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from Nesvorney et al. 2010!
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Planet Finding missions aim to: 
detect Earths 10-10 fainter in visible. 
detect Earth 10-7  in the IR. 

Fomalhaut b 
α = 15” 

HR 
8799 b 
α = 
1.7” 

Current state of the art: 
Fomalhaut b: 10-9, but 150x separation. 
HR 8799b: 10-4  but 17x separation. 

 
Our own Zodiacal dust: 
5x 10-5 at 10 µm =1 zodi. 

 
Exozodiacal dust becomes a problem: 
10 zodi or above. 

The contrast problem 
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 Source of noise 

Sun-Earth system at 10 pc surrounded by a 1 and a 10-zodi exozodiacal disk 
(Defrère et al. 2012) 
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Source of confusion 
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Sensitivity of yield to exozodi 

ϕx = % change in yield /  
       % change in parameter x 

�  1 zodi: different things to different people (Roberge et al. 2012) 

�  Here, 1 zodi = 22 mag/arcsec2 at V band 

Weak function of exozodi 

(reduce exozodi by 10x, 
increase yield by ~ 2x) 
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From A. Roberge’s talk 

Stark et al., 2014, 2015 



The Astrophysical Journal, 795:122 (20pp), 2014 November 10 Stark et al.

Table 3
(Continued)

Notes. ExoEarth candidate yield NEC, completeness-weighted average exposure time ⟨τ ⟩, and sensitivities φx for all mission parameters investigated (only a sparse
sampling of phase space is listed). Sensitivity φx to changes in parameter x is equivalent to the percent change in yield per percent change in x, and the yield roughly
scales locally as NEC ∝ xφx . Parameters listed are telescope diameter (D), coronagraph inner working angle (IWA), coronagraph raw contrast (ζ ), contrast floor to
raw contrast ratio (ζfloor/ζ ), and exozodi level (n).
a (ζfloor/ζ ) = (10−0.4∆magfloor )/ζ . ∆magfloor defines the dimmest point source detectable at the chosen S/N, such that ζfloor is the flux ratio of the dimmest detectable
point source at the chosen S/N. For this work, we set S/N = 10.
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Figure 9. ExoEarth candidate yield for our baseline mission as a function of
exozodi level. A factor of 10 increase in the exozodi level reduces yield by a
factor of ∼2.

In Figure 10, we plot the exoEarth candidate yield as a
function of time for the baseline mission, assuming that stars are
observed in priority rank order over the course of the one year
of total exposure time. As the mission progresses, lower and
lower priority targets are observed, such that the mission yield
becomes a weaker function of time. For t > 0.8 yr, the exoEarth
candidate yield is roughly ∝ t0.35. Thus, modest changes to the
total exposure time will not significantly impact the yield.

As demonstrated above, the most important mission design
parameter for a future direct imaging mission is the telescope
diameter. Thus, it is useful to examine how the exoEarth
candidate yield responds to telescope diameter more fully.
Figure 11 shows plots of the exoEarth candidate yield as a
function of telescope diameter while simultaneously varying
one additional parameter.

The upper left plot shows the yield as a function of telescope
diameter and exozodi level. All yield curves are parallel in
log–log space, so varying the exozodi level n does not impact
how the yield responds to D. Additionally, keeping all other
parameters fixed, the relative impact of increasing the exozodi
level on the exoEarth candidate yield is independent of telescope
diameter; a factor of 10 increase in exozodi level reduces
exoEarth candidate yield by a factor of ∼2, regardless of
telescope diameter for our baseline mission parameters.
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NEC = −1.79 + 17.29 × t0.41

Figure 10. ExoEarth candidate yield for our baseline mission over the course
of the one year of total exposure time assuming all stars are observed in priority
order. The dashed line shows the best power law fit. The yield becomes a weak
function of time near the end of the mission lifetime.

The remaining plots in Figure 11 show that the curves are not
parallel in log–log space, i.e., the response of exoEarth candidate
yield to D changes with these parameters. The yield is more
sensitive to coronagraph IWA at smaller telescope diameters
because the physical inner working angle (∝ λ/D) naturally
increases for small D. Because the physical IWA increases for
smaller D, small apertures are unable to observe the brightest
gibbous phase planets and are stuck observing fainter, more
distant planets near quadrature, hence contrast is also more
important at small D. The lower right plot shows that the
plateau in exoEarth candidate yield at ∆magfloor ≈ 26 is roughly
independent of D.

Figure 12 shows this asymptotic behavior of the yield for
our baseline mission as a function of systematic noise floor and
contrast. At poor contrast levels, ζ ∼ 10−9, little yield is gained
by obtaining systematic noise floors ∆magfloor > 3–2.5 log ζ ,
i.e., ζfloor/ζ = 0.06 is sufficient. For contrasts ζ ! 10−10, a
systematic noise floor ∆magfloor = 26 (ζfloor = 4 × 10−11)
is sufficient.

We explicitly checked whether the plateau at ∆magfloor ≈ 26
is true for all simulations. To do so, we produced curves
similar to those shown in Figure 12 for every set of mission
parameters. We then divided the yield at each point in each
curve by the maximum yield for that curve. This produced
curves of the fractional exoEarth candidate yield as a function
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   Big room for improvement in knowledge 

130 140

Current LBTI 1σ median 
limit (27 exoEarths) 

KIN 1σ 
per star 

limit 

KIN 1σ median limit 
(16 exoEarths) 
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From A. Roberge’s talk 



   Results of near-IR surveys 
8 

From S. Ertel’s talk 
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From S. Ertel’s talk 

   Results of near-IR surveys 



Results of mid-IR surveys 
10 

¨  Stars with known far-infrared (> 70 µm) excesses 
have higher exozodiacal emission levels than stars 
with no previous indication of a cold outer disk.  

From P. Hinz’s talk 

Mennesson et al. 2014 



Results of mid-IR surveys 
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¨  Stars with known far-infrared (> 70 µm) excesses 
have higher exozodiacal emission levels than stars 
with no previous indication of a cold outer disk.  

From B. Danchi’s talk 

Mennesson et al. 2014 



LBTI survey: HOSTS 
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¨  32 stars FY 2016-2017 
¨  First-light null detection around η Crv: 4.40% +/- 

0.35% (Defrère et al. 2015): 
η Crv -- 2014/2/12
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From B. Danchi’s talk 
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¨  Latest LBTI performance measured on β Leo in Feb. 
2015: 0.64% +/- 0.052%: 

Results of mid-IR surveys 
From B. Danchi’s talk 
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Prospects with space-based coronagraphs 
From J. Trauger’s talk 
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Prospects with space-based coronagraphs 
From J. Trauger’s talk 
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From G. Kennedy’s talk 

Exozodi origin 
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From G. Kennedy’s talk 

Evidence for P-R drag? 

•  Keck Nuller 
detections of ~300 
zodi levels, only 
around A-stars with 
known cool outer 
parent belts 

•  Predictions from 
Wyatt PR drag 
model: 
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From G. Kennedy’s talk 

Exozodi level from P-R drag? 

Kennedy and Piette, 2015 
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Summary 

•  Exozodi is a source of noise and confusion: reduce exozodi by 
10x, increase yield by ~ 2x (for coronagraphs); 

•  Current knowledge from the Keck nuller survey: median zodi 
level < 25 zodis for sun-like stars; 

•  Upcoming LBTI survey => median zodi level of ~1 zodi 

•  First indications that we can predict the exozodi level from the 
cold outer belt (early-type stars) 

•  Puzzling near-infrared detections: need to be considered for 
exoEarth imaging 
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Recommendations from panel 

•  Investigate the impact of hot dust on exoEarth 
imaging; 

•  Investigate extrapolation from mid-infrared zodi 
level (KIN,LBTI) to visible brightness. 

 


