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Single-planet model or multi-planet model?

Planets gravitationally sculpt various Young planetary system properties can be Most existing models characterize
features in debris disks. inferred from resolved debris disk features. planet properties using a single-
net inward mig planet model. However,
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Question Are our inferences compromised by | Warps (secular feature)

a hidden Planet c? i = e 0w 53 -
— !  J/ )/ / Y— ~~— —_ ' ' 4 O o\o
i - - S 10? /| 6P c% & 10" 107
Approach We build a two-planet model: Planet b and c. 2 PHERE 2058 2 g
T T T T T e i S 100 AR T 83 O 0 103 ¢ 9
Lot | I GpisPHERE | © >tudy planet properties o 10 / 15 32 2 10 c 5
I dectection : from disks sculpted by O / ol 0 1 102 o5
— | - - ) — (O —
5 . é—-__Jmit 1 either one or two planets. © 107" / 105 gz 10 c D
= 100L Planet b _ . . - / B E - .= 48
C : 1 ¢ Use an analytical solution ; 10-2 / s 23 o 102 107 2
n
% | Full parameter fOI:' secular features (warps, g . 4 o B o . 5o
z 107 space of Planet c spiral arms, offsets) 10 S 10 . a 0 r;c < S Yo =, S £
B ' ) : : o\
y Unstable 1 Use N-body simulations for Semi-major axis of Planet ¢ (AU) Semi-major axis of Planet c (AU)
é 1074 ¢ Sr— resonant features (gaps,
: : edges, clumps) and synodic * Warp location is dominated by one planet in most cases.
-3 L - ' ' : : : :
v 100 10t 102 Zizﬁzrﬁ;(ﬁl;kenw e * Mass estimation error for the detected Planet b could be huge in a certain
Semi-major axis of Planet ¢ (AU) ST parameter space, if we do not detect Planet c.
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P Simulations (IAS15; Rein & Spiegel 2015, MNRAS, 446, 1424) Simulations (VWHFast; Rein & Tamayo 2015, MNRAS, 452, 376)

Summary * Debris disk features are usually primarily dominated by a single planet.
* Use single-planet models with high risk: warps and medium risk: edges, gaps, and thickened rings.
* Check Dong et al. in prep for a cookbook for observers. Stay tuned!



