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Abstract. Using the fractal aggregate model for circumsolar
dust grains, the nature of the circumsolar dust clouds is exam-
ined. As a fractal dimension of the aggregate decreases, the
porosity of the aggregate increases. Consequently, its temper-
ature becomes independent of its size, and approaches that of
its constituent particles. This evidence suggests that the fractal
aggregates with different sizes and made of the same chemi-
cal components sublimate at the same solar distance. This im-
plies that the distance of the sublimation zone depends on the
chemical composition alone. We have found that the aggregates
consisting of silicate material, as well as carbon material, subli-
mate in the solar F-corona. On the other hand, a ratio of radiation
pressure force to solar gravity on the fractal aggregate scarcely
increases with decreasing size due to sublimation, in contrast
with a strong dependence of its ratio on its size for a compact
sphere.

Our computer simulation for dynamical evolution of fractal
aggregates suggests that they produce a narrow ring structure
in the circumsolar dust cloud, compared with that expected for
spherical dust grains. When the aggregates have more fluffy
structure with a small fractal dimension, however, it is found
that the circumsolar dust clouds would make no remarkable
ring structure.
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1. Introduction

On the basis of dynamical evolution for circumsolar dust grains,
an accumulation of circumsolar dust grains (the solar dust ring)
at their sublimation zone has been proposed by Belton (1966).
The circumsolar dust grains seem to be supplied from the zodi-
acal dust clouds continually because interplanetary dust parti-
cles, which are observed as the zodiacal light, gradually spiral
toward the sun under the Poynting-Robertson drag force. Even
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though the circumsolar dust grains consist of refractory materi-
als, they suffer from sublimation because of their high temper-
ature near the sun. Since the temperature of a spherical grain
strongly depends on its radius, those grains with different initial
radii sublimate at various solar distances from the sun. Under
the sublimation, a ratio β of the radiation pressure force to the
solar gravitational force on a grain increases with decreasing
radius when the radius is larger than 0.5 µm. The increase of
the β ratio counterbalances the Poynting-Robertson drag force
and thus the sublimating grains are piled up at their sublimation
zone. Consequently, a collection of the sublimating grains with
different radii creates a solar dust ring having a wide structure
around the sun.

The hypothetical dust ring around the sun has been sup-
ported by an excessive near-infrared F-coronal brightness at
4 solar radii (R�) from the sun, since it was detected in
the solar eclipse of 1966 by MacQueen (1968) and Peter-
son (1967, 1969) independently. Mukai et al. (1974) have in-
dicated that the sharp hump of the near-infrared brightness in
the solar F-corona arises from the solar dust ring consisting of
carbon (graphite) grains because graphite grains with different
initial radii sublimate at a narrower region in the F-corona than
that from silicate. On the other hand, the intermediate infrared
observations have suggested an existence of silicate materials in
the F-corona referring to their high brightness at a wavelength
of 10 µm (Léna et al. 1974; Mankin et al. 1974). However, the
authors note that the observed brightness may contain atmo-
spheric contributions. Lamy (1974a) has shown from numeri-
cal calculations that the sublimating grains consisting of silicate
(obsidian) stay in the solar distance ranges from 2.2 to 3.5 R�
before they completely disappear due to sublimation. Mukai &
Yamamoto (1979) have confirmed that the model of the solar
dust rings composed of obsidian and graphite grains explains
the F-coronal observations in both the near-infrared and the in-
termediate infrared. In addition, they have concluded that the
spatial number density of spherical grains in the sublimation
zone becomes five times larger for silicate and ten times larger
for carbon than that expected from their radial velocities under
the Poynting-Robertson effect alone.
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In the visible brightness of the solar F-corona, no hump fea-
ture has been observed to date (cf. Koutchmy & Lamy 1985). On
the contrary, calculated visible brightness based on the model
of the solar dust rings shows an enhancement due to an ac-
cumulation of small (0.01-0.1 µm) silicate particles (Mukai &
Yamamoto 1979). Using the blackbody approximation for dust
temperature, Mann (1992) has indicated that a combination of
thermal emission and scattered light brightness without the solar
dust ring can explain the observed brightness feature in both the
visible and the near-infrared wavelength. This result arises from
the fact that the thermal emission brightness shows a peak at the
edge of the dust-free zone (Peterson 1963), whereas the peak
feature is absent in the scattered light brightness. Furthermore,
Mann (1992) has pointed out that the accumulation of circum-
solar dust grains expected by Mukai & Yamamoto (1979) is too
large to explain the smooth curve of visible F-coronal bright-
ness, or that the hypothetical dust ring does not exist.

For the last two decades, many interplanetary dust parti-
cles have been collected in the Earth’s stratosphere (Brown-
lee 1976). Photographs of the particles taken by an electron
microscope have clarified an existence of irregularly shaped
dust particles in the solar system, which have an agglomer-
ate structure of many constituent particles with small radii of
0.01 − 0.1 µm. Therefore, it is natural to assume that circum-
solar dust grains have an irregular shape with a fluffy structure.
In previous studies concerning the solar dust clouds, however, it
has been assumed that the circumsolar dust grains have a spheri-
cal shape with a homogeneous structure for simplicity. Recently,
Mukai et al. (1992) have found thatβ ratios of irregularly shaped
porous dust particles become independent of their radii. The
porous particles are described as fractal aggregates according
to the model explained in Mukai et al. (1992) and is hereafter
referred to as the fractal dust model. An increase of β due to
sublimation is small for a fractal dust aggregate, and conse-
quently the counterforce to the Poynting-Robertson drag should
become weak. Moreover, Kozasa et al. (1992) have shown an
independence of the aggregate’s temperature consisting of mag-
netite material on its radius. Such a size-independence of ag-
gregate temperature will reduce the predicted width of the solar
dust ring, because the aggregates with different sizes sublime at
nearly the same solar distance. It should be noted, however, that
the temperature of fractal dust depends strongly on its chemical
composition (Mann et al. 1994). Taking into account the size-
independence of β and the temperatures of fractal aggregates,
it is expected that the solar dust ring of fluffy aggregates will
show less accumulation of the dust at a narrower sublimation
region than that expected for spherical dust particles with ho-
mogeneous structure, or that the dust ring no longer exists. In
this paper, therefore, we reexamine the existence of the solar
dust ring(s) based on the fractal dust model.

2. Fractal dust model for interplanetary dust particles

As a model of fluffy dust aggregate, we use two extreme cases of
fractal aggregates, i.e., BPCA (Ballistic Particle Cluster Aggre-
gate) and BCCA (Ballistic Cluster Cluster Aggregate), consist-
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Fig. 1. The relation between the number of the constituent particles,N ,
and the normalized radius of the aggregate, s/s0, where s and s0 de-
note the characteristic radius of the aggregate and the radius of the con-
stituent particles, respectively. Solid line: logα = −0.576D + 0.915;
dashed line: logα = −0.5D + 0.7. For BPCA, both lines are nearly
overlapped.

ing of a collection of small spherical particles having the same
radii s0. The structure of the fractal aggregate is characterized
by a fractal dimension, which is 2.98 for BPCA and 1.93 for
BCCA referring to the results of Mukai et al. (1992). The fractal
dimension D is determined by a relation between the number
of the constituent particles N and the normalized characteristic
radius s/s0 of the aggregate as

N = α

(
s

s0

)D
, (1)

where s is the characteristic radius of the dust aggregate defined
in Kozasa et al. (1992). The factorα depends on the coagulation
process.

In the following calculations, we adopt a relation of logα =
−0.576D + 0.915 for the fitting factor α from Blum &
Kozasa (1992). Although the relation between α and D dif-
fers from logα = −0.5D + 0.7 used in Mukai et al. (1992),
the difference of the α values is negligible as shown in Fig. 1.
In contrast to a BCCA, a BPCA with the same radius s has
a somewhat compact structure because the number N of the
constituent particles for the BPCA exceeds that for the BCCA.
A porosity po of the aggregate with the characteristic radius

s, which is defined as po = 1 − α
(
s/s0

)D−3
, increases with

decreasing fractal dimension, whereas for a compact sphere of
homogeneous material, p = 0 with α = 1 and D = 3.

In order to deduce the optical properties of the dust ag-
gregate, it is convenient to use the Bruggeman mixing rule
to calculate the effective dielectric function of the aggregate
(Jones 1988). Note the applicability of this rule in that the wave-
length λ is considerably large compared with the radius s0 of
the constituent particles. The effective dielectric function εeff
of the aggregate composed of the n-component materials with
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Table 1. Physical parameters of silicate and carbon. The bulk density
of a constituent particle, the mean molecular weight, the latent heat
per unit mass of sublimated molecules, and the constant number re-
lated with the saturated vapor pressure are given by ρ, µ, L, and b,
respectively.

ρ (kg/m3) µ L (J/kg) b

silicate 2.37× 103 a 67.0 a 7.12× 106 b 30.0 b

carbon 1.95× 103 c 12.0 c 7.27× 107 d 36.0 d

a Lamy (1974b)
b Centolanzi & Chapman (1966)
c Lide (1994)
d Clarke & Fox (1969)

dielectric function εi is derived from the equation:

n∑
i = 1

fi
εi − εeff
εi + 2εeff

= 0, (2)

where fi = f̃i(1 − po) is the volume fraction occupied by the
constituent material of type i having its content f̃i. Silicate and
carbon are used as the constituent materials of the composite
aggregate to represent the dielectric and absorbing materials, re-
spectively. Furthermore, the vacuum is taken as the constituent
material with fi = po and εi = 1. Consequently, the optical prop-
erties of the fractal aggregate are obtained as a homogeneous
sphere with its dielectric function εeff using Mie theory.

The dielectric functions εi are derived from the complex
refractive indices (n, k), using (n− ik)2 = εi. The complex
refractive indices for silicate and carbon used in this paper
are cited from Mukai (1990) and Hanner (1987), respectively.
Other physical parameters for silicate and carbon are listed in
Table 1. The constant b in Table 1 is defined as the constant bi
in the saturated vapor pressure given in Eq. (6).

3. Equilibrium temperature

The rates of absorbed energy Ea and emitted energy Er for the
fractal aggregate with the effective cross sectionA are described
as

Ea = Ω
∫ ∞

0
AQabs

(
s, εeff , λ

)
B� (λ) dλ, (3)

Er = 4π
∫ ∞

0
AQabs

(
s, εeff , λ

)
B (λ, T ) dλ, (4)

where Qabs(s, εeff , λ) is the absorption efficiency of the
aggregate evaluated by Mie theory. The solid angle sub-
tended by the sun at a solar distance r is given by Ω =
2π{1 − [1 − (R�/r)2]1/2}. When r >> R�, Ω ∼= π

(
R�/r

)2
.

The solar flux B� (λ) at a wavelength of λ is compiled in
Mukai (1990) for wavelength ranges ofλ = 0.14−300 µm. Be-
cause of the limitation for the validity of the Bruggeman mixing
rule, we set s0 = 0.01 µm (<< λ) for the following calcula-
tions. The Planck function B (λ, T ) at the temperature T of the

aggregate is defined by B(λ, T ) = 2hc2λ−5[exp(hc/λkBT ) −
1]−1, where h, kB , and c are the Planck constant, the Boltzmann
constant, and the speed of light, respectively.

The rate of sublimated energy Es for the composite aggre-
gate consisting ofn-component materials with the total effective
area S of sublimating surface is expressed as

Es = S
n∑

i = 1

αif̃i

√
µimu

2πkBT
pi (T )Li, (5)

where the subscript i denotes the i-th component of the dust
aggregate; αi means a reduction rate from the pure theoretical
prediction and is called the accommodation coefficient; andmu

is the atomic mass unit. The mean molecular weight µi for
vacuum is taken as zero. The saturated vapor pressure pi (T ) of
the i-th material at the dust temperature T is given by

pi (T ) = exp

(
−µimu

kBT
Li + bi

)
. (6)

The equilibrium temperature T (s, r) of a fractal aggregate
with its characteristic radius s at a solar distance r is determined
by solving the balance equation of energy,Ea = Er +Es. Using
the relation S = 4A for the fractal dust (Kitada et al. 1993), the
equation reduces to

Ω
∫ ∞

0
Qabs

(
s, εeff , λ

)
B� (λ) dλ

= 4π
∫ ∞

0
Qabs

(
s, εeff , λ

)
B (λ, T ) dλ

+4
n∑

i = 1

αif̃i

√
µimu

2πkBT
pi (T )Li. (7)

In the one component case of homogeneous spherical
dust, Eq. (7) becomes the already familiar expression (cf.
Lamy 1974b).

Figs. 2 and 3 show the equilibrium temperatures T of the
fractal aggregates consisting of silicate and carbon material,
respectively, at a solar distance of 10 R� versus their charac-
teristic radii s = 0.05 − 50 µm. In comparison with the equi-
librium temperature of a homogeneous sphere without porosity,
that of the fractal aggregate becomes independent of its radius.
The temperature of the highly porous aggregate approaches the
value of the constituent particles as demonstrated by Greenberg
& Hage (1990). These results are independent of chemical com-
position, and agree with that in Kozasa et al. (1992) where the
temperatures of magnetite aggregates were calculated under no
sublimation.

The temperature of the fluffy aggregate consisting of silicate
material becomes low and far from the blackbody temperature
with Qabs = 1. On the other hand, the temperature of the car-
bon aggregate, in spite of its absorbing property, differs from
that of the blackbody except for the large (s > 10 µm) aggre-
gate with small porosity. Consequently, the blackbody approx-
imation fails to represent the temperature of irregularly shaped
particles with fluffy structure, even for absorbing materials.
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Fig. 2. Temperature of the fractal aggregate consisting of silicate con-
stituent particles at a solar distance of 10 R� versus its characteristic
radius.
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Fig. 3. The same as Fig. 2, but for carbon.

A lower temperature with the same chemical composi-
tion decreases the heliocentric distance of the sublimation
zone. Accordingly, the sublimation zone of silicate aggregates
approaches the sun, compared with that of silicate compact
spheres. On the other hand, the carbon aggregates with high
porosity begin sublimation far from the sun, compared with
carbon compact spheres. It is worthwhile to notice that the ac-
commodation coefficientαi in Eq. (5) is assumed to be unity for
simplicity. If we take a smaller value of the accommodation co-
efficient than unity, the equilibrium temperature obtained from
Eq. (7) increases to compensate for the decrease of Es. Conse-
quently, the solar distance of the sublimation zone will increase
by more than the value acquired from the above result.
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Fig. 4. The ratio β of the radiation pressure force to the solar gravity on
the fractal aggregate consisting of silicate constituent particles versus
its characteristic radius.

4. Radiation pressure force

The relative importance of the radiation pressure forceFR to the
solar gravitational force FG is described by a ratio β = FR/FG.
The ratio β for a fractal aggregate is calculated as follows

β =
r2Ω

GM�c

(
A

m

)∫ ∞
0

B� (λ)Qpr

(
s, εeff , λ

)
dλ, (8)

where Qpr(s, εeff , λ) is the radiation pressure efficiency of the
aggregate calculated using Mie theory. The gravitational con-
stant and the mass of the sun are given by G and M�, respec-
tively. The mass m of the composite aggregate without taking
into account sublimation is expressed as

m =
4
3
πs0

3α

(
s

s0

)D n∑
i = 1

f̃iρi, (9)

where the bulk density ρi for vacuum is set to zero. We make
use of the data for the solar flux B� (λ), instead of the Planck
function B(λ, T = 5778 K) used in Mukai et al. (1992). When
the aggregate is composed of one-component material, Eq. (8)
corresponds to that in Mukai et al. (1992). Furthermore, it is
noted that in the near solar region the β ratio becomes a function
of a solar distance due to a deviation of Ω from r−2 relation as
well as an aggregate radius s.

Theβ ratio for the fractal aggregate as a function of its radius
is plotted in Figs. 4 and 5 for r >> R�. In contrast to a strong
radius-dependence of the β ratio for a compact sphere, the β
ratio for the fractal aggregate has a gentle slope as a function of
its radius. Therefore, when the radius of the aggregate decreases
due to sublimation, the β ratio for the fractal aggregate hardly
changes. Since the value of β for a fractal aggregate consisting
of silicate falls below unity, the silicate aggregates as well as
the spherical particles stay in their sublimation zones. On the
other hand, the carbon aggregate with low porosity escapes from
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Fig. 5. The same as Fig. 4, but for carbon.

the vicinity of the sun before its characteristic radius reaches
2 µm due to sublimation, while spherical carbon grains for radii
s < 0.5 µm are blown away from the solar system (Mukai
& Mukai 1973). Furthermore, the value of β for the carbon
aggregates with large porosity exceeds unity in all ranges of the
radius. Consequently, it is difficult for the porous aggregates
consisting of carbon material to survive in the solar system.

5. Dust-free zone

A ratio of dust lifetime due to sublimation Ts ≡ s/ |ds/dt|
to its Keplerian period TK ≡ 2π

√
r3/GM�(1 − β) is used to

estimate the solar distance of the sublimation zone (Mukai & Ya-
mamoto 1979). In order to obtain the value of Ts for the fractal
aggregate, it is necessary to derive an expression of ds/dt. We
assume a relation dm/dt = D

(
m/s

)
ds/dt because m ∝ sD

(see Eq. (9)). The mass sublimation rate dm/dt of the aggregate
is given by

dm

d t
= −S

n∑
i = 1

f̃i

√
µimu

2πkBT
pi (T ) . (10)

Accordingly, Ts/TK for fluffy aggregate becomes

Ts
TK

=

√
GM� (1 − β)

4π2r3
D

m

|dm/d t| . (11)

When S = 4πs2, this expression for Ts/TK is consistent with
that in Mukai & Yamamoto (1979).

The location of the closest approach to the sun for the dust
grains suffering sublimation is called the edge of the dust-
free zone, which is estimated from a heliocentric distance of
Ts/TK = 102 by Mukai & Yamamoto (1979). As shown in
Fig. 6, the edge of the dust-free zone is sensitive to the carbon
content. In the following calculations, we use the silicate ag-
gregate containing carbon of 0.06 % in the volume because it
sublimes at 4 R�. This result coincides with that derived from
Mann et al. (1994).
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6. Spatial number density

In the field of solar gravity and radiation, the equation of mo-
tion for the dust in terms of order v/c is expressed as (Robert-
son 1937)

d2 r
d t

= −GM�
r2

Ŝ +
GM�
r2

β

[(
1 − v · Ŝ

c

)
Ŝ − v

c

]
, (12)

where Ŝ is a unit vector of radial direction and v is a veloc-
ity vector of the aggregate. To calculate dynamical evolution of
fluffy aggregate near the sun, we integrate Eqs. (10) and (12),
simultaneously. Since the Poynting-Robertson effect reduces
the eccentricity e and the semimajor axis a gradually (Wyatt
& Whipple 1950), the eccentricity of the grain becomes suf-
ficiently small near the sun. Therefore, the initial condition is
taken as e = 0 at a solar distance of 10 R�.
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The trajectories of the fractal aggregates, including those of
homogeneous spheres, in the r − s plane are shown in Fig. 7.
The fractal aggregates with different radii sublimate at the same
solar distance of 4 R� in contrast to a strong size-dependence
of the sublimation zone for homogeneous spheres. Although the
orbit of a homogeneous sphere becomes elliptic for particles of
sub-micron size, a fractal aggregate keeps a circular orbit (e = 0)
as a consequence of the rather weak dependence of theβ ratio on
its radius. It is proved from Fig. 7 that Ts/TK in Eq. (11) gives
the location of the sublimation zone for fluffy dust aggregate.

When the inward dust flux is in equilibrium, the spatial num-
ber density n(r) of the aggregate at a solar distance r is derived
from the relation, n(r)r2dr/dt =const., where dr/dt denotes
the radial component of the speed of the aggregate. Under the
Poynting-Robertson effect without sublimation,n(r) ∝ r−1 be-
cause dr/dt ∝ r−1 in a circular orbit. Figs. 8 and 9 show the
number density distributions of the fractal aggregates normal-
ized at r0 = 1 AU against the heliocentric distance. The fractal
aggregates with different sizes accumulate at the same distance
from the sun because of the independence of the sublimation
zone on their radii (Fig. 8). Consequently, the spatial number

density of the BPCA increases in a narrower region than that of
the spherical particles. The spatial concentration of the BPCA
in the sublimation zone becomes a factor of 1.5 relative to the
spatial number density expected by its radial velocity due to the
Poynting-Robertson effect alone. This concentration factor of
the spatial distribution for the silicate-carbon BPCA is less than
the factor of 5 for spherical silicate expected by Mukai & Ya-
mamoto (1979). In the case of the BCCA, an enhancement of
the spatial number density does not occur near the sublimation
zone (Fig. 9).

7. Discussion

We will discuss the faint dust ring of the BPCA silicate and
the edge of the dust-free zone of the BCCA silicate from the
observational point of view. Expected brightness of the solar
corona BK+F at a wavelength range λ to λ+dλ is calculated as

BK+F = Bth + Bsca + BK , (13)

Bth =
∫ ∞

0
dl

∫ s2

s1

dsf (s, r)AQabs (s, λ)B (λ, T ) , (14)

Bsca =
∫ ∞

0
dl

∫ s2

s1

dsf (s, r)
i1 + i2

2k2
ΩB� (λ) , (15)

BK =
∫ ∞

0
dlNe (r)σTΩB� (λ) , (16)

whereBth,Bsca, andBK denote the brightness of thermal emis-
sion from dust particles, their scattered sunlight along the line
of sight, and the K-corona, respectively. We use a model from
Saito et al. (1977) for the electron density Ne (r) at a solar dis-
tance r;σT is the electron cross section of the classical Thomson
scattering; l is a distance of the dust from an observer along the
line of sight; k = 2π/λ is the wave number of λ; and f (s, r) is
the radius and spatial distribution of dust grains, where f (s, r)
is assumed as a product of the number density distribution n(r)
and the size distribution g(s). The results shown in Figs. 8 and
9 are used for a determination of n(r). We derive g(s) from the
interplanetary flux model given by Grün et al. (1985) and then
set the total cross-sectional area as

∫ s2

s1
dsAg(s) = 4.6 × 10−19

m2/m3. The Mie intensity functions perpendicular and parallel
to the scattering plane are given by i1 and i2, respectively. We
set s1 = 0.01 µm and s2 = 1000 µm.

Fig. 10 shows the expected visible (λ = 0.55 µm) bright-
ness of the solar corona from the silicate-carbon BPCA, and the
observations by Blackwell et al. (1967) and Saito et al. (1977).
As a result of the faint solar dust ring, the enhancement of scat-
tered light expected by the solar dust ring model for spherical
particles disappears in the visible brightness of the solar corona.
The expected visible brightness decreases smoothly with in-
creasing radial distance R, and this expected feature, including
its absolute values, agrees with visible observations. Even in the
near-infrared (λ = 2.2 µm), it is hard to observe such a silicate
dust ring (Fig. 11), because of the low temperature and there-
fore weak thermal emission at 4 R�, compared to the black-
body. Since the temperature of BCCA silicate is lower than that
of BPCA and thus farther from the blackbody temperature, the
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sionBth; dashed line: scattered lightBsca; solid line: expected bright-
ness BK+F = BK +Bth +Bsca. Open circle: Blackwell et al. (1967);
filled circle: Saito et al. (1977).

edge of the dust-free zone from BCCA silicate is invisible in
the near-infrared brightness.

Furthermore, the number density distribution n(r) of dust
used in this paper causes the disappearance of a hump in the
brightness. In comparison with a power ν = 1.3 for n(r) =
(r/r0)−ν at a farther distance from the sublimation zone used
in Mukai & Yamamoto (1979), an exponent ν = 1 used in this
paper diminishes the contribution of the near-solar dust to the
total brightness. Consequently, the exponent ν = 1 brings about
no feature of the solar dust ring and edge of the dust-free zone
in the visible and near-infrared brightness. It is noteworthy that
the power ν = 1 is not only supported theoretically by dynami-
cal behaviour of dust under the Poynting-Robertson effect, but
also by the analysis of the zodiacal light observations (Lamy
& Perrin 1986). The power ν = 1.3 is also supported by the
zodiacal light observations (Leinert et al. 1978). As shown in
Fig. 10, the model visible brightness of the F-corona fulfills a
relation of Bsca ∝ R−2.25 for R > 4 R� derived by the zodi-
acal light observations (Koutchmy & Lamy 1985). In addition,
the absolute magnitude of the model brightness corresponds to
that of the observations from Blackwell et al. (1967) and Saito
et al. (1977). Accordingly, an application of ν = 1.3 will re-
sult in a steeper brightness distribution of R than the zodiacal
light observations and brighter solar corona than the observed
coronal brightness.

Although an adoption of silicate including a large fraction
of carbon causes higher thermal emission, they sublimate at a
greater solar distance than at 4 R�, where the thermal emission
hump has been observed. The larger solar distance of highly
contaminated silicate may correspond to the other near-infrared
hump at near 9 R� (MacQueen 1968). On the other hand, it
is seen from Fig. 6 that carbon aggregates with small impuri-
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Fig. 11. Calculated K-band (λ = 2.2 µm) brightness of the so-
lar corona BK+F with the interplanetary flux model from Grün et
al. (1985). Dash-dotted line: K-corona BK ; dotted line: thermal emis-
sionBth; dashed line: scattered lightBsca; solid line: expected bright-
nessBK+F = BK +Bth+Bsca. Thick solid line: Hodapp et al. (1992);
dots: MacQueen (1968).

ties sublimate at 4 R� and, furthermore, from Fig. 5 that large
(s ≥ 10 µm) carbon aggregates with small porosity stay in the
F-corona because of β < 1. As a result of their high tempera-
tures, which lie near the blackbody temperature (T ∼ 2100 K),
large carbon aggregates will contribute to the near-infrared
brightness in the F-corona. Moreover, the color temperature of
2160±200 K was derived from the near-infrared hump at 4 R�
measured during the 1970 solar eclipse (Peterson 1971). Ac-
cordingly, the appearance of a thermal emission hump at 4 R�
may indicate the existence of irregularly shaped particles con-
sisting of carbon material in the F-corona as opposed to silicate:
We conclude, therefore, that the near-infrared hump observed
in the F-corona arises from thermal emission of absorbing ma-
terial, like a blackbody used in Mann (1992).

In order to observe the faint dust ring or the edge of the
dust-free zone of fluffy silicate dust, the intermediate infrared is
suitable because of their high emissivity near 10 µm (Fig. 12).
As shown in Fig. 6, however, the distance dependence of the
sublimation zone on the impurities seems to smear the feature
of the faint dust ring or the edge of the dust-free zone if silicate
aggregates having different amounts of impurities exist in the
F-corona at the same time. Although the absolute magnitude
of the model brightness is one order smaller than Mankin et
al. (1974) and two orders smaller than Léna et al. (1974), their
higher brightnesses are questionable because of the high noise
level. More low-noise observations in the intermediate infrared
might clarify the existence of fluffy silicate dust in the F-corona.

8. Conclusion

Taking into account the shape and structure of circumsolar dust
grains, we have examined their dynamical and radiative nature
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Fig. 12. Calculated N-band (λ = 10.2 µm) brightness of the so-
lar corona BK+F with the interplanetary flux model from Grün et
al. (1985). Dash-dotted line: K-corona BK ; dotted line: thermal emis-
sionBth; dashed line: scattered lightBsca; solid line: expected bright-
ness BK+F = BK + Bth + Bsca. Thick solid line: Léna et al. (1974).

near the sun. Special attention has been placed on the differ-
ences from spherical homogeneous grains. We have found that
the equilibrium temperature of a porous irregularly shaped par-
ticle, modeled here as a fractal aggregate, is independent of its
size. As a result, fractal aggregates with different sizes begin
their quick sublimation at the same solar distance. The loca-
tion of sublimation for the fractal aggregate, therefore, is deter-
mined by the chemical composition alone. We have found that
the peak feature in the F-corona indicates the existence of dust
aggregate consisting of absorbing material rather than trans-
parent material. If the irregularly shaped particles with porous
structure make up the near-solar dust clouds, the solar dust ring
indicates a small enhancement of number density with narrow
spatial structure at the edge of sublimation zone or that it does
not exist. This, however, does still not explain the fact of the
”missing” dust ring during the 1991 eclipse.
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