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Abstract

This document concerns with the design of the TWP "Radiabsi&y Zero-point”.
The main goal of this TWP is to establish the grid of grounddubreference sources
(stars and asteroids) for the radial velocity zero-pointhef RVS, to be used by the
"Spectroscopic Global Iterative Solution” software désed in the RVS calibration
SDD by Huckle et al. (2007). As already mentioned in the assed SRS document,
this task is not a real software product under scope of CNI&gh it requires the
development of a specific database for ground-based obssvaThe SDD template

has been consequently adapted here for reasons of homtygesteieen all TWPs of
CuU6.
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1 Introduction

1.1 Objectives

The RVS having no wavelength calibration device onboarel Spectroscopic Global Iterative
Solution (see RD2) will use a large sample of GAIA-selecifgnence stars, i.e. qualified as
reference based on GAIA observations. These "well behat@ad” (bright, RV-stable and of
a well-suited spectral type) will allow to iteratively degithe wavelength of the RVS instru-
ment and the RV of the stars in a "relative” reference framiee $o-called RV-STD stars are
stars which have a very stable and accurate RV already kn@mamgrior ground-based studies.
These RV-STD stars and asteroids (for which celestial nachajives a very precise RV) will
be used to derive the transformations from SGIS relativeregice frame to an absolute refer-
ence frame. These transformations are referred to as zarbquorections. Due to a lack of
bright asteroids to be observed by RVS, and their peculgridution over the sky, the main
ground-based reference sources for the RV zero-point @iR3-STD stars. The asteroids how-
ever, will be the ultimate references, as the kinematicaladilocity (KRV) can be known with
a very high accuracy and in an absolute way, for only thesraids.

Thus our main objectives are to build a list of ground-basderence stars from existing cata-
logues of radial velocities and new dedicated ground-babsdrvations, and to check the RV
measurements of these RV-STD stars with those of asterdidsad-hoc database will also
be built for an easy use and verification of the data obtainigl evfferent ground-based in-
struments, as well as for permitting the exchange of datair@odmnation through the GAIA
community.

A secondary objective is to determine KRV of stars from ti8RV taking into account astro-
physical corrections (gravitationnal redshift, conveetlueshift).

1.2 Scope

The list of RV-STD stars (objective of WP-S-640-03000) veNolve with time and its content
will be ultimately confirmed only at the end of the mission.ughhe design given here for cycle
2 will be refined in next cycles.

The list of asteroids (objective of WP-S-640-04000) wilpead on the date of the launch and
ephemeris. Simulation of data and spectroscopic obsensatf asteroids are in progress.
The software module "Astrophysical zero-point” (WP-S-88D00) will be run using all use-
ful information from photometry, spectroscopy (RVS) antt@setry.

Taking into account the scope of this TWP, the present SDDnsposed of five main parts:

e list of RV-STD stars §{2)
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ground-based observatiori8j

database for CU6 & CU&#4)

list for reference sources : asteroi@S)

software module : astrophysical zero-poig)

1.3 Applicable Documents

AD1 : GAIA-C1-SP-CNES-TL-001
Product assurance and engineering provisions for softderelopment

AD2 : GAIA-C6-SP-OPM-DK-003-2
CUG6 Software Development Plan

1.4 Reference Documents

RD1 : GAIA-C6-SP-UM2-GJ-001-1
Software Requirements Specification, Radial Velocity Zeomt

RD2 : GAIA-C6-TN-OPM-AG-001-01
Prototype of the spectroscopic global iterative solution

RD3 : GAIA-C6-SP-OPM-PS-002-1
Simulation Requirements for spectroscopic processingyfole 2

1.5 Definitions, acronyms, and abbreviations

For all functional requirements used in this document, thestant prefix CU6-WP640-S will
be omitted.

AIP :Astrophysikalisches Institut Postdam ASU : AstronoahiServer URL (see http://cdsweb.u-
strasbg.fr/doc/asu.html)

BVC : Barycentric Velocity Correction

HR : Hertzsprung-Russell KRV : Kinematic Radial Velocity

RV : Spectroscopic Radial velocity (see also SRV)

RVS : Radial Velocity Spectrometer

SGIS : Spectroscopic Global Iterative Solution

SRV : Spectroscopic Radial velocity
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STD : Standard
TBD : To Be Defined
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2 List of RV-STD stars

The selection criteria for the list of RV-STD stars are cogniirom the functional requirements
given in the SRS document (see RD1).

e 1: RV-STD stars are sufficiently numerous so that the SGI8vsoé converges
(FUNC-3000-20)

e 2: RV-STD stars verify some physical properties from the PARCOS catalogue
(FUNC-3000-30)

3 : Brightness of RV-STD stars guarantees high S/N for RV8tspaéFUNC-3000-
40)

4 : RV-STD are RV-stable (FUNC-3000-60)

e 5: RV Measurements of RV-STD stars are numerous and of goalityj(FUNC-
3000-50)

6 : RV-STD stars cover properly the sky (FUNC-3000-10)

7 : Spectra of RV-STD stars are not contaminated by neigts@GwNC-3000-70)

For the sake of homogeneity, we estimate that the candid&®&T® stars should belong:

- to only a FEW recent lists of well-observed stars with RV,
- and to a subset of the HIPPARCOS Catalogue, to check preperh photometry, spectral
type, variability, some multiplicity, etc.... The preséifiP subset is called "gaia6”.

Up to now, the selected RV lists are:

e "The Geneva-Copenhagen Survey of Solar neighbourhoodNdrglstrom et al,
2004, Astron. Astrophys. 419, 989, where the RVs are maibtgioed from the
CORAVEL telescopes (N and S);

e "Radial velocities for 6691 K and M giants” , by Famaey et @03, Astron. As-
trophys. 430, 165, where the RVs are all obtained from theliéon CORAVEL;

e "Radial velocities of 889 late-type stars”, by Nidever et 2002, Astrophys. J.
Suppl. Ser. 141, 503, where the RVs are obtained from the BIB&helle spec-
trometer on the KECK1 telescope, and from the Hamilton éetsglectrometer fed
by either the 3m Shane or the 0.6m CAT at Lick.

A selection within these RV lists, and intersection with igfi, produces the provisional list
"faninor4”, used for plotting Figures 1, 2 and 3.
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Nidever02 +Nordstrom04 +Famaey06, 3623 HIP stars to be kept as RVS references

Nlord04 i

80 Famaey05 -
Nid02 =
gal.plang -------
60 POAPPR I, ecliptic
¢, X, e DAY A Y
RIRCAARAE I SR
®
40 | , ]
*.: A
e 0.& / hd ° "
."2 o t e 53{ i?«., o*:‘.' : ':.'.“.
PO NI et ‘*s‘n' Be ;’* XY, M
RTINS RN L TP T
O CINICR R RS R
M TR W CIEY o ¥ ¢ *
[ X J

LAl Y
i R
**H ﬂ *.\

Declination, degrees

0 30 60 90 120 150 180 210 240 270 300 330 360
Right Ascension, degrees

Figure 2. Coverage of the sky by the faninor4 sample.
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Intersection Gaia6/Nid02 +Nordstrom04 +Famaey05, HR diagram
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Figure 3: The HR diagram for the faninor4 sample.
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2.1 Design to requirement traceability

FUNC-3000-10 PC; seeg2.7
FUNC-3000-20 PC; see§2.2
FUNC-3000-30 C; see52.3

FUNC-3000-40 PC; sees2.4
FUNC-3000-50 PC; see52.6
FUNC-3000-60 PC; see§2.5
FUNC-3000-70 PC; see§2.8

2.2 Number of stars

Requirement Compliance Description
[CUB-WP640 PC Density of the reference stars in the sky coverage: TBD
S-FUNC-3000-20 (thus total number of reference stars : TBD)

In order to ensure the convergence of the SGIS softwareg theist be a nominal number of
RV-STD stars. This number will be derived later from simigdas carried out within CUG6 ; itis

presently estimated to be about 1000.

Some RV-STD candidate stars could prove to be RV-variabth tine. We have estimated
that the worst percentage of reject would be 50% in the irlisa Therefore, the provisional

list should contain about 2000 RV-STD stars, or 1000 per bphare, before final selection
through new observations.

2.3 Physical properties

Requirement Compliance Description

[CUB-WP640 C The reference stars belong to the HIPPARCOS cata-

S-FUNC-3000-30 logue ; they have a late-type spectral type and are not
known as photometric variables nor as binaries.

The selected HIPPARCOS stars (provisional "gaia6” listjfyehe following properties :

e Spectral type F5-G-K (HIP field H76), in order to select ortbrs with a lot of lines
in the RVS wavelength range. Among them giant stars with< B — V < 1.2
(corresponding to G8III-K2Ill stars in the giant clump) aspecially interesting
due to the RV-stability criteria by Bizyaev et al. (2006, 8111784) and Hekker et
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al. (2006, A&A 454,943).
M dwarfs have also been selected, though molecular banda abberate the preci-
sion of their SRV.

e No variability (due to pulsation, rotating spots, etc): stamt or microvariable in
HIP (HIP field H52); and error on magnituge0.1.

e Not double/multiple (HIP fields H2, H43, H58, H64).

2.4 Brightness

Requirement Compliance Description
[CUB-WP640 PC 6 <V;Grys <10
S-FUNC-3000-40

The histogram concerning the distribution of magnituddamnor4 is given in Fig.1. Criterion
on brightness could be modified if necessary in next cyclastiie red stars for instance).

The calculation of7rys is made by the transformation formulae given in the GAIA Ragter
Database using the HIP values of V and V-I, although it hags lseewn by Platais et al. (2003,
A&A 397,997) that the HIP values of V-I are slightly wrong.

2.5 RV-stability

Requirement Compliance Description

[CUB-WP640 PC RV-stability : o¢(RV) < 300ms™' (no high RV-

S-FUNC-3000-60 variations due to binarity, pulsation, etc...)o;being
the standard deviation of measurements.

Expected accuracy for the RV to be obtained with the RVS shbalat the best kms™! (see
RVS WG, Katz & Crifo, etc...). Taking into account the newualof the number of RV-STD
candidates (se§2.3), this criterion could become more severe (s&gV) < 100 ms™') for
some stars in cycle 3.

The number of measurements should be at least 2.
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2.6 Observational history

Requirement Compliance Description

[CUB-WP640 PC "Good” observationnal history (spectra with a high

S-FUNC-3000-50 S/N, high number of measurements, time span of |ob-
servations of several years).

The presently selected RV-STD candidates have all beemadzkalready at least twice before
2004. This is however not enough for insuring good stabdityg no drift until the end of mis-
sion (2017). In particular, high-eccentricity or long-jper binaries may not have been fully
detected and eliminated. Consequently, new additionalrgtdbased observations have to be
performed in order to statistically avoid such binariescéwding to S. Udry (private commu-
nication), each candidate star must have before launclasit B2observations spanning over a
time interval of at least 10 years.

2.7 Coverage of the sky

Requirement Compliance Description
[CUB-WP640 PC Sky coverage of the reference stars : as uniform as pos-
S-FUNC-3000-10 sible, and with no "holes”.

Stars belonging to the provisional file "faninor4” are péatin Fig.2 (sky distribution) and Fig.3
(HR-diagram per list). The northern hemisphere is betteecsd by "faninor4” than the south-
ern one. According t§2.3 a list of 1000 RV-STD candidates is desirable for eachisignere.
The "faninor4” list having 1016 stars in the south, and so®@®n the north, further selection
is allowed in the north. However, as the southern hemisplaeks of good giants, some more
southern star lists should be examined (the Famaey staadl arehe northern hemisphere).
Fig.2 exhibits a "hole”, near coordinates & 140, = —20): is it a problem ? (this question
will be put to concerned colleagues at the CU6 Workshop 3dbon21-23 May 2007).

2.8 Overlap of spectra

Requirement Compliance Description

[CUB-WP640 PC For each RV-STD star : absence of neighbouxsy( <

S-FUNC-3000-70 5) within a 70” radius in the sky (their spectra coyld
contaminate the reference source spectrum).
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Due to the windowing of the RVS CCDs and to the extension ofiextra in the AL direction,
some spectra may overlap. RV-STD spectra should not be oamaged by neighbours, what-
ever the orientation of the scan can be (Here we don't try timese the pertubation produced
by the stars belonging to the conjugate field, which shoulchbee randomly distributed.)

The acceptable magnitude difference and angular distaneeighbours relative to each RV-
STD are under study and should be available in cycle 3. Pregank (cycle 2) is concerned

with :

e Systematic search for disturbing neighbours around thiadah stars (magnitude
difference presently taken @&m < 5) within a 70” radius on the sky using the
USNO-BL1 catalogue (a spectrum is 62 arc-sec long).

e Study of composite spectra in combining two synthetic gpeeith different spec-
tral types, relative fluxes and S/N ratios.
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3 Ground-based observations

3.1 Design to requirement traceability

Requirement Compliance Description

[CUB-WP640 C Ground-based observations have to be made beforg the

S-FUNC-3000-80 launch and during the mission in order to guarantee the
RV-stability (see FUNC-3000-60) of the reference stars.

3.2 Instruments

The aim of the ground-based observations is to qualify aSRB-the candidates selected fol-
lowing the seven criteria describedj@. New measurements of their RV, with high resolution
echelle spectrographs, make it possible to verify theiglterm stability. Four instruments
are forseen : SOPHIE at OHP, NARVAL at Pic du Midi, CORALIE Swifacility at La Silla
Observatory, FEROS at ESO La Silla.

The echelle spectrographs NARVAL and FEROS have been sdl&gtcause they include in
their spectral range the RVS interval 847-874 nm from whiehwill study possible systematic
effects between the radial velocity measured from the fptlaal range and the RVS range.
These 2 echelle spectrographs are the only ones which fulifitequirements :

e easy access for the european community

e 2-meter class telescopes (our candidates are bright, A0, and do not require
larger telescopes)

e suitable for accurate RV measurements
¢ include the RVS range

e one in the North, one in the South to achieve the sky coverage

However FEROS is in question because of a gap in its wavdieagge (853.4nm to 854.1nm)
on Ca line of the RVS range which compromises the forsees.test

The proposal on NARVAL for the first 2007 semester has failmd,a new proposal will be
applied for semester 2007B.

Nine nights on SOPHIE have been obtained. On average 40-50éasurements can be real-
ized per clear night.
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A Memory Of Understanding is being negotiated with the Gen@bservatory (M. Mayor &
S. Udry) to obtain 3 nights per semester on CORALIE.

Several asteroids and IAU standards are systematicalrodd with the candidates to check
the consistency between the different instruments andtttheezero-point scale. In order to
obtain a final grid of 1000 RV-STD, a larger number of candiddtas to be observed. The ex-
act number depends on the rate of rejection that we will havade. We start with candidates
that have already an observational history. The consiiiudf the "faninor4” list, as explained
above §2.1), is aimed at providing the best observing list. We estenthat at least 2000 stars
should be followed-up to obtain a reliable grid of 1250 stkefore launch and a final number of
1000 stable stars at the end of the mission. Frederic Arenmaking simulations to estimate
the rate of undetected binaries in our list of candidates.

Depending on the observational history of the candidates po several observations should be
done.

3.3 Status of observations

A first run on ELODIE took place in Febuary 2006, but with vepopweather conditions that
did not allow us to obtain a sufficient number of spectra widtb@ S/N ratio. The lesson learned
from this run is that we need a S/N (at 550 nm) of at least 20 taswme precise RV.

Our first run on SOPHIE took place in November 2006 for 5 nightse weather was good for
about half of the time and we could obtain 122 spectra :

- 11 IAU standards

- 24 asteroids

- 89 reference star candidates (29 from the Nidever's IBfyém the Famaey’s list).

The S/N ratios are very good (50 on average) and accordimgtiypical exposure times needed
for our targets, we know now that we can count on 50 specteaat per (good) night.

We made various comparisons of RV obtained from SOPHIE, EIEOD@rchive) and those
published in the reference catalogues : IAU standards, $fiamch and Famaey catalogues
(CORAVEL), Nidever catalogue. We found an offset betweenRWV system of SOPHIE and
ELODIE (120 m/s) which has to be modeled. We also learnedGRERAVEL measurements
have a precision of several 100 m/s. Consequently, the |Addsirds that we use to set the
zero-point from one run to another have to be selected inti@&EE list, not in the CORAVEL
one. Moreover, our reference star candidates from Nonastnod Famaey catalogues have to
be carefully selected regarding to their observationabhysand dispersion of CORAVEL RV.
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4 Database for CU6 & CUS8

Data associated with the ground-based reference stdngy éibm the literature or from our
dedicated ground-based observations, will be integrateddynamical database according to
criteria of RV-stability. Required for both CU6 & CUS8, thetdbase is aimed at storing both
the astrophysical parameters (CU8) and the radial veésc{ttU6) from ground-based obser-
vations for a large number of reference stars that will beeolesd during the mission. Stars
with the requested properties (stability over severalyéarRV-STD stars) will thus be easily
selected from the database and used for calibration puspd$e database consists of a set of
four tables which can be accessed and updated via a webaicgenblus a local disk storage
(functional requirements are those given in the SRS doctireea AD1):

e Basic Data Table : stores external information, i.e notdohko CU6 or CU8 obser-
vations, on the objects (FUNC-3000-100).

e RV measurements Table : stores radial velocities and agsdajuantities/description
to assess the radial velocity stability (FUNC-3000-400).

e Stellar parameters measurement Table : stores measubed gggameters for a
given observation (FUNC-3000-500).

e Observation Table : contains a full description of the obson and associated
spectra (FUNC-3000-300).

e Calibrated ground-based spectra will be stored in a losi stiorage (FUNC-3000-
200)

e The database can be accessed using a web-application (BO8E600)
See Fig. 4.

4.1 Design to requirement traceability

FUNC-3000-100 PC; seet4.2
FUNC-3000-200 NC ; sees4.6
FUNC-3000-300 NC ; see§4.5
FUNC-3000-400 NC ; seeg4.3
FUNC-3000-500 NC ; seet4.4
FUNC-3000-600 C; see§4.7
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Figure 4: Structure of the CU6 & CU8 external database aratfarte. The database consists
of four tables containing the description of the objectsljabvelocity measurements, stellar
parameters measurements and description of the observAtigeb interface hosted at the AIP

enables to query and update the database.
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4.2 Basic data

Requirement Compliance Description
[CUB-WP640 PC The database will store basic data for stars extracted
S-FUNC-3000-100 from literature and other databases.

These basic data are well defined (see below), but not yetdstor each RV-STD candidate.

TheBasic DataTable stores the following data (1 line per object):

Identifiers : Hipparcos, 2MASS, HD, UCAC2 (primary identr§gBD, CPD, Tycho-
2 (secondary identifiers)

Photometry : B, V, | from Hipparcos (but other sources candeifor updates) J,
H, K from 2MASS with associated errors and photometric flagy,{3TBD).

Astrometry : proper motions (J2000), associated errorssanidce parallaxe from
Hipparcos or other sources, position (RA, DE) in degree020

Spectral classification

Variability

4.3 RV measurements

Requirement Compliance Description
[CUB-WP640 NC The external database will store RV measurements|(old
S-FUNC-3000-400 and new) and associated quantities for CU6.

The RV measuremenfBable, not yet implemented, will store the following datalifie per
measurement):

¢ |dentifiers (both primary and secondary, see above)

¢ radial velocity (km/s)
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associated error (km/s)

method used (to select from a drop down-list in the web iataf

observation date (Julian date)

instrument used

resolution of the instrument when indicated.

(The last three columns are used to define uniquely an oligmrya

4.4 Stellar parameters measurements

Requirement Compliance Description
[CUB-WP640 NC The database will store stellar parameters measure-
S-FUNC-3000-500 ments for CU8.

This work is in progress within CU8. Thgtellar parameters measuremérable will store (1
line per measurement):

measured stellar parameters for a given observation.

¢ Identifiers (both primary and secondary)

e Stellar parameters : ., log g, [M/H], [alpha/Fe], \kin i (km/s)

e associated errors

e method used to calculate the parameter (one per paramaterafdrop-down list)
e observation date (Julian date)

e instrument used

e resolution of the instrument.

(The last three columns of the table are used to describeuelyi@n observation. As stellar
parameters can also be obtained from pure photometric migthimose fields can be empty for
a given measurement.)
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4.5 Observations

Requirement Compliance Description
[CUB-WP640 NC The external database will store full description of ob-
S-FUNC-3000-300 servations and associated spectra.

The Observatiortable will be implemented in cycle 3. It will contain a full sleription of the
observation and associated spectra (1 line per obseryation

4.6 Spectra storage

Requirement Compliance Description

[CUB-WP640 NC The database will store spectra from dedicated groyind-

S-FUNC-3000-200 based observations for CU6 & CU8, before and during
the GAIA mission.

Spectra are not yet stored. There will be calibrated grduamkd spectra in the database, but
also raw spectra with associated calibration files and udeafa (hame and version of software
used for processing spectra).

4.7 WEB interface

Requirement Compliance Description
[CUB-WP640 C The external database will be reachable through a Web
S-FUNC-3000-600 interface.

The database can be accessed using a web-application tbystad Astrophysical Institute
Postdam Its URL is : http://gaia.aip.de/cu6a8

The access is password protected for security as databdageupatures are available in the
web-application ; it is presently restricted to four peopke Crifo, G. Jasniewicz, A. Siebert &
C. Soubiran.

Fig. 4 presents the main feature of the web interface whitbnigs to two categories : query
procedures and update procedures.

e Query procedures
So far the query procedure allows to query from a standareeiviike interface
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the basic data catalogue (QUERY DATABASE interface) ; sep Bi. Query can

be performed using identifiers, position, parallaxes ormtages. The constraints
must comply to the ASU syntax (apropriate link is providemhfirthe web interface).

The interface returns a list of objects matching the givéeiga. This list contains

the basic parameters and simple statistics on the measuaadittes (mean radial
velocity, standard deviation etc.).

From the result page, access to the full description of angolgect is provided.

This page, generated on the fly, contains the current stdttisecdatabase and
presents a summary of all the measurements for the givestobjables are pro-
vided for each separate quantity (radial velocity, eflectiemperature, gravity,
metallicity, rotational velocity and alpha enhancemer@raphics presenting the
evolution with time and/or method for each quantity are glsavided.

e Update procedures

Two type of update facilities are provided by the web inteefaSecurity measures
to avoid duplicates in the tables are incorporated but teeigsdvised to verify the
existence of an object prior to the updates

First a standard update interface (UPDATE DATABASE) ensltie users to mod-
ify or complement the basic data for a given object, and ib &sables the user
to add new measurements (either radial velocities or stefleameters) ; see Fig.
6. This procedure requires the object to exist in the dataltast on the primary
identifiers).

A second interface (ADD NEW DATA) allows to add new objectdhe basic data
table. The current version of the catalogue contains data the gaia6 catalogue
described abovéd, criterion 2) as well as the cross-identification of thitat@gue
with other sources (see description of the basic data table final list of possible
reference stars is not yet stabilized and it will evolve frtm current catalogue
hence this facility (for example to include giants).
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Figure 5: Query form of the CU6 & CU8 external database.
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Figure 6: Update form of the CU6 & CUS8 external database.
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5 List of reference sources : asteroids

This task will be described in cycle 3.

6 Software module : Astrophysical zero-point

6.1 Static description : Decomposition into algorithms

Accordingly to the SRS document (see RB1.,4), theAstrophysical zero-poirgoftware mod-
ule

e selects only the sources which are qualified as stars (S-FEDND-20)
e computes the gravitationnal redshift (S-FUNC-5000-30)

e retrieves auxilary data from stellar atmospheric modets, @omputes blueshifts
(S-FUNC-5000-40)

e computes radial velocity corrections in order to get KRWir&RV and BVC (S-
FUNC-5000-10)

6.2 Dynamic description

The three algorithms are executed one after the otherwwilpthe order given in the static
description. The third one uses results of 1st and 2nd oniepats.
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6.3 Interfaces

Name Description Type In/out Values
Object Type of the object byte C
Teff Effective temperature double C
TeffErr Error on Teff double C
Logg Surface gravity double C
LoggErr Error on logg double C
Metal Metallicity [M/H] double C
MetalErr Error on Metal double C
Parallax Parallax of the star double C
ParallaxErr Error on Parallax double C
BP BP magnitude of the star double C
BPErr Error on BP double C
RP RP magnitude of the star double C
RPErr Error on RP double C
Extinct Interstellar extinction double C
ExtinctErr Error on Extinct double C
RVSpeBar Barycentric Spectroscopic Radial Velocity ofstee double |
RVSpeBarErr  Error on RVSpeBar double |
RVCorBlue RV correction due to blueshifts double O negative
RVCorBlueErr Error on RVCorBlue double O
RVCorGrav RV correction due to gravitational redshift dmubO positive
RVCorGravErr Error on RVCorGrav double O
RVKinBar Barycentric Kinematic Radial Velocity double O
RVKinBarErr  Error on RVKinBar double O
RVCorBlue is a function of Logg, Teff & Metal.
6.4 Design to requirement traceability
Requirement Compliance Description
[CUB-WP640 PC The “Astrophysical zero-point” software module

S-FUNC-5000-10

computes radial velocity corrections (redshifts and
blueshifts of spectral lines) in order to get KRV from
SRV and BVC.

This requirement is partially compliant because S-FUNOQ8O0 is not yet compliant.
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Requirement Compliance Description
[CUB-WP640 C The "Astrophysical zero-point” software module ap-
S-FUNC-5000-20 plies only to stars.

The criterionObjectStar will be fullfiled by means of to thBiscrete Source ClassifigiWP-
S-821) delivered by CUS8.

Requirement Compliance Description

[CUB-WP640 C The "Astrophysical zero-point” software module de-

S-FUNC-5000-30 rives mass and radius from parallax, BP & RP (pho-
tometry), extinction and atmospheric parameters, jand
then computes gravitational redshift.

This requirement will be completed thanks to tHeAME software module developed by CU8
(WP-S-825). This software derives mass and radius, andttisusasy to add one programming
line computing the gravitational redshift (s&&5.4).

Requirement Compliance Description

[CUB-WP640 NC The "Astrophysical zero-point” software module de-

S-FUNC-5000-40 rives blueshifts (especially convective blueshift) from
atmospheric parameters and stellar atmospheric mod-
els.

This requirement is very difficult to complete in the neaufet Theoretical developments on
convective blueshifts and other subtle effects (risingckedn the atmosphere, etc...) are in
progress within CU6 (Ludwig et al., Bigot et al.). A table igig these corrections as a function
of effective temperature, gravity and metallicity will belivered for some stars in the HR dia-
gram. Estimates of convective velocities from mixing-ldntheory (scaled with the sun), will
be a first step for next cycles. It is worth to note that degwsynthetic spectra from 3D stellar
atmospheric models and using them as templates for the Rvatden of all stars in the HR
diagram is probably unrealizable during the GAIA project.

6.5 Algorithm gravitationnal redshift
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6.5.1 Static description : Decomposition into methods

e getthe atmospheric parameters (temperatufE<T, gravity log g, metallicity [M/H])
of the star (and associated errors)

e get the parallax of the star [microarcsec] (and associated error)
e getthe BP & RP magnitudes, and extinctiogA(and associated errors)

e compute bolometric correction, bolometric magnitude, snaadius and gravita-
tionnal redshift (and associated errors)

Except for the gravitational redshit, all items above aréected by the CU8 FLAME software
(GWP-S-825):
http://gaia.esac.esa.int/dpacsvn/DPAC/CUS8/softvdr&ME/src/gaia/cu8/flame/

Thus, we suggest that the gravitational redshift (derivechfmass and radius ; s§8.5.4) is
also delivered by CUS8.

6.5.2 Dynamic description

6.5.3 Internal interfaces

Name Description Type In/out Values
Object Type of the object byte I

Teff Effective temperature double |

TeffErr Error on Teff double |

Logg Surface gravity double |

LoggErr Error on logg double |

Metal Metallicity [M/H] double |

MetalErr Error on Metal double |

Parallax Parallax of the star double |

ParallaxErr Error on Parallax double |

BP BP magnitude of the star double |

BPErr Error on BP double 1

RP RP magnitude of the star double |

RPErr Error on RP double |

Extinct Interstellar extinction double |

ExtinctErr Error on Extinct double |

RVCorGrav RV correction due to gravitationnal redshift du O positive
RVCorGravErr Error on RVCorGrav double O
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6.5.4 Scientific concepts used for the algorithm implementesn

- log g is given by RVS and/or photometry

- the bolometric correction BC is determined from log g, Tafid [M/H] from a data grid of
stellar atmospheric models

- My = (me - Agp + 510g7r — 1) + BC

From the classical definitions of the luminosity and the gyawe deduce the mass M and
radius R of the star:

log (M/Mgun) = —0.4My, + logg — 4log T + B ; B @ constant

log (R/Rgun) = —0.2My — 21log Teg + C ; C : constant

- the gravitationnal redshift is given by.,,,, = % where G and c are respectively the gravi-
tationnal constant and the speed velocity.

6.6 Algorithm Blue redshift

6.6.1 Static description : Decomposition into methods
e get the atmospheric parameters (temperatyge gravity log g, metallicity [M/H])

of the star (and associated errors) ; same as above for thethig Gravitationnal
redshift

e retrieve the blueshift (and associated error) from a griees atmospheric models

6.6.2 Dynamic description

6.6.3 Internal interfaces

Name Description Type In/out Values
Object Type of the object byte I

Teff Effective temperature double |

TeffErr Error on Teff double |

logg Surface gravity double |

loggErr Error on logg double |

Metal Metallicity [M/H] double |

MetalErr Error on Metal double |

RVCorBlue RV correction due to blueshifts (convective, €ic double O negative
RVCorBlueErr Errors on ConvectiveShift double O

6.6.4 Scientific concepts used for the algorithm implementesn

Wavelength blueshifts in convective stars and rapidlytiogestars have been detected (Dravins
et al., 2004 astro-ph/0409212). Theoretical predictioasraprogress within the CU6 (Ludwig
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et al., Bigot et al.). A grid of intrinsic spectral blueskift,,,. for stars in the H-R diagram
should be available in the next cycles.

6.7 Algorithm Computation of the KRV-SRV correction

6.7.1 Static description : Decomposition into methods

e get the Barycentric SRV i.e the SRV corrected by the BVC (BN&C is given by
CuU3)

e get the wavelength spectral redshift and blueshift, andpeaenthe Barycentric
KRV.

6.7.2 Dynamic description

6.7.3 Internal interfaces

Name Description Type Infout Values
Object Type of the object byte I

RVSpeBar Barycentric Spectroscopic Radial Velocity ofster double |

RVSpeBarErr  Error on RVSpeBar double |

RVCorBlue RV correction due to blueshifts double | negative
RVCorBlueErr Error on RVCorBlue double |

RVCorGrav RV correction due to gravitational redshift dmubl positive
RVCorGravErr Error on RVCorGrav double |

RVKinBar Barycentric Kinematic Radial Velocity double O

RVKinBarErr  Error on RVKinBar double O

6.7.4 Scientific concepts used for the algorithm implementesn

For each star the kinematic radial velocity RVKinBar is deeldifrom the spectroscopic radial
velocity RVSpeBar by : RVKinBar = RVSpeBar - RVCorGrav - RViBtue
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