
    
      Fig. 3. 
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        Values of the warp altitude above and below the Galactic plane at the Galactocentric radius R = 14 kpc for different tracers ordered by approximate age. The values have been taken from Table 1 in Romero-Gómez et al. (2019) or computed by us. The tracers used to investigate the warp cover neutral hydrogen H I (Levine et al. 2006b, L06), OB stars (Romero-Gómez et al. 2019, R19), pulsars (Yusifov 2004, Y04), Cepheids (Chen et al. 2019, C19), (Skowron et al. 2019b, S19), this study, RGB (Reylé et al. 2009, R09), (Romero-Gómez et al. 2019, R19), and red clump (RC) stars (Drimmel & Spergel 2001, D01), (López-Corredoira et al. 2002, LC02).

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Classical Cepheids (black dots) in the Galactic plane. The Galactocentric distances are derived from mid-infrared photometry to minimize the effect of reddening. The spiral arms delineated by Reid et al. (2019) are over-plotted using the same color-coding as in the original paper. Two segments are plotted in red as they presumably belong to the same Norma-Outer ring. Concentric circles are shown every 4 kpc to guide the eye. The Galactic center (black filled circle) is at (0,0) and the Sun (yellow star) at (8.275,0).

      

    

  
    
      Fig. 7. 
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        Groups of Cepheids identified by HDBSCAN in the t-SNE space (top left panel). The same groups are presented in the θ, ln r space (bottom panel), where θ is the Galactocentric azimuth and ln r the logarithm of the Galactocentric radius (corrected from the warp), and in the Galactic plane (top right panel). All the Cepheids shown in this figure are younger than 150 Myr.

      

    

  
    
      Fig. 10. 
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        Radial metallicity gradient, where [Fe/H] derived from high-resolution spectroscopic observations (Genovali et al. 2014) is plotted against Galactocentric distances r determined using a period-luminosity relation (this study) in the mid-infrared. The different spiral segments are color-coded as in Fig. 7, and the size of the data-points correlates with the age of the Cepheids (larger points for higher ages). As in previous figures, only Cepheids with an age ≤ 150 Myr are considered.

      

    

  
    
      Fig. 11. 
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        Longitudinal metallicity gradient, where [Fe/H] derived from high-resolution spectroscopic observations (Genovali et al. 2014) is plotted against the Galactocentric azimuth θ. The different spiral segments are color-coded as in Fig. 7, and the size of the data-points correlates with the age of the Cepheids (larger points for larger ages). As in previous figures, only Cepheids with an age ≤ 150 Myr are considered.

      

    

  
    
      Fig. A.1. 
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        Slice of the (warped) Galactic disk in the Galactocentric azimuth θ containing a Cepheid, where dGC is the Galactocentric distance of the Cepheid, D its projection on the Galactic plane, and ϕ its Galactocentric latitude.

      

    

  
    
      Fig. A.2. 
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        Pairwise correlations of the posterior distributions of the structural parameters r0, z0, z1, z2, Θ1, Θ2 of the warp model, together with the standard deviation σ and the normality parameter ν of the model.

      

    

  
    
      Fig. A.3. 
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        Galactic warp traced by classical Cepheids. The Milky Way disk is divided into 18 slices. The vertical distribution of Cepheids within each slice is displayed in adjacent panels, showing the distance from the Galactic plane z as a function of the Galactocentric distance r. The black dots represent individual Cepheids while the blue line is the warp model, computed with the parameters listed in Table 3 and for the median Galactocentric azimuth of a given slice.

      

    

  
    
      Table A.1. 

      Covariance matrix for the Bayesian robust regression of the warp model.

      
        


	
	r0
	z0
	z1
	z2
	Θ1
	Θ2
	σ
	ν





	r0
	0.0983427
	-0.000584572
	0.000173638
	4.72231e-07
	0.00244786
	-0.00333678
	-7.20902e-05
	-0.00166704



	z0
	-0.000584572
	2.41349e-05
	-8.84631e-07
	1.83132e-07
	-8.14438e-05
	3.50388e-05
	1.55684e-06
	5.25924e-05



	z1
	0.000173638
	-8.84631e-07
	4.20396e-07
	3.95521e-08
	7.20249e-06
	1.64115e-05
	-1.53575e-07
	-5.55467e-06



	z2
	4.72231e-07
	1.83132e-07
	3.95521e-08
	7.70687e-08
	-4.86087e-06
	8.99776e-08
	3.91017e-08
	1.83853e-06



	Θ1
	0.00244786
	-8.14438e-05
	7.20249e-06
	-4.86087e-06
	0.00112674
	0.00154508
	-7.66386e-06
	-0.000389352



	Θ2
	-0.00333678
	3.50388e-05
	1.64115e-05
	8.99776e-08
	0.00154508
	0.00955416
	-9.70985e-07
	-0.000574705



	σ
	-7.20902e-05
	1.55684e-06
	-1.53575e-07
	3.91017e-08
	-7.66386e-06
	-9.70985e-07
	1.09651e-05
	0.000380751



	ν
	-0.00166704
	5.25924e-05
	-5.55467e-06
	1.83853e-06
	-0.000389352
	-0.000574705
	0.000380751
	0.0283286





      

      
Notes. r0, z0, z1, z2, Θ1, Θ2 are the structural parameters of the warp model, σ its standard deviation and ν its normality parameter.



    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Mock sample of Nspiral = 1500 Cepheids in spiral arms following the model by Reid et al. (2019) (top left panel). Groups of Cepheids identified by HDBSCAN in the t-SNE space (top middle panel). The same groups are presented in the (Θ, ln r) space (bottom panel), where Θ is the Galactocentric azimuth and ln r the logarithm of the Galactocentric radius (corrected from the warp), and in the Galactic plane (top right panel).

      

    

  
    
      Fig. B.2. 

      
        [image: thumbnail]
      

      
        Retrieved spiral segments (olive) over-plotted on the original spiral arms delineated by Reid et al. (2019) used to define the mock sample of stars. The color-coding of the spiral arms is the same as in the original paper.

      

    

  
    
      Table B.4. 

      Same as Table B.2.

      
        


	Arm
	Group
	p-value
	Nspiral
	Retrieved
	% retrieved
	Extra
	% extra





	Norma
	[7, 4]
	0.00
	56
	56
	100.00
	11
	19.64



	Sct-Cen
	[8, 4]
	0.47
	108
	108
	100.00
	25
	23.15



	Sgr-Car
	[2, 6, 5]
	0.02
	98
	98
	100.00
	35
	35.71



	Local
	[0]
	0.27
	88
	88
	100.00
	24
	27.27



	Perseus
	[14, 16, 15, 13, 12, 17]
	0.43
	341
	337
	98.83
	49
	14.37



	Outer
	[1]
	0.00
	208
	208
	100.00
	113
	54.33





      

      
Notes. In this test case, random noise is added to the (x,y) coordinates of the stars in the mock spiral arms, and a large number of inter-arms’ Cepheids is included in the sample. The table also indicates the number and percentage of inter-arms’ stars wrongly included in the spiral arms.



    

  
    
      Fig. C.2. 

      
        [image: thumbnail]
      

      
        Age distribution of Cepheids in individual spiral segments or groups of segments. The age (in megayears) is plotted against the distance (in kiloparsecs) to the reference radius of the segment. A linear fit to the data indicates the age gradient across the considered segment (the slope of the gradient is provided). As in Figs. 7–11, only Cepheids younger than 150 Myr are considered.

      

    

  
    
      Fig. C.2. 
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        continued.

      

    

  
    
      Table D.2. 

      Same as Table 4, but for Cepheids younger than 120 Myr.

      
        


	Group
	Slope
	σslope
	Intercept
	σintercept
	Ref. angle
	Ref. radius
	ln(Ref. radius)
	Pitch angle
	Min. angle
	Max. angle



	
	(kpc.rad−1)
	(kpc.rad−1)
	(kpc)
	(kpc)
	(rad)
	(kpc)
	(kpc)
	(rad)
	(rad)
	(rad)





	[5]
	-0.039
	0.051
	1.650
	0.063
	1.053
	4.998
	1.609
	0.039
	0.154
	1.951



	[18]
	0.039
	0.025
	1.503
	0.094
	3.994
	5.253
	1.659
	-0.039
	3.177
	4.812



	[19]
	0.570
	0.043
	0.099
	0.125
	2.835
	5.556
	1.715
	-0.518
	2.436
	3.233



	[17]
	0.212
	0.049
	1.333
	0.125
	2.384
	6.287
	1.838
	-0.209
	1.961
	2.807



	[14]
	0.046
	0.031
	1.731
	0.116
	3.743
	6.707
	1.903
	-0.046
	3.309
	4.177



	[0]
	-0.228
	0.073
	3.169
	0.405
	5.424
	6.906
	1.932
	0.224
	4.566
	6.282



	[15]
	0.157
	0.018
	1.533
	0.059
	3.260
	7.728
	2.045
	-0.156
	2.980
	3.541



	[20]
	0.134
	0.042
	1.740
	0.118
	2.770
	8.258
	2.111
	-0.133
	2.534
	3.007



	[16]
	-0.206
	0.026
	2.859
	0.093
	3.527
	8.436
	2.133
	0.203
	3.317
	3.736



	[8]
	0.039
	0.024
	2.030
	0.098
	4.044
	8.915
	2.188
	-0.039
	3.639
	4.450



	[9]
	0.152
	0.073
	1.878
	0.211
	2.896
	10.157
	2.318
	-0.151
	2.733
	3.060



	[3]
	0.054
	0.013
	2.156
	0.048
	3.737
	10.568
	2.358
	-0.054
	3.220
	4.255



	[4]
	0.281
	0.072
	1.541
	0.233
	3.274
	11.716
	2.461
	-0.274
	3.141
	3.406



	[10]
	0.046
	0.021
	2.444
	0.073
	3.511
	13.538
	2.605
	-0.046
	3.237
	3.785



	[11]
	0.190
	0.028
	2.036
	0.107
	3.851
	15.923
	2.768
	-0.188
	3.498
	4.205





      

    

  
    
      Fig. D.3. 

      
        [image: thumbnail]
      

      
        Same as Fig. 8, but for Cepheids younger than 180 Myr.
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