
28. Solar activity – and dark matter?

THE ROTATION of the Sun is central to the two main
hypotheses which try to explain the 11-year solar

activity cycle. Present ideas are that the activity cycle is
related either to a turbulent dynamo operating in or be-
low the Sun’s convection envelope, or to a large-scale os-
cillations of a fossil magnetic field in its radiative core.

However, the precise nature of the solar dynamo,
and the details of the associated solar activity (such
as the details of the sun spot cycles, or the prolonged
Maunder-type solar minima) remain unexplained.

MEANWHILE, VARIOUS investigations (since the
1850s) have long hinted at some sort of link

between the Sun’s motion around the centre of mass of
the solar system, and various solar variability indices.

One example is shown here. It compares the peri-
odicity of variations in solar activity (top) with the corre-
sponding changes in a measurement of planetary torque
due to the motions of the most massive planets in the
solar system (bottom).
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In more detail, since the 1960s, acceleration in the Sun’s
own orbital motion, due to the motion of its orbiting
planets, has been linked to phenomena such as the Wolf
sun spot number counts climatic changes, the 80–90
year Gleissberg cycles, the prolonged Maunder-type so-
lar minima, short-term variations in solar luminosity,
sun spot extrema, the 2400-yr cycle inferred from 14C

in tree-rings, hemispheric sun spot asymmetries, oscil-
lations in long-term sun spot clustering, violations of the
Gnevishev–Ohl sun spot rule, cosmogenic radionuclide
correlations over 9400 years, variations in total solar irra-
diance since 1978, and strong planetary-like cycles at ra-
dio frequencies. Strangely, claimed effects even extend
to dust storms on Mars, and river discharges.

THIS BARRAGE of technical terms is simply to under-
line that, over the past 50 years, many have argued

that a link might exist. But while the figure shown here,
and others, might suggest that some of the peaks do co-
incide, others do not. This confusing picture has led
some to argue that a connection must exist, while others
have rejected these claims as statistically unconvincing.

Importantly, there is also no known physical pro-
cess which might connect the motion of the planets with
physical effects occurring on the Sun. As a result, many
scientists who might look at this question would proba-
bly dismiss it as being unworthy of further investigation.

A SPECIFIC CURIOSITY of the Sun’s barycentric motion
is evident in the next figure. Around 1990 (and be-

fore that, in 1811 and 1632) the Sun had a retrograde
(backwards) barycentric motion, i.e. its angular momen-
tum with respect to the centre of mass was negative.
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Various attempts
have been made to
identify a coupling
mechanism between
solar rotation and this
retrograde motion, e.g.
invoking tidal forcing,
or some sort of effects
on the ‘tachocline’,
the transition region
between the radiative
interior and the differ-
entially rotating outer
convective zone. These ideas have been contested by
others. In any case, a physical picture relating the Sun’s
rotation and its orbital motion remains unclear.
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LET ME summarise the story so far. On the one hand,
a full theory of the solar dynamo, one which ex-

plains and predicts the time variations of solar activity,
does not yet exist. On the other, some studies over the
past few decades has hinted at a possible connection be-
tween solar activity and the motions of the planets.

Again, let me stress, we have no ideas as to why the
motions of the planets might affect solar activity.

But in science, what may appear as crazy ideas, de-
parting from current wisdom, do occasionally turn out
to have substance, setting foundations for new theories
with even greater explanatory and predictive power.

A FIRST STEP might therefore be to see whether we can
test the idea that planetary motions might affect

solar activity – whether we believe it or not, and whether
we have a theory for it or not.

In this spirit, Perryman et al. (2011) showed that this
idea could indeed be tested in other exoplanetary sys-
tems. Systems showing large changes in the star’s accel-
eration due its orbiting planets should also show related
signatures in the activity indices of the host star, if this
hypothesis is correct.

The exoplanetary systems HD 168443 and HD 74156,
for example, both have periods when the changes in or-
bital angular momentum of their host stars exceed that
of the Sun by 5 orders of magnitude. They could offer an
independent test of any link between a star’s barycen-
tric motion and stellar activity. But, to my knowledge,
no such tests have been made so far.

THIS STORY now takes another turn. In December
2019, I was contacted by a scientist working at

CERN, Konstantin Zioutas, who drew my attention to his
recent paper in the journal Physics of the Dark Universe,
with the title ‘The Sun and its planets as detectors for in-
visible matter’ (Bertolucci et al. 2017) and was keen to
hear my opinion of it.

Their work had looked at the incidence of solar flares
over several decades (both what are called M flares and
X flares), and found a significant relationship between
this type of solar activity, and the positions of Mercury,
Venus, and the Moon. And they tied this behaviour to
the possible effects of dark matter.

The detection and characterisation of dark matter
is, of course, one of the central challenges in modern
physics. The strongest evidence for it comes from large-
scale gravitational effects, but more direct searches for it
have so far provided no convincing evidence.

While observations, and cosmological theories, sug-
gest that the dark matter halo in the Galaxy is distributed
rather uniformly, there is also evidence for ancient stel-
lar streams in the outer regions of our Galaxy which rep-
resent smaller galaxies captured by it billions of years
ago. These captured galaxies presumably also contained
entrained dark matter.

THEIR IDEA was as follows. For certain dark matter
particle masses, streaming towards the Sun with

velocities 10°4 °10°3 times the speed of light, the par-
ticles would be gravitationally focused by a planet. If
there are preferred directions in the dark matter streams,
then more pronounced solar activity would be expected
at certain planetary heliocentric longitudes.

Their work focused on the two inner planets, Mer-
cury and Venus, given their relatively short orbital peri-
ods compared to a solar cycle of about 11 years. They
found, since 1976, over four solar cycles, statistically sig-
nificant solar activity signals when one or more planets
have heliocentric longitudes between 230°300±.

Their hypothesis, then, is that the activity of the Sun
is triggered by the influx of invisible massive matter, and
that this matter has some preferred direction or stream,
which gets gravitationally lensed by the planets.
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UNABLE TO SEE any basic flaw in their arguments, I
suggested two tests that could be made, again by

appealing to other planet-hosting star systems.
The first would be to look at the stellar activity of

nearby exoplanet systems, to see if it is associated with
regular alignments of its planets with some preferred di-
rection in space. And if the hypothesised dark matter
stream is related to large-scale ‘infall’ structure in the
Galaxy, then flare activity in those systems should be
correlated with the same Galactocentric longitude.

The second appeals to an examination of Gaia data.
Let us hypothesise that the various solar variability indi-
cators are indeed revealing the presence of infalling dark
matter, and that the dark matter flow correlates with the
path of some ancient stellar stream. Then there could
be evidence for correlated space motions of ancient low-
metallicity stars following this same dark matter path.

I don’t have enough understanding of both sides
of the problem, dark matter physics and stellar halo
streams, to decide whether the hypothesis has some ob-
vious flaw. I sent an outline of the problem, and my sug-
gested tests, to a number of colleagues who perhaps had
the tools at hand to examine it more carefully. I await
further insights into the question with interest!
—
Postscript, 10 Mar 2022: a study by Edmonds (2022) ar-
gues that the inclusion of Planet 9 in the Sun’s barycentric
motion improves the correlation with solar activity cycles.
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