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We recognize a quasi-recurrence with duration of 3 to 4 Carrington rotations period (3-4 CRP) in changes 

of amplitudes of the 27-day variation of galactic cosmic rays (GCR) intensity, solar activity (SA) and 

solar wind (SW) parameters, as well. We attribute this phenomenon to the presence of a spatial 

topological structure (STS) of the solar magnetic field. STS is created by α-ω effect in the inner solar 

atmosphere, from photosphere to lower corona. STS exists due to the asymmetry of solar dynamo and 

solar differential rotation. Studying this phenomenon by the aid of spectral analysis methods we found an 

existence of  the quasi-periodicities with the duration shorter than, and longer than the 3-4 CRP. This 3-4 

CRP quasi-periodicity mode corresponds to the extreme interval ∆t of differential rotation periods, ∆t = 

35 days -25 days (from poles to equator of the Sun, respectively). We assume also that the process like to 

α-ω appears in time intervals corresponding to the transitional differential rotation periods, as well, e.g. 

∆t1 = 26 days -25 days, ∆t2 = 27 days - 25 days, and so forth, to ∆t = 35 days -25 days. We assume that 

extensive range of quasi- periodicities of GCR intensity, SW and SA parameters can be related to the 

combined influence of turbulent solar dynamo and solar differential rotation. Thus, STS should be very 

complex pattern  containing a broad modes of oscillations responsible for various types of quasi-
periodicities. So, we believe that it is possible to find an evidence that any alternation: periodical or non-
periodical in GCR intensity and in parameters of solar activity and solar wind is strongly related  with 

temporal changes of the various scales of STS. 
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1. Introduction 
The solar dynamo acts in the large scale periodicities; among them, the most obvious, 

morphologically linked with solar dynamo are 11-year and 22-year cycles (e.g. [1]). In [2] based 
on cosmogenic radionuclides analysis are considered long-lasting periodicities, amongst them 
87-years and its multiplicities; there also is found an existence of mid-term quasi-recurrences. 
The quasi-biennial oscillations appearing stronger near the solar maximum are broadly 
discussed in connection with solar dynamo (e.g. [3-4]). In [5] using helioseismological data was 
found very clear periodicity ~1.3-years in the solar rotation tempo around the tachocline in the 
convective zone, which vanished after the year 2000 and didn’t return, yet [6]. In [7] was stated 
that poloidal magnetic field has both: regular recurrences in the dynamo cycles and irregular 
changes in shorter time scales, analogous to the solar rotation period. An interesting review of 
other quasi-periodicities appearing in the Sun’s behavior can be found in (e.g. [8-9]). Studying 
long period changes in [10] has been presented some unspecified torque effect on the assumed 
non-axisymmetric tachocline being a new input in the subject of possible planetary impact on 
the solar dynamo. In [11-13] was found a new class of quasi-periodicities, i.e. a distinct 
recurrence remaining three to four Carrington rotations period (3-4 CRP) in the amplitudes of 
the 27-day variations of the galactic cosmic ray (GCR) intensity, parameters of solar activity 
(SA) and solar wind (SW). The noticed 3-4 CRP quasi-recurrence is connected with the periodic 
configuration of the solar magnetic field. It exposes owing to the conversion of the poloidal 
magnetic field into the toroidal, due to the solar magnetic dynamo and differential rotation of 
the Sun (α-ω effect). 

We suggest an existence of a spatial topological magnetic structure with life-time of about 
3 to 4 solar rotations (with lower and higher harmonics of the 3-4 CRP) on the Sun’s 
photosphere (most apparent a current sheet type structure) created by the joint effect of turbulent 
solar dynamo and differential rotation of the Sun. A source of creation of that spatial topological 
magnetic structure is the α-ω effect. We consider a topological structure as an area of the 
toroidal magnetic field lines originating in the helioequatorial region and being fully wrapped 
around the Sun, up to reaching the heliolongitudes with the origin of the poloidal magnetic field, 
from which the toroidal field was generated. 

The suggested is dealt to the extreme interval ∆t of differential rotation periods, ∆t = 25-35 
days (Sun’s rotation period in equatorial region equals, t = 25 days, while t= 35 days in poles 
region). We assume that the α-ω process appears in time intervals corresponding to the 
intermediate differential rotation periods, as well, e.g. ∆t1 = 25-26, ∆t2 = 25-27, and so on, up to 
∆t= 25-35 days including practically unlimited quasi-periodicities caused by a superposition of 
the basic modes, corresponding to various quasi-periodicities. Going to forth, one can suggest 
that different combination of basic modes of ∆t and their superposition can be considered as an 
origin of a great of majority types of quasi-periodical changes of GCR intensity, parameters of 
solar wind and solar activity. 

Unfortunately, we exactly do not know yet what parameter or group of parameters 
characterizing the flexible topological structure created by the α-ω effect is responsible for the 
3-4 CRP cycling (including its lower and higher harmonics) of the amplitudes of the 27-day 
variations of the galactic cosmic ray intensity and various parameters of solar activity and solar 
wind. As a first approach there can be considered a behavior of a changeable magnetic field and 
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velocity in the plasma of the inner Sun's atmosphere- from photosphere to lower corona. We 
assume that more appropriate and notable candidate of the topological structure that can be 
considered as a cause of quasi-periodical changes with various time intervals, among them the 
3-4 CRP recurrence, is a diffusion of current sheet in the Sun's atmosphere. 

Moreover, it is worth to note that the process which is responsible for changes of the 
magnetic field topology is a turbulent magnetic reconnection (e.g. [14]). For this process Parker 
[15] and Sweet [16] have proposed independently the first analytical model- when strong 
magnetic field lines diffuse through the plasma then reconnection can occur. Thus, it might be 
very useful to study the time-scales of the solar magnetic reconnection. 

Our purpose in this paper is twofold: (1) to examine features of the 3- 4 CRP recurrence of 
the 27-day variations of the GCR intensity, parameters of SA and SW using experimental data, 
(2) to study the topological structure of the Sun due to the temporal changes of the coronal green 
line intensity. 

2. Recent observational data  
To investigate the properties of the 3-4 CRP periodicity using the recent experimental data, 

we consider daily data in the period of 2009-2017 as the end of the extended solar minimum 
2006-2009 (e.g. [17]) and a part of solar cycle 24. We analyze different parameters measured on 
the Earth and in the nearest space around the Earth’s orbit, among them the GCR intensity 
measured by Rome neutron monitor, solar wind speed (SWs), solar wind plasma temperature 
(SWt), the strength (B) of the heliospheric magnetic field (HMF), sunspot number (SSN) and 
10.7 cm solar radio flux (F10.7). To find amplitudes of the 27-day variations of different 
parameters we use harmonic analysis method (e.g. [18]). Figure 1 shows the sequence of seven 
3-4 CRP, as an example, starting from February 2011, occurring in the all described data. One 
can see, that the 3-4 CRP recurrence is clearly visible in the amplitudes of the 27-day variations 
of the GCR intensity, SW speed, SW plasma temperature, the HMF strength, sunspot number 
and solar radio flux. 

We consider the 3-4 CRP cycling as rather sporadic effect. It can be present during more 
than two years, but after it vanishes, and appears again after few rotations. We suppose that this 
quasi- recurrence is an universal feature of solar activity associated with the solar dynamo and 
differential rotation of the Sun - once in a while disrupted by other processes, not very easily 
visible, nevertheless, constantly remaining. 

3. Examine the solar corona and discussion 
Mursula and Vippola [19] studying SW changes measured by various space probes showed 

that 1.3-years periodicity, i.e. a recurrence found in [20], is weaker in high heliolatitudes and 
stronger in the equatorial region. They also reported, that 1.7-years periodicity, i.e. a recurrence 
found in [21], behaves opposite, being stronger in mid -latitudes. In [22] there is a statement, 
that the manifestation of the rotation of the innermost part of sub-photospheric zones might be 
reflected in the solar corona behavior. 
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Fig. 1 Sequences of 3-4 CRP quasi-recurrence in the 2011-2012 of amplitudes of the 27- day 

variation of (a) the GCR intensity by Rome neutron monitor (I), A27 I, (b) the solar wind speed (SWs), 
(c) the interplanetary magnetic field strength (B), (d) the solar wind plasma temperature (SWT), (e) the 
sunspots number (SSN), (f) 10.7 cm solar radio flux (F10.7). On the abscissa the unit is Carrington 
rotation (CR) 

 
Thus, to track the structures hidden in the solar magnetic field we study changes of the 

coronal green line intensity (CGLI) with wavelength of 530.3 nm, emitted by ionized iron Fe 
XIV (e.g. [23-24]) in the period 1958-2008. CGLI gives an insight in the time-latitudinal 
spreading of the coronal brightness.  

We have calculated amplitudes of the 27-day variation of CGLI at all points over the solar 
disc, starting from the North pole in the eastern direction, with 50 intervals. Figures 2a-h show 
the sequence of the 3-4 CRP in the periods 1980-1982 and 1996-1998, occurring in CGLI at 
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different points of solar disc (as it was found for the other data, as GCR, SW and SA 
parameters-compare with Fig. 2 and 3 in [12]). 
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Fig. 2a-h Sequences of the 3 -4 CRP quasi-recurrence in 1980-1982 (a-d) and 1996-1998 (e-h) of 
the amplitudes of the 27- day variation of the coronal green line intensity for (a) 00 (CGLI 00), (b) 400, (c) 
650, (d) 3400 in absolute coronal units (acu). On the abscissa the unit is Carrington rotation (CR). 

 
We have found that the 3-4 CRP quasi-periodicity is mostly clearly visible in mid- 

latitudes and near the polar regions, especially the North hemisphere; possibly this is an 

indication of the existence of stable North-South asymmetry of solar dynamo, while this 
recurrence does not exhibit in the equatorial regions.  

 

 

 
Fig. 3a-c PSD of daily data of CGLI for 650(as an example) for the time intervals: 1980-1982 (a), 

1996-1998 (b) and 1970-2008 (c) with periodicities from 40 days to 120 days. 

 
To confirm the above results we also calculated the power spectrum densities (PSD) using 

daily data of considered parameters. Figure 3 shows periodicities from 40 to 120 days revealed 
in CGLI in various points of solar disc in the periods 1980-1982, 1996-1998 and for comparison 
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the longer period of 1970-2008. For each time interval the periodicity close to the duration of 3 
Carrington rotations period is clearly visible. 

It is worth to underline, that in [25] it was shown that almost all sunspots at the end of the 
Maunder minimum were located in the southern hemisphere and the Grand Minima occurrence 
and North-South asymmetry of solar activity might be related [7]. In [26] it was found that the 
distribution density of the background magnetic field also shows North-South asymmetry. 

4. Conclusions 
1. We confirm an existence of clearly established quasi-periodicity with duration of three 

to four Carrington rotations period (3-4 CRP) in the changes of the amplitudes of the 27-day 
variations of GCR intensity, parameters of solar wind and solar activity. 

2. The 3-4 CRP recurrence is shaped by the combined: solar dynamo and differential 
rotation. Particularly, the most appropriate candidate of the topological structure which can be 
considered as a cause of the 3-4 CRP quasi-periodicity is diffusion of a current sheet in the 
Sun’s lower atmosphere. It can be assumed that a study of an evolution of current sheet in lower 
atmosphere of the Sun can shed light on the nature of the spatially and temporally changeable 
topological structure responsible for the 3-4 CRP recurrence of the amplitudes of the 27-day 
variations of GCR intensity, and different parameters of solar activity and solar wind. We 
believe that there is a spectrum of the topological structure of the magnetic current sheet on the 
Sun’s photosphere being responsible for different quasi- periodical changes, including the 3-4 
CRP recurrence. Thus, STS should be very complex pattern  containing a broad modes of 
oscillations responsible for various types of quasi-periodicities. Hence, it is possible to find an 
evidence that any alternation: periodical or non-periodical in GCR intensity and in parameters of 
solar activity and solar wind is strongly related  with temporal changes of the various scales of 
STS. 

4. We show that the 3-4 CRP quasi-periodicity in the amplitudes of the 27-day variation of 
the coronal green line intensity is clearly visible mostly in mid-latitudes and near the polar 
regions, especially in North hemisphere. We believe that it confirms an existence of the stable 
North-South asymmetry of solar dynamo. 
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