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Information from (multi) spectral lines

Position (wavelength): Position (wavelength): 

Chemical elements 

Excitation / Ionization state (Grid of models)  SLAP, LineTAP

RV (binarity, orbital parameters...)

Shape 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) 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  



  

Eliminating false high-z QSO



  

QSOs missing
due to SDSS pipeline error



  

Different Lines overploted in RV

V838 Mon: Kipper et al. 2004



  

Bisector Method



  

Line Profile- Bisectors

Gray 2005Fiorenzano PhD 2006



  

Changes of Line Profiles in Time

HD6226 : Slechta and Skoda 2004

Blind comparison of different exposures

Emission/absorption, shell phases

Time evolution of object – mass transfer,
V/R variations

Borges et al. 2008



  

Doppler Imaging
From LPV due to rotation 
stellar Spots  - darker, brighter – chemical patch



  

 Doppler Imaging

Different elements

temperature 
distribution



  

Outline of the Talk



  

Outline of the Talk



  

                 

 = 8, m=3

 Tim  Bedding

 = 2, m=1 

Non Radial Pulsation



  

Doppler Imaging - NRP

Vogt & Penrod -80s
Zet Oph 



  

                 

C. SchrijversC. Schrijvers

Non Radial Pulsations Modes



  

Measured Pulsations

Rho Pup – del Sct type Eps Cep  - del Sct type 



  

Dynamic Spectra 

Quotient, Difference  template Quotient, Difference  template 
(average)(average)

For study of LPV For study of LPV 
(asteroseismology, winds)(asteroseismology, winds)

Requires Requires 

time (JD) - winds

period  (see Period analysis) - 
phase (LPV)

change of template (average, 
median)

removing bad data (interactive 
overplotting)



  

Dynamic Spectra

28 CMa, Stefl et al. 2003 



  

Periodogram of Line Profile  NRP

Lambda Sco: Uytterhoeven 2004



  

Doppler Shadow 

HARPS-N archival CCF of HAT-P-41A.  Balkoová 2025



  

 Echelle Spectra 



  

ESO X-Shooter

Modigliani et al. 2010

High-z QSO 
Vernet et al. 2011

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



  

HARPS-S

https://cdn.eso.org/images/large/eso0308c.jpg

71 orders (89-161) – 115 not

3780-6910 A

R~115000

dRV~3m/s

Simultaneus ThAr/Laser 
comb/Fabry Perot 

PlatoSpec simcal ThAr



  

Overlapping Orders  

Eversberg, Vollmann. Spectroscopic Instrumentation 2015



  

OES Blaze shift 

Šlechta



  

HARPS-S



  

PUCHEROS+ in IRAF



Echelle Spectra Problems in Hot Stars



  

HARPS-S in SPLAT

313138 points Procyon 



  

Continuum Normalisation 

  

Theoretical spectrum of Vega 

The continuum is NOT ALWAYS at 1.0  !



  

Products derived from spectra



  

Radial Velocity Curve



  

Radial Velocity Curve

 

51 Peg b, Mayer and Queloz 1995



  

Rossiter-McLaughlin  effect

RV Curve – time series of RV

Only for direct occultation

Winn 2010



  

Cross Correlation Function



  

Analogue Technique

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



  

Cross Correlation Function 

IRAF fxcor task 



  

Cross Correlation Function - CCF

Example of PlatoSpec data reduced by  CERES+ 



  

Residual CCF 



  

Dynamic spectra – CCF 

Lipták 2025, private comm.



  

(Simple) Spectra in VO



  

Simple Spectra Access Protocol
Spectral Data Model



  

SSAP Parameters



  

AST Library – SSAP “flux”

SSAP



Spectra - query output and previews



  

Spectra in Vizier (VO)



  

VO Tools

 

● SPLAT-VO (GAVO – Ondrejov) SPLAT-VO (GAVO – Ondrejov) 
● CASSIS (OMP)CASSIS (OMP)
● IPAC Firefly (IRSAViewer)IPAC Firefly (IRSAViewer)

– All NASA data, LSST (Rubin) 
– Spectra  in echelle – started
– https://github.com/Caltech-IPAC/firefly

● Not Supported:Not Supported:
– SpecView (HST)
– VOSpec (ESA)

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


  

CASSIS



LAMOST Query  Ha region



Spectra in SPLAT-VO direct access



Spectra in SPLAT-VO - DataLink



Variability of Line Profile on Be star



LAMOST emission candidate



  

Series of Spectra – LPV

 



  

● MANYMANY

● Each order is one spectrum  (BeSS)   - not seen easily  Each order is one spectrum  (BeSS)   - not seen easily  

● Each order SEPARATED – different WCS + overlapsEach order SEPARATED – different WCS + overlaps

● Tables CSV (Opera), FITS Binary tablesTables CSV (Opera), FITS Binary tables

● 6-10 FITS  extensions  (CERES package)    6-10 FITS  extensions  (CERES package)    

Echelle Spectra Formats



  

●   

IRAF *.ec files

 5.6 Pixel Array Dispersion Function 

The parameters for the pixel array dispersion function consists of just the number of coordinates ncoords. 
Following 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



  

CERES output

Not in CERES+



  

CERES+ 2D Format



  

EPRV Standard

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

● Translators from native format 

● 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

https://eprv-data-standard.readthedocs.io/en/latest

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


  

EPRV L2 – Order by Order Unblazed



  

EPRV L3 – Merged orders normalized

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



  

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)



  

EPRV L4 – ESPRESSO Tau Cet

Thanks:
E.Fontanet 
2025 priv.com.



  

EPRV L4 CCF   in fv

VLSTART=-36.6 km/s
VELSTEP=0.5 km/s

Center~41

-36.6+40*0.5=-16.6

Thanks:
E.Fontanet 
2025 priv.com.



  

DaCHS Testbed Split-Order SSAP

 

nu Pup  HEROS red



  

Trappist-1 RV Curve – Carmenes 



  

Trappist-1 RV Curve – Carmenes 



  

Thank you 
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