
  

● Define 'long' – e.g. 3+ mm 
● Particles are poor emitters of wavelengths 

larger than their own size: λcrit = 2πrgrain

● So long wavelengths trace large grains
● 'pebbles' – how far down the road to planetary 

cores, in size terms?

● Problem: at ~7+ mm, start to see free-free 
emission from ionized winds

Why dust at long wavelengths?



  



  

● Distinct spectral slopes
● Dust:  Fν ~ ν2+β with index ~0-2

● Wind:  Fν ~ να  with index ~ -0.1- +0.6

● Ideally, resolve spatially to be sure about where flux 
originates

● Rodmann et al. (2006)



  

● Example of multi-wavelength interferometry
● AS 209 (Ophiuchus)    >   can model grain growth 

as function of radius in disk  (Perez et al. 2013) 



  

● e.g. JVLA, 21 km arms in a 'Y', 36 km max 
baseline ... and Pie Town antenna 50 km from 
JVLA centre
● NB resolution ~ wavelength/baseline ... how does 

this compare to HST, for example? 



  

● Example: HL 
Tau is a low 
mass Class I 
protostar with 
winds (arrow), 
disk and 
candiate 
proto-planet 
core

● 1.3 cm VLA
– Greaves et 

al. (2008)



  

– left image: natural weighting, 0.11” beam
– (a) same but with central peak subtracted
– (b) uniform weighted image, 0.08” beam



  

centimetre regime

● Determine whether (and 
where) pebbles exist
● cf. the 'millimetre barrier' 

in lab experiments: 
aggregates tend to 
shatter, not join, in 
collisions

● so how does nature get 
past this barrier?

● Data at > 1 cm should 
be sensitive to > ~2 mm 
grains 



  

eMERLIN

● UK radio facility extends to 217 km baselines
● to 440 km if Cornwall site added (Klöckner et al. 2011)



  

PEBBLES
● aka, 'Planet Earth 

Building Blocks: a 
Legacy eMERLIN 
Survey'

– So far awarded 72h 
(for proto-typing); 
seen as high risk

– But high reward! 
e.g. simulation 
shows HL Tau b 
detectable at 5 cm

– Only observations 
where terrestrial 
planet formation 
zone separated out 



  

● Now getting commissioning data
● One of the most difficult observations with upgraded 

MERLIN: needs the 76m Lovell Telescope and full 
correlator

(DG Tau, DG Tau B images: Anita Richards, Rob Beswick)



  

Summary: what do we learn?

● Location and degree of grain growth
● How much of the disc is proceeding towards 

planetesimals made by core growth?

● Disc masses at each evolutionary stage
● Do planet cores start to form along with the star?
● Does fast growth support disk instability models? 

● Grain physics: size, porosity...?
● More like chunks of asteroids or fragments of 

comets? 
● Can compare to in-situ solar system experiments
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