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Warp in the Milky Way galaxy

• Observed in both gas and stars

• Deviation of the maximum stellar density from the galactic 
equatorial plane
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Warp in the Milky Way galaxy

• Poggio et al. 2020
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Description of the warp

• Double exponential disc

𝜌𝜌 𝑅𝑅, 𝑧𝑧 = 𝜌𝜌0 exp −
𝑅𝑅
𝑅𝑅𝑑𝑑

−
𝑧𝑧
𝑧𝑧𝑑𝑑
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Description of the warp

• Double exponential disc

𝜌𝜌 𝑅𝑅, 𝑧𝑧 = 𝜌𝜌0 exp −
𝑅𝑅
𝑅𝑅𝑑𝑑

−
𝑧𝑧
𝑧𝑧𝑑𝑑

• Offset in the 𝑧𝑧 coordinate

𝜌𝜌 𝑅𝑅, 𝑧𝑧 = 𝜌𝜌0 exp −
𝑅𝑅
𝑅𝑅𝑑𝑑

−
𝑧𝑧 − 𝑧𝑧𝑤𝑤 𝑅𝑅,𝜑𝜑, 𝑡𝑡

𝑧𝑧𝑑𝑑
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Description of the 
offset
• Usually a sinusoid

• Dehnen et al. 2023
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Description of the offset

• Or a double sinusoid (Cabrera-Gadea et al. 2024)
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Why double sinusoid?

• More free parameters to fit

• Higher orders of Fourier series converge better

• Why not more Fourier terms?
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Change of coordinates

• Tilting the coordinate Galactic equatorial plane

• Hopefully, fewer Fourier terms will be necessary
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Original mock data
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Original mock data
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Fit, n = 1, χ2 = 0.2070



Original mock data
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Original mock data
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Tilt by 4 degrees
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Tilt by 4 degrees
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Tilt by 7 degrees – perfect fit
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Conclusion

• Proof of concept
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Conclusion

• Proof of concept

• If the Galactic coordinate plane is tilted with respect to the Galactic 
equatorial plane, change of coordinates can lower the number of 
necessary fitting parameters
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Conclusion

• Proof of concept

• If the Galactic coordinate plane is tilted with respect to the Galactic 
equatorial plane, change of coordinates can lower the number of 
necessary fitting parameters

• Next step: application for real data (Gaia)
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