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Massive Young Stellar 
ObjectsTypical 

characteristics:
• Luminous (>104 L ), 

embedded IR 
source, with CO 
emission

• Compact, ionised 
“wind” (v~100 km/s)

Often present:
• Molecular outflow
• Maser emission
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Evolutionary Outline

Hot Core  MYSO (?)UCHII OB 
Star

SED:
Sub-mm Mid-IR         Near-IR  

Visual
Masers:
CH3OH H2O      OH

Radio:
No radio Weak Radio Strong Radio



  

Why are MYSOs 
Important?

• Final mass of star may be set in this phase 
(evidence for ongoing accretion)

• Outflow/momentum transfer to natal cloud 
may peak/terminate at this time

• Allows us to test models of massive star 
formation (eg collapse + disk accretion 
versus competitive accretion) in the later 
stages before all the significant evidence 
is destroyed by the emergent OB star(s)



  

MYSO Samples

• Well characterised MYSOs 
number in the tens

• Not found systematically and most 
nearby

• May not be representative
• Need well-selected sample that 

number in the hundreds
• Can then study properties in a 

statistically robust way



  

Surveys for MYSOs

• Too obscured in near-IR
• Radio continuum too weak
• No single maser transition always 

present
• Molecular cores do not necessarily 

contain YSOs
• Need to use IR where bulk of 

energy emerges
• IRAS-based searches suffer from 

confusion



  

The Red MSX Source 
(RMS) Survey

• MSX survey: 8, 12, 14 and 21µm, 
18″ resolution, |b|<5o

• Colour-select massive YSO 
candidates from the MSX PSC and 
2MASS near-IR survey

• Delivers ~2000 candidates
• Many other object types with 

similar near- and mid-IR colours



  
+ OH/IR 
stars

+ C stars+ UCHII 
regions
+ PN

 • Massive 
YSOs



  

Multi-wavelength Ground-
based Follow-up 

Campaign
• Identify and eliminate confusing 

sources
• Begin characterisation of the massive 

YSOs

• RMS Team:
– Melvin Hoare, Stuart Lumsden, Rene Oudmaijer, 

James Urquhart, Ant Busfield, Andrew Clarke, 
Joseph Mottram (Leeds)

– Toby Moore, James Allsop (Liverpool JMU)
– Cormac Purcell, Michael Burton (UNSW)
– Zhibo Jiang (PMO)



  

Radio Continuum
• Eliminates compact/ultracompact HII 

regions powered by O7+ stars, detects 
broader HII region in which an MYSO 
may be embedded

• 5 GHz, 2″ resolution, 0.3 mJy/beam 
noise level at VLA & ATCA

• 2000 objects observed
• ~25% of sample are detected and most 

likely UCHII regions, i.e. ~500 in total
• Urquhart et al. (2006) for ATCA sample



  

Contours: 6 
cm

Greyscale: 8 
µm



  

Kinematic Distances
• 13CO at Mopra, 

Onsala, JCMT, 
PMO & GRS

• 2000 targets 
observed

• Ambiguity resolved 
using H I from 
IGPS (Busfield et 
al. 2006)

• Data also rejects 
most evolved stars 
(no CO) 

Blue: 13CO 1-0

Red: H I 21 cm



  

Galactic 
Distribution



  

Luminosities

Robitaille et al. Model Fitter results to 2MASS, MSX, 
TIMMI2, IRAS



  

Luminosity Distribution

Unambiguous distances and IRAS 
data for MYSOs and UC/CHIIs



  

Mid-IR
• 10µm, 1 arcsec 

resolution at 
UKIRT and ESO 
3.6m, 700 
objects observed 
 + GLIMPSE (2 
arcsec, 3-8µm)

• About 1/3 have 
“bright” 
companions G284.0155-0.8579 

TIMMI2 (Mottram thesis)

20″



  

K-band imaging at 
UKIRT, AAT & ANU 
2.3m
400 targets observed 

H+K band spectroscopy 
at AAT, ESO and UKIRT 
200 targets observed



  

Spectroscopy also classifies sources

Evolved 
star



  

MYSO (CO bandhead 
emission) in HII region

UCHII region



  

Unusual CO emitting 
stars



  

Velocity resolved spectroscopy 
allows us to study stellar wind



  

RMS Aims

• Luminosity Function for massive YSOs
– Massive star formation rate
– IMF
– Accretion rate history
– Envelope dispersal history

• Clustering and triggering
• High spatial/spectral resolution studies 

as function of luminosity, age and 
location.



  

Summary

• RMS survey will deliver ~1000 
MYSOs across the galaxy for 
systematic global studies and 
follow-up of sub-samples with e.g. 
EVLA, e-MERLIN, (e)SMA, 
CARMA, ALMA, 8 m and IR 
interferometers



  

Survey λ Beam Sens. Probe 
I/VPHAS+  Hα 0.7"  Nebulae, Em * 

UKIDSS GPS  J,H,K 0.7" 0.02mJy Stars & Nebulae 

GLIMPSE 4-8 µm 2" 1 

MSX 8-21 µm 20" 100 
Hot  Dust 

MIPSGAL 24, 70 µm 6, 20"  Warm Dust 

AKARI 50-200 µm 30-50" 400 

Herschel 200-500 µm 17-34" 20 

SCUBA2 450/850 µm 8-14" 4 
Cool Dust 

GRS 13CO 1-0 46"  Molecular Gas 

Arecibo/MMB CH3OH 0.1"  Masers 

IGPS H I 21 cm 60"  Atomic Gas 

CORNISH 5 GHz 1" 2 Compact Ionized Gas 

MAGPIS 1.4 GHz 5" 5 Diffuse Ionized Gas 
 

 


