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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
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Figure 2: Three-dimensional representation of the precessing warp model. The Sun’s position
is shown by the dot, the Galactic center by the black cross, and the direction of Galactic rotation
by the arrow. The angle between the warp’s line-of-nodes (bold solid line) and the Sun’s azimuth
(¢ = 0°, dashed line) is the warp phase angle ¢,, at the present time.

* Poggio et al. 2020
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Description of the warp

* Double exponential disc
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Description of the warp 3

* Double exponential disc

R |z
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Description of ]

offset

* Usually a sinusoid g

* Dehnen et al. 2023 e e e
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Figure 4. Warp for Cepheids in four distinct bins with increasing (from top to bottom) guiding-centre radius Ry, as indicated in the legends (each of these bins
combines two of the 22 bins used for analysis). The left-hand panels are like Fig. 2, but include individual error bars. The right-hand panels show the spatial
distribution of Cepheids (dots) over Galactocentric azimuth ¢ and latitude  (in these coordinates, the Sun is at the origin and rotation to the right) and for each
the projection of its instantaneous orbital plane (grey). The mean L is indicated in the left-hand panels as 2o (86 per cent) confidence region (red) and in the
right-hand panels as projection of the normal plane (red). Similarly. the blue error ellipse (left-hand panel) and curve (right-hand panel) reflect the tilted plane
that best fits the Cepheid positions.
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Description of the offset

* Or a double sinusoid (Cabrera-Gadea et al. 2024)
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Figure 1. The upper panels are the vertical height Z as a function of galactocentric azimuth ¢ for three different rings with radius 8.0 kpe (left), 11.0 kpc
(middle). and 15 kpe (right). Grey dots represent the Cepheids in each ring. the black solid line represents the Fourier curve MAP fit to the grey dots, and
the oranges curves are 500 random realizations of the Posterior PDE The grey curves are fits to 200 bootstrapping realizations. The bottom panels show the
residuals between the best fit and each bootstrap realization.
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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

Conference of young astronomers, Bezovec 2025, 2025-06-07 9



Mgr. Michal Sturc, OAA, KAFZM, FMFI UK

Original mock data

Synthetic data

:
@ [rad]
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Original mock data

Fit, n =1, x2 = 0.2070

:
@ [rad]
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Original mock data

Fit, n=2, %2 = 0.0179

:
@ [rad]
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Original mock data

Fit, n =6, x2 =0.0094

:
@ [rad]
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Tilt by 4 degrees

Fit,n=1, x2 = 0,0035

:
@ [rad]
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Tilt by 4 degrees

Fit, n =2, x2 = 0,0031

:
@ [rad]
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Tilt by 7 degrees — perfect fit

Fit, n=1,x2=9.3792e-33
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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

equatorial plane, change of coordinates can lower the number of
necessary fitting parameters

* Next step: application for real data (Gaia)
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