The Exozodi Problem: A Modeler’s Perspective

Carnegie Institution o
Terrestrial

A,,--- ON

agnetism

o]
- 5
QPR =, -

Kerri Cahoy
MIT

rgest source of
on of exoplanets.

munlty Report (Zm; 5

g
.8

‘ “Emnssnon from exozodlacal dust is |
astrophysncal noise in leect imaging ar

s



00

46 93 139 930 1400
Geometric optical depth (x 10°) Geometric optical depth (x 10~




y (AU)

0.00 125 249 3.74 00 84 168 252
Surface brightness (uy / arcsec®) Surface brightness (uy / arcsec?)

y (AU)

0 55 111 166 0 474 948 1422
Surface brightness (y / arcsec?) Surface brightness (uy / arcsec?)

-60 -40 =20 0 20 40 60 -60 -40 =20 0 20 40 60
x (A1 x (AID




[ 10-47 um
107 3
§ Total AT
WV |
ol AN il |,
E 10-‘;‘ Hot B LY !
§ E \ ' " ‘.‘ l.l
2 L/ con | rMLwﬂ“{n“! ‘ a
(% 1077 /'q Plutinos || I[LMb\ \'. W V .J‘f,‘ ﬂ
| " V
] "4 ’f%mw) ' ) QUU‘\V
:J‘ f Lt"h'u“‘
10—10 |
19.7 - 1430 um 3:‘33 :1: & Z:
107
=
[=9
3
5 107
8
&
-8
1]
g
S 107

10-10 - N




Total Habitable Zones

S

[\
o

|

Exozodis increase integration time
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17.4 Earths

At each exozodi level, total mission time ~ 5.0 years
" Total and total integration time ~ 1.5 years.
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— Typical number of zodis

The Exozodi Problem

— Structures? —
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— Resonant rings of trapped planetesimals



Our solar system @ 10 pc, viewed with NWO

Without dust With our zodiacal cloud

Saturn

Jupiter

0.4 um, 4 m NWO external occulter

Cash et al. (2010)



Structures in Debris Disks

Composite

Parent Body Belts Resonant Rings

low mp, low ep | high mp, low ep |8 low mp, high ep |} high mp, high ep

Kuchner & Holman 2003
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il Symmetric exozodi + Earth

-300  -200 -100 0 100 200 300

Pericenter shift, no planet

Qo

Surface brightness (LZ units)

Coefficents, LZ

Coefficients, LZ

Exozodi Offsets

10° — —
- / 1, , B \f_ _
/ 1) —
o't /0 uhAM WM = ]
1 —}‘fw \IA"“I‘."'. (e ISV \
VAV /AN BN [ ¥ N A
IR WINMANAL
N1A ‘ W
107 F | - B
Mean
Cos phi
n?d Cos 2phi
o Cos 3phi 3
Cos 4phi
2
10 E
0 50 150 200 250 300
) Angle, mas
10° — .
'U’. / ’ nh A y §
i d MAARN f\ M -
[ £\ "w" \I" o I Ao \
1\ | W, AAA A
A [
10 F | 7T . 3
0" F . E
Mean
'} Cos phi 4
Cos 2ph
Cos 3ph
Cos 4ph
0 S0 150 200 250 300
Angle, mas

Coefficents, LZ

Coefficients, LZ

10" — e i
, '/.‘ . “.' Ay - 1
10 all s 3
||V '\_\\:
l‘| g
10°F 11 3
. Sin ph
10 Sin 2pni 3
Sin 3pni ]
Sin 4pni
0 50 100 150 200 250 300
Angle, mas
10
107 — T |
2 "',v' ,\‘. : -
10 ‘.' N - E
; .
(¥ N
‘[ | \\
M
10711 E
10" Sin ghi —_——— =S
Sin 2ph
Sin 3ph
Sin 4phi
50 100 150 200 250 300
Angle, mas

The differences between these 2 curves are < 1% of the average EZ flux

Noecker & Kuchner (2010)
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Reach et al. 1995



Resonant Rings in Exozodis

Dermott et al. 1994
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Collisional Grooming Algorithm

F = ma Dynamical equation
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The Worst Case Scenario for Exozodi Structure

1 zodi 10 zodis 100 zodis

M,=5.0




The Worst Case Scenario for Exozodi Structure

1 zodi 10 zodis 100 zodis
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Model: Haystack + Needle

Blocked Star Exozodiacal Local Zodi Planet
(leakage) Debris Disk (needle)
(hay)
Sum
Noise

* |nitial CFITS coronagraph simulation developed by O. Guyon
* K. Cahoy developed ability to incorporate unique Exozodiacal Debris Disk input

Slide courtesy of K. Cahoy



Blocked Star: Sun at 10 pc

Auto color scale to highlight detail Fixed color scale (10) for comparison
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* 4-meter diameter telescope, PIAA coronagraph

Slide courtesy of K. Cahoy



Exozodiacal Debris Disk

Auto color scale to highlight detail
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Fixed color scale (10) for comparison
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* 1Zodi EZ model, 1 M planet at 1 AU
* albedo =0.5,g=0.2, 0inclination=0°

Slide courtesy of K. Cahoy



Local Zodi

Auto color scale to highlight detail Fixed color scale (10) for comparison
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* Local zodi is 1, function of model system location on sky

Slide courtesy of K. Cahoy



Planet

Auto color scale to highlight detail Fixed color scale (10) for comparison
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* 1MEplanet at 1 AU as seen by 4 m D telescope with PIAA coronagraph
* 365 nm with planet albedo =0.3
* Reflected light in the optical

Slide courtesy of K. Cahoy



Sum

Auto color scale to highlight detail Fixed color scale (10) for comparison
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» Stellar leakage + EZ model + Z model + P model
* Asseen by coronagraph, with 0.45 throughput, but without detector noise

Slide courtesy of K. Cahoy



Different inclinations

Face-on (0°) Edge-on (90°)

- |

 Geometry makes a difference in SNR, line-of-sight

Slide courtesy of K. Cahoy



Noise

Auto color scale to highlight detail Fixed color scale (10) for comparison
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 Example with Poisson noise

Slide courtesy of K. Cahoy



Zodi analog only

Exozodi models for the IPS

Piecewise models
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Structures in Debris Disks

Composite

Parent Body Belts Resonant Rings

low mp, low ep | high mp, low ep |8 low mp, high ep |} high mp, high ep

Kuchner & Holman 2003




Summary

fome * Exozodis may exhibit a variety of complex —
dust distributions

oV

- | * Exozodi offsets can produce brightness
| asymmetries that mimic a planetary signal

.. *We have modeled the worst-case scenario
-~ for clumpy dust rings produced by resonant

. T.'.,"‘

~ " dust trapping & will address this source of
-, ="\ confusion'this year
3

-

»
* Piecewise models:of structured exozodis
~+. may be possible for IPS
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