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Abstract. In a recent paperfreumann and Baumjohann planets of the solar system, and space measurements per-
(2011 propose that the contribution of dust particles to the mit close studies of the processes that influence the magne-
solar wind dynamic pressure can cause large compressions tdspheres. Mercury, for instance, being closest to the Sun,
the Earth’s magnetopause and suggest that this occurs whés especially prone to the changing solar wind conditions
Earth encounters meteoroid streams. In this paper we estand magnetic field variationgghmann et al.1998 Slavin

mate the contribution from charged dust particles to the solaet al, 2007). The physics of magnetospheres is also consid-
wind dynamical pressure, and we exclude that the dust asered for studying the atmospheres of extra-solar planets (see
sociated to meteoroid streams can influence the extension @&.g. Reiners and ChristenseR010. Naturally, the Earth’s

the magnetopause according to the proposed model. A suffimagnetosphere is best studied both from space and from the
cient coupling to the solar wind is only expected for so-calledground. The overall changes of the magnetosphere are ap-
nanodust. However, the dynamic pressure of the nanodust igarent in the variations of the Earths magnetopause, i.e. the
orders of magnitudes below that of the solar wind, making itboundary between the terrestrial magnetic field and the so-
unlikely that its variation can be observed in displacementdar wind. While the overall position and shape of the Earth’s
of the magnetopause. We also discuss the equation that theagnetopause is primarily determined by a pressure balance
authors use for estimating the extension of the Earth’s magbetween the solar wind dynamic pressure and Earth’'s mag-
netopause, and conclude that this is not applicable due to theetic pressure, there is a huge number of parameters and pro-
large gyroradius of the nanodust. We finally note that an in-cesses that can influence the magnetopauses in general.
fluence of dust on the extension of a magnetosphere might The Earth’'s magnetopause has been well observed and de-
be quite possible in other astrophysical systems and basestribed with different models. Many of them are parame-
on other processes. terized by the solar wind dynamic pressure and the north—

Keywords. Interplanetary physics (Interplanetary dust; So- south component of the interplanetary magnetic field (IMF)
W P y phy ( P y (Safiankowa et al, 2009. Over the years, various processes

lar wind pl — Magnetospheric physics (Magnet "
Cztrsvgmanz ?JET:éary Sggres)o spheric physics (Magne OIOausemodlfymg the magnetopause position and shape have been

discussed. Already in 197@ubry et al. (1970 found that
the orientation of the IMF influences the magnetopause po-
sition. For southward IMF, dayside reconnection is expected.
1 Introduction This results in an erosion of the magnetopause due to mag-
netic flux being transferred from the dayside to the night-
The Earth’s magnetopause plays an important role for thesige Shue et al.2000. Lobe reconnection, on the other
complex interactions between the Earth's magnetosphere anghnd, would imply a reversed process, with magnetic flux
the Sun and the interplanetary medium. The resulting profeing transferred from the nightside to the daysiSaue
cesses have important consequences for the geomagnetic efnq Song 2002. Safiankowa et al.(2002 used observed

atmosphere. Magnetospheres are also observed around other
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40 I. Mann and M. Hamrin: Dust dynamic pressure and magnetopause displacement

comparison between different models. More recently, the fiver—3, we obtain
spacecraft of the THEMIS mission have observed around

ol

6500 magnetopause crossings, and these data were used to ) B

investigate the dependence of the magnetopause location dh=CBo ZNimi 4 ’ @)

the angle between the interplanetary magnetic field and so- !

lar wind velocity vectors (i.e. IMF cone angld)(sik et al, where the solar wind mass density should be summed over

2010. Dusik et al.(2010 note that the dependence of the all relevant particle species; is a constant, andg is the
magnetopause location on the solar wind dynamic pressurenagnetic field at the surface of the Earth.
is stronger than predicted by the models. Treumann and Baumjoharf@011) discuss the balance of

In a recent workTreumann and Baumjoharf@011) con-  the dynamic pressure and the magnetic pressure in the pres-
sider the contribution of the dust component to the solarence of dust assuming three particle species: electrons, pro-
wind dynamic pressure and suggest that enhanced dust nuntens and dust. In the present article we also include alpha
ber density, observed when Earth crosses meteoroid streamgarticles (He++) and obtain the solar wind dynamic pressure:
raises the contribution of the dust component to the solar ) ) .
wind dynamical pressure to an extent that this is observed?  NimiV==MNV®, — i=e p,a,d ®)
in variations of the extension of the magnetopause. While '
the presence of dust particles is not frequently discussed ivith the components electrons)( protons ¢), alpha parti-
the context of the planetary magnetospheres, the influenceles ¢), and charged dust/f. N; is the number density of
of interstellar dust dynamic pressure is consideretiblzer  the speciesy the mass, and the solar wind speed under
(1989, for instance, when describing the extension of the he-the assumption that the dust particles are coupled to the solar
liosphere. Its outer boundary, the heliopause, builds up as &ind, i.e. move with the same bulk speed as the electrons,
result of the pressure balance between the solar wind and thgrotons, and alpha particles. Assuming charge neutrality one
interstellar gasHolzer (1989 finds, however, that the dust gets
component is of minor importance.

In this paper we consider the suggestiorgumann and ~ Ne = Np+ QaNo + QdNd. (4)
Baurmohanr(ZOlJ) based on our curre,nt kn_owledge of th‘.a whereQ, and Qg are the alpha particle and the dust charges,
dust in the solar system near the Earth’s orbit. We start by m'respectively Using Egs. (3) and (4) one obtains
troducing the model for describing the extension of the mag- ' '
netopause and revisit the formula and figure given by the au- me me Qg
thors, since we found some difficulties in understanding theirMNV2 = [1+ m_p T e o <1+ m_pA_a> +
presentation. We then discuss the dust components in the in- me Qg
terplanetary medium and their possible contribution to the + adAd <1+ ——)}mprvz, (5)
solar wind dynamic pressure. We also discuss the dust trajec- mp Ad
tories in order to check whether they can be described in thevhereA,, g = mq, a/mp anday.q = Nu.a/Np are the mass ra-
fluid approach that th@reumann and Baumjohan@011)  tjo and the number density ratio for alpha and dust particles.
model is based upon. The paper ends with a summary. Substituting into Eq. (2), we obtain an expression for the sub-

solar magnetopause stagnation point

2 An extended version of the Treumann and Baumjo- me me Ou
hann model R= Rp[1+—+aa,4 <1+__ +

mp mp Ay

1
. . m -1
In a simple model, the pressure balance that determines the + agAg <1+ _e@)}

magnetopause can be expressedsasditer et al.1966 mp Aqg
1
2 B 2 m ~6
kazcos?'@:L, (1) = Rp|:1+_e+Sa+Sdi| , (6)
210 mp

wherep = NM andV are the solar wind mass density and where R, is the stagnation point for a solar wind
speed,B is the magnetospheric magnetic field at the loca-only containing protons, and the second, thirsl, £
tion of the magnetopausé,is the angle between the mag- oy Ay (1+meQq/(mpAy))), and forth term §g = agAq(1+
netopause normal and the Sun—Earth lifigs a parameter meQd/(mpAg))) on the right hand side describe the contribu-
describing the compression of the terrestrial magnetic fieldtions from electrons, alpha particles, and dust, respectively.
andk is a parameter describing the reduction of the dynamicThis description follows that byreumann and Baumjohann
pressure by flow diversion around the magnetopause. (2011 except for the second and third terms on the right hand
The cas® = 0 describes the sub-solar magnetopause stagside. The contribution of alpha particl&,) was not included
nation point,R. Assuming a dipolar magnetic field, i.8.~ by Treumann and Baumjohati2011). Moreover, the second
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S Fig. 2. The radial velocity component vs. mass for dust at 1 AU.
Fig. 1. The influence of alpha particles and dust on the position The particle velocities for dust smaller than 2§ kg are estimated .
. : based on a model of the formation and acceleration of nanodust in
of the sub-solar magnetopause stagnation point. The red and blu% : . . "
. . the inner solar system. To illustrate typical velocities of the larger
regions show the relevant range f&¢ and Sy, respectively (see

Eq. 6 and the discussion in the text). The compression of the mag(-jUStWIth mass larger 10 kg, we assume that it forms near 0.2 AU

netopause from the nanodust (blue region) is negligible for the Ioca-and Is ejected by radiation pressure, this gives an upper estimate.

5Lqici ; ; ; )
tion of the stagnation point, please also note limited applicability of T.he dust larger than 10°kg is in Keplerian orbits. Further discus

Eq. (6). This figure is a modified version (as discussed in the text)s'Ion can be found in the referenbtann et al.(20100.
of the Fig. 2 presented bireumann and Baumjohara011).

0.038Vp < N, < 0.048N} (Klecker, 2009 Schwenn1983
for the alpha particle density, we getl6 < S, < 0.19. In
term on the right hand sidee/mp, is of the order 10%, and  the simple model of Eq. (6), the dust contribution to the loca-
was neglected. tion of the sub-solar magnetopause stagnation point is hence
By using the above equation (without the alpha parti- many order of magnitudes smaller than the alpha particle
cle contribution), Treumann and Baumjohar(@011) quan-  contribution, and it is therefore negligible. This is illustrated
tified the influence of the dust component in terms of a vari-in Fig. 1 where the region of influence from dust is high-
ation of the magnetopause sub-solar stagnation point distighted in blue and from alpha particles in red.
tance with respect t®,. Figurel in this article is a modi-
fied version of Fig. 2 offreumann and Baumjoharf2011).
HOWeVer, note the miSprint in the Cap'[ion of the Original 3 Comparison to dust parameters
Fig. 2 of Treumann and Baumjohanf2011): the figure
shows R/Rp = (1+ Sg)~/® versusSy. In order to be de- 3.1 Dust trajectories in the solar wind
scribed within this equation, the components need to move
with the solar wind flow. This is naturally the case for the The basic assumption behind the proposed influence of dust
solar wind helium ¢ particles). Another component is the on the magnetopause is that the dust carries a charge and that
nanodust that is picked up by the solar wind. Its total mo-itis coupled to the solar wind. How does this compare to our
mentum flux is, however, estimated 4010 of that of the  knowledge of the dust in interplanetary space? Dust particles
solar wind near 1 AU Nann et al, 2011). We nonetheless in the interplanetary medium acquire a surface potential rela-
insert the respective parameters here for illustration. tive to the surrounding on the order of several Volts, primarily
The evaluation of nanodust fluxes based on analysis ofs a result of photo ionization but also due to solar wind im-
ongoing measurements with plasma wave instruments onpact (see e.dimura and Mann1998. Nonetheless, electro-
board the two Stereo spacecraft near 1 KMaglavsky et a).  magnetic forces are typically small in comparison to gravity
2012 provide a basis for our estimate. We assume theand radiation pressure, and the majority of the interplanetary
following typical parameters for nanodust at the orbit of dust particles move in some type of Keplerian orbits with
Earth: 1022kg < mq < 10729kg, 3x10"m 3 < Ny <3x electromagnetic force imposing a perturbatito¢fill and
10~°m—2, and Q4 = 17¢. Using these values, we find that Griin, 1979. This picture changes when assuming nanodust

the dust contribution to Eq. (6) isx81072 < Sg < 3x 1077, particles with sizes 10 nm and smaller, as are identified in ob-
Comparing to Fig. 2 offreumann and Baumjohar(2011) servations of the interstellar medium. If they also form in the
(remember that this figure showRy Rp = (1+ Sq) /6 ver- interplanetary medium, they can be deflected and carried out-

susSy), this corresponds to very smafly values. By using  ward with the solar windNlann et al, 2007). Measurements
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onboard the Stereo spacecraft suggest the presence of sunbt sufficient for describing the influence of pick-up ions to
picked-up nanodust in the solar winMi¢yer-Vernet et aJ.  explain observational data, and that rather a hybrid or kinetic
2010. model is necessary.
Figure2 shows the velocities of dust near 1 AU as a func-
tion of mass. One can estimate average values of the velo3.3 Earth-crossing meteoroid streams
ity of nanodust based on trajectory calculations when assum-
ing a model of dust production inside 1 AU. Figl2eshows  As a possible event during which the dust could cause the
such a model based on discussiongviann et al.(20108 magnetopause compressiofi§eumann and Baumjohann
in comparison to the velocities of the larger dust particles.(2011) propose the encounters with meteoroid dust streams
One can see that the nanodust particles with masses  along Earth’s orbit. One criticism to this model concerns the
10-1°kg have velocities-300 km s'1; the dust particles ap- orbital properties of these meteoroid streams. The streams
proximately in the mass interval 18°kg<m < 10 1%kg are observed as meteor showers, describing a number of me-
are significantly influenced by radiation pressure and de-teoroids entering the Earth’s atmosphere with approximately
pending on their optical properties can be repelled from theparallel trajectories (note that the term meteor denotes the
Sun. The shown velocity is obtained from a typical model brightness phenomenon, while meteoroid denotes the solid
of the optical properties of interplanetary dust. Larger dustobject moving in interplanetary space). The similar trajecto-
particles (typicallym > 10-14kg) are mainly influenced by ries occur from meteoroids that move in interplanetary space
gravity, and their trajectories follow approximately Keplerian with similar orbital parameters corresponding to an orbit that
orbits. The dust flux near 1 AU increases steeply with dustcrosses Earth’s orbit. Since the meteoroids follow bound or-
size, and the Stereo measurements show that the observéits and hence the velocity of the meteoroids is below es-
flux, F, is close to the curv& ~ m—%% (Meyer-Verneteta).  cape velocity (42 km3sh), they do not move with the solar
2010, but the larger dust particles do not influence the dy-wind speed, nor in the direction of the solar wind. Studies of
namic pressure since they have much smaller velocities.  the sporadic meteor orbital statistics could not provide any
evidence for the detection of meteors that move faster than
3.2 Dust pickup and fluid approach escape velocityHajdukova 2008.
A further criticism bases on the total meteoroid mass that
The deflection of the nanodust is similar, though not identi-is associated with the meteor showers, since the vast majority
cal, to the behavior of pickup of ions in the solar wind, as of the mass that continuously enter Earth’s atmosphere is as-
described for instance byuhmann 2003. The pickup oc-  sociated to sporadic meteors (see €gplecha et 311998
curs for dust with surface charge to mass ratios5wmp < (note, it is not possible to derive absolute values of the fluxes
Q/m < 10‘4e/mp, which, assuming typical charging condi- in interplanetary space from the meteor observations). We
tions in the interplanetary medium, are associated to dust pamlso assume that production of hanodust or ions within the
ticles of radii around 3 nm to 10 nn€gechowski and Mann  meteoroid streams is negligible. An estimate of the influence
2010. The particles reach velocities of the order of the so-of cometary dust trails on the solar wind was carried out in
lar wind after traveling for a good fraction of one AU. Those a different context and showed that enhancements in density
particles that form closest to the Sun pass Earth’s orbit withof free charges compared to the surrounding solar wind are
the highest speed. Trajectory calculations show that the nammarginal Mann et al, 20103.
odust moves in complex trajectories likened to a stretched
spiral along a magnetic field line with gyration radij, of 3.4 Summary and discussion
the order of 1/100 of an AU, i.e. of the order of®km in
comparison of the extension of the magnetopause which isVle suggest that it is not reasonable to assume that Earth-
smaller than 15 Earth radii, i.e. smaller thar? k. orbit-crossing meteoroid streams can influence the extension
While the exact value of the radius of gyration depends, forof the magnetopause as suggestedtggmann and Baumjo-
example, on the dust velocity perpendicular to the magnetichann(2011), nor does any other dust component in the solar
field (which is determined by the location where the nanodustwind. Since our reasoning against the proposed process is
forms) Czechowski and Manr2012), one may evaluate the based on the characteristics of dust in the solar wind and
number based on the fact thgt~ m/Q to see that the ra- since the effect is orders of magnitude below that of other
tio of Q/m needs to be larger by about®8s compared to  processes, we presume that our result may hold in general for
the values in the paragraph above for the fluid approach to béhe magnetospheres of the other planets in the solar system.
valid. These values of)/m do not occur for dust in the so- We suggest that variations in the solar wind composition play
lar system (see e.@g.zechowski and Manr2010, but rather  a more important role for the extension of the magnetopause
apply to heavy ions. In this context we point out that the in- than the dust does.
fluence of the gyration radius has been mentioned before in a We note, however, that a dust component may also gen-
different context. In a study of the solar wind interacting with erate a dynamic pressure without being coupled to the solar
Venus,Phillips et al.(1987 point out that a fluid treatmentis wind. In the case of the solar system, the nanodust is picked
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up in the solar wind. Dust particles can also be accelerated doi:10.1007/s11038-007-9171-Bleteoroids Conference 2007,
by radiation pressure forces. Such dust is not coupled to the CosmoCaixa Sci Museum, Barcelona, Spain, 11-15 June 2007,
solar wind and has a different velocity. In the solar system, 2008.
this is the case for larger dust grains (see B)g.The radi- Holzer,. T.: Interaction between the solar-wind and the interstellar-
ation pressure force depends on dust properties, but also on Medium, Annu. Rev. Astron. Astrophys., 27, 199-234,
the spectrum and brightness of the host star. The dust partj,. do"1O|;|114%/"|’\‘/r|m”re?"_"’$;r°'2|7'1'.195:]89'_ " lar dust
cles in disks around stars with higher photospheric temper- Imura, H. and Mann, I.: The electric charging ot interstellar dust in

. . . the solar system and consequences for its dynamics, Astrophys.
ature and hllgher UV flux reach considerably higher speed Journal, 499, 454—462l0i-10.1086/3056131998.
(Czechowski and Manr2007). Such a dust component may jecker, B.: Interplanetary Particles and Magnetic Fields, in:
influence the pOSition and Shape of magnetospheres in other Landolt-Bornstein — Group VI Astronomy and Astrophysics
planetary systems. Systems with strong stellar UV brightness Numerical Data and Functional Relationships in Science and

and/or strong stellar wind may be an interesting topic for fu-
ture research.

Technology Volume, edited by: @mper, J. E., p. 436,
doi:10.1007/978-3-540-880553B, 2009.

While the dynamics of nanodust in the solar wind is simi- Luhmann, J.: Characteristics of scatter-free behavior of helio-

lar to the that of pick-up ions, the radii of gyration are larger

than those of the pick-up ions, and this prevents us from us-

ing the fluid approach when estimating the extension of the-unmann. J., Russel,

Earth’'s magnetopause. We hence conclude that the formula

suggested byireumann and Baumjohan(@011) is not ad-

spheric pickup ions, Astrophys. Journal, 592, 1241-1251,
doi:10.1086/375772003.

C., and Tsyganenko, N.: Disturbances
in Mercury’s magnetosphere: Are the mariner 10 “sub-
storms” simply driven?, J. Geophys. Res., 103, 9113-9119,
doi:10.1029/97JA03667.998.

equate for describing the influence of a dust component OfMann, I, Murad, E., and Czechowski, A.: Nanoparticles in
scales of the order of the extension of the Earth’s magneto- the inner solar system, Planet. Space Sci., 55, 1000-1009,

sphere and smaller.

doi:10.1016/j.pss.2006.11.012nd Annual Meeting of the
Asia-Oceania-Geosciences-Society, Singapore, Singapore, 20—
24 June 2005, 2007.
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