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solar wind

The solar corona (the outermost part of the solar atmosphere) is not in hydrostatic
equilibrium and is constantly expanding until it meets the interstellar matter

Magnetic shiela

Magnetic held

On top of this background solar wind, transient
events ride as coronal mass ejections and high
speed solar wind flows from solar coronal holes




The solar wind has 3 components:

- Slow (background) solar wind
- Coronal mass ejections
- High speed solar wind streams

ol e B Respectively, the geomagnetic
I DR activity has three components:
5 ﬁ{.,:'_;.,_ R - “floor” of geomagnetic activity — the level
Eup, ‘_': Ly L ' under which geomagnetic activity cannot
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- CME-related geomagnetic activity

sunspot

-  HSS-related geomagnetic activity



The three components of geomagnetic activity are
different in different periods

- and have long-term cyclic
variations
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The geomagnetic activity has been decreasing since the 1990s
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especially its minimum values



We study the recent minima for which there are in situ
measurements of the solar wind

* + 12 months around sunspot minimum

* |dentify times when the Earth is under the influence
of CMEs and HSS

* CME: low T, low plasma 3, high B
 HSS: jump inV, high V, high T, low N
 Slow solar wind: no CME, no HSS, V<450 km/s
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The overall geomagnetic activity has been
decreasing in the previous 4 sunspot minima

average ap index
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The present paradigm: the annual number of geomagnetically “quiet” and “very
quiet” days is determined by the time the Earth spends in slow solar wing from
the solar streamer belt (Simon and Legrand, 1987)

I T \\ “\ J"’ / -
h ,f ,.E---—----“___ The solar streamer
. PS ‘ ‘. belt’s projection in the

1 DS ——— interplanetary space is

o7 Ds Ocme ™05 —— netary.
xﬁ///"\uh,_ — the hellosphenc

_-—'—

yoyo\ \* B current sheet
VAR B U —

W30 - Source Surface Field Q, #1, 2, 5, 10, 20 MicroTesla w30 - Source Surface Field 0, 1, 2, A, 10, 20 MicroTesla
(2512412212212 1T20T18TI8TITT16TIST14TI3TI2TIITIoT S Ta TT Tea T T4 T3 T2 T T2IT30125128127126T | [7T6T5TaT 3121 1130126128127126 /25124122122 1211201191 I8 1171161 18T 1312111167 9 T8 17 1
JuH 1976 uN 1930 .
e ' v W MoNWN Y Y |
Feom e _J”'_HT:::::::HM“ Tl SO

" 200

? '3|0 6|0 9|0 12|0 1“30 1?0 2_‘|I.0 24.|10 2'|?0 3?0 3'|30 36|0 N - (|) 3|0 6|0 120 150 1?0 2_‘|lO 2?0 2'|?0 3?0 3'|30 36|0

1642 1656




In sunspot minimum the heliospheric current sheet is in the ecliptic plane
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10

The streamed belt thickness from solar eclipse observations
during sunspot minimum
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A surprising result
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No clear trend in the

% of time with HSS and slow solar wind
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Other possible sources of the geomagnetic floor
variability

e variations of the number and/or parameters of
coronal mass ejections and/or high speed solar
wind streams

e variations of the parameters of the slow solar
wind from the heliospheric current sheet
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Possible effects of the number and/or parameters of CMES
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The number of CMEs follows the sunspot cycle

and is very low (up to ~1%) during sunspot minimum
No dependence on the time spent with CMEs or on
CME’s magnetic field
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Possible effects of the parameters of HSS and

The geoeffectiveness of
both the high speed
wind outside the
heliosheet and the slow
solar wind inside the
heliosheet decreases
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Decreasing HSS magnetic field and ap

average ap

HSS and geomagnetic activity in sunspot minimum
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Decreasing HSS pressure and ap
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No clear trend and dependence on HSS
velocity
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mean ap index

B and V of the slow solar wind are decreasing
in the last 4 sunspot minima
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And so is geomagnetic activity



Density and pressure of the slow solar wind are decreasing
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Conclusion 1

* The geomagnetic activity in sunspot cycle minimum
is mostly determined not by the time spent by the
Earth in the slow solar wind and HSS but by the
magnetic field and plasma pressure of the solar
wind both inside the heliosheet and from
superradially expanding high latitude coronal holes



What about the last sunspot minimum?
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The decrease in geomagnetic activity has stopped
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As a result the solar wind pressure increases
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Correlation between the geomagnetic activity in sunspot minimum and
the sunspot magnetic field in cycle minimum
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Strong correlation between sunspot magnetic field in cycle minimum
and amplitude of the next cycle
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Conclusion 2

The decrease in solar activity seems to have come to an end.

Most probably the Sun is in a secular solar minimum and is not entering
a Maunder-type Grand minimum.
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Thank you for your attention



