
1

Properties of Exoplanet Host Stars
 

Erik Petigura, Hubble Fellow, Caltech
Know Thy Star
October 9, 2017



Properties of Exoplanet Hosts

• Stellar properties influence planet detectability 
• Precision measurements of stellar radii
• A frontier: data-driven spectroscopy



Stellar Properties Influence 
Planet Detectability 
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Planets hosts in the HR diagram

Source: NASA Exoplanet Archive
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Source: NASA Exoplanet Archive

Planet have been found around
- Hot stars (e.g. KELT-17)
- Cool stars (e.g. TRAPPIST-1)
- Young stars (e.g. K2-33)
- Old stars
- Dead stars (PSR B1257+12)
- Nearby stars (Prox Can b)
- Distant stars (e.g. OGLE/MOA-2003)
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Planets hosts in the HR diagram

Source: NASA Exoplanet Archive
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RV technique…

…performs best when host stars 
are…
- Bright (typically optical)
- Slowly rotating (vsini < 10 m/s)
- Inactive

…thus favors detection of planets 
around
- (single) GK stars
- Main sequence stars (age > 100 Myr)
- Evolved stars (bright, low vsini)

…and struggles to find planets 
around
- F stars and earlier (vsini too high)
- Young stars (too active)

The future
- PRV in the NIR: M-stars, young stars.

Prox Cen b
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HIRES Spectrum of the Sun 
(G2, Teff ~ 5770 K, VsinI~2 km/s)
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HIRES Spectrum of 42 Cnc 
(A9, Teff ~ 7400 K, VsinI~90km/s)
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Planets hosts in the HR diagram

Source: NASA Exoplanet Archive
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Prox Cen b

RV technique…

…performs best when host stars 
are…
- Bright (typically optical)
- Slowly rotating (vsini < 10 m/s)
- Inactive

…thus favors detection of planets 
around
- (single) GK stars
- Main sequence stars (age > 100 Myr)
- Evolved stars (bright, low vsini)

…and struggles to find planets 
around
- F stars and earlier (vsini too high)
- Young stars (too active)

The future
- PRV in the NIR: M-stars, young stars.
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Planets hosts in the HR diagram

Source: NASA Exoplanet Archive
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7ransit

KELT-17b

TRAPPIST-1

Transit technique…

…performs best when host stars 
are…
- Bright (typically optical)
- Small (favorable radius ratio) 
- Inactive

…thus favors detection of planets 
around
- GK stars
- M stars (if restricted to bright)
- Rapidly rotating stars are fine.

…and struggles to find planets 
around
- Evolved stars (unfavorable radius ratio)
- Young stars (high photometric variability)

The future
- K2 and TESS, more M-stars, young stars
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Planets hosts in the HR diagram

Source: NASA Exoplanet Archive
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Direct imaging technique

performs best when host stars 
are…
- Nearby (inner working angle)
- Young (favorable contrasts)

…thus favors detection of 
planets around
- Young A stars 

…and struggles to find planets 
around
- Main sequence and evolved stars

The future
- WFIRST image planets around main-

sequence dwarfs (reflected light)
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Planets hosts in the HR diagram

Source: NASA Exoplanet Archive
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Microlensing technique
 
performs best when host stars 
are…
- In front of dense star fields (e.g. 

Galactic bulge)

…thus favors detection of 
planets around
- Early-M stars (~0.5 Msun—common)

…and struggles to find planets 
around
- Nearby stars (low event rate)
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Planets hosts in the HR diagram

Source: NASA Exoplanet Archive
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Astrometry technique

performs best when host stars 
are…
- Nearby 
- Bright (in Gaia bandpass)

…thus favors detection of 
planets around
- Nearby FGK stars
- Rapid rotators are fine
- Young stars are fine

…and struggles to find planets 
around
- Distant stars
- Faint stars (M-dwarfs)



Precision Stellar Radii
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Petigura, Howard, Marcy 2013 Fulton, Petigura, Howard et al. 2017

1.0 1.41 2.0 2.82 4.0 5.66 8.0 11.3 16.0
Planet Size (Earth-radii)

0%

5%

10%

15%

20%

25%

Fr
ac

tio
n 

of
 S

ta
rs

 w
ith

 P
la

ne
ts

ha
vin

g 
P 

= 
5-

10
0 

da
ys

12.0 %
14.2 %

18.6 %

5.9 %

1.9 %
1.0 % 0.9 % 0.7 %

a Kepler
1lanet Pccurrence

6.25 12.5 25 50 100
Orbital Period (days)

0%

5%

10%

15%

20%

Fr
ac

tio
n 

of
 S

ta
rs

 w
ith

 P
la

ne
ts

La
rg

er
 th

an
 E

ar
th

8.9 %

13.7 %

15.8 % 15.2 %b

Typical uncert.



Interferometry
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Method 
- Directly measure stellar angular size
- sub-mas resolution with CHARA
- Combine with parallax to derive R✶

Strengths 
- R✶ as good as ~1%
- (almost) model-independent
- Establish “touchstone” stars

Weaknesses 
- Requires very bright stars

- Very nearby dwarfs
- Only a few KM
- A few distant giants

- Not feasible for majority of exoplanet 
hosts

The Astrophysical Journal, 732:68 (13pp), 2011 May 10 Che et al.
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Figure 4. Images of β Cas. The left one shows the surface intensity distribution of β Cas from MACIM, overplotted with latitudes and longitudes from the model.
The angular resolution is 0.57 mas (milliarcsecond). The dashed contours represent the surface brightness temperatures of the image. The right one shows the image
from model fitting, overplotted with brightness temperature contour from the model. The reduced χ2 of the images from MACIM and model fitting are 1.20 and 1.36.
(A color version of this figure is available in the online journal.)
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Figure 5. Images of α Leo. The notations are all the same as those in images of β Cas (see Figure 4). The angular resolution is 0.55 mas. The reduced χ2 of the images
from MACIM and model fitting are 0.78 and 1.32.
(A color version of this figure is available in the online journal.)

by Lapp= 4πd2Fbol, where d is the distance and Fbol is the bolo-
metric flux computed by integrating flux from each grid over
the projected area. Then the Teff

app is obtained by σ (Teff
app)4 =

πd2Fbol/Aproj, where Aproj is the projected area.
Second, typical H-R diagrams are constructed for non-

rotating stars; it is inappropriate to place a rapidly rotating star
on such diagrams. A rapidly rotating star shows a little lower Lbol
than Lnr from its non-rotating equivalent (an imaginary spherical
star which a rapid rotator would turn out to be if it spins down
to no angular velocity), meaning a rotating star will evolve as a
lower mass star on the H-R diagram. Therefore, the interpreted
mass and age from the rotating star deviate from the true values.
To partially solve this problem, one has to convert the properties
of a rapidly rotating star to its non-rotating equivalent. Studies
have shown that the bolometric luminosity and polar radius do
not change much as a star spins up. Following this, we alter the
traditional H-R diagram to a new one with axes of bolometric
luminosity and polar radius (L–Rpol diagram), and locate rotating
stars on the new diagram to infer the mass and age (Peterson
et al. 2006; D. M. Peterson et al. 2010, private communication).
To compare with the astronomy-friendly H-R diagrams, one can
also translate these two values of non-rotating equivalents into
Lnr and Teff

nr .
The left panels of Figures 6 and 7 show β Cas and α Leo

on L–Rpol diagrams from the Y2 model (Yi et al. 2001, 2003;

Demarque et al. 2004). The cross and square symbols represent
the bolometric luminosity and polar radius before and after
the rotational correction, respectively (Sackmann 1970). The
corrections are trivial: Lnr and Rpol,nr decrease by 5.5% and
1.3% respectively for a 2 solar mass star as it spins up to close
to critical speed. So on L–Rpol diagrams one may even directly
use Lbol and Rpol of a rotating star for rough interpretations of its
mass and age. We have begun work on a more exact formulation
using a new grid of rotating models, but this is the subject of a
future detailed paper.

The traditional H-R diagrams are shown in the right panels of
Figures 6 and 7. The solid lines are the inclination curves, which
show the Lapp and Teff

app as a function of inclination angles. The
star symbols on the curve represent the estimated inclination
angles. The square symbols stand for Lnr and Teff

nr of the non-
rotating equivalent. The position of the non-rotating equivalent
on the H-R diagram deviates severely from the position of the
rapidly rotating equivalent based on its apparent values. For
instance, Regulus would be about 0.08 Gyr older and 0.5 M⊙
less massive from its Lapp and Teff

app than from Lnr and Teff
nr . So

we strongly recommend to correct for the effects of rotation
when placing a rapidly rotating star on the H-R diagram. Zhao
et al. (2009) did not adopt this correction, which may lead to an
additional error in determining age and mass of rapidly rotating
stars.

8

Che+11



Asteroseismology
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Method 
- Measure stellar acoustic modes from 

high precision (space-based) 
photometry

- Apply simple scaling relations tied to 
Sun

Strengths 
- R✶ as good as a few %
- Weakly dependent on models and prior 

assumptions
- Extinction-independent

Weaknesses 
- Typically detectable only in ~Sun-like 

and earlier or in evolved stars
- Roughly ~100 out of ~4000 Kepler 

planet hosts have AS radii

Chaplin & Miglio 2013



SED-fitting+Parallax
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4 Mann, Gaidos, & Ansdell

It is straightforward to calculate the stellar luminosity
(L∗) for stars with a known distance (parallax) and FBOL
according to the formula:

L = 4πd2 × FBOL, (3)

where d is the distance, which B12 draw from Hipparcos
parallaxes (van Leeuwen & Fantino 2005; van Leeuwen
2007). For all above calculations B12 assume no extinc-
tion along the line of site, which is reasonable given that
these stars are nearby. Thus we make the same assump-
tion.
Rather than employ template spectra, we calculate

FBOL from the actual spectra we obtained of each star.
Although our combined SNIFS and SpeX spectra cover
the wavelengths where K and M dwarfs emit the ma-
jority of their flux, SpeX spectra have a small gap at
≃ 1.8µm and several of our stars have comparatively
low SNR (< 30) in regions of telluric contamination.
We replace these regions using the best-fit PHOENIX
BT-SETTL model atmosphere (Allard et al. 2011) fol-
lowing the procedure described in Mann et al. (2013b)
and Lépine et al. (2013), and summarized in Section 5.1.
The resulting spectra cover 0.2-3.0 µm. Blueward of this
region we assume the flux follows Wein’s approximation,
and redward we assume it follows the Rayleigh-Jeans law,
and which we fit for using the 0.2-0.4µm and 2.0-3.0µm
regions, respectively. Note that our typical stars have
very little flux outside of 0.3 to 2.4µm, thus our approx-
imation of the spectrum in this region has a negligible
effect on our results.
Variations in atmospheric transparency and observ-

ing conditions between target and standard star ob-
servations as well as our choice of spectrophotometric
standards (e.g., the EG131 standard is slightly variable,
Wickramasinghe et al. 1978) can change the overall flux
level (the absolute flux calibration) of each spectrum
even while preserving the relative flux calibration. An
erroneous overall flux level will lead directly to an er-
roneous FBOL value, so we correct for this using visi-
ble and infrared photometry from the literature (e.g.,
Mermilliod et al. 1997). Sources of photometry from
each star are listed in Table 1. Following the technique of
Rayner et al. (2009), for each photometric point we cal-
culate the ratio of the photometric flux to the equivalent
flux synthesized from the spectra, Ci;

Ci =
fzp,i × 10−0.4mi

(
∫

λ Fλ × Sλ,idλ)
, (4)

where fzp is the band zero point, mi is the apparent
magnitude, and Sλ,i is the filter transmission for a given
photometric band, i. Errors in Ci account for (uncorre-
lated) errors inmi and Fλ, but fzp,i and Sλ,i are assumed
to have negligible uncertainty. The final correction factor
(C∗) applied to each star’s spectrum is the error-weighted
mean of the Ci values for a given star, which has error:

σ2
C∗

=
1

∑

i σ
2
Ci

. (5)

If errors in the photometry or spectroscopy are underes-
timated, or if different photometric sources are system-
atically offset from each other, Equation 5 will be an
underestimate of the total error in C∗. For this reason

we also calculate the reduced χ2 (χ2
red) values for our

correction factors (listed in Table 1). For all but one star
(GJ 725B) we get χ2

red < 3 (and most are < 2). This in-
dicates that our derived errors properly account for the
scatter in Ci values for all targets except GJ 725B, which
has a χ2

red of 7.4.
We see no obvious cause for the disagreement between

the photometric and spectroscopic data for GJ 725B. It
is not active (no detectible H-α emission), and the fit
for GJ 725A is significantly better (χ2

red=2.9). Because
our choice of which photometry to use for this star sig-
nificantly affects our derived stellar parameters, we con-
servatively elect to remove this star from our calibration
sample.
We show the observed spectrum and literature pho-

tometry of GJ 887 (χ2
red = 0.9) in Figure 1 as a demon-

stration of our procedure. We report revised FBOL, Teff ,
and L∗ for the B12 sample in Table 1. We include the
derived stellar parameters for GJ 725B in Table 1, al-
though we caution readers that the errors in this star’s
parameters are probably underestimated.
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Figure 1. Spectrum of GJ 887 from SNIFS, SpeX, and PHOENIX
models with photometry shown in red. Errors in the photometry
are shown along the Y-axis, errors on the X-axis denote the ap-
proximate spectral region covered by the given filter. Regions of
significant telluric contamination or gaps in the data are filled in
using PHOENIX models, which are shown in grey.

Our FBOL values are, on average, ≃4% higher than
those reported by B12 (see Figure 2), resulting in ≃1%
higher Teff , and 4% higher ≃ L∗. These differences are
small, but typical errors in FBOL values are only 1−2% so
the offset is significant for many stars, and highly signif-
icant when considering the whole sample (see Figure 2).
This discrepancy is in part due to slightly different

choices for input photometry between our study and that
of B12. If we redo our analysis, but restrict ourselves to
photometry reported in B12, the disagreement shrinks to
≃ 3%, mostly by moving in some of the largest outlier
stars.
We find that majority of the discrepancy can be ex-

plained by systematic issues with the Pickles (1998)
templates and extrapolation of these templates into the
NIR. Of the 20 Pickles (1998) templates K4 and later,
only three of them have data past 1.1µm. These three
the spectra are built by combining data from multiple
sources, but still have gaps in each spectrum where the

SED fitting from Mann+15, which established ~200 touchstone 
M stars.

Method 
- Exploit Stefan-Boltzmann equation  
 
 
 

Strengths 
- R✶ as good as a few %
- Applicable across HR diagram
- Weak dependence on models
- Gaia will soon provide 1% distances to 

typical Kepler stars

Weaknesses 
- Photometric precision requirements of 

0.01 mag pushes the limits of flux-
calibrated photometry

- Zero point offsets
- Errors in filter profiles

- Extinction must be corrected at the 
0.01 mag level.

R★ ∝ d Fbol0.5  / Teff2

Phot.+SED model
SpecParallax



Spectroscopy+Isochrones

18

Method 
- Derive Teff, logg, [Fe/H] from spectra
- Consult isochrone to derive M✶, R✶, and age
- Isochrones derived from stellar structure/

evolution models

Strengths 
- Works over a fraction of HR diagram 

(F and later)
- Not sensitive to extinction
- No additional observations needed
- R✶ as good as ~10%
- High precision (repeatable)

Fit of Mg b triplet from Brewer+15, which achieve logg accuracies of 
0.05 dex 



Spectroscopy+Isochrones

19

Boyajian+12 comparison of measured Teff and Rstar. Some 
models differ by ~50% 

Weaknesses 
- Strong model-dependance

- Model atmospheres
- Isochrones

- Struggles for cool stars
- Largest model uncertainties 
- Challenging to fit complex spectra. 

- Dominated by systematics
- Beware combining results that 

- use different spectral resolution
- use different regions of spectrum 
- use different spectral codes
- use different isochrones 

Major challenges for CKS project
- Uniform resolution
- Uniform SNR 
- Uniform analysis
- Characterize model dependent offsets



Yee, Petigura, & von Braun 2016 

Spectroscopic Methods

HD190406	
SpT:	G0V

Barnard’s	Star	
SpT:	M4V

20



Spectroscopy+Isochrones

21

Weaknesses 
- Strong model-dependance

- Model atmospheres
- Isochrones

- Struggles for cool stars
- Largest model uncertainties 
- Challenging to fit complex spectra. 

- Hard-to-characterize systematic errors
- Photon-limited errors are small
- MCMC of limited use

- Beware combining results that use different
- spectral resolution
- regions of spectrum 
- spectral codes
- isochrones 

Major challenges for CKS project
- Uniform resolution
- Uniform SNR 
- Uniform analysis
- Characterize model-dependent offsets

Boyajian+12 comparison of measured Teff and Rstar. Some 
models differ by ~50% 



California-Kepler Survey 
Keck/HIRES Spectra of 1305 KOIs
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Petigura, Howard, Marcy, et al. 2017 
CKS I: Spectroscopic Properties of 1305 Planet-Host Stars From Kepler 

Johnson, Petigura, Fulton, et al. 2017 
CKS II: Precise Physical Properties of 2025 Kepler Planets and Their Host Stars 

Fulton, Petigura, Howard, et al. 2017 
CKS III: A Gap in the Radius Distribution of Small Planets



SpecMatch
Teff, log(g), [Fe/H], Vsini

Independently analyze 
spectra with two spectral 

codes.

SME@XSEDE
Teff, log(g), [Fe/H]

CKS Spec. Params
Teff, log(g), [Fe/H], Vsini

Combine parameters,
identify outliers

CKS Phys. Params
M★, R★, age Q16 photometry

P, RP/R★,...

CKS Planet Params
RP, Teq

Isochrone modeling

Re-derive planet properties

1305 Keck/HIRES Spectra

Cargile & Hebb Petigura (Thesis)

Mullally+15

CKS-I: Petigura, Howard, et al. (2017)

CKS-II: Johnson, Petigura, et al. (2017)

Morton 2015



Spectroscopic 
- Teff ~ 60 K (vs ~200 K phot.)
- logg ~ 0.10 dex
- [Fe/H] ~ 0.04 dex
- vsini ~ 1 km/s

Derived 
- R★ ~ 10% (vs ~40% phot.)
- M★ ~ 5% 
- ages ~ 30% 
- distances ~ 10% 

24

CKS Precision: Effective Temp.
CKS I. High-Resolution Spectroscopy of 1305 Stars Hosting Kepler Transiting Planets 15
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Fig. 9.— Comparison of SpecMatch (SM) and SME@XSEDE (SX) values for Te↵ , log g, and [Fe/H]. The SME@XSEDE values have been
adjusted to the SpecMatch scale (Sec. 4.3). The top panel compares SM and SX parameters while the lower panel shows their difference
as a function of the SM parameters. Equality between SM and SX are shown as green lines. The RMS value is the standard deviation of
difference between SM and SX values for the same star.

Fig. 10.— Histograms of the adopted spectroscopic parameters (Te↵ , log g, [Fe/H] and V sin i) for all stars in our CKS sample. Adopted
uncertainties (Table 6) are plotted in the upper right corner of each panel. V sin i is difficult to measure for the most slowly rotating stars.
Thus we adopt 2 km s�1 as an upper limit for stars with reported V sin i < 1 km s�1 (dashed line).
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SpecMatch
Teff, log(g), [Fe/H], Vsini

Independently analyze 
spectra with two spectral 

codes.

SME@XSEDE
Teff, log(g), [Fe/H]

CKS Spec. Params
Teff, log(g), [Fe/H], Vsini

Combine parameters,
identify outliers

CKS Phys. Params
M★, R★, age Q16 photometry

P, RP/R★,...

CKS Planet Params
RP, Teq

Isochrone modeling

Re-derive planet properties

1305 Keck/HIRES Spectra

Cargile & Hebb Petigura (Thesis)

Mullally+15

CKS-I: Petigura, Howard, et al. (2017)

CKS-II: Johnson, Petigura, et al. (2017)

Morton 2015



Spectroscopic 
- Teff ~ 60 K (vs ~200 K phot.)
- logg ~ 0.10 dex
- [Fe/H] ~ 0.04 dex
- vsini ~ 1 km/s

Derived 
- R★ ~ 10% (vs ~40% phot.)
- M★ ~ 5% 
- ages ~ 30% 
- distances ~ 10% 
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Figure 1. Stellar masses (M?) and radii (R?) derived from asteroseismology (Huber et al. 2013; H13) and
spectroscopy (this work) for 72 stars in common. Left: comparison of spectroscopic and asteroseismic M?

(linear scale). Equality is represented by the green line. We note that the spectroscopic M? are 1.7% smaller
on average and that there is a 6.3% RMS dispersion in the ratios. Right: comparison of spectroscopic and
asteroseismic R? (log scale). For dwarf stars (94% of the CKS sample), we find that the spectroscopic R? are
4.8% smaller on average and there is a 9.7% RMS dispersion in the ratios.

of systematics inherent to both CKS and Gaia

and constrain dust extinction in the direction of
the Kepler field.

2.5. Comparison with Photometric Parameters

We compare our new stellar parameters to those in
the Q1-Q16 KOI catalogue (Mullally et al. 2015), which
we accessed via the NASA Exoplanet Archive (Akeson
et al. 2013)5 on 2016-12-12. The Q1-Q16 KOI catalog
(Q16 hereafter) contains the stellar properties of Hu-
ber et al. (2014), which were derived from various liter-
ature sources based on asteroseismology, spectroscopy,
and photometry.

The vast majority, 969/1305 (74%) of the stars in the
Huber et al. (2014) catalog that appear in the CKS sam-
ple have only photometric constraints on log g. However,
only 88/1305 (7%) of CKS stars had previous asteroseis-
mic constraints, and 220/1305 (17%) had previous spec-
troscopic constraints on log g. Our new spectroscopic
constraints on log g and stellar radius are generally more

5 http://exoplanetarchive.ipac.caltech.edu/

precise than the previous photometric or spectroscopic
constraints, but we do not improve the stellar radius
precision for stars that already had asteroseismic con-
straints.

Median uncertainties in the Q16 catalog are 13.4%
and 38% for stellar mass and radius respectively, while
the median uncertainties presented in this work are 3.9%
and 11.0% for stellar mass and radius respectively. We
computed the fractional differences in stellar radii,

�R?

R?
=

R?,CKS �R?,Q16

R?,CKS
,

to assess the offset and scatter between the two
samples. When considering all CKS stars, we
found a modest offset between the CKS and Q16
radii, mean(�R?/R?) = 2.8% and a scatter of
RMS(�R?/R?) = 28.2% after removing 7 outliers with
radii differing by more than a factor of two. We com-
puted the fractional differences in stellar masses,

�M?

M?
=

M?,CKS �M?,Q16

M?,CKS
.

On average, the CKS masses had a small offset with
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SpecMatch
Teff, log(g), [Fe/H], Vsini

Independently analyze 
spectra with two spectral 

codes.

SME@XSEDE
Teff, log(g), [Fe/H]

CKS Spec. Params
Teff, log(g), [Fe/H], Vsini

Combine parameters,
identify outliers

CKS Phys. Params
M★, R★, age Q16 photometry

P, RP/R★,...

CKS Planet Params
RP, Teq

Isochrone modeling

Re-derive planet properties

1305 Keck/HIRES Spectra

Cargile & Hebb Petigura (Thesis)

Mullally+15

CKS-I: Petigura, Howard, et al. (2017)

CKS-II: Johnson, Petigura, et al. (2017)

Morton 2015



Gap in Planet Radii
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Super- 
Earths

Sub- 
Neptunes



• The challenge 
• Planet surveys will target 

increasing numbers of stars
• Spectroscopic datasets 

growing
• LAMOST  ~107

• Gaia ~108

• “Bespoke” spectroscopy not 
scalable

• Systematic uncertainties in 
model atmospheres and stellar 
structure (esp. for cool stars) 

Data-Driven Spectroscopy
• The opportunity

• Growing samples of 
“touchstone” stars

• Use spectra of touchstone 
stars to constrain unknown 
stars (no physics!)

• Advances in computation and 
machine-learning make data-
driven spectroscopy tractable



Yee, Petigura, & von Braun 2016 

SpecMatch-Empical: 
Precision Spectroscopy with 
Empirical Spectra

30

See poster by Samuel Yee
Caltech Undergraduate



Yee, Petigura, & von Braun 2016 

Data-Driven Spectroscopy (c. 1900) 
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G8VTarget Spectrum

Spectral Library N ~ dozens

A.J. Cannon



Yee, Petigura, & von Braun 2016 

Data-Driven Spectroscopy (c. 2017) 
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Target Spectrum

Spectral Library

A.J. Cannon

S. Yee

G8V

Spectral Library N~400

Target Spectrum
Teff = 3131K
R★  = 0.20 R⦿

[Fe/H] = 0.1 dex



Yee, Petigura, & von Braun 2016 

Library - Parameters

Cool Dwarfs

Solar type stars

Giants
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Yee, Petigura, & von Braun 2016 

Library – Interferometric Sample

von	Braun	et	al.	(2014)
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Yee, Petigura, & von Braun 2016 

Library – Asteroseismology Sample

Bruntt	et	al.	(2012)
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Yee, Petigura, & von Braun 2016 

Library – Spectroscopic Sample

Brewer	et	al.	(2016)
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Yee, Petigura, & von Braun 2016 

Library – M Dwarfs

Mann	et	al.	(2015)
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Yee, Petigura, & von Braun 2016 

Library – K Dwarfs

(this	work)
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Yee, Petigura, & von Braun 2016 

SpecMatch-Emp Library  
~400 HIRES spectra of touchstone stars
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Yee, Petigura, & von Braun 2016 

Fit target with linear combinations 
of library spectra

40

12

Figure 9. Same as Figure 8, but for the star GL699. The final residuals between the target star and linear combination vanish
almost completely (see § 3.3).



Yee, Petigura, & von Braun 2016 

Assess accuracy with cross-
validation

41

12

Figure 9. Same as Figure 8, but for the star GL699. The final residuals between the target star and linear combination vanish
almost completely (see § 3.3).

Match #1

Match #2

Match #3 Library value

Inferred 

GJ699 All 
Cool 
Stars

Libray 
Uncert.

∆Teff 80 K 70 K 60 K

∆R/R 15% 10% 4%

∆[Fe/H] 
(dex)

0.03 0.12 0.08



•SpecMatch-Empircial
Yee+16 
Precision spectroscopy with empirical library
Spectral library and code freely available on GitHub

•The Cannon 
Ness+15, Casey+16, Ho+16,
Teff, logg, [Fe/H] (ver. 1) and 14 other elements (ver. 2)
Used to characterize 230,000 LAMOST spectra 
(Ho+16)

•The Payne
Ting+17
Teff, logg, [Fe/H], and other 13 other elements
Priors based on model spectra

See poster by Samuel Yee
Caltech Undergraduate

Data-Driven Spectroscopy



Properties of Exoplanet Hosts

• Stellar properties influence planet detectability 
• Precision measurements of stellar radii
• A frontier: data-driven spectroscopy


