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DETECTING ABRUPT CHANGES IN THE SPECTRA OF
HIGH-ENERGY ASTROPHYSICAL SOURCES!

BY RAYMOND K. W. WONG*, VINAY L. KAsHYAPT-2,
THOMAS C. M. LEE®3 AND DAVID A. VAN DYk

lIowa State University*, Harvard Smithsonian Center for Astrophysics’,
University of California, Davis* and Imperial College London®

Variable-intensity astronomical sources are the result of complex and of-
ten extreme physical processes. Abrupt changes in source intensity are typi-
cally accompanied by equally sudden spectral shifts, that is, sudden changes
in the wavelength distribution of the emission. This article develops a method
for modeling photon counts collected from observation of such sources. We
embed change points into a marked Poisson process, where photon wave-
lengths are regarded as marks and both the Poisson intensity parameter and
the distribution of the marks are allowed to change. To the best of our knowl-
edge, this is the first effort to embed change points into a marked Poisson
process. Between the change points, the spectrum is modeled nonparamet-
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Abstract

Many astrophysical phenomena are time-varying, in the sense that their intensity, energy spectrum, and/or the
spatial distribution of the emission suddenly change. This paper develops a method for modeling a time series of
images. Under the assumption that the arrival times of the photons follow a Poisson process, the data are binned
into 4D grids of voxels (time, energy band, and x-y coordinates), and viewed as a time series of non-homogeneous
Poisson images. The method assumes that at each time point, the corresponding multiband image stack is an
unknown 3D piecewise constant function including Poisson noise. It also assumes that all image stacks between
any two adjacent change points (in time domain) share the same unknown piecewise constant function. The
proposed method is designed to estimate the number and the locations of all of the change points (in time domain),
as well as all of the unknown piecewise constant functions between any pairs of the change points. The method
applies the minimum description length principle to perform this task. A practical algorithm is also developed to
solve the corresponding complicated optimization problem. Simulation experiments and applications to real data
sets show that the proposed method enjoys very promising empirical properties. Applications to two real data sets,
the XMM observation of a flaring star and an emerging solar coronal loop, illustrate the usage of the proposed
method and the scientific insight gained from it.
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The problem in the first paper
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The problem in the first paper

o we deal with high-spectral /high-temporal resolution grating data
@ these data are obtained as lists of photons

o for each photon we know

@ the time at which it was recorded (t)
@ its wavelength and hence its energy (E)
© its coordinate (x and y, not used in the first paper)

@ one interesting question: does the distribution of energy change over
time?
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Two typical data sets (forget about the red lines)

absolute wavelength

absolute wavelength
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Spectrum at a fixed time t
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Note the emission lines
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Preprocessing: binning
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task: estimate/smooth the spectra and detect break points
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Results: data set 1, two segments (black, red)
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Results: data set 2, three segments (black, red, green)
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The problem in the second paper
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The problem in the second paper

use all photon attributes: t, E, x and y

do binning spatially (x and y) and temporally (t)
a time series of images

(show movie)

break/change point over time?

task: estimate/smooth the images and detect break/change points
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Application to real data
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Detected breakpoints at t = 12,42, 57

.

Thomas C. M. Lee (UC Davis) Break/Change Point Detection August 3, 2022 12/13




Concluding remarks

@ speed is a big issue (Axel and Cong are on it)
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Concluding remarks

@ speed is a big issue (Axel and Cong are on it)

@ without binning?
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