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UVE UVE 

by-products by-products ofof
binary systemsbinary systems

          ““perturbationsperturbations””  
        ofof  ““canonicalcanonical””

evolutionary sequencesevolutionary sequences

      ANOMALOUSANOMALOUS    sequencessequences
                   as                   as
            Blue Blue Stragglers StarsStragglers Stars
                          and UVEand UVE



??

 according to their position in the CMD,   according to their position in the CMD,  
          BSSBSS should be  should be more massivemore massive than         than        

normal normal starsstars
(see also (see also Shara Shara et al 1997)et al 1997)

BSS have been detected for the first time BSS have been detected for the first time 
by by Sandage Sandage (1953)(1953)

 merge of 2 low-mass stars merge of 2 low-mass stars
              unevolvedunevolved, massive star, massive star

primordialprimordial
BinariesBinaries

……evolving in isolationevolving in isolation
In low density GCsIn low density GCs

directdirect
CollisionsCollisions

..in the central region of..in the central region of
high density GCshigh density GCs

  BSS BSS            crucial link between           crucial link between
stellar evolution & stellar dynamicsstellar evolution & stellar dynamics

PB-BSSPB-BSS COL-BSSCOL-BSS



high resolution studies high resolution studies 
BSSBSS  also in the inner regionalso in the inner region

of high density of high density GGCsGGCs
••  NGC6397 NGC6397   Auriere Auriere et al. 1990           et al. 1990           
•• 47  47 Tuc    Tuc      Paresce Paresce et al. 1991           et al. 1991           
•• M15        M15         Ferraro & Ferraro & Paresce Paresce 1993    1993    

Catalogs:Catalogs:
  Fusi Pecci Fusi Pecci et al. 1992et al. 1992
Sarajedini Sarajedini et al. 1992et al. 1992

Ferraro, Ferraro, Fusi PecciFusi Pecci, , Bellazzini Bellazzini 19951995
Guhathakurta Guhathakurta et al. 1994, 1998 et al. 1994, 1998 

Piotto Piotto et al 2004et al 2004

loose GGCs         natural habitat 
low c, low  ρ0                   for BSS

<1990<1990 >1990>1990

  
    BSS     BSS are a common population of are a common population of GGCsGGCs,       ,       

found in each cluster properly observed   found in each cluster properly observed   
                                                        



See discussion See discussion in  in  Davies et Davies et al (2004)al (2004)  & & Leigh et Leigh et al (2007),al (2007),   Moretti  Moretti et et al (2008)al (2008)

The total The total number number of BSS of BSS is independent is independent ofof
cluster cluster mass and mass and collision collision raterate

N(BSS) N(BSS) varies only by varies only by a a factor factor of 10!!!of 10!!!

  A A Catalog containing Catalog containing 3000 BSS in 56 3000 BSS in 56 GGCs fromGGCs from
  HST HST optical observationsoptical observations

BSS are BSS are produced by produced by 
both channels (collisions both channels (collisions 
 & binary evolution) & binary evolution)

According According with previous with previous 
suggestions by Fusi Pecci et suggestions by Fusi Pecci et 
al (1993), Baylin (1995), al (1993), Baylin (1995), etcetc……

Piotto et Piotto et al (2004)al (2004)  

HST



  UV sensitivityUV sensitivity ,  , high resolutionhigh resolution  

systematic studies of hot SPs
 in the core of high density GGCs

HST



         UV-plane         UV-plane  ideal to study  ideal to study  
     the photometric properties     the photometric properties
         of  the         of  the  BSSBSS population population::

- the distribution is almost vertical- the distribution is almost vertical
- span more than 3 magnitudes- span more than 3 magnitudes

Ferraro et Ferraro et al (1997,A&A,324,915)al (1997,A&A,324,915)

Ferraro et Ferraro et al (2001,al (2001,ApJApJ,561,337),561,337)



NNBSSBSS  must be normalized to the
cluster population

F =  BSS specific frequency 

F = NBSS /  NHB

Ferraro et Ferraro et al (2003, al (2003, ApJApJ, 588,464), 588,464)



The most concentrated The most concentrated 
          BSSBSS population  population 
ever found  in a GGCever found  in a GGC

     WHY M80 has a such large BSS pop?     WHY M80 has a such large BSS pop?
    Could the dynamical evolution of the cluster play a role in the     Could the dynamical evolution of the cluster play a role in the 
                              formation of                               formation of BSSBSS??
  M80 is not a PCC but its  dynamical time scale  is shorter than  M80 is not a PCC but its  dynamical time scale  is shorter than
                                      its age!!                                      its age!!
Are collisions delaying the core collapse generating COL-BSS?Are collisions delaying the core collapse generating COL-BSS?  



Log ρ0  =  2.1 Ms/pc3

NBSS  = 24

F  = 0.92 !!!
the largest specific frequency 
ever observed in one of the 

lowest density cluster

          COL-BSS in M80COL-BSS in M80       PB-BSS in NGC288PB-BSS in NGC288  
                      

Log ρ0  =  5.8 Ms/pc3

NBSS  = 129

F  = 1.00
 if only the PC
is considered

??
Different type of BSS ?Different type of BSS ?



M 3
Log ρ0  =  3.5 Ms/pc3

Log Μ  = 5.8 Ms

NBSS  = 72

F  = 0.28

M 13
Log ρ0  =  3.4 Ms/pc3

Log Μ  = 5.8 Ms

NBSS  = 16

F  = 0.07

twin clusters

different binarydifferent binary
content ?content ?

clusters in different clusters in different 
dynamical phases ?dynamical phases ? ??



Sollima Sollima et al (2007, MNRAS, 380,781et al (2007, MNRAS, 380,781))

The Binary fraction in 13 low-density clusters from ACS-HST observationsThe Binary fraction in 13 low-density clusters from ACS-HST observations

12-15%              14-19%               11-12%12-15%              14-19%               11-12%

10-12%              13-17%               16-21%10-12%              13-17%               16-21%

12-13%       16-22%       16-21%      28-40%12-13%       16-22%       16-21%      28-40%

33-50%       51-65%       41-51%33-50%       51-65%       41-51%



Sollima Sollima et al (2008, A&A, 481,701)et al (2008, A&A, 481,701)

A strong correlation between BSS and the binary fraction A strong correlation between BSS and the binary fraction 
has been found in 13 low-density (Log has been found in 13 low-density (Log ρρ <2.5)clusters <2.5)clusters



The population of BSS in the The population of BSS in the centralcentral region region
of clusters is only part of the story:of clusters is only part of the story:
iin fact n fact the the globalglobal  BSS radial distributionBSS radial distribution
contains contains important signaturesimportant signatures  of theof the
cluster dynamical cluster dynamical evolutionevolution



For any not-segregated For any not-segregated pop.pop.
              R  = 1              R  = 1

                          NNRGBRGB//NNTOTTOT

RRRGBRGB==
              L              LSS//LLTOTTOT

             N             NBSSBSS//NNTOTTOT

RRBSSBSS=               =               
              L              LSS//LLTOTTOT

  The BSS  The BSS  radialradial  distributiondistribution
                          isis BIMODAL BIMODAL

IsIs  thisthis  distributiondistribution
    reallyreally  ““peculiarpeculiar””
      &       & uniqueunique ? ?

HighlyHighly  peakedpeaked in the  in the 
center, rapidly center, rapidly decreasingdecreasing
at intermediate at intermediate radiiradii and  and 
rising again at larger rising again at larger radiiradii

TheThe    first completefirst complete
coverage of the coverage of the entireentire
cluster extensioncluster extension



The BSS The BSS radial distribution radial distribution inin
47 Tuc 47 Tuc is quite similar to thatis quite similar to that
observed observed in M3in M3



            COL-BSS +PB-BSSCOL-BSS +PB-BSS  
            sunk into sunk into the corethe core
  by by mass mass segregation segregation &&
            dynamical frictiondynamical friction

      Central Central peakpeak
            &            &
the the Decreasing Decreasing at at 
intermediate intermediate radiiradii

        COL-BSS COL-BSS kicked kicked off off 
        from from the the cluster cluster corecore

BSS BSS generatedgenerated  byby  
primordialprimordial  binariesbinaries

oror

Dynamical simulations Dynamical simulations ((Mapelli et Mapelli et 
al al 2006, 2006, Lanzoni Lanzoni et et al 2007)al 2007)  
showed  that showed  that a pop. of  PB-BSS a pop. of  PB-BSS is is 
needed to reproduce needed to reproduce the the bimodalbimodal
 distribution distribution

          COL-BSS+PB-BSS @ centerCOL-BSS+PB-BSS @ center
&  PB-BSS in the &  PB-BSS in the outer regionsouter regions??

?

    the the Rising branch  Rising branch  
        at at large radiilarge radii

✖



Radius at which allRadius at which all
objects with a massobjects with a mass
similar to BSS havesimilar to BSS have
been sunk into the corebeen sunk into the core
(because of the(because of the
dynamical friction)dynamical friction)
in a time comparable toin a time comparable to
the cluster agethe cluster age

Minimum of rad distr.
=

Radius of avoidance

Important signaturesImportant signatures
of the dynamicalof the dynamical
evolution evolution of theof the
parentparent  cluster arecluster are
imprinted in theimprinted in the  BSSBSS
propertiesproperties



Omega Centauri

Ferraro et al. (2004, ApJ, 603,L81)



ϖ ϖ Centauri: NO Centauri: NO evidenceevidence
of mass of mass segregationsegregation!!!!!!!!

This is This is the the cleanest evidence that cleanest evidence that thethe
system system is not  completely relaxed evenis not  completely relaxed even
in the in the central regioncentral region..



Another population Another population ofof
non-collisional non-collisional BSS?BSS?

How can we 
distinguish

COL-BSS & PB-BSS?

NGC2419: No NGC2419: No evidenceevidence
of mass of mass segregationsegregation!!!!!!!!

Dalessandro Dalessandro et al (2008, et al (2008, ApJApJ,681,311),681,311)



High-resolution High-resolution (R=11700) (R=11700) spectroscopy spectroscopy of BSSof BSS
                  with with UVES and  MEDUSA @ESO-VLTUVES and  MEDUSA @ESO-VLT

Ferraro, Ferraro, LanzoniLanzoni, , GrattonGratton, , PiottoPiotto,,MucciarelliMucciarelli, , Fusi PecciFusi Pecci,,
BeccariBeccari, , LucatelloLucatello, Rood, Sills, Rood, Sills……

    GC          GC                Log Log ρρ           [ [Fe/HFe/H]]

47 Tuc                   5.1 5.1               -0.7  -0.7
NGC 288            2.1   2.1               -1.1-1.1
NGC 6397   PCC PCC                  -1.8-1.8
M4                                4.1       4.1           -1.2-1.2
NGC6752 NGC6752             ??                    -1.6-1.6
Omega Omega Cen  Cen  1.3        -1.61.3        -1.6

C C abundance from abundance from CI line at  CI line at  λλ=9111.8 A=9111.8 A

OO  abundance from abundance from OI line at  OI line at  λλ=7774   A=7774   A

SearchingSearching  forfor  chemicalchemical  signaturessignatures
   of the BSS    of the BSS formationformation  processprocess

2 2 successfull successfull runs runs atat
the VLT with FLAMESthe VLT with FLAMES
allowed us  to collectallowed us  to collect
data for ~ 300 BSSdata for ~ 300 BSS



47 Tuc: First Results
43 BSS 43 BSS selected selected overover
the entire cluster the entire cluster extentionextention

CNO CNO burningburning  productsproducts on the BSS on the BSS
surface  coming from a surface  coming from a deeplydeeply  peeledpeeled
parentparent star  star asas  expectedexpected in the case  in the case 
of mass-transfer of mass-transfer processprocess..

The The chemical signature chemical signature of the PB-BSS of the PB-BSS formation processformation process??

A A sub-populationsub-population of  of 

CO-depletedCO-depleted BSS BSS  

MS-TO MS-TO StarsStars
    (Carretta (Carretta etet al 2005) al 2005)

FerraroFerraro  etet al 2006,  al 2006, ApJApJ,647,L56,647,L56  



  McCrea McCrea (1964)(1964)

In the scenario in In the scenario in which  which  a BSSa BSS
is generated by mass transfer  is generated by mass transfer  wewe
can can expect to see expect to see the the ““innerinner””
material of thematerial of the  donor star on thedonor star on the
BSS BSS surfacesurface

CCNNOO  processingprocessing





MostMost BSS are slow  BSS are slow rotatorsrotators

(curiously the most rapid(curiously the most rapid
rotators are rotators are locatedlocated in the  in the outerouter
regionregion of the  of the clustercluster))

3 W Uma systems (   )3 W Uma systems (   )
(shrinking binary systems (shrinking binary systems whichwhich  willwill  finallyfinally
mergemerge  intointo a single star  a single star –– Vilhu 1982) Vilhu 1982)

6 C,O 6 C,O depleteddepleted  (    )  (    )

10 10 ““moderatemoderate”” rotators (X ) rotators (X ) No significative No significative radialradial
segregationsegregation



47 Tuc: First
Results

IsIs the CO depletion stage   the CO depletion stage  ““transienttransient””  ?  ?
Can mixing Can mixing processprocess    ““clean-upclean-up”” (mitigate) the chemical  (mitigate) the chemical anomalyanomaly ? ?

          CO           CO depleted depleted BSS BSS 
          Moderate           Moderate rotatorsrotators
                    W Uma systemsW Uma systems  
                      all all appear to beappear to be
 less evolved than  less evolved than normal normal BSSBSS



Beccari et Beccari et al (2006), al (2006), ApJApJ, 652, L121, 652, L121

Pay attention to the E-BSS Pay attention to the E-BSS 
contamination of the contamination of the ““canonicalcanonical””  
 evolutionary sequences  !!! evolutionary sequences  !!!

Contamination by non genuine Contamination by non genuine 
      low-mass       low-mass AGB ???AGB ???



  CONCLUSIONS
The Exploration of The Exploration of ““exoticexotic”” stellar populations stellar populations
              in               in GGCs GGCs has just begun has just begun 

Important signatures of the dynamicalImportant signatures of the dynamical
evolution of the parent cluster are imprinted inevolution of the parent cluster are imprinted in
the properties of BSSthe properties of BSS

Photometric and spectroscopic studies of BSSPhotometric and spectroscopic studies of BSS
are opening a new window on the formation andare opening a new window on the formation and
evolution processes of exotic objects in highevolution processes of exotic objects in high
density density enviromentsenviroments




