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Motivation

• Young circumstellar structures are interesting 
targets to search for protoplanetary systems. 

• Central cavities, condensations and radial gaps 
are believed to be associated with the disk 
disappearance, which is related to planetary 
formation.



Example: β β β β Pictoris



Example: β β β β Pictoris

• Direct disk observations 
shows sub-structures, 
like the asymmetries
in β Pictoris disk.

• Simple geometry models 
do not reproduce details 
of the spectral energy 
distribution.



Examples of observable disks



A “flared” disk model

Chiang & Goldreich (1997 and 1999)
• Passive disk in hydrostatic radiative

equilibrium. 
• Disk presents variable height as a function 

of radius. The surface grains are exposed to 
stellar radiation.

• The inner part of disk is heated by diffusion.
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From models to reality



Classical fitting method

• Least squares method



Optical depth:

∝ 1/λ,   if λ > 1 µm

τλ

=1,  if λ <= 1 µm

Classical method problems

1. When the 
functions present 
discontinuities

Disk radius:

reffective = |robtained|

Discontinuities in derivatives
or

artificial functions



2. When the function
χ2(a) has a  
“hard minimum”

Classical method problems



Genetic Algorithm

• Supports several parameters. 
• Not affected by model complexity.

• Suggested by Koza (1992)
• Adopted version by Bentley & Corne (2002) 
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Generator

Solutions
Set

Generator

Generates the first
Solution Set based
on pre-stablished
ranges for each
model parameter.



Evaluation Module
Evaluation
Function

Evaluation
Module

Solutions
Set Based on the model, gives a 

“score” to each solution.
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Judgement Module

Defines which action
shall be applied to each
solution, according to 
scores.
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Execution Module

Solutions
Set

The Execution Module 
applies the actions 

defined by the 
Judgement Module, 

generating a new 
Solutions Set.
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Evaluation Function

• Associates a numerical value (score) indicating 
the goodness of fit for given set of parameters. 

• Contains the physics of the problem. 

• Must be fast.



Software

Geometry visualization

Automatic functions

Observational data

Model Results
(Star, disk, envelope 
and sum of all 
components)

Main parameter edition



Finding a solution

Solution set with
102 individuals.

Execution time:  
200 s.

Error bar 
estimative

Final solution



Results: β β β β Pictoris

Disk radii = 0.99 - 7.8 AU
62 - 350 AU

Height = 6 AU



Results: TW Hydra
Disk radii = 0.014 - 0.029 AU

0.060 - 78 AU

Height = 0.033 AU



Results: HD98800

Disk radii = 0.48 - 1.02 AU
1.3 - 20 AU

Height = 0.17 AU
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Other results



Disk transits

Circumstellar 
asymmetries can 
generate photometric 
variations similar to 
planet transits.
– View angle
– Accretion episodes
– Periodic eclipses



Current research

1. Judgement Module parameters 
optimisation.

2. Test new crossover modalities.
3. Porting the code for parallel machines / 

clusters.
4. Enhance portability for new models and 

contexts.



Conclusion

• The method is efficient to search 
solutions, even if the model is 
complex or presents high number of 
parameters. 

• The final solutions present quality 
similar to those obtained by
traditional methods.
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