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Interplanetary Medium Dust Cloud
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Cometary & Asteroidal Dust
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Collisional evolution <1 AU
Dust production:

Vaporized dust mass:
Radiation pressure ejection:

originates from small bodies
forms by collision cascade
covers terrestrial planet zone

smallest fragment unknown

Av~10-200 km/s
103-10° kg s
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(Mann & Czechowski 2005)



Dust Flux Curve & Nanodust (open questions)

ISS (~ 340 km) 60 nm Al foils
- = 10 nm dust impacts?

(Carpenter et al. 2007)
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STEREO observations are discussed
in a poster by Issautier et al. today
(Cassini also observed nanodust)
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Trapped Nano Dust: Trajectories
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Dust trajectories for large Q/m (nanodust)

mirror force F
Q B centrifugal force F

Q/m

"2 gravity force F, .
5 l trapping zone within =0.15 AU
- r,~ F_/F ejection from > 0.2 AU with=v_,
m C

Andrzej Czechowski presents near — Sun
(Czechowski and Mann 2010) trajectory calculations later this afternoon



Planetary System Formation

Proto star
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Our calculations show that nanodust near the star is
only one possible model to explain observations

Thermal emission for Vega, MgFeO 5-20 nm

102
0.18-0.2 AU
0.99-1.01 AU
0.18-1 AU
T K-band
] + H-band
10 f £ % Blinc
=
)
=
=it
[72]
|-
[43]
] n
100
1k ’
10°°F Myrvang 2018 *
1 2 3 4 5 6 78910 15 20

Wavelength [um]

Figure 23: Comparison of MgO/FeQ with a size of 5-20 nm in a ring at 0.18-0.2 AU and
another ring at 0.99-1.01 AU and dust distributed continuously from 0.18-1 AU.

Observations:

Vega:

K-band (FLUOR): 2.12 ym (Absil et al. 2006).
H-band (IONIC): 1.65 pem (Defrere et al. 2011)
Blinc: 10.6 pm (Defrere et al. 2011)

Fomalhaut:

K-band: 2.18 ym (Absil et al. 2009).

N-band: 8.25-12.69 yym (Mennesson et al. 2013).
Spitzer/MIPS: 23 .68 ym (Lebreton et al. 2013).
Herschel/PACS: 70 ym (Lebreton et al. 2013).



Trajectory Calculations

Fquation of motion:

=i ((1-2) =D)L i) =B

r? c c
Gravitation Radiation pressure  Lorentz acceleration

Parker magnetic field model
Vega T = 9500 K

B=90B,_,  (derived from observation of stellar field)

sun

Fomalhaut T = 8750 K

B= 30 - 100 B_, (extrapolation)

sun



Eksentrisitet

Trapped Particle Condition
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In blue region the radial
acceleration is directed
inward - a necessary,
but not sufficient
conditions for trapping

->

For Vega, radial inward
acceleration occures
only for < 0.020 AE, so
no trapping in outward
stellar wind

(similar for Fomalhaut)



Beta-values

Compare radiation pressure to gravity ratio
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>> 1 for Vega and Fomalhaut
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Particles < 30 nm reach 1 AU from Vega/Fomalhaut within = 3 days

Particles < 10 nm reach 1 AU from Sun within = 10 days



lifetime t[d]

enhanced during CME?

Dust Destruction by
Sublimation & Sputtering
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(Baumann et al. work in progress)



Summary

For our B-field estimate, trapping is not relevant for Vega &
Fomalhaut in presence of stellar wind (also unlikely because of
Frad/Foray>> 1)

We point out Rieke et al. 2016 find trapped orbits

Dust ejection by stellar wind important for disk evolution (models?)
Lifetime and mass loss estimates need to include dust erosion by

sputtering (during CME)

This research is funded by the Research Council of Norway (grant number 262941)



Physics of dust impacts: detection of
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Stare_ lsola___________lVeza __________JFomalhaut

Distance from Earth WA= 7,76 pc 7,70 pc
1Ry =6,957 x 108 m 2,818 Ro ** 1,842 R
(0,00465 AE) (0,0131 AE **) (0,00857 AE)
1GM, =
© 2,135 GM, 1,92 GM,

1,3271 x 102 1/ms?
5772 K 9500 K 8750 K

G2v AOV A3V

2,86 x 10°6 rad/s* 1,20 x 10 rad/s ** 7,76 x 105 rad/s
(6,1 x 105 m/s)** (5,4 x 105 m/s)** (6,3 x 105 m/s)**

(IAU 2015, (Kéhler og Mann , )
Reference Hakamada og Kojima 2002, Yoon mfl. mfn;gﬁl; 20z, B
1994) 2010) .



Relative sputtering yield

relative Sputtering of C
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CME statistics
fast slow CME
® slow SW ne = 8cm—3 v=300 km/s 025
® fast SW ne = 3cm—3 v=800 km/s 020 f
® CME ne = 70cm—3 v=500 km/s g
E
'S
® dust lifetime from rg to O
4l’opNA .
tsput(d) == Y
fSW(d) Ytot M

ALL CMEs
10351

Avg
475 km s

500 1000 1500 2000 2500
Apparent Speed [km s™]

Fraction

0.30

0.25 |

0.20 |

0.15 |

0.10 |

0.05

0.00

Avg

0 60 120
Apparent Width [deg]

Gopalswamy et al. 2009

® occurence rate can be up to 2 CMEs per day

(Baumann et al., work in progress)

local depletion of dust population possible

used 500 km/s mean speed in this study

mean width corresponds to 14% influenced space

19eg 11658

ALL CMEs

Non Halo ]
10449

180 240 300 360



Dust trajectories for large Q/m (nanodust)

mirror force F
centrifugal force F_

~ 1/3
(Fg/ FC) % — m%(v — V) x B — GM@er + FPR

v dust velocity G gravity constant
m  dust mass Mg  solar mass
Q dust surface charge Fpr Poynting Robertson force
V  plasma velocity
r B magnetic field
i gravity force F Frr = S0~ )8 — 2) ~ G
%(t):const ﬁzgaval
B |
o~ F/F. trapping zone: near ecliptic within = 0.15 AU
ejection > 0.2 AU: speed close to v,
(Czechowski and Mann 2010) Andrzej Czechowski gives update on

trajectory calculations later this afternoon



