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Gnevyshev gap in the large-scale magnetic field
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Abstract The phenomenon of the Gnevyshev gap was first identified in the
solar-corona irradiance data (green line). Later, it was studied in the sunspot,
coronal, and heliospheric data. We have investigated the Gnevyshev gap in the
magnetic field data and have arrived at the conclusion that it reflects the behav-
ior of the large-scale magnetic field. The Gnevyshev gap occurs at the polarity
reversal of the solar magnetic field at the photosphere level. The presence of the
Gnevyshev gap in sunspot data at the photosphere level is disguised by non-
global structures that retain dependence on both latitude and longitude (the
accepted mathematical term is tessaral, see below for more details). However, it
is clearly visible in the magnetic field data at the photosphere level and is even
more pronounced at the source surface (i.e., in the corona).
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1. Introduction

In 1967, M.Gnevyshev (Gnevyshev, 1967) drew attention to the fact that, in the
activity Cycle 19 (1954–1965), the emission of the solar corona in the spectral
line λ = 5303 Å(green line) had two maxima — in 1957 and in 1959-1960.
A decrease in the half-year mean coronal brightness was called the Gnevyshev
gap (GG). This phenomenon has since been observed in various indices, mainly
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related to the occurrence rate of solar chromospheric flares, the upper layers
of the solar atmosphere, the interplanetary medium and cosmic rays. Some au-
thors associated it with quasi-biennial variations of solar activity (for review, see
Storini et al., 2003; Bazilevskaya, Makhmutov, and Sladkova, 2006; Bazilevskaya
et al., 2014 and references therein, Krainev et al., 2015).

It should be noted that the two-peak structure of the solar cycle is quite
rare when the standard 13-month smoothing is applied (Fig.1). An indication of
their existence can be seen only in 7 cycles (5, 11, 12, 16, 22, 23, and 24) out
of 24 cycles for which reliable data are available (Fig. 1). However, in cycles
11. 12. 16, generally speaking, there are no dips; there are individual weak
intensifications during the growth or decline phase, and the cycle remains single-
peaked. In cycles 5, 22, 23, and 24, the dip is actually observed to be 10-15%
deep. The peak ratio varies from 1.098 to 1.184, with the highest secondary
maximum observed in cycle 24, and only in cycle 22 is the secondary maximum
lower than the first (see http://www.solen.info/solar/cycles1 to present.html or
https://www.sidc.be/SILSO/datafiles).

On a shorter timescale (monthly smoothing), we usually get more than three
peaks unevenly distributed over a wide range of about 12 ± 6 months. Kane
(2005) suggested calling these structures the Gnevyshev peaks and Gnevyshev
gaps. They can be identified in various photospheric indices and are even more
pronounced in indices related to higher layers of the solar atmosphere (chromo-
sphere and corona). Kane (2005) analyzed various interplanetary indices, such as
the solar wind density, velocity, and magnetic field, as well as some geophysical
indices, to find out that not a single peak obtained by monthly averaging could
be identified for the entire set of indices under investigation.

On the other hand, in the cosmic ray and interplanetary data, one can clearly
see a time interval when the solar activity decreases. For this period we retain the
name Gnevyshev gap (GG), although this effect may not actually be observed
in the photosphere.

Thus, the Gnevyshev gap concept looks different in different solar activity
tracers, and the overall situation looks quite complicated. It seems (cf. Storini
et al., 2003) as if there is a filter that prevents the GG-effect from propagating
to higher levels of the solar atmosphere and into the interplanetary medium.
On the other hand, Bravo, Stewart, and Blanco-Cano (1998) showed that the
dipole-like component, which becomes minimal during GG, is not dominant in
the photosphere, but its role increases in the corona.

In our opinion, the GG concept needs clarification and a deeper physical
interpretation. Bravo, Stewart, and Blanco-Cano (1998) pointed out a very im-
portant fact. So far, GG has been studied using sunspot data or data from high
levels of the solar atmosphere or even the interplanetary medium, while the
role of the global magnetic field has been outside our scope of attention. We
believe that the data used so far without taking into account global fields are
insufficient to understand the nature of GG. Indeed, it is reasonable to believe
that GG may be associated with processes that happens in the solar interior or
just at the solar surface. Therefore the surface data should be most informative
for understanding the GG phenomenon (unfortunately, we can not observe the
magnetic field in the solar interior directly). Sunspots are helpful in this regard;
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Figure 1. The dependence of sunspot numbers in Cycles 1-24 (divided into four panels) on
time (years). The monthly mean numbers (vertical axis) are given in black; red shows the
standard 13-month averaging. Time in years is given in horizontal axis. (Sunspot data from
the World Data Center SILSO, Royal Observatory of Belgium, Brussels. Version V2)

however, they occupy only a tiny part of the solar surface — no more than a
few thousandths even during the solar maximum. As for the magnetic flux, the
sunspot contribution is also much smaller than the integral solar magnetic flux
(Obridko et al., 2022).

Here, it is natural to proceed from the well-known paper by Wang and Shee-
ley (2003), who described the GG phenomenon in terms of the magnetic-field
transport by emerging sunspots. We appreciate the scenario presented therein,
but our purpose is to expand the observational basis and involve in consideration
source-surface magnetic field.

We believe that to understand the nature of the Gnevyshev Gap it is necessary
to involve data of the surface large-scale magnetic field, and this is the goal of
our article. In particular, we consider the energy indices of the solar surface
magnetic field to study their cyclic variations and clarify the nature of the GG
phenomenon.

2. Gnevyshev gap and energy indices of the solar large-scale

magnetic field

Let us apply the method of spherical analysis to estimate the contribution of
different structural parameters to the cyclic evolution of large-scale fields. We
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shall use photospheric magnetic field data obtained at Stanford with 3 arc min
resolution for the period of June 1976 to July 2022, i.e., for Carrington rota-
tions 1642—2055 obtained from http://wso.stanford.edu/forms/prsyn.html. We
assume that in a spherical layer from the photosphere surface of radius R0 to
a fixed spherical surface of radius Rs, conventionally called the source surface,
the magnetic field is completely described by the potential approximation PFSS
(Hoeksema, 1984, 1991). This yields the following set of magnetic field compo-
nents Br, Bθ, Bφ in a spherical coordinate system r, θ, φ (polar radius, latitude,
and longitude, respectively):

Br =
∑

l,m

Pm
l (cos θ)(gmi cosφ+ hm

i sinmφ)× (1)

×((l + 1)(R0/r)
l+1

− l(r/Rs)
l+1cl ,

Bθ = −
∑

l,mm

∂Pm
i (cos θ)

∂θ
(gml cosmφ+ hm

l sinmφ)× (2)

×((R0/r)
l+2 + (r/Rs)

l−1cl) ,

Bφ = −
∑

l,m

m

sin θ
Pm
l (cos θ)(hm

i cosmφ− gml sinmφ)× (3)

×((R0/r)
l+2 + (r/Rs)

l−1cl) .

Here, 0 ≤ m, l < N (usually, N ≤ 9), cl = −(R0/Rs)
l+2, Pm

l are the Legendre
polynomials, and gml , hm

l are the harmonic coefficients. The latter was calculated
from WSO Stanford data. To find the harmonic coefficients, gml and hm

l , and
thus, to fully determine the solution, we had to use boundary conditions. The
radial component of the magnetic field on the photosphere surface plays the role
of one boundary condition, while the other is the assumption that the magnetic
field at the source surface is purely radial.

In order to estimate the magnetic energy at the sphere of radius r we introduce
as an index the mean value of B2

r taken at the sphere of radius r (Obridko and
Yermakov, 1989; Obridko and Shelting, 1992):

i(Br)|r =< Br >|r , (4)

which yields

i(Br)|R0
=

∑

l,m

l + 1 + lζ2l+1)2

2l + 1
((gml )2 + (hm

l )2) (5)

and

iBr |Rs

=
∑

l,m

(2l + 1)ζ2l+4((gml )2 + (hm
l )2) (6)

for the surface and source radii, respectively. Here, ζ = R0/Rs. In our calcula-
tions, the radius of the source surface is Rs = 2.5R0 and, thus, ζ = 0.4.
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Figure 2. Evolution of i(Br) at the photoshere for 1976–2022 measured in µT 2 = 10−4

G2 (upper panel, black points show the values for each Carrington rotation, blue points
show the data smoothed over 13 rotations) compared to sunspot data smoothed over 13
months (lower panel, cycle numbers are indicated, SSN are given on the right). The ver-
tical red lines show the dates of magnetic field reversal at the North pole; the blue lines
stand for the reversals at the South pole. The times of the polar reversals were taken from
http://wso.stanford.edu/Polar.html.

Fig. 2 illustrates the evolution of i(Br) calculated at the photoshere for the
time interval 1976–2022, when the required observational data are available. The
two-peak structure is well-pronounced in all four cycles presented. The later
peak is always higher than the earlier one. The quantitative characteristics of
the two-peak structure and the Gnevyshev gap are given in Table 1.

As a matter of fact, the phenomenon of the Gnevyshev gap actually consists of
two related, but not identical processes (cf. Kane, 2005) — a moderate decrease
in the cycle amplitude after the first maximum and the development of a sec-

Table 1. Gnevyshev gap parameters in the last four cycles according to
the surface mean magnetic field data. N1, T2 are the dates of the first
and second maxima respectively, h1, h2 are their heights, and hGG is the
height of the Gnevyshev gap.

Cycle number T1, yrs T2, yrs T2 − T1, yrs h2/h1 hGG/h1

21 1979.3 1981.3 2.0 1.25 0.848

22 1989.4 1991.3 1.9 1.23 0.73

23 1999.9 2002.4 2.5 1.74 0.726

24 2012.2 2015.0 2.8 1.69 0.778
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Figure 3. Evolution of the energy index calculated at the photosphere level (upper panel)
compared to that calculated at the source surface (middle panel), measured in µT 2 = 10−4

G2 . The lower panel represents the variation of sunspot numbers.The black dots indicate the
values for each Carrington rotation, the blue line shows the smoothing over 13 rotations.

ondary maximum. This becomes clearer if we compare the energy indices at the
photosphere with those at the source surface, which are associated with magnetic
fields of larger scale, Fig. 3. The relative contribution of both phenomena depends
on the level at which they are considered.

As seen in Fig. 3, the Gnevyshev gap is more pronounced at the source surface
than at the photosphere. More precisely, the first peak at the source surface is
significantly lower than at the photosphere, and the second one is significantly
higher.

3. Magnetic field symmetries and the structure of the

Gnevyshev gap.

The processes associated with the GG phenomenon can be described in more
detail by considering the contribution of magnetic fields of different symmetries.

The large-scale magnetic fields can be divided by harmonic coefficients into
the following structures of different symmetries (Obridko and Yermakov, 1989;
Shelting, Obridko, and Yermakov, 1989; Obridko and Shelting, 1992):

• Zonal structures (m = 0). Harmonics are called zonal if their values change
only with latitude. Within one zone, separated from others from the north
and south by parallels, the zonal harmonic retains its sign. These, in turn,
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can be divided into zonal odd – ZO (l is odd, the most important case is
the axial dipole, l=1) and zonal even – ZE (l is even, the most important
case is the axial quadrupole, l=2);

• Sectorial structures m = l. Harmonics are called sectorial if their values
change only with longitude. Within one sector, separated from others by
meridians, the sectorial harmonic retains its sign. These, in turn, can be
divided into sectorial odd – SO (l is odd, the most important cases are the
equatorial dipole and two-sector structure with l = m = 1) and sectorial
even – SE (l is even, say l = m = 2);

• Tesseral structures (m > l); i.e., all other harmonics. These harmonics are so
named because the curves on which they vanish are l-m parallels of latitude
and 2m meridians, which divide the surface of a sphere into quadrangles
whose angles are right angles (tessaras) (Whittaker and Watson, 1990).

Of course, for each type of symmetry it is possible to introduce partial energy
indices, the sum of which will be equal to the general indices discussed above. We
performed a such calculation and normalized the partial indices to the general
ones in order to exclude the general drop of the solar activity during the last
solar cycles (Fig. 4 left panel and Fig. 4 right panel for the photosphere level
and the source surface, respectively).

Comparing Fig. 3 and Fig. 4 we see that the GG in the photoshere is as-
sociated with a substantial drop of the zonal harmonics. At the photosphere
level the drop is slightly compensated since the tesseral harmonics associated
with intermediate and small space doesn’t change very much. The second peak
is associated with the increase in sectorial harmonics, which occurs later. The
GG is more pronounced at the source surface where the relative contribution
of sectorial harmonics is much larger than that of the zonal and tesseral ones.
This explains why the GG phenomenon associated mainly with the sectorial
harmonics was first isolated and then studied using coronal and heliospheric
data.

To summarize the above, we can conclude that the GG phenomenon is asso-
ciated with the evolution of the large-scale magnetic field and arises due to the
fact that different field components have a phase shift relative to each other. The
gap occurs because the contribution of the zonal (i.e., axisymmetric) harmonic,
especially its odd part (ZO), decreases substantially. Later, at the end of the max-
imum phase, the contribution of the zonal even (ZE) and the sectorial harmonics
increases. This is why the sectorial components of the interplanetary magnetic
field are most pronounced at the beginning of the decay phase. Remarkably, the
GG is most clearly seen in the indices where the contribution of the large-scale
magnetic field is best pronounced.

It is significant that the Z0 component associated with the rotation of the
magnetic dipole is most pronounced during the reversals of the polar magnetic
field. Note that the field reversals in the opposite solar hemispheres are not
strictly simultaneous. So, there are time intervals when the magnetic field at
both poles has the same sign. Such periods were the longest in Cycles 22 and 24
(see Fig.2 and Table 1).
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Figure 4. Evolution of energy indices at the photoshere (top) and at the source surface (bot-
tom). The upper row shows the contribution of the zonal harmonics (measured in µT 2 = 10−4

G2) , the middle row is the contribution of the sectorial harmonics, and the lower row corre-
sponds to the tesseral harmonics. The indices are normalized to the total magnetic energy at
the level under consideration.

4. Internal structure of the Gnevyshev gap

More information about the internal structure of the Gnevyshev gap can be
obtained from large-scale magnetic field data. Let us analyze them using Cycle
22 as an example. A year and a half before the maximum (18 June 1988), we
see at the source surface a standard picture dominated by the zonal structure.
The north hemisphere is almost entirely occupied by the field of negative polarity
and the south hemisphere, by the field of positive polarity. The situation changes
dramatically in half a year (26 December 1988): the positive polarity penetrates
the north hemisphere while the negative polarity penetrates the south one. Even
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Figure 5. Evolution of the polar magnetic field at the north (red curve) and south (blue
curve) poles. The vertical line marks the minimum of the Gnevyshev gap.

more changes are seen for 08 June 1989: the positive polarity has approached the

north pole. At the end of this year, the positive polarity reaches the north pole,

which can be regarded as the polarity reversal. However, the positive polarity

does not cover the whole north hemisphere, while the negative polarity has not

yet reached the south pole. At this time, the sunspot number in the photosphere

becomes maximum, which by convention is indicative of the the solar maximum.

However, this second maximum in the sunspot data is lower than the first one,

while in the photospheric magnetic field data, the second maximum is higher

than the first one (see Fig. 1) (see Tabl. 1).

Later, in the first half of 1990, the sunspot number and the magnetic field

decrease. This is precisely what is called the Gnevyshev gap. The zonal odd

harmonics are virtually absent, and the field structure is similar to the equatorial

dipole or quadrupole. The positive polarity dominates at the north pole until the

next field reversal in Cycle 23 when the polar magnetic field (see Fig. 5) changes

sign. In contrast, both polarities are visible near the south pole. This situation

without a distinct prevalence of one or the other polarity lasts almost 2 years,

and the field reversal in the south hemisphere takes place only in April 1991. At

that time, the magnetic field increases substantially giving rise to the second

maximum, which is most pronounced in the evolution of the source-surface

magnetic field. The standard structure when each hemisphere is dominated by a

single polarity and the magnetic field is determined by the zonal odd harmonic

is only restored in the middle of 1992.

To summarize, we can say that, the Gnevyshev Gap does not manifest am-

plitude variations in one or several magnetic-field tracers, but demonstrates a

rather complex spatial interaction of its different components.
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5. Conclusion

The above results lead us to the conclusion that the Gnevyshev gap reflects
the behavior of the large-scale magnetic field. It occurs at polarity reversals
of the magnetic field at the photosphere level. The presence of GG in sunspot
data is disguised by non-global (mainly tesseral) structures; however, it becomes
clearly visible in the magnetic data in the photosphere and, especially, at the
source surface (i.e., in the corona). That is why the GG was first identified in
coronal observations and was later investigated using the indices associated with
the magnetic field structure in the upper layers of the solar atmosphere or in
the heliosphere. In general, the old dispute about the nature of the Gnevyshev
gap (see Storini et al., 2003; Bazilevskaya, Makhmutov, and Sladkova, 2006;
Bazilevskaya et al., 2014 and references therein, Krainev et al., 2015) seems to
be clarified.

Regarding the theoretical interpretation of GG by Wang and Sheeley (2003),
we appreciate the scenario presented therein; however, we emphasize that the
entire description of the phenomenon must explicitly include a large-scale mag-
netic field component. The theoretical ideas of Wang and Sheeley (2003) are
focused on the large-scale magnetic field and we present the observational basis
of the GG using mean-field data.

According to the original definition (Gnevyshev, 1967), the GG phenomenon
is commonly understood as a significant dip near the cycle maximum on the curve
of sunspot numbers smoothed by the standard procedure (13-month smoothing)
with two significant peaks before and after it. Smaller peaks and valleys can be
observed in the monthly mean curve of sunspot numbers during the cycle in all
its phases. They can be caused by the emergence of one or several active regions
or, conversely, by their absence and are not identified as GG phenomena.

The gap is closely related to the phenomenon of reversal of the polar magnetic
field. Of course, the polar magnetic-field reversal itself is not the initial cause of
the gap, but rather serves as an indicator. Therefore, the gap can be observed
somewhat later than the polarity reversal, as was the case in the Cycle 23. The
immediate physical mechanism of the gap occurrence is the changing relationship
between the components of the large-scale magnetic field: a sharp decrease in the
zonal and increase in the sectorial component, which leads to discontinuity and
the subsequent peak. On the photosphere surface, the gap is less pronounced,
since the fields of smaller scales depend weakly on the cycle. In the corona,
the contribution of small scales drops, and, therefore, the GG phenomenon is
seen much more clearly. Following Wang and Sheeley (2003) we stress that the
polar magnetic field reversal happens together with the growth of equatorial
dipole component which plays a key role in the GG formation at least during
the recent cycles.
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