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Abstract: We present high-quality K-band spectra of 21 emission-line objects deeply embedded in ultra-compact H II 
regions. These candidate massive young stellar objects (YSOs) have  strong K-band fluxes, very red colours and  K-band 
spectra containing no photospheric absorption lines but Brackett gamma in emission. To further investigate the nature of 
these objects, we searched for the presence of CO first-overtone bandhead emission, a signature of a dense circumstellar 
disk. CO emission is detected in several sources, confirming their massive YSO status. Some others show the Pfund 
series in emission, sometimes doubly peaked, also indicative of a disk. The main question is whether these circumstellar 
disks are remnant of the star-formation process, or are induced by the rapid rotation and mass loss of the embedded star 
(like in Be and B[e] stars).

Fig. 1: Medium-resolution (R~10,000) K-band spectra of 
candidate massive YSOs, obtained with ISAAC on ESO's 
Very Large Telescope. The spectra show clear 
similariteis with well studied YSOs like the BN object 
(Scoville et al. 1983, ApJ, 275,201), S106 and NGC2024-
IRS2 (Chandler et al. 1995, ApJ, 446, 793; Lenorzer et al. 
2003, submitted to A&A). Others, however, show strong 
resemblance with not necessarily young objects such as 
Be and B[e] stars, in which the circumstellar disk is 
thought to originate from a combination of rapid rotation 
and mass loss. One object shows both CO and Pfund 
emission (16164nr3636), as observed in S106 (Carr 
1989, ApJ, 345, 522).

Fig. 2: To produce first overtone bandhead emission, the 
CO gas needs to be hot (2000 - 5000 K) and dense  
(n ~ 1010  cm-3).  The CO spectra of S106 and NGC2024-
IRS2 are best explained with a circumstellar disk model 
(Chandler et al. 1995), while the CO emission in the BN 
object may be produced by a shockfront far away from the 
central star (Scoville et al. 1983).  The absence of H2 
emission in our objects makes this scenario less likely. Note 
the lower three spectra: they show a bump at the blue side 
of the bandhead, similar to S106 and NGC2024-IRS2, 
characteristic of a rotating disk.

Fig 3: K-band spectra showing the Pfund series in emission. 
In the middle spectrum the Pfund lines are double peaked 
with a peak separation of 290 km/s, again the signature of a 
rotating disk!  These spectral signatures are observed in 
classical Be stars (e.g. Hony et al. 2001, A&A 355, 187). 
Therefore, these objects may have a gaseous "mass-loss" 
disk such as present around rapidly rotating Be stars. The 
physical origin of these Be disks is not understood.

Remnant accretion disk or mass-loss disk? In Herbig AeBe stars, a mid-infrared excess is 
interpreted as being due to the emission of dust contained in a remnant accretion disk. Recent mid-
IR observations of our candidate massive YSOs reveal in some  cases bright mid-IR counterparts, 
suggestive of a dusty, remnant accretion disk. For some others no strong mid-IR source is detected, 
leaving the possibility of a gaseous disk, due to rapid rotation. Note that young massive stars are 
expected to rotate rapidly, increasing the probability to detect Be/B[e] stars in star-forming regions.


