


V652 Her: radial velocities 2847

Figure 14. The behaviour of the strong Si III triplet over a complete pulsation
cycle (top) and around minimum radius (bottom). In each pane, the lower
panel represents the continuum normalized flux as a function of wavelength,
with a constant added which is proportional to the phase. The upper panel
represents a grey-scale plot containing the same information. Features which
do not change in wavelength as a function of phase are instrumental artefacts.
The bottom panel represents the mean of all three Si III lines. The wavelength
scale is relative to the rest wavelength for each line. The data have been phase
smoothed (see Fig. 13).

Figure 15. The behaviour of two intermediate strength O II lines around
minimum radius. The data have been phase smoothed (see Fig. 13).

Figure 16. The behaviour of six weak Fe III lines represented as a composite
line profile relative to the line rest wavelength. The wavelength scale is
relative to the rest wavelength for each line. The data have been phase
smoothed (see Fig. 13).

ionization zones play no role in V652 Her (too little hydrogen and
too hot), it is suggested that an interaction between the second he-
lium ionization zone and the nickel/iron opacity bump at 2 × 105 K
will be important.

The final step will be to couple the pulsation model to the ob-
servations presented here to determine more precisely the overall
properties of V652 Her and, in particular, its mass. Jeffery et al.
(2001) assumed a quasi-static approximation to measure effective
temperature and effective surface gravity throughout the pulsation
cycle using models in hydrostatic equilibrium. This approximation
can be removed by coupling the hydrodynamical pulsation model
to a radiative transfer code, with which we will be able to simulate
the Subaru data realistically.
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Szabó R., Buchler J. R., Bartee J., 2007, ApJ, 667, 1150
Wesselink A. J., 1946, Bull. Astron. Inst. Neth., 10, 91
Zhang X., Jeffery C. S., 2012, MNRAS, 419, 452

A P P E N D I X A : L I N E R A D I A L V E L O C I T Y A N D
EQUI VA LENT W I DTH MEASUREMENTS

Times of observation, line identifications, radial velocity and equiv-
alent width measurements obtained from the observations described
in Sections 3 and 4 are given in a single ascii file as an online
supplement. Table A1 illustrates the structure of the file, which is
divided into four blocks, each one representing the four quantities
just described. Although 139 lines are formally listed in the sec-
ond section and were indeed measured, there are a few instances
where the results were unsatisfactory; these data are not reported.
They are indicated by setting the atomic number for those lines to
zero. They are retained as place holders to maintain the integrity of
the line identification system, given by n = 0, nl − 1 in the sub-
sequent sections. Zero-based numbering is used for computational
convenience.
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Table A1. Times of observation, line identifications, radial velocities and equivalent widths
for the observations described in Section 4.1. Times and velocities are barycentric. The format
is described within the data file at the start of each section: ‘//’ represents a linefeed separating
scalars and vectors. Lines commencing ‘# ’ are descriptive comments. In this extract, the first
few lines of each section are reproduced; ellipses represent omitted lines.

# V652 Her - Subaru 2011 - Radial velocity and equivalent width measurements
# Raw measurements (no systematic corrections)
# ————————————————————————–
# barycentric julian dates of midexposure - 2450000
# nt // times(0:nt-1)
386
5719.23633 5719.23828 5719.24023 5719.24219 5719.24414 5719.24658
...
# ————————————————————————-
# absorption lines identified by central wavelength, atomic number and ion
# nl // lambda(0:nl-1) // atom(0:nl-1) // ion(0:nl-1) :
# atom = 0 : line measured but not retained
# ion = 0 : neutral, 1 : singly-ionized, ...
139
3994.997 4009.258 4026.191 4035.081 4039.160 4041.310 4043.532 4053.112 4056.907 ...
7 2 2 7 26 7 7 26 7 ...
1 0 0 1 2 1 1 2 1 ...
# ————————————————————————–
# barycentric radial velocities and formal errors, identified by wavelength
# n, lambda(n) // v(0:nt-1,n) // sigma_v(0:nt-1,n) : [ km/s ]
# n < 0 : block terminator
0 3994.997
34.770 35.609 36.487 38.518 37.178 37.526 38.090 31.245 7.133 ...
0.024 0.016 0.017 0.014 0.012 0.010 0.011 0.005 0.012 ...
1 4009.258
...
-1 0
# ————————————————————————–
# equivalent widths and formal errors, identified by wavelength
# n, lambda(n) // W_lambda(0:nt-1,n) : [ AA ]
# n < 0 : block terminator
0 3994.997
0.240 0.243 0.245 0.238 0.247 0.248 0.249 0.247 0.262 0.252 0.255 0.257 ...
1 4009.258
1.441 1.439 1.408 1.428 1.368 1.391 1.382 1.370 1.321 1.359 1.323 1.331 ...
-1 0
# ————————————————————————–

A P P E N D I X B : T H E O P T I C A L S P E C T RU M O F
V 6 5 2 H E R AT MA X I M U M R A D I U S

Fig. B1 (parts b–h online only) shows the median spectrum of
V652 Her around maximum radius and between pulsation phases
0.60 and 0.70, together with a model and identifications by ion for
all absorption lines with theoretical equivalent widths Wλ > 10 mÅ.
A few lines are missing from the model. A few lines are stronger
in the model than in the observed spectrum. This reflects incom-
pleteness in the atomic data. The optimized spectrum is obtained
from a fully line blanketed model atmosphere in hydrostatic and

local thermodynamic equilibrium (LTE). The adopted model has
atmospheric parameters Teff = 22 500 K, log g = 3.3 (cm s−2),
nH = 0.005, nHe = 0.98 (number fractions), and vturb = 9 km s−1.
Other abundances in the model are nC = 0.000 05, nN = 0.0014,
nO = 0.0001, nNe = 0.000 26, nSi = 0.000 076 and nFe = 0.000 03.
Given that the atmosphere is certainly not in hydrostatic equilib-
rium and some ions are probably not in LTE (Przybilla et al.
2005), the model is used primarily for line identification and to
approximate the atmospheric properties. Greater consistency in the
wings of Stark broadened helium lines, for example, would be
desirable.
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Figure B1. (a) The median Subaru spectrum of V652 Her between phases 0.60 and 0.70 (black), together with an approximate LTE synthetic spectrum
computed using the parameters given in Section 5.1 (red). Lines in the model with Wλ > 10 mÅ are identified by ion. Ions with Z > 20 are shown in blue.
The hydrogen Balmer lines at 4101 and 4340 Å are not labelled but are included in the model. The model continuum is shown as a dotted line. Strong broad
features around 4093, 4108, 4112 and 4126 Å are instrumental artefacts.
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S U P P O RT I N G IN F O R M AT I O N

Additional Supporting Information may be found in the online ver-
sion of this article:

Table A1. Times of observation, line identifications, radial ve-
locities and equivalent widths for the observations described in
Section 4.1.
Figure B1. Strong broad features around 4783, 4786, 5247, 5268
and 5329 Å are instrumental artefacts. Sharp features around 4578
and 4580 Å are instrumental artefacts. An emission feature at

5577 Å is a cosmic ray hit. (http://mnras.oxfordjournals.org/lookup/
suppl/doi:10.1093/mnras/stu2654/-/DC1).

Please note: Oxford University Press are not responsible for the
content or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.

This paper has been typeset from a TEX/LATEX file prepared by the author.
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