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What do the faintest stars 
populating a Globular cluster hide?



47 Tucanae(NGC 104) is the 
second brightest and largest 
globular clusters in the sky 
(mag ~  4.0,  apparent 
diameter~ 5.6 arcmin). It lies 
at low declinations (-72°) 
and stands out against the 
Small MagellanicCloud.

47 Tucis about  13 Gyr old 
and its metallicity is  ~ -0.72 
dex(Harris et al. 2010)
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The deepest CMD of a Globular 
cluster ever shown so far

– A number of substructures are 

visible in the faintest portion 

of the Main Sequence: 

gaps, changes of slope, color 

spread 



The observations taken 
with different instruments  
(ACS and  WFC3 (IR 
channel) onboard HST 
and NIRCAM onboard 
JWST) cover  several  
fields located Westward 
and South-Westward 
fromthe cluster center
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Multi-epoch 
images allow to 
calculate the 
internal proper 
motions in GC 
stars

Milone et al. 2023
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Temporal baseline ~ 13 years
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Proper motion field-cluster membership
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In IR bands the main 

sequence shows a "knee"

Stars with masses of 

,  than the order of 0.5 

M⊙  (M dwarfs) appear 

bluer than MS stars at 

higher masses
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Why studying M dwarfs
M dwarfs represent ∼70% of all stars in the 

Galaxy ( 0.5 M⊙ < Mass < ~0.08 M⊙  = 

hydrogen-burning limit)  Small planets are 

easier to detect orbiting small stars via 

radial velocity and transits, as well as with 

spectroscopic techniques

Habitable zones are closer to these stars 

than those of Sun-like stars

Their extremely long lifetimes allow for 

biological development and evolution of life 

on orbiting planets

… but these objects represent a challenge 

for stellar evolution



Why 
studying 
M dwarfs

Many M-dwarfs are fully convective and 

extremely dense and cold 

Difficult to predict evolution of their thermal 

properties & atmospheric opacity

In their envelopes & atmospheres almost all H 

is present as H2, carbon as CO, while oxygen 

contributes to form molecules of TiO, VO and 

H2O

An exclusive opacity source for M-dwarfs is 

the H2 CIA (Collisionally-Induced Absorption)



The combination of opacity by metallic 

compounds and CIA makes impossible 

to define a true continuum in M-dwarf 

stars

CIA + 

molecular 

spectral 

features

Borysow et al. 1997



Combination of two distinct 

colors shows that stars are 

grouped into distinct 

regions. 

Milone et al. 2023

Below the Main Sequence Knee



Dondoglio et al. 2022

Color spread 

among M-dwarfs 

is a common 

feature observed 

in other GCs



NIRCam + JWST filter throughputs  
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Synthetic spectral analysis
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Best band combination to study Multiple Stellar 

Populations among M-dwarf stars





Marino et al. 2024b





What is the nature of the gaps along the lowest MS?



Gerasimov et al. 2024
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