been extensively studied in the radio continuum and
in the E-W direction together with a spherical expansion. On line molecular emission with very high angular resolution

7

9. Kinematics of the Sgr BM and Sgr B2N hot cores

Global view of massive star formation in Sgr B2
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and sensitivity. The number of HIl regions detected in Sgr B2 @éssociated with 5O masers. The H§N abundance is similar
nearly 60[(Gaume et al., 1995) whereas the number of detediethat found in Sgr B2N.
hot cores is only 2. This difference in the number of detections The fact that the Sgr B2M and Sgr B2N hot core emission
has been proposed to be due to the different lifetimes of the iCassociated with two dense clusters of UC HIl regions and
HIl region phase 0° yr, Wood & Churchwell 1989) and the that the H column density shows its highest value in the region
hot core phasel(>—6 10 yr, Kurtz et al. 2000). However the supports the hypothesis that these two massive hot cores may be
detection of typical hot cores like those in Orion either usinfigrming a new cluster of massive stars. Arguing that a typical
molecular lines or dust emission requires better sensitivity thaat core with luminosities, ~ 510° L, like Orion, has a mass
detection of UC HlIl regions This indicates that a complete if ~ 10-20M -, the number of Orion-type hot cores in Sgr B2M
ventory of recent massive star formation requires very sensitaed Sgr B2N (massive stars) to be found must be 20-30. This
observations of molecular lines or/and dust to detect all the lvaduld be close to the number of HIl regions already formed
cores in the region. in the Sgr B2M cluster. The difference in the fiCabundance
The results presented in this article modify the view of vettyetween both hot cores is probably due to the fact that the cluster
recent massive star formation in the Sgr B2 cloud. It has beefmassive stars in Sgr B2N is at an earlier stage than thatin Sgr
considered that massive stars were only forming in the ma@2M.
cores Sgr B2M and Sgr B2N and to a less extent in another The Sgr B2R hot cores and the Sgr B2 W extended emission
core to the south, Sgr B2S. This view is basically based come from a region where HIl regions are isolated or form
the radiocontinuum emission and on the maser activity in theoups of 2 or 3 individuals and the;Htolumn density is 5-
region. 10 times lower than in the other two massive hot cores. These
We have detected four new hot cores (Sgr B2R1-B2R4) imaw hot cores probably represent formation of more or less
ridge connecting Sgr B2M and B2N and of a extendeg NC isolated massive stars. However the hot cores must contain stars
emission to the west of Sgr B2M (Sgr B2W). The latter, wheof similar mass and luminosity to those found in the Sgr B2M
observed with higher angular resolution and better sensitiviand Sgr B2N regions. The similar abundance of;sNGn the
may split into even larger number of individual hot cores. ThiSgr B2 Ridge cores and Sgr B2N hot cores would suggest that
indicates that massive star formation in the Sgr B2 cloud tisey are at a similar stage of evolution.
ongoinginthe large envelope at stages previous to the Hll region Higher angular resolution observations with better sensitiv-
phase. Similar results have also been found by Méfintado ity are necessary to reveal the number of massive stars being
et al. (1999) in the southern part of the envelope of Sgr B2. Theemed in this molecular cloud and its relation to the physical
new hot cores reported in this paper, B2R1 to B2R4, and alsonditions of the surrounding material.
those of Marn-Pintado [(1999) are less massive than those in
Sgr B2M and B2N but they are similar to those found in Orion
and other regions with massive star formation. .
Taking into account all data we can distinguish three St%l:I’L Conclusions
burst forming regions with massive stars at different stages\We have used the IRAM 30m telescope and the IRAM Plateu de
evolution, in SgrB2M, Sgr B2N and the SgrB2R (theridge). THBure interferometer to study the hot cores at the Sgr B2 molec-
differences in evolution among these regions arise from thelar cloud using several vibrationally excited giCtransitions.
luminosities and the ratio between the number of HII regiofihe main results derived from this work are the following:
and the number of hot cores.

We will refer to the Sgr B2M cluster as the region containing . A ridge of HGN* emission has been discovered between
the F and G UC Hll regions (Gaume et al., 1995). This cluster Sgr B2M and Sgr B2N. We distinguish four new hot core
contains 23 UC Hll regions, one massive hot core500 My) sources in the ridge labelled as Sgr B2R1, B2R2, B2R3
with aluminosity o3 10° L, and a large HO maser luminosity.  and B2R4. The map also shows an extended low brightness
The abundance of H{ towards this core is 20 times lowerthan  emijssion to the west of the ridge which we refer to as Sgr
towards Sgr B2N. B2W.

The Sgr B2N cluster encompasses 7 HIl regiong, The emission from the main hot cores, Sgr B2M and Sgr
(Gaume etal., 1995), and contains two luminous hot cores of B2N is unresolved in our interferometric maps and we set
2107 and310° L, with a total mass of 800 M and several  an upper limit to the size of the cores3f x 5”. The upper
H>O masers. The Sgr B2N1 hot core shows an enhanced abun{imit to the size for the ridge hot coresi¥ x 7.
dance of HGN. From the results of Sect. 7, the dust around thg. By fitting the relative visibilities between velocity channels
core is optically thick. in our interferometric map we have obtained the relative

The Sgr B2 Ridge cluster is a scattered group of hot cores |gcation of the HGN* J=10-9,1v7,1f emission for different
detected in the HEN* lines, with similar luminosities to the radial velocities towards Sgr B2N and Sgr B2M. We propose
previously-mentioned hot cores, but with a much lower masses that Sgr B2N is composed of two hot cores separateit
(10-30 My). These hot cores are close to the HIl regions X, Z,  the south-north direction, with radial velocities of 60 (Sgr

and A. Sgr B2W is also close to Hll regions E, D, C, B,Aand Y B2N1) and 75kms! (Sgr B2N2). The estimated size for
(Gaume et al., 1995). Only Sgr B2R2 and Sgr B2R4 seem to be photh hot cores is- 1.5".
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