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M dwarfs are very important (for planets!)
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Most common stars: 
~70% of Solar neighborhood

Best for detecting and 
characterizing (Earth-like) planets

…popular TESS targets, 
~100 M dwarfs in JWST (Cycles 1-3)

HZ

Image Credit: ESA/Gaia/DPAC
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Planetary atmosphere compositions 
(e.g., C/O) to formation pathways 

planet bulk densities to compositions

TRAPPIST-1: Si, Fe, Mg…

Image Credit: ALMA/ESO/NAOJ/NRAO/S. Andrews 
et al./AUI/ NSF/S. Dagnello

H20

To characterize planets, it’s important to measure 
M dwarf chemistry!
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Teff < 4000 K 

M dwarfs have lots of molecules…



O         B         A          F         G        K        M
35000    20000    11000     7500     5900     5200    3800

Teff		[K]	

106

10-4

10

Lu
m

ino
sit

y 
(c

om
pa

re
d 

to
 S

un
)

Spectral synthesis codes are good at modeling stars w/ solar-

   Solar-like stars
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M dwarfs are 
harder

Molecules make it hard to measure M dwarf chemistry



The Cannon 
Data-driven approach for inferring stellar “labels” from 
spectra—does not use physical stellar models!

Labels can be physical 
parameters (e.g., Teff, logg), 
and/or chemical abundances 
[X/H]

The Cannon was developed by Melissa Ness (ANU), Andy Casey (Monash U.)
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Use training set spectra and 
labels to construct flux models 

Apply flux models to 
test set spectra—
derive test labels

“Test Step” 

7The Cannon 
Works via a 2-step process:

Teff, [X/H]

Teff, [X/H]Teff, [X/H]

Teff, [X/H]

Teff, [X/H]

Teff, [X/H]

“Training Step”
Teff, [X/H]

Teff, [X/H]



Sloan Digital Sky Survey (SDSS-V)
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We use Milky Way Mapper (MWM):
H-band, R ~22,500

3 sub-surveys: BHM, LVM, MWM

SDSS abundance pipeline (ASPCAP) 
relies on stellar models:
only good >4500 K



binary companions: 
chemically homogeneous

Training set: FGK-M binaries in SDSS-V

Behmard et al. (2025)

Fe, C, N, O… Fe, C, N, O…=

FGKM

~80 pairs FGK-M pairs
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ASPCAP is reliable for solar-like stars



Behmard et al. (2025)
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Fe scatter : 0.1050 
dex

RMS scatter : 
0.1072 dex

Si scatter : 0.1017 
dex

C scatter : 0.1297 
dex

O scatter : 0.1165 
dex

Mg scatter : 0.1072 
dex
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Ti scatter : 0.1701 
dex
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Leave-one-out cross-validation

*Also have:  Al, N, Ca, Cr, Ni - galactic archaeology!
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Si scatter : 0.1017 
dex

O scatter : 0.1165 
dex



Other tests to verify M dwarf abundances…
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Behmard et al. (2025)

Reproduces known abundances of Hyades cluster M dwarfs
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M dwarf metallicities reproduce expected tracks from 
stellar evolution

Our catalog
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Summary

• Used The Cannon to infer M dwarf 
abundances for many elements

• Catalog of  ~17,000 M dwarfs, ~90 
confirmed planets 

• Valuable in era of large surveys (e.g., SDSS)

• Can be used for examining star/planet 
formation



ln = [ 1, Teff , [Fe/H]	… ] 
θj = coefficients

fjn (ln , θj ) 

θj

The Cannon flux model fitting:

For each pixel in the wavelength range of the spectra:



fjn = V(ln)• θj + noise   
ln = [ 1, Teff , [Fe/H]	… ] 

“complex vectorizer” function model coefficients

“Training Step” : fit for model coefficients θj  for each flux model

“Test Step” : fit for labels ln for each star in the test set that best 
reproduces empirical flux  

The Cannon flux model fitting:





ASPCAP metallicities don’t!

M dwarf ASPCAP
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Performance against Souto et al. (2022) results

Behmard et al. (2025)



70974254

Teff	=	3375	K	
[Fe/H]	=	-0.33	dex	
[Si/H]	=	-0.20	dex

89146239

Teff	=	3683	K	
[Fe/H]	=	-0.44	dex	
[Si/H]	=	-0.31	dex

79024069

Teff	=	3662	K	
[O/H]	=	-0.14	dex	
[Si/H]	=	-0.29	dex

79756753

Teff	=	3328	K	
[O/H]	=	0.15	dex	
[Si/H]	=	0.21	dex

OH

OH

OH

OH

Si

Flux model fit examples

Behmard et al. (2025)



Flux model fit examples

Behmard et al. (2025)
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