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What can we learn about exoplanets by studyin  
the host star?

★ Exoplanets, at some point, have been under the direct influence of their host  
★ Almost all exoplanet parameters are functions of the host star’s parameters.
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★ Radius
★ Density
★ Habitable zone

Exoplanet Parameters

★ Radius
★ Mass
★ Effective Temperature

Stellar Parameters



How do we study the host stars?

★ Indirect methods:
○ Ste lla r e vo lu tio n a ry 

m o d e ls
○ Ste lla r a tm o s p h e ric  

m o d e ls
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★ Dire c t m e th o d s :
○ Pa ra lla x
○ Sp e c tra l En e rg y 

Dis trib u tio n s
○ As te ro s e is m o lo g y
○ Ec lip s in g  Bin a rie s
○ Lo n g - b a s e lin e  

o p tic a l/ n e a r- IR 
in te rfe ro m e try



“Know thy star, know thy planet.”
★Direct measurements

○Angular diameter
○Parallax

○Bolometric flux

★Derived stellar properties
○Effective Temperature
○ Luminosity
○Radius

★Exoplanet 
characterization

★Modeled stellar 
properties
○Age
○Mass
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For more info on this really cool 
HR diagram, scan here:



The HD 219134 system
Star:

★ K3V d wa rf s ta r
★ ~6 .5  p a rs e c s  a wa y

Pla n e ts :
★ 6 ∗ p la n e ts  
★ Dis c o ve re d  b y Mo ta le b i e t  a l. 20 15  

a n d  Vo g t e t  a l. 20 15  
★ Pla n e ts  b  a n d  c  a re  tra n s it in g  

e xo p la n e ts
★ Pla n e ts  b , c , f, d ,  g , a n d  h  a re  a ll RV 

p la n e ts

* Pla n e t f’s  e xis te n c e  is  c o n tro ve rs ia l 5

Nous ne pouvons pas afficher l’image.



Past LBOI Work on the HD 219134 Syste

HD 219134 Angular Diameters

Author Value 
[mas]

Instrument

Boyajian et 
al. 2012 1.106 ± 0.007 Classic

Huber et al. 
2015

1.093 ± 0.012
1.109 ± 0.008 Classic/PAVO

Ligi et al. 
2019 1.035 ± 0.021 VEGA
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Additional Work on the HD 219134 System

HD 219134 Stellar Parameters from Li et al. 20215

Parameter Value Method

Radius [R ☉] 0 .74 8  ± 0 .0 0 7/ 0 .0 04  
( s ta t/ s ys )

As te ro s e is m o lo g y 
m o d e lin g  

Ma s s  [M☉] 0 .76 3 ± 0 .0 20 / 0 .0 14  
( s ta t/ s ys )

As te ro s e is m o lo g y 
m o d e lin g

Ag e  [Gyr] 10 .2 ± 1.5 / 1.0  
( s ta t/ s ys )

As te ro s e is m o lo g y 
m o d e lin g
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★ Us e d  Te ff m e a s u re d  b y Lig i e t  a l. 20 19 , s p e c tro s c o p ic  [Fe / H] fro m  Ro s e n th a l e t  
a l. 20 21, a n d  th e  o s c illa tio n  fre q u e n c ie s  m e a s u re d  b y th e  a u th o r 



Combined V² Fit with RADPy:

★ Used RADPy to  p e rfo rm  a  c o m b in e d  
V2 fit
○ Ro b u s t An g u la r Dia m e te rs  in  

Py th o n
○ Is  a b le  to  fit  in te rfe ro m e tric  

vis ib ilit ie s  fro m  m u ltip le  
d iffe re n t in s tru m e n ts  a t  CHARA 
to  g e t a  s te lla r a n g u la r 
d ia m e te r

★ RADPy will b e  u p  o n  g ith u b  s o o n !

10



Spectral Energy Distribution:
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★ Fo r th e  SED fit:
○ Lite ra tu re  p h o to m e try
○ SNIFS a n d  Sp EX s p e c tro -

p h o to m e try in  th e  o p tic a l re d , 
b lu e , a n d  n e a r- IR

○ BT- SETTL m o d e l to  fill in  g a p s
★ Ob ta in e d :

○ FBOL =  (22.5 8  ± 0 .9 0 )  x 10 - 8

e rg / s - 1 c m 2 Å- 1



Derived Stellar Parameters:
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★ Fro m  th e  p a ra lla x, a n g u la r 
d ia m e te r, a n d  b o lo m e tric  flu x:
○ Teff = 4835 ± 50 K ( ~1%)
○ L★ = 0.300 ± 0.012 L☉ (4%)
○ R★= 0.785 ± 0.005 R ☉ (<1%)



“Know thy star, know thy planet.”
★Direct measurements

○Angular diameter
○Parallax

○Bolometric flux

★Derived stellar properties
○Effective Temperature
○ Luminosity
○Radius

★Exoplanet 
characterization

★Modeled properties
○Age
○Mass
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For more info on this really cool 
HR diagram, scan here:



Stellar Modeling

★ Age is difficult to constrain given star’s low mass
★ kiauhoku (Cla yto r e t a l. 20 20 )  is  u s e d  to  e xp lo re  th e  re s u lts  o f 4  

d iffe re n t s te lla r e vo lu tio n a ry c o d e s
○ YREC: Ya le  Ro ta tin g  Evo lu tio n  Co d e
○ MIST: MESA Is o c h ro n e s  a n d  Ste lla r Tra c ks
○ DSEP: Da rtm o u th  Ste lla r Evo lu tio n  Pro g ra m
○ GARSTEC: Ga rc h in g  Ste lla r Evo lu tio n  Co d e
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kiauhoku Results

★ Masses:
○ YREC: 0 .6 7 M☉
○ MIST: 0 .74  M☉
○ DSEP: 0 .77 M☉
○ GARSTEC: 0 .77 M☉

★ Ag e s :
○ Ra n g e d  la rg e r th a n  

12.8  Gyr
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kiauhoku Results: Asteroseismology

★ Masses:
○ YREC: 0 .76  M☉
○ MIST: 0 .76  M☉
○ DSEP: 0 .76  M☉
○ GARSTEC: 0 .76  M☉

★ Ag e s :
○ YREC: 14 .3 Gyr
○ MIST: 9 .24  Gyr
○ DSEP: 9 .24  Gyr
○ GARSTEC: 10 .4  Gyr
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“Know thy star, know thy planet.”
★Direct measurements

○Angular diameter
○Parallax

○Bolometric flux

★Derived stellar properties
○Effective Temperature
○ Luminosity
○Radius

★Exoplanet 
characterization

★Modeled properties
○Age
○Mass
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For more info on this really cool 
HR diagram, scan here:



Modeling withExoFASTv2  

★ ExoFASTv2 (Eastman et al. 2019) is a publicly available exoplanet 
modeling code written in IDL

★ Capable of modeling:
○ a rb itra ry n u m b e r o f p la n e ts ,
○ ra d ia l ve lo c ity d a ta  s e ts , 
○ a s tro m e tric  d a ta  s e ts , 
○ a n d / o r tra n s its  o b s e rve d  in  a n y c o m b in a tio n s  o f 

wa ve le n g th s
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Data Available on the HD 219134 system
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Data Type # of Data Points Instrument Observatory

Ra d ia l Ve lo c itie s

176 Ha m ilto n Lic k

76 1 HARPS- N Ro q u e  d e  lo s  
Mu c h a c h o s

29 5 c o u d é Mc Do n a ld

1517 HIRES Ke c k

58 3 APF- Le vy Lic k

2155 KPF Ke c k

Tra n s it  
Ph o to m e try

5  Se c to rs - TESS



Current  EXOFASTv2 Work:

★ Interferometric radius and temperature are strict priors
★ Working on a 5 planet solution:

○ Only includes planets b, c, d, g, and h
○ Using all radial velocity and transit data
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Transit Plots:
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Planet b: Planet c:



RV Plots:
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Future Work

★Finish up 5 planet solution
★Solve for a 6 planet solution without priors on planet f
★Compare two solutions to determine which solution 

works best 
○ Re s u lt  will b e  u s e d  to  p ro vid e  m o re  e vid e n c e  to  

e ith e r p ro ve  o r d is p ro ve  p la n e t f’s  e xis te n c e
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Thank you! Any questions?
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Credits: This presentation template was created by Slidesgo, including icons by 

Flaticon and infographics & images by Freepik.

For more info on this really cool 
HR diagram, scan here:



RADPy:
★ Motivation: needed to fit multi - wavelength visibility data from several 

instruments at CHARA that requires separate limb - darkening coefficients
★ Brief description:

○ Sta rts  with  a  firs t  in it ia l c a lc u la tio n  o f a  u n ifo rm  a n g u la r d ia m e te r a n d  
Te ff. 

○ Ge n e ra te s  a n  LDC fo r e a c h  re s p e c tive  wa ve le n g th
○ En te rs  a  MC s im u la tio n  wh e re  th e  wa ve le n g th  o f o b s e rva tio n  a n d  th e  

LDCs  a re  s a m p le d  o n  a  n o rm a l d is trib u tio n
■ With in  th e  MC, a  b o o ts tra p p in g  fu n c tio n  is  c a lle d  to  b o o ts tra p  

e ith e r th e  b ra c ke ts  o f d a ta  to  g e n e ra te  “n o is e ” o n  th e  V2 d a ta  o r 
ju s t  th e  d a ta  o n  its  o wn  to  g e n e ra te  “n o is e ” ( th is  is  d e p e n d e n t o n  
in s tru m e n t)

■ Fro m  th e  “n e w” V2 d a ta , lm fit  is  c a lle d  a n d  a  V2 fit  is  p e rfo rm e d
○ Rin s e  a n d  re p e a t
○ Fin a l o u tp u t is  th e  we ig h te d  a ve ra g e  o f th e  lim b - d a rke n e d  a n g u la r 

d ia m e te r a n d  th e  m e d ia n  a b s o lu te  d e via tio n  fo r th e  e rro r o n  th e  
a n g u la r d ia m e te r
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RADPy:
★ To test reliability, I used the fitting routine on the individual instruments’ data 

a n d  c o m p a re d  th e  re s u lts  to  th e  p u b lis h e d  d ia m e te rs
○ Su c c e s s fu lly re p ro d u c e d  th e  Cla s s ic  d ia m e te r fro m  Bo ya jia n  e t  a l. 2012
○ Su c c e s s fu lly re p ro d u c e d  th e  VEGA d ia m e te r fro m  Lig i e t  a l. 2019
○ Su c c e s s fu lly re p ro d u c e d  th e  PAVO d ia m e te r g e n e ra te d  fro m  th e  PAVO 

d a ta  re d u c tio n  a n d  c a lib ra tio n  s o ftwa re
★ Ro u tin e  is  c u rre n tly o n ly a b le  to  h a n d le  Cla s s ic , VEGA, a n d  PAVO d a ta
★ Wo rkin g  o n  a d d in g  in  th e  c a p a b ility to  h a n d le  MIRCX/ MYSTIC d a ta  a n d  SPICA 

d a ta
★ Will b e  m a d e  p u b lic ly a va ila b le  s o o n  o n  g ith u b !
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