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2024 updates

Joined CAMK as Post-Doc in September 2024 to work on OPUS-LAP project "The old
Milky Way : a holistic approach to an accurate analysis of metal-poor stars"

Refereed articles in 2024 (before joining CAMK)

Stellar substructures in the Galactic disc and halo : Properties, origins, and
evolution
Deepak, 2024, J. Astrophys. Astr., 45, 25. doi : 10.1007/s12036-024-10011-1

A study on the metallicity gradients in the galactic disk using open clusters
Joshi Y. C., Deepak, Malhotra S., 2024, FrASS, 11, 1348321. doi :
10.3389/fspas.2024.1348321
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Galactic Archaeology : WHAT?

(Image credit : Dorje Angchuk, IAO, Hanle, Ladakh, India.)
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Source : Deepak (2023), Chemodynamic studies of the Galaxy,

PhD thesis, Pondicherry University, Puducherry (degree awarded

by PU under MoU with Indian Institute of Astrophysics, the parent

institute of my PhD work !)

Deepak Galactic Archaeology January 23, 2025 3 / 10



Question - I : Evolution of the Galaxy : From the Big Bang to present
complex structure

(Image credit : NASA/CXC/M.Weiss)

Time (in billions of years)

Top-down model

Bottom-up model

Protogalaxy
(A large lump of metal-poor 

primordial gas contracts 
under its own gravity)

Stars form Globular 
clusters form

Stars and globular clusters (GCs) 
formed when the gas was still in 

spherical distribution. Contraction of 
the gas cloud continues, which also 

results in an increase in angular 
momentum.

Gas settles in a disc-like 
distribution due to increased 
angular momentum. GCs and 
old stars took eccentric orbits 

and overall maintained a 
spherical distribution.

Small lumps of primordial gas 
contracted and merged to form 
dwarf galaxies. Depending on 

size, these small gas clouds 
evolved differently. In some 

cases, stars and clusters of stars 
are also believed to have formed 
in these primordial gas clouds.

Larger structures like dwarf 
galaxies formed. These dwarf 
galaxies further collapsed and 
merged to create bigger and 
complex galaxies like the 

Milky Way.

Gas from the merging dwarf 
galaxies settled in the disc 

while stars and clusters of stars 
took highly eccentric orbits and 
collectively formed a spherical 
distribution, which we now call 

the stellar halo.

Bulge

Disc

Source : Deepak (2023), Chemodynamic studies of the Galaxy,

PhD thesis, Pondicherry University, Puducherry
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Question - II : Chemical evolution of the Galaxy
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Galactic Archaeology : HOW?

Data samples and methodology ! !

Gaia survey

Stars’ position,
parallax, proper

motion, RV,
photometry, and
stellar parame-

ters like Teff

Estimate stars’
spatial and
kinematic
properties

Estimate stars’
orbital properties

Galactc gra-
vitational po-
tentail model

Theoretical
isochrones

Stars’ ages
and masses

Uncover the chemical
and kinematic histo-
ries of the Milky Way
using all these ingre-
dients!

Large spectro-
scopic surveys

Stars’ RV, stellar
parameters (eff ,
log g, etc), me-

tallicity, chemical
composition

Understanding
chemical and
overall evolu-
tion of stars

Stellar evolu-
tionary models

Modules for
Experiments in
Stellar Astro-

physics (MESA)

Source : Deepak (2023), Chemodynamic studies of the Galaxy, PhD thesis, Pondicherry University, Puducherry
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Galactic thin disc, thick disc and halo : Metallicity distributions

¡3:5 ¡3:0 ¡2:5 ¡2:0 ¡1:5 ¡1:0 ¡0:5 0 0:5

[Fe=H] (dex)

0

0:1

0:2

0:3

0:4

0:5

0:6

0:7

0:8

0:9

1:0
N

or
m

al
iz

ed
co

u
n
t

Thin disc

¡3:5 ¡3:0 ¡2:5 ¡2:0 ¡1:5 ¡1:0 ¡0:5 0 0:5

[Fe=H] (dex)

0

0:1

0:2

0:3

0:4

0:5

0:6

0:7

0:8

0:9

1:0

N
or

m
al

iz
ed

co
u
n
t

Thick disc

¡3:5 ¡3:0 ¡2:5 ¡2:0 ¡1:5 ¡1:0 ¡0:5 0 0:5

[Fe=H] (dex)

0

0:1

0:2

0:3

0:4

0:5

0:6

0:7

0:8

0:9

1:0

N
or

m
al

iz
ed

co
u
n
t

HaloL

HaloG

¡3:5 ¡3:0 ¡2:5 ¡2:0 ¡1:5 ¡1:0 ¡0:5 0 0:5

[Fe=H] (dex)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

co
u
n
t

HaloL

HaloG

(Deepak, 2023, Chemodynamic studies of the Galaxy, PhD thesis, Pondicherry University, Puducherry)

Here, HaloL = Sample with low spectral-resolution and HaloG = Sample with high
spectral-resolution
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Metallicity and age function of halo’s four major components
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(Deepak, 2024, Journal of Astrophysics and Astronomy, Volume 45, Issue 2, id.25)

But there are many more small ones ! !
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Problem and solution?

Limitations/problem :
Not many metal-poor stars
Many of the provided abundance estimates are not reliable

Inhomogeneous methodology : Small differences among studies can result in large
differences in the derived atmospheric parameters/abundances
Conventional spectroscopic methods are not very reliable for metal-poor stars’
atmospheric parameters/abundance estimates

Solutions/plans :
Collect all the metal-poor stars’ spectra available in the literature

Design spectro-photometric methods to derive atmospheric parameters and
abundances more accurately

And then study the formation and evolution history of the Galaxy

BIGGER PLAN : Developed methodology will be used to analyze the data from
4MOST and CUBES.
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Thank you for your attention ! !

THE END!
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