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The Solar System's zodiacal dust

Thanks to
Steve Ertel
for his
brilliant
introduction
to this topic!

Emission from warm dust, close
to a main-sequence star

We detect emission over and
above that expected for the
stellar photosphere, either with
Spitzer in the near-infrared or
interferometry

The dust, like the Solar System's

zodiacal dust is found within
~3AU of the star
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e origin of Exozodi a mystery?
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s the origin of Exozodi a mystery?
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/ed in these systems?

Maybe it has a recent origin — e.g. a
collision between two large bodies A population of
e.g. Lisse et al 2009 two bodies on

Maybe it was scattered in 1ighly eccentric
from an outer planetary  ©TPItS o et 2010
system? In a steady-state

manner or post a

dynamical instability?

Maybe it spiralled inwards
under Poynting-Robertson
drag (radiative forces)

e.g. Epsilon Eridani Reidemeister et al, 2010
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lanets scatter in

erial from an outer belt?

In a similar manner the Kuiper belt and JFCs are thought to be the origin of

90% of the Solar System's zodiacal cloud Nesvorny et al 2010
Exozodi
Outer
..-§ planetesimal
“““““ o “_‘."' ® RRLLELY R ® _.- | p
l..- < P ® <« | belt
~1AU Planets ? ~10-100AU

Use N-body simulations to determine how much material
can be scattered inwards for a sample of representative
planetary systems Bonsor et al 2012
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ed chains of low mass planets most efficient

at scattering material inwards, at late times

Chains of equal
mass planets on
circular,
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coplanar orbits 10
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packed chains of low mass planets most efficient

at scattering material inwards, at late times

1 O _7 L] L) L] I I
My, .
1 _8 ~ \lel[n) 1 MNep BRH —+
| O 3 = ~ 1Msot 8RH + 3
- - L 1 -
>\ - R \ \ 1 MJ 8RH -
B + 5 4 I -
— 1 O_g kot o 8% Jhry iﬂ ra S 1My, 19Ry % .
I Eﬁ*'i.# {— ﬁ;ﬂ’ ? :;fr{ '* E #%ﬁ E»;_ . ‘Ai Jr@_,JriJr+ 1 MSOt 1 5RH >|< é
== - |+—1 x'*-_ £ ‘fwﬁ:_‘l I Ji gﬂﬁrﬁj + {Jﬁ _-tfr + % E}F' et m 1 5R >|< .
3 B jk* e e J:+rﬁij++'¥ LR ﬁé%* at +A++++" aF ot J~ H -
= -1 0 ¥+x T+ QX' : ﬁ;ét%igg = P T T%* * $H1 o~ ~
= 10710k e s ]
* *, o % e a1~~~
* % -
~~ 10~
)
-4

Wide range of possible scattering
rates- but a maximum possible
rate, as a function of time and ——
the mass of the outer belt 107

Bonsor et al, A&A, 2012 Time / yr
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Exozodi: ~1AU

he example of VEGA Outer belt: 62-130AU

What mass is required in the outer belt to retain the dust at its
currently observed levels, as a function of time?
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Exozodi: ~1AU

Outer belt: 62-130AU

What mass is required in the outer belt to retain the dust at its
currently observed levels, as a function of time?
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Only high mass, large radii belts are capable of scattering at

sufficiently high rates

This takes the
maximum
scattering rates,
assumes a solar
mass star and a
typical required
replenishment
rate for an
exozodi of
10-9Mearth yr-l

after 100Myr
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bout other systems?

Only outer belts that sufficiently low in mass that they survive
against collisions can supply the scattering process...
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about other systems?

Can we detect the outer belt?
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. about other systems?

Onl}f Pigh Some systems with undetected |
sufficientl

. outer belts could scatter
sufficient material

‘attering at

But, in general a very contrived
set of conditions required- how
many planetary systems really

possess such architectures?
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ain exozodiacal dust?

Many observations of exozodi with high levels of warm
dust, over and above those expected for normal
collisional evolution

Can we explain these systems if material was scattered
inwards from an outer planetesimal belt, by planets on
circular, coplanar orbits?

Only for very contrived architectures, or if we have
overestimated the mass of dust in the exozodi, or
underestimated its lifetime.

FURTHER POSSIBILITIES: could a dynamical

instabilities explain the exozodiacal dust? .. . .. space!
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ginated further out in the

y system, where collisional timescales are longer?
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