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Do nanoflares follow PL distribution?
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First need to detect them

Hinode
XRT movie
by P. Grigis
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in the presence of variable background...

Figure 1Observed solar lightcurves from flaring region (red asterisks) and nearby
background region (black crosses). XRT data provided by P. Grigis.
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Goal Event detection in presence of variable background (e.g. Figure 1), without
knowledge of background. Identify start and end time of event.

Three IDL event detection codes:

1. Detect Peak Smooths lightcurve with fixed-width Gaussian, looks at where
lightcurve derivative crosses given thresholds to find event.

2. Segment FinderMulti-scale Loess smoothing on lightcurve, segments lightcurve
between consecutive minima, then merges adjacent segments if adjacent ex-
trema are statistically indistinguishable.

3. Combined A combination of the first two methods: uses multi-scale Loess
smoothing and identifies events with derivative threshold crossing method.

Event Detection Codes
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Simulate lightcurves to test codes

Figure 2 Simulated lightcurve with 64 events added to a constant background.
Events are modeled as the product of a slanted line and a modified Lorentzian,
and event intensities are chosen randomly from a powerlaw distributionwith index
1.8.
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Calibrate false positives w/ zero event LCs

Figure 3 Calibrating the event detection algorithms to optimize false positives,
using the simulated lightcurves with zero events. We expect ∼2 false positives
at the 99.7% significance level. Right Average number of false positives versus
threshold normalization for Detect Peak. Middle Average number of false posi-
tives versus difference threshold S/N for Segment Finder. Left Average number
of false positives versus threshold normalization for the combined algorithm.
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Algorithm Performance

Figure 4 Performance of the algorithms on observed and simulated lightcurves.
Left Number versus luminosity (DN/s) of detected events in 15 lightcurves ob-
served with Hinode XRT, with sensitivity parameters in each algorithm set to op-
timize false positives. Fitting the curves above DN/s = 0.3 gives the following
powerlaw index values: 1.81 (Segment Finder), 1.77 (Detect Peak), 1.59 (com-
bined). Right Number versus peak intensity of detected events in 1000 simulated
lightcurves, with sensitivity parameters in each algorithm set to optimize false
positives. The black line shows the histogram of all peak intensities in the sim-
ulated data set. The algorithms perform equally well for bright events, but the
probability of detection decreases for weaker events. This decrease is due to a de-
crease in sensitivity to weak events (for Detect Peak and the combined algorithm),
and also because weak events are undetected when they occur over the same time
interval as a stronger event.

α ~ 1.6-1.8

Thursday, February 16, 2012



Summary & Future Work

• We develop a set of simulated lightcurves to test three event detection algo-
rithms.

• Simulated lightcurves with zero events are used to calibrate the algorithms
to optimize false positives.

• Compared to the other two algorithms, Segment Finder appears more sen-
sitive to small (peak < 10 counts) events.

• In our sample of 15 observed Hinode XRT lightcurves, quiet Sun bright
point events are distributed as a powerlaw with measured index between 1.6
and 1.8.

• To do: investigate the use of a robust Bayesian wavelet-based event detec-
tion method, developed by Alex Blocker.
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