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Outline

* Inferring the integrated RGB mass loss from the CMD and
the study of the horizontal branch stars

— Possible hints of a universal mass loss relation
for old, metal poor stars

* What happens at higher metallicity and lower ages?
* The case of M4
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Globular clusters  (Socszzm) el ©

« Large number (order 10°) of old :
(>6_8 Gyr)’ low mass (< 1.0 Msun) 14 —‘ Horizontal branch ’
stars. I

« Stars have the same age =
(within few 102 Myr). 516 [

« Generally, no internal variation of £
[Fe/H] (iron content, but there
are some exceptions, like M22, iB
Omega Centauri). i
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« The HB is the locus of the

helium burning stars of old 14 {~ ((Horizontal branch > — |

stellar populations.
* Product of the helium flash at
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the Tip of the RGB. S0
« Historically connected to the,
still unsolved, second -
parameter problem. 18
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Second parameter problem
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from Nardiello et al. (2018) data
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Metallicity (here in [Fe/H]) is the defining parameter for the HB morphology
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[Fe/H]= -1.5,
log(M)= 5.57
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.| This is one of the oldest unsolved problems in GCs study!
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Why these HB are so different despite the general similarities between the two GCs?




Globular clusters are composed of
a collection of stellar populations.

First generation (1G, stars with the
same chemical pattern of the field
stars) and a Second generation
(2G, stars with radically different
pattern)

One distinctive feature is the
presence of multiple sequences on
the CMD in all evolutionary
phases.

On the HB the multiple populations
show themselves as different
groups of stars.
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NGC2808,Milone et al.

Multiple population

As a rule of thumb, the bluer an HB star is
the higher its helium abundance is,
but is not “universally” true
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Why?

The position of these stars is affected
by 4 main parameters:

* Cluster Age

* Metallicity ([Fe/H])

* Helium abundance

* Mass loss during the RGB  ~

The age of the cluster stars and [Fe/H]
can be evaluated independently.

Until recently, helium and mass loss have
been degenerate.
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- Age=12Gyr [Fe/H]=-1.44
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Helium and Chromosome maps o o8

Special combination of HST filters able to I B RN
separate the populations inside a GC. - r=0.87+0.05 1
j T T | T T T t 0.1 j : N
0.4 | NGC6B723 }+ i
= : . K 0 : |
F 03| 2G = .05 | NSRRI
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302 | - - °‘§ i ]
= 1 : ﬁ :
g 0.1, ] o ? - ‘ N
= = 1] 1
<]U = 1@ \ C L \
B o 4 5 6
B ] log(M[MQ])
~0.1 B -
04 0.2 0 0.2  Combining this with stellar models and
A synthetic spectra a link with helium can be found.

F275W, FB814W .
Milone et al. 2018 Breaking a decades long parameters degeneracy!
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Tailo et al. 2020

HB modeling

* The last parameter to evaluate is the

integrated RGB mass loss (1n).
14.5¢
* For most clusters we have the helium
values for two groups of stars : the first 15.0f .
and the extreme part of the second : we Y
generation stars (1G* and 2Ge) 515.5 :
=
* In most cases, these correspond to the 16.0¢ e
reddest (1G) and bluest (2Ge) groups e HB data
of stars along the branch. 16.5] b1 = 0.180 Mo
—— Mage =0.233 M,
We only need to identify these two 170l Api, = 0.053 Mo
groups and to associate them a mass and 0 >0
a mass loss value... Seems easy! . . Measaw — MEg1aw '

Spoiler: it wasn't



Doing that for a large sample of

* Analyzed 53 clusters:
* Included both regular and second parameter
clusters.

* Also analyzed those cluster without any trace of
multiple populations
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Doing that for a large sample of GC

Looking at our results from a wide

perspective we notice an intricate web of | "=
relations between different structural
parameters of the host clusters.

Few generate all the others.
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Complexity within complexity within complexity.
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A mass loss law? it

Looking at our results as a function Y [ — ‘
of age it seems that there are two U OCs ent mtvie poprations iy
relations at play.
0.25
The simple populations clusters
follow a distinct sequence 0.20
"ROP108 T Del
0.10
0.05
‘ R Tailo et al. 2020, Tailo et al 2021
o o1 08 e o 0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

606w 111 pg14

However...

Age (Gyr)
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A mass loss law? k©)

0.35
) ) ) Second parameter clusters
The other strong relation is with the  0.30]  GCs without multiple populations .
metallicity of the host cluster —!@’
0.25 ,ﬁ
* All “species” of GCs behave similarly - il
0.20
* Standard models for mass loss 5 o
can not describe this trend 0.15
* The best fit relation is: 0.10
0.05 O§O—
pl =095[Fe/H] + 03 ]_ 2 Tailo et al. 2020, Tailo et al 2021
g -2.50 -2.00 -1.50 -1.00 -0.50

[Fe/H]
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A universal mass loss law?

» Slopes of other mass loss relations in °*
the literature are compatible 0.30!
* We also compared with other few 55|

relations coming from Tucana and
Sculptor dSph galaxies (Savinoetal.

2019, Salaris et al. 2013) 2
« Is RGB evolution universal -1 —
for old low metallicity stars? e
) HOW thlS impaCtS the . Tailo et al. 2020,2021
evolution of later stages? Gratton et al. 2010
« What happens at even oS Sarino ot al 2019

' iCi Salaris et al 2013
higher metallicity values or alaris et a
-25 2.0 —-1.5 —1.0 —0.5

in young populations? [Fe/H]
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HB to RC: difficult with only photometry! sl O

In younger (<8Gyr) clusters helium C Fe/H = -0.20 ) / ,
burning stars tend to “cluster™ in a 175) N0 20700 7oM, - b
small region of the CMD. £
(pun intended) = /_" 7
1.85¢ 4 ’
Since this large number of tracks @ //
inhabits this region it is difficult to el 8
obtain accurate mass estimates Ll ‘ |
with only photometry! 7
2.00r
We need to Supplement the 208 (_),8|75 O.QIOO 0,‘-.’;25 O.9|50 0&575 1.600 1.625 1,650
information coming from B~V
I -
photometry and the models! Age _  Mass
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Asteroseismoloqy
FA Vmax
e | Miglio et al. 2021
30 ' ' '
) T l PBYCOCC QCQ
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30: e " - — . e = e = :
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160 200

120 L Frequency [uHz]

If we observe oscillations in a RGB and
terms of luminosity, a helium burning star we can evaluate
mass and temperature their mass ed eventually mass loss

v__and Av can be written in

ma




High metallicity / low age regime i o

RGB [o/Fe] >0.1

100 ‘ |
i [ 1Scaling relations
[ JAverage correction to Av
[_1PARAM
0.3 = 50
0.25+ e
0.2+ - e '#‘aw . L ) | |
T 0.15 VR 1 1.5 2 25
3 M M)
= o i > 60 F RC [q/Fe] >0.1
0.05 - -
o 31- __‘. H
0 . : a0} I
-0.05+ Z [
20+
_01 | I I |
-1.5 -1 -0.5 0 0.5
0 — = i P, .
[Fe/H] 1 - . o
M [Mg]

Miglio et al. (2021) found an average 0.1 - 0.12 M mass loss in Kepler field stars




High metallicity / low age regime

14

Older measurements from Miglio et al. (2012) show even

[Fe/H]~0.4
Age > 7 Gyr
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1451 gy
R [Fe/H]~0.0
e
15l &E:,:‘ Age ~ 2 Gyr
ik :
1951 NGC6819
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16.5 ‘ . )
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lower values of integrated mass loss for high [Fe/H]
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Tension? s
* Seems that the relations found for
the old stellar associations (GC 0.30;

and dSph Galaxies) do not agree
with the one for the field (Kepler 0,25¢
stars) and younger clusters

0.20¢
=
5
0.15¢
Tailo et al. 2021 0.10 O
Gratton et al. 2010
Origlia et al. 2014 O
Savino et al 2019 0.05¢

Salaris et al 2013

Miglio et al. 2021 i ‘ . . . .
Miglio et al. 2012 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 0.50

[Fe/H]
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Tension?
Regular clusters
Second parameter clusters
0.30 GCs without multiple populations
Kepler field star (Miglio et al. 2021) _._‘
0.25
* This is even more evident if we
look and the Age - Mass loss 0.20
relation. S
0.15
* Does the environment and the age
play a role in altering RGB mass — o
loss?
@)
0.05

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Age (Gyr)




M4: bridging the gap A

Vmax

Combining K2 and Gaia 11 i
observations of M4 we —— I I ‘ * Bzzction Tailo et al. (In prep) ’:': I120
obtained detection of R
stellar oscillations in | _ - 12} T
RGB and HB stars. o5 100
With this we derived Bl ‘,r-. =
those parameter LA 0
(v, and Av) o 14}
to estimate the mass * .
of our those stars. sl
- 40
Early results 16}
from our team! J * i
177650 0.75 1.00

BP — RP
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M4: bridging the gap N | st O

Data - 120

. ° Tailo et'al. (In prep)
M4 is a multiple populations system: . ;g L pana
12F % ruB v e
« The C, = (U-B)-(B-I) index is an effective A | 100
way to separate stellar populations 13} t; L
. - %‘;3':&?% a:%}-;". . TR
* We cross matched the data from Gaia and Lo e | 50

K2 with the data from Stetson at al.

Vmax

* Overall we have 10/26 1G stars and 16/26
2G stars (40 to 60 ratio) [ 60

* The 6 HB stars we have are all 1G
(according to spectroscopy) and will
provide a measure of mass loss.

- 40

- 20

Early results

from our team!
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Conclusions ©)

* With the new abundance estimates available, the analysis of the old helium
burning stars can provide a fast way to evaluate integrated RGB mass loss in
clusters.

* For old, low metallicity stars it seems a universal relation exists.

* Which, still, does not translate well to the available high metallicity, low age
measures. Does the environment and the age of the cluster/stars play a role?

* M4 is a unique GC where a direct asteroseismologic study is possible.

A unique opportunity to refine the tools for further instruments/missions.

Thank you!
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