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Proxy of misalignment using RM effect ()
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Stellar
spin axis

3D spin-orbit angle

W : Planet orbital plan relative to the
stellar spin axis

A : Projection of Winto the sky plane
I.,: @ngle between the orbital plan
and the observer

i« : angle between observer and
stellar spin axis

Observations give us:

- \: Rossiter Mclaughin effect
- i 1he transit imposes

I, ~ 90 degree
- i : Asteroseismology
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Kepler 25: Two neptunes in transit + one
non-transiting planet

M=1.26 +/- 0.03 Msun
R=1.34 +/- 0.01 Rsun
Age=2.75 +/- 0.30 Gyrs
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Kepler 25: Two neptunes in transit + one
non-transiting planet

. +10.6
|*=65.464 degree
cos i, ~ 0.04788(38)
A~ 9.4 +/-7.1 (reanalysis of RM from Albrecht et al. 2013) = suggests a flat system
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HAT-P-7: a system with a hot Jupiter

5-

)i M=1.59 +/- 0.03 Msun
R=2.02 +/- 0.02 Rsun

g Age=1.7 +/- 0.1 Gyrs
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HAT-P-7: a system with a hot Jupiter

. +34
.=33, degree

cos i, ~ 0.12145(81)
A ~[157 —220] (depends RM data) degree =2 suggests a oblique, retrograde system

lp"lzd:degree =» quasi-polar orbit

Joint analysis —
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Conclusion

e |f for a system we have:
— The Rossiter McLaughlin effect
— A transiting planet
— Solar-like pulsations

=>» Measure of the true spin-orbit is possible

e Kepler 25:

— Is the first system with multiple planets and a MS star to show
significant obliquity
— Only two systems with multiple planets are known to have high

obliquities (Huber et al. 2013) =2 Hard to conclude about the
cause of obliquity in multiplanet systems.

e HAT-P-7:
— Very likely to be on a quasi-polar orbit

— Likely to be on a retrograde orbit but cannot rule out a prograde
orbit
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Frequency (uHz)

HAT-P-7: a system with a hot Jupiter
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parameter ‘ HAT-P-7 ’
M, (Mg) 1.59+0.03
”[;(/’f;) zgzzggi * Modeling with MESA using:
e . = u.
Tx (K) 6310+ 15 * Eigenfrequencies (this analysis, Q0-Q16)
Age (Myrs) 1770 £ 100 » Teff, [Fe/H], log(g), L/Lsun from Pal et al. (2008)
Qo 0.000 5500
L/L 5.84+0.05
logg (cgs) 4.029 = 0.002
Pam (10°kgm=3) | 0.2708 £ 0.0035
pos (10°kgm=3) | 0.2696 0.0011

reduced x* ‘ 1.73




Kepler 25: Two neptunes in transit + one
non-transiting planet
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M. (Mo) 1.26:+0.03 * Modeling with MESA using:
R. (Rz) 1.34+0.01 . . . .
Fe/H] 011 %003 * Eigenfrequencies (this analysis, Q5-Q16)
Tes (K) 635427 * Teff, [Fe/H], log(g) from Marcy et al. (2014)
Age (Myrs) 2750 £ 300
Qv 0.007 =0.003
L/Lg 2.64+0.07
logg (cgs) 4.285+0.003
P (108kgm=3) | 0.7367 £0.0137
pos (10°kgm™3) | 0.7356 £0.0030

reduced x*
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Kepler 25: Two neptunes in transit + one
non-transiting planet
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Parameter Value (W09) Value (N09) Value (A12)

Parameters mainly derived from lighteurves (transit, occultation, asteroseismology)

to(BJD) — 2454833 121.3585049 = 0.0000049 006 | \Wo9 Joint analyss — 1
P (days) 2.204735427 = 0.000000013 P i
ecosw 0.00024 +0.00020  0.00024 = 0.00020 0.00025 = 0.00020 005 | '
esinw 0.0053 " p-0022 0.0057"5-002% 0.0049* p-0028
u 0.3540 + 0.0034 0.354470 0032 0.354570 0oz 004 f
; +0.0050 t l) QO50 + 0.00546
Uz 0.16707 5954 0.1663” ) pen 0.1661 " i
pe (10°kgm™?) 0.2736 +0.0016 0.2731+0:0021 0.2737+5.0034 003
- +0.00056 +8 88623 +8 wl
COSor, 0121495 4002 0.121667 tooes 0.12145™ goou:
Ry /R. 007758975 29920 077593 = 0.000020 0.077591 5440020 002
) 0.01171 = 0.00010 oot |
be, tea (cciays) - ~0. 0000044’:: pores e . :
e ( ) 317 33_20 33'_20 0
Parameters mainly derived from RVs 0.06 NO9 lgr;;‘ enyysq: -9
lsovopici. ang —
K. (ms %) 211.7+23 2132+ 1.8 2140+ 4.6 2 o0t O Lo} from joint
7 (ms™1) ~15.5+3.0 ~37.5+15 104738 -
y2 (ms™") ~9.7+17 ~16.9+1.4 - 8 o004f
4 (ms yr %) 21.5+25 - Y
A (%) 186710 220.375% 157“% 3 ool
vsini, (kms %) 4. 15‘° 5 3.17+0.33 317708 3
8 (kms—) 3.0 (fixed) g ooz}
~ (kms™") 1.0 (fixed) 3
¢ (kms™ 1) 53+15 55=15 55=15 001 }
UM + UzRM 0.70x0.10
UIRM — U2RM ~0.23 (fixed) 0
0.06 | Joint analyss — 4
Derived quantities A12 lsoyopic . and —
- (%, Ly from jcint fit
¥ (°) 122%30 115712 120*2¢ 005 f
a/R. 4.1269+0/0082 4.124570:0103 412772000
transit impact parameter (R.) 0.4987 +0.0013 0.4989 = 0.0013 0.4988 0 0013 0.04
Ty4,0rs (days) 0.164301 £0.000022  0.164303£0.000023  0.164300 = 0.000023
Tiscen (days) 0.133042°3 8001 01383034~ 53000 0.133037 0. 000052 0.03
T (days) 0. 14867215',6,‘2%',5,"2;' 0.148668 = 0.000024 0. 148669:6‘} 3,’(:)',;?5; 002
occultation impact parameter (R.) 0.50407 5 po23 0.5047 " 6025 0.50397 5 o33
T days 0.165551 0o 0.16566 15 oot 0.16547 10 o000
T;;:« gdais; 0.13385 'g gg%; 0. 13392’§ E}ggé 0. 13379’%%%; ooy
: Toce Ejda)sg - 0.149707 Sonas 0. 149;'3*5(, ooy 0.14963™ ) ones 0
occultation depth {(ppm
My (My) 1.86 £0.03 1.87£0.03 1.88 £0.05 . (de
Ry (Ry) 1.526 = 0.008 v (degree)

pp (10°kgm ™) 0.65 +0.01 0.66 = 0.01 0.66 = 0.02




Parameter Value (A13)

Parameters mainly derived from lighicurves
(transit, asteroseismology)

Joint analysns —

Isotropic i~ and —
(M, igrp) from joint fit

to(BJD) — 2454833 127.646558 0 moogas
P (days) 12.7203724 - 0000024
Uy +up 0.550 £ 0.018
Uy - Uy ~0.27 £0.44
p. (10°kgm™?) 0.733°313 il
CO8Toeh 0.0478875 Jo0%8 0.06 1
R,/R. 0.035907 §-o0oe
ir (°) 65.473%° > 005
Parameters mainly derived from RVs %
o 0.04
K. 201 (ms™1) ~13 422 E
K, 2012 (ms™ ~37430 % 0.03 -
Y2011 (ms™ ) ~3.5+13 E
Y2012 (ms™*) 20414 2 0.02 |- 17.7
(%) 94471
veini, (kms!) 9. 34‘3{3 0.01
8 (kms™) 3.0 (fixed) 149
¥ (kms ™) 1.0 (fixed) 0 10 2
¢ (kms™!) 49415
U1RM + UZ2RM 0.69+£0.10
UIRM = U2RM ~0.0297 (fixed)
Derwed quanfities
¥ (%) 26.9° 70
a/R. 18.44 4+ 0.11
transit impact parameter (R.) 0.8826 £ 0.0018
Ti4.ra (days) 0.11925 £ 0.00025
Tassen (days) 0. 0852818'3383

Ties (days) 0.102267] 90035
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