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Tillinghast Reflector
Echelle Spectrograph
(TRES)

FLWO, Arizona, US

R=44000
3850-9100A
over 51 echelle orders




TRES observations since 2011

Project Observations Targets
HATNet 3350 1422
KELT 2863 1103
Qatar 2285 858
Kepler 6822 2385
K2 2263 745

Same story with CORALIE, FEROS, FIES, CHIRON, and many others
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Neptunes

Rocky 0.4 AU
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Neptunes

Rocky 0.4 AU



Winn+2005 Winn+2006 Winn+2007

HD209458b HD189733b HD149026b

Orbital obliquities as tracers for evolution



Winn+2005 Winn+2006 Winn+2007

4 4 A
= q= q>
® ®
- HD209458b | | | - HD189733b | | | - HD149026b
Winn+2009 Winn+2009, Narita+2009 Triaud+2009, Bayliss+2009
A | A | A
= = =
P | | o
X0-3b | | | | HAT-P-7ﬂ | | | ~ WASP-17b







®
N F L
] q
S i .
Gjaseb HAT-P-12h HAT-P-11h waspP-nah HAT-P-3h HATS-14h CoRoT-10
L
e
® [ J
®
Tres-2h waspP-352h HAT-P-30h HAT-P-41h wasP-14h wase-sh HOTS-3
L]
wasp-1sh HAT-P-14h HAT-P-5&h HAT-P-34h HAT-P-¢h CoRoT-3h HAT-P-13
KeLr-1hb KeLr-sh Kewr-7h KeLr-18h KQI1-12h wasP-167h O~
waspP-s3h KELT-17h KELT-10h MASCARA-1h KELT-20h XQl-13b KELT-2




Doppler tomography
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Doppler tomography
Polar
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Doppler tomography
Retrograde
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KELT-7b — a rapidly rotating F-star with a hot Jupiter
Bieryla+ 2015, Zhou+ 2016
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KELT-17b — a polar hot Jupiter around an A star
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TRES Doppler tomography observations
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More TRES Doppler tomography observations

HAT-P-56b (Huang+15, Zhou+16) HAT-P-67b (Zhou+17) HAT Candidate (in-prep)
”” O, llI"”“”w” | Irlmsm ||I| | “|: IJ”u"|”| |||‘||L|!”:|| |I|I|r|||”| I| o2 nl"lhn J“l'”nl I|n|||l'||%I .'é"WMH'.t"”.f'."I
% :”””IHIT: lé | |” Illk 'I I||| ITI % IJ'IHIII‘I |!'”||||ﬂ”' |”|'| ||'||'| g Ml 'l tW \‘f' m.h’i'“'m “J[
- ool “” “” ” ‘I ,‘I il Mﬁ” 5 |1|| h||”||”“ T ||||II| s l‘llll“ Y | it “ﬂ |||'+ M I
g | | Wi IHI £ ‘III J * |||f| £ |”'” ||I|I * |J||||
O |\||\| H||\ |‘ LI R AL O I IHI || Jlnill “ } O 002 IIII hll Jlllll I I'L t IIJ
B0 O
Velocity (kms™1) Velocity (kms™1) Velocity (kms™1)
KELT-21 (Johnson+18) KELT A-M binary (Stevens+ in-prep)

Fractional Variation Fractional Variation

—0 0.0 0.2
1

. I“‘I '* I‘ I 1|| ] IIII Ill ’ IIPIII’lI‘FlI rllllI ’II Ih

0.02

N U1 T R L ¥ A

“wg ’,’.W“ \? M‘( ’|‘M| V j ool - e i""*‘ﬂ*’ 1.“

'(M WHl “M '.'..'..’.:.."f.-'-."- "'-'..*.:tf.'.‘.". EEalt
|,"|,|A|”|| fiilh Hnm”w; nm A T AT

—0.02 :

0.03
—206-160-120-80—40 0 40 80 120 160 200
Velocity (kms™1)

—200 -—100 0 100
Velocity (kms™1)



Obliquity as an origin for formation and migration
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Inspired by plots from J Winn



Dependence on effective temperature — Hot Jupiters
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Winn+ 2010, Triaud+ 2012



Dependence on effective temperature — Hot Jupiters
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Dependence on effective temperature — Hot Jupiters
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HD 106315 - Rapldly rotatmg V=9 F star
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Slit-based variations!




Correction with telluric lines
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Even the obliquities of warm Neptunes — HD 106315c
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Dependence on planet mass — Neptunes  Warm Neptune systems
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Transiting Exoplanet Survey Satellite
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pi Mensae — a Vmag = 5.5 star with a super-Earth at 6 days
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LHS 3844b — 1.3 Re planet in a 11hr orbit around an M-dwarf
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Dependence on effective temperature — Hot Jupiters
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Dependence on effective temperature — Hot Jupiters
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Dependence on host star — Warm Jupiters
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Dependence on host star — Warm Jupiters
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Dependence on planet mass — Massive Jupiters
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pi Mensae — a Vmag = 5.5 star with a super-Earth at 6 days
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