An Information Theoretic Approach to Scheduling Radial Velocity

Follow-Up Observations for TESS Systems
Christopher Lam:2, Megan Bedell2, and Lily Zhao?

Scan for virtual poster
and repository!

c.lam@ufl.edu

TUniversity of Florida, 2Center for Computational Astrophysics

O

MOtlvatlon 102 30 ObservationS' P - 4 86 dayS Porb = Prot; strategy: 1 night on, 1 night off; ox = 29 m/s Strategy Optimization With gaspery
Exoplanet survey missions like Kepler and TESS have | A )
discovered many more systems than can easily be followed g 7 K C Example use case:
up, since the further study of any one system requires R AR SR ot * Let’s say | want to follow up AU Mic b with the NEID
expensive radial velocity (RV) observations 2 0] - spectrograph on Kitt Peak and have 30 observations to
. . . 5 e abseeed s spend. My choice of target, observing budget, and location
RV observations can give us mass constraints on planets, = e | | . putiveplanet siga ) F; thy hit arg d ti gl ol 9[ 5
ich ] binod with rad it : ] s ; 1 R : informs the white noise and time available to observe.
which can bé combined with radius constraints ifrom transi = 10! | « | first feed in fitted GP model parameters from sources like
surveys to get density — and composition — estimates. Q% 'e S - Klein+ 2021. This informs the covariance matrix.
orb ON beat frequency; strategy: 1x per 3.3 nights; ox = m/s . .
Previous works have formulated this as an optimization o * | then feed in transit parameters from TESS (central
problem to minimize observations and uncertainty and _— ° -2 o ’ chossllng tlrtne j_rf]fd orbtltatl pterlc_)d) anz ?)n _ﬁjxpected Kh .
o : : E | o ° - * Now | can try different strategies and build a map showin
maximize information (Burt et al. 2018; Cloutier et al. 2018). R OO PPRREE R, where the b?e/st and worst of ?hem are P 9
We use Fisher Information to quantify the performance of 2 ) i
different observing strategies and maximize followup 10° 5 = : 2 3 3 c . ] ° Prot = 4.86 days; Por, = 8.46 days
P 0 2 4 6 8 10 —_ 000000000
efficiency. time between observations [day] phase:folded B0 2, 141 000060060000
© 00000000000 12
— integer ratios of P -e = 12- o : : : : : : : : :
i I Po» = 11 days; strategy: 1x per 4.86 nights; ox = 1.8 m/s O
Fisher Information --- beat freq between P,o: and Py, a ST SEIeON R PELASE M - % 101 0000OGOGOOOOO 10
: : . N cadence = P c 000000000COCOS >
. Fisher Information matrix |Ts calculated as: rot e S s 000000000000 8 ¢
—s — E | o : - ° 0 000000OCGOOOOOO =
I = ou y-1 ou The interplay between stellar rotation period, planet ) S 6 0000060000000 .S
L] 07 85) orbital period, and observing cadence lead to so-called z | s 4, e : : : : : : : : : : : : :
i i “pbeat frequencies”, shown as contours of high . ovsenvedsna = 0000060000000 006 g,
. . unc rtaint n K r | W |nf rmati n content). ~100 N 2L”J;f.‘i§if§£l‘f‘i.§'§’§f' C 21000000000 0O0C0OCOCOOCGCO
. For model, ', we assume a circular, single-planet © y on K (or low info on content) ; ; ; : 7 2 00000000000000
Keplerian orbit praseroidea b T 0{000000000000000 2
25 50 75 10.0 125 15.0
. For covariance matrix, 2, the kernel is a quasi-periodic consecutive observing nights [days]

Gaussian Process, which encodes stellar correlated noise:
. o (w(t,— 1))
k, . = o2 exp| G, =) " 7, ]

. We then use the Fisher Information to calculate o

Citations

Burt 2018 AJ 156 25. Klein 2021 MNRAS 502 188.

Cloutier 2018 AJ 156 82.

Observing Strategy Considerations/Beat Frequencies
1. Planets with orbital period equal to the stellar rotation period (or its integer ratios) will be

difficult to disentangle from the stellar signal.

2. Similarly, beat frequencies between the planet orbital and stellar rotation periods produce
circus tent-shaped features of low Fisher Information content that vary based on the choice of
observing cadence. These contours represent strategies that result in sampling times when the

stellar signal is entangled with the planet signal.

3. An example of a high-information-content strategy, away from any beat frequencies. The phase
curve shows that the sampled planet signal is not entangled in the stellar signal.

Dots are not drawn if a strategy leads to an observing baseline that
takes us past the end of the observing season. A strategy of {5, 2}
would be 5 nights observing, 2 nights off, and so on until 30
observations are made. Most strategies in this case perform
comparably, although there are some near the edge of the observing
baseline that are poor.
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