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Abstract. The autocorrelation analysis of solar soft X-ray parameters was
performed with a time lag ranging from 1 to 32 days (acf;, with j=1, ..,
32) for the 1969-76 period. Consecutive sequences containing daily data for a
2-year interval were considered. From the comparison of the autocorrelation
functions for both flare (TOT) and nonflare (XBG) soft X-ray variables we
selected the different recurrent tendency over the years. During the maximum
(1969-71) and minimum (1975-76) phases of the 20*" solar cycle the recurrency
of all the SXR parameters is included between 18 and 23 days, but during the
decreasing activity phase (1972-74) recurrencies approach the expected 27-day
synodic rate of rotation. The nonflare X-ray corona has a particularly stable 27-
day recurrency (from 1971-72 to 1974-75), but the flare TOT variable displays
the 27-day recurrency only in the 1972-73 sequence (Figure 5). The most stable
25-day TOT recurrency was observed in 1973-75. Our results of the atypical
’solar periodicity‘ of TOT values (i.e., acfim < 27 days) are in agreement with
past findings based on other solar activity indices and cycles. However, we have
also noted, on a short time scale (1 day), that there exists a strong coherence
(acfi ~ 0.8) of the XBG variables for all the investigated intervals. While this
coherence is high (acfi ~ 0.7) in the TOT variable only for 1973-75, when
long-lived coronal holes covered a large fraction of the solar surface, in the
other periods the parameter acfi(TOT) < 0.55. The above findings were never
explicitly emphasized in solar soft X-ray studies.

Key words: the Sun - flares - nonflare (XBG) soft X-ray parameter

1. Introduction

There is a considerable evidence in favour of modulation of the various solar
indices due to the 27-day synodic rotation. The phenomenon is understandable

Contrib. Astron. Obs. Skalnaté Pleso 27, (1997), 104— 114.



Solar soft X—ray parameters: 1969-1976 autocorrelation functions 105

Rz

120

90

60

0
N

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIII

—
(o]
o

—
N
o

D
o

1964 1966 1968 1970 1972 1974 1976
YEAR

Figure 1. Time series of the monthly mean of sunspot numbers (Rz) for solar activity

cycle no. 20 (upper panel), together with those for the extreme values found in the
daily Rz data set (middle panel) and that for the computed standard deviation (SD,
lower panel) derived from daily data within each month. The period covered by the
solar soft X-ray data is indicated by a dashed arrow in the middle panel.
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considering that several solar features often have a life-time longer than a month
(i.e., persistent active centers and coronal holes). However, the amplitude of
this periodicity is not stable over an entire solar activity cycle, being more
pronounced during the late declining phase (e.g., Pap, Tobiska and Bouwer,
1990 and references therein).

Nearly continuous daily data for solar soft (0.1 — 0.8 nm) X-ray radiation
are available from 1969 on. In this paper we analyze solar soft X-ray (SXR)
parameters during the years 1969-1976 to look mainly for the time behavior of
the near-synodic recurrent periodicities. We consider the nonflare SXR data as
a proxy of global coronal structures and the occurrence of soft X-ray flares as a
proxy for coronal magnetic storms (Harrison, 1996).

The data and preliminary treatment used to remove the long-term trend from
the SXR parameters are described in Section 2. The autocorrelation analyses
are presented in Section 3. Section 4 summarizes the results and gives the final
conclusions. The preliminary results on this topic were presented at the 17th
NSO/Sacramento Peak - SOLERS22 Workshops (1996).

2. Data used and preliminary treatment

Our study is based on the solar soft (0.1 — 0.8 nm flux) X-ray background, de-
rived from several satellite measurements, and on the corresponding list of solar
soft X-ray/H-alpha flares for the years 1969-1976 (i.e., the maximum and decline
phases of solar activity cycle no. 20). The data were obtained from Solar Geo-
physical Data (SGD 1969-1976; 1994) and from Donnelly (1981). To illustrate
solar activity in cycle no. 20, Figure 1 shows: - the monthly mean of sunspot
numbers (Rz, upper panel), - the range of the sunspot number variability (mid-
dle panel), and - the standard deviation series derived from daily data within
each month (lower panel). The period covered by the solar soft X-ray data is
indicated by a dashed arrow in the middle panel of Figure 1. The analyzed time
sequences contain the daily values of the following two soft X-ray variables:

— XBG (in units of 10" 8Wm~2), the daily average of the unresolved full-
sun soft X-ray background as observed by SOLRAD 9 (from January 1969 till
February 1973), EXPLORER 37 (from February 1973 till April 1974), SMS-1,
SMS-2 and GOES-1 (July 1974 - December 1976). The XBG data for the period
February 1973 - December 1976 were derived using the scanning procedure of
the 5-minute SXR profiles reported by Donnelly (1981; see, also, Bouwer et al.,
1982; Puga and Donnelly, 1982 and Donnelly, Grubb and Cowley, 1977). In the
period May - June 1974 in which SXR observations are lacking completely, the
data were substituted by data derived from the daily mean of the 10.7-cm radio
flux (which correlates well with SXR; Donnelly, Puga and Busby, 1986) and
also from the occurrence of Sudden Ionospheric Disturbances (SIDs - which are
sensitive to the SXR flux). Moreover, the SID list was also compared with that
for H-alpha flares, as published in SGD.
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Figure 2. Time series of the nonflare soft X-ray daily values (XBG — in units of
107 8Wm™=2), from 1969 to 1976. Out-of-scale values are shown in the upper right
corner.

—TOT (in units of 10~$Wm=2), the daily flare index for all soft X-ray flares
(larger than B5 and disregarding their time duration), as used by Antalovd et
al., 1995; Jakimiec, Storini and Antalova, 1995; Storini, Antalovd and Jakimiec,
1995; Antalové, Storini and Jakimiec, 1996.

Figures 2 and 3 show the time series of both soft X-ray parameters (on a
daily basis). The out-of-scale values are shown in the upper right panel. We
first investigated the data distributions and found that each soft X-ray variable
displays a high skewness. Hence, the logarithmic transformed values for both
soft X-ray variables were considered. We formed seven consecutive subsets of
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Figure 3. Time series of the flare soft X-ray daily values (TOT - in units of
107Wm ™2, see the text), from 1969 to 1976. Out-of-scale values are shown in the
upper right corner, as in Figure 2.

daily values, each spanning two years: 1969-70, 1970-71 up to 1975-76. As the
eleven-year cycle of solar activity is reflected in the decaying trend of the data
used, a polynomial data fit of the 2nd order was produced for each variable
and sequence. However, it was found that in all sequences the linear trend was
enough to eliminate the long-term data behavior. By removing the long-term
(year) trends we obtained the detrended sequences of our soft X-ray parameters
(XBG and TOT) for every subset, which express their fluctuating character
well.
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Figure 4. Acf-s of detrended non-flare XBG (left panel) and flare TOT (right panel)
data for the 1969-70 (top) to 1975-76 (bottom) sequences. The true scale is given for
the first and for the last acf-s. The scale of every successive acf is moved down by 0.3,
starting from the top. Standard error (s.e.) bars are shown only for the 1975-76 acf-s.
In the first acf (1969-70) the meaning of four acf-parameters is clarified as follows:
acfi — small circle, acfim — large circle, lagim — a vertical arrow and D — horizontal
bidirectional arrows. The dashed lines, reported for the 1969-70 sequences, give the
assumed s.e. value for the acf recurrent values.
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3. Autocorrelation functions of detrended data

For both soft X-ray variables (XBG and TOT) and for every detrended sequence
we computed the autocorrelation functions (acf-s) with a time lag ranging from
1 to 32 days. Figure 4 shows the XBG (left panel) and TOT (right panel) acf-s
obtained. The vertical bars illustrate standard errors for the 1975-76 acf-s. The
other functions have similar standard error bars and they were omitted to avoid
confusion. From Figure 4 we selected four acf-characteristic parameters:

o— acfi, the acf value for the 1-day lag;
®— acfim, the local maximum of acf values within the 15-32 day range;
o— lagy, the time lag of this acf local maximum (in days);

e — D, the time lag extension or time duration (in days) of the period for which
the acf values are greater than one standard error (assumed as 1 s.e. = 0.08
for XBG, and 1 s.e. = 0.05 for TOT) in the 15-32 day range.

Considering that acfim > 1 standard error, it can be said that the local maxima
are significant with an a level = 0.16 (or with a 84 % confidence level). We
notice that in many cases the acfin, statistical significance is better (up to a =
0.05, i.e. 95 % confidence level) than the one assumed.

Besides the above four acf-parameters (which are the characteristics of the
local maximum of acf-s) we computed two others, which give a measure of the
recurrency effect:

o— M, equal to acfiy times D, exhibiting the acf), importance on an absolute
scale.

o— S, equal to acfim divided by acfi, giving the acfi, importance on a relative
scale.

Figure 5 illustrates the six acf parameters defined above. Figures 4 and 5
indicate that:

e XBG — (i) the acfi (acf2) values are about 0.80 (0.65) with conspicuous
stability during the period 1969-1976; (ii) the acf-s display some recurrent ten-
dencies for lags longer than 20 days, and the acfim values show a dual-peak run
with a higher maximum in the years 1970-71 than in 1974-75; (iii) the lagyy
ranges from about 20 (1970-71) up to 27 (1972-75) days; (iv) the D range is
included between 9 and 13 days (1969-1975), except for 1975-76 (D = 1); (v)
the trend of M underlines the dual-peak shape of the recurrence effects, where
the first peak (1969-73) is stronger than the second (1973-76); (vi) the S also
displays two maxima, with the first (1970-71) more pronounced (~ 25 % of the
acfr).

e TOT — (i) the acfi values increase from about 0.5 in 1969-72, to 0.7 in
1973-75, decreasing again to almost 0.5 in the years 1975-76; (ii) the acfim has
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Figure 5. - Six acf parameters computed from both soft X-ray variables (XBG and
TOT) and their changes from 1969-70 to 1975-76 sequences. Left panels show param-
eters: acfi, lagim and M; right panels show parameters: acfim, D and S.

a dual-peak shape, with a higher second maximum in 1973-75 than in 1970-71.
No recurrent tendency is found for 1975-76, with acfim = 0.05 (assumed 1 s.e.
= 0.05 for TOT); (iii) the lagi, range varies between 18 (1970-71) and 27 days
(1972-73), while the most stable lag;, (25 days) was observed in 1973-75; (iv)
the D is very variable from a very short period of 1 day (1975-76) or 2 days
(1971-72) to 16 days (1974-75), showing again a dual maximum in the trend
of D with a higher value in the second peak (1973-75); (v) from M we can see
that the recurrence effect is characterized by a very large second peak during
the solar cycle late declining phase (1973-75); (vi) the S, instead, displays two
comparable maxima (32 % of the acf,); the first maximum of S occurs in the
1970-71 and the second in the 1973-75 interval.



112 M. Jakimiec, M. Storini and A. Antalové

4. Discussion

The autocorrelation analyses (acf;, with j=1, ..., 32 days) of daily SXR param-
eters (0.1-0.8 nm) during the maximum and decreasing phases of the 20" solar
cycle indicate the following:

— there is a strong coherence in the nonflare SXR corona, represented by
XBG. The acfi(XBG) ~ 0.8 being constant (within the given accuracy) for the
all 1969-1976 period (left upper panel of Figure 5). In other words, there are
no relevant XBG changes on a short-time scale. We conclude that appreciable
variations in the global coronal structures emerge only when we are comparing
coronal features several days apart. On the other hand, during the years of
high solar activity (1969-1972) the X-ray flare parameter (TOT) displays the
dynamical presence of long-lived and new flaring regions (acfi(TOT) ~ 0.5)
on a short-time scale, while during the solar cycle late declining phase (when
only long-lasting active centers survive in the areas between coronal holes) the
acfi(TOT) increases and maximizes (acfi (TOT) ~ 0.7 in 1973-1975). Near the
solar activity minimum (1975-76) the acfi;(TOT) recedes towards the ~ 0.5
level (left upper panel of Figure 5).

— the acfim values, due to superposed noise, are not very high (0.05-0.25),
but at the boundary of significance (right upper panel of Figure 5). Donnelly,
Puga and Busby (1986), and Donnelly (1987) analyzing, inter alia, the daily
Fe IX intensity during the 21%¢ cycle, obtained similar results for lags of ~ 28
days. However, we have shown that this significance in the SXR parameters
depends on the cycle phases (right upper and lower panels of Figure 5), with a
dual-peak behavior from the maximum to the minimum activity phases. It will
be interesting to find out if this peculiar feature exists in other cycles, including
that for the increasing activity phases. Moreover, notice that only with two
exceptions, 1970-71 and 1975-76, the recurrent acf values have a broad time
duration D (right middle panel of Figure 5; see also Donnelly, 1987).

— the obtained recurrence lags (left middle panel of Figure 5) agree with the
findings reported for the 21° cycle, i.e. a lag shorter than the 27-day during
the maximum activity phase and a lag near the synodic period during the de-
clining phase. In fact, Wilson (1982) noted dip minima with a periodicity close
to 24 days, analyzing the ACRIM irradiance from April to October, 1980. A
link was found between irradiance decreases and sunspot flux deficit in solar
active regions. Moreover, Bouwer (1983) analyzing solar soft X ray emission for
the years 1977-81 found that frequencies most closely corresponding to the solar
rotation are not normally distributed about a 27-28 day mean but occur about
22, 25 and 34 days. Rottman (1983) noted that when solar activity is concen-
trated at well-defined solar longitudes, a ~ 27-day periodicity appears in the
solar irradiance. Pap (1985) explained the above features by invoking a different
periodicity for young sunspot groups (or ‘active’ sunspot groups, characterized
by a fast development and a complex magnetic configuration: 23.5-day periodic-
ity) and old sunspot groups (or ‘passive’ sunspot groups with a simple magnetic
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structure: 28-day periodicity). During the rising and maximum activity phases
of each solar cycle there is a predominance of young spots, while during the
declining phases new spot groups are rare, and old spot groups characterize the
recurrent effects. We show that this seems to be true for the XBG parameter in
the interval 1971-75. In the TOT parameter this behavior sets in, more slowly,
suggesting that the ratio between new and old flaring centers decreases nearly
monotonically up to 1972-73; after that time there is a period (1973-75) in which
a close 25-day recurrence is observed. This could be done by the magnetic field
interplay between well-extended coronal holes and the nearby active centers. At
the time near the solar minimum (1975-76) no significative periodicities existed
(Figure 4 and right upper panel of Figure 5) because few sunspot groups and
active regions survive on the solar disk (e.g., Pap, 1986; Frohlich and Pap, 1989).

5. Conclusion

Our results, while confirming past findings based on several mathematical tech-
niques and different solar parameters (Hansen, Hansen and Loomis, 1969; A-
postolov and Letfus, 1975; Wilson, 1982 and 1984; Bouwer, 1983; Donnelly et
al., 1983 and 1985; Pap 1985 and 1986; Donnelly, Hinteregger and Heat, 1986;
Donnelly, 1987; Rusin, Rybansky and Zverko, 1987 and 1988; Pap, Tobiska and
Bouwer, 1990; Bouwer, 1992 among others), clearly show, by means of the au-
tocorrelation technique, that the behavior of the medium-term X-corona (i.e.
within a synodic solar rotation) depends on the solar cycle phase. Instead, on
a short-term scale (1 day) this dependence exists only for the X-flaring coro-
na, with the X-background nearly stable from the maximum to the minimum
activity phases. Work is in progress to update our results until the end of the
ascending phase of solar activity cycle no. 21.
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