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Oddrties In OCs
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Oddities in OCs &3

Yellow stragglers

O
, Blue stragglers
§
8
—— 4 Gyr
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What are Blue straggler stars!

Yellow stragglers

Brighter and bluer than

main sequence Turnoff 0
(MSTO)
MBSS > MMS | .

Blue stragglers

Formations mechanismes;
binary evolution, stellar
collisions and multiple 6
interactions (e.g, hierarchical
triple systems)
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The elixir of youth of BSS B

Stellar collisions (Hills & Day 1976)

More relevant in
the core of GCs!




The elixir of youth of BSS

(Hierarchical) Triple systems Perets & Fabrycky (2009)
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“We suggest that this , / | '*|u||'|'m
escenario has a major | WA ,'4;! ‘
(possibly dominant) role | 'n!

in the formation of BSSs

In open clusters” | H H

UI

}H

"BSSs could have long-
period main-sequence
binary companions”
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The elixir of youth of BSS

Mass Transfer (McCrea |965)
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The elixir of youth of BSS

Observed and log(P) vs. e distribution and mass distribution

Geller et al. 2008: Binary Frequency of BSS (769 + 21%) vs. Main Sequence (29% + 3%)
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The elixir of youth of BSS

Observed and log(P) vs. e distribution and mass distribution

White Dwarf companions.
Case B mass transfer (Gosnell et al. 2014, 2015)
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Nevv cata\og of oddntles m Open dusters
Jinthe Gajaera™ o ¢
F|rst catalog of evolved BSS (YSS)I

. Based on ..
- homogeneous data

F|eld contammatlon _-

e accounted
Réiﬁ‘eta/. 2.b2.1ﬂ e |

% )5 soant6 pownionn | . Membershlp information
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- (e.g, RVs, proper motlons) F
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| How do we create cc\or magmtude :
o dlagrams in the GaLa era and find BSS7

Iﬂ coIIaboratron W|th Glovanm Carraro(UNIPD)and JaVIer Ahumada(UNC) e

: ”L.a Si-IIa.Observing Sc'hoo'l_ -Santiago:CHile .- January 15th, 2024 =~ . ’



One by one on each cluster +E©S
+

SELECT *
FROM gaiaedr3.gaia_source
WHERE 1= ( ('"ICRS', ),

('ICRS',ra, dec, 1))
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Membership probabilities: pyUpmask (Pera et al. 2021)
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One by one on each cluster +E©§+
+

Fit isochrones with cluster parameters

605 0.0 0.5 1.0 15 2.0
Gpp — Gprp
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One by one on each cluster +E©§+
+

Fit isochrones with cluster parameters

Plotted the Zero age main sequence
(ZAMS) and binary sequence

O 3¢

o5 00 0.5 10 15 2.0
Gpp — GRrp
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One by one on each cluster

O 3¢

605 0.0 0.5 10 15
Gpp — Gpp

2.0

La Silla Observing School  Santiago-Chile January 15th, 2024

Fit isochrones with cluster parameters

Plotted the Zero age main sequence
(ZAMS) and binary sequence

Isolated the blue stragglers population,
only those with Premb > 50%



Some results Eg
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Rain M J. 2021 (Hypatia Colloguium)
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E _'Can we prowde hmts on BSS forma’uoh -
"""_methamsms? o . '

Glovanm Carraro (UNIPD), Gabrlel Perren (IFIR UNR) Omar Benvenuto (IALP UNLP) Jorge e
i . Panei (IALP UNLP) AIeJandra de Vlto (IALP UN‘LP) and Sandro V|||anova (UdeC) ey
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Ngss vs age
/0% of the straggler candidates in clusters with age >2 Gyrs
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Rain M.J. etal 2021
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Rain M J. et al 2021



ASteCa (Perren et al. 2015) for
mass and binary fraction

First time this relation is
explored in OCs.

Analogous to solimaetal 2008,

Milone et al 2012 1N GCS

NBss Vs Thin S+
+

La Silla Observing School  Santiago-Chile January 15th, 2024

r, = 0.66, p_value = 0.009
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Rain et al. 2024



NBss

1.7
f.. M
Npgg & Npi, ~ bm_ =
1.4
Direct evidence that %

: &
supports the binary &
escenario!! .

0.8
3
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VS Nbin *Eg

r, = 0.75, p value = 0.002
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Dynamical clock: mass segregation
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NGC 188
1.0F -
0.8F
0.6- Are BSS more segregated
than normal cluster stars?
0.4F
0.2F
—— BSS
RGB
Of)_| | | | | |
0.0 02 04 06 08 1.0
T/750
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Rain et al. 2027
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NGC 188

Dynamical clock: mass segregation

s A= 0.146
—— BSS
RGB

I I I I I

1
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T/750
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Al = [ Ppss(X) = Prop(x') dx’

Xmin

x=r/rsg and xXmin are the outermost and
innermost radii from the cluster center

Rain et al. 2027



Extension of the sample
from 10 to 40. We got;

agc
relax — T

relax

Correlations of less
evolved GCs and OCs are
similar according to Fisher
and Zou test
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log(N..1..) = 3.1(£0.80) A* + 1.32(x0.01)

relax

O ’ 9.8

9.2

9.1

9.0

Rain+unpublished

La Silla Observing School  Santiago-Chile January 15th, 2024



How té F n'.cl blnarleé hamongBSS7

Ir‘rcollaboratlon W|th Henr| I\/I J Bofﬂn (ESO)

“La_ Si.IIa;Observing Sc'hoo’l _ -Santiago:CHile .- January 15th, 2024
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BSS in the Transiting exoplanet satellite
survey (TESS)

1.00
X
-
o 0.99
©
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N
©
2 0.98
O
Z

0.97

0] 5 10 15 20 25
Timel[d]
Outiliers with DQUALITY >0 |  Flux>2.50rux | Sky> 3.5 osyy

Rain, M.J & Boffin H. in prep.

La Silla Observing School  Santiago-Chile January 15th, 2024



P~ 1.074d Kk

Gatspy code (VanDerplas 2015)
0.1 <P <0.5xTLC days; TLC=Tess baseline

0.5

1.0 1.5 2.0 2.5 3.0 3.5 4.0
Period[d]

Phase transit

Normalized flux
(@)
(o)
(o)

Phase

Rain, M J & Boffin H. in prep.

La Silla Observing School  Santiago-Chile January 15th, 2024



60 short-period BSS and 90% are

"new discoveries”

/ clusters with a high

1.02

—
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—

—
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Normalized flux
o o
(o) (o)
(0] (o)

o
(o]
N

0.96

rate >10%

Phase transit

La Silla Observing School

Santiago-Chile January 15th, 2024

Rain, M J & Boffin H. in prep.
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Andwhat about radlal velcc;tles (RVs)’

In tollaboratlon W|th Sandro Vlllanova (UDEC)

-
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Multi epoch observations

>700 FLAMES/GIRAFFE observed with HR8 grating (490-520nm) and S/N ~15-80
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. . . . ESO programs: 88.D-0045(A) and 0100.D-0052(A)
La Silla Observing School  Santiago-Chile January 15th, 2024



Multi epoch observations

>700 FLAMES/GIRAFFE observed with HR8 grating (490-520nm) and S/N ~15-80
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RVS (CCF) + Vsini (comparison with synth. Template)

1.1
1.0 MWW WV m
0.9
o
=
0.8
0.7
0.6
4900 4950 5000 5050 5100 5150
Wave (A)
Fel Fe ll Til

ESO programs: 88.D-0045(A) and 0100.D-0052(A)
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The case of Collinder 261 ES-

40
. Epoch 1
. Epoch 2
. Epoch 3
20r . Epoch 4

—60- ﬁ
80, 5 i 6 3 10

Short (<1009) long binaries (>/7009) and non-variable stars

_ _ . _ ESO programs: 88.D-0045(A) and 0100.D-0052(A)
La Silla Observing School  Santiago-Chile January 15th, 2024



The case of Collinder 261

> 50 candidates

13.5 )
1 O
- @
14.5¢ \
15.0r
O 15.5¢
16.07
- - - Zero age main sequence
16.50 —— 7 Gyr
@® Blue stragglers
Yellow stragglers
Short — period binaries
1.0 8 Slow rotators < 10 km /s
Fast rotators > 30 km/s
O Long — period system
25

17.5% 0.65 1.05
Gpp — Grp

Rain, M J & Boffin H. in prep.
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The case of Collinder 261

>50 % candidates of population are in binary systems

13.5
1 O
. ‘ '
14.5¢ \
15.0r
O 15.5¢
16.07
- - - Zero age main sequence
16.50 —— 7 Gyr
@® Blue stragglers
Yellow stragglers
Short — period binaries
1.0 8 Slow rotators < 10 km /s
Fast rotators > 30 km/s
O Long — period system
25

17.5 0.65 105 1.45
Gpp — Grp

Rain, M J & Boffin H. in prep.
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The case of Collinder 261

No special position in the CMD

13.5 )
1 O
- @
14.5¢ \
15.0r
O 15.5¢
16.07
- - - Zero age main sequence
16.50 —— 7 Gyr
@® Blue stragglers
Yellow stragglers
Short — period binaries
1.0 8 Slow rotators < 10 km /s
Fast rotators > 30 km/s
O Long — period system
25

17.5% 0.65 1.05
Gpp — Grp

Rain, M J & Boffin H. in prep.
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The case of Collinder 261

13.5

14.0¢

No special position in the CMD

16.0r

16.5

17.0f

17.5

Zero age main sequence ‘
7 Gyr - '
Blue stragglers " \
Yellow stragglers '
Short — period binaries R \

Slow rotators < 10 km /s \ .
Fast rotators > 30 km /s ‘

Long — period system

SOngQee |

0.65 1.05 1.45
Gpp — Gpp

La Silla Observing School

Santiago-Chile

January 15th, 2024

Rain, M J & Boffin H. in prep.
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Constralnlng a muIt|pIe stellar orlgln of
* blue stragglers .

*

. Ine Collaboratlon W|th R‘Sallnas N Lelgh I\/IJ Raln R. I\/Iathleu S B Howell &V Kalarl -.

“La Si.IIa;Observing Sc'hoo’l , -Santiago:CHile .- January 15th, 2024 = . ’



The roles of speckle, radial velocities and Gaia

1.0 r 1 T 1 | r 1 T 1 | - | 1 T 1 | r 1 1 1
- 8 — 10m Speckle & NIR AO i
0.8
> 0.6
(&)
= - -
(5
= - 2-4m NIR AO n
L — -
S
~ 0.4} —_
- (@) -
- < J
(0 d
0.2 E
- E -
- q -
. | i
0.0L_1 1 | N 1
-5 0 5) 10

Companion Period [log(years)]

La Silla Observing School  Santiago-Chile January 15th, 2024



An example of speckle Interferometry

MAD Ks

» »
® - . . LR 3
- #9
2 B L ] ‘ ; ®
o 434 '
STFEF555W SPHERE Ks Zorro EO832
R136@24mas Kalari et al. 2022

La Silla Observing School  Santiago-Chile

January 15th, 2024



Some results: Case of NGC //89

0.98Msun

0.93Msun

1.0 1.5
EO562 - EO832

BSS masses from the isochrones

Salinas, R, Leigh, N, Rain, M J. in prep.
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Detected companions to 6
blue stragglers on a total
sample of 5| BSs, distributed
in || open clusters

This detection rate (I 1%) goes
in line with the expectation of
BSs formed via Kozai-Lidov
(up to 10% in GCs, Antonioni+!6;
up to ~25% in OCs, Geller et aI.I3)

Salinas, R, Leigh, N, Rain, M J. in prep.
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Homogeneous and mtemally cor1S|stent catalog of Blue straggler stars but a|so the -

e first one of yeIIovv stragglers

-

'-Updated pre\uous relatlons vv|th age an@kl\/lV Contrmed the relatlon betvveen NBsg

- and fbm, me

- .:Dynar*ntal state of >36 OCs BSS are. more segregated in clusters vv|th ages >I Gyr'__.

| A-Reported the penod of >6O c:lose strag’gler bmames Colhnder 26| >50% In short— .
_-per‘lod bmames R | A e - s

_ "_Camed out the first spectroscop|c analys|s on the straggler populat|on of a handful L
- OCs VWe |dent|fy Jong/short pemod systems and non- vamable stars.

v Conf rmed KZ expectat|ons n OCs

oo Catalog S opemng new opportun|t|es to study the BSS formatlon pathvvays and

e nature Stay tuned'
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. - ' e > ; @ |
~Binary evolution and modeling =~
L b In COIIa_boration_v'vvith .E,Chevéste;:fl}/l, e o |

..
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What our
simulations show!

Binary evolution and BSS
formation: Updated

version of Benvenuto &
De Vito (2003)

Acretor

Donor To Gaia pass-bands:

updated version of
Rohrmann (2001)

Rain et al 2023
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Let's go back to the case of Collinder 261

M, =1.15 Mg, M; =0.75 Mg, P;=0.80

B=0.25
B=0.40
B=0.50
B=0.75
B=0.80
B=1.00

log(t)=9.9
-=-= ZAMS

0.50 0.75 1.00 1.25 1.50 1.75 2.00
Ggp — Grep

Ftcheveste M. et al in preparation
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Parameter [3: Key importance of mass transfer efficiency to reach high Gmag

M, =1.15 Mg, M; =0.75 Mg, P;=0.80

B=0.25
B=0.40
B=0.50
B=0.75
B=0.80
B=1.00

log(t)=9.9
-=-= ZAMS

0.50 0.75 1.00 1.25 1.50 1.75 2.00
Ggp — Grep

Ftcheveste M. et al in preparation
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