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Motivation

Motivation

Spin maxima vs orbital phase
Figure taken from Kim et al. (2005). Proposed explanations:
inhomogeneous accretion flow from the secondary, by periodically changing
conditions of accretion because of the rotation of white dwarf, or by
periodically changing viewing conditions.



Introduction

Intermediate polar - Standard model

Cataclysmic system - white dwarf, red
dwarf
Asynchronous rotation - orbital and spin
Magnetic field of the WD - truncated
accretion disk
Magnetically channeled accretion to the
magnetic poles

The general model for intermediate polars is a red dwarf filling its Roche
lobe, and a white dwarf, the magnetic field of which is strong enough to
disrupt accretion disk completely or at least in its internal parts. The
white dwarf rotates much more faster than the orbital motion.



Introduction

Observable optical variations

Orbital wave Porb = 1/Ω
Geometrically changing viewing conditions of the system.

Spin modulation Pspin = 1/ω

Light house effect - luminous areas on the WD surface or inner parts of
the accretion disc

Orbital sideband 1/Pbeat = 1/Pspin − 1/Porb = ω − Ω
Reprocessing of X-rays at some part of the system which rotates with the
orbital period. Or direct accretion from the stream.

Flickering, outbursts, eclipse, high - low states...



Introduction

Intermediate polars campaign

The goal of the campaign is the monitoring of selected intermediate polars
for spin period changes. Detailed data analysis is done by prof. Andronov
team including data from Hlohovec, Baja, Korea, Crimea and USA. The
campaign is a part of InterLongitude Astronomy project, Andronov et al.
2010.
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Gallery of O-C diagrams



Introduction

MU Cam

Araujo-Betancor et al. (2003) and Staude et al. (2003)
Discovery as intermediate polar. Pspin and Porb identification.

Kim et al. (2005)
Spin period changes. Periodic modulation of spin phases with orbital
phase.

Staude et al. (2008)
Changing accretion states: Disc-fed and stream-fed (in low state).

Kozhevnikov (2016)
Extensive photometry



Observations

MU Cam observations

Ensemble differential photometry was performed using C-Munipack,
CoLiTecVS and MCV software packages.



Observations

MU Cam log of observations

Log of observations 2009 - 2018 performed on VNT 1000/9000 mm
telescope equipped with FLI PL1001E CCD camera on the Astronomical
Observatory on Kolonica Saddle.



Observations

Spin period changes

O-C diagram of spin pulse maxima based on the ephemeris
BJDmax = 2452682.4181 + 0.01374116815 ∗ E



Observations

Spin period changes

Residuals from the quadratic fit BJDmax =
2452682.4181 + 0.0137412342412802 ∗ E − 0.00000000000152259 ∗ E 2.
Note the unexpected scatter.



Analysis

Typical time serie

Long observing run 18.12.2018. Orbital and spin variations fitted with
trigonometric polynomials. Porb = 0.1966395d , Pspin = 0.01374116815d



Analysis

Spin maxima vs orbital phase

Mean spin maxima were
determined for 10 phase
intervals. 0.0 - 0.1; 0.1 - 0.2 ...
Only long time series were used
to achieve higher precision as in
Kim et al. (2005) where
individual pulse maxima were
determined.
For clarity the plots are arbitrary
shifted by 0.5 cycle between
seasons
The amplitude and shape is
changing. Why?



Analysis

Comparison with periodograms

High amplitude - strong sideband.
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Comparison with periodograms



Analysis

Comparison with periodograms



Analysis

Comparison with periodograms

Low amplitude - no sideband



Analysis

Comparison with periodograms

High quality time serie - the second sideband visible



Analysis

Low states and orbital sidebands

Orbital sideband appears mainly in low states



Analysis

Comparison of O-C diagrams

Spin maxima determined by sinusoidal fit with Pspin



Analysis

Comparison of O-C diagrams

Spin maxima determined by sinusoidal fit with Pspin and Pbeat



Conclusions

Main conclusion

Spin maxima phase changes are caused by the interaction with the
orbital sidebands frequencies as already proposed in Warner (1986).

Example:



Conclusions

Conclusions

The presence of orbital sidebands is more prominent in low states but
not only.
The origin of orbital sidebands can be direct accretion from the
stream or/and reprocessing of X-rays at some part of the system
which rotates with the orbital period. This is an open question.
The low states in intermediate polars are connected with lower mass
transfer in the system. In that situation the disc-fed accretion should
be lower. The disc can completely disappear as was demonstrated by
Hameury and Lasota (2017) for the FO Aqr case. However only the
presence of orbital sideband in X-rays is the evidence of stream-fed
accretion.
The importance of long time series observations covering at least one
orbital period was demonstrated.
Possible improvement of the O-C diagram using double period fitting
for mean spin maxima determination was not demonstrated.
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