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Noise in transit event 

● white noise: 

instrumental, 

depend on photon counts

●  correlated noise:

astrophysical, e.g. stellar activity

wavelength dependent
WASP12 N.Narita et al.  (2019)
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Gaussian Process
ordered collection of random variable along one or more axes

for exoplanets transits :  random variables model a series of observations of the star’s flux taken at 
discrete time

relation between random variables, we model N’ observations with N’-dimensional Gaussian distribution.

characterized by :

● covariance matrix define by kernel function 

● mean function 

deterministic component, transits model 

- white noise component
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GP likelihood function

- observations 

- model
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Multiwavelength Noise Model

model of noise correlated across both time and wavelength

● Time-correlated Variability Model

● Wavelength Dependence of Variability
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Time-correlated Variability Model

Anderson & Jefferies (1990)

stellar oscillations from stochastic excitations damped by convection and 
turbulent excitation in the star 

- characteristic frequency of the oscillations 

- quality factor of the oscillator

- amplitude of the oscillations

- stochastic driving force
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Time-correlated Variability Model
if Gaussian distributed solution is GP with power spectrum : 

setting 

giving kernel function: 
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Wavelength Dependence of Variability

Stellar correlated variability model:

● two-component host’s photosphere
● “hot” and “cold” spectral and   
● converting fractions 

- response curve for the filter 
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xc -> xc(t) 

drawn from one-dimensional GP at times ti for i= 1, ... , N 

white noise time covariance bands covariance
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For M bands B1,B2,…,BM  with amplitudes 
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Validation of multiwavelength stellar variability 
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Transit model
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Simulations 
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Three regimes 

= const
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Information matrix 

model made up of mean functions
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Analytical Estimates for Parameter Uncertainties  -Rp

● limb-darkening - ignored 
●    
● no other uncertainty 
● out-of-transit flux measured with high precision ->
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Two-band Monochromatic 

Poisson noise
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M - bands generalization 

21



1D celerite*

*celerity <- celeritas latin -  quickness 

GP for N flux measurements taken at times  

computing covariance matrix K requires  operations 
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celerite kernel, stationary GP 

variance of Gaussian - distributed white noise 
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..for such kernel covariance matrix is a symmetric and semiseparable 
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Cholesky factorization  

L is the lower-triangular Cholesky factor and D is a diagonal matrix

ansatz: 

S j, k,1 is a matrix of zeros and P is both the rank of 
the semiseparable covariance matrix and the 
number of columns in U and V, here equal to 2J.
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but exp in (35) can be numerically unstable -> additional matrix s   with same dimension as U and V     
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Two-dimensional GP  ● first large dimension (of size N )
● second small dimension  (of size M)

Cholesky decomposition in case when covariance of second dimension can be written as the outer
product of a vector with itself:

possible when the correlated noise has the same shape along  large dimension and
varies proportionally in amplitude along the second small dimension
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Covariance matrix 

white noise 
diagonal 
matrix

covariance matrix 
for first dimension
define by celerite 
kernel  

covariance matrix in 
second dimension 
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structure as in  1D 
case 
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Results
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Limitations 

● only short scale variability (stationary kernel) 
● GP is bad with outliers (pre-processing) 
● noise have be stationary, no stellar flares, outbursts…  
● when time delay betten bands 
● small-amplitude temperature variation, behaving as area variations  
● every time of observation contains data in every band
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