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Abstract. In this work we considered the possibility of the Solar System (SS), along its trajectory in the local Interstellar Medium
(IM), to enter in a dark molecular cloud (NM), because there is observational evidence that isolated clouds exist around hundreds
of parsecs of the SS. Assuming the typical characteristics of NM and some hypotheses, we explored the time and how the SS
would enter in one of these clouds. We concluded that, in an event like this, the Earth would come to exist in an environment with
characteristics of the IM, causing catastrophic consequences for the planet’s climate.

Resumo. Neste trabalho consideramos a possibilidade do Sistema Solar (SS), ao longo de sua trajetória no Meio Interestelar local
(MI), entrar em uma nuvem molecular escura (NM), uma vez que há evidencias observacionais de que existem nuvens isoladas em
torno de centenas de parsecs do SS. Assumindo as características típicas das NM e algumas hipóteses, exploramos o tempo e como se
daria a entrada do SS em uma dessas nuvens. Concluímos que, em um evento como esse, a Terra passaria a existir em um ambiente
com características do MI, acarretando consequência catastróficas para o clima do planeta.
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1. Introduction

Study of the distribution of NaI absorption lines towards stars in
the solar neighborhood, show that the Solar System (SS) lies in a
bubble of hot ionized gas of low density and surrounded by neu-
tral and cold gas clouds, that meet at the distances of hundreds
parsecs from the Sun (Lallemant et al., 2008). Observational ev-
idence indicates the existence of isolated clouds closer to the SS,
located less than 60 pc, as shown in Fig. 1. Most of these neutral
molecular clouds lie more than 80 pc away; this region around
the Sun is called the local interstellar medium (LIM) (Linsky et
al., 2018).

The LIM environment suggests that there is a high chance for
SS to enter in a dark molecular cloud of the solar neighborhood,
performing speed of up to 25 km/s, in the next 1 million years.
Even though the time for this phenomenon to occur is very long,
we analyzed, in this work, the possibility for SS to enter in one
of these molecular clouds and evaluated the consequences for
the Earth (Frisch et al., 2009).

For our analysis, we considered some initial hypotheses, pre-
sented below, and assumed the typical parameters of molec-
ular clouds in the solar neighborhood: densities from 102 to
108 cm−3; temperatures ranging from 10 to 100 K and extinc-
tions ranging from 0.5 mag (at the borders) to several tens of
magnitudes (at the cloud cores).

In our study, we concluded that, in an event like this, the
Earth could occupy an environment with a low degree of ioniza-
tion, typical physical characteristics of a dark molecular cloud
in the solar neighborhood. In this situation, there would be a to-
tal absence of UV radiation on Earth. Following the same idea,
considering the movement of the SS in relation to the molecu-
lar clouds, there would be a deformation of the ionized region,
which would no longer be spherical and would assume, in two
dimensions, a cometary shape. In this case, in its translation

Figure 1. Neutral gas distribution (dark tones) observed in LIM
from the observation of NaI lines in the direction of stars in the
local neighborhood. CG refers to the direction of the Galactic
center, the axes indicate the distances in parsec and the point
(0,0) indicates the position of the Sun. The distribution is shown
perpendicular to the plane. Adapted from (Lallemant et al.,
2008).

movement, the Earth would be most of its orbit in LIM. In all
cases analyzed, the consequences for the planet’s climate would
be catastrophic.
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Figure 2. Variation of the Sun’s luminosity as a function of the
volumetric density of particles in MI, considering that the SS is
uniformly filled by gas from a molecular cloud. The attenuation
of solar luminosity is 30% for a medium volume density of ≈
5 × 107 cm−3.

2. Passage of the Solar System through a molecular
cloud

2.1. Hypothesis 1

Our first hypothesis assumes that the SS, upon entering a dark
cloud of gas and dust, is completely filled with the cloud’s neu-
tral gas, which is evenly distributed along its all extension. Thus,
we can assume that the average density of LIM is equal to that
of clouds, i.e., the density ranging from 102 to 108 cm−3.

From our analysis, it was possible to calculate how much of
the solar luminosity is attenuated in relation to the Earth. The
results of this first analysis are shown in Fig. 2.

The figure corresponds to the situation of the SS uniformly
filled by an interstellar cloud with an average density of the order
of 107 cm−3. In it, we highlighted the line corresponding to an
attenuation of 30% in solar luminosity; this creates a variation in
the luminosity received by the Earth equivalent to that received
when the Sun was only 1 Bys and its luminosity was 70% of the
current (Sagan & Mullen, 1972). Variations of this magnitude
would have serious consequences for the Earth’s climate (Meehl
et al., 2009).

2.2. Hypothesis 2

As a second hypothesis, we considered the interaction between
the Solar radiation and its wind with the environment where the
Sun is located. Since the Sun has both an ultraviolet (UV) radia-
tion field and a solar wind, they should be considered to explore
the consequences of the SS passing through a molecular cloud.

In the beginning, the interaction is completely dominated by
the propagation of the UV radiation field in the medium. As the
radiation front propagates, a shock wave forms behind it, driven
by the expansion of the ionized medium in the form of a solar
wind. We determined the distance from the Sun that this ioniza-
tion front weakens until it can no longer ionize the medium (the
“heliopause”).

Figure 3. Logarithm of the Sun’s ionized region radius as a func-
tion of the volumetric density of H atoms assuming the molecu-
lar cloud as a medium of uniform density, composed of neutral
hydrogen and considering the UV luminosity of the 4.5 Gyr old
Sun.

We analyzed the problem analytically and calculated the ra-
dius of the ionized bubble, considering that the SS is completely
immersed in a molecular cloud of gas with uniform density.
Assuming characteristic values of molecular clouds in the solar
neighborhood, we obtain Fig. 3.

The figure shows the radius of the ionized bubble, in astro-
nomical units as a function of the volumetric density of medium
H atoms; RS is the radius of the fully ionized bubble, given by
(Spitzer, 2006):

RS =

(
3

4π
S 0

n2β2Te

)
(1)

being n the volumetric density of H atoms, S 0 the number of UV
photons produced by the Sun per unit of time, β2 the total recom-
bination coefficient of electrons and protons found in the ionized
medium, and Te the ionized medium kinetic temperature.

From Fig. 3, we can see that when the density of the medium
is greater than 7 × 105 cm−3, the RS is less than 1 AU.

We also estimated that if the Sun completely enters in a
molecular cloud with a density greater than 106 cm−3, in less
than 0.6 years, the solar UV radiation field will ionize a region
with a radius equal to or less than the distance from Earth to Sun.
For densities of 105 cm−3, or smaller, the ionization front reaches
1 AU on timescales less than 20 days. For densities of 106 cm−3,
or greater, the sphere’s radius does not reach Earth’s orbit, ie, all
solar UV radiation would be consumed in this ionized medium
before reaching the planet.

If we consider this structure as stationary, the entry of the
SS into a molecular cloud with a density equal to 106 cm−3

would have drastic consequences for the Earth’s climate and its
biomass. In reality, the ionized sphere expands even in environ-
ments with densities greater than 106 cm−3.

3. Expansion of the ionized bubble

We evaluated how long it would take these bubbles, with radius
RS , for their surfaces to exceed the Sun-Earth distance.

The Fig. 4 shows the radius of the ionized bubble as a func-
tion of time, assuming the SS is completely filled in a homo-
geneous molecular cloud. The dashed line in red indicates the
distance from Earth to the Sun, and the lines in green and bur-
gundy indicate ratios between the speed of sound in the ionized
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Figure 4. Radius of the ionized bubble created by the Sun’s UV
radiation field, as a function of time, for a molecular cloud with
a particle volume density of 106 cm−3, 107 cm−3 and 108 cm−3

(brown belt). The red dashed line indicates the distance from
Earth-Sun and the lines in green and burgundy indicate ratios
between the speed of sound in the ionized bubble and in the neu-
tral medium of 0.005 and 0.025, respectively. In these calcula-
tions, we used speeds from 0.7 km/s to 1.5 km/s for the molecu-
lar clouds, and 10 km/s for the ionized region.

bubble and in the neutral medium, σ = 0.005 and 0.025, re-
spectively. The brown region between these two lines represents
the most characteristic conditions of molecular clouds with these
densities.

We observed that, if the density of the molecular cloud is
106 cm−3, the ionized bubble created by the solar UV field ex-
pands reaching the radius of Earth’s orbit in approximately 120
days. In this case, if we consider the time for formation of the
ionized region (220 days) plus the bubble expansion time, the
Earth’s orbit will be reached in approximately 340 days. For a
cloud with a volume density equal to 107 cm−3, the total time
for the bubble to expand and reach Earth’s orbit will be greater
than 1.8 years. For clouds with even greater densities, the expan-
sion of the bubble will not reach Earth’s orbit.

3.1. Influence of solar wind

Our last analysis, presented in Fig. 5, was about the influence
of the solar wind, considering the Sun at rest and in motion in
relation to the molecular clouds. In the figure, the blue dotted
circle shows the Earth’s orbit of radius RT , and the red circle, of
radius RS , represents the bubble of ionized gas around the Sun,
assuming the Sun has zero velocity. If the velocity is non-zero
with respect to the medium, the red circle becomes the ellipse of
radius r(θ), given by (Raga et al., 2012):

r(θ) =

√( S
2πnV?

)
(1 − cos θ) (2)

where S is the number of ionizing photos, V? is the speed of the
Sun and θ is the angle between the direction of the Sun’s motion
and an arbitrary position at the edge of the ionized region. Thus,
we see that the ionized bubble assumes, in the two-dimensional
figure, the appearance of a cometary orbit. Therefore, the Earth
remains, in its orbit, much of the time outside the ionized region,
with characteristics of LIM.

Figure 5. Representation of the ionized bubble created by the so-
lar UV field considering the Sun at rest (red circle) and in motion
with velocity V? (red ellipse), in a medium of uniform density.
Here, the ionized sphere has a radius greater than the Earth’s or-
bit (dotted blue). The arrow to the right indicates the direction of
movement of the SS, and the arrows to the opposite direction in-
dicate the gas flow from the molecular cloud that interacts with
the ionized region. The density of the medium considered is less
than 106 cm−3. Note that the Earth remains, in its orbit, much of
the time outside the ionized region.

4. Conclusion

In this work, we reviewed the distribution of gas in the solar
neighborhood to identify where molecular clouds are located.
Considering the distribution of this gas and the movement of the
SS in the solar neighborhood, it is likely that the Sun will dip
into one of these clouds in a few million years.

Based on this premise, we explored the interaction of the so-
lar UV radiation field with clouds of different volumetric densi-
ties and investigated the effect of the relative movement of the
Sun within the molecular cloud, aiming to study whether the
presence of these clouds could have any consequences about the
Earth’s climate.

We calculated the attenuation of the Sun’s luminosity if the
SS enter in a molecular cloud. For densities of 108 cm−3, the
attenuation can be up to 50%. The variations in solar radiation,
over the 11-year period, are approximately 0.2% (Fröhlich &
Lean, 2004), and already have consequences for the Earth’s cli-
mate.

We also estimated the radius of the ionized bubble, consid-
ering the Sun fully immersed in a molecular cloud of uniform
density. For a density greater than 7 × 105 cm−3, with its expan-
sion in less than 1 year, the radius of the bubble is less than 1 AU.
In an event like this, the Earth would be outside the heliosphere.
The planet would be in a region of temperatures in the order of
20 to 100 K, with practically no solar UV radiation flux.

All these situations evaluated would generate catastrophic
variations in the Earth’s climate.
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