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Globular Clusters: M3 and M13

Age (M — m)v D (kpc) [FE/H] [a/Fe] E(B-V) AY, Ninner Nouter
M3  12.5 Gyr 15.02 10.02 -1.55 +0.4 0.0115 0.01 179 103
M13 12.9 Gyr 14.42 7.65 -1.55 +0.4 0.0145 0.08 382 390
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Denissenkov et al. (2017)

Left panels: inner region (core: 3.4'x3.4’) of
the cluster (HST observation, Nardielo et al.
2019)

Right panels: Outer region of the cluster
(Ground based UBVRI observation, Stetson
et al. 2019)

Observed stars: gray solid (membership
prob > 90%), black solids (UVIT detection)

Completeness: > 95% (for BHBs, Togs > 7,500
K)

Models (BaSTI-IAC, Pietrinferni et al. 2020)
Isochrones:

upper panels -

(Y=0.248 (red line), Y=0.275 (blue line);
lower panels = Y=0.300 (red line)

ZAHB locus: Y=0.300 (green line),
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UV-optical Color Magnitude Diagrams (CMDs): M13
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UV-optical Color Magnitude Diagrams (CMDs): M3
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Observed vs Synthetic HBs in M13
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(i) Y = 0.246 to 0.256 (uniform distribution), and AM=0.21 M., with o(AM)=0.01M, (Gaussian): shown in red solids (upper
panels) and red dashed lines (lower panels).

(ii) ¥ = 0.28540.012 (Gaussian), and AM=0.235 M, with ¢(AM)=0.01M, (Gaussian): shown in green solids (upper panels)
and green dashed lines (lower panels).

(iii) Y = 0.300+0.003 (Gaussian), and AM=0.266 M with o(AM)=0.002M:, (Gaussian): shown in blue solids (upper panels)
and blue dashed lines (lower panels).



Observed vs Synthetic HBs in M13
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» 55 eHBs in the inner- and 22 eHBs in the outer- region of the cluster are below Y=0.300 synthetic HBs.
(in total 77 out of 178 eHBs, ~43%)

» 46 iHBs in the inner- and 23 iHBs in the outer- region of the cluster are below Y=0.285 synthetic HBs. (in
total 77 out of 178 eHBs, ~ 35%)

» These fainter eHBs and iHBs indicate either they are either in blue-hook phase (BHk) or need an
additional initial Y > 0.300 to fit with the synthetic HBs.
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Observed vs Synthetic HBs in M3

:_ M3: Inner region (3'x3')
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0.57 Mg — 0.65 M

> bHB: Y, = 0.247 — 0.267 (AY = 0.02) and Myg

0.51 Mg — 0.58Mg

» iHB: Y, = 0.260 — 0.300 (AY = 0.02 — 0.05) and Myp
» eHB: Y, = 0.290 — 0.310 (AY = 0.04 — 0.06) and Myp

0.485 Mg — 0.51 Mg

- If considering BHk stars (in the eHB region), we expect the AY should go as large as 0.08-0.10.



Evolutionary status of hot stars in M3 and M13
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Evolutionary Status of hot stars in M13

The Tegr and Ly of hot stars
are obtained from the SED
fitting in VOSA-SVO.

UVIT along with HST filters are
used for inner region and UVIT
along with UBVRI filters are
used for the outer region of
the clusters.

Kurucz and TMAP model are
used for eHB, iHB, and pHB
stars.

ng (Lbai)

Koester and Lavenhagen
models are used to fit WD
stars.

pHB evolutionary tracks are
taken from BaSTI-IAC model

WD cooling tracks are taken
from Renedo et al. (2010) and
Althaus et al. (2013)
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Evolutionary Status of HBs in M3
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Cooling Sequence of UVIT detected WDs
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> WDs in M13:0.32 Mg -0.60 Mg

> WDs in M3 :0.43 Mg -0.86 M

4.2



Summary

» We investigated the blue-HBs and extreme-HBs sequence of M3 and M13 using UVIT
observations.

> In M13, bHBs, iHBs, and eHBs are distributed with He-abundance, 0.247-0.267, 0.260-
0.300, and 0.290-0.310, respectively.

» In M3, bHBs are most abundant HBs and the He-spread on bHBs in M3 is 0.252-0.265.
> We are able to detect post-HBs phases of stars with Myg < 0.55 M

> The observed post-HBs evolved from the eHB phase (Myg < 0.52 M) are more than the
expected post-HBs from the ratio of their respective lifetimes.

> WDs in M3 is more massive than M13.



Thank You



Radial distribution of HB stars
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Normalized Radial distribution of HB and post-HB stars
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Radial distribution of HB and post-HB stars
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