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Introduction

Direct imaging missions being planned, like HabEx and LUVOIR, use a partially dynamic
mission schedule. In the first half of the mission they make a series of predetermined ob-
servations and revisit promising targets in the second half. However, this kind of mission
schedule risks missing the optimal times to revisit promising target stars when during the
first half of the mission. Here, we show a method for a fully dynamic mission schedule. To
do this we generate a cloud of potential planets around the list of target stars and identify
which planets in the cloud would be detectable to the telescope. We use that to calculate the
probability of detecting a planet around the star. After an observation we update which po-
tential planets can be eliminated from the search. We show mission simulation results com-
paring the approaches and demonstrate that when implemented, this process finds more
exoplanets by allowing a mission to focus on the most beneficial target stars. Additional-
ly the follow up observations provide information on observed exoplanets, such as better
bounds for orbital parameters, that a more static mission plan cannot.
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e Exoplanet Open-Source Imaging Mission Simulator

e End-to-end simulations of direct imaging missions
https://github.com/dsavransky/EXOSIMS

e All simulations shown are done on the branch
Spohn-dev
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Results for 1000 Mission Simulations with WFIRST Instruments and 7 Months of Observation Time
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e The probability of detection is the number of detectable potential planets divided by the number of potential planets remaining in the simulation.
e The potential planets generated are dependent on the assumed planetary occurrence rate. The results above assume the SAG13 [1] occurrence rate

to give a general exoplanet distribution.
e This metric is an extension of completeness [2][3].

Generate potential
planets-in. .
S rSoftware -

° o o
o:‘ .'.o.o. % o ©

Star in
target list

3,7 ‘: o o0 e o .
These planets represent plape{s‘ that.could
be orbiting.the star»Thé more that are
detectable at one: time the niore likely an
observation:wi.l'.lodetect an’exoplanet

Start of process

The star has not been observed
and no planets are known

Remove undetect-
able planets

e These scenarios
follow directly
from the “De-
tectable planets
in green” figure

% °

Scenario 1
Detection made

that was detected

e Note that these
figures only
have 1000 po-
tential planets
but actual sim-
ulations should
have between
100,000 or
more potential
planets

. Rémove: .
detectable planets

Scenario 2
No detection

. o .. ’ L] LJ
Allplanets tl'}at were’ ;h= green can,be
eliminated’ as potential planets around

o t'h.e star

Remove all potential planets that were not
visible to focus the search for the exoplanet

Detectable. ‘planets
... Lin‘green . .
L . .3. o’o ... : o0

Coronagraph

Outerworkingfangle
"*. * ° L]
° ‘:.': :o.‘ Se
.~~."‘ '. o’.o:
% o0 @
: « AInnern ., o,
o son BWOTKINGH "%
Y = o 0©
. %o ¥ angle .
S5y
oo%
° 5 ° ® & % :. :
Probability, of detection aticurrentitime
. _' _P,etg.é'fable plahetse o
o ‘Allplanetsshown *
LY ®

Thelgreysregionsirepresentitherareas
wherelaiplanetiisinotiobsenvable

Propagate remaining
planets to next
observing time °

New detectable
planets in green

° O
° O

) 0
o ] o ]
) L4 ° - L4 0
o? o a o ° . o o® ° a ) * .
o . 4
1 ° ° . 1 ° C

® .
° e®/e ° . . «°@
.

Probability of detection at currentstime
_ Detectable planets °
. Alllplanetsshown

Propagate. remaining
.planets to.next
obserying.time- .
¢ 2 e .

New:-detectable
° [ ~ Q.. 04 ® e -- [
planets:.in gréen
. . (] .e o ..0.. ’:o : ] : o °

° °® ° e * . ® A O
Probability of geteictig"n atlcurrent time
® _1Igg‘g°§.c:table planetss
% "Allplanetsshown ®

® - ° p )

13.39)

100 150 200 250 300 350

Time Since Start of Mission Year (days)

Dynamic mission schedule

SEEEEEREN
2yel L LT LT TTT]
{0 U O O
751 I O O
IIIIIIIIIIIIIIIIIIIIIIIIIIIII

\ L YUK | 5yr
oy we A, y
0 45 |

55 60 0 50

100 150 200 250 300 350
Time Since Start of Mission Year (days)

IInitial observation of a star IFollow—up observation of a star IRe-evaluate schedule

e After calculating the prob-
ability of detection an ob-
servation is made and two
scenarios are possible.

1. Detection made

2. No detection

e For the rest of the mis-
sion the potential plan-
ets around the stars are
progressively removed
by making more observa-
tions and repeating these
two scenarios.

Conclusions

A dynamic schedule outperforms stat-
ic and partially dynamic schedules for
both total exoplanets and unique exo-
planets.

o Partially dynamic schedules outper-
form static schedules.
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