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Rich dynamics of Hot Jupiters

Projected Obliquity (deq)

TEPCat: P < 7 days, Mp > 0.2MJ
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Formation paths to Hot Jupiters

Disk migration High eccentricity migration
“Primordial (mis)alignment” “Late (mis)alignment”

e.g.: Bate 2010, Batygin 2012, Lai 2014, e.g.: Wu & Murray 2003, Fabrycky & Tremaine 2007,
Spalding & Batygin 2015, Zanazzi & Lai 2017 Naoz et al. 2012, Petrovich 2015, Hamers 2017




Formation paths to Hot Jupiters

Disk migration

“Primordial (mis)alignment”
e.g.: Bate 2010, Batygin 2012, Lai 2014,
Spalding & Batygin 2015, Zanazzi & Lai 2017

High eccentricity migration

“Late (mis)alignment”
e.g.: Wu & Murray 2003, Fabrycky & Tremaine 2007,
Naoz et al. 2012, Petrovich 2015, Hamers 2017
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Both theories (may) involve a stellar companion
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e AB: Herschel (1825)
P > 900 years
e>0..8




e AB: Herschel (1825)
P > 900 years
e>0..8

o A ysinif= 15.0 #0:5/km/s’ et s
Prot =3.2+0.2 days (Mengel et al. 2016)
| =42 + 4 deg
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e AB: Herschel (1825)

P > 900 years
e>0.8

o A:ysinif= 15.0 #0.5/km/s {502 0o

Prot =3.2+0.2 doys (Mengel et al. 2016)
| =42 + 4 deg

Ab: Butler et al. (1997)

P = 3.3 days
| = 44,5+ 1.5 deqg (Brogi et al. 2012)
Spin-orbit aligned
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A, spin

Ab, orb

« AB: Herschel (1825)
% P > 900 years
%“ - e>0.8

« Alvsini =150+ 0.5 km/s Cicrerso0s)
Prot =3.2+0.2 C|C|y3 (Mengel et al. 2016)
| =42 + 4 deg
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Ab: Butler et al. (1997)
P = 3.3 days
| = 44,5+ 1.5 deqg (Brogi et al. 2012)
Spin-orbit aligned
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A, spin

Ab, orb
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e AB: Herschel (18

P> 900 years B
e>0.8

« Alvsini =150+ 0.5 km/s Cicrerso0s)
Prot =3.2+0.2 doys (Mengel et al. 2016)
| =42 + 4 deg

Ab: Butler et al. (1997)
P = 3.3 days
| = 44,5+ 1.5 deqg (Brogi et al. 2012)
Spin-orbit aligned




Relative astrometry of tau Boo AB
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Astrometric solutions (drawn from posterior)
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Astrometric solutions (drawn from posterior)
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Astrometric solutions (drawn from posterior)
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Astrometric solutions (drawn from posterior)
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Astrometric solutions (drawn from posterior)
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Ab, orb
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Radial Velocities
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 Lick Planet Search program, 1995 - 2007 (Fischer et al. 2014)

e Archival and new TNG/HARPS-N, 2013-2017 (Borsa et al. 2015)




Radial Velocities
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* Archival and new TNG/HARPS-N, 2013-2017 (Borsa et al. 2015)
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Joint astrometric and RV solutions
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Results from joint MCMC analysis

| astrometry+RV

0 20

60

80



Clues about formation

T
7 RN *Not to scale (!) L A, spin
:_L/ '#ﬁlﬁﬂﬁ Ab’ orb
~ AB, orb
e |Low mutual orbital inclination
/| :

e Spin-orbit alignment
1A spin = 42 = 4 deg
iAb,orb =445+ 1.5 deg

iAB,orb — 491—421 deg



Clues about formation
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*Not to scale (!)
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From our inclination measurements

* Tau Boo is a flat, aligned system
* Tau Boo Ab formed via disk migration

\

within primordially aligned disks
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A, spin
Ab, orb \\

AB, orb
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1A spin = 42 = 4 deg
iAb,orb =445+ 1.5 deg

iAB,orb — 491—421 deg



Thank you






Parameter Value
P (years) 480015700
a (AU) 34752

a® /P? (AU? /years?)
My + Mp (M)
Mg (Mo)

1o

e

i (deg)

0.06
1.857 506
0.03
0.502 .03
2024.87%3
0.04
0.927 06
2.2
49.4773

0.06




Position Angle (deg)

Separation (as)
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Orbital size (East, AU)
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Radial Velocity (m/s)

RV O - C (m/s)

—— Model

1000 - ¢+ Hamilton (13)
{ Hamilton (6)
{ Hamilton (8)
¢ HARPS-N
800 A
600 A
400 A
200 A
1990 2000 2010 2020 2030 2040 2050
0 1 1 I 1 I
100
1 Pl }
-50 - * |
_100 T T T T T
1995 2000 2005 2010 2015

Date



= M
N
=t
+ |

i=49.39

|
-

+7730.77
—2953.1

P =4758.85




