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The many tones of accretion - to the memory of Tomaso Belloni - 6-11 Sept 2026

Timing analysis of X-ray binaries with Stingray
Eleonora Veronica Lai, Matteo Bachetti, Daniela Huppenkothen, Matteo Lucchini,

and the Stingray community



Scientific Rationale
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Heil et al. (2015)

Spectra or variability? 
Is it possible to use the full information?

Zdziarski (2000)

Huppenkothen et al. (2019)
Bachetti et al. (2024)
Lai et al. (2026)
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History
Spectral analysis Timing analysis (+ lags) Spectral-timing

• Xspec 

• Sherpa

• ISIS

• (…)

• (XRONOS) POWSPEC 

• SITAR, Isisscripts.sl
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• Daniela Huppenkothen & Abigail Steven (Stingray’s original)

• Matteo Bachetti (HENDRICS)

• Simone Migliari & Paul Balm (DAVE)
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What is Stingray able to do?

Timing
• Light curves operations
• Periodograms
• Power density spectra 
• Lomb-Scargle 
• Dynamical Power spectra
• Epoch folding for pulsar search
• Periodogram modelling
• Polarimetric light curves 
• Improving Bispectrum - under 

review, tnx Ben Rickets :)

Spectral 
• Hardness-intensity diagrams
• Power colours
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What is Stingray able to do?

Spectral-timing
Frequency spectrum:

• Time/Phase lags
• Coherence

Energy spectrum:
• Rms-intensity diagrams
• Time/Phase lags
• Coherence
• Rms energy spectra
• Covariance spectra 

Being aware of instrumental systematics!

Spectral 
• Hardness-intensity diagrams
• Power colours

Timing
• Light curves operations
• Periodograms
• Power density spectra 
• Lomb-Scargle 
• Dynamical Power spectra
• Epoch folding for pulsar search
• Periodogram modelling (MLE, 

Bayesian)
• Polarimetric light curves 
• Improving Bispectrum - under 

review, tnx Ben Rickets :)



An open-source environment

•Software:
• Python open-source software in a 
 Github-based workflow

•Developers:
• Astronomers
• Google Summer of Code students

• Community outreach:
• Public Slack channel

• Talks
• Hackatons/Tutorials

Google Summer of Code  
2016, 2017, 2018, 2020, 
2021, 2022, 2023, 2024, 

2025, 2026
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• Python-based modelling package for 
spectral, spectral-timing and — in future 
releases — polarimetry data.

• 1D products as a function of photon 
energy/and or frequency (e.g. in output 
from Stingray) 

• 2D data, and to joint fit of different 
datasets and observations

• It fully supports Bayesian sampling using 
common MCMC and nested sampling 
packages

Modelling with nDspec https://github.com/nDspec/nDspec



A basic tutorial 

MAXI J1820+020
• ObsID: 1200120106  
• Date: 2018-03-21 
• NICER 
• Rise/Epoch 0
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De Marco et al. (2021)

Wang et al. (2021)
https://zenodo.org/records/13149195



Light curve from event files 
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Light curve from event files 

 GTI 
 BTI
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Averaged power spectrum and poisson noise level 
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Averaged power spectrum and poisson noise level 
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Spectral-timing analyses: Lags vs Frequency 
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Spectral-timing analyses: Lags vs Frequency 
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Time lags

Phase lags



Spectral-timing analyses: Coherence 
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Raw Intrinsic
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Lai et al. (2026)



Power colours
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Heil et al. (2015)



Power colours
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Heil et al. (2015)
Heil et al. (2015)



Time lags vs Energy 
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Time lags vs Energy 
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Covariance and RMS spectrum  
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Covariance and RMS spectrum  
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Spectral-timing for stellar wind studies

No Wind Affected
Wind affected

Lai E.V. , De Marco B., Zdziarski A.A., 
Belloni T. M. et al. (2022)

Cyg X-1 (wind-fed) 

 XMM-Newton, ObsID: 0745250201  
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Spectral-timing for stellar wind studies
Cyg X-1 (wind-fed) Wind affectedNo Wind Affected

0.5 - 3 keV

see Mendez et al. (2024)

 Nicer, ObsID: 0100320106 
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Cyg X-1 (wind-fed) Wind affectedNo Wind Affected

Spectral-timing for stellar wind studies
3 - 10 keV

see Mendez et al. (2024)

 Nicer, ObsID: 0100320106 
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Cyg X-1 (wind-fed) 

3 - 10 keV  
vs  

0.5 - 3 keV

Wind affected

No Wind Affected

see Mendez et al. (2024)

 Nicer, ObsID: 0100320106 
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Spectral-timing for stellar wind studies
Cyg X-1 (wind-fed) 

Time lagsPhase lags

3 - 10 keV vs 0.5 - 3 keV
 Nicer, ObsID: 0100320106 
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Spectral-timing for stellar wind studies
Cyg X-1 (wind-fed) 

Wind affected

0.5 - 3 keV

Time lags

3 - 10 keV vs 0.5 - 3 keV

 Nicer, ObsID: 0100320106 



Docs and info 
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How to install it 

Information

Tutorials

https://docs.stingray.science/en/stable/



Messages to bring home…
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• Stingray is an easy, free to use, and well-mantained tool to perform spectral-timing
                           

• Great performance (Lai et al. 2026)

• Complicated analyses in a simple way:
• Check your results
• Get acquainted with such methods

• Available tutorials (basic to advanced) and fast communication with developers

• Not an X-rays lover? Stingray works also in other energy bands  Stingray:  

your friendly Python library 

for spectral-timing



Thank you!


