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Common envelope evolution

planetary nebula
main-sequence primary
~1au

‘PCEB” : post-common envelope binary
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Circum-binary planets on the MS: Kepler-16
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Formation of circum-binary objects
Decreation disc with most of the mass
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WD eclipse photometry
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Figure 1. Flux calibrated primary eclipses of (left to right) DE CVn, GK Vir, QS Vir and RX J2130.6 + 4710 in (top to bottom) u’
band, g’ band, r’ band and i’ band. Light curves were made by phase binning all available eclipses then combining them. Any flares
were removed before the light curves were combined with the exception of RX J2130.6 + 4710 in the +’ band where there was only one
eclipse which featured a flare.

Parsons et al. (2010) : ULTRACAM on WHT 4m or VLT 8m




Sources of orbital period variations

Apsidal precession?
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Applegate 1992; Vilschow et al. 2018; Lanza 2020




HW Vir: The best fit is not necessarily a good fit
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Brown-Sevilla et al, Mon Not R Astron Soc, Volume 506, Issue 2, September 2021,

Pages 2122-2135, https://doi.org/10.1093/mnras/stab1843
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https://doi.org/10.1093/mnras/stab1843

HIPARCOS+GAIA constraints Baycroft et al. 2023

Mon Not R Astron Soc, Volume 526, Issue 2, December 2023,

Pages 2241-2250,

103 -

PMa sensitivity 0.54 M star and Vign =213.58 £111.29 m/s

HW Vir Beuermann. et al (2012) solution
@88 Brown-Sevilla. et al (2021) solutions
® @ Esmer. etal (2021) solutions

® Best-fit solution from this work
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https://doi.org/10.1093/mnras/stad2794

HY Eri: Things can change Beuermann et al. 2020
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EY Eri: Things
can change

1 planet fit
(preliminary)
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QS Vir: What is going on here?
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NN Ser: A former good candidate for CPBs
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NN Ser: A former good candidate for CPBs
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Very bad fit: No planet Lijiang




NN Ser: A former good candidate for CPBs
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NN Ser: A former good candidate for CPBs

Paper I . this work

5000 5500
JD—2450000

Still a good fit,
dynamical stable
configurations possible

Beuermann et al. 2013
Bours et al. 2016



NN Ser: A former good candidate for CPBs

Fit requires 3 companions
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NN Ser: A former good cand

Residuum
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High eccentricity
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NN Ser: A former good candidagas
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Dynamically
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V471 Tau: Impact of stellar activity
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V471 Tau 1970—-2025
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Fit requires 3
companions:

Orbital stability?

SPHERE constraint?
Hardy et al. (2015)

GAIA+HIPARCOS
constraints? Baycroft
et al. (2023)
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HIPARCOS+GAIA constraints

PMa sensitivity 1.66 M, star and Vi, =38.30 £ 12.64 m/s

Baycroft et al. 2023 V471 Tau e Beavers et. al (1986) solution
' Guinan and Ribas (2001) solution

@ Beuermann preliminary
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Conclusion

* No consistent model available

 The very long periods in combination with the comparatively
short observations and unknown binary period prevent
finding unique solutions

* Orbital stability is in conflict with statistically good fits
No convincing multi-planet models for NN Ser, HW Vir, QS Vir, ...

« Stellar activity probably has an impact through the
Applegate/Lanza mechanism

V471 Tau might be an example

 GA/A astrometry helps and will help to exclude long period
(~>30yr) companions and might confirm candidates



