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Abstract

We present an analysis of ongoing optical spectroscopic monitoring of the Yellow Hypergiant Rho Cas between 2014 and 2024, with an observation cadence of 7
days since 2018. We discuss the temporal line profile variability observed in Balmer Ha and the variability of the stellar wind in selected photospheric absorption
lines of Fe | and Si Il. We combine accurate measurements of various line parameters with multi-band photometric observations during this period and present an
analysis of the pulsation periods in this notorious hypergiant star.
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Spectroscopic Teff from photospheric line depth ratios

Yellow hypergiants such as p Cas (la™), represent an important evolutionary stage of the most massive stars between cool red SGs T T T T T T T

and hot SGs, near the end of their lives (Kraus et al. 2019; Lobel et al. 2003). Despite extensive research many properties of these PP D Line pepen Ratio of Feleaz Sillen: 1 %% [ Line opth Ratio of catesso sit1e7 ]
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Top panels: Calibration plots of selected line depth ratios (LDRs) for determining the stellar effective temperature Teff. The calibrations are
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derived from a sample of AFGK supergiants using known effective temperatures from Kovtyukh (2007) and Gaia DR3. The spectra for obtaining
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the LDRs are taken from the ELODIE database and the ESO Science Archive Facility. Bottom panel: Spectroscopic Teff-values calculated using
two LDRs for two different neutral photospheric metal lines of Fe | A6412 and Ca | A6450. For the time interval around MJD 59500, we find
a best match within an estimated errorbar of +=80 K. Around MJD 59100, however, we find a maximum Teff-difference of ~500 K between
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both lines. We determine Teff-values ranging from 6200 K to 7800 K from continuous spectroscopic monitoring since July 2018.)

I e | 6. Comparison of spectroscopy and broad-band photometry

First from left: Dynamic spectrum of the photospheric Fel A6412 line in the stellar rest frame (time runs upwards). The central line Rho Cas 2018-2024
depth varies quasi-periodically with time. We observe prominent flux variability in the short-wavelength line wing caused by variable 1.0071
wind opacity, combined with changes of the normalized line depth. Second from left: Residual dynamic spectrum of Fe | A6412
(normalized line flux minus the time-averaged line flux). Notice the wind events occurring between MJD 58800 and 59600. The 0. 95
violet line wing becomes more extended and next weakens, followed by a gradual red-shift in the central line core. Third from left:
Dynamic spectrum of the Balmer Ha line. Notice the prominent wind event around MJD 58500 revealing strongly enhanced wind
absorption. Fourth from left: Residual dynamic Ha spectrum showing changes from line wing absorption into emission. The violet < 0.90] :
Ha line wing is in absorption around MJD 58500 and fades away over ~500 d. It reveals strong emission around MJD 59400 while S T
the inverse Ha P Cyg line profile fades away over the next two years. We also observe weak absorption and emission flux variability 3 o i'!l"d ‘*ﬁ-;,;
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Top left and right: Periodogram and model from a Lomb-Scargle analysis of the variable ionic Si Il A6347 normalized absorption line 7 . CO N Cl usions
depth. We find a pulsation period of 189 d over a time interval of four years (red drawn sine curve). Bottom left and right: Periodogram
and model from a Lomb-Scargle analysis of the variable Fe | A6412 normalized absorption line depth. We find a variability period of B the dynamic spectra of the Fe | A6412 and Balmer Ho lines show different behaviour with time in part due to wind events.

456 d (blue sine curve). We find a frequent occurrence of emission in the Ha line wings from MJD 59500 that is correlated with larger Teff over the

quasi-periodic pulsations of p Cas.

Our Lomb-Scargle analysis of the Si Il A6347 absorption line depth variability reveals a dominant period of ~189 days. The
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