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Introduction
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• We can use the Milky Way and its resolved Galactic components as a 
laboratory to answer questions about Galactic evolution and 
characterize the hierarchical formation (Davis et al. 1985) of the Milky 
Way.
• One of the most prominent trends in the Milky Way is the existence of 

the negative radial and vertical metallicity gradients.
• These gradients could provide supporting evidence for certain 

formation theories of the Milky Way, such as the ‘inside-out’ 
formation theory (Larson 1976).
• Chemical azimuthal substructure in the Milky Way has been 

previously identified using a variety of different tracers such as Hii 
regions and Cepheids.



Data

• The initial sample of stars came from the seventeenth data release (DR17, 
Abdurro’uf et al. 2022) of the APOGEE (Majewski et al. 2017b).
• We place an error cut on the distance measurements obtained from the 

astroNN dataset, selecting stars with errors < 30%.
• Removed stars outside of the effective temperature range 3500 < Teff < 

5000 K as well as any star with log g > 3.6 dex.
• We removed any stars with an error larger than 0.08 dex on [Fe/H], 

[O/H], or [Mg/H] due to these elements being the most relevant in our 
chemical cartography.
• We required all thin disk stars to have a TD/D probability > 80%, 

providing us with a final sample of 202,510 stars, shown in Figure 1.
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Methods
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• To account for the metallicity at the Galaxy’s center, we introduce the 
term bR:

• Similarly, we model the vertical metallicity gradient as:



Metallicity Gradients
• We find that the vertical metallicity gradient is heavily correlated with 

Galactocentric radius in that ∆[Fe/H]/∆Z approaches zero with 
increasing distance from the Galactic center.
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Azimuthal Variations in ∆[Fe/H]/∆R
• We follow the steps outlined in Section 3 and compute the model 

linear ∆[Fe/H]/∆R gradient throughout the disk.
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• To	probe	different	formation	pathways	for	this	oscillating	pattern,	we	
first	compare	these	results	with	the location	of	the	spiral	arms.
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Azimuthal Variations in Other Elements
• Here, we explore azimuthal variations in [Fe/H] and α- elements (O, 

Mg, Si, S, Ca) in our planar thin disk sample.
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We fit linear gradients to these elements
and subtracted off the linear model to 
look for structure in the residuals. 
In the disk where there is a δ[Fe/H] 
excess, there is a δ[α/Fe] deficit.
The anti-correlation between [Fe/H] and 
[α/Fe] can be explained by the 
astrophysical processes (and timescales) 
that are largely responsible for the 
produciton of these elements.



Azimuthal Metallicity Variations by Age
• Visually, the signatures seem to be the strongest in the panel 

containing the oldest stars, while the deviations lessen in intensity with 
decreasing age.
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Azimuthal Metallicity Variations 
by Age
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For all age groups, the variations are 
minimized at ϕ(π) = 1, which is most 
likely due to the sample selection and the 
number of stars located along the line of 
sight from the Sun towards the center of 
the Galaxy.
The presence of the strongest azimuthal 
variations in our older populations suggest 
an important contribution from dynamical 
processes to the creation of azimuthal 
metallicity variations throughout the 
Galactic disk.



Linking Chemistry to Dynamics
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In the first and third panels 
of Figure 10, we see larger
|δ[Fe/H]| at higher 
eccentricities and radial 
actions. This
implies that blurring 
(heating of orbits)
contributes a non-
negligible amount to the 
mechanisms that are 
causing these observed 
azimuthal metallicity 
variations.



Summary

• We aim to confirm the [Fe/H] azimuthal variations in APOGEE DR17, 
characterize how the variations interplay with stellar age, identify if 
azimuthal variations exist in elements other than [Fe/H], and attempt to 
link the azimuthal variations to dynamical properties.
• A radial metallicity gradient (∆[Fe/H]/∆R) of ~ −0.066 ± 0.0004 dex/kpc

is found throughout the kinematic thin disk of the Milky Way.
• Azimuthal variations are found throughout the disk in [Fe/H].
• Azimuthal substructure varies by stellar age. Older populations exhibit 

more extreme deviations from the radial metallicity gradient than seen in 
younger and intermediate populations.
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Summary

• There is a positive trend between |δ[Fe/H]| and Jr, as well as |δ[Fe/H]| 
and eccentricity. Hinting that blurring is an important dynamical 
process in the production of azimuthal [Fe/H] variations.
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