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Abstract

This document presents the Software Requirement SpemfisaiSRS) of the DU640
"Radial Velocity Zero-Point”. It is identical with the preding issue and applicable
for cycle 4.
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1 Introduction

This document presents the Software Requirement Spemfisabf the DU "Radial Velocity
Zero-Point”.

The main goal of this DU is to establish a grid of ground-basddrence sources (stars and
asteroids) for the radial velocity zero-point of the RVSisTiask is clearly not a software prod-
uct, but is included in this SRS documef8(§4 & §5). This issue of the SRS contains also
requirements concerning asteroids.

Another goal of this DU is to determine the best kinematidateklocities from the RV mea-
surements obtained with the RVS (software module "Astr@ptat zero-point”).

The list of ground-based reference stars will evolve witetiand its content will be ultimately
confirmed only at the end of the mission. In particular thermat number of these stars will
be defined from studies in other WPs of CU6. The ground-basfedence stars will have to be
numerous enough in order to correct any sudden instrumemalges in the satellite (warming
of the on-board instruments, necessity of regular resedgteictors, etc...).

The list of asteroids will depend on the date of the launcheptemeris. Simulation of spectro-
scopic data on the one hand and spectroscopic observatignsumd-based reference sources
on the other hand are in progress.

1.1 Objectives

As the RVS has no wavelength calibration device on boardRW® calibration system (see
GAIA-C6-SP-MSSL-HEH-003-2) will use GAIA-selected reéeice stars, e.g. qualified as ref-
erence based on GAIA observations. These well behavesl-gieght, RV-stable and of a
well-suited spectral type) will allow to iteratively deevhe wavelength scale of the RVS in-
strument and hence the RV of all observed stars in a relagifiezence frame. Ground-based
reference stars, also called RV-STD standard stars herdafars with an accurate RV already
known from ground observations) and asteroids (for whidkest@l mechanics gives a very
precise RV) will be used to derive the transformations froa@iSrelative reference frame to an
absolute reference frame. These transformations areftesregferred to as "zero point correc-
tions”.

Due to a lack of bright asteroids to be observed by RVS, andpleeuliar distribution over the
sky, the main ground-based reference sources for the RVpaend will be stars. The asteroids
will be however the ultimate references, as only for themkihematic radial velocity (KRV)
can be known with high accuracy and in an absolute way.

Thus our main objective is to build a list of RV-STD stars fremisting catalogues of radial ve-
locities complemented with new dedicated ground-basedrgasons. An ad-hoc database will
also be built for an easy use and verification of the data nbthwith different ground-based
instruments, as well as for permitting the exchange of dadkisformation through the GAIA
community.

A secondary objective is to determine KRV of stars from ti8RV taking into account astro-
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physical corrections (see software module "Astrophysieab point”,§6).

1.2 Scope

This document is applicable to the development unit DU640iwiCUG.

1.3 Assumptions

1.4 Applicable Documents

[1] DPAC Product Assurance Plan
[2] CUG6 Structure & Software Development Plan
[3] CuU6 Software Requirements Specification

1.5 Reference Documents

[1] T. Levoir & contributors. Product Assurance and Engnireg Dispositions for Software
Development Plan. Technical report, CNES, 2006. GAIA-GCEENES-TL-001-1.

[2] D. Katz, M. Cropper and N. Gerbier, G. Jasniewicz, A. Jéaoine, T. Levoir, and
Y. Viala. Software Development Plan of CU6. Technical rép@bservatoire de Paris
Meudon, 2006. GAIA-C6-SP-OPM-DK-003-2.

[3] F. Thévenin et al. A. Jean-Antoine, D. Katz. CU6 Spestapic Processing Software Re-
quirements Specification. Technical report, CNES, 10 20BAIA-C6-SP-CNES-AJA-
001-01.

1.6 Definitions, acronyms, and abbreviations

The requirements set out in this SRS follow the labeling stde
CU6-DUB40-X-SCOPE-xxx

whereDU640 is the WP number or Software Product Label (e.g. AGXS} eitherS (for
Scientific), T (for Technical),Q (for Quality Assurance), oM (for Management).SCOPE

is a three or four letter scope specification of the requirgnfi@lowing the identified list of
possible values (seE [1]) whenever feasibdex is a monotonically increasing counter. In the
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following, the constant prefiCU6-DU640 will be omitted from the requirement labels for
brevity. However, the full form shall be used when referrtngspecific requirements outside
the scope of this SRS.

Each requirement is presented with its unique label and ebeuf attributes in accordance
with [] in the following form:

X-SCOPE-010 | C.v | | Priority | Verific. | Status
Description
Parent Parent

with (see |ﬂl] for lists of allowed values, meanings and vadidges):

X-SCOPE-Xxxx
Cuw
Priority

Verification

Status
Parent

The unique identifier of the requirement (see above)

Version number of the requirement composed of majgrand minor ¢) part
Priority of the requirement

Envisaged validation method of requirement - this will binei AUT for auto-
mated or MAN for Manual. The Software Test Plan defines pedgisow the
requirement is verified.

Status identifier

Higher level requirement or requirements, comma sepatated

Software Requirement Specifications 8
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The following is a complete list of acronyms used in this doeunt.

Acronym | Description

AIP Astrophysikalisches Institut Postdam

ASU Astronomical Server URL (see http//cdsweb.u-strastmpt/asu.html
AZP Astrophysical Zero Point

BP Blue Photometer

BVC Barycentric Velocity Correction

HR Hertzsprung-Russell

KRV Kinematic Radial Velocity

RP Red Photometer

RV Spectroscopic Radial velocity (see also SRV)
RVS Radial Velocity Spectrometer

RvZP Radial Velocity Zero Point

SGIS Spectroscopic Global Iterative Solution

SRV Spectroscopic Radial velocity

STD Standard

Software Requirement Specifications 9
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2 General description and requirements

This document will include four kinds of requirements :
- requirements concerning the list of stars as radial velaeference sources
- requirements concerning the asteroids as radial velogigrence sources

- requirements concerning the CU6 external database
- requirements concerning the Astrophysical Zero Poirtissoe module

2.1 Context
USED AT: AUTHOR: CU6 Team DATE: 26/09/07 X | WORKING READER DATE CONTEXT:
PROJECT: GAIA REV: DRAFT ]
a
RECOMMENDED -
NOTES: 12345678910 PUBLICATION o
Vrad & Vrad Err,
qud.baryc'eptric, AllInputResultsforSp IDT/data associated with spectro data RVS chargcteristics Ground-based
Vsini & VsiniErr, n e.g. sky-mapper data (daily transfer) last validated RV standards
restFrameSpectra ' calibration data
N c2 ]3 c4 c5
’/
Update
calibration at
CCD level RVS Calibration
A3I31 & RvSanityResults
Calibrated & cleaned LA A J Updated List of calibration stars
Normalised spectra Select stars
for use in /\/
—pf calibration
A3132
v Updated Calibration Model
Update pdate [\jl ration Model
model for S
calibration
A3133
Validate the RvSarityResult
result of

calibration
A3134

%v

Detail first
look RODC-DFL

calibration
I p 01
to ZAH

A3135

NODE:  a33

‘TITLE:

Calibration

‘N

UMBER: P16

Figure 1: Context diagram with the ground-based stand&dsS(TD) stars.
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p All/inputResults(1:n)

P.6 RVScienceAlert

USED AT: AUTHOR: CU6 Team DATE: 26/09/07 X | WORKING READER DATE CONTEXT:
PROJECT: GAIA REV: DRAFT oo
RECOMMENDED U n
NOTES: 12345678910 PUBLICATION O
IDT/data associated with spectro data
— | e.g. sky-mapper data (daily transfer)
A l RODC-DFL
»
L
) IDT&SpRawData(n+1) Spectroscapic 02
Daily
SpectroRawData(n+1) processing Z\ — 01
f‘ ntl Sp/OututResults &
Sp/OutputResult(n+1)& RvSanjtyResults &
?II/InputResuItsforSp A3l RvSanityResults& RVScienceAlerts
n

3 IDT&SpRawData(n,n+1)

Sp/OutputResults(n,n+1)

. IDT&SpRawData(1:end)

- radvelCorGrav &
Spectroscopic radvelCorBlue &
Half—yea}rly ¢ radVelKinBar
processing
ntl -
AR Astrophysical
P.17 Vsini Zero Point
. AM
> Spectrolscs)plc
Post mission
end processing
AB

Sp/OuputResults(1,end)

NODE: a3

‘TITLE: Spectroscopic Data Processing Centre (SDPC at CNES...

P.5

‘NUMBER:

Figure 2: Context diagram with the Astrophysical Zero POKEP) software module.
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2.2 Decomposition

The Work Packages WP-640-3000 and WP-640-4000 will gite b$ reference sources (re-
spectively RV-STD stars and asteroids) for the RV Zero-Poin

A database has been built in order to store basic data andléctoground-based observations
of all reference sources.

This document is concerned with requirements about i) 8tefiRV-STD stars, ii) the list of

asteroids, iii) the external CU6 (shared with CU8) datalzaskiv) the software module Astro-
physical Zero Point (AZP). The software module AZP (WP-&0D0) is totally independent
on WP-640-3000 and WP-640-4000.

2.3 Requirements
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3 List of radial velocity reference sources : stars

3.1 Description and Objectives

The RV-STD stars (segl.1) are expected to have no variation of their radial vélegigreater
than 300ms! during the 5 years of the Gaia observations. Our objectitleLis to select can-
didates having the highest probability to have this propdrhey will be included in a priority
1 list which is expected to have a limited number of referesizgs &~ 3000). It is also
planned to have a list of verification stars (priority 2) umting many more stars, with lower
accuracy, but wider range of parameters (from e.g. the RAWkey which has typical errors
of ~ 1 — 3kms™1).

The RV-STD stars should be F5-G-K stars (dwarfs & giants)Mraivarfs which are very well
suited for high precision RV measurements because of marp sibsorption lines in their op-
tical and near IR spectrum. Giant stars have the sharpest tiat only clump stars in the HR
diagram are known to be RV stable (otherwise micro-vaiigtihay affect their RV measure-
ments). Besides we have to check that the RV zero-point lediald with the list of RV-STD
stars, is correct for ALL spectral-type stars observed WithRVS. A basic priority 1 list has
been built since cycle 1 and before, according to the folhgwdoncerns :

the selection criteria should apply on a very homogeneouys tharefore it seems
very desirable that the RV-STD candidates all belong to tHRPARCOS catalogue
(even if not a real must);

only a small number of original lists and correspondingrimstents should be con-
sidered, again for homogeneity reasons;

the stars have to be sufficiently bright for a high spectrl &tio and good accu-
racy of RV measurements. On the other hand, the stars musienoio bright in
order to avoid saturation of CCDs.

several RV measurements of the candidates should be alezailgble from the
literature;

known variable stars and double stars should be avoidedssitémporal periodic
1

variations are well below the threshold@Bkm s™";
most of the RV-STD stars will have late spectral type, but sahthem will have
earlier spectral types in order to check independency ofRiezero-point with
spectral type.

RV-STD stars have to be constant (no slow drift) until end agsion (2017). The
already published RV lists cover measurements made be@f2, 2nd their time

Software Requirement Specifications 13
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span is smaller than the time remaining until end of missidherefore ground-
based measurements are an absolute must, from now untif emdsion, in order
to ensure a good long-term stability of these referencectdje

e in this follow-up process of the selected stars, some wilvprto be not usable,
because not stable enough; therefore one has to start witheasized list.

Several selection criteria have already been adopted, stitees are currently investigated. An
improved list of RV-STD stars is being built according to fb#owing requirementss3.2).

3.2 Requirements

S-FUNC-010 | 3.1 | FUNC | HIGH | MAN | Issued
Establish a list of RV-STD F-G-K stars and associated SR¥jlalbvle for
the CUG6 Calibration DU.

Parent CU6-RVZP-S-FUN-030

S-FUNC-020 | 3.1 | FUNC | HIGH | MAN | Issued
A few RV-STD stars shall also be selected for each spectpa ity order
to derive the radial velocity zero-point as function of dpaidtype.

Parent CU6-RVZP-S-FUN-030

S-FUNC-030 | 1.1 \ FUNC \ HIGH \ MAN \ Issued
Sky coverage of the RV-STD stars shall be as uniform as plessibd with
no holes.

Parent CU6-RVZP-S-FUN-030

S-FUNC-040 | 1.1 \ FUNC \ HIGH \ MAN \ Issued

Density of the RV-STD stars in the sky coverage (thus totathiper of
RV-STD stars) shall be in compliance with DU Calibration.
Parent CU6-RVZP-S-FUN-030

S-FUNC-050 | 1.1 | FUNC | HIGH | MAN | Issued

The RV-STD F-G-K stars shall belong to the HIPPARCOS cataogghey
shall not be known as photometric variables nor as binaries.

Parent CU6-RVZP-S-FUN-030

Software Requirement Specifications 14
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S-FUNC-060 | 1.1 | FUNC | HIGH | MAN | Issued
Brightness of RV-STD candidates shall bg £ V'; Grys < 10.

Parent CU6-RVZP-S-FUN-030

S-FUNC-070 | 1.1 | FUNC | HIGH | MAN | Issued
Observational history of the ground-based measuremeatisksh’good”
(spectra with a high S/N, high number of RV measurements span of
observations of several years).

Parent CU6-RVZP-S-FUN-030

S-FUNC-080 | 1.1 | FUNC | HIGH | MAN | Issued
RV-stability of RV-STD stars shall be o(RV) < 300m.s”" (no RV-
variations due to binarity, pulsation, etc..g being the standard deviatia
of measurements.

Parent CU6-RVZP-S-FUN-030

S-FUNC-090 | 1.1 | FUNC | HIGH | MAN | Issued
For each RV-STD, there will be no bright neighboutsifag < 5) within a
70" radius in the sky (their spectra could contaminate tferemce source
spectrum).

Parent CU6-RVZP-S-FUN-030

S-FUNC-100 | 1.1 | FUNC | HIGH | MAN | Issued
Ground-based observations shall be made before the landdtuging the
mission in order to guarantee good observational histag EJNC-70)
and RV-stability (see FUNC-80) of the RV-STD stars.

Parent CU6-RVZP-S-FUN-030

S-FUNC-110 | 3.1 | FUNC | HIGH | MAN | Issued
An external database, collecting ground-based obsensatid RV-STD
candidates and storing results, shall trace requiremeitG-w00.

Parent CU6-RVZP-S-FUN-030

3.3 Input/ Output

n
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4  List of radial velocity reference sources : asteroids

4.1 Description and Objectives

Asteroids are ultimate reference sources for the RVS bectngsr theoretical orbital RV are
predicted at the accuracy level bfa.s~!. Asteroids belong to the ecliptic zone (with eclip-
tic latitude circat-30 deg) and are photometrically variable due to variations ofatise and
phase (over period of months), and also due to their spin hagdes(over periods of hours).
The number of asteroids withi,;, < 10 (maximum of brightness) over say one year is rather
small, about 25; it reaches roughly 250 objects With, < 12. One can also note that the solar
system objects will not be observed near opposition, wheeg are brighter. The number of
bright asteroids( < 10) which go across the Field of View (FoV) of the RVS has alrebhéegn
estimated thanks to simulations (by F. Mignard and D.Héstrp taking into account different
scanning laws, initial conditions, epochs of launch, efthe average number (rate) of obser-
vations per day could b&2 + 0.7 ; the period without observable objects could be as long as 5
months.

Besides, SRV of asteroids obtained with the RVS can be diteyenumerous effects: high
proper motion, angular size, and possibly phase and refleetdoreover the brightest objects
are also the largest, and are not always detected by the Glagaal detection pipeline. These
effects have to be studied thanks to the GIBIS simulator atbservational studies (especially
in the GAIA wavelength range).

The number and list of asteroids to be retained for the KR@-paint will be set depending on
the required signal-to-noise ratio ; this might yield toraiting magnitude slightly different to
the valueGrys min = 10 given here. We will also have to test the coherence of the Ry-peint
provided by the RV-STD stars with that provided by asteroids

4.2 Requirements

S-FUNC-210 | 1.1 \ FUNC \ HIGH \ MAN \ Issued
Establish a list of asteroid candidates for the RV zero{p@nd a way to
deliver their SRV to the CU6 "Calibration” DU.
Parent CU6-RVZP-S-FUN-030

S-FUNC-220 | 3.1 | FUNC | HIGH | MAN | Issued
Asteroid candidates for the RV zero-point shall have to hghbrenough.
The limiting magnitude should be clarified with the grouraséd tests.
Parent CU6-RVZP-S-FUN-030

Software Requirement Specifications 16
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S-FUNC-230 | 3.1 | FUNC | HIGH | MAN | Issued
Asteroid candidates for the RV zero-point shall have a Beh&ingular size
on the sky.
Parent CU6-RVZP-S-FUN-030

S-FUNC-240 | 3.1 | FUNC | HIGH | MAN | Issued
Asteroid candidates for the RV zero-point shall have a Bahiapparent
motion.

Parent CU6-RVZP-S-FUN-030

S-FUNC-250 | 3.1 | FUNC | HIGH | MAN | Issued
Effects due to rotational velocity and phase, that are ndt mvedeled,
shall not alter significantly the SRV of asteroids.

Parent CU6-RVZP-S-FUN-030

S-FUNC-260 | 3.1 | FUNC | HIGH | MAN | Issued
Ground-based observations of asteroids shall be madeeb#ferlaunch
in order to check i) the consistency between their SRV and ,KiRthe
consistency between the RV zero point of asteroids and fhV«STD
stars.

Parent CU6-RVZP-S-FUN-030

S-FUNC-270 | 3.1 | FUNC | HIGH | MAN | Issued
Ground-based observations of asteroids and measurenhatitbes stored
in the external CU6/CUS8 database, in order to trace req@neRUNC-
260.

Parent CU6-RVZP-S-FUN-030

4.3 Input/ Output
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5 The external CU6/CUS8 external database of stars and as-
teroids

5.1 Description and Objectives

Data associated to the ground-based reference stars,rbotlite literature and from our ded-
icated ground-based observations, will be integrated ipreachical database according to cri-
teria of RV-stability. Calibration data being required fuwsth CU6 and CU8, the database is
aimed at storing both the astrophysical parameters (CU8}fanradial velocities (CU6) from
ground-based observations for a large number of referaiace that will be observed before
and during the mission. Stars with the requested propddiability over several years for RV
reference stars) will thus be easily selected from the @aband used for calibration purposes.
The database will consist of a set of four tables which cancoessed and updated via a web
interface. The four tables are the following :

e Basic Data : will store external information (not linked t&J& or CU8 observa-
tions) on the objects.

e Radial velocity measurements : will store radial velositjderived from dedicated
ground-based measurements or collected from the litepaund associated quanti-
ties/description to assess the radial velocity stability.

e Stellar parameters measurements : will store measuréargiatameters for a given
observation.

e Observation : will contain a full description of the obsdiwa and associated spec-
tra.

The common key between the tables has been chosen to be #w'©byimary identifiers
(Hipparcos, HD, 2MASS or UCAC?) instead of the position teidvmisidentification of the
sources.

Web interface :
The database will be accessed using a web-applicationchbgtéhe AIP. The access will be
password protected for security as database update feaitgravailable in the web-application.

Software Requirement Specifications 18
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5.2 Requirements

}%

S-FUNC-310 | 1.1 | FUNC | HIGH | MAN | Issued
The database will store basic data for stars (identifierstgrhetry, astrom
etry, spectral classification) extracted from literatunel ather databases
(SIMBAD,etc...) and for asteroids.

Parent CU6-RVZP-S-FUN-030

S-FUNC-320 | 1.1 | FUNC | HIGH | MAN | Issued
The database shall store spectra (and raw data) of starsterdids from
dedicated ground-based observations for CU6 and CU8,dafat during
the GAIA mission.

Parent CU6-RVZP-S-FUN-030

S-FUNC-330 | 1.1 | FUNC | HIGH | MAN | Issued
The database shall store description of observations aodiased spectr
of stars & asteroids.

Parent CU6-RVZP-S-FUN-030

S-FUNC-340 | 1.1 | FUNC | HIGH | MAN | Issued
The database shall store stellar RV measurements (froratlite and ded;
icated ground-based observations) and associated desioit CU6. The
database shall also store the observed SRV and computed Kd®teooids
observed from ground.

Parent CU6-RVZP-S-FUN-030

S-FUNC-350 | 1.1 | FUNC | HIGH | MAN | Issued
The database shall store stellar parameters measureroe@ig8.

Parent CU6-RVZP-S-FUN-030

S-FUNC-360 | 1.1 | FUNC | HIGH | MAN | Issued
The database shall be reachable/queryable through a \Wataod. The
spectra shall also be retrievable through this interface.

Parent CU6-RVZP-S-FUN-030
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5.3 Input/ Output
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6 Software Module "Astrophysical Zero-Point”

6.1 Description and Objectives

For all stars observed by the RVS, the objective is to derwe®rections in order to get KRV
from SRV. The KRV must reflect only the motion of the center ity of the star. In order to
compute these corrections, the software will have to loicetfee HR diagram any star observed
by the RVS (such as white dwarf, giant, supergiant, etchiré are two kinds of corrections :

e gravitational correction (redshift) ; for white dwarfsjgttorrection can be as high
as30km s '. This gravitational correction will be delivered by CUS.

e atmospheric correction : the SRV reflects properties of theoaphere of the star,
which may be moving up or down, or perturbed by rotationabeiy. For a typical
star of the main sequence with a spectral type F, the cooredtie to a convective
blueshift of the absorption lines could be abokins~' (Cf Lindegren & Dravins,
2003, A&A 401, 1185-1201).

6.2 Requirements

S-FUNC-510 | 1.1 | FUNC | HIGH | MAN | Issued

The 'Astrophysical Zero Point’ shall carry out radial veltyaorrections
(redshifts and blueshifts of spectral lines) on SRV (Smsctopic Radia
Velocity, as given by the RVS) and shall derive KRV (KinemsaRadial

Velocity).

Parent CU6-RVZP-S-FUN-010

S-FUNC-520 | 1.1 | FUNC | HIGH | MAN | Issued
The 'Astrophysical Zero Point’ shall apply only to stars.

Parent CU6-RVZP-S-FUN-010

S-FUNC-530 | 1.1 | FUNC | HIGH | MAN | Obsolete

The 'Astrophysical Zero Point’ shall derive radius from &ax, BP &
RP (photometry), extinction and atmospheric parameterd,tiaen shall
compute gravitational redshift.

Parent CU6-RVZP-S-FUN-010
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S-FUNC-540 [ 1.1 [ FUNC | HIGH [ MAN [ Issued

The 'Astrophysical Zero Point’ shall compute blueshiftsgecially con-
vective blueshift) from atmospheric parameters and spesiéillar atmo-
spheric models.

Parent CU6-RVZP-S-FUN-020

6.3 Input/ Output

Name Description Access
type
Object Type of the object (star, galaxy, asterojdC
etc...)
teff Effective temperature of the source C
teffErr Error on teff C
logg Surface gravity of the source C
loggErr Error on logg C
feh Metallicity of the source C
fehErr Error on feh C
Vsini Projected rotational velocity C
VsiniErr Error on Vsini C
radVelSpeBar Barycentric spectroscopic radial velocity pf
the star
radVelSpeBarErr Error on radVelSpeBar I
radVelCorGrav RV correction = gravitational redshift I
radVelCorGravErr Error on radVelCorGrav I
radVelCorBlue RV correction = blueshift (convective, etc...) O
radVelCorBlueErr Error on radVelCorBlue O
radVelKinBar Barycentric kinematic radial velocity of theO
star
radVelKinBarErr Error on radVelKinBar @)

Atmospheric parameters teff, logg, feh and Vsini will beagivby CU8 (GAIA photometry
and/or GAIA RVS).

The spectroscopic radial velocity radVelSpeBar is assum@®BE CORRECTED from the
Barycentric Velocity Correction (BVC) given by CU3. ThugdkelKinBar is also corrected
from the BVC.
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Gaia DU 640 S RS
PAC CuU6-DU640 GAIA-C6-SP-UM2-GJ-001-4

A Traceability to upper level requirements

Parent Requirement Requirements in this document

CU6-RVZP-S-FUN-010 B-EUNC-5TD[S-FUNC-52(, S-FUNC-530
CUB-RVZP-S-FUN-020
CU6-RVZP-S-FUN-030 = -010, S-EFUNC-020, L S-FUNC-0U3
B-EUNC-040, [S-EUNC-030, [S-FUNC-06
B-EUNC-070, [S:EUNC-080, [S-FUNC-09
B-EUNC-T0D, [S-EUNC-T10, [S-FUNC-=21
B-EUNC-770, [S-EUNC-230, [S-FUNC-24

|

S-FUNC-251 [S-FUNC-280, [CS-FONC-27
S-FUNC-3T1 [S-EUNC-320, [S-EUNC-33
S-FUNC-340[S-FUNC-3%0_S-FUNC-360

C o0 OO0 0O
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