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The apparent longitude distribution of solar flares
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Abstract. The distribution of solar flares in solar disk longitude averaged over many solar rotations must be uniform. However,
heliographic longitude distributions constructed from observed flare locations are obviously not uniform. In the wavelength
ranges we consider (hard and soft X-rays amd,kvhere the emission is presumed to be nearly isotropic, we find a wavelength-
dependent bias such that fewer flares than expected occur near the limb. We can explain this bias in terms of the method of
locating the flare (from H) and the flare magnitude and duration. This work has implications that are relevant to measuring
directivity in emission processes and also the possibility of identifying limb flares by statistical means in catalogues rather than
by the time-consuming inspection of images.
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1. Introduction stereoscopic observations of flares in a 100 keV to 1000 keV
energy range. At lower hard X-ray energies, however, it is quite
Gssible that the bias away from the limb is masking some mild
rectivity. Such underestimation of directivity of HXR radia-
r- . . . .
ist f | rotati Bumba et al. 2000). O fon will lead to the underestimation of the range of pitch angles
sist for several rotations (e.g. Bumba et al. ). Ozguc sent in the electron beam (Petrosian 1985). At present, ob-

'g‘fltﬁ]se1§3I$SCSS§ggg)telgﬁg§L&g?ﬁi(si'tgé:z)éqe:;;Z;ernﬁaf::tﬁrvaﬁons of directivity are the only method of probing pitch
L . . . ) gle distributions and so can place important constraints on
exhibit evidence for active co-rotating longitudes in data spap: . ; -
ning a solar cycle. However averagging ﬂgleliographic(i o P Bamcle acceleration models (e.g. see Miller et al. 1997).
relative to the central meridian on the disc as viewed from the Flares occurring on or near the solar limb give us the
Earth) longitude distribution of flares over many solar rotatiorfééarest perspective on the structure of coronal flare emis-
will “wash out” this structure, if only because of our changin§ions- Specifically, relatively faint, high energy emission in the
viewpoint from the Earth in its orbit. The heliographic longi®0rona, e.g. the 13th January 1992 flare — the Masuda“ flare —
tude distribution is therefore expected to be uniform. reported by Masuda 1996, is widely believed to be the “smok-

Kosugi 1985 showed that the observed distribution for sid 9un” of solar flares, being close to or even marking the site
lar radio bursts is biased away from the limb: fewer bursts wePEPrimary energy release. Observations where the lower parts
found at longitudes near 9@ast or west than would be ex-Of the solar atmosphere are occulted by the limb are of partic-
pected for a uniform distribution. It was shown that this bidd@" interest (Kane 1979) in placing primary energy release in
was not caused by directivity of the radio emission but insteHtf corona. Such events show power laws that persist down to
arose from the method of usinggHmages to identify the lo- €N€rgies as Iow.as 5 keV telling us that low energy electrons
cation of the flare. The sample was biased because flares fEgrPresent, which, even at low coronal densities, could not
the limb are more likely to be missed imHmages because ofhave propagated far from their acceleration site. Despite their
foreshortening. importance, limb occulted flares can befdult to identify in

The distribution of solar flares emittingrays (Vestrand Catalogues because they often show little or no optical coun-
et al. 1986) is clearly concentrated near the limb. This is ei"Part- Although they can be identified from instruments that

plained by the heavily forward-beamed directivity of relativis:€adily detect low lying coronal emission (TRACE, Yohkoh
tic electrons (Petrosian 1985) that are moving towards the sdiigrd and S_Oft X-ray T?|eSCODES), interesting limb fIar(_as may
surface. More direct evidence of directivity has also been fouf§CaPe notice if such instruments are in spacecraft night, the

by Kane et al. (1988) and McTiernan & Petrosian (1990) usir%OUth Atlantic Anomaly or are pointed to glgrent region of
the solar disc. For Hard X-rays the indirect imaging involved

Send gprint requests toA. J. Conway, might mean that the source location is uncertain until a pre-
e-mail:a. j.conway@open.ac.uk liminary image reconstruction has been performed. Also, the

On timescales of a solar rotation there is certainly some str
ture in the longitude distribution of solar activity. In some cas
such features, active regions or active solar longitudes, can R

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20030216



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20030216

1152 A. J. Conway and S. A. Matthews: Solar flare longitude distribution

BATSE instrument on CGRO detected hard X-ray bursts that®®|
had no associated location because there was no optical coun- | i

terpart angbr there were no Yohkoh observations. For all these - ]
reasons, catalogues of flares often give only thegdsition SOOW N
of a flare. With observed flares numbering in the tens of thoy- | 1
sands per solar cycle we may be missing many small, but in- % ]
teresting (the Masuda flare was only M2.0) flares that occurred.oo - N
at the limb. Clearly, understanding and correcting for the HZ | ]
bias could lead to identification of more of these valuable limb T

flares, which was in fact the original motivation for the work |
presented in this paper. | |

.

=
I

In Sect. 2 we present the distributions of solar flare disk )
longitudes for K, GOES and Yohkoh Hard X-ray Telescope , = . i
(HXT) data sets. In Sect. 3 we analyse these distributions and o 20 40 60 80 100

quantify the &ect of the Hr bias and also examine how it rongiude

varies with size of the flare in terms of its emissions. We maka. 1. The histograms for the longitude distribution of solar flares as
our conclusions and note the implications for future work ipbserved in k4. The triangles are for Holloman and the squares are

Sect. 4. for Learmonth.
2.2. GOES
2. Longitude distributions of solar flares The histogram for the GOES data is shown in Fig. 2, for all

flares with a GOES class “B” and greater. We use the data
In this section we present histograms for the distribution of sgom Jan. 1 1991 to Dec. 31 2000, giving a total of 9745 flares.
lar flares listed in three cataloguesaKtwo stations), GOES Notice that there is a tenth bin for longitudes greater than or

and Yohkoh HXT. The histograms count the number of flarggual to 90 (remember that the longitude of the flare comes
above a minimum size in nine 1®ins of longitude, without from the Hx flare location).

distinguishing between east and west. The uncertainty on eachThe distribution appears uniform for longitudes less

bin is estimated as the square root of the count on the assugfn 60, as compared to 7Gor the Hr. Note that the GOES

tion of Poisson statistics. For all the data, the longitudes usggta-set is larger, resulting in smaller errors bars than was the
were taken from the catalogue in question, though in all casgsse for the K.

the longitudes are measured from Hare positions.

2.3. HXT

2.1. Ha The HXT longitude histogram (Fig. 3) contains all flares

We consider two stations that regularly reportr Hlares: that had a peak count rate of at least 10 co8/8€ in
Holloman (USA: 108W, 33°N) and Learmonth (Australia; _the instrument’s LO channel, the background typically be-
115E, 21°S). We chose these as theffey complementary N9 1 countySC. We use the data from Oct. 1 1991 to
coverage from opposite hemispheres. In addition both sife&P- 21 2001, giving a total of 477 flares. _
have been able to report nearly every day. We use the data fromGiven the small data-set, and so relatively larger uncertain-

Jan. 1 1994 to Dec. 31 2000, giving a total of 4573 flares f8fS in comparison to kW and GOES, it is more dicult to as-

Holloman and 3531 flares for Learmonth. sign a longitude to the end of the uniform part of the distribu-
Figure 1 plots the longitude histogram of all flares that atipn. However, it is somewhere above’6and so the HXT data

au P 9 9 .fs at least consistent with the GOES and thedistributions.

peared in the Kt catalogue for Holloman and Learmonth, in-

cluding flares of importance “S” (Subflare) and greater and of

brightness “F” (faint) and brighter. (ThedHimportance” mea- 3. Analysis

sures the spatial area of the flare varying from ”S” for compact

events to “4” for the largest flares. Therightness is a quali- 3-1- Comparing PDFs

tative classification with three categories: *F" faint, “N” norma|n, order to compare the three distributions and so compare the
and "B bright.) There is a tenth bin in the histogram correstrength of the bias in each, we plot the Probability Density
sponding to flares that were assigned longitudes of greater thgjhctions (PDFs) in Fig. 4. Each point on the PDF is obtained
or equal to 90 where Hr emission is seen across the limb.  py taking the corresponding count from the histogram and di-
The data from both stations are consistent with a uniformiding it by the bin size (1€) and the total number of events in
distribution for longitudes less than Z(Clearly Holloman re- the histogram.
ported more flares than Learmonth in total, though the numbers The PDFs agree with each other to within uncertainties, and
in the two bins at the limb become similar within uncertaintiesppear to be flat up to about 60~or longitudes greater than
This suggests that the bias is stronger for Holloman. about 70 it is clear that the HXT PDF is significantly greater
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than others. Greater than 8the GOES PDF is greater than L # ﬁ* # #j ‘#* A ) ,
that of the Hr ones, though this fierence is less significant. 4 A i i E‘j% b

Table 1 contains the results of& comparison between all r % * 7
six different pairs of the four longitude distributions. The , °"°| % 7
was calculated according to I 4 ]

PDF per degree
I

10

Z (Ny — aNy)?
(Nll + Q’2N2| 0.005 — —
whereN;; and Ny are the counts in histogram birfor data H %
sets 1 and 2 respectively. Alse,= N; /Ny, the ratio of the to- r <
tal counts in sets 1 and 2, is used to normalise the histogram&®®,———-———————+—~—— 8
for comparison. This normalisation reduces the number of de- Longitude
grees of freedom to nine. A lack of significantférence will rig 4 The Probability Density Functions (PDFs) forHHolloman
therefore produce?® ~ 9. Also in the table is the probability of (triangles), Learmonth (squares), GOES (crosses) and HXT (dia-
obtaining the givey? or greater. We can safely assume that thonds). The points arefiset from the bin centres (by multiples
x?2 distribution is meaningful here because all bins of the hist 0.5 degrees) so that the error bars may be easily compared.
togram are well populated (the lowest count being 7), so that
N;; andN, both have a Poisson distribution that is Gaussian-
like. Table 1 shows that all data-sets hafe> 9 with corre- an Hx bias will result ing < 1. Assuming Poisson statistics,
spondingly small probabilities. We can therefore conclude th4f Can express the uncertaintyas

all distributions are significantly ferent to each other. 1 1
o+ o)
PRV
8.2. Quantifying the Ha bias Table 2 lists the numbers of limb and disk flares in each data

The 2 values tell us that there is a significanffdience in the Set together with its bias index and uncertainty. The dta
longitude distributions, but they do not tell us the strength @Ppear to have slightly fierent biases within the given uncer-

the Hx bias. So we define a bias indgxas tainties. The GOES bias index is several standard deviations
greater than those for Holloman, but is comparable with that of

8N, the Learmonth. The HXT index is more tha two standard devi-

= Ny ations greater than any of the others. It is worth noting that all

indices overlap at the three sigma level.
whereN, andNg are the number of limb and disk flares respec- The value ofs can be interpreted as the fraction of limb
tively. We will use a longitude of 80to delineate limb from flares that have a location determined from bbservations.
disk; Fig. 4 shows that all PDFs have decreased significan@early, judging by Learmonth and Holloman, more than 70%
at this longitude. Also, we omit all flares falling in the last hisef Ha limb flares are not identified. Given that the locations of
togram bin, i.e. all flares with longitude greater than or equal @OES and HXT flares come fromaHit might seem surpris-
90. So, if there is no bias, thehshould have a value of 1, anding that the biases for these data sets are significarftigrdit.
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Table 1. Comparison of solar flare longitude distributions usjfg Table 3. Comparison of solar flare longitude distributions for the

(9 degrees of freedom). brighter flares using g° (9 degrees of freedom).
Data 1 Data 2 x? Probability Data 1 Data 2 X Probability
Ha Learmonth Ky Holloman  23.0 0.0063 Ha Learmonth Ky Holloman 7.3 0.61
GOES Hr Holloman  35.3 5.4E-05 goes Hr Holloman  55.4 0.0
GOES Hr Learmonth 21.3 0.011 goes Hr Learmonth  27.8 0.0010
HXT Ha Holloman  27.7 0.0011 hxt Ha Holloman  34.0 8.8E-05
HXT Ha Learmonth  25.4  0.0026 hxt Ha Learmonth  17.5 0.041
HXT GOES 18.6 0.029 hxt goes 9.4 0.40

Table 2. The numbers of limbX80° longitude) and disk flares, to- Table 4. The numbers of brighter limb>80° longitude) and disk

gether with bias indeg and its one sigma uncertaindy;. flares, together with bias indgand its one sigma uncertainy;.
Data set N, Ng B op Data set N, Ng ﬂ ap
He Holloman 117 4438 0.211 0.023 Ha Holloman 5 186 0.215 0.112
He Learmonth 115 3408 0.270 0.030 Ha Learmonth 5 219 0.183 0.094
GOES 352 9330 0.302 0.019 goes 80 974 0.657 0.095
HXT 35 435 0.644 0.140 hxt 35 435 0.644 0.140

One possible explanation is that mild directivityezts (either properties, though much of it could well be due to intrinsic
from emission or absorption of radiation) might be counteringharacteristics of flares.

the Hx bias; this is consistent with the fact that the HXT data Comparison of the H 8 values in Tables 2 and 4 do not
set shows the least bias. Another possibility is that some kigdggest any lessening of the bias for the brighter flares in the
of selection @ect involving the brightness or size of a flare4a catalogue. This appears to invalidate the large-flare origin
is affecting the contents of theffigrent catalogues in fierent of the bias proposed above. A possible resolution is if many
ways. To help discriminate between these two possibilities Wlares near the limb have theiraHbrightness underestimated,
now consider how the & bias is related to dierent measures possibly for the same observational (or even limb-darkening)

of flare size. effects that are responsible for so many being missed. However,
this does not appear to be the case as the relative proportion of
3.3 The Ha bias and flare size flares in categories F, N and B are the same (Table 5) to within

uncertainties for both limb flares and disc flares. However this

If we restrict the GOES data set to flares greater than class M&idence is misleading because, if the underlying brightness
and the K data to flares that have brightness N (Normal) datistribution is power law, which is almost certainly the case,
B (Bright), then they? andp values change to the ones giverthen a bias in it brightness will not &ect the relative propor-
in Tables 3 and 4. We have not selected a subset of the larjens of flares in the F, N and B categories (see Appendix A).
HXT flares because this data set is already small, and its flavés are therefore forced to look elsewhere for evidence of a
probably already correspond to the brighter flares in the GOESsening bias for brighter afut larger Hr flares.
and Hy data sets. As evidence of this, 50% of HXT catalogue We can understand the fiirence in bias between the
flares are M class or brighter as compared to only 10% of &liray and Hr data by looking to the data on the duration of
GOES catalogue flares. flares in Hy. Firstly, for flares in the HXT catalogue with po-

The GOES> M5 and HXT PDFs shown in Fig. 5 appeassitions identified in K, the average duration of the flare given
to be consistent within the uncertainties, and g@nd prob- in the Hr Holloman and Learmonth catalogues are 8.7 min and
ability, as given in Table 3, are now 9.4 and 0.40. In oth&:0 min respectively. The corresponding averages for all flares
words, there appears to be no significafiieience between thein these H catalogues are 5.0 min and 4.6 min. According to
GOES> M5 and HXT longitude distributions. The bias indexhe t-test these fferences are significant with greater than 90%
for GOES> M5 is 8 = 0.657+ 0.095, and is not significantly confidence. In other words, X-ray flares tend to be associated
different from the HXT value g = 0.644+ 0.14. with longer Hx flares. Further, in Table 5 we can see that there

One explanation for the lesser bias for HXT and GOES are only about half as manyalares with greater than 10 min
M5 flares may be that larger, X-ray bright flares are also gemdration on the limb (longitude80°) as would be expected
erally brighter in Hr and so more readily identified when neafrom the disk population. This tells us that the length of flares
the limb. Figure 6 plots b importance and brightness againss often underestimated near the limb, and most probably that
GOES brightness for the 475 flares in the HXT catalogue whesteorter duration flares can be missed altogether. This therefore
both Hx and GOES information were given. The graphs shogives us a possible explanation for the lesser bias for flares in
an apparent trend for larger X-ray flares to have largeid- the X-ray catalogues: flares producing X-rays are associated
portances and brightnesses, though with significant scatter. Rt longer Hr flares which are less likely to be missed at the
of this scatter is undoubtedly due to the discreteness of the kmb.
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4. Discussion

A significant bias exists in longitude distributions constructegj
from catalogues of b, GOES and Yohkoh HXT flares. The&
bias is greatest for & flares, with between 70% and 80% of ., ot
limb flares (longitudes greater then°@@issing from the cata- ‘
logue. The bias is smaller for the X-ray flares, with about 35%
of limb flares missing in the Yohkoh HXT catalogue. Since
flare positions in the GOES and HXT catalogues are drawnOAom e
from the Hx catalogues, it is clear that the bias originates in  _; 0 1 2 3 4
the identification of  flares. Brightness

The reasons for the flierences in bias are less obviousrig. 6. GOES brightness (where X1.0 is 0.1) plotted againstitd-
To investigate whether a selectioffert acts against weakportance (S is 0) and brightness (F, N, B is 0, 1, 2) for 475 flares in the
flares, we repeated our analysis of the bias for only the larg®XT catalogue. The+" symbol marks the mean value and the upper
flares in the K (normal and bright classes) and GOES (larg@ne standard deviation position is marked with-8.In all cases but
than M5) catalogues. The restricted GOES flare set gave a @€ the lower one standard deviation can be regarded as zero.
creased bias, identical to the HXT catalogue within uncertain-
ties. However, the brighterdiflares showed no such decreasdable 5. The fractions of flares in various categories for limb and disk
The reason for this contradictory result is most likely relategibsets.
to the coarseness of thenttlasses (discussed in more deptk
in Appendix A) and their apparently weak correlation witdimb/Disk F N B Imp.>2 Dur.>10min. Total Flares

T
n
Ll I

GOES class. To resolve the problem we considered the H Holloman
flare duration, as it is a more quantifiable property offtdres. Limb 0.965 0.026 0.009 0.000 0.053 114
Unlike He brightness, the duration exhibits a clear bias, withjgk 0.958 0.033 0.009 0.015 0.107 4573

the fraction of limb flares of duration greater than 10 min being
half that for disk flares. It appears therefore that limb flares E]:mb
shorter duration are more likely to be missed ia Hear the
limb than on the disk, giving us a possible explanation for tHRIsk
bias.

Whether the bias in flare duration is the cause of the bias
itself, or a statistical symptom of it cannot be determindtian the average for all dHflares. We can therefore conclude
from the data considered here. However, flare duration is ctirat the diference in bias between catalogues is due to a selec-
related with flare size (in terms of emission), either becaugen effect working against weaker afod shorter duration limb
larger flares remain above some observable threshold for lonti@fes.
times, or because it is an intrinsic characteristic of flares them- An important implication of this work is that directivity
selves. Either way, a link was demonstrated betweerflate studies on hard X-ray flares should rely on flare positions de-
duration and X-ray brightness. Flares appearing in the HX&rmined from hard X-ray images, and not from flare positions
catalogue have an average Huration that is 3 to 4 min longer from Ha catalogues. If the latter method is used then tlae H

Learmonth
0.930 0.050 0.020 0.020 0.040 100
0.936 0.050 0.014 0.015 0.100 3531
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bias will oppose the directivity bias which acts towards the 10000 ¢
limb. The directivity of hard X-ray emission~(0-500 keV) i
is expected to be quite mild. For example, Li (1995) found that —
the directivity was<1.5 (see paper for the definition of this:2 1000 |
index) for a sample of 72 flares observed simultaneously b%y i
the Gamma Ray Spectrometer (GRS) and Hard X-ray Burst I
Spectrometer (HXRBS) on the Solar Maximum Mission for- +

photon energies100 keV. In contrast, at 1 MeV the direc-= 100 ¢ + T E
tivity can be as high as 6.5. It is therefore conceivable that mild i X ]
directivity at lower HXR energies could be completely coun- - * £ - i +

tered by the it bias. The main motivation for investigating the 10 oA i

hard X-ray directivity is to discover what kind of pitch angle 0.001 0.010 0.100 1.000
distribution the electrons have. An isotropic distribution giv- Goes Class

ing little directivity implies electrons are either accelerated this _ ) ) )

way, or have been collisionally evolved into this state. Strofgg: 7- GOES size (where X1.0 is 0.1) is plotted against HXT M1
directivity would indicate that electron beams are created wﬁﬁ?ts‘ Tlhe points darﬁ aII ﬂarebs That h?(dﬂlo Coﬁnts or mof in the
small pitch angles (presumably in the corona) and can propa- itﬁ?j?gfggg’o?nre;tg: symbols mark flares that occurred at a
gate to the chromosphere relatively dieated by collisions be- g 9 '

fore they produce their Hard X-rays. In addition to pitch angle ) ) o
information, McTiernan & Petrosian (1990) consider the many !N Practice, therefore, it does not seem that statistical prop-
other factors involved in directivity which leads them to que&'ties of flares alone can identify limb flares. However, they can
tion the validity of certain common assumptions, notably tha€¢ used to select flares that might prove to be limb flares and
the magnetic field is always vertical and that electrons are $orthy of further examination in an X-ray image. The method
ways accelerated in the corona. A subsequent paper McTiertl2gf we have used in another study is to first find flares listed in
& Petrosian (1991) concludes that directivity arguments plager@y catalogues (either soft or hard) that do not have an H
limits on the amount of magnetic field convergence and Sugg&qntlﬂcatlon. A sear_ch for an event occurring at the same time
that flare electrons usually have beam-like pitch angle distrigf}-the Hr catalogue is required to confirm this because some-
tions. For all the above reasons, directivity information placdg'es Hr entries are missing in the X-ray catalogues. Once a

constraints on both electron acceleration and transport in &t X-ray flare with no i counter-part is found then con-
solar atmosphere. firmation that it is a limb flare requires either an X-ray image

A possibility raised by the diering biases is that limb O% less conclusively, that a known active region was straddling

flares, especially those with their lower coronal emission beiffg limb at that time. o
occulted, might be identified statistically in catalogues, with- OUr conclusionis that the use ottpositions in solar flare
out the use of images. This is desirable because it is mi@falogues causes a bias away from the limb in the flare lon-
more time consuming to search through and construct imagdyde distribution. The bias apparently becomes weaker when
of flares than it is to search through catalogues, especially wif#!ing with higher energghorter wavelength data sets. There
dealing with tens of thousands of flares. It might also allo@f€ tWo competing interpretations of these results. The first, as
identification of limb flares with solar flares only observed bfjiScussed previously, is that larger flares (as measured by one
non-imaging instruments such as GOES, BATSE and Ulyss&¥, more of brlght_ness, area or duration) are Ie_ss then over-
The most obvious indication that a flare is on the limb i9@0ked near the limb in H images. The alternative interpre-
that there is no i identification. However this is no guaranation is that weak X-ray directivity makes it more likely that
tee of a limb flare, it could simply be that the flare was missfP flares appear in the X-ray catalogues. The first interpre-
by the Hx observing network. Another possible indication of tion naturally accounts for all our results except the lack of
limb flare is that although the flare was large in a non-imag¥@riation in the k brightness distribution between the limb
X-ray observation, it was only observed as a small flaredn Hand the disk, though this might simply be due to the crudeness
However, given the poor correlation between GOES class #MdHa brightness classification. The second interpretation does
Ha classes and the similarity of the F, N, B distribution foP©t have this problem, but it does require X-ray directivity ef-
limb and disk, this method would almost certainly not work. IfFCtS at surprisingly low energies (1-20 keV). Also, directivity
a similar way, it might be expected that partially occulted limg©€S not obviously explain why the longitude distribution of
flares might have a large GOES class for its HXR brightnedi@res with GOES> M5 is indistinguishable from that of the
especially at high energies. This is because high energy HXRT flares, whereas the two significantlyfigr if all GOES
emission is often confined to the chromosphere, whereas lafig&es are included.

soft X-ray bright loops extend above the limb into the coron@cynowledgementsn this work we made use of data from the fol-
However, Fig. 7, which plots GOES brightness against HXgwing sources: the Yohkoh satellite which is a project of the Institute
M1 (23-33 keV) counts shows that limb flares are not ousf Space and Astronautical Science, Japan in collaboration with the
liers on such a plot, though there may be a slight bias towarndss. and U.K.; NASA-GSFC, data from NOAA GOES; US Air Force

smaller hard X-ray brightness. This means that this meth&dlar Optical Observing Network (SOON) — Holloman AFB, New
could not be used reliably either. Mexico; Learmonth Observatory, Australia.
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Appendix A: The bias in H «a brightness validity of assumption 1, at the very least suggesting thata

: . . . . . function of f as well ag.
In this Appendix we wish to explain the interesting result that "o W

N . There are however alternative explanations of why there is
the distribution of kt flare brightness appears to be the SaM evidence of a variation of longitude bias witkxHrightness.

Bhe explanation involving X-ray directivity is discussed at the
end of Sect. 4. Another is based on the fact that Hight-

. ) . L ness relies on the subjective inspection of a photograph. It is
ested in the assumptions that lead to such ratios being mdeptﬁ@'refore reasonable t(J) supposepthatbﬂightne[;s clagssiﬁca-

dent ofé. . P .
. o ._tion can npl flar f simildrin different cl . Thi
Let the brightness distribution ofdHflares, as measured |n.to can often place flares of simil4rin different classes s

terms of a continuous valu be given byn(1). Also,letthe - (209 T 18 IEBROL- ) TR = HOREEn BRI,
probabilities of a flare of brightnegsand longitude being ob- &> OPP

. . : this width is comparable to or greater than the width of the
served to be of pnghtneég be given by thg functiop(f|f. ). Ha brightness categories F, N and B. Theeet of the longi-
We can then write the observed distribution of flares as

tude bias can then be regarded as a displacement of the peak

(T of p(fi|f, 8) to anf; less than the true brightness of the flére
M(fr, 6) = fo P(alf, &)n(f)df. AL ith the displacement increasing @increases (with a possi-

the ratios of the number of flares in each category, sy,
varies as a function of longitude In particular we are inter-

We can now make two assumptions, the validity of which w%le change in widths too). The point is that the large, possibly

o g overlapping widths might be masking the evidence of how the
will discuss Iate_r. Lp(f1/T, 0) (S.(f f?/h(g))' which means longitude bias changes with In effect, the mis-classification
that a flare of brightnesk at longituded is always recorded as . . L . .

. . T together with the particular definitions of brightness categories
being of (lesser) brightneds = h(0) f. 2) The distribution of . . . ,
; . . _ could explain why we fail to detect thedHflare brightness’s
solar flare brightnesses is power law, néf) = nyf~*. Under

. A ect on the longitude distribution.
these two assumptions, the observed flare distribution canege 9
written as
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