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Background

« FUV-CMDs have proved to be a powerful tool to probe the nature of exotic

objects such as Blue Straggler Stars (BSSs), CVs, etc (knigge et al. 2008, Dieball
et al. 2009, 2010, 2017).
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FUV-optical CMDs are extremely useful:
* understanding the HB discontinuities,
characterizing the He-enhanced sub- * 308 mande

populations in GCs (Dalessandro et al. 2012) e T
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* Identifying the otherwise optically faint £ *?;:“.",_
Extreme HB (EHB) and Blue Hook (BHK) 2 AR, i
candidates. Wt \. ‘
L !
« for deriving a complete census of luminous o S
and hot post-HB (pHB) stars that evolve _ }. cwry N [
away from HB (Schiavon et al. 2012). g ’l"_"', ; ,;" = l_ e
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Motivation

FUV legacy survey of Globular Clusters:

GALEXGRS6 AIS color

HST: NUV wavelengths and small ng
FOV (3.4’), HST UV legacy survey of
GCs (Piotto et al. 2015, Nardiello et al. 2018)

GALEX: large FOV but poor
resolution (4-5") (Schiavon et al. 2012).

UVIT: FUV (1300-1800 A) and NUV &
(2000-3000 A) wavelengths and large

FOV (28), resolution ~1.6” (Tandon et
al. 2017) PR

Gaia : identification of PM members @ &
from Gaia EDR3 catalog for the outer
regions (Gaia collaboration et al. 2018).



Motivation

FUV legacy survey of Globular Clusters:




Motivation

FUV legacy survey of Globular Clusters:
ldentify the FUV members covering full cluster region

GALEXGRS6 AIS color




GlobULeS

Globular clusters UVIT Legacy Survey
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GlobULeS

Globular clusters UVIT Legacy Survey
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T Cluster R.A. (hms) Dec(dms) Cycle Observation Date texp (sEC)
: UVIT/F148W  UVIT/F160M
; i NGC 362 0103 14.26 -705055.6 GO06 2016-11-10 4614 3941
E af NGC 1904 0524 11.09 -2431290  A02 2016-11-18 4901 3915
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NGC 7099 21402212 -2310475  A06 2019-09-17 6623 T087




GlobULeS

Globular clusters UVIT Legacy Survey

Al

» To present the FUV catalog
of HB, BSSs, and WDs of
the GCs covering the full
cluster region, identify their
evolutionary sequences and
detect UV bright peculiar
stars.

» Study the HB morphology
and derive parameters of
EHB, BHk and Post-HB
candidates.

 SED parameters of WDs
and BSS candidates
showing UV excess
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Observation details
Cluster R.A. (hms) Dec(dms) Cycle Observation Date texp (sEC)
UVIT/F148W UVIT/F169M

NGC 362 0103 14.26 -705055.6  GO6 2016-11-10 4614 3941
NGC 1904 052411.09 -2431200 A02 2016-11-18 4901 3915
NGC 5272 1342 11.62 +2822382 A0S 2019-03-08 3000 2883
NGC 5897 15172450 -210037.0 A04 2018-06-16 13715 -
NGC 6205 16 41 41.24  +36 27 35.5 A0S 2019-03-13 6657 6657
NGC 6341 171707.39 443 08 09.4 A04 2018-06-30 13726 -
NGC 6809 193959.71 -305753.1  A05 2018-10-01 6572 6630
NGC 7099 21 4022.12 -2310475  A06 2019-09-17 6623 T087




NGC 362

NGC 5897

L]
NGC 6809 (M55) |,
. S g e
TN 4
P

$0 1 4y

+ S o ata s
st

FUV observations with AstroSat/UVIT
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Cores not resolved:
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Artificial Star test
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Photometry details
Cluster Nrissw Nrigom Detection limit (AB mag)
o< 0.2 F148W F169M
NGC 362* 606 400 23.5 23
NGC 1904* 280 244 22 21.5
NGC 5272 456 366 23.5 23
NGC 5897 213 - 29 -
NGC 6205 882 856 22 21.5
NGC 6341* 493 - 23.5 -
NGC 6809 424 364 23 22.0
NGC 7099* 248 240 23 22.5




FUV-optical CMDs- Methods

We combined the UVIT data with HUGS data for inner regions and with
Gaia EDRS3 for regions outside the HST’s field.
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FUV-optical CMDs
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Stellar evolutionary models:

* HB- PGPUC and BaSTI ZAHB and TAHB
models

* BSS- extension of zero age main
sequence from BaSTI models

* WDs- Bergeron WD cooling models
generated in UVIT filters

Model Parameters
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Cluster E(B-V)! (m-M)y?| PGPUC ([a/Fe]=023) BaSTI ([a/Fe] =0.4) 7%
[Fe/H] z Y [Fe/H] Z Y
NGC 288 0.03 14.84 -1.32 139E3 0245 | -13 1.57E-3  0.249
NGC 362 0.05 14.83 -1.26 1.6E-3 0245 | -1.3 1.57E-3  0.249
NGC 1851 0.02 15.47 -1.18  192E3 0245 | -12 1.97E-3  0.249
NGC 1904 0.01 15.59 -1.6 73E-4 0245 | -1.55 B8.86E-4 0.248
NGC 5272 0.01 15.07 -1.5 92E-4 0245 | -1.55 8.86E-4 0248
NGC 5466 0.00 16.02 -1.98  31E4 0245 | -22 1.98E-4  0.247
NGC 5897 0.09 15.76 -1.9 37E-4 0245 | -19  397E-4 0.247
NGC 6205 0.02 14.33 -1.53  86E-4 0245 | -1.55 886E-4 0.248
NGC 6341 0.02 14.65 -2.31 14E-4 0245 | -22 1.98E-4  0.247
NGC 6809 0.08 13.89 -1.94  34E4 0245 | -19  397E4 0247
NGC 7099 0.03 14.64 -2.27 1.6E-4 0245 | 22 1.98E-4  0.247
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GlobULeS catalog

AstroSat/UVIT analysis of 11 GCs

7% UVIT- Gaia
1,443

46 pHBs \¢mm ( Total Sources
NGC 6205

2,816 HBs
»> 190 EHBs
»> 257 RRLs

NGC 6205

221 BSSs
> 34 SX Phoenicis

> 4 eclipsing binaries
NGC 5272



Absolute F148W

Stacked FUV-optical CMDs
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Absolute F148W

Stacked FUV-optical CMDs
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F148W 1 - 2F336Wyst + FEO6W 45t

HB morphology
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Pseudo color-color plot to identify the discontinuities in HB distribution
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FUV is most sensitive to He abundance variations
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Results
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FUV is most sensitive to He abundance variations

HB color extension in FUV is strongly correlated wiith the
maximum helium variation within each GC
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Deriving the WD parameters of clusters using SEDs



Absolute F148W [AB mag]

BSS correlations with cluster parameters
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Summary

We present the first results of eight Globular Clusters from the
AstroSat/UVIT Legacy Survey program GlobULeS based on the
observations carried out in two FUV filters (F148W and F169M).

The FUV (F148W) detected stellar populations of 11 GCs comprises
2,816 HB stars (190 EHBs), 43 pHB, 221 BSS, and 107 WD candidates.

The blue HB color extension and the number of FUV EHB candidates
are strongly correlated with the maximum internal Helium (He) variation
within each GC, suggesting that He abundance is an important second
parameter in shaping the HB morphology of GCs (Ranjan et al. 2021, in
prep, M3-M13, Deepthi et al. 2021 Omega cen, in prep.).

The specific frequency of FUV detected BSSs is strongly correlated with
the binary fraction of GCs, whereas FUV mag extension of BSSs with
cluster density and stellar encounter rates.
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