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benchmark, n. and ad;.

A.n

1. A fixed point (esp. a cut or mark in a wall, building, etc.),
used by a surveyor as a reference in measuring elevations.

Oxford English Dictionary



benchmark, n. and ad;.

A.n

1. A fixed point (esp. a cut or mark in a wall, building, etc.),
used by a surveyor as a reference in measuring elevations.

2.

a.

In extended use. A point of reference, esp. one from which measurements

may be made; something that serves as a standard by which other similar things
may be measured or evaluated; spec. a standardized problem or test used

for evaluation or comparison.

Computing. A test designed to evaluate or compare the performance
of hardware or software; a piece of software, a data set, etc.,
designed or used for this purpose.

Oxford English Dictionary



Establishing a benchmark

e Careful parameter determination for a given
star with a certain set of techniques, to be
used to test less detailed analyses with similar
techniques

e Careful parameter determination for a given
star with a certain set of techniques, to be
used to test analyses with totally independent
(but perhaps more generally applicable)
techniques
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Artificial benchmark stars
(aka H+H exercises)

Based on models with known properties
(including end-to-end analyses)

Data properties based on observed properties
Test various analysis techniques

Allows in-depth analysis of deficiencies in
techniques

Allows detailed MC statistical analysis to
obtain PDF of inferred quantities



Artificial benchmark stars

Luminosity, L/L

| G'eolrgle |
O—Tj 4 |
4+ Jam , =
O—— Felix
, IZ2y Diva
I ﬁiﬁemy Blofeld |
Elvis
—_—
1l —H Observed_p_ositions o |
. o Exact positions aF .
Evolutionary tracks from Aardvark i
Silva Aguirre et al. (2015) Coco :
6600 6400 6200 6000 5800 5600

Temperature, T, (K)

Reese et al. (2016; A&A 592, A14)



Artificial benchmark stars
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lofeld Aardvark

Artificial benchmark stars
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Artificial benchmark stars
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Solar benchmark: data

Degraded solar data:

e Combined 1150 d green and red VIRGO data
to match the Kepler band pass

* Add noise to correspond to magnitude
Kp=9.17
* Analyse data as for LEGACY stars

Lund et al. (2017; ApJ 835, 172)



Solar benchmark: frequency fits
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The Gaia FGK Benchmark Stars

Library of high resolution and high signal to noise ratio stellar specitra.

. The Gaia FGK Benchmark Stars are a common set of calibration stars, covering different regions of the HR diagram and spanning a wide range in metallicity. We
f;}’_ S have created a homogeneous library in the visual range (480-680 nm) of high resolution and signal to noise ratio (S/N) spectra corresponding to the 34
‘4@% Benchmark Stars and 5 metal-poor candidates. The library provides a powerful tool to assess spectral analysis methods and cross-calibrate spectroscopic
\/ﬁ s,r' surveys. The latest version of the spectra can be downloaded from this site or directly from the FTP. We thank you to cite Blanco-Cuaresma et al. (2014)
— whenever this library is used.

The star selection and the reference parameters improve and evolve with time. Here you can find the list of articles on Gaia FGK benchmark stars:
I. Gaia FGK benchmark stars: Effective temperatures and surface gravities. Heiter et al. 2015, A&A 582, A49.

IIl. The Gaia FGK benchmark stars. High resolution spectral library. Blanco-Cuaresma et al. 2014, A&A 566, A98.

> ol » & [l o] e 5 - (@l » = [eAE =] “r i 54 o am

GBS: An important resource for PLATO Benchmarking



GBS

Heiter et al.
(2015; A&A
582, A49)

Name HD RA (J2000) Dec (J2000) Spectral type V mag [Fe/H]"  u([Fe/H])
F dwarfs

Procyon 61421 073918.119 +051329.96 F5IV-V 04 0.01 0.08
HD 84937 84937 0948 56.098 +134439.32 sdF5 8.3 -2.03 0.08
HD 49933 49933 06 5049.832 -003227.17 F2V 5.8 —0.41 0.08
FGK subgiants

& Eri 23249 034314901 09454821 KI1II-IV 3.5 0.06 0.05
HD 140283 140283 154303.097 -105600.60 sdF3 7.2 -2.36 0.10
€ For 18907 0301 37.637 -280529.60 K2VFe-1.3CH-0.8 5.9 —0.60 0.10
nn Boo 121370 13 5441.079 +182351.79 GOIV 2.7 0.32 0.08
/3 Hyi 2151 002545.070 77151529 GOV 2.8 —0.04 0.06
G dwarfs

a Cen A 128620 14 3936.494 —605002.37 G2V 0.0 0.26 0.08
HD 22879 22879 034022.064 -031301.12 FOV 6.7 —0.86 0.05
Sun 0.03 0.05
u Cas 6582 010816.395 +545513.23 G5Vb 5.2 —0.81 0.03
T Cet 10700  014404.083 -15561493 GRB.5V 3.5 —0.49 0.03
aCen B 128621 143935063 —-605015.10 K1V 1.4 0.22 0.10
18 Sco 146233 161537.269 08220999 G2Va 5.5 0.03 0.03
i Ara 160691 174408701 -515002.59 G3IV-V 5.1 0.35 0.13
B Vir 102870 11 5041.718 +01455299 Fov 3.0 0.24 0.07
FGK giants

Arcturus 124897 14 1539.672 +191056.67 KI1.51II 0.1 —0.52 0.08
HD 122563 122563 1402 31.845 +094109.95 F8IV 6.2 —2.64 0.22
u Leo 85503 095245817 +260025.03 K21 39 0.25 0.15
S Gem 62500 074518.950 +280134.32 KOIIb 1.1 0.13 0.16
e Vir 113226 130210.598 +105732.94 G8III 2.8 0.15 0.16
£ Hya 100407 113300.115 -31512744 GTII 3.5 0.16 0.20
HD 107328 107328 122020981 +031845.26 KOIIIb 5.0 -0.33 0.16
HD 220009 220009 232020.583 +052252.70 K2III 5.0 —0.74 0.13
M giants

a Tau 29139 04 3555.239 +163033.49 K5I 0.9 -0.37 0.17
a Cet 18884 030216773 +040523.06 MI1.51lla 2.5 —0.45 0.47
3 Ara 157244 172517988 -553147.59 K3Ib-II 2.8 —0.05 0.39
¥ Sge 189319 195845429 +192931.73 MOIII 3.5 —0.17 0.39
s Phe 11695 015338.741 -461809.60 MA4III 44 -1.24 0.39
K dwarfs

€ Eni 22049 03 3255.845 -092729.73 K2Vk: 3.7 —0.09 0.06
Gmb 1830 103095 11 52358.769 +374307.23 G8Vp 6.4 -1.46 0.39
61 Cyg A 201091  210653.952 +384457.99 K5V 5.2 -0.33 0.38
61 Cyg B 201092 210655.264 +384431.40 K7V 6.0 —0.38 0.03




GBS




GBS and asteroseismology

* Some stars observed from the ground

— Needs renewed analysis and perhaps observations

Name M [Mz]  uM) Av|[uHz] u(Av) Ref.

. Procyon [.40 0.06 55 1 I
Heiter et al. HD 49933 14 010 852 0.5 >
(2015; A&A § Eri .32 0.04 4338 0.1 3
n Boo [.68 0.08 39.9 0.1 4

82, A49) 3 Hyi .06 0.03 57.24 0.16 5
a Cen A [.13 0.02 106 ] 6

7 Cet 0.78 0.01 169.3 0.3 7

@ Cen B 0.92  0.01 161.38 0.06 8

18 Sco .02 0.03 134.4 0.3 9

u Ara 0.91 0.06 90 | 10

B Vir [.41 0.05 72.07 0.10 11

Arcturus 0.62 0.08 0.83 0.05 12

S Gem .96  0.09 7.14 0.12 13

& Hya 2.94 0.15 7.11 0.14 14
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B Model fitting Asteroseismology B Hyi - FGK subgiant
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GBS and asteroseismology

Some stars observed from the ground
— Needs renewed analysis and perhaps observations

No GBS in the Kepler nominal field

GBS with TESS: almost all are high priority for
asteroseismology



Composition of GBS
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HD122563: metal-poor halo star
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HD122563: metal-poor halo star
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Benchmarks in open clusters

Independent age determination

Better handle on composition

M67 red giants
with K2

Lund et al.

M67 (SC + LC stamps)
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Benchmarks in open clusters

Independent age determination
Better handle on composition
Further data from K2: Hyades, M67, ....

Consider potential with TESS and PLATO
(but PSF, confusion, will be an issue)



Benchmarks in eclipsing binaries

e Potentially accurate(?) masses and radii from
binary orbits

 Compare with asteroseismic results

— From Kepler: several red giants
(see also talk by Gaulme)

— Good potential with TESS

— Excellent potential with PLATO
(see talk by Lebreton)



Kepler EB red giants
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Gaia benchmarking of
asteroseismology: DR1
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Gaia benchmarking of
asteroseismology: DR2
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Asteroseismic benchmarking of
gyrochromochronology
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2.0

Asteroseismic
benchmarking of
gyrochromochronology

/'Do bs

Ppred

PpredfPo bs

See also talk by do Nascimento

1.5
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Possible actions

* Include bright Kepler asteroseismic targets
amongst GBS (or PBS)

* Ensure detailed asteroseismic analysis of the
TESS GBS

e Establish a Benchmark WG?



