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W a r n i n g t o the unsuspect ing reader: T h e editors o f this v o l u m e have (bravely) 

asked m e to "preserve the spirit" o f m y oral presentat ion. It is difficult t o 

translate the stirring grandeur o f a mult i -coloured flashing bowt i e into mere 

words and d iagrams. Failing t o evoke that grandeur , I have instead settled for 

occas iona l ly captur ing the tackiness o f m y ba t te ry-opera ted talk in K y o t o . 

1. O b s e r v i n g in m o n o c h r o m e 

Until recently, m o s t efforts t o observe the rapidly oscillating A p ( r o A p ) stars 

have concen t ra ted on rapid p h o t o m e t r y through a single b road- or intermediate-

band filter. Th i s technique can efficiently sample the short pulsat ion per iods 

o f r o A p stars ( typical ly 5 - 1 2 min) even with a te lescope o f on ly modes t 

aperture. It is the o p t i m u m search s t ra tegy for de tec t ion o f new osci l lators . 

T h e single b roadband approach is also at t ract ive for g lobal campa igns t o 

resolve the fine s tructure o f r o A p eigenspectra . Such a campa ign requires many 

te lescopes spaced in longi tude ( to increase the du ty cyc le and suppress aliasing 

in the f requency analysis) moni tor ing a single bright star for several weeks ( to 

achieve frequency resolution o f order 1 μ Η ζ ) . In pract ice , on ly 1-m-class or 

smaller te lescopes can be dedica ted for so long t o a single star (e .g . , the W E T 

ne twork) so a b road bandpass is usually necessary t o ensure adequate count 

rates t o be sensitive t o oscil lation ampli tudes o f a few mil l imag. These types 

o f m o n o c h r o m e observat ions have successfully yielded e igenspectra with the 

sensitivity and resolution essential t o as terose ismology (e .g . , Kur tz et al. 1989) . 

However , w e ' v e reached a threshold where such da ta must be supplemented 

by rapid spec t ro scopy and p h o t o m e t r y at m a n y bandpasses if we are t o (a) 

identify the individual m o d e s in r o A p stars, and (b ) fully exploi t those m o d e s 

t o p r o b e a tmospher ic s tructure a n d / o r dynamics wi th dep th . 
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Figure 1. Phase shifts of the oscillations of two roAp stars in five bandpasses (relative to 
Walraven V), from Weiss (1986). 

2 . T h e ear ly days o f colour 

The first three-colour Hollywood movie produced in the Technicolour process 

was "Becky Sharp", made in 1935. That's a piece of trivia about colour, but 

there was nothing trivial about the first rapid /we-colour (Walraven) pho-

tometry of roAp stars by Weiss & Schneider (1984). Their results were the 

first indication that the pulsation amplitudes of roAp stars drop steeply with 

increasing wavelength, far more steeply than other known pulsators. 

Weiss h Schneider (1984) were also the first to try and use multicolour 

data as a diagnostic of the physics of roAp stars. Inspired by the success of 

Balona & Stobie (1979) in identifying modes of δ Scuti stars and Cepheids 

from phase shifts between their light and colour curves, they tried to apply 

the same technique to a Cir. The results were ambiguous and inconsistent, 

even for different runs on the same star. Kurtz & Balona (1984) encountered 

similar problems in mode identification, based on their Johnson BV data of a 

Cir. 

Schneider (cf. Weiss 1986) also obtained phase-shift information for two 

other roAp stars, HR 1217 (HD 24712) and HR 3831 (HD 83368), shown in 

Figure 1. Although the theories of Balona & Stobie (1979) and Stamford & 

Watson (1981) do not appear to apply to the roAp pulsations, there must be 

diagnostic information in these phase differences. Currently, Thebe Medupe 

and Jan Christensen-Dalsgaard are trying to develop a theory to understand 

the pulsation phase vs. wavelength dependence in roAp stars. 
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An interesting sidelight to the early applications of multicolour data was 

Kurtz's (1991, private communication) experiment to use a Cir as its own 

photometric comparison. Exploiting the steep drop in roAp amplitude with 

wavelength first recognised by Weiss & Schneider, Kurtz observed a Cir si-

multaneously in Β and / (with a beamsplitter) and obtained reasonable Β — I 

differential photometry even through up to 1.5 mag of extinction (but no bright 

moonlight). Although the technique has limited applications, it is a reminder 

that we must always be on the lookout for innovative ways to study stars, such 

as those described below. 

3 . R a p i d mult ico lour p h o t o m e t r y . . . but no quick solut ions 

The steep wavelength dependence of roAp amplitudes was considered a nui-

sance or a curiousity, until Matthews et al. (1990) suggested it might be a way 

to probe the atmosphere of one of these chemically peculiar stars. Matthews 

et al. (1996) used their simultaneous eight-colour optical and infrared rapid 

photometry of HR 3831 to derive limb darkening coefficients and a Τ — τ curve 

for that star's atmosphere. 

Medupe (1997) and Medupe k Kurtz (1997) later demonstrated that limb 

darkening is not the dominant effect and argued that there is a significant 

gradient in pulsation amplitude with depth in the upper 2000 km of stars 

like a Cir. This implies the presence of a radial node very high in the stellar 

atmosphere. Matthews (1997) has countered that the pronounced abundance 

stratifications in the upper atmospheres of roAp stars make it dangerous to 

translate light amplitude vs. wavelength into temperature amplitude vs. depth. 

4 . R a p i d spec troscopy . . . gradual u n d e r s t a n d i n g ? 

Some of the missing pieces of this puzzle might be found if we tear the puzzling 

flux distributions of roAp stars into even smaller pieces: going from broad 

multiband photometry to high-resolution spectroscopy. 

The first efforts at rapid spectroscopy of roAp stars were aimed at detecting 

the radial velocity (RV) variations associated with the light oscillations. There 

were two general approaches: (1) Fabry-Perot readings of the intensities of the 

red and blue wings of a single stellar absorption line (e.g., Ando et al. 1988; 

Belmonte et al. 1989); and (2) cross-correlation of the positions of a large 

number of lines covering several tens of Angstroms in high-resolution coudé 

spectra (e.g., Matthews et al. 1988). 

The latter approach - intended to increase the S/N of the measurements by 

including many lines - yielded the first definitive detection of RV oscillations 

in an roAp star, HR 1217 (Matthews et al. 1988). The RV semi-amplitude 

was only ~200 m/s at a time when simultaneous photometry showed a Β 

semi-amplitude of about 3.4 millimag. This result was in stark contrast to 
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Figure 2. Amplitudes and phases of the principal pulsation mode in a Cir for different 
wavelength bands, from Baldry et al. (1998). 

one Fabry-Perot result, which suffered poorer S/N but seemed to suggest RV 

amplitudes exceeding 1 km/s in the Ba II Λ4930 line in HR 1217 (Ando et 

al. 1988). Meanwhile, Belmonte et al. (1989), using the Λ5317.4 line, claimed 

a similar RV amplitude for HR 1217 as that reported by Matthews et al., 

but at a time when the light amplitude was only 1.2 millimag. However, the 

Matthews et al. estimate of the light-to-RV amplitude ratio proved remarkably 

consistent with a wide variety of other pulsators - from the Sun to Cepheids 

- as well as models (Kjeldsen & Bedding 1995). 

In retrospect, it is possible that all these apparently contradictary mea-

surements were correct. Recent findings suggest that comparing the multi-

and single-line RV measurements was like comparing apples and oranges. 

By examining the RV behaviour of many different metal lines in the roAp 

star a Cir, Baldry et al. (1998) took a bite out of one of those apples (pre-

sumably from the Tree of Knowledge) and cast us out of our Garden of mixed 

fruits (and into my Pit of mixed metaphors!). They found that lines in different 

wavelength bands showed different RV amplitudes and phases (see Figure 2). 

Independently, Kanaan h Hatzes (1998) found pronounced differences in the 

RV amplitudes (but not phases) of different lines in 7 Equ, while Matthews 

& Scott (1996) noted evidence for line profile variations in certain lines in the 

same star (Figure 3; see also later in this section). 
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Figure 3. ( top ) Mean spectrum of 7 Equ for 23 August 1988. ( b o t t o m ) Mean absolute 
deviation of the individual rapid exposures from the mean. The bar indicates line profile 
variations with an amplitude of 0.5%. From Scott (1995). 

W h a t ' s go ing o n ? B o t h Baldry et al. (1998) and Kanaan k Hatzes (1998) 

find a general trend o f lower ampl i tude with larger equivalent wid th (Figure 

4 ) . Is this a clue t o the physical mechanism in play here? Baldry et al. interpret 

the range o f ampli tudes , and wha t they believe t o be g roups o f lines varying 

in antiphase, as further evidence for a radial n o d e high in the a tmosphere o f a 

Cir . Kanaan h Hatzes see no significant phase differences a m o n g the lines in 

gamma Equ , and believe the varying ampli tudes are the result o f suppression 

o f oscil lat ions by the magne t ic field high in the a tmosphere . I believe this t o be 

unlikely, since the magnet ic pressure should domina t e over gas pressure even 

much deeper in the a tmosphere . 

T h e R V variations o f r o A p stars are clearly m o r e compl i ca t ed than we 

assumed only a decade a g o . Individual lines can have ampl i tudes above 1 

k m / s while the net variation across a range o f spec t rum m a y be less than 

10 m / s . T h a t may accoun t for the conflict ing results o f the cross-correlat ion 
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Figure 4- RV amplitude vs. equivalent width: ( top ) 7 Equ (Kanaan h Hatzes 1998); ( b o t t o m ) 
a Cir (Baldry et al. 1998). Note the differences in the horizontal and vertical scales. 

and Fabry-Perot measurements of roAp stars in the past. It may be worth 

re-examining those data in light of the latest developments. 

After the failure of mode identification by phase shifts in roAp stars, both 

Odell & Kreidl (1984) and Baade & Weiss (1987) anticipated the possibility of 

identifying the nonradial modes of roAp stars by the variations they induce in 

the spectral line profiles. This technique must overcome two hurdles: (1) the 

intrinsically low amplitudes of the pulsations, and (2) the inherently narrow 

lines of A p stars, which tend to be slow rotators. Undaunted, Schneider & 
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Figure 5. ( top ) The mean spectrum of a Cir between 6450Â and 6500Â, and ( lower) the 
residuals ordered in pulsational phase. (From Schneider h Weiss 1989). 

Weiss (1989) obtained over 300 short-exposure ESO coudé spectra of a Cir 

which they binned according to the known photometric period and searched 

for residual variations (see Figure 5) but found none larger than 0.5%. 

Matthews h Scott (1996) adopted the same approach with higher-S/N 

coudé spectra of 7 Equ from CFHT obtained in 1988. They see evidence for 

line profile variations in some lines at the level of nearly 1%. The variations 

appear consistent with high-overtone (η ~ 80) nonradial modes of degree 1 = 2 

(see Figure 6), but better data are needed. Why only certain lines show profile 

changes is unclear, but it is likely related to the distribution of elements on the 

stellar surface and with depth. The amplitude of variability does not appear 

to correlate with factors like Lande g, excitation energy and log(#/). 

The underlying astrophysics may elude us today, but we are clearly on the 

threshold of a new era of high-resolution spectral probes of roAp stars. 
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Figure 6. Line profile variations of the Fe I A4476 line of 7 Equ with pulsational phase (left), 
compared with synthetic residuals for various nonradial modes (right) whose amplitudes are 
consistent with the measured RV and light amplitudes of the star. The mean observed and 
model profiles are shown at top. Residuals are offset by 2% of the continuum level. 
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