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Merle+ (2020)       

Why spectroscopic binaries (SB)?

Insensitive to the distance Wide range of orbital periods
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Outline
● The SB9 catalogue and its evolution

– History

– Content including triples and quadruples

– Evolution

● Comparison of SB9 with Gaia DR3 

– Gaia color-absolute magnitude diagram

– SB9 x NSS common sample

– Its characteristics  

● Spectroscopic binaries in 4MOST

– A massive MOS survey

– Many SB projects

– Multiple stars detection and characterisation
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History of the SB9 catalogue
v6 – v8

Dominion Astrophysical Observatory
Batten (1967) 740 SB

v1 – v5

Lick Observatory
Campbell & Curtis (1905) 140 SB

2000: IAU initiative
from commission G1

SB9
Pourbaix+ (2004)

2390 SB

2021
4000 SB

https://sb9.astro.ulb.ac.be

 B/sb9

https://sb9.astro.ulb.ac.be/
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Content of SB9 catalogue
● 5000 orbits 70% SB1
● 4000 systems

  30% SB2
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Content of SB9 catalogue
Hierarchies

● ~75 spectroscopic triples

● ~30 spectroscopic quadruples 
(including 3 optical)

● 3 quadruples (2+2 configuration) 
with complete orbits:
● μ ori
● HD 117078
● VW LMi

● 5 systems with multiplicity > 4 having 
at least 2 subsystems in SB9:           
3 quintuplets (1 in the Orion 
Trapezium), 
and 2 sextuplets (3+3 and 4+2 
configurations)  
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The eXtended catalogue of SB orbits

● SB9 is outdated in web design, data access and storage

● SBX has a PostgreSQL database management system

● SBX uses a Simbad name resolver API

 
● SBX is following IVOA standards with a TAP service using ADQL 

http://astro.ulb.ac.be/sbx Poster 16

http://astro.ulb.ac.be/sbx
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Gaia color-magnitude diagram of SB9 systems

Merle+, in prep.

Not in Gaia DR3:
● The 21 brightest systems
● 6 faint systems 
● 18 duplicates

Late type SB are under-
represented

Cataclysmic variables
MS+WD binaries
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Gaia color-magnitude diagram of SB9 systems

Merle+, in prep.

Not in Gaia DR3:
● The 21 brightest systems
● 6 faint systems 
● 18 duplicates

Late type SB are under-
represented

Cataclysmic variables
MS+WD binaries

Pourbaix+ (2004)
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Merle+, in prep.

SB9 x Gaia DR3 NSS common sample

828 binaries:
● This only represent 1/5 of SB9 catalogue
● Many SB9 binaries with periods larger than 1000 d
● Some Gaia binaries with high eccentricities at short periods
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SB9 x Gaia DR3 NSS common sample

PGaia vs. PSB9

Selection 1: |ΔP|/P < 0.1
=> ~70 outliers

eGaia vs. eSB9

Selection 2:  |Δe| < 0.1
=> ~170 outliers

Clean sample 
= selection 1 & selection 2

Common sample: 850
Clean sample: 660
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SB9 x Gaia DR3 NSS common sample

Common sample of 828 binaries:
● This only represent 1/5 of SB9 catalogue
● Many SB9 binaries with periods larger than 1000 d
● Some Gaia binaries with high eccentricities at short periods
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SB9 x Gaia DR3 NSS common sample

Common sample of 828 binaries:
● This only represent 1/5 of SB9 catalogue
● Many SB9 binaries with periods larger than 1000 d
● Some Gaia binaries with high eccentricities at short periods
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SB9 x Gaia DR3 NSS common sample

Common sample of 828 binaries:
● This only represent 1/5 of SB9 catalogue
● Many SB9 binaries with periods larger than 1000 d
● Some Gaia binaries with high eccentricities at short periods

Merle+, in prep.
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SB9 x Gaia DR3 NSS common sample

● Only 20% of SB9 systems in NSS.
● Increase to 25% when restricting to the same period and magnitude ranges.

● Many internal filtering processes in DR3 (Gosset+ 2025, Damerdji, in prep.)

Merle+, in prep.
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● 4-m Multi-Object Spectroscopic Telescope on VISTA/ESO

● 2400 fibres per single exposure

● 4 square degrees field of view 

● Optical wavelength coverage
 

● Low-resolution: 4 000 – 8 000,  1 600 fibres, Vmax ~20

● High resolution: ~20 000, 800 fibres, Vmax ~16

● 5 y survey starting in 2026

A massive spectroscopic survey



Binary Stars in the Space Era 17Thibault Merle

A massive spectroscopic survey

● 10 consortium surveys: 70% 
● 14 ESO community surveys: 30%
● 9 infrastructure working groups (IWG) 

including a Stellar Multiplicity Working Group 

as part of IWG2 (survey strategy and simulations)
● Implementation of cadence:

– For free
– On request 

 
https://www.4most.eu/cms/science/overview/

G. Traven
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Spectroscopic binaries in 4MOST

Binary nature of SB candidates (LR/HR) - T. Merle
Dependence of binary fraction on metallicity (LR/HR) - G. Traven
Composite-colour hot subdwarf binaries - M. Dorsch

Detecting spectroscopic stellar systems – T. Merle
MULTIFIT pipeline and parameter biases (LR/HR) – M. Dorsch

Population properties of binary stars in our Galaxy – G. Traven, B. Jamnik (see poster P41)
Double white dwarf binaries – I. Pelisoli (talk on Tuesday)
WDs with unseen low-mass MS (or brown dwarf) companions – Rebassa-Mansergas
Dormant Black Holes survey overview and catalogue – M. Pawlak
Abundance analysis of multiple stars – H. Ernandes
Spectroscopic binarity of the Gaia astrometric binaries – T. Mazeh
The distribution of the rotational broadening of all 4MOST spectra – T. Mazeh
Characterising sources with significant astrometric excess noise (LR/HR) – P. Gandhi
Fundamental parameters (mass, radius) of eclipsing binaries – T. Merle
Wolf-Rayet stars and spectral disentangling of SB1 – T. Shenar
Etc.
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spectroscopy

Multiple stars detection & characterization

photometry

χ²SB = χ²spec + χ²phot

MULTIFIT from M. Dorsch
Approach similar to El-Badry+ (2018) in APOGEE
Using neural networks (The Payne, Ting+ 2017)

 Composite spectrum =
Main sequence F  + subgiant K
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For unresolved SB2 (~15%):
● Derivation of atmospheric parameters

For SB1 (~1.5%):
• Minimum RV dispersion for SB1 detection  
• Set upper limits on orbital periods
• Estimation of the period distribution

For SB2 (few thousands):
• Partial orbital characterization
• Derivation of atmospheric parameters

For <1% of SBn, n≥1:
• Full orbital characterization
• Full atmospheric characterization

 
In addition few tens to hundreds of  SB2 will be
turn into triples or quadruples.

Binary nature of many candidates

Survey of Survey (SoS) Tsantaki+ (2022)
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Summary
● SB9 Catalogue and Its Evolution

The SB9 catalogue compiles thousands of spectroscopic binary orbits, including higher-order 
multiples, and has evolved into the modern SBX database with improved data access and 
standards.

http://astro.ulb.ac.be/sbx

● Comparison with Gaia DR3

Cross-matching SB9 with Gaia DR3 NSS reveals only a partial overlap (about 20–25%), 
highlighting differences in detection limits, period coverage, and the need for further investigation 
into the completeness of binary catalogues.

● Spectroscopic Binaries in the 4MOST Survey

The upcoming 4MOST survey will massively expand spectroscopic binary detection, enabling 
detailed studies of binary fractions, period distributions, and higher-order multiples across the 
Galaxy, with new tools and strategies for characterizing both resolved and unresolved systems.

http://astro.ulb.ac.be/sbx
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Summary
● SB9 Catalogue and Its Evolution

The SB9 catalogue compiles thousands of spectroscopic binary orbits, including higher-order 
multiples, and has evolved into the modern SBX database with improved data access and 
standards.

http://astro.ulb.ac.be/sbx

● Comparison with Gaia DR3

Cross-matching SB9 with Gaia DR3 NSS reveals only a partial overlap (about 20–25%), 
highlighting differences in detection limits, period coverage, and the need for further investigation 
into the completeness of binary catalogues.

● Spectroscopic Binaries in the 4MOST Survey

The upcoming 4MOST survey will massively expand spectroscopic binary detection, enabling 
detailed studies of binary fractions, period distributions, and higher-order multiples across the 
Galaxy, with new tools and strategies for characterizing both resolved and unresolved systems.

http://astro.ulb.ac.be/sbx


Binary Stars in the Space Era 23Thibault Merle

RV curves: SB9 vs Gaia DR3 NSS
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Why spectroscopic binaries (SB)?





Insensitive to the distance 	





Wide range of orbital periods





Among binaries the ones detectable spectroscopically have the advantage to be insensitive to the distance.



If we look at the distribution of stars with the distance of the ground-based spectroscopic survey Gaia-ESO

We noticed that the SB1 candidates decrease at the same rate with the distance, meaning that the fraction of detected binaries by spectroscopy is constant.

Looking in more details we see however that there is a bias between close and distant SB: indeed distant ones are dominated by SB whose primary is a giant. This is a selection bias called the Malmquist bias which leads to the preferential detection of brighter objects.



SB are also the kind of observed binaries that bridge the gap between short-period binaries like EB, and longer-period binaries like AB.

The local maximum around 8 days is the reflect of the presence of SB2.  



Outline



		The SB9 catalogue and its evolution

		History



		Content including triples and quadruples



		Evolution







		Comparison of SB9 with Gaia DR3 

		Gaia color-absolute magnitude diagram



		SB9 x NSS common sample



		Its characteristics  







		Spectroscopic binaries in 4MOST

		A massive MOS survey



		Many SB projects



		Multiple stars detection and characterisation

















In this talk, I will present  the history of the Ninth catalogue of spectroscopic binary orbits, its present content and its evolution.



Then I will present its cross-match with Gaia DR3, its HR diagram and comparison with the binaries of the Non-Single Star catalogue.



Finally I will present the 4MOST ground-based spectroscopic survey and what it is plan in term of detection and characterisation of SB.



History of the SB9 catalogue











v6 – v8













Dominion Astrophysical Observatory

Batten (1967) 740 SB







v1 – v5

















Lick Observatory

Campbell & Curtis (1905) 140 SB





















2000: IAU initiative

from commission G1



SB9

Pourbaix+ (2004)

2390 SB



2021

4000 SB



https://sb9.astro.ulb.ac.be



 B/sb9







The SB9 catalogue is the online continuation of a series of paper catalogues on spectroscopic orbits.

Campbell was Director of the Lick Observatory and a pioneer in radial velocity measurements.



v1: Campbell & Curtis (1905)

v2: Campbell (1910)

v3: Moore (1924)

v4: Moore (1936)

v5: Moore & Neubauer (1948)



v6: Batten (1967)

v7: Batten+ (1978)

v8: Batten+ (1989) 

 

IAU initiative from Commission G1 “Binary and multiple stars systems” the former commission 30 on RV.



Content of SB9 catalogue



full:"SB9" year:2000-2024





350 articles  

















		5000 orbits		70% SB1



		4000 systems

														 30% SB2



















































The SB9 currently contains 5000 orbits because it is first of all an heterogeneous collection of spectroscopic orbits belonging to 4000 spectroscopic systems.



Its include 2/3 of SB1 and 1/3 of SB2



The breakthrough in terms of spectral type of primaries is shown here. It is hugely biased toward massive stars and quite underpopulated toward late type stars. Also, many systems did not have a spectral type classification included. This reflect the history of the catalogue and the fact that apparent brightest stars that we can measure are biased toward early types.



On the right the distribution of SB as a function of the logarithm of the period.

3 local maxima:

Just below 1 day: physical effect 0.4 d => contact binaries

Just below 10 days: physical effect => triple evolution 

Around 2000 thousands days: selection effect



Below 1 d all orbits are circularized.



Content of SB9 catalogue



Hierarchies



		~75 spectroscopic triples





		~30 spectroscopic quadruples 

(including 3 optical)





		3 quadruples (2+2 configuration) 

with complete orbits:

		μ ori



		HD 117078



		VW LMi









		5 systems with multiplicity > 4 having at least 2 subsystems in SB9:  3 quintuplets (1 in the Orion Trapezium), 

and 2 sextuplets (3+3 and 4+2 configurations)  















In the SB9 catalogue, there are also about 100 higher-order systems.



The one with the shortest outer period is TZ Boo which also an EB.

The second one 





The eXtended catalogue of SB orbits



		SB9 is outdated in web design, data access and storage







		SBX has a PostgreSQL database management system





		SBX uses a Simbad name resolver API

 



		SBX is following IVOA standards with a TAP service using ADQL 

















http://astro.ulb.ac.be/sbx
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We are migrating the SB9 catalogue toward a standard database facilitating accessibility and interoperability.



SB9 was fairly enlarge in terms of content compared to SB8 almost doubling the amount of SB, but using text files.



This was a nice master thesis in Big Data done recently by Simon Alexandre to port SB9 toward SBX.



You can flash the QR code and try a few bright stars like Capella, Polaris, etc. to have the orbital parameters and see the RV curve.



T: to obtain this new catalogue with needed to perform a careful cross-match with Gaia DR3 to obtain, not only position but also proper motion and parallaxes. 



Gaia color-magnitude diagram of SB9 systems





























								

								Merle+, in prep.



Not in Gaia DR3:

		The 21 brightest systems



		6 faint systems 



		18 duplicates







Late type SB are under-represented



Cataclysmic variables

MS+WD binaries







Brightest systems: α Cen, Sirius, Capella, Procyon, Polaris, Castor A and B, Algol, etc.



Faintest systems: Hulse-Taylor pulsar, LMXB, NS+WD



+ a few stars without parallax



Position of the G2V star at the intersection of the dotted lines



In cyan the common sample of 660 SB



We can compre with the CMD based on Hipparcos parallaxes.



T: How do we obtain this common sample?

 



Gaia color-magnitude diagram of SB9 systems





























								

								Merle+, in prep.



Not in Gaia DR3:

		The 21 brightest systems



		6 faint systems 



		18 duplicates







Late type SB are under-represented



Cataclysmic variables

MS+WD binaries































Pourbaix+ (2004)

Brightest systems: α Cen, Sirius, Capella, Procyon, Polaris, Castor A and B, Algol, etc.



Faintest systems: Hulse-Taylor pulsar, LMXB, NS+WD



+ a few stars without parallax



Position of the G2V star at the intersection of the dotted lines



In cyan the common sample of 660 SB



We can compre with the CMD based on Hipparcos parallaxes.



T: How do we obtain this common sample?

 



															Merle+, in prep.































SB9 x Gaia DR3 NSS common sample



828 binaries:

		This only represent 1/5 of SB9 catalogue



		Many SB9 binaries with periods larger than 1000 d



		Some Gaia binaries with high eccentricities at short periods











SB9 x Gaia DR3 NSS common sample





PGaia vs. PSB9



Selection 1: |ΔP|/P < 0.1

=> ~70 outliers







eGaia vs. eSB9



Selection 2:  |Δe| < 0.1

=> ~170 outliers



Clean sample 

= selection 1 & selection 2



Common sample: 850

Clean sample: 660











SB9 x Gaia DR3 NSS common sample



Common sample of 828 binaries:

		This only represent 1/5 of SB9 catalogue



		Many SB9 binaries with periods larger than 1000 d



		Some Gaia binaries with high eccentricities at short periods











SB9 x Gaia DR3 NSS common sample



Common sample of 828 binaries:

		This only represent 1/5 of SB9 catalogue



		Many SB9 binaries with periods larger than 1000 d



		Some Gaia binaries with high eccentricities at short periods













SB9 x Gaia DR3 NSS common sample



Common sample of 828 binaries:

		This only represent 1/5 of SB9 catalogue



		Many SB9 binaries with periods larger than 1000 d



		Some Gaia binaries with high eccentricities at short periods









															Merle+, in prep.

































SB9 x Gaia DR3 NSS common sample









		Only 20% of SB9 systems in NSS.



		Increase to 25% when restricting to the same period and magnitude ranges.





		Many internal filtering processes in DR3 (Gosset+ 2025, Damerdji, in prep.)







Merle+, in prep.



In Gosset 2025: 

SB1 sample restricted to FGK primaries. 

the various fits were further filtered internally on the basis of several quality measures to discard spurious solutions. 



































	https://www.4most.eu/cms/science/overview/



		4-m Multi-Object Spectroscopic Telescope on VISTA/ESO





		2400 fibres per single exposure





		4 square degrees field of view 





		Optical wavelength coverage

 



		Low-resolution: 4 000 – 8 000,  1 600 fibres, Vmax ~20





		High resolution: ~20 000, 800 fibres, Vmax ~16





		5 y survey starting in 2026















A massive spectroscopic survey



The last 4MOST boxes were shipped from the AIP Potsdam, containing mainly the High Resolution Spectrograph components.



The VISTA telescope has been recommissioned by ESO using our new Wide Field Corrector and the new Acquisition & Guiding and Wave Front Sensing system, from AIP Postdam. Subsystems are currently being integrated on Paranal and installed on the telescope.



A massive spectroscopic survey



		10 consortium surveys: 70% 



		14 ESO community surveys: 30%



		9 infrastructure working groups (IWG) 

including a Stellar Multiplicity Working Group 

as part of IWG2 (survey strategy and simulations)



		Implementation of cadence:





				For free



		On request 









 











































	https://www.4most.eu/cms/science/overview/





						G. Traven













Spectroscopic binaries in 4MOST







Binary nature of SB candidates (LR/HR) - T. Merle

Dependence of binary fraction on metallicity (LR/HR) - G. Traven

Composite-colour hot subdwarf binaries - M. Dorsch



Detecting spectroscopic stellar systems – T. Merle

MULTIFIT pipeline and parameter biases (LR/HR) – M. Dorsch



Population properties of binary stars in our Galaxy – G. Traven, B. Jamnik (see poster P41)

Double white dwarf binaries – I. Pelisoli (talk on Tuesday)

WDs with unseen low-mass MS (or brown dwarf) companions – Rebassa-Mansergas

Dormant Black Holes survey overview and catalogue – M. Pawlak

Abundance analysis of multiple stars – H. Ernandes

Spectroscopic binarity of the Gaia astrometric binaries – T. Mazeh

The distribution of the rotational broadening of all 4MOST spectra – T. Mazeh

Characterising sources with significant astrometric excess noise (LR/HR) – P. Gandhi

Fundamental parameters (mass, radius) of eclipsing binaries – T. Merle

Wolf-Rayet stars and spectral disentangling of SB1 – T. Shenar

Etc.







































			





				spectroscopy

Multiple stars detection & characterization





photometry					





















χ²SB = χ²spec + χ²phot



MULTIFIT from M. Dorsch

Approach similar to El-Badry+ (2018) in APOGEE

Using neural networks (The Payne, Ting+ 2017)



 Composite spectrum =

Main sequence F  + subgiant K









For unresolved SB2 (~15%):

				Derivation of atmospheric parameters











For SB1 (~1.5%):

		Minimum RV dispersion for SB1 detection  



		Set upper limits on orbital periods



		Estimation of the period distribution







For SB2 (few thousands):

		Partial orbital characterization



		Derivation of atmospheric parameters







For <1% of SBn, n≥1:

		Full orbital characterization



		Full atmospheric characterization





 

In addition few tens to hundreds of  SB2 will be

turn into triples or quadruples.



Credit: E. Araujo de Pereira

Binary nature of many candidates









Survey of Survey (SoS) Tsantaki+ (2022)



6 parameters to fit for SB1, 7 for SB2



Summary



		SB9 Catalogue and Its Evolution





The SB9 catalogue compiles thousands of spectroscopic binary orbits, including higher-order multiples, and has evolved into the modern SBX database with improved data access and standards.

http://astro.ulb.ac.be/sbx



		Comparison with Gaia DR3





Cross-matching SB9 with Gaia DR3 NSS reveals only a partial overlap (about 20–25%), highlighting differences in detection limits, period coverage, and the need for further investigation into the completeness of binary catalogues.



		Spectroscopic Binaries in the 4MOST Survey





The upcoming 4MOST survey will massively expand spectroscopic binary detection, enabling detailed studies of binary fractions, period distributions, and higher-order multiples across the Galaxy, with new tools and strategies for characterizing both resolved and unresolved systems.

















Summary



		SB9 Catalogue and Its Evolution





The SB9 catalogue compiles thousands of spectroscopic binary orbits, including higher-order multiples, and has evolved into the modern SBX database with improved data access and standards.

http://astro.ulb.ac.be/sbx



		Comparison with Gaia DR3





Cross-matching SB9 with Gaia DR3 NSS reveals only a partial overlap (about 20–25%), highlighting differences in detection limits, period coverage, and the need for further investigation into the completeness of binary catalogues.



		Spectroscopic Binaries in the 4MOST Survey





The upcoming 4MOST survey will massively expand spectroscopic binary detection, enabling detailed studies of binary fractions, period distributions, and higher-order multiples across the Galaxy, with new tools and strategies for characterizing both resolved and unresolved systems.















RV curves: SB9 vs Gaia DR3 NSS
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