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SPECTRA

Power x Frequency

Heil, Uttley, & Klein-
Wolt, MNRAS 448,
3339-3347, 2015.
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“STANDARD” PRODUCTS
WE MIGHT WANT TO HAVE

) “Timing"” analysis ) All mixed together!
) Pulsation searches and timing ) Time lags
) Aperiodic variability ) Spectral covariance
) Spectral analysis ) Phase-resolved spectroscopy
) Continuum modeling ) Phase-resolved polarimetry
) Broad lines (e.g. Fe complex, cyclotron lines) ) Energy-resolved polarimetry
) Polarimetry (be creative!) ) Time-resolved-energy-resolved polarimetry

(Whatev’)



“STANDARD” PRODUCTS
WE MIGHT WANT TO HAVE

) “Timing"” analysis ) All mixed together!
) Pulsation searches and timing ) Time lags
) Aperiodic variability ) Spectral covariance

) Spectral analysis ) Phase-resolved spectroscopy
) Continuum modeling ) Phase-resolved polarimetry
) Broad lines (e.g. Fe complex, cyclotron lines) ) Energy-resolved polarimetry

) Time-resolved-energy-resolved polarimetry

) Polarimetry (be creative!)
Y Beinstrumentaware (Whatev’)

) Account for dead time

) Be aware of systematics




EXISTING “PUBLIC” SOFTWARE WHEN WE STARTED
(I.LE. YOU CAN LOOK AT THE CODE AND READ DOCS, NONEEDTO
ASK THE DEVELOPER IF THEY CAN PLEASE SHARE THEIR CODE)

Timing analysis
(+ lags)

Spectral analysis

Spectral timing

® Xspec
® Sherpa
o SIS

°o (...
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(@ astropy-powered ST I N G RAY

astropy.org
Astropy-affiliated spectral timing software in Python

) Includes:

) Input data from OGIP FITS files (events, light curves) ) Spectral timing products, e.g.:
) Exploratory timing products, e.g. ) Cross products, Time lags
) Light curves ) Covariance, Coherence, RMS, lag spectra
) Periodograms ) Cross-correlation
) Colors, Power colors ) Bispectra, Bicoherence
) Periodogram modeling (Maximum Likelihood, Bayesian) ) Phase-resolved QPO spectra
) Systematics handling, e.g. ) (Accelerated) Pulsar search methods
) Good Time Interval (GTI) support ) PDS based
) Dead time correction and models ) Epoch folding/Z/H search

Huppenkothen et al. 2019,ApJ 881, 39 docs.stingray.science/
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Luigi Task Status

ConfirmCandidates

ReadEvents

= Task List Dependency Graph

ome_mbachett P n Show task details

local firefox window to open. — lesmana Sep 3 '10 at 6:55

Workers

Resources

AccelSearchOnChunk
DONE

AccelsearchonChunk
DONE

AccelSearchonChunk
DONE

AccelsearchonChunk
DONE

AccelSearchonChunk
DONE

ow Upstream Dependencies

Hide Done

ConfirmCandidates(config_file=/home/mbachett/PULSAR/config.yaml, fnamemui_srcl.evt, worker_timeout=1500)

Dependency Graph

Visualisation Type
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|~ Models

> ESA-funded GUI for Stingray
) Timing exploration made easy

) Stingray functionality made
interactive (PDS modeling, pulsar
searches, lag spectra, etc.)

) Issues: currently unmaintained

SRC PDS

std1_ao9 01 01.lc

MODELS:

(J amplitude:
O x_0:

 alpha:

- PowerLaw 1:

(J amplitude:

(0 alpha:

|~ FIT l~~ BOOTSTRAP

DAVE

SRC PDS

Power
N

Fitting statistics:

Number of data points = 354

Deviance [-2 log L] D = 8233.767

The Akaike Information Criterion of the model is: 4126.883

The Bayesian Information Criterion of the model is: 4146.230

The figure-of-merit function for this model is: 83.246 and the fit for 349.000 dof is 0.239
Summed Residuals S = -327.922

Expected S ~ -327.922 +/- 84.143

Merit function (SSE) M = 83.246

https://github.com/StingraySoftware/dave/



HENDRICS

& python QB EE 3 = o) 100%@ 25Feb 15:08:31 Matteo Q @ E =
| NON )

mistery_psrA_nustar_fpma

) Command line interface to Stingray

8000 {f g2 =22891.8(90%def. leth 13.3)
Il

6000 -

> “Hides” Python API

4000 A

) Simplifies Batch scripting o

8.1925

) Some interactive functionality (for
pulsars)

8.1920 A
&

Delta fddot x10 712 | 0.00
Delta fdot x10~ 8 | 0.00
PEPOCH 56145.28271078752 Delta freq x10~ 3 | 0.00
P PSRJ SMC_X1
Cutting-edge pulsar searches (some x
) -73:26:36.0301 :
g g Fo 1.4256322213025543 Quit Recalculate Reset +Zoom | -Zoom | TOA

F1 -2.4536360327706732e-08

I I I PEPOCHQWET)  §1931560.0280416 A €>PbQss
not yet available in Stingray S

hendrics.stingray.science/



@Y OTHER NOTABLE FEATURES

9 f NumPy "'\,e,,,"m}cﬁmﬁ,e

) Interoperability with Astropy TimeSeries, LightKurve,
Pandas, Xarray

astropy-powered

) Just-In-Time compilation of computation-intensive
astropy.org

operations (via Numba)

Y Large dataset handling (NICER-ready!) ?

Numba

docs.stingray.science/



-y RECENT DEVELOPMENT

‘ SpecTemPolar!
PRIN INAF 2019

INAF

ISTITUTO NAZIONALE
DI ASTROFISICA

) Performance improvements for large datasets

) Basic “Polarimetric timing” products

) Advanced pulsar search techniques

) Experimental port to Julia (GSOC 22)

) Improved upper limit estimates

) Non-uniformly sampled data (GSOC 23)

) Expansion of supported missions (notably RXTE) UNIAM Google Summer of Code

PRIN MIUR 2017  2016-2018, 2020-2024

docs.stingray.science/



|+* Models

SRC PDS
SRC PDS

std1_ao9_01_01.lc

MODELS:

O amplitude: 2.443
0O x_0: 0.939

[ alpha:
- PowerLaw 1: (-] - -
Fitting statistics:
O amplitude: 4.563
. Number of data points = 354
0O x_0: 0.068

Deviance [-2 log L] D = 8233.767

O alpha: 1.499 The Akaike Information Criterion of the model is: 4126.883

The Bayesian Information Criterion of the model is: 4146.230

The figure-of-merit function for this model is: 83.246 and the fit for 349.000 dof is 0.239
L2 FIT |~ BOOTSTRAP Summed Residuals S = -327.922

Expected S ~ -327.922 +/- 84.143

Merit function (SSE) M = 83.246

: lc = sim.simulate( 'smoothbknpo', [.6, 0.9, .2, 4])

plt.plot(lc.counts[1:400], drawstyle='steps-mid')

[<matplotlib.lines.Line2D at 0x11d260630>])

ONCLUSIONS

Stingray, HENDRICS (+ DAVE): robust, community-
maintained, free software

Handles standard data format
(FTOOLS compatible)

Standard tools + easy “plug-in” of new functionality
Easy use for newcomers -> docs + GUI

Systematics handling (e.g. dead time correction)

Requires community involvement
(help with data formats!)
AND funding



ASK FOR A TUTORIAL!

Spectral timing with Stingray

Pulsarsearches with HENDRICS and
Stingray

N anaers X-ray simulations with Stingray

— 90% conf. lim.
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