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Abstract

A cross~correlation analysis of coronal green line intensity (3303&)
and interplanetary magnetic field polarity for the period 1947-1970 shows that
the coronal features are organized in a constant pattern with respect to the
4-sector structure through the solar cycle. A sudden inversion of the coronal
pattern with respect to the sector structure takes place at the sclar minima,
The high emission regions of the green corona are located near the solar mag-
netic sector boundaries having polarities (-,+), (+,-}, (-,+) during cycles
18, 19, 20 respectively in the northern hemisphere, and (+,-), (-,+), (+,-)

in the southern hemisphere.
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DATA ANALYSIS

The degree of correlation between the green corona emission and the
polarity pattern of the interplanetary magnetic field is studied for the
years 1947-1970, DPolarity data of the interplanetary magnetic field, inferred
from high latitude geomagnetic observations (Svalgaard, 1972) and synoptic
tables of the intensity of the green corona emission line (53032) are used
in this analysis., These tables, prepared by Sykora (1973, personal communi-
cation), are expressed in the Pic du Midi phofometric scale, The green line
intensity, for the central meridian, has been calculated as an average of
the intensities measured at the limbs, 7 days before and 7 days later
respectively, The intensity data are given for six latitude belts (570,5N—
37°.58; 37°.58 - 17°,5N8; 177,58 - 2°.55; 2°.58 - 17°.55; 17°.58 - 37°.55; 37°.58 -
570.58) in form of 3-day averages, One-day interpolated values of the corona
intensity are computed from the tables.

The polarity data of the interplanetary magnetic field are ekpressed
as a time series of +1 or -1 daily values respectively for positive sectors
{interplanetary magnetic fleld away from the sun) and for negative sectors.
These data are then smoothed by applying a 7-day running mean to the data.

In fact in the analysis only large-scale polarity features of the inter-
planetary magnetic field, i.e. its sector structure, are of interest, The
coronal intensity data set also containsg essentially information on long-
lived, broad coronal features; in fact the daily wvalues are interpolated from
the 3-day averages of the synoptic tables.

Very 1ong-term variations such as the ll-year variation of the green
line emission or the l-year variatioh of the polarity data {(Rosenberg and

Coleman, 1969) are removed from both data sets by subtracting a 27-day running

mean from the data,



Coronal Emission and IMF Sector Structure Correlation

A recurrence tendency persistent over periods of a few months,
related to the rotation of the sun, is characteristic of both coronal and
polarity data, This is an indication of the stability in time of the coronal
patterns and the sector structure (Svalgaard, 1972; Antonucci and Svalgaard,
1973). The purpose of this study is to investigate the possibility of sig-
nificant relationships in phase between coronal emission zones and inter-
planetary magnetic sectors, therefore between coronal features and weak
photospheric magnetic regions of one polarity or the other (Wilcox et al., 1869).

For each latitude zone the coronal emission intensity is cross-
correlated with the polarity data of the interplanetary magnetic field with
a time lag varying from -30 days to +30 days, over successive 2-year inter-
vals., The polarity time series is previously corrected by 4.5 days in order
to take into account the transit time of the solar wind from the sun surface
to the earth (Wilcox et al., 1969), A statistically significant correla-
tion between the two data sets exists when the cross-correlation coefficients
have values = 0,1, namely the hypothesis of zero correlation is rejected at
the 1% level of significance,

In Table I and II the lags in days of the maximum value of the
first negative or positive peak of the cross-correlation functions and the
relative cross-correlation coefficients ¢ are tabulated respectively for
northern and southern heliolatitudes, If the cross-correlation coeificient of
the peak is < 0.1 it is not reported. The peaks show a regular shape that
permits a determination of the time delays between coronal and polarity
features with an accuracy of about (0,1 day. The years tabulated on the

first column of Table I and II are the centers of the 2-year intervals,



The analysis of the time delays indicates that for each latitude
zone they are fairly constant through a solar cycle, As Table III shows,
the maximum standard deviation of the time delay, averaged over a solar
cycle, is 1.7 days (the values of the zone 2?5N - 17?58 during cycle 18 and
of the zone 37?58 - 57?58 during cycle 19 are excluded), Furthermore the
average time delays of cycle 18, 19 and 20 do not differ more than 3 days
for each latitude, except the zone 2?5N - 17?58. The values in parenthesis
in Table I and II are not included in the evaluations of the average delays
and cross-correlation ccoefficients reported in Table III.

A second characteristic common to each latitude is that the time
delays refer to positive cross-correlation coefficients during cycle 18 and
cycle 20 and to negative ones during cycie 19, The values that do not
follow this scheme are in parenthesis in Table I and II. These deviations
show a tendency to occur during pericds of maximum solar activity and at
high d1atitudes. In Table III the average cross-correlation coefficients for
each latitude and each cycle are reported., They do not show any relevant

dependence on helioclatitude.

Interpretation of the Results

The quasi-repular pattern of the cross-correlation functions
between green corona emission and sector structure of the interplanetary mag-
netic field leads to a rather simple interpretation. When the cross-correlation
coefficients are positive the average lags (Table II1) represent the time
delay between correlated features of the corona and the sector structure,
Therefore we can choose a maximum of the coronal emission intensity as refer-
ence, This reference maximum will precedée or follow (depending on the posi-
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tive or negative sign of the time delay) a maximum in the polarity data which
corresponds to the center of a positive sector, In fact the polarity data arve
simulated by a time series of positive and negative values (for positive and
negative sectors respectively), which, because of the smoothing, has maxima
or minima corresponding to sector centers, In case of negative cross-
correlation ¢oefficients, the time delay can be interpreted as the lag between
the reference maximum and the center of a negative sector,

In Figure 1, the relative lag between the reference maximum of
the coronal emission (Imax) and the center of negative or positive sectors
(indicated by - and + respectively) is schematized for each latitude zone
and solar cycle, The different latitude zones are indicated by Roman numerals,
corresponding to those of Tablp III. Arocund the positions of the sector
centers, ~ 7 days intervals are represented., They indicate the average
interplanctary magnetic sectors (Wilcox, 1968), Dashed lines represent nega-
tive sectors and continuous lines positive sectors. The scheme of Figure 1
indicates that the reference emission maximum relative to the northern lati-
tude zones is close to a (-,+) sector boundary during cycle 18 and 20 and
a (+,-) boundary during cycle 19. The reference maximum relative to
the southern middle and high latitude zones is close to a (+,-) sector
boundary during cycle 18 and 20 and a (-,+) sector boundary during cycle 19.
The lags relative to the =zone Z?SN - 17?58 show a pattern similar to the
lags relative to the northern hemisphere but with a wider spread of values,

In conclusion the high emission zones of the corona do show an
organization inside the sector structure of the interplanetary (and in

consequence photospheric) magnetic fields, which is constant through a solar
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cycle. The emission maxima are closely related to sector boundaries, At

the solar minima the coronal features shiff suddenly by about 7 days

(90O of longitude) with respect to the 4-sector structure. The emission
maxima are still related to sector boundaries but of opposite polarities with
respect to the preceding solar cycle. Therefore an inversion between high
and low emission zones of the corona takes place with respect to the sector
structure at the sunspot minima. It is clear that this analysis implies just
a relative shift of the two patterns,

The cyclic inversion of the coronal emissibn is present in both
hemispheres, but during the same solar cycle the northern and southern
corcnal emission regions are close to boundaries of opposite polarities,

This implies a displacement of 900 in heliclongitude of the northern coronal
emitting regions with respect to the southern emitting regions at middle and

high latitude.
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TABLE 1

Corona Emission and Sector Structure Cross-Correlation
Time Delays and Coefficients
North Hemisphere

17%N - 2958 375N - 175N 57958 - 3795N
lag c lag c lag C
1949| 3.9 + .27 5.3 + .24 6,3 + .22
1951| 2.7 + 1B 4.2 + .20 6.0 + .21
1953 2.1 + .21 5.3 + .37 4.8 + .34
1955 2.3 - .32 0.8 - .23 3.0 - .20
1957 2.9 - .31 -1 - .18 2.3 - .16
1959 3.1 - .12 3.7 - .17 (- 1.1) (+ .27)
1961| 6.7 - .17 - - (- 2.0) (+ .12)
1963| 3.7 - .31 3.7 - .32 3.4 - .14
1965| 3.8 + .20 5.1 + .22 - -
1967{(11.3) (+ .22) 4.3 + .20 3,5 + .18
1969 4.8 L .26 2.7 + ,23 (- 0.5) (- .14)




TABLE II

Corona Emission and Sector Structure Cross-Correlation

Time Delays and Coefficients

South Hemisphere

2%5N8 - 17058 17%5s - 37958 37955 - 57058

lag c lag c lag c
1949 4.5 + .23 (- 5.5) (-.17) (- 3.1) (- .21)
1951 | - 1.9 + ,20 - 2.3 + .34 - 1.6 + ,39
19531 - 2,5 + .19 - 2.8 + .25 - 1,5 + ,24
1955 5.3 -~ .26 - - - 7.5 - .13
1957 | (0.5) (+ .24) - 3.7 - .10 (- 8.9) (+ .22)
1959 - - - 3.1 - .15 - 2,8 - .24
1961 5.3 - .15 - 6.1 - ,10 3.0 - .19
1963 5.3 - .27 - 4.7 - .13 - 1.5 - .10
1965 - - - - - _
1967 |- 4.5) - .14) - - - 3.0 + .10
1969 6.9 + .26 - 3.8 + ,36 - 2,7 + ,33




Corona Emission and Sector Structure Cross-Correlation

TABLE III

Average Time Delays and Coefficients

Cycle 18 19 20
1| 575N - 3775N lag 5.7 £ 0.6 2,9 t 0.5 3.5 £ 0.0
e + 0,26 - 0.17 + 0.18
[»] O :
11| 37958 - 17°5N lag 4,9 + 0.5 1.8 + 1,7 4,0 £ 1.0
c +0.27 - 0,22 + 0,22
111 | 17958 - 2958 lag 2.9 0.7 3,7 1.5 4,2 £ 0.6
C + 0,22 - 0,24 + 0,23
. L] O
| 278 - 17%s lag 0.1 * 3.1 5.3 + 0.0 6.9 + 0,0
c + 0.21 - 0.23 + 0.26
v | 17%5s - 37958 lag ~2.5 * 0.3 —4.4 1.1 ~3.8 * 0.0
c + 0.29 -~ 0,12 + 0.36
(o] o] :
vi | 37958 - 57.58 lag - 1.5 £ 0.1 -2,2 £ 3.7 -2.8 £ 0,2
c + 0.31 ~ 0,16 + 0.21




Figure Caption

Figure 1. The relative time lags between maxima of coronal emission inten-
sity (53032) 1max and the center of positive (+4) or negative ()
sectors are represented separately for northern and southern
hemisphere and for cycle 18, 19 and 20, The intervals around
the sector centers represent the 7 days average magnetic sector
(daéhed lines for negative sectors, continuous lines for positive
sectors). Each latitude zone is indicated with Roman numerals

corresponding to those of Table I1II.

- 10 -



-1~

GREEN CORONA EMISSION RELATIVE TO THE IMF SECTOR STRUCTURE

CYCLE
I8

CYCLE
19

CYCLE

SOUTH
IanX
Vik————- @ —
/]
V-——- & f—~—
{+,-)
V|l ———————o——f +
V—t——— -0 — —
(-,
Vi-—- —e ——
V—t——o——f%——
——— NEG. SECTOR (+,-)
—— POS. SECTOR o

=2 T qax CORONA -lag

NORTH
Im(m
B —— & -1
%
- ® -1,
-g—o—+——-11
(—,+)
—— 8- ——+—1
i—-p—e———r——1
——————r—1
{+,-)
-p——eo—+-—-1
/
T ® +———-T1I
— : r: 4_.__1[[
{—,+}
——
1 day +lag

Figure 1




UNCLASSIFIED

Security Classification
14 LINK A LINK B LINK C
KEY WORDS ROLE wT ROLE wT ROLE WT
CORONA
SECTOR STRUCTURE
SQLAR CYCLE
UNCLASSIFIED

-/ 2~

Security Classification




UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA-R&D
Security clagsification of title, body of abstract and indexing annolation must be anteraed when the overall report is classified)

1. ORIGINATING ACTIVITY (Corporate author} 2a, REPORT SECURITY CLASSIFICATION
Institute for Plasma Research UNCLASSIFIED
Stanford University TCROU

Stanford, California 94305

3. REFORT TITLE

ELEVEN-YEARS INVERSION OF THE GREEN CORONA EMISSION

4. DESCRIPTIYE NOTES (Type of report and inclusive datea)
§oientitic Technical

S, AUTHORI(S) (First name, middle inftlal, last name)

Ester Antonucci

Ja, TOTAL NO. OF PAGES 7b. NO. OF REFS
6. PORT DATE
Aoven er, 1973 13 5
5. CONTRACT OR GRANT NO. © | 92- ORIGINATOR'S REFORT NUMBERIS)
NOO(Q14-67-A-0112-0068 : SUIPR Report No, 549
b. PROJECT NO.
NR 323-003
5b. OTHER REPORT NOI(S§) (Any other numbers that may be assigned
. this report)
d.

10. DISTRIBUTION STATEMENT

This decument has been approved for public release and sale; its distribution
ig unlimited,

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Office of Naval Research
TECH, OTHER
e 800 North Quincy Street
Arlington, Virginia 22217

13. ABSTRACT
A cross-correlation analysis of coronal green line intensity (53033) and

interplanetary magnetic field polarity for the period 1947-1970 shows that the
coronal features are organized in a constant pattern with respect to the 4-sector
structure through the solar cycle., A sudden inversion of the coronal pattern with
respect to the sector structure takes place at the solar minima, The high emission
regions of the green corona are located near the solar magnetic sector boundaries
having polarities (-,+), (+,~), (-,+) during cycles 18, 19, 20 respectively in the

northern hemisphere, and (+.-), (-,+), (+,~) in the southern hemisphere,

FORM "
DD 1Nov051473 -3 UNCLASSIFIED N

Security Classification




