Spectral changes in AC Herculis during
its rise to a maximum in 2014 july

David Boyd

Four low resolution (R~1000) spectra were obtained of the RV Tauri-type
variable AC Her during its rise from a deep minimum in July 2014.These show
changes in spectral type and Balmer line equivalent width as the star brightened,

consistent with previous observations.

AC Herculis

AC Her wasfirst reported asavariable by Dorothy Applegateina
Harvard College Observatory Circular in 1921.1B. P. Gerasmovic,
inasimilar publication in 1929,2 listed AC Her as one of ‘twelve
undoubted RV Tauri variables'.

RV Tauri starsareluminous pulsating variables, located between
the Cepheidsand long period variables on the Hertzsprung—Russel|
diagram, which show two unequal minimaper cycle. According to
the General Catalogueof Variable Sars(GCV S),3ACHerisaRVA
variable with a period between successive primary minimaof 75.5
daysand V magnitude between 6.85 and 9.0. RVA varigblesare RV
Tauri starsthat do not vary in mean magnitude. The quoted period
contains two pulsation cycles, sometimes of similar amplitude and
sometimes of significantly different amplitudes. Alternate minima
which are on average the degpest arereferred to as primary minima
and thefollowing maximaare primary maxima.

Historical spectroscopic observations
of AC Her

W. E Waterfield, inaHarvard College Observatory Bulletinin 19274
reported that the spectral type of AC Her had been found to be
variable by Margaret Walton and subsequently observed by Annie
Cannon to be F8 at maximum,

CH and CN bands in its spectrum, L. Rosino® identified it as a
carbon star. A list of published spectral classificationsfor AC Her
can be found in the Catalogue of Stellar Spectral Classifications
maintained by Brian Skiff.12 A recent classification by L. Tomasdlla
et al.BBisF4lbpvar. The spectral type currently listed inthe GCVS
isF2plb-K4e(C0,0).

Dueto thelimited spectral sensitivity of the blue photographic
plates used, many of the classifications prior to the use of CCDs
were made using spectral lines at wavel engths shorter than S000A.
Inthat rangethe H3, Hy and Hf3 lineswere generally found to bein
absorption, or in emission for only a short part of the pulsation
cycle. When the Ha wavelength was recorded, however, that line
was found to be in emission throughout the cycle although vary-
ing greatly in strength.

New spectroscopic observations

On 2014 July 8 John Toone informed me that AC Her had passed
through a deep primary minimum at mv= 8.7 two nights before. |
recorded four spectraof AC Her on July 9, 15, 21 and 25 asit rose
toaprimary maximum at mv= 7.2 on July 21 and remained at that
magnitude for at least 9 days.

The equipment used was a Celestron 280mm SCT withaLISA
spectrograph and SXVR-H694 CCD camera. The spectrahavea
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passing through GO and G5 asit
faded to K5 at minimum. A se-
ries of studies of AC Her over
the next 65 years reported the
spectral type as varying from
anywhere between F1 and F4 at
maximumto between KOandK5
at minimum.>-11 |n some cases
classification of the spectrum
depended on which part of the
spectrum was used and asare-
sult the spectrum was described
asFp (p= peculiar).

These stars have vast ex-
tended atmospheres which ex-
perience shock waves during
the pulsation cycle so the nor-
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Figure 1. Composite plot of flux calibrated spectra of AC Her indicating some prominent spectral features.
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Figure 2. Balmer line equivalent widths.
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Figure 3. Ha line strength in absolute flux.
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+ ®Ho Table 1. V magnitudes, Balmer line equivalent widths and Ha line strength
: ’:E for each spectrum
* - Date JD V mag Ha EW HB EW Hy EW Ha line strength
* + (2014) Q) Q) Q) (erglem?ls)
Jul 09 2456848.42370 8.3 -9.94 -3.02 -2.39 2.39E-11
Jul 15 2456854.50010 7.2 —-6.60 =il 25 -0.87 3.36E-11
. Jul 21 2456860.41910 7.0 =20 0.66 0.10 1.77E-11
Jul 25 2456864.44780 7.0 =il G2 1.27 0.51 1.20E-11
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resolution of 7A and an
SNR of 200 or greater at
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6000A.. All spectra were
wavelength calibrated us-
ing aninternal neonlamp
plus Balmer absorption
lines in the spectrum of
. the AQV type star
HD171623 located close
toAC Her, and were cor-
rected for instrument and
atmospheric extinction
effects before being flux
* calibrated using the
method | described on
theARAS Forum.14 This
requires knowledge of
the V magnitude of the
star at thetime each spec-
trumisrecorded.

| was able to measure one V magnitude myself before the star
becametoo bright. Thereafter | converted mv magnitude estimates
made by Tooneto V magnitudes using thefollowing formulawhich
was derived using Toone's visual estimates for Z UMa as de-
scribed elsewhere:15

V=mv* 0.846+0.935
TheV magnitudes adopted for flux calibration arelistedin Table 1.
Based on the uncertainty in the adopted V magnitude, the uncer-
tainty in flux calibration is estimated to be 10%.

Baird & Cardellil6 measured the reddening of AC Her due to
interstellar extinction and found E(B-V)=0.14. Thisvaluewas used
to correct the spectra for the effect of interstellar extinction and
reddening using the formulae for normalised extinction AA/Av
given by Cardelli et al .17

A composite plot of the four flux-calibrated and extinction-
corrected spectra of AC Her is shown in Figure 1. Prominent
features of the spectra areidentified. The peak levels of the Ha
emission linein spectrab, ¢c and d are marked. Spectrafrom the
Pickles Stellar Spectral Flux Library18 were used to try to assign
an approximate spectral typeto each spectrum. Asexpected from
previous comments on the peculiarity of the spectrum of AC Her,
this proved to be difficult as none of the spectra matched a spe-
cific spectral typefromthelibrary well acrossthe whole spectral
range. The most that can be said is that, in addition to the in-
crease in flux, there appears to have been a small change in the
spectral type from early G to late F as the star brightened. At
maximum brightness, whilethe V magnitude remained constant,
the spectrum continued to change as can be seen in the two
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spectramarked c and d in Figure 1, indicating aslight reddening
of the star during this period.

Equivalent widths were measured for the Ha, H3 and Hy lines
in each spectrum and these are listed in Table 1 and plotted in
Figure2. Ha isin emission (negative equivalent width) in all four
spectra, although much reduced in strength at maximum light. The
HpB and Hylinesare both in emission on July 9 and 15 and absorp-
tion on July 21 and 25. This pattern of variation of Bamer line
equivalent width issimilar to that reported by Mantegazza.10 The
Ha linestrength in absolute flux islisted in Table 1 and plotted in
Figure 3. This peaked asthe star approached maximum brightness
then decreased rapidly during the maximum.

These results are broadly consistent with previous spectro-
scopic observations of AC Her and show that amateur spectros-
copy isuseful for monitoring the spectral behaviour of bright pul-
sating variables.
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