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The Òpre-PNÓ CRL 618:
‣Discovered during the Air Force 
Cambridge Research Laboratory rocket-
borne infrared survey at 4, 11 and 20! .

‣Studied for the Þrst time by Bill 
Westbrook in 1972 (this source is also 
known as the Westbrook nebula). 



The Òpre-PNÓ CRL 618: CO emission



The Òpre-PNÓ CRL 618: Radio continuum rapidly 
increasing



The Òpre-PNÓ CRL 618: Þrst maps



The Òpre-PNÓ CRL 618:

The star is still undergoing mass-loss in 
the form of an ionised  wind. So, is it a 
planetary nebula, a pre-PN, or what?



The Òpre-PNÓ CRL 618:

With the arrival of the HST, most of people forgot the central HII 
region of CRL 618.



VLA archive dataThe Òpre-PNÓ CRL 618:

¥Seven epochs at 22 GHz:1982, 1983, 1990, 1992, 1995, 1998 and 2007.

¥Six frequencies at epoch 1998: 1.43, 4.89, 8.44, 14.96, 22.49, 43,31 GHz.

¥Interferometric data using the A conÞguration.
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¥Evolution of the ßux at 22 GHz and 5 GHz

¥The 5 GHz data were taken from literature, except for the epochs 1982 
and 1998 , which we obtained.

The Þts were done simultaneously for the ßux data and the size of the 
source (see next slide)

The Òpre-PNÓ CRL 618:



¥Evolution of the size at 22 GHz. 

¥The size was obtained by Þtting 2-dimensional Gaussian functions to 
the brightness distribution.

The Òpre-PNÓ CRL 618:
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The Òpre-PNÓ CRL 618:

⁍The expansion is faster for the major axis than the minor 
axis. 



¥SED and size vs. frequency of CRL 618 (epoch 1998) 

The Òpre-PNÓ CRL 618:
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The Òpre-PNÓ CRL 618:
¥Spectral index map and density proÞle along major axis of CRL 618.

D=900 pc

Increasing mass-loss rate



The Òpre-PNÓ CRL 618:

¥Radiative transfer model of the radio continuum  in CRL 618 using an 
increasing mass-loss rate and geometry from our results.  
¥Evolution of the SED : 

! increase of the mass-loss rate from ∼4 " 10 #6 to ∼6 " 10 #6 M⊙ yr #1 in the ∼130 years previous to 1998



The Òpre-PNÓ CRL 618:

But why CRL 618Õs morphology is bipolar? 



The Òpre-PNÓ CRL 618:

¥Balick et al. (2013) reported expansion motion from observations at 
optical wavelengths  with the HST.

¥All the Þngers have the same kinematical age: explosion-like event.

¥Time scale of the expansion ∼100 years.

1998.8 - 2009.6



The Òpre-PNÓ CRL 618:

¥Timeline of the evolution of CRL 618:

Time

The ionisation of the CSE began !  post-AGB phase lasted only  ∼100 yrs

1898: bipolar explosion 
$=4"10 -6 M⊙

1948: cavities grow 
$=5"10 -6 M⊙

1971: photo-ionisation  begins 1998: ionised  region grows 
$=6"10 -6 M⊙

Future: ionised region grows 
even more
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The Òpre-PNÓ CRL 618: S-shape morphology?

7mm  
& 
3.6cm



Conclusions:

⁍The photo-ionisation  of the material around CRL 618 
began around 1971.

⁍This event marked the beginning of the planetary nebula 
phase for CRL 618, implying a very short time for its post-
AGB phase  ∼10 0 years. 

⁍ The radio continuum and size of CRL 618 have been 
increasing in the last ∼30 years  

⁍The expansion is faster for the major axis than the minor 
axis.

⁍The nebula is ionisation bound in the minor axis and 
density bound in the major axis !  density gradient.



Thanks for your attention! 



The Òpre-PNÓ CRL 618:
¥Evolution of the ßux at 22 GHz and 5 GHz

¥The 5 GHz data was taken from literature, except for the epochs 1982 
and 1998

The Þts were done simultaneously for the ßux data and the size of the 
source (see next slide)



The Òpre-PNÓ CRL 618:
¥Evolution of the size at 22 GHz. 
¥The size was obtained by Þtting 2-dimensional Gaussian functions to 
the brightness distribution.


