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Abstract. All evidence of the solar origin of 160-min period oscillations is collected, and the present state
of observations of this oscillation in optical and radio-ranges is considered. The main results are
summarized: (a) the 160-min oscillation was observed in 1981 as well as before, (b) an attempt to find a
nonradial component with / = 2 has failed, (c) the intensity and circular polarization of radioemission show
with statistical significance the presence of this 160-min periodicity.

1. On the Solar Origin of 160-min Oscillations

The 160-min periodicity has the same phase at different sites of the Earth’s globe:
Crimea, Stanford, and South Pole (see Figure 1}; the last observations lasting for about
5 days without interruptions caused by night-time intervals as is inevitable in usual
ground-based observations show also that the {-day sampling effect does not play any
role. Moreover, the 160-min peak in the power spectrum (computed for 1974—1980) is
the highest (see Figure 2). A possible influence of the differential transparency of the
terrestrial atmosphere (difference in transparency between east and west limbs) can, in
principle, bring some modulation, but this effect, on average, was reported to be at least
10 times smaller than the observed one (see Severny et al., 1980) and does not produce
the systematic shift of the phase from year to year. Besides that, the changes of
transparency do not show the 160-min variations, as follows from the work by Clarke
(1980). The apparent absence of the 160-min oscillations in velocity when one uses a
telluric line, as well as the indication for the 27.2-day periodicity in the variations of an
amplitude of this 160-min oscillation (Kotov et al., 1982), are also worth noticing. One
should also note that the synchronous, in parallel with the line-of-sight velocity,
variations in the intensity and circular polarization of radioemission from the Sun are
observed (see below), which can not be ascribed to fluctuations in the ionosphere of the
Earth. The 160-min variations in IR limb-darkening were observed by Koutchmy’s and

Kotov (1980). A full analysis of possible non-solar sources and errors is in Kotov et al.
(1982).

* Proceedings of the 66th IAU Colloquium: Problems in Solar and Stellar Oscillations, held at the Crimean
Astrophysical Observatory, U.S.S.R., 1-5 September, 1981.
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Fig. 1. Superposed epoch plot of the Crimean, Stanford, and South Pole observations with a folding period

of 160.010 min. Zero phase corresponds to UT 00"00™ on 1 January, 1974. The sinusoids represent the best

fitted harmonic waves computed for three observatories separately. Vertical lines indicate rms error for each
point.

2. Present State of Optical Observations (1974—-1980)

A summary of the Crimean measurements of solar velocity is presented in Table I.

The results of superposed epoch analysis for the Crimea, Stanford, and South Pole
are illustrated by Figure 1 showing good agreement in phases of mean line-of-sight
velocity curves; some difference in amplitudes can be easily ascribed to the differences
in methodes of measurements (different areas for averaging of velocity over the solar
disk) and, in some part, — to difference in calibration. There is also a good agreement
between the dependences of the moments of observed maximum (of outward velocity)
upon the time (year) of observation (Figure 3); both Crimea and Stanford clearly show
a year-to-year progressive drift of this moment provided that the period of the
oscillations, in superposed epoch plots, is precisely 160.000 min; this phase drift is
found to be in quite a good agreement with South Pole result too (see label N on
Figure 3). This drift of the velocity maximum, determined for each individual year with
exactly 160.000 min period, points to a true period of 160.010 min, corresponding to a
yearly shift of the phase by about 32 min, on average.
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Fig. 3. Phase-shift diagram showing the progressive drift of the velocity maximum, by about 32 min per

year, according to observations from different sites: C — Crimea, S — Stanford, N — geographic South Pole

(see Scherrer er al., 1980; Grec et al., 1980). The phase shift was computed with respect to a
160 min period.

TABLE1
Summary of Crimean observations of solar velocity

Year Dates Days Hours Harmonic ~ UT® of
amplitude  maximum
(ms™1) velocity
1974 4 August — 9 October 14 76 1.42 23h35m
1975 16 March — 14 October 32 171 0.81 23hq5m
1976 26 April — 15 October 32 163 0.36 00"p9™
1977 11 March — 24 October 59 280 0.78 00r35m
1978 22 April — 21 October 78 471 0.48 01h24m
1979 20 March — 30 December 60 381 0.56 01h59m
1980 14 January — 26 July 50 304 0.45 02h36™
1981 17 June — 31 July 37 248 0.55 03hQ7™
Total 4 August 1974 — 31 July 1981 362 2094 - -

2 UT means the time of maximal velocity with respect to zero moment taken at UT 00"00™; superposed
epoch analysis for each year is made with the period 160.000 min.
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Fig. 4. High resolution power spectrum of the Crimean 1974—1980 measurements calculated near 160-min
period (amplitude, in m s~', versus period, in min).

There is no power in the velocity data at exactly 1/9th of a day (= 160 min), as
demonstrated by fine power spectrum on Figure 4; here the dominating peak is definitely
located at the 160.010 min period, with two side bands produced by annual regularity
of observational seasons. Comparison of the power spectra of long-period oscillations
obtained in the Crimea (1974—1979) and at Stanford (1977—-1980) shows good
agreement of two observatories, especially with regard to the appearance of this 160-min
oscillation (see the paper of Scherrer and Wilcox, 1983). However, in addition to the
common and dominant maximum at the 160-min period, one can see other significant
maxima. Particularly, in the power spectrum of the Crimean data 1974—1980 shown in
Figure 2, the periods near 134, 148, 168, and 171 min (besides, of course, the artifact
periods near 144 min and 180 min which are side bands of the 160.010 min period) are
seen. When considering all these maxima one should keep in mind that in addition to
some Earth-originated peaks, we may have also the transient, irregular effects of
supergranulation and the newly discovered phenomenon of ‘mesagranulation’ (with a
characteristic life-time of several hours) superposed on global oscillations of the Sun
(November et al., 1981).

3. Velocity Observations in 1981

The persistent 160-min oscillation was observed again in 1981, as may be judged from
Figure 3 where the phase (more precisely: initial phase) of maximal velocity according
to reduction of the 1981 year observations agrees nicely with regression line computed
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Fig. 5. (a) Superposed epoch plot of the total set of the velocity observations in 1981 including July

measurements intended to look for / = 2 oscillations (see Figure 6b). (b) Result of July measurements for

detection of quadrupols (/ = 2) motion. (¢) Mean velocity curve according to previous, 1974—1980, Crimean

observations. Vertical arrows show the position of velocity maxima predicted for 1981 on the basis of
1974-1980 observations.

from previous observations in 1974 to 1980, and implying a 160.010 min period. The
superposed epoch plot of these measurements made during 37 days in the summer of
1981 (from 17 June through 31 July, 248 hr in total) is shown in Figure 5 (top). The
phase of the best-fitted harmonic curve corresponds to UT 01"41™, being in close
agreement with the previous Crimean observations 1974 through 1980 (UT 01"37™),
and Stanford measurements in 1976—1979 (UT 01"37™), as well as with the observation
at the South geographic pole (UT 01°41™; Grec et al., 1980); zero phase everywhere
is taken at UT 00"00™, 1 January, 1974.

https://doi.org/10.1017/5025292110009535X Published online by Cambridge University Press


https://doi.org/10.1017/S025292110009535X

MANIFESTATION OF THE 160-min SOLAR OSCILLATIONS 15

N N
¢ =59°¢
@ = 41°
¥ =19
E w
P =-19
P =41
¢ =-59 IR
s 5

a b

Fig. 6. A sketch showing the different areas of the solar disk used in the Crimea to measure differential
solar velocity. (a) For the usual observations in 1974—1981 when the instrument detects the difference
between the outer annulus and a weighted full disk. The weighting is such that the outer annulus (unshaded
area) has full transmission and the inner circular area (shaded area of 0.66 D in diameter) has
approximately half transmission. (b) For July 1981 observations to detect a quadrupole motion on the solar
surface, when the equatorial and polar regions were screened by an opaque shield. The numbers 1, 2, and
3 on top shows three different kinds of areas: 1 —non-screened area; 2 —the area covered by circular
polarizer; 3 — completely screened area. By ¢ we denote different solar latitudes.

Our understanding of the 160-min oscillation, together with other modes of long
periods (2 ") can suffer from a lack of knowledge about the spatial distribution of
amplitudes. This year we made an attempt to determine the type of 160-min oscillation
with the use of the same observational technique but with quite different, than earlier,
averaging of the velocities over the solar disk. Namely, to look for the quadrupole mode
(I =2) given by harmonic P; (cosf) having two nodes on the solar surface (at
heliolatitudes ¢ ~ 55° and ~ —55° where the radial component of the velocity ¥, = 0),
we screened three portions of the solar disk: two polar regions for |¢| > 59° and an
extensive equatorial region limited by }(p) < 19°, see Figure 6. In other respects the
optical geometry for measurements of the differential (¥, — ¥)) velocity was retained the
same as in all previous Crimean observations (see Kotov et al., 1982).

In these new series of observations (performed from 11to 31 July, 1981;in all 19 days,
129 hr) we measured the difference between the line-of-sight velocities of two large areas
located near heliolatitudes |<p} ~25° and the rest of non-screened areas
59° > || > 19° (see Figure 6). The result of these observations is plotted in the middle
of Figure 5; we see that in these measurements purposed to make discrimination
between the radial and quadrupole — types of oscillation, almost the same 160-min wave
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Fig. 7. Variations of velocity (a), IR brightness (b), and radioemission (¢) with 160.010 min period. Phase
zero is taken at UT 00"00™, 1 January, 1974 (the same is for Figure 8).

has appeared as in the previous 1974—1980 observations (Figure 5, bottom). From this

preliminary result one may conclude that 160-min oscillation shows mostly radial
motion.

4. Radio Observations of 160-min Oscillations

To detect the changes in the center-to-limb difference of radiotemperature for the quiet
Sun, and following the work by Eryushev er al. (1979), we measure alternately, with
5-min integration time, the brightness temperature in two quiet regions of area of about
4 arc min square on the solar disk; one is selected near the disk center and the other
is located about 10 arc min to the north from the center. The first measurements of the
ratio (T, - T.)/(T, + T,.) were made during 48 days in 1977—1980 with the use of the
Crimean 22-m dish antenna (see Ivanov et al., 1967) at four wavelengths: 1.9, 2.25, 2.5,
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and 3.5 cm (mostly at 2.25 cm; in total about 400 hr of measurements were collected).
The first results were reported by Eryushev et al. (1979).

Diurnal drifts were eliminated by the usual procedure of 2nd order polinomials
approximation (similarly to the analysis of velocity records). The residuals then were
subjected to superposed epoch analysis with the 160.010 min period according to the
optical measurements.

Figure 7c shows the result of superposed epoch analysis for the difference
dp = 2(I,~ 1.)/(1, + 1) for the whole data set of 1977—1980. In the middle of Figure 7
we have plotted the mean curve of near infrared brightness changes according to
measurements undertaken in 1977—1978 by Koutchmy ez al. (1980), and at the top —
the mean velocity curve for 1974—1980; the phase was set to be 0 at UT 0000™ on
1 January, 1974. Comparing all these curves one may conclude that there is an
indication of the 160-min waves in solar intensity, IR and radio, with high statistical
significance (24/0 2 5). The average power spectrum of the radio emission (not shown
here) calculated for the total set of observations in 1977—1980 also exhibits a significant
peak at 160™.

There also exists a strong overtone with 80—90 min period in the differential
(center-to-limb) radiobrightness. The delay in the phase of radio oscillations (see
Figure 7) as compared with velocity variations might be caused by the time needed for
the oscillations to propagate from the photosphere to the low corona; anyway, this
question about time delay and correlation between the velocity and radio data might
present a great interest for the theory called up to explain the 160-min oscillations.

Measurements of polarization of the radioemission were made at 1.35 cm wavelength
in June—July 1980 and June 1981, during 38 clear days in total. The degree of circular
polarization was monitored successively in five different quiet regions on the solar disk:
northern (N), central (C), southern (S), eastern (E), and western (W) locations, choosen
far away from active centers. The Sun was observed for about 9 hr per day on average
(on each of 38 days in 1980 and 1981). Slow drifts again were subtracted from the data
by best-fitting a parabola, and detrended residuals have formed a time series which have
been processed using the superposed epoch technique and power spectrum analysis.
Some data on the observations of these five locations and results — amplitudes and UT
of observed maxima of polarization at the 160.010 min period — are given in Table II.

All five quiet regions on the Sun have shown the presence of statistically significant
(2A/6 = 2-3) variations with the period 160.010 min and nearly with the same phase
(see Table II, last column). The harmonic amplitude is about 10~° (see Table II and
Figure 8). The power spectrum averaged for these five sets of measurements of
radio-polarization exhibited also a strong 160-min peak.

The polarization of the solar radioemission, as is well known, should be connected
with the solar magnetic field. Hence, the 160-min variations of the degree of
radio-polarization, shown in Figure 8 (bottom), might mean synchronous changes in the
solar magnetic field. This offers a possibility to estimate the amplitude of the magnetic
field variations. For the cm-wavelength radioemission induced by thermal bremstrahlung
there is a simple relation between degree of polarization and magnetic field strength (see
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TABLE I

Radio-polarization, 41.35 cm, P = 160.010 min
(measurements in June—July 1980 and June 1981?)

Location Number of A x10° 24' /o t
days hours 5™-points

North 26 235 1105 24 37 02"10™
Center 38 335 2122 1.2 42 01h59m
South 28 246 957 1.1 2.8 01hs54m
East 13 104 688 1.0 2.2 01h50™
West 3 28 182 54 3.8 02h00™
All 38 5054 1.5 6.9 02h01™

2 A denotes a harmonic amplitude, 24’ means ‘peak-to-peak’ amplitude (see Kotov et al., 1982), ¢ — time
of maximal polarization in superposed epoch plots for 160.010 min period and zero moment taken at
UT 00"00™, 1 January, 1974.
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Fig. 8. Mean variations of the velocity and the degree of radio-polarization (at 41.35 cm) with the period
of 160.010 min.
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Bogod and Gelfreikh, 1980):

Ju

p=n—,
f
where n = d(IgT,)/d(lg f) is the spectral index of radio-emission, f;; = eH/2n cm is the
gyrofrequency, f is the frequency of the observations and H is the magnetic field
strength. Substituting A = 1.35 cm and n = 1, we get for the field strength:

H~0.79 x 10°p,

and for our mean value p ~ 1.5 x 103 the amplitude of magnetic field variations attains
the value of about 0.12 G. This amplitude exceeds the directly estimated variations in
the solar mean magnetic field inferred from optical observations (see Severny, 1969;
Kotov et al., 1982) by a factor of ~ 5. However, this apparent discrepancy might be
readily explained by the strongly inhomogeneous structure of the chromosphere and low
corona, as well as by the fact that when one observes the Sun-as-a-star field one
measures optically some average longitudinal component of the magnetic field for the
solar disk as a whole, in contrast to the radio polarization measurements, where we deal
with several small areas on the disk, and where the field strength may considerably
exceed the mean field value.

It should be emphasized that the values of circular polarization and the amplitude
of fluctuations of radioemission can not be attributed to ionospheric effects, where the
optical depth for our wavelength (1.35 cm) is about 5 x 10~ 7 (for the measurements of
radioflux) and ~ 10~ ' for the polarization.
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