
    Table 1 

γ-velocities of the stars in the sample are indicated together with the corresponding references.



	Star
	γ (km s−1)
	Ref.
	P (days)
	T0 (MJD)
	Ephemeris
	UVES epoch





	AV Cir
	8.7 ± 1.6
	(1)
	3.065255
	56 890.9571
	G18
	10



	BG Cru
	−19.3 ± 2.2
	(2)
	3.342477
	56 965.8567
	G18
	6



	RT Aur
	20.3 ± 0.3
	(2)
	3.728313
	47 956.8877
	SPIPS
	7



	AH Vel
	26.0 ± 2.9
	(2)
	4.226461
	56 915.1433
	G18
	7



	AX Cir
	−20.9 ± 4.6
	(2)
	5.275967
	56 887.7452
	G18
	8



	MY Pup
	11.0 ± 2.9
	(2)
	5.692962
	56 948.3850
	G18
	7



	EW Sct
	−18.6 ± 0.3
	(2)
	5.82363
	49 705.23
	AAVSO
	9



	U Sgr
	2.8 ± 0.3
	(2)
	6.745332
	48 336.5001
	SPIPS
	10



	V636 Sco
	9.1 ± 0.17
	(3)
	6.79671
	40 364.392
	GCVS
	7



	R Mus
	3.8 ± 2.9
	(2)
	7.510276
	56 912.6852
	G18
	6



	S Mus
	−1.9 ± 0.4
	(3)
	9.658900
	56 867.6654
	G18
	7



	β Dor
	7.2 ± 0.7
	(2)
	9.842661
	50 274.9261
	SPIPS
	5



	S Nor
	5.6 ± 0.05
	(4)
	9.753759
	56 874.8021
	SPIPS
	7



	ζ Gem
	2.8 ± 0.2
	(2)
	10.149857
	48 708.0588
	SPIPS
	6



	TT Aql
	3.0 ± 0.3
	(2)
	13.754750
	48 308.5570
	SPIPS
	10



	RU Sct
	−4.8 ± 0.3
	(2)
	19.70445
	48 335.5908
	SPIPS
	7



	RZ Vel
	24.1 ± 2.4
	(2)
	20.497635
	56 875.8093
	G18
	5



	WZ Car
	−14.7 ± 2.7
	(2)
	23.01759
	53 418.78
	GCVS
	10



	VZ Pup
	63.3 ± 2.7
	(2)
	23.172844
	56 904.7167
	G18
	8



	T Mon
	30.4 ± 0.2
	(2)
	27.029570
	43 783.7905
	SPIPS
	6



	ℓ Car
	3.3 ± 0.7
	(2)
	35.55783
	50 583.7427
	SPIPS
	6



	U Car
	1.7 ± 2.3
	(2)
	38.717914
	56 849.1763
	G18
	8



	RS Pup
	24.6 ± 0.5
	(2)
	41.464114
	56 872.3158
	G18
	5



	V1496 Aql
	71.8 ± 5.8
	(1)
	65.3679
	51 736.0660
	(5)
	8






Notes. The ephemeris (T0, P) are retrieved either from Gaia Collaboration (2018, G18) SPIPS software, or the GCVS catalog. Otherwise, the ephemeris of EW Sct and V1496 Aql are retrieved from AAVSO and Berdnikov et al. (2004), respectively. The number of UVES epoch of observations is indicated in the last column. The Cepheids that we consider as prototypes in the following of the paper are indicated in bold.

References. (1) Gaia Collaboration (2018), (2) Gontcharov (2006), (3) Pourbaix et al. (2004), (4) Mermilliod et al. (2008), (5) Berdnikov et al. (2004).





  
    
      Fig. 1 
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Typical normalized UVES spectrum plotted over the RVS spectral window. The calcium IR triplet at 8498, 8552, and 8662 angstroms for VZ Pup at ϕ = 0.91 is presented. In the following, the spectral line profiles are plotted over the [−200,+200] km s−1 velocity range, represented by vertical strips around each line.


    

  
    
      Fig. 2 
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AX Cir, 5.27d. Colored arrows refer to remarkable features in these profiles and are also associated to the color from Fig. 6. The orange arrow highlights the blueshifted emission due to a blended inverse P Cygni profile.


    

  
    
      Fig. 3 
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S Nor, 9.75d. The blue arrow is the blueshifted absorption due to the main shock. The red arrow is the redshifted absorption of the infalling atmosphere. Orange arrows are blueshifted emission due to a blended inverse P Cygni profile.


    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
VZ Pup, 23.17d. Blue arrows show blueshifted absorption due to the main shock. Red arrows are redshifted absorption of the infalling atmosphere. Green arrows are redshifted emission due to a P Cygni profile. Orange arrows are blueshifted emission due to an inverse P Cygni profile.


    

  
    
      Fig. 5 
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Schematic profile formation of a blended inverse P Cygni profile. Panel a: the supersonic (≈50 km s−1) descending atmospheric layers produce a radiative emission centered on 0 km s−1 (blue curve).This profile is blended with photospheric redshifted (≈15 km s−1) absorption (orange curve) resulting in an apparently weak blueshifted emission. Panel b: in long-period Cepheids, a component centered on 0 km s−1 is attributed to a CSE (green) and causes the appearance of a double absorption profile.


    

  
    
      Fig. 6 
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General scheme of the pulsating chromosphere dynamics from Ca IR variations. Panel a: as the main shock continues to propagate outward causing a radiative wake (black arrow emitted by the green zone), Hα exhibits a blended P Cygni profile. At the same time, a blueshifted absorption appears from the emerging main shock from the κ mechanism (blue zone). This shock collides with the Ca IR infalling layers (red zone), producing a Schwarzschild profile (Sect. 6). Panel b: quiescent phase: main shock has reversed the movement of the atmosphere which is now entirely propagating outward. The Hα P Cygni profile progressively disappears around ϕ = 0.5. Panel c: following a ballistic motion, layers of the atmosphere fall onto the star (orange area). Supersonic velocities are reached if the acceleration is strong enough and thus an inverse P Cygni profile appears for Hα, Ca λ8542, and λ8662. The main shock continues to propagate outward and a Ca IR P Cygni profile could appear due to a radiative wake emission from the chromosphere (black arrow emitted by the green zone).


    

  
    Table 2 

Observational features of the Ca IR triplet in the star sample.



	ϕ interval
	Small (P < 10d)
	Medium (P ≈ 10d)
	Long (P > 10d)





	0.9–0.3
	Quiescent profiles: The atmospheric layers are moving outward.
	Quiescent profiles
	Schwarzschild mechanism: Infalling chromosphere layers are collapsing onto the emerging shock causing a double absorption profile P Cygni profile: The main shock front is still propagating and progressively leaves Ca IR layers, entering in outermost Hα layers.



	




	0.3–0.6
	Quiescent profiles
	Inverse P Cygni profile: Emission from supersonic infalling layers.
	Quiescent profiles



	




	0.6–1.0
	Inverse P Cygni profile: A weak emission is observable in several short periods. Profile enlargement: The profiles are importantly wider due to turbulences during atmosphere collision.
	Line doubling: Enlargement of the line profile which is possibly a double profile due to a Schwarzschild scenario.
	P Cygni profile: It appears when the main shock from the previous cycle is high enough in the chromosphere. Inverse P Cygni profile: Emission from supersonic infalling layers. Transition phase: From 0.9 to 1.0 the latter emission progressively disappears. Schwarzschild mechanism initiates.






Notes. The table is divided into pulsation periods (columns) and phase interval (rows). In Fig. 6 we represent the mean features observed in each phase interval.





  
    
      Fig. 7 
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Radial velocity of line Ca λ8498 and Hα line along the pulsation cycle ϕ for prototype stars. The solid curves are built from a spline fit to the RV data to guide the eye.


    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
Norm of the velocity gradient averaged over the pulsation cycle estimated using Eq. (1) vs. logarithm of the pulsation period. Red, cyan, and green marks are AX Cir, S Nor, and VZ Pup, respectively.


    

  
    Table A.1 

Radial-velocity fields in Schwarzschild mechanism in long-period Cepheids.



	Star
	Phase
	Line
	Vblue
	Vred
	Ashock
	σblue
	σred





	TT Aql
	0.947
	2
	−36.7 ± 1.0
	+46.2 ± 0.5
	82.9 ± 1.1
	42.8 ± 0.9
	31.6 ± 0.7



			3
	−29.7 ± 0.7
	+47.4 ± 0.6
	77.1 ± 0.9
	42.5 ± 0.7
	29.2 ± 0.6



	
	




		0.116
	2
	−35.5 ± 0.1
	+41.7 ± 0.7
	77.2 ± 0.7
	41.4 ± 0.7
	15.1 ± 0.8



			3
	−31.6 ± 0.1
	+44.7 ± 1.2
	76.3 ± 1.2
	36.1 ± 0.9
	14.2 ± 1.4



	




	RZ Vel
	0.955
	2
	−43.3 ± 1.2
	+36.8 ± 0.6
	80.1 ± 1.3
	35.0 ± 0.8
	18.5 ± 0.6



			3
	−40.0 ± 0.1
	+39.1 ± 0.4
	79.1 ± 0.4
	33.6 ± 0.2
	20.4 ± 0.4



	




			1
	−43.0 ± 0.1
	+39.3 ± 0.7
	82.3 ± 0.7
	36.3 ± 0.1
	21.7 ± 0.6



	WZ Car
	0.080
	2
	−48.2 ± 0.2
	+35.0 ± 0.4
	83.2 ± 0.4
	34.3 ± 0.8
	31.6 ± 0.4



			3
	−46.2 ± 0.1
	+34.5 ± 0.2
	80.7 ± 0.2
	29.6 ± 0.4
	19.8 ± 0.3



	




	VZ Pup
	0.080
	2
	−37.3 ± 0.1
	+32.0 ± 0.6
	69.3 ± 0.6
	29.8 ± 0.7
	14.0 ± 0.8



			3
	−34.2 ± 0.1
	+33.6 ± 1.1
	67.8 ± 1.1
	28.5 ± 0.3
	14.2 ± 0.5



	
	




		0.179
	2
	−28.9 ± 0.1
	+32.3 ± 0.4
	61.2 ± 0.4
	29.4 ± 0.3
	10.5 ± 0.5



			3
	−26.6 ± 0.1
	+37.2 ± 0.4
	63.8 ± 0.4
	28.0 ± 0.2
	11.0 ± 0.5



	




			1
	−41.6 ± 0.1
	+28.2 ± 0.7
	69.8 ± 0.8
	35.7 ± 1.1
	16.0 ± 0.5



	T Mon
	0.123
	2
	−49.4 ± 0.2
	+33.0 ± 0.8
	82.4 ± 0.8
	47.5 ± 2.0
	22.5 ± 0.6



	




	U Car
	0.197
	2
	−30.9 ± 0.1
	+28.2 ± 0.1
	59.1 ± 0.4
	30.1 ± 0.5
	17.3 ± 0.5



			3
	−26.8 ± 0.1
	+41.5 ± 2.9
	68.3 ± 2.9
	20.3 ± 0.3
	6.5 ± 1.6



	
	




		0.225
	2
	−27.1 ± 0.2
	+33.6 ± 1.6
	60.7 ± 1.6
	37.0 ± 1.2
	16.5 ± 0.5



			3
	−24.5 ± 0.2
	+40.6 ± 0.1
	65.1 ± 0.2
	37.8 ± 2.3
	18.0 ± 0.9



	




			1
	−33.6 ± 0.1
	+30.4 ± 0.7
	64.0 ± 0.7
	33.1 ± 1.3
	14.8 ± 0.5



	RS Pup
	0.280
	2
	−41.1 ± 1.0
	+40.2 ± 1.4
	81.3 ± 1.7
	54.1 ± 3.6
	26.4 ± 1.8



			3
	−36.1 ± 0.9
	+35.9 ± 0.7
	72.0 ± 1.1
	44.0 ± 1.5
	20.2 ± 0.4



	




			1
	−20.7 ± 0.3
	+28.5 ± 0.3
	49.2 ± 0.4
	17.2 ± 0.4
	21.6 ± 0.3



	V1496 Aql
	0.625
	2
	−38.5 ± 1.2
	+32.8 ± 0.4
	71.3 ± 1.3
	28.1 ± 0.6
	32.5 ± 1.2



			3
	−27.2 ± 0.7
	+33.4 ± 0.4
	60.6 ± 0.8
	26.2 ± 0.8
	24.9 ± 0.6






Notes. Velocities were calculated only when the characteristic W-shape was clearly identified by eye. In the third column of the table, lines 1, 2 and 3 refer to Ca λ8498, 8542 and 8662, respectively. Vblue, Vred are the blue and the red component velocities respectively of the W shape. Ashock is the shock amplitude derived by Vblue − Vred. The FWHM of blue (σblue) and red (σred) components are also listed. All values are given in (km s−1). Stars are ranged by increasing periods from top to bottom.
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AV Cir, 3.06 d.


    

  
    
      Fig. B.2 
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BG Cru, 3.34 d.


    

  
    
      Fig. B.3 

      
        [image: thumbnail]
      

      
RT Aur, 3.74 d.
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AH Vel, 4.22 d.
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MYPup, 5.69 d.
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EW Sct, 5.82 d.
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U Sgr, 6.75 d.
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R Mus, 7.51 d.
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S Mus, 9.66 d.
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β
Dor, 9.84 d.
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TT Aql, 13.75 d.
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RU Sct, 19.70 d.
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RZ Vel, 20.39 d.
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WZ Car, 23.01 d.


    

  
    
      Fig. B.17 
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T Mon, 27.02 d.
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ℓ
Car, 35.55 d.


    

  
    
      Fig. B.19 
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U Car, 38.80 d.


    

  
    
      Fig. B.20 
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RS Pup, 41.46 d.


    

  
    
      Fig. B.21 
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V1496 Aql, 65.37 d.
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