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planets as a function of planet radius and orbital period Table 1

(Howard et al.2012 Dressing & Charbonnea2013 Fressin Papers from the Californigepler Survey

et al. 2013 Petigura et al2013. Further work showed that  Primary CKS Papers

Earth-size planets are common in and near the habitable zon€Ks I. High-resolution Spectroscopy of 1305 Stars Hostiegler Transiting

(Petigura et al.2013a Burke et al. 2015 Dressing & Planetg(this papey

Charbonnea@OlE). CKSf Il.gricise Phtys:;gll;roperties of 20é&pler Planets and Their Host
H HS H o ars(Jonnson et al

Ke?)?e:rglg?]g?;tislIEglr;gu;ﬁgo(;fI?hLaLgoitS;?grStrl)iiL;:ia;ZS%Ssi?]fg CKS lll. A Gap |n t.he Radius Distribution of Small .Plan(sﬁslton et a|2917)

) CKS IV. Metallicities ofKepler Planet Host4E. Petigura et al. 2017, in

only broadband photometry, théepler Input Catalog(KIC; preparatiop

Brown et al.2011]) provided stellar effective temperatures and cks V. Stellar and Planetary PropertieXeplerMulti-planet System@Neiss

radii good to about 200 K and 30%. These parameters limit the et al.2017

precision of planet size and incident stellax measurements, Related Papers Using CKS Data

obscuring important features. For example, ang details in Detection of Stars Within 0”8 of Kepler Objects of InterestKolbl et al.

. P 2019
the rad.lus. dlstrlbu'qon of_planets are .Smeared OL.J.t by theAbsence of a Metallicity Effect for Ultra-short-period Plar(@énn et al.
uncertainties associated with photometric stellar radii. 2017

This paper 'n_trOduceS the_CahforrK@plerSurvey(CKS), a Identifying YoungKepler Planet Host Stars from Keck-HIRES Spectra of
large observational campaign to measure the properties of Lithium (T. Berger et al. 2017, in preparatjon

Keplerplanets and their host stars. CKS is designed in the same
spirit as the pioneering spectroscopic surveys of nearby stars
targeted in Doppler planet searclfgalenti & Fischer2005.
By providing a large sample of well-characterized stars, those 2. The California-Kepler Survey
early surveys mapped out the strong correlat_ion_ between giant- 2.1. Project Plan
planet occurrence and stellar metallicitfFischer &
Valenti 2005 and planet occurrence as a function of planet The original goal of the CKS project was to measure the
mass, stellar mass, and orbital d|5ta(@mm|ng et al2008 stellar properties of a" 997 host stars in thet |argeKep|er
Howard et al2010h Johnson et aR010). planet catalog(_Borpckl et al.20171). As the Kepler planet

For the CKS project, we measure stellar parameters andatalogs grew in siz(Batalha et al2013 Burke et al.2014,
conduct statistical analyses of t#epler planet population. A W€ decided on a magnitude limit dfp 142 (Kepler
central motivation for CKS was to reduce the uncertainty in the @PParent magnitugiéor the primary CKS sample. Most of the
sizes oKeplerstars and planets from typically 30% in the KIC SPectra were collected during the 2012, 2013, and 2014

o ; o . : C _observing seasons. During this time, the tabuldtigposi-
to 10% using high-resolution spectroscopy. With Fhls.|m.pro.ve tions' of some KOIs changed betweerandidate, * con-
ment, CKS enables more powerful and discriminating

rmed’,’_“ validated; and “false positivé. We discuss the

the properties of the planet and the host star, including its mass,4ve 1ow probabilities of being false positives, typicaly0%

age, and metallicity. _ _ (Morton & Johnsor2011). For simplicity, we refer to KOls as
The CKS project grew out of experience with tkepler “planets throughout much of this paper, except when
Follow-up Observation PrograkFOP; Gautier et al2010), describing known false positives.

which carried out extensive ground-based observations of The CKS project is independent from the KFOP observa-
hundreds ofkepler Objects of Interes{KOls) using many  tjons that were in direct support of thepler mission. CKS
facilities operated by dozens of astrononiérEhese observa-  observations of the magnitude-limited san{pke SectioR.3)

tions included direct imagindAdams et al.2012 2013 were conducted using Keck time granted for this project by the
Baranec et al2016 Furlan et al2017 Ziegler et al2017) as University of California, the California Institute of Technology,
well as high-resolution spectroscofuchhave et al2012 and the University of Hawaii. Observations of the sample of
2014 Gautier et al.2012 Everett et al2013. The Spitzer ~ multi-planet systems were supported by Keck time from the
Space Telescopeas also used for characterizationkeafpler University of California. The samples of ultra-short period
discovered planetésert et al2015. (USP planets and habitable zone planets were observed using

spectroscopic pipeline€Section 3), the catalog of spectro- 'echnology speccally for this project. Most of the CKS
scopic parameteréSection4), a comparison of results from results( 1000 starsare derived from spectra reported here for

. ; the rst time. Some of the CKS stafs 300 1305 were
other surveys(Section5), and a summary of conclusions ) :
(Section6). Table 1 outlines the papers in the CKS series. observed with Keck-HIRES as part of the NASA Keck time

- . arded to the KFOP team spezally for mission support and
Paper Il presents the stellar radii, masses, and approximate ag§ e included in CKS. Those pFI)’eViO)L/JS observationsva\)/ere for the
for stars in the CKS sample, based on the spectroscopi X

~~Ytharacterization of noteworthy systems or as part of determin-
parameters presented here. Papers lll, IV, and V are statistic g precise planet masses. The KFOP observations are
analyses of planet and star properties enabled by this large angescriped inKepler Data Release 2%DR25; Mathur et al.
precise catalog. A set of related papers make use of the CK$017 and include spectroscopic parameters that may vary
data to conduct complementary analyses. slightly compared with our results. See E. Furlan et24117,
in preparatiop for a summary of KFOP spectroscopy. All

15 This effort was later enlarged to include any willing observers and renamedSPectra used in this paper are publicly available on the Keck
the Community Follow-up Observing Progrd@FOP. Observatory Archive.
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Figure 8. Four panels showing the differences in stellar parameters determined independently by the Sf@kylatthSME@XSEDHESX;4,) algorithms. Panels
correspond tde (upper lef}, logg (upper righy, [Fe/ H (lower righ), andV sini (lower righ). Each panel shows the difference between the SM and raw SX
parameter values for each star, as a function of the SM values. Annotations give the mean and rms differences between the SM and uncalibratefesNicatalog
show the corrections that were applied to SX parameter v@aesSectiod.2). Subsequentgures show SX parameter values with these corrections applied. We
have highlighted the 26 stars where sigaint disagreement exists between the two metfsmds Section.4). These stars are excluded from the calibrations and
subsequent analyses.

4.5. Adopted Values validation standards against which we calibrate the CKS

Tables lists the adopted valud@s, logg, [Fe/ H, andV sini, results. These results are summarized in Table

as well as individual determinations by the SpecMatch and

SME@XSEDE pipelines. We also list radial yelocities relative 4.6.1. Huber et al(2013
to the barycenter of the solar system, having accuracies of
0.1km s 1, determined using the method of Chubak ef24112). Huber et al(2013 measured the properties of 77 planet host

stars usingKepler asteroseismology. The asteroseismic analy-
. N . . sis is much more precise than our spectroscopic methoddn
4.6. Precise Validation with the Platinum Sample determination and is only modestly sensitive to the input values
All methods to determine spectroscopic parameters haveof Tey and [Fe/H, which were measured by the stellar
some systematic and random errors. We use two methodsparameter classtation(SPQ method(Buchhave et ak012.
asteroseismology and line-by-line spectroscopic synthesis, a#s described in Petigu@015, we used 7Df the stars in the
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Figure 9. Comparison of SpecMatct8M) and SME@XSEDHSX) values forTes, logg, and[Fe/ H. The SME@XSEDE values have been adjusted to the
SpecMatch scaléSection4.3). 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.

Huber et al.(2013 sample to compare with our CKS results. show good agreement with negligitoffsets and low scatter. This
Figure 11 compares the spectroscopic parameters for the stargstablishes the precision and accuracy of SpecMatch and CKS
in common between CKS and Huber et @013. We nd (see Sectiod.7 and Tableg).

excellent agreement iag g with an offset 0f50.03 dex and an

rms of 0.08 dex between the two measurement techniques. This 4.7. Uncertainties

tight agreement between asteroseismology and CKS supports
the 0.10dex adopted uncertainty for the CK&yg values.

For the lowest gravity stars in the comparison, we note a
systematic trend in%ogg. At logg = 3.2dex, the CKS
gravities are 0.2lex larger than the Huber et €013 values.
This trend may be due in part to discrepancies betwedliBe
spectroscopic gravities and asteroseismic gravities for evolve
stars. B16 demonstrated 0.08ex (rmg agreement with
asteroseismology for a sample of 4epler stars with

logg = 3.74.5dex. Thus, theB16 gravities may be offset
: : o . ; based on the agreement between SpecMatctBafdurface
from asterosiesmic gravities for stars witgg < 3.7 dex. This gravities. This is supported by the 0.08x agreement between

systematic trend affects only a small subset of the CKS sample ol
The vast majority(97% of the stars are high gravity oPecMatch and SME@XSEDE gravitgsgure9) as well as
the agreement with asteroseismic gravities, presented in

(logg 3.7 dexX, where we see excellent agreement with Sectionsd 6.1and4.6.2

asteroseismology. ; . .

For spectroscopic analyses, modeling uncertainties such as
incomplete or inaccurate line lists, imperfect model atmo-
spheres, and the assumption of LTE willience the derived

As a second validation sample, we used the results for the 93¢, logg, and[Fe/ H. ForTe andlogg, there are independent
“platinum stars$,identi ed and analyzed by th&epler Project measurement techniques that yield parameters with precisions
to establish stellar parameters of the highest possible accuracyand accuracies that are comparable to, or higher than, those
These 93 stars are all bright and were subjects of asteroseismitom spectroscopy. Examples include the Infrared Flux Method
and spectroscopic analyses. Bruntt e{2012 B12) gathered for Tex and asteroseismology fdoegg. These independent
high-resolution(R = 80,000, high N (200-300 per pixel techniques are often used to characterize the modeling
spectra of these solar-type stars using the ESPaDOnSincertainties associated with spectroscopy.
spectrograph on the 3r6 CanadafFranceHawaii Telescope. Characterizing the effect of modeling uncertainties on
They used the VWA(Bruntt et al. 2010 analysis tool to  spectroscopic metallicities is challenging because there are no
perform an iterative, line-by-line spectroscopic synthesis tonon-spectroscopy techniques with comparable pregision
match the observed spectra. This tool has itself been calibratedccuracy that can serve to validate the spectroscopic metalli-
on samples with asteroseismic and interferometric measureeities. A standard method to quantify such errors is to compare
ments. The spectroscopits were done witlogg held xed to metallicities derived through different codes with the assump-
values determined by asteroseismic analysisegfier photo- tion that the model-dependent uncertainties areated in the
metry (Verner et al2011a 20111. scatter and offsets between the two techniques.

Figure12 compares the spectroscoparameters for 57 stars in We note the agreement betweeatatlicities derived through
common between SpecMatch dBd2). Note that these stars are four different techniques thatl @nalyzed high-resolution, high
generally not the hosts of trétingy planets, and thus are not part SNR spectra. SpecMatch, SME@XSEBHS, andB12 used a
of the CKS sample. The HIRES spectra for this comparison werevariety of line lists, radiative transfer codes, and model atmo-
gathered separately. The paramelggs logg, and[Fe/H all spheres. We observe a 0.036 dex scatter between SpecMatch and

We adopt a precision of 60 K fdg; for comparison within
this catalog. This is based on the &0agreement between
SpecMatch and Brewer et a(201§ B16) temperatures.
Because of systematic differences betwRgrscales between
catalogs(see, e.g., Pinsonneault et @012 Brewer et al.
&016, we encourage adding 100 systematic uncertainty in
gquadraturg(116 K total uncertainjyfor applications beyond
internal comparisons within the CKS catalog.

We adopt alogg uncertainty in this catalog of 0.10 dex

4.6.2. Bruntt et al(2012
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Figure 10. Histograms of the adopted spectroscopic param@tgrdogg, [Fe/ H, andV sini) for all stars in our CKS sample. Adopted uncertainfieble6) are
plotted in the upper right corner of each pawelini is dif cult to measure for the most slowly rotating stars. Thus we adapt2* as an upper limit for stars with
reportedV sini < 1 kms * (dashed ling

Table 5
Spectroscopic Parameters
Adopted Values SpecMatch SME@XSEDE
KOI Tot logg  [Fe/H V sini Test logg  [Fe/H V sini Test logg  [Fe/H V sini TRV
No. (K) (dex (dexX (kms 1) (K) (dex (dexX (kms 1 (K) (dex (dex) (kms 1 (kms?)
K00001 5819 4.40 +0.01 1.3 5853 4.43 +0.02 1.3 5785 4.37 +0.01 4.3 +0.5
K00002 6449 413 +0.20 5.2 6376 413 +0.21 5.2 6521 414 +0.20 6.1 $10.4
K00003 4864 450 +0.33 3.2 4864 450 +0.33 3.2 4696 3.97 $0.36 3.1 $63.4
K00006 6348 436 +0.04 11.8 6348 436 +0.04 11.8 S$42.8
K00007 5827 409 +0.18 2.8 5813 4.03 +0.17 2.8 5841 415 +0.18 4.6 $60.8

Note. Adopted Values are our best determination of the spectroscopic parameters after calibrating the SME@XSEDE values and averaging with the SpecMat
values. Uncertainties for the Adopted Values are summarized in@abtéSectior.7. Results from SME@XSED@fter the calibrations described in Secto?)
and SpecMatch are also presented.

(This table is available in its entirety in machine-readable jorm.

SME@XSEDE metallicites and a 0.06 dex scatter betweennote a slight deviation from the one-to-one line and a mean
SpecMatch an@16 metallicities. offset of 0.056 dex. This rects different metallicity scales

The metallicities of both SpecMatch and SME@XSEDE associated with thB16 andB12 analyses, which likely stem
were placed onto thB16 scale, so there are no mean offsets from different line lists, model atmospheres, radiative
by construction. However, in comparing SM B12, we transfer codes, etc.
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