
RAA 2021 Vol. 21 No. 3, 69(9pp) doi: 10.1088/1674-4527/21/3/69
c© 2021 National Astronomical Observatories, CAS and IOP Publishing Ltd.

http://www.raa-journal.org http://iopscience.iop.org/raa

Research in
Astronomy and
Astrophysics

The role of astronomical silicates during a cometary outburst ⋆

Marcin Wesołowski

College of Natural Sciences, Institute of Physics, University of Rzeszów, Pigonia 1 Street, 35-310 Rzeszów, Poland;
marwes@ur.edu.pl

Received 2020 May 14; accepted 2020 September 14

Abstract This paper presents a new approach to analyzing the change ofcometary brightness. In our
considerations, we assume that astronomical silicates (dust agglomerates) and gas are present in the coma.
This assumption is a consequence of the analysis of the result observed during theRosettamission to comet
67P/Churyumov-Gerasimenko (abbreviated 67P/Ch-G). The dimensions of these agglomerates can be up
to several centimeters. However, the large ones are few compared to particles with dimensions of several
micrometers. This paper presents the results of calculations on the change in hypothetical comet brightness
as a result of its outburst. The calculations take into account the percentage of carbonaceous particles and
silicates rich in magnesium.
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1 INTRODUCTION

The source of comet outbursts is still one of the big
unsolved problems in cometary science. The nuclei
sometimes suddenly release a large amount of dust and gas
during a relatively short time, often from a well-defined
region but not always. This additional input of material to
the coma leads to a jump in brightness which slowly decays
as the dust (gas) cloud expands away from the nucleus.
However, the explanation of what are the circumstances
favorable for cometary outbursts to appear remains a
challenge. Several hypotheses have been put forward so
far in scientific literature, and many of them are trying to
establish the ultimate cause of this phenomenon. However,
careful analysis leads to the conclusion that most likely
there are several different causes of cometary outbursts or
even a combination of them, which in favorable conditions
may initiate the outbursts of brightness.

When studying the physical evolution of comets, we
focus on determining the amplitude of the change in
brightness of these celestial bodies. This phenomenon is
manifested by a sharp increase in the brightness of the
comet in a short time, on the order of several hours, with an
amplitude of about 5 mag. Talking about the real cases of
cometary outbursts, comet 29P/Schwassmann-Wachmann
should be mentioned, and in terms of outbursts, it is a
model object. This is due to its unique outburst frequency

⋆ University of Rzeszów, Poland.

(about seven times a year) as well as a specific location in
the solar system on the border of water ice stability.

Observational materials also reveal cases of comet
outburst with greater brightness jumps. One example is
the famous comet 17P/Holmes, whose outburst amplitude
was equal to 14 mag in 2007 (Montalto et al. 2008,
Moreno et al. 2008). This is the most spectacular cometary
outburst ever recorded.

The outburst of comet brightness is a complex
process that occurs within the cometary nucleus.
According to modern research, it seems highly likely
that various mechanisms, or even combinations of
them, may be responsible for comet outbursts (Richter
1954; Hughes 1991; Cabot et al. 1996; Enzian et al.
1997; Groussin et al. 2004; Trigo-Rodrı́guez et al.
2008, Trigo-Rodrı́guez et al. 2010; Ivanova et al. 2012;
Gronkowski & Wesołowski 2012, 2015a; Merouane et al.
2016; Miles 2016; Wesołowski & Gronkowski 2018a;
Wesołowski 2020a,b; Wesołowski et al. 2020a,b,c). It
seems very probable that the diversity of comets in
terms of their structure (chemical composition) and their
location in the solar system also play an important role.

In this paper, we consider the effect of astronomical
silicates found in a coma on changing the brightness of a
comet. At this point, it should be explained that astronom-
ical silicate is a general description concerning irregular
particles of cometary dust. These irregular particles are
called agglomerates, which are made up of individual
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monomers. Dust agglomerates are submicron and micron-
sized model debris particles that approximately reproduce
their highly irregular and fluffy morphology of dust in the
Solar System (Kolokolova & Kimura 2010; Zubko 2013;
Schulz et al. 2015; Zubko 2020). A detailed analysis of the
formation of different types of agglomerates (for example:
BA - Ballistic Aggregates, BAM1 - Ballistic Aggregates
Type 1, BAM2 - Ballistic Aggregates Type 2 and BCCA -
Ballistic Cluster-Cluster Aggregates) was presented in the
paperSkorov et al.(2016).

It is also worth noting that dust agglomerates are
characterized by complex chemical composition. Based
on measurements made by mass spectrometers, we find
that most of the particles emitted from the surface of the
comet are a mixture of silicates with variable magnesium-
iron composition, organic matter and even carbonaceous
particles (Fomenkova et al. 1992; Dorschner et al. 1995;
Zubko et al. 2020; Zubko 2020).

The results of the Rosetta mission to comet
67P/Churyumov-Gerasimenko (hereafter 67P/Ch-G) con-
firmed the existence of gas and dust (agglomerates) in a
coma. Additionally, we could observe the development of
a gas and dust coma. The obtained results contributed to
a better understanding of the degassing effect and coma
formation (Marschall et al. 2016). Our goal in this paper
is to apply theRosettamission results and to attempt
to develop a preliminary cometary outburst model that
would be based on the idea of scattering sunlight on
agglomerates. Due to different dimensions of silicates, the
average value of the distribution function over time was
used in the calculations.

2 THERMODYNAMIC MODEL OF COMETARY
OUTBURST

2.1 Basic Assumptions of the Nucleus Structure

The chemical composition of comets is extremely
impressive. We assume that water ice is the dominant
chemical found in comet nuclei. Based on spectroscopic
studies, we can determine the percentage of other chemical
compounds in relation to water ice - the main component
of the cometary nucleus. In the general case, we can
distinguish the following components: carbon monoxide,
carbon dioxide, astronomical silicates and organic
compounds. These studies mainly focus on analyzing the
coma. The dimensions of the coma depend on various
factors. The intensive sublimation of given cometary
ice plays a key role here. Analyzing the observational
material, we see that sublimation does not occur from
the entire surface of the nucleus, but only from a small
fragment of it (on the order of a few percent).

In further discussion, we assume that:

– The nucleus of the comet has a layered structure.

– The outer layer of the nucleus is a mixture of various
types of dust with different thermal conductivities,
which depends on the position of the comet in the
solar system.

– The dust mantle has a constant thickness which is
regarded as a free parameter.

– Under the outer layer of the comet’s surface, there is a
region of dust and cometary ice.

– Ice is crystalline, or crystalline and amorphous.

– At a depth of several meters, there are cavities,
which can play a key role in the outburst
of a comet (Ipatov & A’Hearn 2011; Ipatov
2012; Gronkowski & Wesołowski 2015a;
Wesołowski & Gronkowski 2018b).

2.2 Thermodynamic Parameters and Amplitude of
the Outburst

In considering the outburst of a comet, the key issue
is to adopt the appropriate thermodynamic model. The
proposed approach is to solve the energy balance taking
into account the sublimation occurring from the surface
of the comet nucleus. This equation can be written in the
following form

S⊙(1 −AN) cosϕ

r2
= ǫ σ T 4 +

Ż L(T )

NA
. (1)

The left part of this equation describes the input of
solar energy into the comet. The right side of the
equation represents the energy consumed by the nucleus
for irradiation and sublimation of given comet ice. The
following notation is adopted: S⊙ - the solar constant
at heliocentric distance,AN - the albedo,ϕ - the angle
between the normal to the surface of the nucleus and the
direction to the Sun,r - the heliocentric distance of the
comet,ǫ - the infrared emissivity of the nucleus,σ - the
Stefan-Boltzmann constant,̇Z - the rate of sublimation
of cometary ice (expressed in molecules m−2s−1), L(T )
- the latent heat of sublimation of cometary material and
NA - Avogadro’s number. Because we are developing a
simple comet outburst model, in Equation (1) we omit
the factor related to heat conductivity to its interior. This
approach was followed, among others, byHuebner et al.
(2006). It has also been demonstrated that the thermal
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conductivity of the comet nucleus does not significantly
affect the temperature value on the nucleus’ surface
(Groussin et al. 2013; Schloerb et al. 2015). Therefore,
this approach seems correct at least for a simple model.
Note that advanced thermodynamic models should take
into account thermal conductivity, as this factor has a direct
impact on the rate of gas sublimation from inside the
nucleus. A measure of the rate of sublimation of the gas
is its velocity that depends on the temperature determined
based on the energy balance. The rate of sublimation was
calculated via the equation

Ż = Ae−B/T

√

π

2mgkBT
. (2)

In Equation (2), the individual symbols mean:A and
B are constants associated with sublimation of cometary
gas. The values of these parameters are expressed in
units of pressure and temperature, respectively. Also,mg

is the mass of sublimating cometary gas molecules,kB
is the Boltzmann constant andT is the temperature on
the surface of the nucleus, which is calculated utilizing
Equation (1).

It is worth noting here that in the last several years
significant progress has been made in modeling gas
dynamics near a cometary nucleus.Rosetta’s mission
provided us with a lot of interesting information related to
the sublimation activity of comet 67P/Ch-G (Gicquel et al.
2016; Marschall et al. 2016; Rinaldi et al. 2017). The
discussed sublimation activity of the comet nucleus is
responsible for the scale of the following processes:
emission of matter from the surface of the nucleus,
movement of particles both on the surface (migration), and
in a coma, as well as on the amplitude of the brightness
jump.

When considering the dynamics of particles, we need
to make some division, if only because of their size. In the
simplest approach we can talk about two types of behavior
of particles (Wesołowski et al. 2019; Wesołowski 2020a):

– the smallest particles due to the sublimation of a given
ice are emitted into the cometary coma,

– slightly larger crumbs can move on the surface
causing, for example, initiation of avalanches.

The dimensions of individual particles depend on many
factors. The most important of them include: the heliocen-
tric distance which translates into the sublimation rate ofa
given comet ice, the density of particles, the shape of the
nucleus and its radius (Gronkowski & Wesołowski 2015b,
2017).

These particles are made up of ice water, organic mat-
ter, astronomical silicates or their mutual combinations.
To estimate the maximum sizerej of particles emitted

from the surface of the nucleus, we utilize the following
equation

mgrgc ≤
1

2
CDπr

2
ej(vg−vgr)

2ρg+mgrω
2RNcos

2ϕ . (3)

Note that in Equation (3) we considered only three
forces (gravitation of the nucleus, drag force coming
from the molecules of sublimating gases and centrifugal
force related to the rotation of the nucleus), which have
the greatest impact on the size of emitted particles
(Gronkowski & Wesołowski 2015b). In this equation, the
individual symbols mean:mgr the mass of cometary
particles, gc the gravitational acceleration from the
cometary nucleus,CD the modified free-molecular drag
coefficient for a spherical cometary particle with radius
rej, vg the gas flow velocity,vgr the velocity of dust
particles,ρg the gas density,ω the angular velocity of the
nucleus,RN is the radius of cometary nucleus andϕ the
cometocentric latitude.

We note that the modified-molecular drag coefficient
for spherical particlesCD which occurs in Equation (3) is
a complicated function of factors (Crifo et al. 2005and
literature therein). It depends on the factors according to
the following formula

CD =
2s2 + 1

s3
√
π

exp(−s2)

+
4s4 + 4s2 − 1

2s4
· 2
π

∫ s

0

exp(−t2)dt

+
2
√
π

3s

√

Tgr

Tg
,

(4)

whereTgr andTg stand for the grains and gas temperature,
respectively. The parameters appearing in Equation (4)
can be defined as

s = |vg − vgr|/
√

2RTg/(Mµ) . (5)

HereR stands for the universal gas constant,M denotes
the unit of atomic mass andµ is the molar mass of
sublimating cometary ices.

By using Equation (3), we can determine the
dependence on the maximum radius of a particle that is
emitted into the coma

rmax,ej =
3CDv

2
gρg

8ρgr
(

gc − 4π2

P 2 RNcos2ϕ
) , (6)

whereρgr is the density of particles, andP is its rotational
period.

When considering the dynamics of particles in a coma,
we must first consider the size and shape distribution of
emitted agglomerates. Our calculations were carried out
for the average size distribution of agglomerates over time.

dN = CN0h(r) = CN0r
−qdr , (7)
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whereN0 is the number of particles in a coma,r and
C are the radius of the effective cross-section of fluffy
aggregate and the normalization constant respectively,
and q is the size distribution power-law indexes. In the
calculations, we adopted a constant power-law index ofq

= 2.1, (Zubko et al. 2016). It should be clearly emphasized
that the value of the power factor in the size distribution is
a function of the radius of the dust particle (Virrki et al.
2019). Furthermore, such a power index is consistent
with the range detected in situ in the 1P/Halley coma in
submicron and micron-sized particles (Mazets et al. 1986).
In our considerations, we assumed that the agglomerates
consist of silicate particles (refractive indexm = 1.6 +

0.01i) and carbonaceous particles (m = 1.855 + 0.45i).
Note that the refractive index above was applied for the
decaying comet C/2019 Y4 (ATLAS) (Zubko et al. 2020).
Based on Equation (7), we can determine the normalization
constantC

C =
1

∫ rmax

rmin
r−qdr

. (8)

Using Equations (7)–(8), we can determine the average
particle radiusrav in a coma

rav = C

∫ rmax

rmin

h(r)rdr =

∫ rmax

rmin
r−q+1dr

∫ rmax

rmin
r−qdr

. (9)

In the calculations, we assume that the values ofrmin

= 10−7 and rmax = 10−2 (Gronkowski & Wesołowski
2015a). The above Equstions (1)–(9) define the basic
parameters of the thermodynamics involved. They al-
low also determining the maximum particle size and
the average size of an agglomerate which is locat-
ed in a coma. Using them, one can determine the
amplitude of the cometary brightness change utilizing
Pogson’s law (Gronkowski et al. 2018; Wesołowski 2019;
Wesołowski et al. 2020b; Wesołowski 2020c)

∆m ≈ −2.5

× log
p(θ2)C2 + p(θ2)SiaC(Si)ej

+ p(θ2)CbC(C)ej

p(θ1)C1
,

(10)
wherep(θ2) is the value of the phase function during quiet
sublimation andp(θ1) is the value of the phase function
during outburst. Note thata means fractional content
(percentage) of silicate particles in the total amount of
particles contained in the comet’s coma andb stands
for the percentage of carbonaceous particles in the total
amount of grains in the cometary coma (of course,a + b

= 1). The individual scattering cross-sections that occur in
Equation (10) can be defined as:

C1 =
3πη(t2)κR

2
NŻRh(t1)mg

∫ rmax

rmin
Qicer

2h(r)dr

vgρN
∫ rmax

rmin
r3h(r)dr

,

(11)

C2 =
9πη(t1)κR

2
NŻRh(t2)mg

∫ rmax

rmin
Qicer

2h(r)dr

vgρN
∫ rmax

rmin
r3h(r)dr

,

(12)

C(Si)ej =
3Mej

∫ rmax

rmin
QSir

2h(r)dr

4ρSi
∫ rmax

rmin
r3h(r)dr

, (13)

and

C(C)ej =
3Mej

∫ rmax

rmin
QCr

2h(r)dr

4ρC
∫ rmax

rmin
r3h(r)dr

. (14)

A detailed discussion and analysis of individual sym-
bols appearing in Equations (11)–(14) are presented in
Wesołowski et al.(2020b). TheQdust parameter depends
on: the wavelength of electromagnetic solar radiation (λ),
the effective diffraction parameter (xeff ) and the complex
refractive index (m). The parameterη(t1) signifies the
percentage of the comet nucleus’ active sublimation
surface in a calm sublimation phase before the outburst.
Based on the analysis of many observational data obtained
during space missions (Deep Impact, EPOXI, Rosetta), we
were able to estimate the real value of the parameterη(t1).
The parameterη(t2) signifies the percentage of active
surface during the outburst.

Using Equation (9), we can define the diffraction
parameter (size parameter) as

xeff =
2π

λ
rav =

2π

λ

∫ rmax

rmin
r−q+1dr

∫ rmax

rmin
r−qdr

. (15)

A measure of a comet’s brightness jump is the number
of particles located in the coma which scatter the incident
sunlight. This parameter is defined by the mass ejected at
the moment of the outburst. It should be noted that the
size of the dust particles and their chemical composition
play important roles. Based on many years of research on
comets, we conclude that a coma contains particles with
dimensions of the order of micrometers or centimeters.
However, the largest ones are few in comparison to micron-
sized particles. In light of what has been said above, the
mass ejected (M ej) can be defined as

Mej =
4

3
πρdust

∫ rmax

rmin

h(r)r3dustdr . (16)

In the above equation, the same integration limits were
left as in Equation (9). We note that in Equation (10),
a phase function occurs whose value depends on the
scattering angleθ (angle between Sun-comet-observer, see
Fig. 1). To specify a value for the phase function, we need
to determine the asymmetry coefficientg based on the
equation

g =
2
∑

∞

n=1

(

n(n+2)
n+1

Re(ana
∗
n+1 + bnb

∗
n+1) +

2n+1
n(n+1)

Re(anb
∗
n
)
)

∑

∞

n=1(2n+ 1)(|an|2 + |bn|2)
,

(17)
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Fig. 1 Graphical interpretation used to determine the phase
angle. The individual symbols mean: S - Sun, E - Earth, C
- comet,θ - the phase angle,rq - the distance of a comet
being at the perihelion from the Sun,rQ - the distance of a
comet being at the aphelion from the Sun,rE - distance of
the Earth from the Sun (rE = 1 au), a - semi-major axis.

Fig. 2 The maximum radius of the cometary particles,
rmax,ej in meters, that can be emitted from the equator
of the cometary nucleus by gentle sublimation controlled
by water ice as a function of the heliocentric distance. We
also assume that the density of the average silicate particles
(agglomerates Mg-rich) is in the range (1.5 – 3.5 g cm−3,
Zubko 2020). The calculations show two models: rotating
(P=10 h) and non-rotating (P = ∞) which are based on
Eqs. (1)–(6).

and the asterisks∗ denote complex conjugate. The symbols
an and bn appearing in Equation (16) are scattering
coefficients that we calculate based on Mie theory. The
phase functionp(θ) can be defined as

p(θ) =
(1 − g2)

4π (1 + g2 − 2gcos(θi))
3/2

, (18)

where θi=1 signifies the value of the phase angle at
perihelion andθi=2 that at aphelion of the cometary orbit.

Fig. 3 The jump in comet X/PC brightness∆m as a
function of ejected massMej for different values of the
parameterη(t1). It is assumed that the comet is at the
perihelion of its orbit(rq = 1.5 au), and its activity is
controlled by sublimation of water ice. The calculations
were based on Eqs. (1)–(18).

3 RESULTS OF THE NUMERICAL
CALCULATIONS

The numerical values of individual parameters are
presented in Table1. In this paper, we calculate sunlight
scattering on dust particles that are present in the coma.
Figure 1 illustrates the orbit of a hypothetical comet
(X/PC) for which numerical calculations were performed.
Based on this, the phase angle can be determined for
perihelion and aphelion. The obtained results of numerical
simulations are presented in the following Figures2–7.
Figure 2 plots the distribution of the maximum particle
sizes that can be emitted in a coma as a result of the
local sublimation of water ice. Based on the average size
distribution of coma dust, its value was estimated to be
rav = 0.752×10−6 m. Figures3–4 display the change
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Fig. 4 Similar to Fig.3, but these calculations were made
for aphelion (rQ = 5.5 au) of comet X/PC.

in brightness∆m of the comet as a function of mass
ejectedM ej for perihelion and aphelion, respectively. At
intermediate distances, numerical values of the parameter
∆m oscillate between those shown in Figures3–4. In
the next step, a comparison was made between the
change in brightness of the comet located at perihelion
and aphelion respectively (Figs.5–7). These calculations
take into account the same surface (η(t1)), which is
active sublimation. It is worth noting that the calculations
presented in Figures3–7 take into account the variable
percentage of silicate and carbonaceous particles. The
approach utilized in the simulations allows us to determine
the change in brightness of the comet depending on the
mass ejected during the outburst and the heliocentric
distance.

Fig. 5 The jump in comet X/PC brightness∆m as a
function of ejected massM ej. The calculation compares
the brightness jump of the comet at perihelion and
aphelion. The calculations assume that parametersa and
b are equal to 0.9 and 0.1, respectively.

4 SUMMARY AND CONCLUSIONS

The paper presents an analysis of cometary matter emis-
sion. For this purpose, two mechanisms were discussed
that are associated with the activity of the comet. The first
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Table 1 Values of the Physical Cometary Parameters for Object X/PC Used in the Numerical Calculations and
Simulations

Parameters Value(s) Reference

The semimajor axis of the cometary orbit (au) a = 3.5 Value adopted
The eccentricity of the cometary orbit e=0.571 Value adopted
The radius of the comet’s nucleus (m) RN = 1000 Value adopted

The density of the comet nucleus (kgm−3) ρN=500 Value adopted

The albedo AN = 0.04 Richardson et al.(2007)
Constant AH2O for water ice (Pa) AH2O=3.56×1012 Fanale & Salvail(1984)
Constant BH2O for water ice (K) BH2O=6141.667 Fanale & Salvail(1984)

Latent heat of water ice sublimation (J kg−1) L(T)=2.83×106 Prialnik (2006)
The porosity ψ=0.7 Kossacki & Szutowicz(2013)

Dust - gas mass ratio κ = 1 Gronkowski & Wesołowski(2015a)
Emissivity ǫ = 0.9 Wesołowski(2019)

Solar constant (ford=1 au) (W m−2) S⊙ = 1360.8±0.5 Kopp & Lean(2011)
The radius of the cometary coma during the outburst (m) R′

h = 3×108 Hughes(1991)
The radius of the cometary coma during gentle sublimation (m) Rh = 1×108 Hughes(1991)

The refractive index for silicate particles mSi=1.6+0.01i Zubko et al.(2020)
The refractive index for carbonaceous particles mC=1.855+0.45i Zubko et al.(2020)

Mean value of solar radiation wavelength (m) λ=0.5×10−6 Value adopted
The average particle radius (m) rav = 0.752×10−6 Calculated value

The scattering efficiencies of silicate particles QSi=2.557 Calculated value
The scattering efficiencies of carbonaceous particles QC=1.252 Calculated value

Asymmetry coefficient for silicate particles gSi=0.785 Calculated value
Asymmetry coefficient for carbonaceous particles gC=0.873 Calculated value

The phase angle in the comet perihelion (deg) Θqi=41.81 Calculated value
The phase angle in the comet aphelion (deg) ΘQi

=10.48 Calculated value
The effective diffraction parameter xeff = 9.449 Calculated value

The value of phase function at the comet’s perihelion for silicate particles p(Θqi )Si = 0.103 Calculated value
The value of phase function at the comet’s perihelion for carbonaceous particles p(Θqi )C = 0.061 Calculated value

The value of phase function at the comet’s aphelion or silicate particles p(ΘQi
)Si = 1.568 Calculated value

The value of phase function at the comet’s aphelion or carbonaceous particles p(ΘQi
)C = 1.968 Calculated value

is the emission of dust from the surface of the nucleus to
a coma, and the second is the change in the brightness of
the comet as a result of an outburst. The sublimation of
comet ice as well as the particle size plays an important
role in both the first and second processes. Therefore, this
paper relies on a function that describes the particle size
belonging to a range from micrometers to millimeters.
Knowledge of this function allows us to determine the
approximate value of the dust particle radius.

In our calculations, we assumed that the coma contains
astronomical silicates and cometary gas. We note that in
the initial phase of the outburst of the comet, there are
also grains of ice in the coma, which also sublimate.
We omit their participation for two main reasons. Firstly,
their lifetime in a coma is short, and secondly theRosetta
mission did not register the presence of ice in the form of
grains in the coma.

In the context of searching for the cause of the comet’s
outburst, its mantle (the exterior of the nucleus) performs
an important function. More specifically, we mean its
tensile strength (cracking). It is generally accepted thatthe
subsurface layers located at a depth of up to several meters
have numerous cavities that can be filled with gas and dust.
If the pressure of gas trapped in the cavity exceeds the
mechanical strength of the mantle, then local destruction
of the comet nucleus surface occurs. As a result, significant

amounts of gases and dust are released into its coma.
Additionally, the rate of sublimation increases with newly
discovered layers that contain more volatile cometary
material. Then the incident sunlight is more effectively
dispersed on the dust agglomerates. As a result of this
process, we observe an increase in the brightness of the
comet, i.e. its outburst.

In this paper, numerous simulations and numerical
tests were carried out and on this basis, the following
conclusions can be inferred.

– A measure of a comet brightness jump is the amount
of cometary dust (agglomerates) in a coma that causes
more effective scattering of sunlight.

– The following parameters play a key role: heliocentric
distance, the rate of sublimation, the dimensions of
the cavity, the type of cometary ice, particle size and
the fraction of the surface that is active in terms of
sublimation.

– In particular, attention should be paid to the close
relationship between the heliocentric distance and
the sublimation rate which translates into a change
in brightness. As the heliocentric distance increases,
the sublimation rate decreases, and the brightness
amplitude of the comet increases regardless of the
surface of the active sublimation.



69–8 M. Wesołowski: The Cometary Outburst

Fig. 6 Similar to Fig. 5, but calculations assume that
parametersa andb are equal to 0.5 and 0.5, respectively.

– The outbursts of comet brightness last from several
to several dozens of days. This is a very short time
in comparison with the comet’s orbital period, and
hence its phase angle changes very little. Therefore,
it can be safely assumed that just before and during
the outburst, the phase angle is constant for the comet
under consideration.

Fig. 7 Similar to Fig. 5, but calculations assume that
parametersa andb are equal to 0.1 and 0.9, respectively.

– The mass ejected is a key parameter determining the
amplitude of the change in brightness of comets. This
result was not a surprise but it confirmed many years
of observations of comets during their outbursts.

At the end of our considerations, it is worth asking
an open question: what mechanism is responsible for the
outburst of comets? Another issue is how the results of
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numerical calculations reflect the actual state? Yet another
important issue is how we can generalize the results
obtained for one comet to others. We can no doubt say that
future space missions and more accurate numerical models
can answer these questions.
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