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Abstract:   We present a multi‐timescale period study of four Luminous Blue Variables: HD 

160529 (V905 Sco), HD 5980, HD 168607 (V4029 SGR), and P Cygni, using AAVSO 

Johnson V-band CCD and visual photometry. Light curves spanning decades were analyzed 

with DCDFT and CLEANest in VStar over short (15-80 d), intermediate (5-500 d), and long 

(500-8000 d) period ranges. We detected 33 statistically significant signals (p < 0.01), 

including known and new pulsation modes. This study demonstrates the effectiveness of open 

photometric archives combined with DCDFT/CLEANest for robust LBV variability analyses. 

 

 

1 Introduction 

 

Luminous Blue Variables (LBVs) are rare, evolved massive stars that exhibit dramatic 

photometric and spectroscopic variability across multiple timescales. These include short-

period pulsations, intermediate wind or envelope modulations, and long-term S Doradus-type 

cycles lasting years to decades (Humphreys & Davidson 1994). Thanks to the growing 

availability of long-baseline photometric data through databases like the AAVSO, it has 

become increasingly feasible for amateurs and professionals alike to explore LBV variability 

using consistent methods across multiple targets. One such example is the recent study by 

Basu (2023), which demonstrated the potential of DCDFT and CLEANest techniques to 

characterize LBV periodicities. 

 The present study contributes to this growing body of work by applying a consistent, 

multi-timescale analysis to four well-observed LBVs: HD 160529 (V905 Sco), HD 5980, HD 

168607 (V4029 Sgr), and P Cygni. Using a combination of DCDFT, CLEANest, and p-value 

significance testing, we explore variability across short, intermediate, and long periods. This 

approach enables clearer separation of overlapping variability regimes, refines previously 

reported periods, and illustrates the scientific potential of open photometric archives combined 

with reproducible, community-accessible tools. 

 
2 Data sources 

 

Our analysis included all available visual and CCD series in the AAVSO International 

Database (AID) for all LBVs. This included observational data for HD 160529 from 1997 to 

2024, HD 5980 from 1987 to 2024, HD 168607 from 1984 to 2018, and P Cygni from 1891 to 

2025. 
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Figure 1: Visual light curves of the four LBVs HD 160529 (V905 Sco), HD 5980, HD 168607 

(V4029 Sgr), and P Cygni with 200-day mean series overlays. Black points represent individual 

visual observations. Blue lines show 200-day mean series. Magnitude is plotted inverted. 
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3 Data analysis 

 

To analyze variability across a range of timescales in the four LBVs studied, we used the Date-

Compensated Discrete Fourier Transform (DCDFT) method implemented in AAVSO’s VStar 

software (Benn, 2012). Each star was analyzed using three period ranges: short (15-80 days), 

intermediate (5-500 days), and long (500-8000 days). Period ranges were selected based on 

expected LBV variability behaviors and known periods. 

 For the short-period scans, we used Johnson V CCD data whenever available due to its 

higher photometric precision and lower noise compared to visual observations. We scanned 

from 15-80 days, targeting low-amplitude pulsations or orbital signals. This range encompasses 

the 19.3-day orbital period of HD 5980 (Sterken & Breysacher, 1997), the 45-70 day g-mode 

pulsations in HD 160529 (Stahl et al., 2003), and the low-amplitude, short-period pulsational 

variability previously reported in P Cygni (Markova et al., 2001; de Groot et al. 2001). 

 For the intermediate-period range (5-500 days), we used AAVSO visual data, which offers 

longer baselines suitable for detecting envelope modulation or rotational changes. This range 

encompasses known cycles reported in LBVs such as P Cygni (de Groot et al. 2001) and secular 

pulsation in HD 5980 (Koenigsberger et al., 2014). 

 For long-period variability, we scanned from 500 to 8000 days using visual data. This range 

was chosen to encompass S Doradus-type secular variability typically occurring over 5-20 years 

(Humphreys & Davidson, 1994; van Genderen, 2001). While the 8000-day upper limit may not 

cover multiple full cycles for the longest variability trends, particularly in stars like P Cygni 

and HD 5980, strong long-term modulations can still be detected in the power spectrum even 

if only a portion of a cycle is present (Horne & Baliunas, 1986). 

 From each DCDFT scan, we extracted the top three peaks ranked by power, excluding 

harmonics or noise spikes judged to be algorithmic artifacts or edge effects. Each peak’s period 

(in days), power, and semi-amplitude were recorded. To further validate each peak: 

1. CLEANest refinement was applied to each power spectrum. 

2. For each CLEANest-retained period, the associated p-value was calculated using the 

chi-square cumulative distribution function for 2 degrees of freedom. Only statistically 

significant periods (p < 0.01) were interpreted as reliable detections. 

𝑝 =  1 −  𝜒𝜈=2
2 (2 × 𝑃𝑜𝑤𝑒𝑟)                                        (1)  

 Finally, the raw visual light curves were binned in 200-day intervals in AAVSO’s VStar 

software (Benn, 2012), producing approximately 25-50 mean points.  

 
4 Results 

 

HD 168607 lacked sufficient CCD observations to perform a short-period scan (n = 7), 

resulting in a total of 33 distinct CLEANest-confirmed DCDFT period detections across the 

sample. All reported periods fell within timescales consistent with known LBV photometric 
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variability and were statistically significant. Table 1 outlines known and published periods for 

all four LBVs. Table 2 demonstrates the results of our DCDFT analysis. Figure 1 shows the 

light curves of the visual series for the LBVs. 

 

 

 
Figure 2: CLEANest-confirmed DCDFT period analyses for HD 160529 

 
4.1 HD 160529 (V905 SCO) 

 

Short period analysis revealed a peak at 49.15 days (power = 13.33, p = 1.6e-6), with 

secondary signals at 64.85 and 40.33 days. These are consistent with the 45-70 day pulsation 

timescales previously reported by Stahl et al. (2003) and Lamers et al. (1998), supporting the 

interpretation of multi-mode pulsations. 

Intermediate-period analysis revealed a dominant signal at 346.7 days (power = 155.4, 

p < 1e-300), along with peaks at 378.5 and 182.6 days. These likely represent complex 

modulation of the stellar envelope or a slow wind-cycle. The long-term scan showed a very 

strong peak at 7282 days (power = 250.7, p < 1e-300), likely a S Dor-type secular variability. 

See Figure 2 for DCDFT peaks. 

 
4.2 HD 5980 

 

Short-period analysis revealed a dominant peak at 18.89 days (power = 27.43, p = 1.4e-12), 

with additional modes at 51.6 and 52.95 days. While HD 5980 is a complex multiple system 

with eruptive behavior, these short periods may correspond to pulsations or orbital 

modulation within the inner system. In the intermediate-period analysis, three strong signals 

emerged at 374.0, 344.7, and 409.2 days (power = 58.0-105.4, p < 1e-300). This may align 
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with previous evidence of envelope instability and beat-like modulations (Koenigsberger et 

al., 2014). 

 

 

 
Figure 3: CLEANest-confirmed DCDFT period analyses for HD 5980 

 
In the long-period analysis, we identified peaks at 3342.9, 1480.3, and 5231.9 days 

(powers = 297-369, p < 1e-300). These results suggest that HD 5980, though not a classical S 

Dor variable, exhibits LBV-like secular variation on multi-year timescales. These 

modulations may be linked to its complex evolution post-eruption.  

One peak at ~14,800 days was discarded as it exceeded the time span of the dataset, 

but is consistent with HD 5980 historical eruption timing (Koenigsberger et al. 2014). See 

Figure 3 for DCDFT peaks. 

 
4.3 HD 168607 (V4029 SGR) 

 

Intermediate-period analysis revealed a strong peak at 382.2 days (power = 42.1, p = 7.7e-10), 

with secondary signals at 183.4 and 368.1 days. While these specific periods are novel, they 

may be consistent with the long-term secular variability and envelope modulation reported by 

Sterken et al. (1999). The ~180-day cluster may represent low-order harmonics. 

Long-period analysis revealed a peak at 1439.99 days (p = 4.6e-7). This result matches 

previously documented secular behavior and suggests that HD 168607 is a quiescent S 

Doradus-type LBV (Sterken et al., 1999). See Figure 4 for DCDFT peaks. 

 
4.4 P Cygni 
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Short-period analysis revealed significant peaks at 58.24 days (p = 3.2e-9), 77.60, and 64.18 

days. These findings agree with those reported by Markova et al. (2001), which describe low-

amplitude, multi-periodic variability driven by pulsations and inner wind structure. 

The intermediate-period analysis revealed a strong peak at 367.0 days (p < 1e-300), 

with supporting signals at 357.5 and 377.8 days. Though close to the annual cycle, their 

CLEANest retention and amplitude (~0.028 mag) may suggest true variability rather than 

seasonal aliasing. The long-period analysis revealed peaks at 5360, 4918.7, and 5381.3 days 

(powers = 173-403), likely evidence of slow, secular evolution consistent with long-term S 

Doradus-type variability. See Figure 5 for DCDFT peaks. 

 

 
Figure 4: CLEANest-confirmed DCDFT period analyses for HD 168607  

 

 

 
Figure 5: CLEANest-confirmed DCDFT period analyses for P Cygni 
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5 Conclusion 

 

Our application of DCDFT and CLEANest across three distinct timescales has demonstrated 

that the use of publicly available AAVSO photometry VStar tools can robustly recover both 

classical and previously underreported variability modes in LBVs. In particular, the 

intermediate-scale cycles in HD 5980, HD 168607 and the secular trends in P Cygni stand out 

as underreported periods, highlighting the layered nature of LBV variability that spans from 

weeks to decades. 

By sharing these methods and results, we hope to encourage ongoing monitoring and cross-

disciplinary follow-up, such as spectroscopy or multiwavelength campaigns, to untangle the 

physical origins of these cycles. 

 

Table 1: Previously Published Periods Across Multiple Timescales in Four LBVs 

Star Domain 
Published 

Period (days) 

 
Detection Method Reference 

V905 Sco Short 45-70 

 Photoelectric Strömgren uvby 

photometry, High-cadence y-band 

photometry, He I spectral lines 

Stahl et al. 2003; Lamers et 

al. 1998 

V905 Sco Intermediate 80-120 
 High-cadence y-band photometry, He I 

spectral lines 
Stahl et al. 2003 

V905 Sco Long 7300+ 
 Photoelectric Strömgren uvby 

photometry 

Sterken et al. 1991; Stahl et 

al. 2003 

HD 5980 Short  19.3  Spectroscopic radial-velocity orbit Sterken & Breysacher 1997 

HD 5980 Intermediate 96.5 
 
Spectroscopic radial-velocity orbit 

Foellmi et al. 2008; 

Koenigsberger et al. 2014 

HD 5980 Long 14 600-18 000  Historical eruption timing Koenigsberger et al. 2014 

HD 168607 Short 35.7-62.5 
 Photoelectric Strömgren uvby 

photometry, Hipparcos Hp photometry 

Sterken et al. 1999; van 

Leeuwen et al. 1998 

HD 168607 Long 640 
 Photoelectric Strömgren uvby 

photometry 
Sterken et al. 1999 

P Cygni Short 17.3 
 Johnson UBV photometry, Visual 

photometry 

de Groot et al. 2001; 

Markova et al. 1996 

P Cygni Short 40-60 

 
Johnson UBV photometry, Visual 

photometry 

Markova et al. 2001; Percy 

et al. 1996; Beradze et al. 

2020 

P Cygni Intermediate ~100  Johnson UBV photometry de Groot et al. 2001 

P Cygni Intermediate 120-160 

 

Johnson UBV photometry 

Percy et al. 1996; 

Kochiashvili et al. 2018; 

Beradze et al. 2020 
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Star Domain 
Published 

Period (days) 

 
Detection Method Reference 

P Cygni Long ~600 

 
Johnson UBV photometry, Hα EW, 

Hipparcos Hp photometry 

Markova et al. 2001; 

Kochiashvili et al. 2018; 

Beradze et al. 2020 

P Cygni Long 1123  Johnson UBV photometry Kochiashvili et al. 2018 

P Cygni Long 1500-1700 

 

Johnson UBV photometry, Visual 

photometry 

de Groot et al. 2001; 

Kochiashvili et al. 2018; 

Beradze et al. 2020; 

Michaelis et al. 2018 

P Cygni Long ~2600 
 Johnson UBV photometry, Hα EW, 

Hipparcos Hp photometry 
Markova et al. 2001 

 

Table 2: Statistically Significant DCDFT Period Detections Across Multiple Timescales in Four LBVs 

Star Domain Period (days) Power p-value 

V905 Sco Short 49.15 13.33 1.60E-06 

V905 Sco Short 64.85 10.58 2.50E-05 

V905 Sco Short 40.33 6.46 1.60E-03 

V905 Sco Intermediate 346.674 155.4 0.00E+00 

V905 Sco Intermediate 378.516 99.1 0.00E+00 

V905 Sco Intermediate 182.581 41.3 0.00E+00 

V905 Sco Long 7281.93 250.66 0.00E+00 

V905 Sco Long 3055.05 47.72 0.00E+00 

V905 Sco Long 1598.27 25.95 5.40E-12 

HD 5980 Short 18.89 27.43 1.20E-12 

HD 5980 Short 51.6 8.3 2.50E-04 

HD 5980 Short 52.95 6.9 1.00E-03 

HD 5980 Intermediate 374 105.4 0.00E+00 

HD 5980 Intermediate 344.7 85.4 0.00E+00 

HD 5980 Intermediate 409.2 58 0.00E+00 

HD 5980 Long 3342.91 369.8 0.00E+00 

HD 5980 Long 1480.26 329.2 0.00E+00 

HD 5980 Long 5231.95 297.2 0.00E+00 

HD 168607 Intermediate 382.2 42.1 0.00E+00 

HD 168607 Intermediate 183.4 16.3 8.30E-08 

HD 168607 Intermediate 368.1 15.9 1.20E-07 

HD 168607 Long 1439.99 15.32 2.20E-07 

HD 168607 Long 915.97 11.51 1.00E-05 

HD 168607 Long 607.11 9.18 1.00E-04 

P Cygni Short 58.24 19.34 4.00E-09 

P Cygni Short 77.6 18.12 1.40E-08 

P Cygni Short 64.18 15.56 1.70E-07 

P Cygni Intermediate 367 289.7 0.00E+00 

P Cygni Intermediate 357.5 85.4 0.00E+00 
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P Cygni Intermediate 377.8 58.6 0.00E+00 

P Cygni Long 5360 403.58 0.00E+00 

P Cygni Long 4918.67 204.16 0.00E+00 

P Cygni Long 5381.26 173.74 0.00E+00 

 
Acknowledgements: The author thanks the dedicated observers of the AAVSO International Database for 

making their photometry publicly available, and the VStar development team for providing the DCDFT and 

CLEANest analysis tools. No external funding was received for this study. 
 
References 

 

Basu, S. 2023, OEJV, 240, 1, 2023OEJV..240....1B 

Benn D. 2012, JAVSO, 40, 852, 2012JAVSO..40..852B 

Beradze S., Kochiashvili N., Kochiashvili I., Natsvlishvili R., Vardosanidze, M. 2020, SVOS, 

173, 2020svos.conf..173B 

Foellmi C., Koenigsberger G., Georgiev L., et al. 2008, 44, 3, 2008RMxAA..44....3F 

de Groot M., Sterken C., van Genderen A. M. 2001, A&A, 376, 224, 2001A&A…376..224D 

Humphreys R. M. & Davidson K. 1994, PASP, 106, 1025, 1994PASP..106.1025H 

Horne J. H. & Baliunas S. L. 1986, ApJ, 302, 757, 1986ApJ...302..757H 

Koenigsberger G., Morrell N., Hillier D. J., et al. 2014, AJ, 148, 62, 2014AJ....148...62K 

Kochiashvili N., Beradze, S., Natsvlishvili, R., et al. 2018, Ap, 61, 22, 2018Ap.....61...22K 

Lamers, H. J. G. L. M., Bastiaanse, M. V., Aerts, C., & Spoon H. W. W. 1998, A&A, 335, 605, 

1998A&A...335..605L 

Markova, N. & Zamanov, R. 1996, A&AS, 114, 499, 1995A&AS..114..499M 

Markova N., Scuderi S., de Groot M., Markov H. & Panagia N. 2001, A&A, 366, 935, 

2001A&A...366..935M 

Michaelis A. M., Kashi A., Kochiashvili N. 2018, NewA, 65, 29, 2018NewA...65...29M 

Percy J. R., Attard A., Szczesny M. 1996, A&AS, 117, 255, 1996A&AS..117..255P 

Percy J. R. & Bakos A. G. 2001, PASP, 113, 748, 2001PASP..113..748P 

Stahl O., Gäng T., Sterken C., et al. 2003, A&A, 400, 279, 2003A&A...400..279S 

Sterken, C., Gosset, E., et al., A. J. 1991, A&A, 247, 383, 1991A&A…247..383S 

Sterken C., Arentoft T., Duerbeck H. W., Brogt E. 1999, A&A, 349, 532, 

1999A&A...349..532S 

Sterken C. & Breysacher J. 1997, A&A, 328, 269S, 1997A&A...328..269S 

van Leeuwen F., van Genderen A. M., Zegelaar I. 1998, A&AS, 128, 117, 

1998A&AS..128..117V 

van Genderen A. M. 2001, A&A, 366, 508, 2001A&A...366..508V 

https://ui.adsabs.harvard.edu/abs/2023OEJV..240....1B/abstract
https://ui.adsabs.harvard.edu/abs/2012JAVSO..40..852B/abstract
https://ui.adsabs.harvard.edu/abs/2020svos.conf..173B/abstract
https://ui.adsabs.harvard.edu/abs/2008RMxAA..44....3F/abstract
https://www.aanda.org/articles/aa/pdf/2001/34/aa1399.pdf
https://ui.adsabs.harvard.edu/abs/1994PASP..106.1025H
https://ui.adsabs.harvard.edu/abs/1986ApJ...302..757H
https://ui.adsabs.harvard.edu/abs/2014AJ....148...62K/abstract
https://ui.adsabs.harvard.edu/abs/2018Ap.....61...22K/abstract
https://adsabs.harvard.edu/full/1998A%26A...335..605L
https://adsabs.harvard.edu/full/1995A%26AS..114..499M
https://ui.adsabs.harvard.edu/abs/2001A&A...366..935M
https://ui.adsabs.harvard.edu/abs/2018NewA...65...29M/abstract
https://adsabs.harvard.edu/full/1996A%26AS..117..255P
https://ui.adsabs.harvard.edu/abs/2001PASP..113..748P
https://ui.adsabs.harvard.edu/abs/2003A&A...400..279S
https://orbi.uliege.be/bitstream/2268/107848/1/1991A+A___247__383S%5B1%5D.pdf
https://ui.adsabs.harvard.edu/abs/1999A&A...349..532S
https://ui.adsabs.harvard.edu/abs/1997A%26A...328..269S/abstract
https://ui.adsabs.harvard.edu/abs/1998A%26AS..128..117V/abstract
https://ui.adsabs.harvard.edu/abs/2001A&A...366..508V

