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ABSTRACT

Flare frequency distributions represent a key approach to addressing one of the largest problems

in solar and stellar physics: determining the mechanism that counter-intuitively heats coronae to

temperatures that are orders of magnitude hotter than the corresponding photospheres. It is widely

accepted that the magnetic field is responsible for the heating, but there are two competing mechanisms

that could explain it: nanoflares or Alfvén waves. To date, neither can be directly observed. Nanoflares

are, by definition, extremely small, but their aggregate energy release could represent a substantial

heating mechanism, presuming they are sufficiently abundant. One way to test this presumption is

via the flare frequency distribution, which describes how often flares of various energies occur. If the

slope of the power law fitting the flare frequency distribution is above a critical threshold, α = 2 as

established in prior literature, then there should be a sufficient abundance of nanoflares to explain

coronal heating. We performed >600 case studies of solar flares, made possible by an unprecedented

number of data analysts via three semesters of an undergraduate physics laboratory course. This

allowed us to include two crucial, but nontrivial, analysis methods: pre-flare baseline subtraction and

computation of the flare energy, which requires determining flare start and stop times. We aggregated

the results of these analyses into a statistical study to determine that α = 1.63 ± 0.03. This is below

the critical threshold, suggesting that Alfvén waves are an important driver of coronal heating.

Keywords: solar physics — solar flares — astrostatistics distributions

1. INTRODUCTION

It has long been established that the slope of a power

law fitting the solar flare frequency distribution (occur-

Corresponding author: James Paul Mason

james.mason@jhuapl.edu

rence rate versus energy) is a strong indicator of whether

nanoflares are an important coronal heating mechanism

(e.g., Hudson 1991; Crosby et al. 1993; Veronig et al.

2002). The conceptual reasoning is simple: a large slope

means that there is a large abundance of the smallest

flares. These small flares may not individually trans-

port much energy, but, in aggregate, they represent a

substantial heat transfer mechanism. It is well estab-
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lished in the flare literature that many flare parameter-

izations tend to have power law relationships with each

other (e.g., Kahler 1982; Veronig et al. 2002; Aschwan-

den & Freeland 2012; D’Huys et al. 2016). The flare

frequency distribution (FFD) is one one such relation-

ship well described by a power law:

dn

dE
= AE−α (1)

where n is the number of events, E is the radiated flare

energy, A is an offset constant, and the primary param-

eter of interest is the exponent, α, which manifests as a

slope when fitting a line in log-log space. If α < 2, then

nanoflares are not frequent enough to contribute a suffi-

cient amount of energy to the corona to explain its ob-

served ambient temperature (Hudson 1991). Thus, the

accurate determination of α is of critical importance for

addressing the longstanding coronal heating problem.

Moreover, important points of comparison can be

made between solar and stellar FFDs that can lead to

greater insights into the mechanisms that drive the FFD

and dominate heating mechanisms (e.g., Loyd et al.

2018). For example, many stellar studies find α < 2

– consistent with much of the solar FFD literature (e.g.,

Crosby et al. 1993 and 11 references in their Table 1)

– and conclude that the underlying mechanism driving

flaring and coronal heating is therefore the same as that

of the Sun (e.g., Airapetian et al. 2019 and references

therein). Still other studies find stellar FFDs with α > 2

(e.g., Maehara et al. 2012) – also consistent with some of

the solar literature (e.g., Veronig et al. 2002). We also

know that flares of all energies (including superflares

with >1034 erg) tend to occur more often for rapidly

rotating stars (Maehara et al. 2012; Shibayama et al.

2013).

There is a large body of research that has focused

on the determination of α for the Sun. The ultimate

goal is to obtain the total amount of radiated energy

from each flare, excluding background radiated energy.

This is a challenge. Most studies, including this one, fo-

cus on a single wavelength regime. Soft X-rays (SXRs)

are a popular choice (e.g., Hudson et al. 1969; Drake

1971; Veronig et al. 2002; Aschwanden & Freeland 2012)

because during a flare they experience the greatest en-

hancement above their background levels and are there-

fore easier to detect and characterize (Woods et al. 2004;

Rodgers et al. 2006), and they may be a better indica-

tor of total flare energy release than, e.g., hard X-rays

(HXRs; Veronig et al. 2002; Lee et al. 1993; Feldman

et al. 1997). Furthermore, there are now several decades

of continuous measurement of the SXR wavelength re-

gion from the NOAA Geostationary Operational En-

vironmental Satellites (GOES) X-ray Sensor (XRS) in

two channels; XRS-A from 0.5-4 Å(AKA “short”) and

XRS-B from 1-8 Å(AKA “long”). Crosby et al. (1993)

list many studies and which wavelength regime each fo-

cused on to determine α in their Table 1. Some studies

have analyzed the global energetics spanning multiple

wavelengths and accelerated particles, but this detailed

analysis typically can only be done for a relatively small

number of events, for example, the 38 large events stud-

ied by Emslie et al. (2012). Some studies calculate the

radiated energy in their selected wavelength regime (e.g.,

(e.g., Shimizu 1995), while others do not, instead fo-

cusing on peak irradiance or other parameters to act

as a proxy for the energy (e.g., Aschwanden & Free-

land 2012). Furthermore, some studies have subtracted

the background irradiance from the flare, while others

have not. Veronig et al. (2002) found that this could

have an impact on the derived value of α, in that case

bringing it from α = 2.03 ± 0.09 without subtraction to

α = 1.88±0.11 with subtraction – straddling the critical

value of α = 2.

While it would be ideal if these studies were done

spanning all wavelengths, that is an extremely challeng-

ing task that would not necessarily lead to different con-

clusions given that SXRs have already been established

to be a reliable indicator of the total energy release,

which is partially why the GOES/XRS-B peak measure-

ment remains the de facto definition for flare magnitude.

In summary, it is important to study a large number of

flares, subtract the background irradiance, and calculate

the energy. That is precisely what has been done for the

present study.

A novel aspect of this study is the large num-

ber of contributing authors, which we call the Col-

orado Physics Laboratory Academic Research Effort (C-

PhLARE) Collaboration. Over 1400 undergraduate stu-

dents participated in an introductory physics lab course

run as a Course-based Undergraduate Research Expe-

rience (CURE) at the University of Colorado Boulder

(Auchincloss 2014). The students were enrolled in the

CURE in one of three semesters from Fall 2020 through

Spring 2021. The students worked in small teams on this

research, where they chose individual flares, removed the

background irradiance, and computed the energy of sin-

gle flares. Their analysis was peer-reviewed by other

teams in the class and iteratively improved based on

this feedback. The students then submitted their final

results in memo form as a flare archive entry, which in-

cluded the calculated total energy of the flare, the peak

irradiance, beginning and ending times of the flare, and

plots of the analysis. These memos were used by the se-

nior authors to review the analysis and determine which
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Solar Flare Frequency Distribution 3

Table 1. Key instrument/dataset characteristics

GOES/XRS MinXSS-1

Bandpass (native)
XRS-A: 0.5-4 Å(3-25 keV)

XRS-B: 1-8 Å(1.5-12 keV)
0.4-30 Å(0.4-30 keV)

Bandpass used 1-8 Å(1.5-12 keV) 0.4-30 Å(0.4-30 keV)

Spectral resolution – 0.15 keV

Cadence (native) 2 s 10 s

Cadence used 1 minute 1 minute

Dates used
2011-01-14 to

2018-02-10

2016-05-16 to

2017-05-06

Data product xrsf-l2-avg1m science Level 1

Data version v1-0-0 v4.0.0

flares analyses met the standards to be included in the

final dataset used for the work presented here. This

process is described in detail in Section 3.6. A more de-

tailed description of the course, educational objectives,

and results of student learning can be found in Werth

et al. (2022c), Werth et al. (2022b), and Werth et al.

(2022a).

All students who were enrolled in the class were of-

fered authorship. To be included in the final author

list, students had to have completed the course during

one of three semesters this project was run, earned a

passing grade in the class, and opted-in to being an au-

thor through a web-form. This process resulted in 964

student co-authors. Additionally, all graduate teaching

assistants for the course during these semesters were of-

fered authorship, resulting in 31 additional co-authors.

The paper begins by describing the data used for

this study (Section 2), which is predominately from

GOES/XRS with a calibration check provided by the

Miniature X-ray Solar Spectrometer (MinXSS; Mason

et al. 2016). Section 3 describes the methods applied

to study the flares in our dataset, which include back-

ground subtraction and energy calculation. Section 4

presents the resultant FFD and comparisons with other

solar and stellar work. Section 5 closes with a discussion.

2. DATA

Two primary sources of data were used for this study:

measurements from GOES-15/XRS and MinXSS-1 (see

Table 1). Prior to GOES-16, the XRS instruments did

not have an absolute calibration. MinXSS-1, however,

flew concurrently and observed the same bandpass as

GOES/XRS (and beyond), but with spectral resolution

and an absolute calibration (Moore et al. 2016) obtained

at the National Institute of Standards and Technol-
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Figure 1. Histogram of the 18,833 flares identified by NCEI
for the time range specified in Table 1 using logarithmic bin
widths. Note that the saturation at the smallest flare classes
is due to low signal-to-noise ratio in the instrument, but is
also due to the Sun’s inherent background intensity, which
can obscure the smallest classes of flares. The slope of the
power law represented here is αpeak irrad = 2.16± 0.01.

ogy (NIST) Synchrotron Ultraviolet Radiation Facility

(SURF), so we used its data as a validation check of the

GOES-based results. MinXSS-1 data are limited to a

single year (2016 May - 2017 May) and the spacecraft

experienced regular (∼15/day) eclipses that caused gaps

in some flare observations. GOES/XRS has provided

nearly continuous X-ray observations since 1975 from

multiple generations in the satellite series with minimal

measurement interruptions from eclipses due to a geo-

stationary orbit. We focused on GOES-15 because 1)

it spans the entirety of the most recent solar cycle, 2)

it overlaps with the MinXSS-1 observations, and 3) fo-

cusing on a single satellite in the series avoids any con-

cerns with cross-calibration. This study uses the science-

quality GOES-15 XRS data products from NOAA’s Na-

tional Centers for Environmental Information (NCEI)1

available as of early 2020. Compared to the previously

available GOES-15 XRS data, the science-quality data

uses a significantly improved background correction and

remove scaling factors applied by the Space Weather

Prediction Center (SWPC) to the XRS channel irradi-

ance measurements (0.85 and 0.7 for XRS-A and -B,

respectively) to provide the irradiance measurements in

true physical units of W m−2.

GOES/XRS L2 1-minute average data were retrieved

from the Space Weather Data Portal (SWDP; SWx

TREC 2019; Knuth et al. 2020) and data for MinXSS are

1 https://www.ncei.noaa.gov/data/goes-space-environment-monitor/
access/science/xrs/GOES 1-15 XRS Science-Quality Data
Readme.pdf

https://www.ncei.noaa.gov/data/goes-space-environment-monitor/access/science/xrs/GOES_1-15_XRS_Science-Quality_Data_Readme.pdf
https://www.ncei.noaa.gov/data/goes-space-environment-monitor/access/science/xrs/GOES_1-15_XRS_Science-Quality_Data_Readme.pdf
https://www.ncei.noaa.gov/data/goes-space-environment-monitor/access/science/xrs/GOES_1-15_XRS_Science-Quality_Data_Readme.pdf
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available from NASA’s Solar Data Analysis Center2. A

total of 18,833 flares were identified in the 1-minute av-

erage GOES/XRS-B irradiances by the NCEI L2 flare

summary algorithm3 in the time period listed in Ta-

ble 1; Figure 1 shows the corresponding distribution of

flare classification. This flare classification nomencla-

ture is an alphanumeric labeling of the flare’s 1-minute-

averaged peak flux measured by GOES/XRS-B. To de-

termine the slope of the power law represented in Figure

1, we followed the the recommendation in D’Huys et al.

(2016) to use a Maximum Likelihood Estimator (MLE).

They found that MLEs converge much faster as a func-

tion of sample size than other methods. This was not

crucial for the data in Figure 1 given the large number

of events (a linear regression results in a similar value of

αpeak irrad = 2.22± 0.07), but the MLE method will be

important when we determine the slope of the energy

FFD (α) in Section 3.7, where the number of events is

on the order of ∼200.

3. METHODS

The overarching procedure applied to the GOES/XRS

data are outlined here and detailed in subsequent sub-

sections.

Working in teams of three or four, students on the

project completed the following steps:

1. Selected a flare to analyze, under the constraint

that we needed to ensure broad coverage across the

entire solar cycle and across flare classifications

2. Subtracted pre-flare baseline level

3. Integrated light curve over duration of flare

4. Converted to energy units

5. Cross validated another team’s result

6. Combined the results to produce a dataset of the

total energy and peak irradiance of each flare

After the above steps were completed by the student

research teams, senior researchers on the project com-

pleted an individualized review of these teams’ analyses

and the resulting data, addressing items such as dupli-

cate flares or faulty calculations.

2 https://sdac.virtualsolar.org/cgi/show details?provider=
LASP MINXSS1

3 The GOES-15 XRS L2 data products are generated using
the same algorithms as those used for the next-generation
GOES-R (GOES-16 through -19) XRS data products. Details
of the L2 algorithms can be found at https://data.ngdc.noaa.
gov/platforms/solar-space-observing-satellites/goes/goes16/l2/
docs/GOES-R XRS L2 Data Users Guide.pdf

Finally, the resulting dataset was used to produce a

flare frequency distribution and determine the best-fit

value of α.

Details for each of these steps are outlined in subsec-

tions below. We also identified three flares that received

this treatment and were also observed by MinXSS-1,

which we analyzed in order to “cross check” the abso-

lute energy calibration. This MinXSS analysis method

is further detailed in Section 3.8.

3.1. Flare Selection

Flares were selected for analysis by teams of 3-4 stu-

dents over three semesters, with instruction for some

teams to select different class flares to ensure we sampled

the full distribution. During the first semester, students

were permitted to choose from flares across the entire

lifetime of the GOES-15 satellite, 2010 March through

2018 December. The students chose flares mostly close

to the solar minimum. In subsequent semesters, stu-

dents were asked to focus on flares closer to the solar

maximum to make sure there was coverage of the entire

solar cycle. The resulting final dataset contains flares

with a majority near the solar maximum – though we

note that prior studies have searched for and failed to

find any significant solar cycle dependence in the FFD

slopes (e.g., Veronig et al. 2002; Aschwanden & Freeland

2012).

In addition, there were other factors that guided stu-

dent flare selection. For example, students were in-

structed to choose single flares that did not overlap with

other flares of similar or greater irradiance. Students

may have looked at the pre-flare background and cho-

sen flares with a flatter background for simpler pre-flare

baseline subtraction. There were cases where multiple

student teams analyzed the same flare. If a flare had

been analyzed more than twice, the research leads se-

lected the one closest to the mean of the set; while

the flares that were analyzed exactly twice were down-

selected randomly.

3.2. Pre-flare Baseline Subtraction

As described in Section 1, pre-flare baseline subtrac-

tion is a crucial step because it reduces the impact of

the baseline level of X-rays being counted as part of the

energy of the flare, which has been shown to cause the

calculation of α to straddle the critical value of 2. While

the concept of pre-flare baseline determination is simple,

in practice, it is not trivial. It is common that there

are either other flares just prior to the flare-of-interest

or minutes-to-hours-long trends in the irradiance due

to active region evolution. Automated methods can be

developed for this determination, but tend to rely on al-

https://sdac.virtualsolar.org/cgi/show_details?provider=LASP_MINXSS1
https://sdac.virtualsolar.org/cgi/show_details?provider=LASP_MINXSS1
https://data.ngdc.noaa.gov/platforms/solar-space-observing-satellites/goes/goes16/l2/docs/GOES-R_XRS_L2_Data_Users_Guide.pdf
https://data.ngdc.noaa.gov/platforms/solar-space-observing-satellites/goes/goes16/l2/docs/GOES-R_XRS_L2_Data_Users_Guide.pdf
https://data.ngdc.noaa.gov/platforms/solar-space-observing-satellites/goes/goes16/l2/docs/GOES-R_XRS_L2_Data_Users_Guide.pdf
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Figure 2. Example GOES/XRS light curve with annota-
tions for the baseline level (horizontal dashed) and start/stop
times (vertical dashed) as determined by the student team
for this particular event. This particular flare peaked as an
M2 at 2016-07-24 06:20:00. Simple light curves like this one
are ideal, but they can become much more complex (e.g., see
Mason et al. 2019).

gorithms with fixed thresholds for, e.g., how much vari-

ation is allowed in the pre-flare baseline. As a result,

many flares must be rejected in the automated analy-

sis for violating these thresholds, which we refer to as

“low throughput” for the algorithm. In Mason et al.

(2019), this throughput was 30% for pre-flare baseline

determination; subsequent steps in the automated al-

gorithm had rejection criteria of their own that further

reduced the throughput of the full algorithm. Manual

determination of the pre-flare baseline level can have a

higher throughput (see Section 3.6), but tends to limit

the number of events that can be studied and, thus, the

statistical significance of the final result. Our solution

is to distribute the task across a large number of under-

graduate researchers.

To determine the pre-flare background, teams selected

from a variety of methods depending on the features of

the particular flare in question. Most were able to iden-

tify a period shortly before the start of the flare that

did not contain additional small flare signals, and was

reasonably long compared to the timescale of the target

flare (e.g., Figure 2). When this was not possible, teams

chose a method to exclude small flare signals before av-

eraging – for example, clipping the data at the level of

a B-class flare, or averaging only over the local minima

in a pre-flare region.

3.3. Flare Duration Integration

Integrating the light curve over time is another step

that is simple in concept, but non-trivial in practice.

The start and stop times have to be chosen. Addition-

ally, flare profiles are not always “clean”: due to sub-

sequent flares or active region evolution and the profile

may not return directly to the pre-flare baseline. The

NCEI L2 flare summary algorithm flags a flare end time

for every event: whatever time the irradiance drops to

half the peak value. This is a consistent but problematic

metric for our application because it ignores valid energy

that was released by the flare, though the end time is

not as important as the start time for determining the

total energy (Ryan et al. 2016). Just as with pre-flare

baseline determination, this step can also be automated,

but results in major caveats in the conclusion; yet man-

ual determination for every flare is cumbersome. Again,

the advantage of the present study is the large num-

ber of researchers that can distribute the task. As with

the background subtraction, teams made individualized

determinations about the start and end points of the in-

tegration. As a guide, many began by examining points

where the flare crossed the previously-determined back-

ground level, but often made small adjustments based

on the nuances in the data for that particular event.

Note that the units of the GOES/XRS data are W m−2

= J s−1 m−2. This time-integration step eliminates the

s−1, leaving us with J m−2.

3.4. Conversion to Energy Units

In the GOES/XRS irradiance units, the m−2 is a nor-

malization of the flux to a shell with radius equal to the

Sun-Earth distance at the time of observation, which

is 1 au on average. To get energy independent of any

particular distance scaling, we simply multiply by 4πd2,

where d is the Sun-Earth distance at the time of obser-

vation, then convert to ergs for easier comparisons with

prior studies.

3.5. Cross Validation

After each team had completed at least one flare anal-

ysis, teams exchanged analysis documents to provide

dual anonymous reviews of each other’s work. Each flare

analysis received reviews from multiple other students.

Reviewers identified any clearly erroneous work (for ex-

ample, mistake in units conversion or a coding error)

and assessed the reasonableness of the methods used for

the baseline analysis and integration. In many cases, a

variety of methods would be reasonable and produced

very similar numbers, but the review process helped, in

part, to identify cases where the choice of method was

dramatically impacting the results. The teams then re-

ceived the feedback and made improvements to their

analysis before reporting the results to the collabora-

tion.

Finally, for each flare, the student teams created an

entry in a “flare archive,” which was a formal presen-

tation of their analysis documents and included basic
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information about the event (e.g., timestamps, classifi-

cation, reference solar image), a description of the flare’s

environment (e.g., solar minimum, close in time to other

flares or not), and a description of the specific methods

applied in Steps 2 and 3, with accompanying plots.

3.6. Data Review

After the student data was compiled in our “flare

archive,” the senior researchers on the project were able

to review the work flare-by-flare as an additional check

above and beyond the review process that took place

among the student teams. This comprehensive data re-

view involved the following steps:

• Resolving instances of duplicate flares, where mul-

tiple student teams chose the same flare to analyze.

• Ensuring that the peak irradiance and other de-

tails reported for each flare matched the data in

the SWDP.

• Removing flares from the database that contained

an overlapping flare.

• Removing flares from the database where the pre-

flare background displayed a secular trend that

would make the background subtraction unreli-

able.

The flare archive included 607 entries; removal of du-

plicates left us with 350 data points; removal of unre-

liable data from the remaining checks left 212, for an

overall throughput of 35%. We note that this compares

favorably with attempts to use automated algorithms

to analyze similar light curves: in a recent example,

throughput for pre-flare baseline identification and event

start/stop times was only 17% (Mason et al. 2019).

3.7. Flare Frequency and Determination of α

Essentially all studies of flare frequency distributions

consider some sub-sample of all flares that occurred. De-

pending on the selection method, this can inject bias.

The present study also had to sub-sample, and, here,

we describe how we corrected the bias. Because the

flare analysis used a stratified flare selection process to

ensure adequate sampling (i.e., some teams of student

researchers were instructed to choose an X-class flare,

others an M-class, etc), the frequency of various flare

types in our dataset is unnaturally skewed. We cannot

rely, therefore, on the frequency of various flare types

within our sample as a reliable indicator of the actual

frequency of such flares in nature. To correct for this

when producing our final FFD, we analyzed all flares

from the target period to produce a frequency diagram
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Figure 3. Peak irradiance versus the energy determined
with the methodology described in Section 3. The slope of
the fit shown in red is 0.97±0.04. These results are compa-
rable to those found in Veronig et al. (2002).

of the flares by peak irradiance. That is, we created

a histogram with logarithmically-spaced bins, normal-

ized by the bin width (Figure 1). By fitting the result

with a power law using the method described in D’Huys

et al. (2016), we extract an expression for dn/dI, the

frequency per peak irradiance, as a function of peak ir-

radiance.

Then, using just the set of flares analyzed by our col-

laboration, we performed another fit to the peak irra-

diance as a function of their energies (Figure 3). From

this, we extracted the derivative dI/dE, and in turn,

computed the desired relationship:

dn

dE
=
dn

dI

dI

dE
(2)

Both terms on the right hand side of Equation 2 are

known – dn
dI as represented by Figure 1 and dI

dE as rep-

resented by Figure 3. In other words, for every flare we

studied, we knew how frequently flares of that peak irra-

diance should occur if there was no bias in our selection

method, and could specify that frequency for the partic-

ular energy we calculated. Propagation of the standard

errors from the two preceding fits produces uncertainties

on the resulting dn
dE data points.

To determine α, we followed the recommendation

made by D’Huys et al. (2016). They note that the MLE

method described therein is a special case of a more gen-

eral Bayesian approach. In order to ingest and propa-

gate the errors on dn
dI and dI

dE , we applied that more gen-

eral Bayesian approach: we used a Gaussian likelihood

function with uniform/flat priors to fit the model (Equa-

tion 1) to the data. We used a Monte Carlo Markov

Chain (MCMC) method with emcee (Foreman-Mackey

et al. 2013) to sample the posterior distribution of the
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fit parameters. We show the FFD and line fit in Section

4.

3.8. MinXSS Analysis Method

Of the flares studied in the GOES-15/XRS data, three

were also observed by MinXSS-1. Their peak flare times

occurred at 2016-07-24 06:20 (M2), 2016-11-29 07:10

(C7), and 2017-02-22 13:27 (C4). We applied the same

basic process described above to obtain flare energy for

each:

1. Converted from the native units of photons s−1

cm−2 keV−1 to erg s−1 cm−2 keV−1.

2. Integrated across the 1-8 Å wavelength part of the

spectrum in order to match the GOES/XRS long

channel bandpass; resulting in erg s−1 cm−2.

3. Identified a pre-flare baseline in the light curve and

subtracted it from the light curve.

4. Identified the start and stop times of the flare

(ensuring they were close to those identified in

GOES/XRS) and integrated across the corre-

sponding duration; resulting in erg cm−2.

5. Removed the cm−2 by applying 1/r2 for 1 au; re-

sulting in erg.

Steps 1, 2, and 5 were simple conversions and integra-

tions. Steps 3 and 4 are the key steps requiring some

judgement. Because these flares had already been ana-

lyzed in the GOES/XRS data, we could simply use the

pre-flare time period and flare start/stop times as the

guide for the MinXSS flares.

4. RESULTS

The flare frequency distribution, line fit, and slope (α)

are shown in Figure 4.

Per Equation 1 and the discussion in Section 1, the

result of α = 1.63±0.03 indicates that even at the outer

bound of the uncertainty, α < 2, suggesting that Alfvén

waves, rather than nanoflares, are the dominate mecha-

nism of coronal heating.

4.1. Cross Checking Flare Energy

Table 2 shows the comparison of the flare energy as

determined with the GOES/XRS data and the MinXSS-

1 data. This agreement is within the expected range per

Woods et al. (2016), accounting for the small irradiance

errors introduced when using a flat spectrum in the cal-

ibration of the broad-band XRS measurements (see e.g.,

Garcia 1994) and the MinXSS absolute calibration ac-

curacy of about 10% (Moore et al. 2016). Therefore,
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Figure 4. Flare frequency distribution of the C-PhLARE
Collaboration, with fit coefficients corresponding to Equa-
tion 1. The value of α is below the critical threshold value
of 2, suggesting that Alfvén waves are an important source
of coronal heating.

we conclude that despite GOES-15/XRS not having an

absolute instrument calibration, the resultant flare en-

ergies reported in absolute units (ergs) are reasonably

accurate.

4.2. Comparison With Other Studies

Table 3 places the results from this study in the con-

text of several others. Many solar studies do not agree

with each other to within their uncertainties, but this

could be explained by differences in methodology as

highlighted in Table 3, by uncorrected skews introduced

by sub-sample selection effects, or by issues with fitting

methods as described by D’Huys et al. (2016). Never-

theless, there appears to be general agreement among

solar studies that α is less than the critical value of 2,

meaning that these studies conclude that wave coronal

heating is dominant. Table 3 also shows that, compared

to solar studies, many stellar studies have systematically

higher values of alpha, even exceeding α of 2 (if only

just) and therefore favor the opposite conclusion: that

nanoflares explain coronal heating. It has been reason-

ably suggested that the underlying physical mechanism

powering solar and stellar flares should be the same (e.g.,

Maehara et al. 2017; Airapetian et al. 2019), namely

that a convection-driven dynamo generates a magnetic

field that is contorted to store energy in the corona and

then abruptly freed via magnetic reconnection to pro-

duce eruptive events. If this is the case, then the resul-

tant FFD power law should scale well across solar and

stellar studies. Table 3 shows that this is not the case,

but it also makes clear that the methods for all of these

studies are not uniform. Moreover, there are other nu-

ances that may need to be accounted for such as the

strong dependence of flare frequency on the stellar pe-
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Table 2. Comparison of GOES/XRS- and MinXSS-derived flare energies

Flare Peak Time (Class)
GOES/XRS-derived

Flare Energy [erg]

MinXSS-1-derived

Flare Energy [erg]

%

Difference

2016-07-24 06:20 (M2) 7.47× 1028 6.31× 1028 -18%

2016-11-29 07:10 (C7) 6.04× 1027 7.81× 1027 +29%

2017-02-22 13:27 (C4) 1.88× 1028 1.64× 1028 -15%

riod of rotation (Notsu et al. 2013; Maehara et al. 2015;

Davenport 2016).

Table 3 also shows how tantalizingly close to α = 2

many studies are, some even including the value within

their uncertainty. This itself suggests that both pro-

cesses – nanoflare heating and wave heating – are likely

important. Beyond the nuances in the data analysis

method, the dominance of one process or the other is

likely dependent on a variety of factors that are them-

selves dynamic with time and varying conditions.

5. DISCUSSION

The literature on flare frequency distributions is ex-

tensive. The key novelty in the present study is that

we had an unprecedented number of data analysts to

perform a large number of case studies that we aggre-

gated into a statistical study. In prior studies, it was not

feasible to perform pre-flare baseline subtraction and/or

energy computation (which requires determining a flare

start and stop time) because it is either labor intensive

or requires automated algorithms that tend to reject a

large fraction of flares. We found a pre-flare subtracted,

flare energy frequency distribution with a slope of 1.63

± 0.03, which suggests Alfvén waves play an important

role in heating the solar corona. This result disagrees

with much of the prior stellar literature despite the rea-

sonable widespread assertion that the underlying phys-

ical processes should be the same for the Sun as other

stars. We argue that this discrepancy is likely due to

differences in methodology and observational availabil-

ity.

We note that, just as in the solar literature, it is diffi-

cult to find stellar studies that have performed an energy

computation or a baseline subtraction. Solar physicists

enjoy a long, nearly unbroken record of observations –

especially in SXR irradiance via GOES/XRS and now

also in extreme ultraviolet (EUV) with GOES/EUVS –

but astrophysical studies to date have been primarily

limited to time allocation on major facilities, such as

Chandra/HETGS, which makes the acquisition of com-

plete light curves for flares and pre-flare baselines dif-

ficult. An astrophysics mission dedicated to obtaining

long baseline observations of stars in the SXR and/or

EUV would be highly beneficial to future studies seek-

ing to determine stellar coronal heating mechanisms that

could be compared against solar results like those pre-

sented here.
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Table 3. Flare frequency distribution comparison

Reference Target
Wavelength

regime

Baseline

subtraction?

Energy

computation?
Parameter α

This study Sun SXR Yes Yes Energy 1.63 ± 0.03

Crosby et al. (1993) Sun HXR No Yes Energy (electrons) 1.53 ± 0.02

Shimizu (1995) Sun SXR No Yes Energy 1.5-1.6

Veronig et al. (2002) Sun SXR No No Peak irradiance 2.11 ± 0.13

Aschwanden & Freeland (2012) Sun SXR Yes No Peak irradiance 1.98 ± 0.11

Caramazza et al. (2007)
Young stars in

Orion Nebula Cluster
SXR No No Peak irradiance 2.2 ± 0.2

Colombo et al. (2007)
Cygnus OB2, ONC

Nebulae
SXR No No Peak irradiance 2.1 ± 0.1

Maehara et al. (2012) Sun-like stars Visible No Yes Energy 2.0-2.3

aThis table is far from comprehensive. For example, Hudson (1991) cites a number of other studies with α ≈ 1.8 and Crosby et al. (1993)
includes a similar table to this one with α ranging 1.13-2.0.
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Price-Whelan, A. M., Sipőcz, B. M., Günther, H. M., et al.

2018, The Astronomical Journal, 156, 123,

doi: 10.3847/1538-3881/aabc4f

R Core Team. 2021, R: A Language and Environment for

Statistical Computing. https://www.r-project.org/

Rodgers, E. M., Bailey, S. M., Warren, H. P., Woods, T. N.,

& Eparvier, F. G. 2006, Journal of Geophysical Research,

111, A10S13, doi: 10.1029/2005JA011505

Ryan, D. F., Dominique, M., Seaton, D., Stegen, K., &

White, A. 2016, A&A, 592,

doi: 10.1051/0004-6361/201628130

Shibayama, T., Maehara, H., Notsu, S., et al. 2013, The

Astrophysical Journal Supplement Series, 209, 5,

doi: 10.1088/0067-0049/209/1/5

Shimizu, T. 1995, Publications of the Astronomical Society

of Japan, 47, 251. https://ui.adsabs.harvard.edu/abs/

1995PASJ...47..251S/abstract

SWx TREC. 2019, SWx TREC Space Weather Data

Portal, doi: 10.25980/NMFX-XX89

Veronig, A., Temmer, M., Hanslmeier, A., Otruba, W., &

Messerotti, M. 2002, Astronomy & Astrophysics, 382,

1070, doi: 10.1051/0004-6361:20011694

Waskom, M. L. 2021, Journal of Open Source Software, 6,

3021, doi: 10.21105/JOSS.03021

Werth, A., Mason, J. P., West, C. G., et al. 2023,

C-PhLARE/code-for-paper: Initial release in prep for

paper submission, doi: 10.5281/ZENODO.7612484

Werth, A., Oliver, K., West, C. G., & Lewandowski, H. J.

2022a, Physical Review Physics Education Research, 18,

020128, doi: 10.1103/PhysRevPhysEducRes.18.020128

Werth, A., Oliver, K. A., West, C. G., & Lewandowski,

H. J. 2022b, in Physics Education Research Conference

2022, 481–487

Werth, A., West, C. G., & Lewandowski, H. J. 2022c,

Physical Review Physics Education Research, 18, 010129,

doi: 10.1103/PHYSREVPHYSEDUCRES.18.010129/

FIGURES/8/MEDIUM

Woods, T. N., Eparvier, F. G., Fontenla, J., et al. 2004,

Geophysical Research Letters, 31, L10802,

doi: 10.1029/2004GL019571

Woods, T. N., Caspi, A., Chamberlin, P. C., et al. 2016,

arXiv preprint, 835, 1, doi: 10.3847/1538-4357/835/2/122

Youngblood, A., & Newton, E. R. 2022, allisony/lyapy,

doi: 10.5281/ZENODO.6949067

http://doi.org/10.1186/s40623-015-0217-z
http://doi.org/10.1038/nature11063
http://doi.org/10.3847/1538-4365/ab380e
http://doi.org/10.2514/1.A33351
http://doi.org/10.1117/12.2231945
http://doi.org/10.1088/0004-637X/771/2/127
http://doi.org/10.1109/MCSE.2007.53
http://doi.org/10.3847/1538-3881/aabc4f
https://www.r-project.org/
http://doi.org/10.1029/2005JA011505
http://doi.org/10.1051/0004-6361/201628130
http://doi.org/10.1088/0067-0049/209/1/5
https://ui.adsabs.harvard.edu/abs/1995PASJ...47..251S/abstract
https://ui.adsabs.harvard.edu/abs/1995PASJ...47..251S/abstract
http://doi.org/10.25980/NMFX-XX89
http://doi.org/10.1051/0004-6361:20011694
http://doi.org/10.21105/JOSS.03021
http://doi.org/10.5281/ZENODO.7612484
http://doi.org/10.1103/PhysRevPhysEducRes.18.020128
http://doi.org/10.1103/PHYSREVPHYSEDUCRES.18.010129/FIGURES/8/MEDIUM
http://doi.org/10.1103/PHYSREVPHYSEDUCRES.18.010129/FIGURES/8/MEDIUM
http://doi.org/10.1029/2004GL019571
http://doi.org/10.3847/1538-4357/835/2/122
http://doi.org/10.5281/ZENODO.6949067


All Authors and Affiliations

James Paul Mason ,1, 2 Alexandra Werth ,3, 4 Colin G. West ,3 Allison A. Youngblood ,1, 5

Donald L. Woodraska ,1 Courtney L. Peck ,6, 7, 1 Arvind J. Aradhya ,3 Yijian Cai,3

David Chaparro ,3 James W. Erikson,3 Koushik Ganesan,3 T. R. Geerdts,3 Thi D Hoang,3

Thomas M. Horning,3 Yan Jin,3 Haixin Liu ,3 Noah Lordi,3 Zheng Luo ,3 Thanmay S. Menon ,3

Josephine C. Meyer ,3 Emma E Nelson ,3 Kristin A. Oliver ,3 Jorge L Ramirez Ortiz ,3

Andrew Osborne ,3 Alyx Patterson,3 Nick Pellatz,3 John Pitten,3 Nanako Shitara,3

Daniel Steckhahn,3 Aseem Visal,3 Hongda Wang,3 Chaoran Wang,3 Evan Wickenden,3 John Wilson ,3

Mengyu Wu ,3 Nikolay Yegovtsev,3 Ingrid H Zimmermann ,3 James Holland Aaron,3

Jumana T. Abdullah,3 Jonathan M. Abrams,3 Riley Abrashoff,3 Andres B. Acevedo ,3 Iker Acha ,3

Daniela M. Meza Acosta,3 Megan M. Adam,3 Dante Q. Adams,3 Kalvyn N Adams,3 Elena R Adams ,3

Zainab A. Akbar,3 Ushmi H. Akruwala ,3 Adel Al-Ghazwi ,3 Batool H. Alabbas,3

Areej A. Alawadhi,3 Yazeed A. Alharbi,3 Mohammed S. Alahmed ,3 Mohammed A. Albakr,3

Yusef J. Albalushi ,3 Jonathan Albaum,3 Ahmed Aldhamen,3 Nolan Ales,3 Mohammad Alesmail,3

Abdulelah Alhabeeb ,3 Dania Alhamli ,3 Isehaq Alhuseini ,3 Suhail Alkaabi,3 Tameem Alkhezzi ,3

Mohamed Alkubaisi,3 Nasser Allanqawi,3 Martin Allsbrook,3 Yousef A. Almohsen,3

Justin Thomas Almquist,3 Teeb Alnaji,3 Yousef A Alnasrallah,3 Nicholas Alonzi,3 Meshal Alosaimi ,3

Emeen Alqabani,3 Mohammad Alrubaie,3 Reema A. Alsinan,3 Ava L. Altenbern,3 Abdullah Altokhais,3

Saleh A. Alyami,3 Federico Ameijenda,3 Hamzi Amer,3 Meggan Amos ,3 Hunter J. Anderson,3

Carter Andrew,3 Jesse C Andringa,3 Abigail Angwin,3 Gabreece Van Anne,3 Andrew Aramians ,3

Camila Villamil Arango,3 Jack. W. Archibald,3 Brian A. Arias-Robles,3 Maryam Aryan,3 Kevin Ash,3

Justin Astalos ,3 N. S. Atchley-Rivers,3 Dakota N. Augenstein,3 Bryce W. Austin,3 Abhinav Avula ,3

Matthew C. Aycock,3 Abdulrahman A. Baflah ,3 Sahana Balaji,3 Brian Balajonda,3 Leo M Balcer,3

James O. Baldwin ,3 David J Banda,3 Titus Bard,3 Abby Barmore,3 Grant M. Barnes ,3

Logan D. W. Barnhart,3 Kevin M. Barone ,3 Jessica L. Bartman,3 Claire Bassel,3

Catalina S Bastias ,3 Batchimeg Bat-Ulzii,3 Jasleen Batra,3 Lexi Battist,3 Joshua Bay,3

Simone Beach ,3 Sara Beard,3 Quinn I Beato ,3 Ryan Beattie,3 Thomas Beatty,3

Tristan De La Beaujardiere ,3 Jacob N. Beauprez ,3 M. G. Beck,3 Lily Beck,3 Simone E. Becker,3

Braden Behr,3 Timothy A. Behrer,3 Joshua Beijer,3 Brennan J. Belei,3 Annelene L. Belknap,3

Aislyn Bell ,3 Caden Bence,3 Evan Benke ,3 Naomi Berhanu ,3 Zachary D. Berriman-Rozen,3

Chrisanna Bertuccio ,3 Owen A. Berv,3 Blaine B. Biediger,3 Samuel J Biehle ,3 Brennen Billig,3

Jacob Billingsley,3 Jayce A. Billman,3 Connor J. Biron,3 Gabrielle E. Bisacca,3 Cassidy A. Blake,3

Guillermo Blandon ,3 Olivia Blevins ,3 Ethan Blouin,3 Michal Bodzianowski ,3 Taylor A. Boeyink,3

Matthew Bondar ,3 Lauren Bone,3 Alberto Espinosa De Los Monteros Bonilla ,3 William T Borelli,3

Luke R. Borgerding,3 Troy Bowen,3 Christine Boyer,3 Aidan Boyer,3 Aidan P. Boyle ,3 Tom Boyne,3

Donovan Branch,3 Ariana E. Brecl,3 David J. Brennan,3 Alexander J Brimhall,3

Jennifer L. Brockman,3 Sarah Brookins,3 Gabriel T. Brown,3 Cameron L. Brown,3 Ryan Brown,3

Jordi Brownlow,3 Grant Brumage-Heller,3 Preston J. Brumley ,3 Samuel Bryan ,3 A. Brzostowicz,3

Maryam Buhamad,3 Gigi Bullard-Connor,3 J. R. Ramirez Bunsow ,3 Annemarie C. Burns,3

John J. Burritt,3 Nicholas David Burton,3 Taylor Burton,3 Celeste Busch,3 Dylan R. Butler,3

B. W. Buxton,3 Malena C.Toups,3 Carter C. Cabbage,3 Breonna Cage,3 Jackson R. Cahn,3

Andrew J Campbell ,3 Braden P. Canales,3 Alejandro R. Cancio,3 Luke Carey,3 Emma L. Carillion,3

Michael Andrew Carpender,3 Emily Carpenter,3 Shivank Chadda ,3 Paige Chambers,3

Jasey Chanders,3 Olivia M. Chandler,3 Ethan C. Chang,3 Mitchell G. Chapman,3 Logan T. Chapman,3

S. Chavali ,3 Luis Chavez,3 Kevin Chen ,3 Lily Chen,3 Sam Chen,3 Judy Chen ,3 Jenisha Chhetri,3

Bradyn Chiles,3 Kayla M. Chizmar,3 Katherine E Christiansen,3 Nicholas A. Cisne ,3 Alexis Cisneros,3

David B. Clark,3 Evelyn Clarke ,3 Peter C Clarkson,3 Alexis R. Clausi,3 Brooke Cochran,3

Ryan W. Coe,3 Aislinn Coleman-Plante,3 Jake R. Colleran,3 Zachary Colleran,3 Curran Collier,3

Nathaniel A. Collins,3 Sarah Collins,3 Jack C. Collins ,3 Michael Colozzi ,3 Aurora Colter ,3

Rebecca A. Cone ,3 Thomas C. Conroy,3 Reese Conti ,3 Charles J. Contizano,3 Destiny J. Cool,3

Nicholas M. Cooper,3 Jessica S Corbitt,3 Jonas Courtney,3 Olivia Courtney ,3 Corben L. Cox,3

Wilmsen B. Craig,3 Joshua B. Creany ,3 Anastasia Crews,3 K. A. Crocker,3 A. J. Croteau ,3

Christian J. Crow,3 Zoe Cruse ,3 Avril Cruz,3 Tyler L. Curnow,3 Hayden Current,3 Riley T. Curry,3

Libby Cutler,3 Aidan St. Cyr,3 Frederick M. Dabberdt,3 Johnston Daboub,3 Olivia Damgaard ,3

Swagatam Das,3 Emma A. B. Davis ,3 Elyse Debarros ,3 Sean Deel,3 Megan E. Delasantos,3

http://orcid.org/0000-0002-3783-5509
http://orcid.org/0000-0003-0310-2654
http://orcid.org/0000-0003-4181-0889
http://orcid.org/0000-0002-1176-3391
http://orcid.org/0000-0001-9351-733X
http://orcid.org/0000-0002-7586-4220
http://orcid.org/0000-0002-8995-2408
http://orcid.org/0000-0002-2628-7439
http://orcid.org/0000-0001-6290-6084
http://orcid.org/0000-0003-4465-4009
http://orcid.org/0000-0003-2372-627X
http://orcid.org/0000-0002-3595-1880
http://orcid.org/0000-0003-4336-3242
http://orcid.org/0000-0003-1452-6719
http://orcid.org/0000-0001-5056-5681
http://orcid.org/0000-0003-4386-5947
http://orcid.org/0000-0001-6334-2460
http://orcid.org/0000-0001-5510-1042
http://orcid.org/0000-0003-4396-9850
http://orcid.org/0000-0002-9511-8794
http://orcid.org/0000-0001-7033-4477
http://orcid.org/0000-0002-8013-1259
http://orcid.org/ 0000-0001-5217-5679
http://orcid.org/0000-0002-5302-2073
http://orcid.org/0000-0003-1389-2207
http://orcid.org/0000-0003-4688-449X
http://orcid.org/0000-0003-2184-1514
http://orcid.org/0000-0001-5373-6204
http://orcid.org/0000-0001-8257-9746
http://orcid.org/0000-0002-2071-2609
http://orcid.org/0000-0002-9955-7970
http://orcid.org/0000-0003-3167-545X
http://orcid.org/0000-0003-2785-8202
http://orcid.org/0000-0002-9217-6972
http://orcid.org/0000-0001-7524-4331
http://orcid.org/0000-0002-1360-8432
http://orcid.org/0000-0002-3498-9086
http://orcid.org/0000-0001-8678-1212
http://orcid.org/0000-0001-9885-7085
http://orcid.org/0000-0003-4089-1736
http://orcid.org/0000-0003-2971-128X
http://orcid.org/0000-0002-6745-1565
http://orcid.org/0000-0001-9614-5156
http://orcid.org/0000-0002-9657-5583
http://orcid.org/0000-0003-1946-4852
http://orcid.org/0000-0002-6822-5324
http://orcid.org/0000-0002-5370-9684
http://orcid.org/0000-0002-1357-237X
http://orcid.org/0000-0001-9316-2495
http://orcid.org/0000-0001-8692-8544
http://orcid.org/0000-0002-8095-9080
http://orcid.org/0009-0003-9909-9206
http://orcid.org/0000-0002-7089-464X
http://orcid.org/0000-0002-9218-3646
http://orcid.org/0000-0002-3088-6979
http://orcid.org/0000-0003-2864-2833
http://orcid.org/0000-0001-9973-4837
http://orcid.org/0000-0002-8425-2189
http://orcid.org/0000-0002-9713-574X
http://orcid.org/0000-0002-0811-6644
http://orcid.org/0000-0001-9615-7181
http://orcid.org/0000-0002-8835-7279
http://orcid.org/0000-0001-5423-2980
http://orcid.org/0000-0003-3717-041X
http://orcid.org/0000-0001-9609-2808
http://orcid.org/0000-0001-5878-1557
http://orcid.org/0000-0003-3427-9356
http://orcid.org/0000-0001-7481-8460
http://orcid.org/0000-0002-5428-5983
http://orcid.org/0000-0002-3806-1808
http://orcid.org/0000-0003-4167-3669
http://orcid.org/0000-0002-4309-9894
http://orcid.org/0000-0002-9116-7986
http://orcid.org/0000-0002-2371-3375
http://orcid.org/0000-0001-9994-9141
http://orcid.org/0000-0002-2796-4331
http://orcid.org/0000-0002-1839-6440


12 Mason et al.

Tianyue Deng,3 Zachary Derwin,3 Om Desai,3 Kai Dewey ,3 John S. Dias,3 Kenzie A. Dice,3 R. Dick,3

Cyrus A. Dicken,3 Henry Dietrick,3 Alexis M. Dinser,3 Alyssa M. Dixon ,3 Thomas J. Dixon ,3

Helen C. Do,3 Chris H Doan,3 Connor Doane,3 Joshua Dodrill ,3 Timothy Doermer,3

Lizbeth Montoya Dominguez,3 J. Dominguez,3 Emerson N. Domke,3 Caroline R. Doran,3

Jackson A. Dorr,3 Philip Dorricott ,3 Danielle C. Dresdner ,3 Michael Driscoll,3

Kailer H. Driscoll,3 Sheridan J. Duncan,3 Christian Dunlap,3 Gabrielle M. Dunn,3 Tien Q. Duong,3

Tomi Oshima Dupeyron ,3 Peter Dvorak,3 Andrew East,3 Andrew N. East,3 Bree Edwards,3

Lauren Ehrlich ,3 Sara I. Elbashir,3 Rasce Engelhardt,3 Jacob Engelstad ,3 Colin England,3

Andrew Enrich,3 Abbey Erickson,3 Benjamin Erickson,3 Nathan Evans,3 Calvin A Ewing ,3

Elizabeth A. Eyeson,3 Ian Faber,3 Avery M. Fails,3 John T Fauntleroy ,3 Kevin Fell,3 Zitian Feng,3

Logan D. Fenwick,3 Nikita Feoktistov,3 Ryann Fife,3 John Alfred D. Figueirinhas,3 Jean-Paul Fisch ,3

Emmalee Fischer,3 Jules Fischer-White,3 Aidan F. Fitton,3 Alexander Fix ,3 Lydia Flackett,3

Fernando Flores,3 Aidan Floyd,3 Leonardo Del Foco,3 Adeduni Folarin ,3 Aidan E. Forbes,3

Elise Fortino,3 Benjamin L. Fougere,3 Alexandra A. Fowler ,3 Margaret Fox ,3 James M. French,3

Katherine V. French ,3 Florian G. Frick ,3 Calvin R. Fuchs,3 Bethany E. S. Fuhrman ,3

Sebastian Furney ,3 Moutamen Gabir,3 Gabriela Galarraga,3 Skylar Gale ,3 Keala C. Gapin,3

A. J. Garscadden,3 Rachel Gasser,3 Lily Gayou,3 Emily E. Gearhart,3 Jane Geisman,3

Julianne R. Geneser,3 Sl Genne ,3 Julia G Gentile,3 Eleanor Gentry,3 Jacob D. George ,3

Nathaniel James Georgiades,3 Phillip Gerhardstein,3 Clint Gersabeck,3 Bandar Abu Ghaith,3

Dorsa Ghiassi,3 B. C. Giebner,3 Dalton Gilmartin,3 Connor B. Gilpatrick,3 Michael Gjini,3

Olivia Golden,3 Nathan T. Golding,3 C. A. Goldsberry,3 Angel R. Gomez,3 Angel A. Gomez,3

Sean Gopalakrishnan,3 Mariam Gopalani,3 Nicholas Gotlib,3 Alaina S. Graham,3 Michael J Gray,3

Alannah H. Gregory,3 Joshua A. Gregory ,3 Kristyn Grell,3 Justus Griego,3 Nicholas F. Griffin ,3

Kyle J. Griffin ,3 Matt Guerrero ,3 Nicole Gunderson ,3 Mutian Guo,3 E. R. Gustavsson,3

Grace K. Hach,3 L. N. Haile,3 Jessica Haines ,3 Jack J. Mc Hale,3 Ryder Buchanan Hales,3

Mark S. Haley,3 Jacqueline L. Hall,3 Sean R. Hamilton ,3 Soonhee Han,3 Tyler Hand,3

Luke C. Hanley ,3 Connor M Hansen,3 Joshua A. Hansen,3 Jonathan Hansson,3 Tony Yunfei Hao ,3

Nicholas Haratsaris,3 Isabelle Hardie,3 Dillon F. Hardwick,3 Cameron T. Hares ,3

Logan Swous Harris,3 Coyle M. Harris,3 Omer Hart,3 Kyle Hashiro,3 Elsie Hattendorf,3

Calder Haubrich,3 Elijah Hawat ,3 Griffin A. Hayrynen,3 Danielle A. Heintz,3 Tim Hellweg,3

Angel Hernandez ,3 Emanuel Herrera,3 Robert N. Herrington ,3 Tim Herwig ,3 Troy M. Hesse,3

Quinn Hiatt,3 Lea Pearl Hibbard,3 Imari R. Hicks,3 Andrew J. Hicks,3 Nigel Highhouse ,3

Annalise K. Hildebrand,3 Paula Hill,3 Hallie Hill,3 Evan Hintsa,3 Anna E. Hirschmann,3 Travis Hitt,3

Ella Ho ,3 Isabelle J. Hoff,3 Alex Hoffman ,3 Blake A. Hogen ,3 Linda Horne,3

Timothy J Houck,3 Noah H. Howell,3 E. M. Hrudka,3 J. Hu,3 Jianyang Huang,3 Chenqi Huang,3

Shancheng Huang ,3 Zachary A. Hudson ,3 Nathan C. Hudson,3 Tyler J. Huebsch,3 Owen Hull,3

Samuel C Hunter,3 Troy Husted ,3 Abigail P. Hutabarat,3 Leslie Huynh,3 Antonio E. Samour Ii ,3

Yolande Idoine,3 Julia A. Ingram,3 Taro Iovan,3 Samuel A. Isert,3 Antonio Salcido-Alcontar Jr,3

Thomas Jacobsen,3 Alan A Jaimes,3 Connor Jameson,3 J. R. Jarriel,3 Sam Jarvis,3 Josh Jenkins,3

Alexander V. Jensen,3 Jacob Jeong ,3 Luke A. Jeseritz,3 Trevor Jesse,3 Soo Yeun Ji,3 Yufan Jiang,3

Owen Johnson ,3 Matthew Johnson,3 Sawyer Johnson,3 Julia Johnston,3 Braedon Y. Johnston,3

Olivia M. Jones,3 M. R. Jones,3 Tara Jourabchi,3 Tony A. House Jr.,3 Parker Juels,3

Sabrina J. H. T. Kainz,3 Emily Kaiser,3 Nicolas Ian Kallemeyn,3 Madison H. Kalmus,3 Etash Kalra ,3

Margaret Kamenetskiy,3 Jeerakit Kanokthippayakun ,3 Shaun D. Kapla,3 Brennan J. Karsh,3

Caden J. Keating,3 Morgan A. Kelley,3 Michael P. Kelley ,3 Nicholas Kelly,3 James Kelly,3

Teagan Kelly ,3 Christopher M Kelly,3 Kellen Kennedy,3 Cayla J. Kennedy,3 Forrest Kennedy,3

Abigail Kennedy,3 Liana Kerr-Layton ,3 Marilyn Ketterer ,3 Ibraheem A. Khan,3 Usman Khan,3

Sapriya Khanal,3 Jack L. Kiechlin,3 Dominic Killian,3 Kevin Kim,3 Brian T. Kim,3 Matthew M. Kim,3

Jake Kim,3 Aspen Kimlicko,3 Isabel M Kipp,3 Hunter B. Kirkpatrick,3 Natalie Kissner,3 Emily R. Kite,3

Olivia R. Kleinhaus ,3 Philip Whiting Knott ,3 Will Koch,3 Greta Koenig,3 Emily Koke,3

Thomas Kokes,3 Yash S. Kothamdi ,3 Zack Krajnak ,3 Zoe M. Kresek ,3 Dylan Kriegman ,3

Jake E. Kritzberg ,3 Davis J. Krueger,3 Bartlomiej Kubiak,3 Kirsten Kuehl,3 Chrisanne Kuester ,3

Nicolas A. Kuiper,3 Aman Priyadarshi Kumar ,3 Connor Kuybus,3 Daniel Kwiatkowski,3

Quintin Y. Lafemina,3 Kevin Lacjak,3 Kyle Lahmers ,3 Antonia Lam,3 Kalin Landrey,3

Maxwell B. Lantz ,3 Zachary Larter,3 Benjamin P. Lau ,3 Megan Lauzon,3 Rian Lawlor,3

Tyler Learned,3 E. C. Lee,3 Junwon Lee,3 Adrianna J. Lee,3 Justin Lee,3 Alexis Ying-Shan Lee,3

Christian J Lee,3 Nathaniel F. Lee,3 Linzhi Leiker,3 Dylan Lengerich,3 Cecilia Leoni,3

http://orcid.org/0009-0001-6810-6376
http://orcid.org/0000-0002-2186-0291
http://orcid.org/0000-0002-7110-702X
http://orcid.org/0000-0001-5984-6500
http://orcid.org/0000-0002-0133-5959
http://orcid.org/0000-0002-4778-0409
http://orcid.org/0000-0001-5192-2468
http://orcid.org/0000-0003-3861-2419
http://orcid.org/0000-0002-0722-3368
http://orcid.org/0000-0003-4090-2896
http://orcid.org/0000-0003-2573-8610
http://orcid.org/0000-0001-6912-0906
http://orcid.org/0000-0003-4444-0115
http://orcid.org/0000-0002-7942-6703
http://orcid.org/0000-0002-3130-3579
http://orcid.org/0000-0002-9479-9292
http://orcid.org/0000-0002-2415-1263
http://orcid.org/0009-0005-3173-7683
http://orcid.org/0000-0002-9539-7287
http://orcid.org/0000-0001-6265-2408
http://orcid.org/0000-0003-4503-6237
http://orcid.org/0000-0002-0269-294X
http://orcid.org/0000-0003-0929-7421
http://orcid.org/0000-0002-4368-1171
http://orcid.org/0000-0002-6622-2410 
http://orcid.org/0000-0002-6073-9451
http://orcid.org/0000-0003-3879-0151
http://orcid.org/0000-0003-1572-0273
http://orcid.org/0000-0002-6051-958X
http://orcid.org/0000-0002-3515-411X
http://orcid.org/0000-0003-2174-5098
http://orcid.org/0000-0003-1706-7685
http://orcid.org/0000-0003-4735-2292
http://orcid.org/0000-0001-5524-9741
http://orcid.org/0000-0003-2548-6150
http://orcid.org/0000-0002-0855-7757
http://orcid.org/0000-0001-7993-5084
http://orcid.org/0000-0002-7615-0887
http://orcid.org/0000-0002-9918-0923
http://orcid.org/0000-0002-5454-093X
http://orcid.org/0000-0002-5274-4461
http://orcid.org/0000-0002-6725-7164
http://orcid.org/0000-0002-8405-0800
http://orcid.org/0000-0001-9324-188X
http://orcid.org/0000-0001-8668-4527
http://orcid.org/0000-0002-9864-8408
http://orcid.org/0000-0003-1407-1435
http://orcid.org/0000-0003-1715-5626
http://orcid.org/0000-0002-7326-3907
http://orcid.org/0000-0002-5571-1075
http://orcid.org/0000-0003-0767-1264
http://orcid.org/0000-0003-2736-4042
http://orcid.org/0000-0002-8671-3751
http://orcid.org/0000-0002-0388-8936
http://orcid.org/0000-0001-5725-3648
http://orcid.org/0000-0002-5101-626X
http://orcid.org/0000-0002-9729-8952
http://orcid.org/0000-0002-4501-409X
http://orcid.org/0000-0001-6307-278X
http://orcid.org/0000-0002-3962-0237
http://orcid.org/0000-0002-1976-3935
http://orcid.org/0000-0001-6673-6000
http://orcid.org/0000-0001-5054-0054
http://orcid.org/0000-0002-0326-7320
http://orcid.org/0009-0004-1717-344X


Solar Flare Frequency Distribution 13

Adrienne R. Lezak,3 David Y. Li ,3 Isaac Li,3 Ryan Z. Liao,3 Bridget Linders,3 Morgan I Linger,3

Katherine B. Linnane ,3 Sam Lippincott ,3 Barrett Lister,3 Shelby D Litton,3 Nianzi Liu,3

Steven Y. Liu ,3 Timothy W. Logan ,3 Nathan Londres,3 Mia C. Lonergan ,3 Emily Lookhoff,3

N. E. Loomis,3 Christian Lopez,3 Justin Loring ,3 Jeffrey Lucca,3 Dax Lukianow,3

Nathan M.Cheang,3 William Macdonald,3 Claire A. Madonna,3 Kasey O. Madsen,3

Tiffany E. Maksimuk,3 Macguire Mallory,3 Ryan A. Malone,3 Blake Maly ,3 Xander R. Manzanares,3

Aimee S. Maravi,3 Serafima M. Marcus,3 Nasreen Marikar,3 Josie A. Marquez,3 Mathew J. Marquez,3

Lauren Marsh,3 Toni Marsh,3 Logan S. Martin,3 Alexa M. Martinez,3 Jose R. Martinez,3

Hazelia K. Martinez,3 Cara Martyr ,3 Mirna Masri,3 Giorgio Matessi ,3

Adam Izz Khan Mohd Reduan Mathavan,3 Randi M. Mathieson,3 Kabir P. Mathur,3 Graham Mauer ,3

Victoria A. Mayer,3 Liam Mazzotta,3 Glen S. Mccammon,3 Rowan Mcconvey,3 Tyler Mccormick ,3

Andrew Mccoy ,3 Kelleen Mcentee,3 Meaghan V. Mcgarvey,3 Riley M. Mcgill,3

James K. Mcintyre ,3 Finbar K. Mckemey,3 Zane Mcmorris,3 Jesse J. Mcmullan,3 Ella Mcquaid,3

Caden Mcvey,3 Kyle Mccurry,3 Mateo M. Medellin,3 Melissa Medialdea,3 Amar Mehidic,3

Stella Meillon ,3 Jonah B. Meiselman-Ashen,3 Sarah Mellett,3 Dominic Menassa,3 Citlali Mendez,3

Patricia Mendoza-Anselmi,3 Riley Menke,3 Sarah Mesgina,3 William J. Mewhirter,3 Ethan Meyer ,3

Aya M. Miften ,3 Ethan J. Miles,3 Andrew Miller,3 Joshua B. Miller,3 Emily B. Millican,3

Sarah J. Millican,3 Dylan P. Mills,3 Josh Minimo,3 Jay H. Misener ,3 Alexander J. Mitchell,3

Alexander Z. Mizzi,3 Luis Molina-Saenz,3 Tyler S Moll ,3 Hayden Moll,3 Maximus Montano ,3

Michael Montoya,3 Eli Monyek,3 Jacqueline Rodriguez Mora,3 Gavin Morales,3 Genaro Morales,3

Annalise M. Morelock,3 Cora Morency,3 Angel J. Moreno,3 Remy Morgan,3 Alexander P. Moss,3

Brandon A. Muckenthaler,3 Alexander Mueller,3 Owen T. Mulcahy,3 Aria T. Mundy ,3

Alexis A. Muniz,3 Maxwell J. Murphy ,3 Madalyn C. Murphy,3 Ryan C. Murphy ,3 Tyler Murrel,3

Andrew J. Musgrave,3 Michael S. Myer,3 Kshmya Nandu,3 Elena R. Napoletano,3 Abdulaziz Naqi,3

Anoothi Narayan ,3 Liebe Nasser,3 Brenna K Neeland ,3 Molly Nehring,3 Maya Li Nelson ,3

Lena P. Nguyen,3 Lena Nguyen,3 Leonardo Nguyen ,3 Valerie A. Nguyen ,3 Khoa D Nguyen,3

Kelso Norden,3 Cooper Norris,3 Dario Nunes-Valdes ,3 Rosemary O. Nussbaum,3 Cian O’Sullivan,3

Ian O’Neill,3 S. H. Oakes,3 Anand Odbayar,3 Caleb Ogle,3 Sean Oishi-Holder,3 Nicholas Olguin,3

Nathaniel P. Olson,3 Jason Ong,3 Elena N. Opp,3 Dan Orbidan ,3 Ryan Oros,3 Althea E. Ort ,3

Matthew Osborn ,3 Austin Osogwin,3 Grant Otto,3 Jessica Oudakker ,3 Igor Overchuk,3

Hannah M. Padgette ,3 Jacqueline Padilla,3 Mallory Palizzi,3 Madeleine L. Palmgren,3 Adler Palos,3

Luke J. Pan,3 Nathan L. Parker,3 Sasha R. Parker,3 Evan J. Parkinson ,3 Anish Parulekar,3

Paige J. Pastor,3 Kajal Patel,3 Akhil Patel,3 Neil S. Patel,3 Samuel Patti,3 Catherine Patton,3

Genevieve K. Payne,3 Matthew P. Payne,3 Harrison M. Pearl ,3 Charles B. Beck Von Peccoz,3

Alexander J. Pedersen,3 Lily M. Pelster,3 Munisettha E. Peou ,3 J. S. Perez,3 Freddy Perez,3

Anneliese Pesce,3 Audrey J. Petersen,3 B. Peterson,3 Romeo S.L. Petric,3 Joshua Pettine,3

Ethan J. Phalen ,3 Alexander V. Pham,3 Denise M. Phan,3 Callie C Pherigo,3 Lance Phillips,3

Justin Phillips,3 Krista Phommatha,3 Alex Pietras ,3 Tawanchai P. Pine,3 Sedique Pitsuean-Meier ,3

Andrew M. Pixley ,3 Will Plantz,3 William C. Plummer,3 Kaitlyn E. Plutt,3 Audrey E. Plzak,3

Kyle Pohle,3 Hyden Polikoff,3 Matthew Pollard ,3 Madelyn Polly,3 Trevor J. Porter ,3

David Price,3 Nicholas K. Price,3 Gale H. Prinster ,3 Henry Austin Propper,3 Josh Quarderer,3

Megan S. Quinn,3 Oliver Quinonez ,3 Devon Quispe ,3 Cameron Ragsdale,3 Anna L. Rahn ,3

M. Rakhmonova,3 Anoush K Ralapanawe,3 Nidhi Ramachandra,3 Nathaniel Ramirez ,3

Ariana C. Ramirez ,3 Sacha Ramirez,3 Parker Randolph,3 Anurag Ranjan ,3 Frederick C Rankin,3

Sarah Grace Rapaport,3 Nicholas O Ratajczyk,3 Mia G. V. Ray,3 Brian D. Reagan,3

John C. Recchia ,3 Brooklyn J. Reddy,3 Joseph Reed ,3 Charlie Reed,3 Justin Reeves,3

Eileen N. Reh,3 Ferin J. Von Reich ,3 Andrea B. Reyna,3 Alexander Reynolds,3 Hope Reynolds ,3

Matthew Rippel,3 Guillermo A. Rivas,3 Anna Linnea Rives ,3 Amanda M. Robert,3

Samuel M. Robertson,3 Maeve Rodgers ,3 Stewart Rojec ,3 Andres C. Romero,3 Ryan Rosasco,3

Beth Rossman,3 Michael Rotter,3 Tyndall Rounsefell ,3 Charlotte Rouse ,3 Allie C. Routledge,3

Marc G. Roy ,3 Zoe A. Roy,3 Ryan Ruger,3 Kendall Ruggles-Delgado,3 Ian C. Rule,3

Madigan Rumley ,3 Brenton M. Runyon,3 Collin Ruprecht,3 Bowman Russell,3 Sloan Russell,3

Diana Ryder,3 David Saeb ,3 J. Salazar,3 Violeta Salazar,3 Maxwell Saldi,3 Jose A. Salgado ,3

Adam D. Salindeho,3 Ethan S. Sanchez,3 Gustavo Sanchez-Sanchez,3 Darian Sarfaraz,3

Sucheta Sarkar,3 Ginn A. Sato,3 Carl Savage,3 Marcus T. Schaller,3 Benjamin T. Scheck ,3

Jared A. W. Schlenker,3 Matthew J Schofer ,3 Stephanie H. Schubert ,3 Courtney Schultze,3

Grace K Schumacher ,3 Kasper Seglem,3 Lauren Serio,3 Octave Seux,3 Hannan Shahba,3

http://orcid.org/0000-0002-4450-8776
http://orcid.org/0000-0003-3960-6264
http://orcid.org/0000-0002-7596-1522
http://orcid.org/0000-0002-6199-0453
http://orcid.org/0000-0002-6416-7147
http://orcid.org/0000-0002-5760-7044
http://orcid.org/0000-0001-5415-3107
http://orcid.org/0000-0003-1999-3682
http://orcid.org/0000-0002-9600-0245
http://orcid.org/0000-0002-8076-3870
http://orcid.org/0000-0003-1323-3164
http://orcid.org/0000-0002-6979-641X
http://orcid.org/0000-0002-1257-5579
http://orcid.org/0000-0002-9876-5401
http://orcid.org/0009-0001-1469-7625
http://orcid.org/0000-0002-1980-029X
http://orcid.org/0000-0002-9679-3724
http://orcid.org/0000-0003-2225-1778
http://orcid.org/0000-0003-1380-6815
http://orcid.org/0000-0003-0586-4804
http://orcid.org/0000-0003-0565-8453
http://orcid.org/0000-0002-2682-2147
http://orcid.org/0000-0002-6672-3223
http://orcid.org/0000-0002-9364-5320
http://orcid.org/0000-0003-1206-3757
http://orcid.org/0000-0002-0411-1379
http://orcid.org/0000-0003-0347-2786
http://orcid.org/0000-0002-0476-4505
http://orcid.org/0000-0002-1206-8147
http://orcid.org/0000-0002-9194-6306
http://orcid.org/0000-0002-4626-7523
http://orcid.org/0000-0002-0202-4327
http://orcid.org/0000-0002-5799-4128
http://orcid.org/0000-0002-8270-1673
http://orcid.org/0000-0001-9829-8391
http://orcid.org/0000-0002-4317-9050
http://orcid.org/0000-0003-1444-9231
http://orcid.org/0000-0003-2227-1453
http://orcid.org/0000-0001-6691-9368
http://orcid.org/0000-0002-2186-3935
http://orcid.org/0000-0003-2312-5597
http://orcid.org/0000-0002-5167-7201
http://orcid.org/0000-0001-8699-6918
http://orcid.org/0000-0002-7018-8657
http://orcid.org/0000-0003-4871-5905
http://orcid.org/0000-0003-3221-4567
http://orcid.org/0000-0002-1360-9507
http://orcid.org/0000-0001-8539-8588
http://orcid.org/0000-0002-1392-5657
http://orcid.org/0000-0001-7097-2831
http://orcid.org/0000-0003-4349-9246
http://orcid.org/0000-0001-7058-680X
http://orcid.org/ 0000-0002-3411-2241 
http://orcid.org/0000-0002-2605-1215
http://orcid.org/0000-0002-8492-6008
http://orcid.org/0000-0001-8165-4249
http://orcid.org/0000-0002-0776-1174
http://orcid.org/0000-0002-2242-2357
http://orcid.org/0000-0001-8444-8352
http://orcid.org/0000-0002-4112-3360
http://orcid.org/0000-0002-8021-7562
http://orcid.org/0000-0003-3332-7491
http://orcid.org/0000-0001-9711-6066
http://orcid.org/0000-0002-1817-9390
http://orcid.org/0000-0001-5993-0550
http://orcid.org/0000-0001-6262-2452
http://orcid.org/0000-0002-1323-2236


14 Mason et al.

Callie D. Shannahan,3 Shajesh Sharma ,3 Nathan Shaver,3 Timothy Shaw,3 Arlee K. Shelby ,3

Emma Shelby ,3 Grace Shelchuk,3 Tucker Sheldrake,3 Daniel P. Sherry,3 Kyle Z. Shi ,3

Amanda M. Shields,3 Kyungeun Shin,3 Michael C. Shockley,3 Dominick Shoha ,3 Jadon Shortman,3

Mitchell Shuttleworth,3 Lisa Sibrell,3 Molly G. Sickler,3 Nathan Siles,3 H. K. Silvester ,3

Conor Simmons,3 Dylan M. Simone ,3 Anna Simone,3 Savi Singh,3 Maya A. Singh ,3

Madeline Sinkovic,3 Leo Sipowicz ,3 Chris Sjoroos,3 Ryan Slocum,3 Colin Slyne,3 Korben Smart,3

Alexandra N. Smith,3 Kelly Smith,3 Corey Smith,3 Elena K. Smith ,3 Samantha M. Smith,3

Percy Smith,3 Trevor J Smith,3 G. L. Snyder,3 Daniel A. Soby,3 Arman S. Sohail,3

William J. Solorio ,3 Lincoln Solt,3 Caitlin Soon,3 Ava A Spangler,3 Benjamin C. Spicer,3

Ashish Srivastava ,3 Emily Stamos ,3 Peter Starbuck,3 Ethan K. Stark,3 Travis Starling,3

Caitlyn Staudenmier,3 Sheen L. Steinbarth,3 Christopher H. Steinsberger,3 Tyler Stepaniak ,3

Ellie N. Steward,3 Trey Stewart,3 T. C. Stewart,3 Cooper N. Stratmeyer,3 Grant L. Stratton,3

Jordin L. Stribling,3 S. A Sulaiman ,3 Brandon J Sullivan,3 M. E. Sundell,3 Sohan N. Sur ,3

Rohan Suri,3 Jason R. Swartz,3 Joshua D. Sweeney,3 Konner Syed,3 Emi Szabo,3 Philip Szeremeta ,3

Michael-Tan D. Ta,3 Nolan C. Tanguma,3 Kyle Taulman ,3 Nicole Taylor,3 Eleanor Taylor,3

Liam C. Taylor ,3 K. E. Tayman,3 Yesica Tellez,3 Richard Terrile,3 Corey D Tesdahl,3

Quinn N. Thielmann,3 Gerig Thoman,3 Daniel Thomas,3 Jeffrey J. Thomas,3 William N. Thompson ,3

Noah R. Thornally ,3 Darien P. Tobin,3 Kelly Ton,3 Nathaniel J. Toon ,3 Kevin Tran ,3

Bryn Tran,3 Maedee Trank-Greene,3 Emily D. Trautwein,3 Robert B. Traxler,3 Judah Tressler,3

Tyson R. Trofino,3 Thomas Troisi,3 Benjamin L. Trunko,3 Joshua K. Truong ,3 Julia Tucker,3

Thomas D Umbricht,3 C. H. Uphoff,3 Zachary T. Upthegrove ,3 Shreenija Vadayar,3

Whitney Valencia,3 Mia M. Vallery,3 Eleanor Vanetten,3 John D. Vann ,3 Ilian Varela,3

Alexandr Vassilyev,3 Nicholas J. Vaver,3 Anjali A. Velamala,3 Evan Vendetti,3 Nancy Ortiz Venegas,3

Aditya V. Vepa ,3 Marcus T. Vess,3 Jenna S. Veta,3 Andrew Victory,3 Jessica Vinson,3

Connor Maklain Vogel,3 Michaela Wagoner,3 Steven P. Wallace,3 Logan Wallace,3 Caroline Waller,3

Jiawei Wang,3 Keenan Warble,3 N. R. D. Ward-Chene,3 James Adam Watson,3 Robert J. Weber,3

Aidan B. Wegner,3 Anthony A Weigand ,3 Amanda M. Weiner ,3 Ayana West,3

Ethan Benjamin Wexler ,3 Nicola H. Wheeler,3 Jamison R. White,3 Zachary White,3 Oliver S. White,3

Lloyd C. Whittall ,3 Isaac Wilcove,3 Blake C. Wilkinson,3 John S. Willard,3 Abigail K. Williams ,3

Sajan Williams,3 Orion K. Wilson,3 Evan M. Wilson ,3 Timothy R. Wilson,3 Connor B. Wilson,3

Briahn Witkoff,3 Aubrey M. Wolfe,3 Jackson R. Wolle,3 Travis M. Wood,3 Aiden L. Woodard,3

Katelynn Wootten,3 Catherine Xiao ,3 Jianing Yang,3 Zhanchao Yang,3 Trenton J. Young,3

Isabel Young,3 Thomas Zenner,3 Jiaqi Zhang ,3 Tianwei Zhao ,3 Tiannie Zhao,3 Noah Y. Zhao,3

Chongrui Zhou ,3 Josh J Ziebold,3 Lucas J. Ziegler,3 James C. Zygmunt3 And Jinhua Zhang3

(Physics 1140 Class and TAs)

H. J. Lewandowski ,3, 4

1 Laboratory for Atmospheric and Space Physics, University of Colorado at Boulder, 3665 Discovery Dr., Boulder, CO 80303-7814, USA
2 Applied Physics Laboratory, Johns Hopkins University, 11100 Johns Hopkins Rd., Laurel, MD 20723, USA

3 University of Colorado at Boulder, Boulder, CO 80309-0390, USA
4 JILA, National Institute of Standards and Technology and University of Colorado, Boulder, Colorado 80309, USA

5 NASA Goddard Space Flight Center, 8800 Greenbelt Rd., Greenbelt, MD 20771, USA
6 Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO 80309, USA

7 NOAA National Centers for Environmental Information, 325 Broadway, Boulder, CO 80305, USA

http://orcid.org/0000-0001-9829-8631
http://orcid.org/0000-0002-2203-7811
http://orcid.org/0000-0002-9104-2999
http://orcid.org/0000-0002-5719-5924
http://orcid.org/0000-0002-5966-9142
http://orcid.org/0000-0001-7411-0649
http://orcid.org/0000-0003-1054-1110
http://orcid.org/0000-0002-2025-5356
http://orcid.org/0000-0001-8800-9066
http://orcid.org/0000-0003-0531-8782
http://orcid.org/0000-0003-2046-1392
http://orcid.org/0000-0003-2654-9694
http://orcid.org/0000-0001-9867-2822
http://orcid.org/0000-0003-2761-9877
http://orcid.org/0000-0003-3195-6200
http://orcid.org/0000-0002-3286-5389
http://orcid.org/0000-0003-4123-3153
http://orcid.org/0000-0002-2440-6422
http://orcid.org/0000-0002-9173-8195
http://orcid.org/0000-0003-4603-4647
http://orcid.org/0000-0001-9647-9818
http://orcid.org/0000-0002-7951-0016
http://orcid.org/0000-0002-2579-8907
http://orcid.org/0000-0001-7381-3406
http://orcid.org/0000-0001-6904-1407
http://orcid.org/0000-0002-6283-8314
http://orcid.org/0000-0003-1564-213X
http://orcid.org/0000-0001-8446-3296
http://orcid.org/0000-0002-4607-8570
http://orcid.org/0000-0003-4746-5473
http://orcid.org/0000-0002-1632-3301
http://orcid.org/0000-0002-0034-639X
http://orcid.org/0000-0002-9600-3630
http://orcid.org/0000-0002-0435-7141
http://orcid.org/0000-0002-2331-9925
http://orcid.org/0000-0003-1331-6760
http://orcid.org/0000-0003-3612-3144
http://orcid.org/0000-0002-0995-552X

	1 Introduction
	2 Data
	3 Methods
	3.1 Flare Selection
	3.2 Pre-flare Baseline Subtraction
	3.3 Flare Duration Integration
	3.4 Conversion to Energy Units
	3.5 Cross Validation
	3.6 Data Review
	3.7 Flare Frequency and Determination of 
	3.8 MinXSS Analysis Method

	4 Results
	4.1 Cross Checking Flare Energy
	4.2 Comparison With Other Studies

	5 Discussion

