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Information from (multi) spectral lines

Position (wavelength):

Chemical elements
Excitation / lonization state (Grid of models) SLAP, LineTAP
RV (binarity, orbital parameters...)
Shape
Stellar parameters (Teff, log g, rotation)
Stellar activity (Turbulence, granulation)
core/wings — diferrent physics — optical depth, limb darkening
Expansion, shells, winds (P Cyg, Novae)
Time variability (LPV)

Change of physical state (Be, outburst)

Spots (Mg field, overabundance — Ap)

Pulsations (Delta Ceph, RR Lyr, Miras)

Non radial pulsations (NRP)

Multiple systems — disentangling of orbital parameters, individual spectra

Detection of ES planets in spectra



Redshift

326886 SDSS/BOSS Data Release 12 Quasars
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Eliminating false high-z QSO

spec-9413-58080-0181.fits
Z =6.009
SOURCE_Z = PIPE
— IS{SOFINAL =1
2 =0.31 (shown)
H=10.0

T T T T T
3000 1000 5000 6000 7000 =000
Rest Frame Wavelength [A]

Figure B6. Spectrum with incorrectly high redshift prediction by the pipeline. The Bayesian CNN correctly predicted 2 = 0.31 with F = 0.

spec=9565-58127-0636.fits
Z =5.609

SOURCE_Z = PIPE
ISSOFINAL =1

2 =10.23 (shown)

H=16

e

T T T T T
3000 4000 5000 6000 7000 3000
Rest Frame Wavelength [A]

Flux [107!7 erg em—2 s—1 A—1]

Figure B7. Spectrum with incorrectly high redshift prediction by the pipeline. The Bayesian CNN correctly predicted Z = 0.23 with H = 1.6.




QSOs missing
due to SDSS pipeline error

spec-7827-57278-0178.11its
primary Z = —(.004
SOURCE_Z = PIPE

"~ IS_QSO_FINAL =0
% =0.964 (shown)
s*=0.000093

3000 3500
Rest-frame wavelength [A

spec-10258-58492-0766.fits
primary Z = (.605
SOURCE_Z = PIPE

— IS_QSO_FINAL =0
% =3.362 (shown)
s*=0.001298

1000 1400 1600 1800 2000 2200 2400

Rest-frame wavelength [A




Different Lines overploted in RV
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Bisector Method
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Line Profile- Bisectors
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Figure 8.1: Schematic representation of different absorption profiles and their line bisectors, see
text. Up: asymmetric ahsorptions due to spots (upward dip). Middle: asymmetric ahsorptions
due to feculae (downward dip). Low: asymmetric absorptions due to light from a nearby object
contaminating the spectrum os the star heing ohserved (upward dip).

Fiorenzano PhD 2006
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Changes of Line Profiles in Time

Blind comparison of different exposures

Emission/absorption, shell phases

Time evolution of object — mass transfer,

V/R variations

6540 6550 6560 6570 6580 6590
Wavelength (A)

2000 -1 000

Heliocentric Welocity (kmfs

Borges et al. 2008

HD6226 : Slechta and Skoda 2004



Doppler Imaging

From LPV due to rotation
stellar Spots - darker, brighter — chemical patch

Intensity
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Different elements
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eier
Stellar Coronae, MPIfR, December 2006

K. G. Strassm




Doppler images o2 CrB

phase=270

Strassmeier & Rice, 2003, ARA

3370K

Stellar Coronae, MPIfR, December 2006

K. G. Strassmeier




Non Radial Pulsation
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Doppler Imaging - NRP

Vogt & Penrod -80s
Zet Oph




Non Radial Pulsations Modes
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Normalized flux

—500

Dynamic Spectra

4860
Wavelength [4]

0
Yelocity [km/s]

4870

500

Quotient, Difference template
(average)

For study of LPV
(asteroseismology, winds)

Requires
time (JD) - winds

period (see Period analysis) -
phase (LPV)

change of template (average,
median)

removing bad data (interactive
overplotting)



Dynamic Spectra
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Periodogram of Line Profile NRP
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Doppler Shadow

Residuals of (Normalized) CCFs
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Echelle Spectra



ESO X-Shooter

2936-24807 A,
R ~9100,17400,11300
0.5arcsec slit
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HARPS-S

https://cdn.eso.org/images/large/eso0308c.jpg
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Overlapping Orders
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Fig. 5.15 Sketch of the efficiencies in two adjacent orders. Identical wavelength intervals in the
orders are indicated in red and green. Both wavelengths A and A, are imaged in the two orders n
and n + 1. The two blaze peaks of the orders are positioned at A5, and A,

Eversberg, Vollmann. Spectroscopic Instrumentation 2015




OES Blaze shift

Slechta
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PUCHEROS+ in IRAF

irafterm

Community IRAF YW2,17 =skoda@vogzal? bed 13:18:04 10-Apr-202d
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Echelle Spectra Problems in Hot Stars
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HARPS-S in SPLAT

313138 points Procyon



Continuum Normalisation

Theoretical spectrum of Vega



Products derived from spectra



Radial Velocity Curve



Radial Velocity Curve
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Rossiter-McLaughlin effect

RV Curve — time series of RV

Spin and i algne Only for direct occultation

and orbit misaligned by 60°
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Cross Correlation Function



Analogue Technique

e AE

First principle Griffin 1967, DAO 122, CORAVEL ESO D154 1981



Cross Correlation Function

IRAF fxcor task



Cross Correlation Function - CCF

Average Cross-Correlation Function + Fit

-300 —-200 -100

50 60
Velocity (km/s)

Example of PlatoSpec data reduced by CERES+



Residual CCF
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Dynamic spectra — CCF
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(Simple) Spectra in VO



Simple Spectra Access Protocol
Spectral Data Model

Simple Spectral Access Protocol V1.04

Intemaronal
Virfual

Obhservarmny

Aliiance

Simple Spectral Access Protocol

Version 1.04
IVOA Recommendation Feb 01, 2008

This version: . ) :

htto-hwww fvos netDocuments/REC/DAL /SSA 20080201 himl This version (Recommendation Rev 1)
Latest version:

hiteSwew ivoa netDocumentslatest/SSa himl <
Previous version(s): Latest version:

“ersion 1.03, December 2007

“ersion 1.02, September 2007 E 3

“ersion 1.01, June 2007 Previous versions:

“Yersion 1.00, May 2007

“ersion 0.97, November 2006

“Yersion 0.98, September 2006

“Yersion 0.95 May 2008 £

Version 0.91 October 2005 Editors:

., “Version 190 Mgy 2002 Jonathan McDowell, Doug Tody

Editors: ,
D Tody, M. Dolensky Contributors:

Authors: Jonathan McDowell, Doug Tody, Tamas Budavari, Markus Dolensky, Inga Kamp, Kelly
D.Tedy, M. Dolensky, J. MeDowell, F. Bonnarel, T.Budavari, |.Busko, A. Micel, P.Osuna, J Salgadao, " -
P Skoda, R.Thompson, F.Valdes, and the data access layer working group. McCusker, Pavlos Protopapas, Arnold Rots, Randy Thompson, Frank Valdes, Petr Skoda, and

the IMOA Data Access Layer and Data Model Working Groups.




SSAP Parameters

4.1.1 Mandatory Query Parameters
The following parameters must be implemented by a compliant service:

Il
afring
:
LS : 5 r
[FORMAT | wesapte | | siing |

4.1.2 Recommended and Optional Query Parameters

] | BEC | double |
double
double

I | REC |
0 swa 000000 0 |EBEC] sting |




AST Library — SSAP “flux”

Nov 12, 2025 9:21:20 PM uk.ac.starlink.splat.ast.ASTJ makeSpectral
INFO: Data units unknown: km/s (AST: Error at line 420 in file AstObject.c.
astGetSystem(FLluxFrame): The current units (km/s) cannot be used with any of the supported flux systems.

Nov 12, 2025 9:48:08 PM uk.ac.starlink.splat.ast.ASTJ makeSpectral
INFO: Data units unknown: s”-1 (AST: Error at line 420 in file AstObject.c.
astGetSystem(FluxFrame): The current units (s”-1) cannot be used with any of the supported flux systems.

4.2.5.4 General Dataset Metadata
General dataset metadata describes the overall dataset.

Description
Datamodel name and version
Dataset. Type Type of dataset
Number of points in spectrum _
]

Set to deletion time, if dataset is deleted

| Dataset TimeSl | Sl factoranddimensions _|opT | |
Dataset.SpectralSI | Slfactorand dimensions  JoeT [ |

| DatasetFluxSI____ [ Slfactoranddimensions  [OPT | |
Dataset.Spectral Axis Spectral Axis column name (native data) _
Dataset.FluxAxis FluxAxis column name (native data) _

4.2.5.9 Dataset Characterization Axis Metadata

The Characterization axis metadata specifies the type of physical quantity on each physica
measurement axis as well as the observable.

UTYPE Description Default
Char.FluxAxis.Ucd lucdforfux ~ |REC|[ |

Char.5pectral Axis.Ucd ucd for spectral coord




Spectra - query output and previews

CCD700 Spectra Web Interface

Crach ViFtusl OBssr atary

Help Parameters

Service info » Object standard name: [psiper']

Related

CCD700 SSAP
Result

Metadata
Matched: 44

Identifier

ivoiiasu.cas.cziccdT00gh Send via SAMP Quick Plot

Description

) ) Product key Object Raj2000 Dej2000 Band start Band end Date Obs. Observer Exp. Time MHJD
CCD700 public web interfa

[Angstrom] [Angstrom] [s]
Keywords 1g 180048 fit psi Per 03:36:29.380 +48:11:33.40 6261.00 B773.40 2010-07-19T01:43:36Z 150.0 55396.0696765

Optical spactroscopy

Creator

[Laga] psi Per 3:37:01.1 48:12:171  6262.34 6774.66 2005-03-22T21:16:04Z Kubat, Sarounova 899.564 53451.8889388

Created

2014-05-09T 10:57:00 00220022 fit

Data updated

SR ST | Psi Per 03:36:29.380 +48:11:33.40 6252.67 2011-12-07T20:21:43Z Kraus, Kotkova 55002.8579726

Reference URL

Service info ul070006.fit
va300019.fit psi Per 03:36:29.380 +48:11:33.40 6252.09 6764.42 2012-01-30T17:13:102 55956.7202446
mi180074.fit psi Per 3:37:03.2 48:10:44.2  6259.63 6772.03 2003-09-19T02:34:392 52901.1096669
ng290040.fit Psi Per 3:36:46.8 48:11:39.4  6261.83 6774.26 2004-07-30T00:40:28Z2 Kubat, Kalas 53216.0292701

Try ADQL to query our

R - . psiPer 3:36:424  48:13:02.0 6776.77  2004-08-11T01:02:47Z Stefl + Rezna 218.373  53228.0435205

1 '.-ax_:'y_.l Disclasmer
.
nh100015.fit

3:36:46.3 48:13:02.4 6776.40 2004-09-01T00:22:31Z Libich, Sarounova I 53249.016454

nh310030.fit
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Spectra in Vizier (VO)

astroinformat... @) Novinky.czNovinky.cz @ Astrolnformatics 2021

.\CJ XRATCH

W& fs_linux [Phoenix Fire...

PoTAL 7 3iM3AD ALADIN OTHERS ¥ HeLP 2

VizieR

Search Criteria
|Save in CDSportal
Keywords
= V/149/dr2
Tables Add
V/149

.dr2

wstellar2

.astars2

.mstars2

¢ Enlarge

Constraints
= BT Cmi
(arcmin 2)

| Maodify

I

B =l |
A€ |

|

» Show the target form
} Show constraint information

The 1 column in color are computed by VizieR, and are not part of the original data.

¥ slack | Channel brow..

»» [3 ostatni zalozky

=

-

Send to VO tools

ok

V/149/dr2 LAMOST DR2 catalogs (Luo+, 2016)
Post annotation LAMOST DR2 catalog (30/06/2016 version) (4132782 rows)

2016yCat.5149....0L ReadMe+fip

Full

start AladinLite plot the output € > query using TAP/SQL

sp | ObsID Target PlanId RAJ2000 DE]J2000

deg deg

Low o e,

1|plot/109508056|]075703.80+025653.6/GAC118N03V1|119

2/plot|109608056J075704.05+025652.5|GAC118N03V2|119

3/plot|109708056]075704.21+025655.6|/GAC118N03V3|114

4|plot/122514101[J075703.80+025653.6|/GAC121N02V2|114
(@ Target retrieved from simbad (119.266643, 2.950844)

VizieR plot — Mozilla Firefox

O 8

unistra.fr.

plot the output € > guery using TAP/SQL

Preferences
max: | 50
HTML Table

All columns
» Compute

Submit

Mirrors
CDS, France

5000

SII snryg | SnIr snri | snrz

V/149 Lamost J075704.05+025652.5 (ObsID 109608056, file
GAC118N03V2/spec-56316-GAC118N03V2 sp08-056.fits) &

k [Angstroms]: 1231.62
Flux: 4636.36

— Cite/acknowl

— Rules of usag 4000

3000

2000

1000

»

El spectrum £

|:| Equation £¥

Axes:

X | A [Angstroms v
Log [ Reverse

Y| Flux ~

Log Reverse

Opacity:
Reset zoom

Save plot as PNG
Show limits

Tooltips on plot




VO Tools

SPLAT-VO (GAVO — Ondrejov)
CASSIS (OMP)

IPAC Firefly (IRSAViewer)

— All NASA data, LSST (Rubin)

— Spectra In echelle — started
- https://github.com/Caltech-IPAC/firefly

Not Supported:
- SpecView (HST)
- VOSpec (ESA)


https://github.com/Caltech-IPAC/firefly

CASSIS
LSO eirap

DESERVATORE WRATUE. CRAND SUD CUEST

UNIVERSITE §
TOULGUSE 1|
SABATIER Wiue

e The current version of CASSIS is 6.3, released October 10, 2022

Presentation _ o
» Project Scientists

o Sandrine Bottinelli: Sandrine. Bottinellifat}

« Project Manager

O A o Jean-Michel Glorian : Jean-Michel.Glorian{at}

CASSIS Online
Documentation & Data

irap.omp.eu

o Emmanuel Caux (Pl): Emmanuel.Caux{at}

irap.omp.eu

irap.omp.eu

« Developer

. ; SRS o Mickagl Boiziot : Mickael. Boiziot{at}irap.omp.eu
o Audrey Coutens: Audrey.Coutens{at}irap.omp.eu g

What's new? o Charlotte Vastel: Charlotte. Vastel{atlirap.omp.eu

FAQ
Caveats and tricks
Cassis in Hipe

Bugs report

Publications and Talks
Credits

Authors

Catalogs

License

Links

Help Online
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LAMOST Query Ha region

VO for Spectra
File Options Resolver Interop Help

4| Search parameters:

Service selection options
. Simple Query

Data Source
® Observed data

Wave Band

Optional Parameters

Theoretical data Object: |bt cmi Use Name uco
SPECRP spect.resolution;em.wl
SPATRES pos.angResolution
PUBDID
CREATORDID
WILDTARGET
WILDTARGETCASE
. TOP
S Query Format: ALL ——
Wavelength calibration: None

RA:[07:57:03.994 Dec:+02:57:03.04
Radio Millimeter Radius:[0.5 MAXREC:
Optical uv EUV Band: /l

X-ray Gamma-ray [v|ALL Time: y

Infrared
meta.id

Flux calibration: None Select all || Deselect all || Update

<SERVER=>? 5T= ~vData 5=119 =1 AT — A CIZE_0 008333333333333337
ESREESTTE Query: :SERVER=7REQUEST=queryData&kF05=119, .95084444444444445FORMAT=ALLE&SIZE=0,008333333333333333 SEND QUERY

short name
HFA
INES ARCHIVE
IUE

IS0 S5A

IUE highly processed s...

LAMOST, DRL,SSAP
MAAST

Magic SS5AP

MAGIC

HEAWVEMNS @ ISDC
NOWA Spectral Catalog
OMC SSA

CCD700 OND woarchive
CCD700 OND vos2

LAMOSt DR1 OMND voarc...

LAMOSt DR1 OMD vos2
LAMOSt DR3 OND wvos2
HEROS OMD voarchive
HEROS OND wos2
XIDResult SSA

CDFS S5AP

Polarbase SSAP
mlgso bidi ssa
ELCDIEinterp
GAUDND

RCSED_SSAP
SubaruHDS

S\VO HERBIG AeBe

The Mark- solar spectr...

MED/SED
FCSLG SSAP
VIPERS Spectra

let photometry...

WizieR 554
WUDS COSMOS DR1

Salart all

title =
HyperLeda FITS Archiv
INES: The IUE M
International Ultr
IS0 ESA Archive SSAP
IUE highly processed s...
LAMOST DR1 SPECTRU

M4AST - Modeling for A...

Magic Public Spectra S...
MAGIC Spectrum Service
Mining the HEAVENS wi...
MNOWA Spectral Catalog

OMC: The INTEGRAL Opt...

Ondrejov CCD700 spect...
Ondrejov CCD700 spect...

Ondrejov copy of LAMO..,
ondrejov copy of LAMO...
ondrejov copy of LAMO...
Ondrejov HEROS spectr...
ondrejov HEROS spectr...

Optical spectra of the X...
Optical Spectroscopy in...
Polarbase SSAP seniice...

Spectra of lensed QS0O...
Spectrum interpolater f...
SSAP for GAUDI

SSA service for RCSED ...
Subaru HDS Spectrum ...
SWO EXPORT HERBIG Ae...
TBL MNarval legacy

The COROT PUBLIC ARC...
The Mark-l sclar spectr...
The NASAAPAC Extragal...
The Panchromatic High...
The WVIMOS Public Extra...
Tubingen Echelle Spect.
Ultyraviolet photormetry...
VizieR S5A service
WUDS-COSMOS (DR1) - ...

Nacalart all

Query results:

% CCD700 OND vos2

| ssa_specstart| ssa_specend

. 6O98CE-T o
. GO99SE-7 .
. B999SE-7 .

GO900E-7 .
. GO99SE-7 .
. B999SE-7 .

Display
selected

:}f, LAMOSt DR1 OND vos2

ssa_dstitle

O7403E-7 | lamost_drl/dataffits/GACI18N...
O7403E-7 |lamost_drl/data/fits/GACI18MN...
07403E larmost_drl/data/fit

O7403E-7 | lamost_drl/data/fit

07821E-7 |lamost_drl/datafits/GAC1 21
07821E-7 |lamost_drl/data/fits/GACI21M...

ssa_targname

LAMOST JO75704.05+02
LAMOST JO75704.21+02
LAMOST JO75704.21402
LAMOST JO75703.80+02
LAMOST JO75703.80+02

LAMOST JO75704.05+025652.5

ssa_dateObs

EESI=H
56315,
56315,
56315,
56341,
56341,

65115
65115
G7766
57766
66307
G307

ssa_timeExt
1200,
1200,
1200,
1200,
1200,
1200,

Parameters for Server-Generated data processing

FLUXCALIB :
REDSHIFT :

normalized

BAND : 5255e-10 [ |6B00e-10

FORMAT : application/x-votable+xml

Clear parameters Set parameters

[3.69999e-07..9.07821e-07]

Display Download
all selected all

B Save query results

Download

<3 Restore query results

Deselect
table

ssa_snr| ssa_length

3897
3897
3897
3897
3899
3899

Deselect

accref

http:/ivos2. asu.cas.cz/getpro...
.cas.cz/getpro...
.cas.cz/getpro..,
.cas.cz/getpro..
.cas.cz/getpro...
.cas.cz/getpro..,

DataLink
Services




Spectra in SPLAT-VO direct access

Starlink SPLAT-VO. <ploty3>
File Analysis Edit Options Graphics Help
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Spectra in SPLAT-VO - DatalLink

Eile Analysis Edit Options Graphics Help

SNEYE

Displaying:

& ¢ ¥IE A~

psi Per

Wavelength: 5589.852

X scale:

1.0
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Starlink"SPLAT-VO <plot96=
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Parameters for Server-Generated data processing
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:Track free
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...|application/x-votable+xml

Clear parameters

Set parameters
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Variability of Line Profile on Be star

Starlink SPLAT-VO: <plotl9>
le Analysis Edit Options Graphics Help
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LAMOST emission candidate

Starlink SPLAT-VO: <plotde>

File Analysis Edit Options Graphics Help
B — a7 oAt + T
& Fe $tEE & ~YEeDE A ZA)

Displaying: BT CMi Remove

Wavelength: |5505.224
X scale: |2.631686

2-d compound coordinate system

Relative flux:

Y scale:

Y limits (9%): |automatic |«
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:Track free
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Series of Spectra - LPV

Eile Analysis Edit Options Graphics Help
g B8 | Jpes G| ®- AR T g !
HEIEIEE AR A EI R I e R A Y
Displaying: 4 Her Remove ¥ limits (%): |automatic |« :V-hair
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Echelle Spectra Formats

MANY

Each order is one spectrum (BeSS) - not seen easily
Each order SEPARATED - different WCS + overlaps
Tables CSV (Opera), FITS Binary tables

6-10 FITS extensions (CERES package)



IRAF *.ec files

Figure 4: Echelle Spectrum with Legendre Polynomial Function

WATE 061= 'system=multispec’

WAT1 0@ 'wtype=multispec label=Wavelength units=Angstroms'

WAT2_801= 'wtype=multispec specl = "1 113 2 4955.442888635351 0.05. ..
WAT2 082= '83 256 @. 23.22 31.27 1. 0. 256. 4963.0163112690...
WATZ ‘976664 -0.3191636898579552 352858733255" spec? =...
WATZ B84 9.081188912082 B.GEBB?U4ﬁ4?b 256 0. 46.09 58. 1
WAT2_085= '56. 5007.401409453303 8. r55':1-‘3”] 467951 -8.176732458267...
WAT2? 086= '09935864388" spec3 = "3 lll SU 764869474 0.0

WATZ2 0@ ‘256 0. 69.28 .89 1. 0. 4 1 5052 .586239197

WATZ B0 '271 -@.Bﬂla34EQElTEQ“4?4 -?.19D5&23 0405975E-4"

WCSDIM 2

CTYPE1
LTM1 1
D1 1

CTYPE2
LTMZ 2
(nZ 2

L

'"MULTISPE'

"MULTISPE'

5.6 Pixel Array Dispersion Function

The parameters for the pixel array dispersion function consists of just the number of coordinates ncoords.
ing this are the wavelengths at integer physical pixel coordinates starting with 1.

To evaluate a wavelength at some physical coordinate, not necessarily an integer, a linear interpolation is
used between the nearest integer physical coordinates and the desired physical coordinate

Valdes 1988, part of IRAF help, docs, specwcs.ps.Z
summary in ADASS 1993



o Product ¥ Solutions ¥ Open Source ¥ Pricing Search or jump to... Sign in

H rabrahm / ceres rublic L\ Notifications

11 Pull requests 1 ») Actions Projects (U Security |~ Insights
] ] ) g

¥ master ~ ranches (> 0Tags O Gotofile ¢y Code = About

A set of pipelines and routines for

ﬁib rabrahm Update README.mc 72395b2 - 9 months ago %) 196 Commits echelle spectrographs

direction. The ten entries in the first dimension correspond to:
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CERES+ 2D Format

hdu.info()

Filename: 2024-03-05T03:05:48.137129-zet Pup 2Dsp.fits

No. Name Ver Type Cards Dimensions  Format
PRIMARY 1 PrimaryHDU 125 (1024, 45) float64
FLUX ImageHDU (1024, 45) float64
FLUX E ImageHDU (1024, 45) float64
DFLUX ImageHDU (1024, 45) float64d
DFLUX E ImageHDU (1024, 45) float64
NFLUX ImageHDU (1024, 45) float64
NFLUX E ImageHDU (1024, 45) float64

Those extensions contain

. wavelength in PRIMARY
. raw extracted flux in FLUX

. |
. Error of the fluxin FLUX E = —
- -.".-"lft'n:!f'r-fhll-'.'n'.’{FLUX'J}

. Deblazed flux (extracted stellar flux divided by extracted flat) in DFLUX

. Error of the deblazed flux in DFLUX_E

. Normalized flux (deblazed flux fitted by small order polynomial to get contiuum normalization in NFLUX
. Error of the normalized flux in NFLUX_E




EPRV Standard

* About 15 spectrographs ( ~ 5 passively following)
e.g. CARMENES)

* Translators from native format
e Started 2024
* NASA JPL (EPRV project - WG )

* Bruce Berriman at IVOA 2025 June (after my advice to
contact IVOA)


https://github.com/EPRV-RCN/RVData

EPRV L2 - Order by Order Unblazed

MName DataType MinBetDepth Multiplicity Required Description

PRIMARY PrimaryHDL False True EPRY Standard FITS HEADER (no data)
IMSTRUMENT_HEADER ImageHDU False True Inherited instrument header (ho data)

RECEIFT BinTableHDU False True Table of operations that have been performed on this file
DRP_CONFIG BinTableHDU False True Fipeline details [settings etc) to go from native data to L2
EXT_DESCRIPT BinTableHDLU False True Table describing contents of each extension
ORDER_TABLE BinTableHDU TRUE TRUE Table capturing the wavelength extent of each order
TRACE1_FLUX ImageHDLU True True Flux in trace 1

TRACE1 WAVE ImageHDU True True wavelength solution for trace 1

TRACE1_VAR ImageHDU True True wvariance for trace 1

TRACE1_BLAZE ImageHDU True True blaze for trace 1

BARYCORR_KMS ImageHDU False True barycentric correction in km/s

BARYCORR_Z ImageHDU False True barycentric correction in redshift

BJD_TDB ImageHDU False True Photon weighted midpoint

DRIFT ImageHDU False False Drift measurement map in delta lambda

TRACE1 QUALITY ImageHDU True False Quality of each pixel in trace 1

EXPMETER BinTableHDU False False Table of exposure meter counts timeseries over the exposure
TELEMETRY BinTableH DU False False Table of telemetry collected during the exposure
TRACE1_TELLURIC ImageHDU True False Telluric model for trace 1

TRACE1_SKYMODEL ImageHDU True False Sky model for trace 1

AMCILLARY SPECTRUM ImageHDU True False Extension(s) that store ancillary spectra

IMAGE ImageHDU True False Extension(s) that store useful support images
CUSTOMI1_TRACE1_FLUX ImageHDU True False Additionally cormrected flux in trace 1
CUSTOM1_TRACE1 WAVE ImageHDU True False Additionally corrected wavelength solution for trace 1

CUSTOMI1_TRACEL1_WAR ImageHDLU True False Additionally corrected variance for the flux in trace 1




EPRV L3 - Merged orders normalized

This is what we already know — SSAP, “distorted data low precision”

Name

PRIMARY

INSTRUMENT_HEADER

RECEIPT

DRP_CONFIG

ORDER_TABLE
STITCHED_CORR_TRACE1_FLUX
STITCHED_CORR_TRACE1_WAVE
STITCHED_CORR_TRACE1_VAR
COMBINED_STITCHED_CORR_FLUX
COMBINED_STITCHED_CORR_WAVE
COMBINED_STITCHED_CORR_VAR
STITCHED_CUSTOMCORR1_TRACE1_FLUX
STITCHED_CUSTOMCORR1_TRACE1_WAVE
STITCHED_CUSTOMCORR1_TRACE1_VAR
COMBINED_STITCHED_CUSTOMCORR1_FLUX
COMBINED_STITCHED_CUSTOMCORR1_WAVE

COMBINED_STITCHED_CUSTOMCORR1_VAR

DataType
PrimaryHDU
ImageHDU
BinTableHDU
BinTableHDU
BinTableHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU
ImageHDU

ImageHDU

Multiplicity
False
False
False
False
TRUE
True
True
True
True
True
True
True
True
True
True
True

True

Required
True
True
True
True
TRUE
True
True
True
True
True
True
False
False
False
False
False

False

Description

EPRV Standard FITS HEADER (no data)

Inherited instrument header (no data)

Table of operations that have been performed on this file

Pipeline details (settings etc) to go from native data to L2

Table capturing the wavelength extent of each order

Order stitched blaze-corrected flux in trace 1

Order stitched BC- and drift-corrected wavelength solution for trace 1

Order stitched variance for the flux in STITCHED_CORR_TRACE1_FLUX
Order stitched and blaze-corrected flux co-added across all traces

Order stitched BC- and drift-corrected wavelength solution

Order stitched variance for the combined flux in COMBINED_STITCHED_COR
Additional corrections made to STITCHED_CORR_TRACE1_FLUX
Wavelength solution corresponding to STITCHED_CUSTOMCORR1_TRACE1_
Variance corresponding to STITCHED_CUSTOMCORR1_TRACE1_FLUX
Additional corrections made to COMBINED_STITCHED_CORR_FLUX
Wavelength solution corresponding to COMBINED_STITCHED_CORR_WAVE

Variance corresponding to COMBINED_STITCHED_CORR_VAR




EPRV L4 - Derived core exo science

Radial Velocity and Cross Correlation Function (various masks ....)

It is the most important output of pipeline

But exoscientists need Time Series (RV curves , Doppler shadows)

VO can do it on the fly (select all observation, apply SODA extract , create time series)

Name

PRIMARY
INSTRUMENT_HEADER
RECEIPT

DRP_CONFIG

RV1..N

CCF1..N
DIAGNOSTICS1...J
CUSTOM_CCF1..N

CUSTOM_RV1..N

DataType
PrimaryHDU
ImageHDU
BinTableHDU
BinTableHDU
BinTableHDU
ImageHDU
BinTableHDU
ImageHDU

BinTableHDU

Multiplicity
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
TRUE
TRUE

TRUE

Required
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
FALSE
FALSE

FALSE

Description

EPRV Standard FITS HEADER (no data)

Inherited instrument header (no data)

Table of operations that have been performed on this file

Pipeline details (settings etc) to go from native data to L2

Derived Radial Velocity Measurement

Array with same dimensionality of RV1...N, that contains the CCF that produced each RV1...N

Activity indicators, CCF metrics, etc

Additional CCFs from (e.g.) different masks

Derived Radial Velocity Measurement from CUSTOM_CCF1...N




EPRV L4 - ESPRESSO Tau Cet

File Edit Tools Help

Inilex Extension Type Dimension View
mo Primary Image 1} Heater
-1 INSTRUMFNT_HFADFR Image n Header

2 RECEIFT Binary 0 cols X0 rows Header | Hist | Plot Select
W3 DRP_CONFIG Binary 0 cols X 0 rows Header Hist | Plot Salect
w4 RV1 Binary (Bl 5 1) s Header | Hist | Plot Select
W5 EXT_DESCRIPT Binary 6 cols X 6 rows Header Hist | Plot Select

W6 cch Image g1 X171 Header Image Table

m7 DIAGHOSTICS1 Binary 4 cols ¥ 3 rows EEr T Hist Plot Select

o RY_TCL_CORR Dinary G colz X1 rows Header Hist Plot. Select

] CCF_TEL_CORR Image 81 X171 Header Image Table

Fle Edit Tools Help

C
Select
o Al
Invert

Thanks:
E.Fontanet
2025 priv.com.

Edit cell: M Lock to Parent




EPRV L4 CCF in fv

fv: Head F ESPRE.2021-10-03T06:24:23.449_L 4.fits[6] in /h fskodaj... = O, X
- VLSTART=-36.6 km/s
?earch for: — _ ﬁnd -Caselsensitjve? Ho V E LST E P - O . 5 km/S

Center~41

-36.6+4070.5=-16.6

de+0a

ometry

Radial velocit —16.68 + 0.05[5] km/s

Proper motion (p) _ —1721.721
+854.963 mas/yri?
Parallax (m) 273.8097 £ 0.1701

Thanks:
E.Fontanet
2025 priv.com.




DaCHS Testbed Split-Order

2-d compound coordinate systerm

2-d compeound coordinate system

2

Wawvelength (0. 1nm)

nu Pup HEROS red




Trappist-1 RV Curve - Carmenes

File Options Resolver Interop Help
Service selection options

Data Source
® Observed data

Wave Band
Radio

Optical uv

X-ray
Data type
® Spectrum

Tags

SSAP Servers

short name ~
SMUSES
6dF Spectra
SSAP

BGDS TS SSAP
califa ssa
CARMEMES Reiners
carmenes SSAP
carmenes TS SSAP
CaT library
CCD700N
CCD700 SSAP
CDFS SSAP

CfA Hectochelle
CfA Hectospec
Chandra
Chiu2006

COROT ARCHIVE
CSIRO ASKAP S5A
DC

DFBS SSAP

DIGIT
Disks_SH_Spectra
DK-154 LC

DK-154 LCs
ELODIE
ELODIEinterp

ES0O S5AP

EUVE

F/H Orders SSAP

Select all

Query registry

Millimeter

Theoretical data

Infrared
EUV

Gamma-ray |v/ALL

Time series

title
5 mjy Unbiased Spitzer ...
6dF DR3 Simple Spectr...
Archive of AGN spectral...
IRC NIR Low-resal...
AKARIIRC NIR Spectral ...
AKARI/IRC MIR-S slitless...
ARCHES fully calibrated...
Berkeley Extreme and ...
Be Stars Spectra
Bochum Galactic Disk S...
LIFA DR3
\RMENES_Reiners2018
\RMENES DR1: Spectra
Carmenes DR1 Radial V...
CaT library. Empirical C...
CCD700 ver new
CCD700 Ondrejov Spec...
Optical Spectroscopy ...
CfA Hectochelle Spectra
CfA Hectospec Spectra
Chandra Observations
L and T dwarf (Chiu et ...
The COROT PUBLIC ARC...
CSIRO ASKAP Science D...
Data Central 55A
Digitized First Byurakan...
Herschel Dust, Ice, and...
Spitzer Disks Short-Hig...
DK-154 objects
DK-154 objects
ELODIE archive
Spectrum interpolator f...
ESO 1D reduced spectra
Extreme Ultraviolet Exp...
Flash/Heros Split-Order... [+

Deselect all

Add New Server

Search parameters:
Simple Query

Object: |trappist-1
RA:|23:06:29.368
Radius: |3
Band:
Time:
Query Format:
Wavelength calibration:

Flux calibration:

Query:
Query results:
carmenes TS SSAP

o accref
1| http://dc.g-vo.org/getproduct/...

Optional Parameters

Use Name

Lookup
Dec:|-05:02:29.04
MAXREC:

i

i
None
None

None

ssa_dstitle
CARMEMES DRI J23064-050 Rvs

ssa_targname
CARMENES J23064-050

Select all

ssa_dstype
timeseries

Value

ssa_timeExt

1.48386E7

SSAP Service Information
short name: carmenes TS SSAP
title: Carmenes DR1 Radial Velocity Time Series
description:
identifier: vo:fforg.gavo.de/carmenesft/ssa
publisher: The GAVO DC team

GAVO Data Centre Team
{gavo@ari.uni-heidelberg.de)
{gavo@ari.uni-heidelberg.de)

contact:

access URL: http://dc.g-vo.org/carmenes/t/ssa/ssap.xml?

reference URL: http://dc.g-vo.org/carmenes/t/ssa/info
waveband: infrared, optical
content type: archive
data source: pointed

rraatinn tuna- archival

Display
selected all

Display

Download Download

selected all table

B Save query results &3] Restore query results

Deselect

O Close

Deselect all

Deselect
all

Update

ssa_length | ssa_snr

163

SEND QUERY

ssa_dateObs

DatalLink
Services




Trappist-1 RV Curve - Carmenes

Starlink SPLAT-VO: <plot86>

Eile Analysis Edit Options Graphics Help
[ ) - A v + T
SEIE R E I EE R I e R R e P B A AL
Displaying: CARMENES |23064-050| w Remove Y limits (%): |automatic |« :V-hair

jd of the observation at the solar system barycenter (probably in tdb).: 2457540.6214 :log Undrifted mean radial vel... |-137.4755 : :Track free

¥ scale: 1.0 + Y scale: (1.0

2-d compound coordinate system

Undrifted mean radial velocity (km/s)

Et
Et

2457540 2457560 2457580 2457600 2457620 2457640 2457660 2457680 2457700 2457720
jd of the observation at the solar system barycenter (probably in tdb). (d)




Thank you
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