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Introduction



- The Nuclear Star Cluster (NSC) of the MW is rich on massive stars

- Its youngest star formation burst has a top-heavy IMF, Lu et al. (2013)

- There are some centers of star forming galaxies that could have a top-heavy IMF, Gunawardhana et al. (2011), 
Kauffmann et al. (2024)

- In distant galaxies stars cannot be resolved individually and we have to analyse the integrated stellar 
population 

- The synthetic spectra of the stellar population is a powerful tool that allow us to study the stellar content of the 
NSC of different galaxies  
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Introduction

- Is the NSC of the MW special if 
observed in another galaxy?



Stellar Population 
Synthesis Models



Simple Stellar Populations

- Simple Stellar Population (SSP) is a group of stars 
born at the same time from the same cloud, thus having 
the same age and chemical composition

- They are the building blocks of the stellar content of a 
galaxy

- Any population synthesis model requires three 
ingredients to synthesize a SSP:

● Initial Mass Function (IMF)
● Isochrone that traces the stellar evolution
● Spectra of the stellar atmospheres

Conroy et al. (2013)



Isochrones

- The evolutionary path of each star through the 
Hertzsprung-Russell diagram during its live is called 
stellar track 

- The stellar tracks of each star depends heavily on the 
initial mass, metallicity, initial stellar rotation and 
multiplicity

- The interpolation of the stellar tracks along the 
modelled mass range creates the isochrones

- The isochrones are snapshots in the HR diagram of a 
stellar population of a certain age and metallicity



Initial Mass Function

- The Initial Mass Function represents how the stars are 
distributed by mass when they were born

- There are several “canonical’ IMFs Salpeter (1955), 
Ferrini et al (1990), Kroupa (2002), Chabrier (2003) 
and Sollima (2019)

- There have been claims of variations from the canonical 
IMF either top-heavy, Gunawardhana et al. (2011), 
Cameron et al. (2024), Kauffmann et al. (2024),... or 
bottom-heavy  Martin-Navarro et al. (2021), (2024) 



Stellar Atmospheres

- The final ingredient needed for the synthesis is the 
spectra of the stellar atmospheres

- The spectrum of a star depends heavily on the spectral 
type, its chemical composition, the effective temperature, 
surface gravity and mass-loss rate

- It is important to have reliable stellar spectral models 
for every star type included in the models

Star of solar metallicity Teff = 25000 K and log(g) = 3.5. 
Source: Sander et al. (2015), Hainich et al (2019)



-Wolf-Rayet stars are stars with very strong mass losses due 
to stellar winds that effectively remove the outermost layers 
of the atmosphere

- They progenitors are high mass stars M>25 M
☉

- They are characterized by strong emission lines of high 
ionization state lines such as C IV 5802-5812, He II 4686, 
N III 4640, N V 4605,4620; NIII 4628, 4634, 4640, C III/ 
C IV 4650, 4658

- In unresolved stellar populations these emission lines create 
broad characteristic blue (4655-4755) and red (5750-5850) 
bumps 

- The stellar winds create big gas structure surrounding the 
star and the stellar atmosphere is very extended

- The temperature substructure makes them very difficult to 
characterize

Wolf-Rayet stars

JWST NIRCAM Image of WR 124 Credit: NASA



Synthesis of the 
integrated spectra of the 
NSC of the Milky Way



Star Formation History of the NSC of the MW 
- Youngest population data: J. R. Lu et al. (2013)

 - Total mass 14,000-37,000 M⊙ (of stars above 1 M⊙)
- Age 2.5-5.8 Myr
- Slope of the initial mass function α = 1.7 ± 0.214
- Metallicity Z=0.02
- Velocity dispersion σz = 183.4 km/s  Paumard et al. (2006)

- Old stellar population data:
- Total mass of 2.5×10^7 M⊙ R. Schödel et al. (2014)
- This population has been interpreted as two old populations where 93% of the mass has an age of  5 
Gyr and the rest is 1 Gyr Z. Chen et al. (2023)
- The dominant population has a metallicity of [M/H]∼0.45 and the other [M/H]∼-1.1 Z. Chen et al. 
(2023)
- Canonical IMF Löckmann et al. (2010) 
- Velocity dispersion , σz = 102.3 km/s.  Trippe et al. (2008)



Results: Reconstructing the spectra of the MW NSC 

- We synthesized the spectra of the nuclear star cluster of the MW using the state-of the art SSP models of HR-pyPopStar 
(single stars) and BPASS  (binaries)



Reconstructing the spectra of the MW

-We compared the resultant spectra with integrated H and K band observations of Becklin & Neugebauer (1968)

- We found good agreement in H band, but not in K band as the models are cut before the end and the end of the K band 
and we are missing part of the emission in that band 



Spectroscopic signature of the MW NSC 

- The stellar population of the NSC of the MW has stronger WR blue and red bumps than normal star forming regions 

- The red bump is far stronger in the top-heavy IMF than in normal star forming galaxy similar to Kauffmann et al. (2024) 
found in centers of galaxies with intense starbursts 



Comparison with extragalactic NSC  

Name <age>_L <age>_M <Z>_L <Z>_M

NGC 247 0.75±0.09 Gyr 1.44±0.32 Gyr -0.21±0.1 -0.55±0.11

NGC 300 1.95 ±0.01 Gyr 2.00±0.01 Gyr -0.66±0.01 -0.69±0.02

NGC 5102 0.45±0.05 Gyr 0.45±0.09 Gyr -0.22±0.02 -0.22±0.02

NGC 5206 2.13±0.09 Gyr 2.17±0.09 Gyr -0.40±0.11 -0.40±0.29

NGC 7749 0.54±0.04 Gyr 0.80±0.02 Gyr -0.30±0.07 -0.44±0.03

- We fitted the NSC of nearby extragalactic 
sources of Kacharov et al. (2018) observed with 
X-Shooter in VLT using FIREFLY Wilkinson et 
al. (2017) and a variable IMF from Chabier IMF 
to top-heavy IMF with α=-1.7

- The best fits of all the NSC of the sample agree 
with a canonical Chabrier IMF 

-None of them has a starburst with less than 6 
Myr key to study the high-mass end of the MW



- We synthesized the UV and optical spectra of the NSC of the MW using the SFH based on observational data  

- We match the observations in the H band, but we underpredict the K band as the population synthesis models 
do not completely cover band K 

- We predict strong WR bumps emission in the NSC as signals of a top-heavy IMF

- We reanalysed the X-Shooter spectra from Kacharov et al (2018) and found they are in agreement with 
canonical IMF and young stellar populations, but not a recent (1-6 Myr) star formation episode   

- We need more spectra of NSC with recent star formation episodes to discern the IMF of the NSC of different 
galaxies 

Summary



Thank you!
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Stellar population synthesis

• The spectra of a SSP of an age t and metallicity Z can be computed using the following formula:

• Discretizing the isochrones in a finite number of  mass steps:


