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       Stellar Kinematics Groups 

Factors against the persistence  of MG:  
 

•  the Galactic differential rotation  
  (tends to spread the stars)  
•  the disc heating  
  (velocity dispersion of disc stars) 

•  Moving group (Supercluster) Eggen (1994) 
   Group of stars gravitationally unbound that share the same  
    kinematics and may occupy extended regions in the Galaxy  
 
    Coeval Origin: 

•  the evaporation of an open cluster  
•  the remnants of a star formation region,  
•  a juxtaposition of several little star formation bursts 
•  past accretion events in the Milky Way (remnants of disrupted satellites) 

   Dynamical Origin: 
•  associated with dynamical resonances (bar), spiral structure  
  

• Boettlinger diagram:  
•  (U, V) & (U, W)  

•  HIPPARCOS data: 
•  Confirm the existence of classical young MGs (and some old MGs).  
•  Large velocity dispersion. 
•  Detect finer structures in space velocity and age that in several cases can be 
related to kinematics properties of nearby open clusters or associations. 
 



Young Nearby Loose Associations  

Classical Young Moving Groups 

Classical Old Moving Groups 



       Stellar Kinematics Groups 
Classical Young Moving Groups 

The youngest (age < 650 Myr) and best documented moving groups (MG) in the solar vicinity are the Hyades, 
Ursa Major (UMa), Local Association (LA), IC 2391 and Castor (see Montes et al. 2001 MNRAS.328...45 and 
references therein). Substructures in these MG have been found like the B1-B4 subgroups of the LA (Asiain et 
al. 1999A&A...341..427) and some possible new MG as Hercules-Lyra has been identified more recently 
(López-Santiago et al. 2006 ApJ...643.1160).  

http://www.ucm.es/info/Astrof/invest/actividad/skg/skg.html  



       Stellar Kinematics Groups 
Classical Young Moving Groups 

Montes	et	al.	2001	MNRAS.328...45	



       Stellar Kinematics Groups 
Classical Young Moving Groups 

different methods to handle kinematic 
data of their known members 
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Grupos de movimiento jóvenes 
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New associations of young stars: 
 
•  TW Hydrae Association (~50 pc; ~10 Myr)  
•  Eta Chamaeleontis Cluster (~97 pc; 8 Myr)  
•  Epsilon Chamaeleontis kinematic group (~110 pc)  
•  Beta Pictoris moving group (~36 pc; ~12 Myr)  
•  Great Austral Nearby Young Association (GAYA) (~50 pc; ~30 Myr)  
   - Tucanae Association (~45 pc; ~40 Myr)  
   - Horologium Association (~60 pc; ~30 Myr)  
•  AB Doradus Moving Group (~20 pc; ~50 Myr)  
•  Hercules-Lyra Association (~20 pc; ~150 - 300 Myr)  
•  MBM12 molecular cloud complex (~65 pc)  
•  HD 199143 (Capricornius Association) (~48 pc)  
•  HD 141569 moving group (~100 pc)  
•  YSSA, Young Sco-Sgr Association (rho Oph & R CrA) (~100 pc; ~10Myr)  
•  Pisces Association (~100 pc )  
•  mu Oph Cluster (Mamajek 2) (~170 pc; ~120 Myr)  
•  32 Ori "post-T Tauri" group (Mamajek 3) (~92 pc; ~25 Myr)  
•  Carina-Near Moving Group (~30 pc; ~200 Myr)  
 



Grupos de movimiento jóvenes 

Torres et al., 2008, "Handbook of Star Forming Regions”, Vol MP 5, p. 757 
  

Young Nearby Loose Associations 



Young Nearby Loose Associations  

Several nearby associations of young stars have been identified in the last years, and a large number of then have U, V velocities in the 
region of the Local Association (Pleiades MG). In this table and figure we compile the more recent results from Torres et al., 
2008hsf2.book..757;  Zuckerman & Song 2004, ARA&A, Vol. 42, 685, and some other authors. Some initially indentified groups like 
HD 199143 later result to be part of the β Pic. Some recently identified associations result to be part or to be related with known MG or 
open clusters (like Argus = IC 2391). 

http://www.ucm.es/info/Astrof/invest/actividad/new_associations_ys.html



Young Nearby Loose Associations  



Young Nearby Loose Associations  

Riedel et al., 2014AJ....147...85R    Video: https://www.youtube.com/watch?v=XDwSMCsF65k 

Young Star  
space motion diagram (UVW) 



Young Nearby Loose Associations  
The All Sky Young Association (ASYA): a New Young Association 
Torres, C. A. O.; Quast, G. R.; Montes, D. 2016IAUS..314...77T 
 



Young Nearby Loose Associations  
The All Sky Young Association (ASYA): a New Young Association 
Torres, C. A. O.; Quast, G. R.; Montes, D. 2016IAUS..314...77T 
 



LACEwING:  
Lessons from a New Moving Group Code 
Riedel et al., 2016IAUS..314...33R 



LACEwING:  
Lessons from a New Moving Group Code 
Riedel et al., 2016IAUS..314...33R 

 
 

Convergence-style kinematic moving group code 
  
– Converts UVW velocities of groups into expected pm & RV, compares to all available 
kinematic observations  
 
– Uses freely-oriented ellipses to represent data 
 
 
à For best results, it should be used alongside a spectroscopic/photometric technique 
that actually yields age ranges.  
  



- Nearby Young Moving Groups: Statistical Methods and Challenges for Assigning Membership 
Malo et al., 2016IAUS..314...27M  
– The BANYAN All-Sky Survey for Brown Dwarf Members of Young Moving Groups 
Gagné et al. 2016IAUS..314...49G 





- A Pre-Gaia Census of Nearby Stellar Groups 
Eric E. Mamajek, 2016IAUS..314...21M 



A. Riedel et al., 2016 



``Young Stars and Planets Near the Sun,''  
held in May 2015 
Proceedings of the International Astronomical 
Union, IAU Symposium, Volume 314 





   Additional Spectroscopic Analysis 

 
•  Kinematics (U, V, W). 

•  Radial velocity (Vr) 
   
•  Age (LiI 6707.8Å).  

 
•  Chromospheric activity 

•  CaII H&K  to  CaII IRT  

 •  Rotation (vseni). 
•  Activity – rotación relation 

 •  Absolute and differential abudances. 
•  Chemical tagging 

 •  Stellar parameters. 
•  Teff, log g, ξ and [Fe/H] 



Grupos de movimiento jóvenes 

Edad a partir de la EW(Li I). 

Zuckerman & Song, 2004 ARA&A, 2004, 42, 685–721  



Grupos de movimiento jóvenes 

Edad a partir de la EW(Li I). 

Torres et al., 2006, A&A 460, 695  

β Pic  10 Myr 



Grupos de movimiento jóvenes 

Edad a partir de la EW(Li I). 

Torres et al., 2008, "Handbook of Star Forming Regions”, Vol MP 5, p. 757 
  

AB Dor – 70 Myr β Pic – 10 Myr 



- The Isochronal Age Scale of Young Moving Groups in the Solar Neighbourhood 
Bell, Cameron P. M.; Mamajek, Eric E.; Naylor, Tim, 2016IAUS..314...41B 



- The Isochronal Age Scale of Young Moving Groups in the Solar Neighbourhood 
Bell, Cameron P. M.; Mamajek, Eric E.; Naylor, Tim, 2016IAUS..314...41B 



       Stellar Kinematics Groups 



       Stellar Kinematics Groups 

Possible origin of the Stellar Kinematics Groups 

• 	Several	studies	conclude	that		those	regions	of	the	UV-plane	consist	of	both	field-like	stars	and	
young	coeval	ones.		
	
	Famaey	et	al.	2005,	2007,	2008;			
	Antoja	et	al.	2008,	2012;		
	Klement	et	al.	2008;		
	Francis	&	Anderson	2009;		
	Zhao	et	al.	2009.	
	
• 	High	resoluRon	spectra	is	needed	for	discerning	between:	
		
- 	field-like	stars		
associated	with	dynamical	resonances	(bar),	spiral	structure,		
or	past	accreRon	events	in	the	Milky	Way	(remnants of disrupted satellites).		

- 	coeval	stars		
debris	of	star-forming	aggregates	in	the	disk.	



 Chemical Tagging (chemical homogeneity ) 

The	detailed	analysis	of	the	chemical	signatures	chemical	tagging	is	another	powerful	method	that	
provide	clear	constrains	to	the	membership	to	these	structures.		
	

In	open	clusters	(Hyades,	Collinder	261)	
(Pauson	et	al.	2003,	De	Silva	et	al.	2006,	2007a,	2009)	
high	levels	of	chemical	homogeneity	showing	that	chemical	informaRon	is	preserved	within	the	
stars	and	possible	effects	of	any	external	sources	of	polluRon	are	negligible.	

Figure	 from	De	Silva	et	 al.	 (2009)	 sowing	 the	abundances	of	
HR1614	MG	stars	(De	Silva	et	al.	2007b,	triangles)	compared	
to	the	Hyades	(De	Silva	et	al.	2006,	circles)	and	Collinder	261	
(De	 Silva	 et	 al.	 2007a,	 squares)	 open	 clusters.	 The	 smaller	
open	 symbols	 represent	background	field	 stars	 (Reddy	et	 al.	
2003;	Allende	Prieto	et	al.	2004;	Edvardsson	et	al.	1993).	The	
dobed	lines	mark	the	solar	value.	



 Chemical Tagging 

*	In	old	stellar	kinema@c	groups	
	

		à	field-like	stars	(dynamical	process)		
	
-	Hercules	stream	(Bensby	et	al.	2007)	which	stars	show	different	ages	and	chemistry		
(associated	with	dynamical	resonances	(bar)	or	spiral	structure).	
-	moving	group	6	(UVW	38,	-20,	-15)	and	7	(UVW	-57,	-45,	-16)	(Zhao	et	al.	2009),	19	K-type	giants	
with		inhomogeneous	metallicity	à	different	chemical	origins	before	they	were	kinemaRcally	
aggregated	and	favor	the	dynamical	resonant	theory.		
	
	à	Coeval	stars		(true	MGs)	
	
-	HR	1614	(De	Silva	et	al.	2007b,	2009)	that	appears	to	be	a	true	MG	
(debris	of	star-forming	aggregates	in	the	disk).	
	

- 	Wolf	630	(Bubar	&	King,	2010)	confirm	the	existence	of	an	abundance	homogeneous	subsample	
of	19	stars		that	could	represent	a	dispersed	cluster	with	an	[Fe/H]	=	-0.01	and	an	age	of	2.7	Gyr.	

	à	Remnants	of	disrupted	satellites	(past	accreRon	events)	
	
- 	Kinema@c	group	3	in	the	Geneva-Copenhagen	survey	(Stonkutė	et	al.,	2012)	homogeneous	
chemical	composiRon	together	with	the	kinemaRc	properRes	and	ages		
à	evidence	of	their	common	origin		



 Chemical Tagging 

*	Very	recently	in	young	kinema@cs	groups	
	
-	Hyades	Supercluster,	Pompéia	et	al.	(2011)	study	a	sample	of	21	kinemaRcally	selected	stars	
and	De	Silva	et	al.	(2011)	analyses	26	southern	giant	candidates.	Found	10	%	and	a	15	%	
membership	respecRvely	.	
	
-	Argus	–	IC2391,	SACY,	De	Silva	et	al.	(2013),	high-resoluRon	elemental	abundance	study	of	
eight	confirmed	members	of	IC	2391	as	well	as	six	members	of	the	Argus.	All	stars	were	found	to	
share	similar	abundances	with	the	scaber	well	within	the	uncertainRes,	where	[Fe/	H]	=	−	0.04	Å		
±0.03	for	cluster	stars	and	[Fe/	H]	=	−	0.06	±	0.05	for	Argus	stars.	Enhanced	Ba	abundances	of	
around	0.6	dex	were	observed	in	both	systems.	à		support	that	the	Argus	associaRon	stars	
originated	from	the	open	cluster	IC	2391.	



                     Chemical Tagging    Tabernero, Montes, González Hernández  

New high-R observations: 
(January, May, and November 2010) 
1.2 m Mercator Telescope  
HERMES spectrograph  
R = 85000. 
 

92 stars were observed.   
61 single main sequence stars (F6 to K4) have been analyzed. 

★ Survey for Chemical Tagging of FGK stars in MGs 
Hyades and Ursa Major MGs 
 

2010- 2011 – 61 F6-K4 stars, Hyades 
 
- Tabernero, Montes, González Hernández 2011, CS16; 
- Tabernero, Montes, González Hernández 2012, A&A, 547, A13 



                         Stellar parameters          Teff, log g, ξ and [Fe/H] 

Stellar atmospheric parameters (Teff, log g, ξ and [Fe/H])  
 

StePar (Tabernero Montes, González Hernández 2012, A&A, 547, A13): 
 
- 2002 version of the MOOG code (Sneden 1973). 
-  a grid of Kurucz ATLAS9 plane-parallel model atmospheres (Kurucz 1993). 
 
- The EW determination of the Fe lines with the ARES code (Sousa et al. 2007).  
- 263 Fe I and 36 Fe II lines (Sousa et al. 2008). 
 
The code iterates until obtain: 
-  excitation equilibrium:  
  the slopes of χ vs log(є(Fe I))  
  and log(EW/λ) vs log(є(Fe I)) where zero  
- ionization equilibrium: 
   log(є(Fe I)) = log(є(Fe II)). 
 
 - 2-σ rejection of Fe I and Fe II lines after a first determination of  the parameters 
 

 - Limitations:  spectral types F6 to K4, slow rotators, no veiling. 
 



StePar (Tabernero Montes, González Hernández 2012): 
 
 
 

                         Stellar parameters          Teff, log g, ξ and [Fe/H] 



Fe, the α-elements (Mg, Si, Ca, and Ti),  
Fe-peak elements (Cr, Mn, Co, and Ni), 
odd-Z elements (Na, Al, Sc, and V)  
s-process elements (Cu, Zn, Y, Zr, Ba, Ce and Nd) 
 
-  EW method in a line-by-line basis with ARES code (Sousa et al. 2007).  
 

-  Line lists and atomic parameters from (Neves et al. 2009; González Hernández et al. 2010). 
 

-  Abundance analysis with MOOG (Sneden 1973)  
using our determined atmospheric parameters  
and a solar spectrum taken with the same  
instrumental configuration.  
 
 
 

                       Chemical abundances           Fe, Na, Mg ….. 

[Ni/Fe] vs [Fe/H]: open diamonds represent the thin disc data (González 
Hernández et al. 2010), red diamonds are our stars compatible to within 1-
rms with the Fe abundance but not for all elements, blue squares and blue 
starred symbols are the candidates selected to become members of the 
Hyades Supercluster. Green downward-pointing triangles show no 
compatible stars. BZ Cet, V683 Per, and ε Tau Hyades cluster members 
stars are marked with orange circles. Starred points represent the giant 
stars. Black asterisks are the candidates selected by De Silva et al. (2011) 
and black crosses represent the members selected by Pompéia et al. (2011). 



 

Differential abundances Δ[X/H]   
 

-  determined by comparison with a reference star known to be member of the Hyades cluster 
(vB 153) in a line-by-line basis (Paulson et al. 2003 and De Silva et al. 2006).  
 

-  A first candidate selection within the sample has been determined by applying a 1-rms 
rejection for the Fe abundance results.  

 
 

                       Differential abundances            Δ[X/H] 

Δ[Fe/H] differential abundance vs Teff. Dashed-dotted lines 
represent 1-rms over and below the median for our sample, 
whereas dotted lines represent the 1.5-rms level. Dashed lines 
represent the mean differential abundance. Red diamonds are our 
stars compatible to within 1-rms with the Fe abundance but not for 
all elements, blue squares and blue starred symbols are the 
candidates selected to become members of the Hyades 
Supercluster. Green downward-pointing triangles show no 
compatible stars. BZ Cet, V683 Per, and ε Tau Hyades cluster 
members stars are marked with orange circles. 

In this subsample we consider stars to become 
members when their abundances  were within 
the 1-rms interval for 90 % of the elements 
considered and the remaining 10 % within the 
1.5-rms interval (18 elements and 2 elements 
respectively). 



                  Chemical Tagging (HS)    Tabernero, Montes, González Hernández  

Result of our abundance analysis of possible members of the Hyades Super Cluster  
(Tabernero, Montes, González Hernández, 2012A&A...547A..13T). 

(15 - 28 stars of  61) 25 - 46% of the sample are homogeneous in abundances for all  
the elements we have considered. 



                  Chemical Tagging (HS)    Tabernero, Montes, González Hernández  

U, V, W velocities for late-type stars candidate members of the 
Hyades Supercluster (Tabernero et al. 2012). The big blue cross 
indicates the core velocity of the Hyades Supercluster (Montes et al. 
2001). 

Spectroscopic log Teff vs log g for the candidate stars. We have employed 
the Yale-Yondale ischrones (Demarque et al. 2004) for Z=0.025 and 0.1, 
0.7, 4 and 13 Gyr (from left to right). Mean error bars are represented at 
the right bottom.		

Blue squares are the final selected member stars. Red diamons are stars compatible with Hyades Fe abundance (but not for other elements), and the 
green ones not compatible. BZ Cet, V683 Per, and ε Tau Hyades cluster members stars are marked with orange circles.  

Result of our abundance analysis of possible members of the Hyades Super Cluster  
(Tabernero, Montes, González Hernández, 2012A&A...547A..13T). 



                  Chemical Tagging (HS)    Tabernero, Montes, González Hernández  

Result of our abundance analysis of possible members of the Hyades Super Cluster  
(Tabernero, Montes, González Hernández, 2012A&A...547A..13T). 

¡  We	find	28	candidate	members	(26	dwarfs,	2	giants,	46%).	

¡  Other	authors	(Pompéia	et	al.	2011,	De	Silva	et	al.	2011)	find	
much	lower	membership	numbers.	(10,	15	%	respectively)	

	
¡  Hyades	Supercluster	cannot	originate	enterely	on	the	

Hyades	Cluster.	

¡  Until	more	complete	samples	are	analyzed	no	clear	
constraints	on	the	contamination	levels	can	be	derived.	

¡  It	is	still	possible	to	identify	members	that	can	be	originated	
from	the	“original	cluster”.	



                Chemical Tagging (UMa)    Tabernero, Montes, González Hernández  

Result of our abundance analysis of possible members of the Ursa Major moving group (UMa) 
(Tabernero, Montes, González Hernández, Ammler-von Eiff,  2016, A&A, in press,  
2014arXiv1409.2348T). 

(29 stars of  44) 66% of the sample are homogeneous in abundances for all the elements we have 
considered. 



                Chemical Tagging (UMa)    Tabernero, Montes, González Hernández  

Result of our abundance analysis of possible members of the Ursa Major moving group (UMa) 
(Tabernero, Montes, González Hernández, Ammler-von Eiff,  2016, A&A, in press, 2014arXiv1409.2348T). 

Blue points: Selected Candidates. 
Red points: Similar [Fe/H] only. 
Green points: Discarded stars. 
Orange point: Reference Star HD 115043 



                Chemical Tagging (UMa)    Tabernero, Montes, González Hernández  

Result of our abundance analysis of possible members of the Ursa Major moving group (UMa) 
(Tabernero, Montes, González Hernández, Ammler-von Eiff,  2016, A&A, in press, 2014arXiv1409.2348T). 

¡  We	find	29	candidate	members.	66	%	of	stars	seem	to	have	similar	
abundances.	

	
¡  Other	authors	suggest	that	it	can	be	originated	from	a	dispersed	Cluster	

(King	et	al.	2003,	and	Ammler	Von	Eiff	et	al.	2009).	
	
¡  Chemical	tagging	is	a	powerful	approach	to	constrain	the	origin	of	

stellar	kinematic	groups.	(i.e,	UMa	MG	and	Hyades	SC	chemical	
signatures).	

	
¡  Until	more	complete	samples	are	analysed	no	clear	constraints	on	the	

contamination	levels	can	be	derived.	

¡  It	will	be	possible	to	apply	this	approach	to	Open	Clusters	and	Field	stars	
data	from	large	surveys,	such	as	GES	(Gaia	ESO	Survey,	see	Gilmore	et	
al.	2012).	

	



     Chemical Tagging (Castor)    Tabernero, Montes, González Hernández  

Preliminary result of our abundance analysis of possible members of the Castor moving group  
(Tabernero, Montes, González Hernández, 2016, in prep). 

(19 stars) 



     Chemical Tagging (Castor)    Tabernero, Montes, González Hernández  

Preliminary result of our abundance analysis of possible members of the Castor moving group  
(Tabernero, Montes, González Hernández, 2016, in prep). 



 Chemical tagging method  
 to constrain the membership of FGK candidates stars to:  
 
-  Hyades supercluster  
     (Tabernero et al. 2012)  
 
-  Ursa Mayor moving group  
    (Tabernero et al. 2016)  
 
-  HERMES/Mercator “Large Program” (15B, 16A, 16B): 
“Confirming FGK members of young stellar kinematic groups by chemical tagging”:  

-   Castor and Hercules – Lyra (preliminary results) 
    (Montes et al. 2016, Tabernero et al. 2016a, b, in prep)  

 
-   New menbers from the cross-correlation of the RASS and TYCHO 
catalogues (called the RasTyc sample, Klutsch et al. 2010).  
-  New associations (ASYA, Torres, C. A. O.; Quast, G. R.; Montes, D., 2016IAUS..314...77T) 
-  New members of SACY (Elliot et al., 2016A&A...590A..13E) 



 Gaia ESO Spectroscopic Survey (GES) 

For the stars that will be be observed in the Gaia ESO Spectroscopic Survey (GES) 
with VLT-FLAMES, UVES and Giraffe  
 
- Stellar atmospheric parameters (Teff, log g, ξ and [Fe/H])  
-  Abundance determination. 

-  Different tests with UVES archive spectra already started: 
   Tabernero, 2014PhDT.......262T 
   Smiljanic, et al. 2014A&A...570A.122S 
 
 
See also: “Testing the chemical tagging technique with open clusters” 
(Blanco-Cuaresma et al. 2015A&A...577A..47B) 

 

à Combined Gaia and homogeneous spectroscopic dataset full 6Dphase space f(x,y,z,vx,vy,vz), 
plus stellar parameters, and chemistry for a very large number and variety of stars down to the 19 
mag: core science plus legacy science 



 Gaia DR1 TGAS –HIP -Tyc 

à Precise astrometry: π  & PM à re-determine kinematics UVW 

à   Reanalyse membership to Nearby Young Associations 

à   Origin (dynamical age, back on time center) 
 

    Next talk: The young local associations from TGAS data: Looking for their origin and evolution  
    (Mercè Romero-Gómez , Núria Miret, Francesca Figueras, ... ICCUB) 

 
à But still need precise RV (~1km/s) 

à But still need youth indicators 

à But still need chemical tagging  
 



The End 


