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Initial mass function

IMF : Mass distribution function of stars 
during the star formation events

• Process of star formation through the 
molecular clouds

• Feedback and chemical enrichment & 
Galaxy evolution

• Fundamental in converting observable to 
modelled quantities 
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Initial mass function

IMF mass-normalisation vs velocity dispersion
Credit :Smith+ 2020

Constant or Variable ?
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Initial mass function

IMF mass-normalisation vs velocity dispersion
Credit :Smith+ 2020

Constant or Variable ?

Example of IMF map of  NGC1380 galaxy
Credit :Navarro+ 2020
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Impact of IMF on BH estimates

NGC 4636NGC 4261 IC 4296NGC 3923

Motivation

Investigating the impact of variable IMF (M/L) on the BH mass measurement of massive galaxies with 
Triaxial Schwarzschild orbit based modelling. 

IC 4329
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NGC 4636

MUSE MUSE
• Optical observation
• Constraining intrinsic shape and DM halo

Observations
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NGC 4636

SINFONI 

MUSE

Observations

SINFONI
• Near infrared observation 
• Resolving black hole sphere of influence 
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Stellar Population

Full Index Fitting (FIF) method (Navarro+ 2019, 2021, 2023)

Methods

Example of full index fitting method 

Posterior distribution of FIF parameters 
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Dynamical modellingMethods

1) Model gravitational potential

2) Orbit based libraries are generated 

3) Finding combinations of orbits producing the observed kinematics and luminosity

Schwarzschild orbit based modelling (Schwarzschild+ 1979)

Variable M/L from SPS modelling
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Stellar PopulationResults
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Dynamical modelling and BH massResults
 distribution of modelled MUSE and SINFONI kinematics χ2

10-30 (50) % change in BH mass 
due to varying IMF

Chaturvedi+ 2025b, in review A&A
Thater+2025, accepted A&A
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Dynamical modelling and BH massResults
Scaling relation between BH mass and known galaxy properties

MBH versus core-radiusMBH versus velocity dispersion

Chaturvedi+ 2025b, in review A&A, Thater+2025 in review
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Results Impact of SMBHs on stellar orbits

Impact of SMBHs on the 
stellar orbital distribution ?

Chaturvedi+ 2026, in prep. 

Stellar orbits with no BH Stellar orbits with BH
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• Linked stellar population with the dynamical 
BH mass measurement.

• Detected super-Salpeter IMF: Excess of low 
mass stars. 

• Detection of BH of mass of for NGC 3923:  

    IC4296 : .

• Variable IMF produces a change unit 10-50 %.

• Future: Quantify the impact of IMF on SMBHs

• ETGs shows large radial orbital distribution. 

• Kinematic substructures are observable and 
detectable in decomposed maps. 

• Presence of SMBHs can influence the stellar 
orbits.

1.94+8.51
−0.93 × 108 M⊙

18.19+31.91
−9.37 × 108 M⊙

Summary and Conclusions: IMF, SMBHs and Stellar orbits
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Motivation Initial mass function

Credit : Thater+ 2023

Variation in BH mass upto 15 to 50 % change.  

Impact on BH mass estimate
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Initial mass function

• A variable IMF will introduce a varying 
stellar M*/L ratio

• Implication on dynamical mass estimates 
of BH and DM mass.

Credit :Bernardi+ 2018

Γ Salpeter = 2.305

Impact of M/L gradient driven due to IMF variation 

Impact of varying IMF
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Stellar PopulationResults
Physical driver behind IMF variation :	

1) Metallicity [M/H] 2) Velocity dispersion 

Dashed line IMF-metallicity relation of Navarro+2015
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Dynamical modelling and BH massResults

Modelled MUSE kinematics of galaxy NGC4261

• DYNAMITE Code (Bosch+2008, Thater+2022)

• In total we have six parameters : 
    MBH, S, p, q and u, and M200

 

                   Two main steps 
First:
• Model MUSE data and constrain the inner shape 

and DM halo parameters.
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Dynamical modelling and BH massResults

• DYNAMITE Code (Bosch+2008, Thater+2022)

• In total we have six parameters : 
    MBH, S, p, q and u, and M200

 

                   Two main steps 
First:
• Model MUSE data and constrain the inner shape 

and DM halo parameters.

Second:
• Fit SINFONI + MUSE data : BH estimate

Full grid of  distribution of galaxy NGC4261χ2
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Results

Decomposed kinematics maps by 
different orbital types

Observed velocity fields 
Short-axis Long-axis Box-orbits



Avinash Chaturvedi, AIP Potsdam, avi.chaturvedi@aip.de  21

Results

Decomposed kinematics maps by 
different orbital types

Observed velocity fields 
Short-axis Long-axis Box-orbits
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Intrinsic shape of ETGsResults
All galaxies shows

 triaxial nature

• NGC4636 and NGC4261 
showing prolate behaviour and 

then strong triaxial.

• IC4296 and NGC3923 
maintains strong triaxiality. 
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Dynamical modelling and BH massResults


