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Abstract

A superposed epoch analysis of 1964-1970 solar flares shows
a marked increase in flare occurience within a day of (—+) solar sector
boundaries as well as a local minimum in flare occurrence near (+=)
sector boundaries. This preference for (-+) boundaries is more noticeable
#or northern hemisphere flares, where these polarities match the Hale
pt’arity law, but is not reversed in the south, Plage reglons do not

show such a preference,
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Since the first mognetic observations ol the sun were made by
Hale in 1908 (Hale, 1908} the strong lields associated with sunspots
have been a favorite objeect of study, DBoth the strong fields in the
spots (Hale et al, 1919) and the weaker fields surrounding them {Babeock
and Babeock, Lgyp) are charascterized by differential rotation and by a
reversal in polarity of preceding and follewing regions upon crossing
the equator, 'The discovery of sectors in the interplanetary magnetic
field (IMF), (Wilcox and Ness, 1955 ) has uncovered g different kind
of large-scale, weak solar magnetism, Magnetie sector boundarieg do
not change polarity upon crossing the solar equator and do not show tﬁe
effects of differential rotation, TFlnres haove long been kiown to occur
in the strong field regions near sunspots, Bumba and Obridko (1969)
also found that they occur preferentially neanr sector boundaries, Becﬁuse
these findings provide a link between bipolar and sector mognetism, the
present study was made to verily and extend the previous results,

The list of sector boundaries used was the list of well-observed
boundaries as previously reported by Wilcox (for example, Wilcox and
Colburn, 1972), well-observed menning that the IMF wns observed by
spacecraft to be of one polarity for at least four days before the
boundary, to reverse, and to be of the opposite polarity for at leasst
four days after, A list of flares was assémbled from conflirmed [lares
of importance 1F or greater as reported in Solar-Geophysical Data (SGD)
lor 1968-1970, For 196L4-1966 and 1947 the lists used were those given
in Upper Atmosvheric Geophysics Reports UAG-2 and UAG-19 which were
agsembled. by Dodson}“Hedemnn, argd Mireld (1968"and 1972) and corrected
by them for a diurnal dependenceé gus b v onsistent reporting procedures,
The corrections to SGD lists were mzde wefore publication from 1968 on,
A superposed epoch analysis woas wade using these 112 boundaries and
2600 flares, with the boundaries displaced b 1/2 days earlier in time

to correct lor the avefuge h 1/2 day solar wind. transit.time from sun to



enrth, Flares were listéd in terms of time of central meridionn passnge
(CMP), assuming o 27-day rotatioh period, It was found that flores
prefer to occur within one day of boundaries as previously reported by
Bumba and Obridko,

A routine check to determine if this result was the same for either
type of boundary (away-toward (+=-) and vice versa) led to the surprising
result that o mueh shorper peak in the flare distribution was found to
be present for (-+) boundaries and a local minimum was observed for {a-)
boundaries., This result is shown in Figure 1, Such a difference in
response for the two types of boundaries was not originally observed for
many geomagnetic ond IMF effects unssocioted with sector boundaries,
possibly due to a different dependence on solar latitude. Since observing
this difference, however, the nuthor has been made aware that a different
response lfor each type of boundary has also been reported for the glowly
varying component of solar radio emission (Scherrer and El-Raey, 197&),
for daily average Kp (Shapiro, 19?4) and for coronal pgreeil line intensity
(Ant;onucciJ 1974 and Antonucci and Duvall, 197h) .

Since the coronul green line intensity near a boundary was also
found to depend on latitude, the flares were next divided into two
groups according to latitude to determine if the prelerence for €7+)
boundaries was reversed in the less active southern hemisphere, as was
reported for the green line emission. As Figure 2 shows, flares in the
southern hemisphere also occur preferentially near (—+) boundaries,
thoupgh the peak in the distribution near the boundary is less sharp.

As observed by Antonucei, the more active (-+) boundaries in the north
have the same polarity as bipolar regions obeying the Hale polarity law,
which is why a reversal might be expected in the south, The absence of
such a reversal is not strongly contradictory of the Antonucei finding
since flares cccur predominantly eclose to the eguator (68 O/o of the
list used are within 1200) and the reversal of "active boundaries”
reported for the corons was not observed by Antonuccl to occur until
17.50 south,

The next guestion considered was, how significant is this result--
could it be the result of chance? Two gualitative tests were made Lo
confirm that the preference of flares for (-+) boundaries was significant,

First the superposed epoch analysis was repeated one year at a time



(with 196k and 1965 grouped together since few flares occurred in thege
years). Though statistics were poor and noise levels high; in np case
was the result contradietory,

Another check was made by removing flares occurring on those CMP
days when Z0 or more f[lares crossed central meridian to determine if
the peak in the superposed epoch was due entirely to the 12 CMP days
with 20 or more flares., As Figure % shows, the pesnk is reduced but
still well above the noise level which may be estimated by following
the superposed epoch curve beyond the L day limit where polaorities
are well determined,

Finally, n semi-quantitative approach was used i, examine how
likely it was that such o peak might be due to chance. “The boundary
list was used to generate 112 random boundaries with the intervals
between boundaries and the number per yvear kept thé same as in the
original list but with the order of the intervals scrambled, Ten such
random boundary lists were generated and used to run a superposed epoch
gnalysis of the flare data using 100 doy wide windows. Thus 1000 random
values were obtained for each type of boundary, or 2000 in all, Only
1 value in 2000 was greater than the peak obtained for northeérn heinisphere
flares in the day preceding (-+) bounderies so the probability of such
a result occurring by chance is estimated conservatively to be about
Z/2000, There were %0 values less than the value obtained for the
northern hemisphere flares in the day preceding (+—) boundaries, and
10 more equal, so the probability of chance occurrence indicaoted is
about 40/2000, These estimates are very conservative since the day
on either side of the (—+) maximum is also well above the noise level,

-

and the (+-) minimum is 3 days wide.

Conclusion

Although obscured by the lacK of a reversal in the south, the
pattern that cmerges is aone of flares preferfing to occur near sector
boundaries whose polarity agrees with that of bipolar active regions
as given by the Hale polarity law, Since a similar anslysis of -active

regions (calcium plage regions), as reported in 5GD, showed no preference

5




for the vicinity of boundaries, it would appear that the creotion of
active regions is unrelanted to sector boundaries. However, if they
nore created near a boundary of the same polarity, {lare production
is encouraged, and i{ the polarities disagree, flare production is
reduced,

A physical mechanism immediotely suggested for this difference
is the random-walk dispersion of active region mangnetic fields aos
discussed by Leightorn (196&). It would seem that this dispersion would
proceed more slowly if the octive region fields agree in polarity
with the lorge scale solar flelds indicated by the sector polarity,
- Similarly, one might expect more rapid dispersion if the polarities
disagree. An analysis of plage regions weighted by age in solar rototions
did not confirm this suggested mec*.nism since longer lived plages
showed no preference for sector boundaries of like peolerity. A weighting
of plages by area did show a slipght preference of larger plages for the

favorable boundary.
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Fipure 1,

Figure =,

Figure 3,

Figure Coptions

Superposed epoch o1& golar f{lares l?ﬁh-l@?ﬁ, using well-
defined sector boundaries as meapsured by spaceeraft,
Figure 1(a) uses {(-+) boundaries, ond Figure 1(b) uscs
(+-) boundaries, The vertical line represents the
rosition of the boundary corrected ftor 4 1/2 day solar
wind transit time, Rach tick mark on the horizontal axis
is 1 day, and on the vertical axis is 10 flares,

Some format as sbove, Figures 2(a) and {b) use only northern
hémisphere flares, and (e¢) and (d) use only southern
hemisphere flares, Figures 2(a) and (c) use only (-+)
boundaries, (b) and (d) uge only (+-) boundaries.

Same format os abeve, Northern hemisphereée [lares only
are used, with all flares removed which oecur on CMP

days with 20 or more flares. Only (-+) boundaries are

used on %{n), nnd (+-) boundaries are used on 3(b),



(9)

1 oandrl

. (D)
AdVANNOY WOHH SAV( ASVANNO8 WOY4 SAvd

6 9 ¢ 0 ¢ 9-6-6 9 ¢ 0 ¢ 9 6-
(Y T [T 1|11 T T T T[T 1] T T T ol T r1rrr11 _lo
T 1k os
s ~ T M
_ 4 C i r
. = Joo1 &
- 1 F | 7 m
- 1F 37 o
- 1k E o Jos
- 1¢C ]
| — |+ 4 L + |- i

I I | I O A i I S I N I I | ___.__._OON

0L61-P96i S3YV1d 40 HOO43 03S0dd3dNnsS



Z 9andta

(P) (2)
AHVANNO8 WOYH4 SAVA AHYANNOY WOH4 SAVd
6 9 € 0 ¢ 9 6- 6 9 ¢ 0O ¢ 9- 6-
l|m|_ T[T T [T T T T [T L L I 10
: el Jos
- /AL AT I I T A _H I I N N _HOO_
rT 1T 1T T T T 1] (T T T T T [T T [T T TTT1 _lo
U Jos
- 1 F ool
m ElN: Josi
- —|+ 1t +]— :
[ T T W N T N 2 e oy by b3 )y _IOON
(4) (D)

JHY3HASINGH A8 d3AIAIQ S3YVT14 HLIM HO0d3 G3S0dYs5dNS



¢  aandiyg

(4)
AYYANNOE WOYS SAV(

1T | v 1T 7 T I} e T T

—

I|+ _

' e E O T N I O I T T T P I |

Q3AOW3Y SAVA 3JAILOV LSON

T T T 11

(

AHYANNOE WOY4 SAVd
6 9 ¢ 0 g 9- 6- 6 9 ¢

D)

O & 9-

m%

_nl_\-_ﬂ_u

lllllllll

4

t 1 by b

v e b

___m____f..o

{

l

o]

R

el0)

HLIM HO0d3 @d3S04d3dns

]




UNCLASSIFIED

JTCURITY CLAGSIFICATION OF THIS PAGE (Whan Oata Entered)

READ INSTRUCTIONS

REPOR‘]' DOCUMENTATION I'AGE BEFORE COMPLETING FORM
I REPORT NUMREN 2, GOVT ACCESSION NO. | 3. RECIFIENT'S CATALOG NUMBLRA
SUIPR Report No, 397
4 TITLE fand Subtal ' b, TYPE OF AEPORT & PERICD COVERED |
THE RELATIONSHIP BETWEEN SOLAR FLARES AND Selentifice Technienl
SOLAR SECTOR DOUNDARIES
G PEAFORMING GHE HEPORT NURMEER
P ALTHORS A &
B CONTHAGT OR GRANT NUMHALRIN
P,H, Dittmor NOOO11~67-A~0112-0068
5 VERPORMING GHOGANIZATION NAME ANO ADDNESS 10. PROGRAM ELEMENT, PRGIECT TASK
AREA & WORK UNIT NUMEERS
Institute for Plasma Resecarch
Stanford University o
. Btanford, California 94305 ) T2 REFGRT GATE ARG OF FAnTo
11 CUNTROLLING OFFIGE NAME AND ACDRESS 21 October 1974 9
Stunford Electronies Lahoratories, Direetor
Stanford University 16 SECURITY CLASS, (of this rppotts
Stanford, California 04305 Unclassified
Th MONITORING AGENCY NAME & ADDREZS L aiff. fram Controling Office)
166, DECLANSIFICAT ON DOWNGRAADING
SCHEDULE
10 CTRIRA TR SPATEMEMNT 1ol 1his reparty
‘thig daecumont has been approved for public relense and sale; its dis-
tribution is unlimited,
i7 GISTRIBUTION STATEMENT to! the austract antarod (o -Bﬁ(_sé-k "20.. it :iiilmum from reportd
1H SUPPLEMENTARY NOTES
TECH; CQTHER
W KEY WORDS K(‘;er.mm.r.u o rauargn .sum M nocossary and fdentifly by bloek number) .
Solar flares
Selar magnetle field sector boundaries
20 ABSTRACGT {Cauntimuo on reverse side if necessary and identify by block numbar} .

superposed epoch analysis of 1964-1970 solar flares shows a marked in-
crease in flare occumrence within a day of (-+) solar sector houndaries as well
as a local minimum in flare occurrence near (+-) sector boundaries, This
preference for (~+) boundaries is more noticeable for northern hemisphere
flares, where thes¢ polaritites match the Hale polarity law, but is not re-
versed in the south, Plage regions do not show such a preference,

D D 1 izzw;a l 473 UNCLASSIFIED

EDITION OF 1 NOV 65 15 O8S50LETE SECURITY CLASSIFICATION OF THIS PASE tWharr Data [ nterad)




	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A01_.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf



