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1 The problem
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Continuum Spectral lines
(Fe I, Ca II…)
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Extremely metal-poor star
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0.6

0.7

0.8

0.9

1.0

1.1

fl
ux
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Extremely metal-poor star

Noise is not IID!



How do we fit the 
lines and the 

continuum variations 
simultaneously ?



2 Gaussian processes



A Gaussian process is a collection of random variables, any 
finite number of which have a joint Gaussian distribution.“ Gaussian processes

y(x) ⇠ N (m✓(x), K↵(x,�))
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A Gaussian process is a collection of random variables, any 
finite number of which have a joint Gaussian distribution.“ Gaussian processes

k↵(xi , xj) = ��i j
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A Gaussian process is a collection of random variables, any 
finite number of which have a joint Gaussian distribution.“ Gaussian processes

k↵(xi , xj) = ��i j
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A Gaussian process is a collection of random variables, any 
finite number of which have a joint Gaussian distribution.“ Gaussian processes
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Machine learning…
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3 The solution



Extremely metal-poor star
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0.2

0.4

0.6

0.8

1.0

1.2

fl
ux

Let’s fit one of the lines!
(Fit = run an MCMC chain on model and noise parameters)



8530 8535 8540 8545 8550 8555

wavelength [Å]
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0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

fl
ux

Line Noise Combined

Data



8530 8535 8540 8545 8550 8555

wavelength [Å]
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Line Noise Combined
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Model

(Voigt function)
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dan.iel.fm/george, scikit-learn.org, 
github.com/SheffieldML/GPy

Rasmussen & Williams 2006, MIT Press 
Gaussian Processes for Machine Learning 

gaussianprocess.org


