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Quasi Periodic Oscillations 
Motta+11,14; review: Belloni+14, Space Sci.Rev. 183, 43-60



Covariance spectrum
Look what spectral component is dominating the variability  

e.g. Chichuan,et al. MNRAS 436, 3173-3185, 2015.



Reverberation mapping
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Thermal 
(disk)
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Fabian, Astron.Nachr. 337, 375-380, 2017 



Uttley et al. A&ARv 22, 72–66, 2014.
Fabian, Astron.Nachr. 337, 375-380, 2017 
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rms-intensity 
time lags 

covariance spectra 

impulse response modeling

phase-resolved spectra 
rms-intensity diagrams 

Time lags vs Energy 
rms vs Energy 

Covariance spectrum 
(…) 

Spectral timing

Timing analysis 
 
Periodograms  
Power density spectra  
Lomb-Scargle 
Epoch folding search 
Z-search, H-search 
Cross spectra 
Coherence spectra 
(…) 

Cross-correlation 
Autocorrelation 

Wavelets 
Dynamical power spectra 
Phaseogram

Spectral analysis 
Continuum modeling  

Color-color, Hardness-intensity 
Absorption-emission features  
High-resolution spectroscopy  
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Existing “public” software  
(i.e. you can look at the code and read docs)
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Bachetti et al. 2015, ApJ 800,109, 2015  
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Things to work on to be accepted: 

1. The name 
2. Better documented API 

ascl:1502.021
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Stingray 
Daniela Huppenkothen,  

Abigail Stevens

MaLTPyNT 
(in-development  

Astropy-affiliated) 
Matteo Bachetti

GUI for timing  
Simone Migliari, Paul Balm

StingraySoftware

Stingray 
Python API

“ex-MaLTPyNT”  
CLI

DAVE 
GUI







Stingray API

Stingray

EventList Lightcurve
Powerspectrum  

Averagedpowerspectrum
Crossspectrum

Averagedcrossspectrum

Covariancespectrum
Crosscorrelation
RmsEnergySpectrum
LagEnergySpectrum

Phase-
resolved 
spectra



Stingray API

Stingray
simulator

pulse

modeling

EventList Lightcurve
Powerspectrum  

Averagedpowerspectrum
Crossspectrum

Averagedcrossspectrum

Covariancespectrum
Crosscorrelation
RmsEnergySpectrum
LagEnergySpectrum

Phase-
resolved 
spectra









ex-MaLTPyNT
$ MPreadevents 002A.evt 002B.evt
$ MPcalibrate 002A_ev.nc 002B_ev.nc -r file.rmf  
$ MPlcurve 002A_ev_calib.nc 002B_ev_calib.nc -e 3 30  
$ MPfspec 002A_E3-30_lc.nc 002B_E3-30_lc.nc \
    -k CPDS -o cpds_002_3-30 --norm rms  
$ MPrebin cpds_002_3-30_0.nc -r 1.03

Creativity needed! 
 

Help us choose the new name for MaLTPyNT! 
 

The acronym should mention synonyms of timing/
variability/spectral timing, compact objects/black holes/

pulsars, X-rays/high energies. Mentions to music are 
highly appreciated



DAVE



DAVE



Google Summer of Code

• 2016 (as Timelab) 
Himanshu Misra 
Usman Khan 
Danish Sodhi


• 2017 (Python Software Foundation) 
Omar Hammad 
Haroon Rashid





• Stingray + DAVE + “ex-MaLTPyNT”: 
Spectral timing, for everyone: 
1. Python API: for the brave 
2. GUI: shallow learning curve 
2. Shell Scripts: batch processing


• Open source, BSD and Apache 2 

• In development! Help us meet the first 
milestone (0.1, in August)!

Daniela Matteo Abigail

Simone

OmarHaroon Danish

Himanshu Usman

Paul

Evandro

Ricardo


