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Why Should You Care About Solar Flares?
u

Solar flares are closely
related to many other
solar atmospheric
events

u

Large solar flares and
CMEs can cause
geomagnetic storms

u

Some large flares can
cause radio blackouts,
which can interfere
with GPS and satellite
positioning

Im age credit: NASA

NOAA X-Ray Flux
Solar Flare
Catalog
•

Uses GOES XRS
data

•

Designed for the
purpose of
monitoring
potentially harmful
space weather

•

Does not
document small or
complex events
https://www.swpc.noaa.gov/products/goes-x-ray-flux

Need for a Scientifically Robust Catalog

u

NOAA’s catalog does not provide a
comprehensive account of all solar
flares detected in GOES XRS data

u

Other solar flare catalogs do not
provide a complete automated
detection method for all flare types,
locations for flares, or statistics for
small and complex events

u

Want documentation of all sizes of
solar flares to extend frequency
distribution down small flux ranges
https://www.goes-r.gov/m ission/history.htm l

An Introduction to the Where’s That
Flare Project
u

The goal of the project is to provide the scientific community with
an all-encompassing X-ray solar flare catalog using GOES XRS data

u

Provide statistics on all flares, as well as correlations between flare
parameters

u

Catalog for the soft X-rays of the longer wavelength band of 1 to 8
Å has already been completed

u

My role: Adapt code for soft X-rays to be compatible with the
harder X-rays of the shorter wavelength band of 0.5 to 4 Å

Adapting from
Soft to Hard XRay Flux
u

u

Hard X-rays are more
energetic, but solar
flares emit more soft Xrays
Must account for
differences in
background flux level
between the two
wavelengths
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Detecting
Changes in the
Derivative

u

Detection algorithm
watches for derivative
to spike above a
“trigger” level, then
looks backward in time
for a chain of “near
zero” points to find a
start time
Marks the zero crossing
point as the peak of
the flare, then looks
forward in time for
another chain of ”near
zero” points to find an
end time

Raw Data
Lowpass
filtered
Trigger
Near Zero

Derivative of Flux [W/m2/s]

u

Solar Flare Detection Algorithm
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Using Specific Checks in the Detector
to Filter Out Potential Flares
u

The detector uses a series of “check” functions to filter
out events detected by the algorithm that are not true
flares

Algorithm ranks the check functions by importance
u Flares get flagged when they fail at certain checks
u

Derivative of Hard X-Ray Flux [W /m 2 /s]
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•

Final Flare
Catalog Tallies In
15 Years (20032018) of GOES
Hard X-ray Data

TOTAL OF
APPROXIMATELY
59,000 FLARE PEAKS
DETECTED

TOTAL OF NEARLY
28,000 SINGLE FLARE
EVENTS
• TOTAL OF
APPROXIMATELY
10,000 COMPLEX
FLARE EVENTS
• GRAND TOTAL OF
APPROXIMATELY
38,000 FLARE EVENTS
•

Flare Catalog
Analysis: What
Correlations Can
We Find
Between Flare
Parameters?

•

IDEALLY WANT TO LOOK AT THE
RELATIONSHIPS BETWEEN INTEGRATED
FLUX, DURATION OF FLARES, NUMBER
OF PEAKS IN FLARES, PEAK FLUX, ETC.

•

THEORY AND OTHER STUDIES SHOW A
POWER LAW RELATIONSHIP BETWEEN
THE PARAMETERS WE ARE
INVESTIGATING

•

ALL OF THE CORRELATIONS ARE
DONE IN LOG-LOG SCALING

Investigating the
Relationship Between
Peak Flux and
Integrated Flux
u

Relationship between
integrated flux and
peak flux appears to
have a strong power
law correlation

u

Integrated flux scales
as: F Int = F Peak1.30

u

Consistent with Crosby,
et al 1992

Slope = 1.30 ± 0.004
R = 0.9

Frequency
Distribution of
Peak Flux
•

The frequency
distribution of peak
flux shows a power
law relationship
down to almost the
10 -8 W/m 2 flux level

•

This fit yielded a
power law slope of
α = -0.82 ± 0.02
R = 0.99

•

Slope is a factor of ½
off from Crosby et al.
1992

Frequency
Distribution of
Integrated Flux
•

The frequency
distribution of
integrated flux
shows a power law
relationship down to
almost the 10 -5 W/m 2
flux level

•

This fit yielded a
power law slope of
α = -0.75 ± 0.02
R = 0.99

•

Slope is a factor of ½
off from Crosby et al.
1992

Frequency
Distribution of
Duration of
Flares
•

The frequency
distribution of the
time duration shows
a power law
relationship for
longer flares

•

This fit yielded a
power law slope of
α = -2.1 ± 0.03
R = 0.99

•

Slope is consistent
with Crosby et al.

Future of the Where’s That Flare Project
u

Conduct a thorough statistical analysis on
hard X-ray catalog, and compare hard Xray statistics with soft X-ray statistics

u

Use both the hard and soft X-ray catalogs
with GOES SXI data and Hinode flare
monitor to find locations for all solar flares

u

Make detection code open source

u

Publish the completed X-ray catalog to be
accessible to anyone, and to aid future solar
atmosphere projects by providing a
complete account of X-ray solar flares
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Highlights of Check Functions
u

Verify that start and end times are consistent

u

Verify that the ratios between the rise time and decay time are
reasonable

u

Verify that derivative of rise is positive and derivative of decay is negative,
and that the rise happens before the decay

u

Verify that the duration of the flare is reasonable

u

Verify that flare is significantly above the background level

u

Verify that the flare size is greater than the relative noise level of the flare

