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1) V652 HERCULIS  -  the rocket star
• History - He+He WD merger? - proto-sdB star 

2) NEW OBSERVATIONS 
• Atmosphere tomography 

3) SOME THEORY 
• Hydrodynamical models
• Modelling line profiles (rt, hydro, result)

4) OTHER APPLICATIONS
•BX Cir  
•LS IV-14 116  
•sdBVp  (eg. PG1605, Balloon, CS1246)
•beta Cep, etc.



V652 HERCULIS
1963     B-type Hydrogen-Deficient Star  
            (Berger & Greenstein)

1970     Photometric variable ~ 2.5 hrs  
            (Landolt)

1982...   Velocities ➞ pulsations - the rocket star 
             (Hill et al, Lynas-Gray et al., Jeffery et al.)  
            ➞ radius, mass ...

1982...            ➞ contraction (Kilkenny et al.)  
            ➞ evolution ...

1993...   Z-bump driving   
            (Saio, Montanes-Rodriguez, Fadeyev, ...)

2000:    Double-helium-white-dwarf merger  
            - the born-again star  (Saio & Jeffery)  

Ṗ , P̈
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V652 HERCULIS

Is there a hydrodynamic shock ?

Consequences of pulsation for the photosphere ? 
both at minimum radius and during the rest of the cycle

=> Radiative transfer in a moving medium … 

When can the hydrostatic approximation be justified 
when modelling the photospheres of pulsating stars? 



V652 HER: SUBARU HDS

120s exposure, 56s readout 
~0.020 cycle sampling

386 observations over 2 nights, 6 
cycles, 8 Rmin

132 lines measured: (CoG) 
wavelength and equivalent widths

50 952 velocity measurements

Formal errors:  0.06 - 0.2 km s-1
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Position in photosphere at which line cores are formed
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Phase of maximum acceleration  
as function of depth in photosphere
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�r Phase of minimum radius  
as function of depth in photosphere





Montanes-Rodriguez & Jeffery 2002, 2015 - in prep

Hydrodynamic pulsation model computed with Christy-type code 
(Bridger 1984, PhD Thesis St Andrews) for V652 Her.
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2015 models with reduced viscosity, more zones, ...

Blue shows line-forming region  
 10-2<τ0<1

Red tracks temperature of one layer 
through radius minimum

Lmax tsubaru



For a plane-parallel stellar atmosphere, the total flux  
at frequency ν is defined by 

Fν =2∫0
1 Iνμ μdμ                                   (1)

the integral over angle μ=cosθ of the specific intensity

Iνμ=μ-1 ∫∞0 Sτν exp(-τ/μ) dτ .                (2)

The source function is conventionally written:

Sτν=(κτνBτν +στJτν)/(κτν +στ)                (3)

with —  τ : optical depth, κτν : absorption coefficient,       
στ : scattering coefficient, Bτν(T) : Planck function,  Jτν : mean intensity

Modelling line profiles in radially pulsating stars



If radial velocity u(τ) is a function of optical  
depth τ,  then the angle-specific frequency becomes 
ντμ = ν0(1−μ.u(τ)/c)                                             (5)

and requires Sτν to be rewritten  
Sτνμ=(κτνμBτν +στJτν)/(κτνμ +στ)                           (6)

which requires the correctly projected local line opacity 
κτlμ(ν) = κτl(ν0.(1−μ.u(τ)/c)                                  (7)

and which can again be evaluated and (2) integrated directly:  
Iνμ=μ-1 ∫∞0 Sτνμ exp(-τ/μ) dτ .                             (2’)



COMBINING HYDRODYAMICS WITH 
RADIATIVE TRANSFER

SPECTRUM - PULS
1. Pulsation model: P,  T,  r,  u … (m,t)

2. Normalise to static model:   r/r0, P/P0, T/T0, u ...  (m,t)

3. Atmosphere model: T★(τ), P★(τ), ... ⇒ m’(τ):   m’ = (M-m)/

4πr2.

4. Interpolate and rescale:   T★. T/T0,   P★. P/P0,   u, ...(τ,t)

5. Dynamic emergent spectrum: Fλ(t)



CONCLUSIONS
Line-by-line velocity measurements describe pulsating 
photosphere as function of optical depth.
Pulse is a running wave, weak shock in deepest layers. 
New models developed to exploit depth (v-z-t) information.
Compression, heating at minimum radius by a factor 2.
Methodology? Using new models to interpret data?
New Toys! lots more to play with.
Shorter exposures needed to investigate line splitting.
Simple light curves do NOT imply simple pulsation properties.
Static model atmospheres very risky for pulsating stars.


