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S255	  star	  forming	  region	  

GMRT	  610	  MHz	  (green)	  and	  IRAM	  30m	  1.2	  mm	  (cyan)	  contours	  overlaid	  on	  the	  
Spitzer	  8	  µm	  image	  

D	  ~	  1.6	  kpc	  1’	  

S255N	  
40	  K,	  300	  Msun	  

S255IR	  
40	  K,	  300	  Msun	  

S255	   S257	  

S256	  



1.1	  mm	  continuum	  contours	  in	  S255IR	  overlaid	  on	  the	  2	  µm	  image	  (Zinchenko+,	  2012)	  

SMA1 
40-200 K 
~10 M¤�
2 x108 cm-3 

SMA2 
40 K 
~10 M¤�
~107 cm-3 

SMA4 
20 K 
~14 M¤�
~4 x106 cm-3 



New	  observations	  
SMA	   IRAM	  30m	  

216.8-220.8 GHz  θ ~ 0.4” 
228.8-232.8 GHz 
342.0-346.0 GHz  θ ~ 2” 
354.0-358.0 GHz 
 
Continuum and multiple 
(several tens) spectral 
lines 

CO(3-2) 
CS(7-6) 
SiO(5-4) 
N2H+(3-2) 



Continuum	  
0.8	  mm	   1.3	  mm	  

0.50	  Jy	  

0.56	  Jy	  





Spectra	  of	  several	  representative	  molecular	  transitions	  towards	  the	  
SMA1	  (upper	  panel)	  and	  SMA2	  (lower	  panel)	  clump	  



npos	   α (2000)	   δ  (2000)	  
+0.2''	   6:12:54.01	   17:59:23.26	  
  0.0''	   6:12:54.01	   17:59:23.06	  
 -0.2''	   6:12:54.01	   17:59:22.86	  

+0.2" 

-0.2" 

  0.0" 



 npos	   Tk (K)	    lg(NCH3OH/ΔV)	   lg(nH2)	   fil. fac. (%)	  

+0.2'' 	   182.5 (170-200)	   12.55 (12.45-12.70)	   (3.5-9.0)	   14.8	  

 0.0''	   177.5 (165-195)	   12.75 (12.60-12.98)	   (3.5-9.0)	   16.0	  

-0.2'' 	   152.5 (140-165)	   12.95 (12.70-13.10)	   7.25 (3.5-9.0)	   15.2	  

№	   Freq. (MHz)	   E up (K)	  
1	   217886.39	   500.5  	  
2	   218440.05	   37.6  	  
3	   220078.49	   88.7 	  
4	   229589.07	   366.5  	  
5	   229758.81	   81.2  	  
6	   230027.00	   31.9   	  
7	   230292.73	   601.7  	  
8	   232419.50	   649.2  	  
9	   217299.20	   373.9   	  

10	   217642.86	   745.6  	  
11	   229864.22	   578.6  	  
12	   229939.18	   578.6 	  
13	   231281.15	   165.3  	  
14	   232418.57	   165.4  	  
15	   232783.59	   446.5   	  



Hot	  core	  temperature	  from	  CH3CN	  

T	  ~	  170	  K	  
filling	  factor	  ~	  0.2	  



Physical	  
properties	  

The	  virial	  mass	  of	  the	  hot	  

core	  derived	  from	  the	  line	  

widths	  is	  ~	  10	  M¤,	  which	  

is	  consistent	  with	  the	  

estimated	  mass	  of	  the	  

central	  star	  (24	  M¤).	  

SMA1 
T ~ 170 K 
M ~ 0.3 M¤ 
L ~ 500 AU 
n ~ 6 x108 cm-3 

SMA3	  

SMA2	  



Core	  rotation	  

CH3OH	  42-‐31	  E	  maps	  

Velocity	  

P-‐V	  

C. Goddi et al.: H2O and CH3OH maser associations in AFGL 5142 and Sh 2-255 IR 1029

Fig. 1. Sh 2-255 IR. Positions and velocities of VLBA H2O (filled circles) and EVN CH3OH (filled triangles – Minier et al. 2000) maser features.
Different colors denote the features’ LOS velocities, according to the color scale on the right-hand side of the panel, and the arrows indicate the
measured absolute proper motions of the water masers, whose amplitude scale is given in the bottom left corner of the panel; labels Aw, Bw,
and Cw identify the three clusters of VLBA water masers, whereas Am and Bm identify the two groups of methanol masers detected by Minier
et al. (2000). The dotted line indicates the axis of the jet observed in the Brγ and H2 2.12 µm lines (PA ≈ 67◦ – Howard et al. 1997). The cross
indicates the position uncertainty of the VLA 15 GHz continuum emission peak (Rengarajan & Ho 1996). We stress that the uncertainty on the
absolute position of the CH3OH masers is large (±0.′′3).

of variation of the rms noise level on the channel maps of the
single-epoch EVN observations was 4–13 mJy beam−1.

The procedure to identify maser features, derive their abso-
lute positions, and measure their proper motions is described in
detail in Paper I. In particular, for each (water and methanol)
feature, the absolute positional errors are estimated as the sum
of the feature relative positional uncertainties (evaluated by the
weighted standard deviation of the spot positions) and the abso-
lute positional uncertainties of the reference spot. The latter de-
pends both on the accuracy of the absolute position of the phase-
reference calibrator and on the quality of the phase-referenced
map of the reference maser spot (see Paper I for details). The
absolute positional uncertainties of the maser features are on the
order of 3 and 0.5 mas, at 6.7 GHz and 22.2 GHz, respectively
(see Tables 1 and 2).

3. Observational results

3.1. Sh 2-255 IR

Figure 1 shows the positions, LOS velocities, and proper mo-
tions of the 22.2 GHz maser features derived from our multi-
epoch VLBA observations, and the positions and LOS velocities

of the 6.7 GHz methanol maser spots obtained from EVN ob-
servations by Minier et al. (2000). In Fig. 1 is also reported the
positional uncertainty of the 15 GHz continuum emission ob-
served with the VLA-B (beam ≈0.′′5, flux density ≈1.97 mJy) by
Rengarajan & Ho (1996).

The VLBA observations allowed us to detect a much larger
number of water maser features (57 vs. 14) and proper motions
(12 vs. 3) than in our previous less sensitive EVN observations
(Goddi et al. 2005). The extreme variability of the water maser
emission in this source (see the discussion in Sect. 4) may ex-
plain why only 12 maser features out of 57 were found to persist
over three or four epochs, allowing measurement of their proper
motions. The observational parameters of the water maser fea-
tures (LOS velocities, flux densities, RA and Dec positional off-
sets and absolute proper motions) are reported in Table 1. The
water maser emission is concentrated on three major clusters
of features (named cluster Aw, Bw, and Cw) plus an isolated
maser feature (the last feature in Table 1, not shown in Fig. 1).
Cluster Aw contains 5 features located closer (within ≈100 mas)
to the 15 GHz continuum emission peak and having LOS veloci-
ties red-shifted (in the range 11–12.5 km s−1) with respect to the
LSR velocity of the molecular cloud (+7.2 km s−1). Cluster Bw,

1000	  AU	  

Width	  
M=24M¤ 

i=20°±5°	  



DCN	  in	  the	  hot	  core	  
DCN	  (3-‐2)	   HNCO	  (102-‐92)	  

X(DCN)	  >	  10-‐11.	  
A	  low	  temperature	  or	  a	  very	  young	  
age	  are	  implied.	  

Trot	  ~	  300	  K	  
X(HNCO)	  ~	  10-‐8	  



High	  velocity	  outflow	  in	  S255IR	  

SMA	  high-‐velocity	  CO(3-‐2)	  map	  

[-‐63;	  -‐13]	  km/s	  

[25;	  75]	  km/s	  



High	  velocity	  outflow	  in	  S255IR	  



High	  velocity	  outflow	  in	  S255IR	  

IRAM	  30m	  CO(3-‐2)	  map	  



High	  velocity	  outflow	  in	  S255IR	  
SMA+30m	  N2H+(3-‐2)	  map	  



High	  velocity	  outflow	  in	  S255IR	  



High	  velocity	  outflow	  in	  S255IR	  



High	  velocity	  outflow	  in	  S255IR	  

H2	  image	  



The	  position	  velocity	  diagram	  for	  
the	  IRAM-‐30m	  CO	  data	  

Arce	  et	  al.	  2007	  



Fe	  II	  



Outflow	  parameters	  from	  the	  	  
CO(3-‐2)/CO(2-‐1)	  intensity	  ratio	  

The	  CO	  emission	  is	  apparently	  optically	  thin.	  High	  temperature	  and	  density	  
are	  implied.	  The	  excitation	  increases	  with	  velocity.	  

LTE	  



Dense	  high	  	  
velocity	  clump	  

Grey-‐scale	  image	  –	  CS(7-‐6)	  	  
Contours	  –	  CO(3-‐2)	  	  
	  
n	  >	  3	  ×	  106	  cm-‐3,	  gravitationally	  unbound	  



Summary	  

•  The	  hot	  (T	  ~	  200	  K)	  dense	  (n	  >	  6	  108	  cm-‐3)	  core	  in	  S255IR-‐SMA1	  
probably	  represents	  a	  fragmented	  (the	  filling	  factor	  ~	  0.2)	  
protostellar	  disk	  around	  the	  massive	  (24	  M¤)	  star	  with	  a	  size	  of	  
~500	  AU.	  The	  mass	  of	  the	  clump	  is	  significantly	  lower	  than	  the	  
mass	  of	  the	  central	  star.	  	  

•  A	  strong	  DCN	  emission	  very	  close	  to	  the	  center	  of	  the	  hot	  core	  
most	  probably	  indicates	  a	  presence	  of	  a	  rather	  large	  amount	  (≥	  1	  
M¤)	  of	  dense	  cold	  (T	  <	  80	  K)	  material	  here.	  

•  The	  CO	  outflow	  morphology	  obtained	  from	  combination	  of	  the	  
SMA	  and	  IRAM-‐30m	  data	  is	  significantly	  different	  from	  that	  
derived	  from	  the	  SMA	  data	  alone.	  The	  CO	  emission	  detected	  with	  
the	  SMA	  traces	  only	  one	  boundary	  of	  the	  outflow	  and	  leads	  to	  a	  
rather	  distorted	  picture.	  	  

•  The	  outflow	  is	  most	  probably	  driven	  by	  jet	  bow	  shock.	  There	  are	  
signs	  of	  episodic	  ejections.	  

•  The	  proper	  motions	  of	  the	  water	  masers	  excited	  along	  the	  jet	  
imply	  some	  misalignment	  of	  the	  jet	  and	  rotation	  axis	  of	  the	  
material	  in	  the	  outer	  parts	  of	  the	  clump.	  

•  The	  outflow	  strongly	  affects	  the	  chemical	  composition	  of	  the	  
surrounding	  medium.	  The	  N2H+	  molecules	  are	  destroyed.	  	  



THANK	  YOU!	  


