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Brown Dwarfs 
and Their 
Importance

Brown dwarfs are:
● Unable to fuse their own hydrogen
● Spectral types M, L, T & Y
● ~4 - 80 Jupiter Masses
● ~0.5 - 1.1 Jupiter Radii

Importance of brown dwarf scale heights:
● Evolution of Milky Way
● Large contaminant population for z=6 galaxies
● ~50% of our local neighbourhood[1]

[1]: B Holwerda et al. Beyond the Local Volume I. Surface Densities of Ultracool Dwarfs in 
Deep HST/WFC3 Parallel Fields [2022]



This Project

Compared to previous papers:
● Using a larger dataset (COSMOS)
● More filter bands
● Different identification techniques

The aim of this project is to identify brown dwarfs. This 
is challenging. Scale height estimates from 290-400 
Parsecs across 11 previous papers.[2]

Two key parts to our process:
1. Test suitability of various model spectra
2. Brown dwarf selection chain

[2]: Holwerda et al. The Effect of Atmospheric Cooling on Vertical Velocity Dispersion and 
Density Distribution of Brown Dwarfs [2017]

 



1. Model 
Suitability 
Testing
● Known set of dwarfs “Spex 

Standards” and “Aganze 
Dwarfs” tested against

● Plotted in colour colour 
space against Spex 
Standards

● Spectra fitted against 
Aganze Dwarfs

● Three different model sets 
tested



2. Brown Dwarf 
Selection Chain 

● J band >25 magnitudes 
removed

● Cutoff based on largest 
χ2

dwarf from Aganze dwarfs

● Best fitting model 
parameters give results for 
each source



Model Results I: Suitability

● From visual inspection the 
ATMOS models were 
discarded



Model Results I: Suitability

LOWZ Models Sonora Models



[3]: C. Aganze, A. J. Burgasser, M. Malkan, C. A. Theissen, R. A. Tejada Arevalo, C.-C. Hsu, D. C. Bardalez Gagliuffi, R. E. Ryan, and B. Holwerda, Beyond the 
Local Volume. I. Surface Densities of Ultracool Dwarfs in Deep HST/WFC3 Parallel Fields, ApJ 924, 114 (2022)

Model Results II: Disparity with Aganze Identification

Confirmed dwarfs from Aganze[3] and what we have identified them as:



Model Results II: Disparity with Aganze Identification



Dwarf Results: Identified Brown Dwarf List

Final identification results by type:



Dwarf Results: Identified Brown Dwarf List

Selected range of identified dwarfs (out of 1580):



Dwarf Results: Uncertainties

● Error increases significantly with 
lateness of spectral type

● Many edge cases with LOWZ 
supported needing higher 
temperature models



Dwarf Results: Further Error Contributions 

● Filter band overlap contribution

● Error propagation on type and 
distance

● Type and distance estimates due to 
taking closest temperature from 
tables



Conclusion & Future Prospects

Thoughts on models:
● Fine tuned models are best fitting 
● Combining different models most ideal approach 
● Probably best used with combination of other techniques

Improvements:
● Error propagation
● Investigation of more model sets
● Inspection of confirmed dwarf sets

Next part of project: Estimate galactic scale height 
using the dwarfs identified


