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Previous lecture

Evolution of PDS: from a multiple-
Lorentzian to a cutoff power law

X-ray variability Correlations between parameters



Data modelling

Chat GPT

χ2(θ)=∑
i

[ y i− f (x i ,θ)]2

σ i
2

Simple case: f (x )=ax+b

θ−parameters of the model

In this simple case there exist analytical formulae 
for a and b. 

In more complex cases (non-linear model 
functions) we need to use numerical algorithms to 
find the minimum of χ2.

We want to find the parameters of the model 
function that minimize χ2.

χ2=11.5  for 13 d.o.f (15  data points−2 parameters)



Data modelling

The error bars of the data points represent uncertainty of 
the location of the real y-value for a given x.

Therefore, the parameters of our model, a and b, are 
also uncertain. The fitting procedure should also give us 
these uncertainties.

In the simple case the uncertainties are also given by 
analytical formulae. For more complex cases, the 
procedures to estimate the uncertainties are more 
complex.

Meaning of the 1-σ band: imagine making N measurements, so we have N sets of points. The model is fitted 
to the data and 1-σ band is computed. For a given x, the 1-σ band contains the true value 68% of the times.



X-ray data

Response function (matrix) – redistribution of 
incoming photons in energy

Effective area – energy dependent

Energy channels

Ginga (1990-ies) – effective area of 4000 cm2, 
poor energy resolution



Modelling X-ray data

Initial guess of the model and parameters → not optimum description of data → fitting 
(minimizing χ2) → best fit

GS 1124-68 – Nova Muscae – a soft X-ray transient



Modelling X-ray data

Diagnostics of the fit results: 
data-to-model ratios, 
contributions to χ2 

This fit is not so good, significant residuals are seen,  χ2  large.



Modelling X-ray data

Unfolded spectrum: how the real data would look like, assuming the best-fit model.

Key aspect: it is not possible to uniquely determine the real data (before they 
reach the detector), the unfolded spectrum depends on the model.



Finding a good fit

Need a better model. Using previous 
knowledge, physics, intuition, fit residuals, 
trial and error…

This model components are: disk blackbody 
emission, thermal Comptonization 
component, reflected/reprocessed 
component, with the Fe Kα line.

Best fit of this model is good:  χ2 = 27/24 
d.o.f.



Finding a good fit

Best fit of this model is good:  χ2 = 27/24 d.o.f.

This is a good fit, although some residuals remain. They suggest a way to improve the fit even 
more, by applying relativistic effects.



Finding a better fit

Best fit of this model is good:  χ2 = 22/23 d.o.f.

A better fit, suggesting that the emission is coming from a rotating disk



Properties of the good fit



Properties of the good fit

How to estimate the uncertainties 
of the fitted parameters?

Use χ2 as a function of the 
parameters. 

Confidence limits can be 
estimated from  Δχ2 relative to the 
minimum. For one parameter  
Δχ2=2.71 corresponds to 90% 
confidence limit
 



Properties of the good fit

The amplitude of reflected 
component



Contours of χ2 as function of spectral index and amplitude of reflection 
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