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SUMMARY

• What is a cataclysmic variable?

❖ When its emission can be polarized?


• Measurements of polarization and magnetic accretion in CVs


• Getting physical information from polarimetric measurements



CATACLYSMIC VARIABLES

main sequence 
or slightly 

evolved 

low mass star

White dwarf (WD)

Accretion diskL1
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CV ACCRETION GEOMETRY

• The white dwarf can have a magnetic field intense enough to have a role 
in the accretion geometry and emitted (polarized) radiation.


• The accretion geometry is a function of the magnetosphere radius, which 
depends on:

❖ the white-dwarf magnetic field;

❖ the mass-transfer rate;

❖ the white-dwarf mass (more restricted than the above parameters).

Alfven radius



￼5

Ostrova & Shevchenko - https://slideplayer.com/slide/3852383/

Magnetic CVs

https://slideplayer.com/slide/3852383/
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MAGNETIC ACCRETION
https://heasarc.gsfc.nasa.gov/docs/objects/cvs/cvstext.html

Belloni, CVR+ 2021, ApJS, 256, 45

• In magnetic cataclysmic variables, the 
mass flow reaches the white dwarf 
through a magnetic column.


• Post-shock region

❖ a density enhancement in the 

magnetic column near the white-
dwarf surface due to a shock

https://heasarc.gsfc.nasa.gov/docs/objects/cvs/cvstext.html
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• The origin of the polarization in magnetic CVs is the cyclotron radiation from the post-
shock region:

❖ occurs in optical and infrared wavelengths;

❖ is anisotropic and polarized.


• Polarization can be measured if the emission of the post-shock region is not completely 
diluted by other components

ORIGIN OF THE POLARIZATION

Belloni, CVR+ 2021, ApJS, 256, 45
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VARIABLE POLARIZATION

Oliveira, CVR+ 2019, MNRAS, 489, 4032



Polarimetric 
measurements



Ostrova & Shevchenko - https://slideplayer.com/slide/3852383/

Disk dilutes the polarization 

from the post-shock region

The post-shock region is the main

emitting region in the entire


system

• The optical polarization in magnetic CVs

❖ intermediate polars (DQ Her) 

✓ small values of polarization

❖ polars (AM Her)

✓ large values of polarization

https://slideplayer.com/slide/3852383/
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POLARIZATION IN IPS

• Circular optical polarization can be observed in some intermediate polars at a level of around 
1%.

❖ Some efforts to measure polarization in large samples


✦ Butters et al., 2009, A&A, 496, 891 (Turpol @ 2.56m NOT telescope)

✦ Cropper 1986, MNRAS, 222, 225 (UCT polarimeter @ SAAO)


❖ Circular polarization modulated with white-dwarf spin is observed in some IPs

A periodic variation of circular polarization is a signature of 

magnetic accretion in CVs
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EXAMPLE OF CIRCULAR POLARIZATION IN IPS 

• Nova Sco 1437 = IGR J17014-4306

❖ Instrument: HIPPO, 1.9m at SAAO

Potter & Buckley 2018, MNRAS, 473, 4692
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SW SEX SYSTEMS

Patterson et al. 2002, PASP, 114, 1364

Are the SW Sex systems similar to IPs, 

but with a denser/brighter disk?



Claudia V. Rodrigues - Optical polarimetry of cataclysmic variables                                Astrophysical Polarimetry in the Time-Domain Era — Lecco, Aug 29, 2022

LS PEG

• LS Peg is a bona-fide SW Sex and observations strongly support magnetic accretion on 
the white dwarf 

Lima, CVR+ 2021, AJ, 161, 225Rodriguez-Gil+ 2001, ApJ, 548, L49

IAGPOL

1.6m OPD

ISIS

4.2 m William 


Herschel
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POLARIMETRY OF SW SEX SYSTEMS

• Fractions of positive detection of circular polarization in SW Sex systems (Lima, 
CVR+ 2021):

❖ 15% in confirmed or candidate SW Sex systems 

❖ 30% in confirmed  SW Sex systems

The compilation includes measurements having 

poor time resolution and large errors…
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POLARIZATION OF POLARS

• Polars are:

❖ highly polarized objects due to negligible dilution of the post-shock region emission;

❖ excellent laboratories to understand the magnetic accretion on white dwarfs.


• Some examples of measurements of our group in the next slides. 
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CRTS J035758.7+102943

• Transient source of the CRTS


• Polar classification (Schwope & Thinius 2012, AN, 333, 717)

❖ Optical photometry: P = 114 min 

❖ XMM source


• Spectroscopy

❖ Thorstensen+2016, AJ, 152, 226 

❖ Oliveira, CVR+2017, AJ, 153, 144


• Optical polarimetry (de Souza’s Master 2022)

V band

R band

I band

IAGPOL

1.6m OPD

17.5 mag < V < 18.5 mag

Spin phase
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1RXS J174320.1-042953
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Spin phase

IAGPOL - 1.6m OPD

V band

R band

I band

• 2014 April

• 2014 July

• Polar classification

❖ Denisenko & Martinelli (2012)

❖ Oliveira, CVR+2017, AJ, 153, 144  


• Polarimetry

❖ Martins’s Thesis (2022)



Numerical 
models
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SOME TOOLS TO MODEL THE POLARIZATION

• Wickramasinghe & Meggitt (1985, 1982) 

❖ point-like emitting region

❖ cyclotron emission + free-free (=bremsstrahlung) absorption

❖ parameters

✦electronic temperature, Te

✦ frequency, ω/ωc

✦angle between the observer and the magnetic field line, θ

✦ size parameter, Λ (proportional to  s Ne B-1)


• a table with results allows a straightforward comparison with observations

Meggitt & Wickramasinghe 1982, MNRAS, 198, 71

Wickramasinghe & Meggitt 1985, MNRAS, 214, 605
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DEPENDENCE ON THE VIEWING ANGLE

Meggitt & Wickramasinghe 1982, MNRAS, 198, 71

Solid line: intensity

Dashed line: linear polarization

Dash-dot line: circular polarization
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EXTENDED EMITTING REGION

• Ferrario & Wickramasinghe (1990, ApJ, 357, 582) 

❖ extended, but homogeneous (Ne, Te) arc-shaped emitting 

(2D) regions

❖ region defined as a ribbon with different lengths in 

magnetic longitude and latitude
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EXTENDED REGIONS

• Potter, Hakala & Cropper (1998, MNRAS, 297, 1261)

❖ extended and no-homogeneous region

✦ sum of points with physical properties arbitrarily chosen in order to 

reproduce the observations (2D)

❖ WM85 is the basic model

❖ genetic algorithm to fit the data

❖ applications and improvements on subsequent articles


• Potter et al. (2004, MNRAS, 348, 316)

❖ Application to V834 Cen

❖ Data from Schwope et al. (1993)

❖ One band fitting
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• Post-shock region modelling

❖ radiative transfer

✦ cyclotron (optical emission)

✦ bremsstrahlung (X-rays)

✦ 3D region


❖ solution of physical properties along the magnetic accretion column

✦ density and temperatures profiles 

Costa & CVR 2009, MNRAS, 398, 240

Silva, CVR + 2013, MNRAS, 432, 1587

Belloni, CVR+2021, ApJS, 256, 45

A code to model optical and X-ray emission of polars

https://ui.adsabs.harvard.edu/abs/2009MNRAS.398..240C/abstract
https://ui.adsabs.harvard.edu/abs/2013MNRAS.432.1587S/abstract
https://arxiv.org/abs/2107.10861
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POST-SHOCK STRUCTURE PROBLEM

• Solution of the temperature and density profiles in the post-shock region

Belloni, CVR+ 2021, ApJS, 256, 45
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POST-SHOCK SOLUTION VS PREVIOUS RESULTS

Belloni, CVR+ 2021, ApJS, 256, 45
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V348 PAV

Oliveira, CVR+ 2019, MNRAS, 489, 4032

Model: blue line
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V348 PAV
Oliveira, CVR+ 2019, MNRAS, 489, 4032
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V348 PAV
Oliveira, CVR+ 2019, MNRAS, 489, 4032
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1RXS J174320.1-042953
Martins’ thesis 2022

V band

        
Spin phase Spin phase

Spin phase

Preliminary results of optical data modelling

R band

I band

Black: data

Blue: Model
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1RXS J174320.1-042953

• Our aim is to model 
simultaneously X-ray and 
optical data


• Preliminary fittings indicate a 
massive WD: 

❖ ~1.3 Msun

Martins’ thesis 2022

Preliminary modelling of XMM data
Energy (keV)
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SPARC4
Simultaneous Polarimeter and Rapid Camera in 4 bands

• Simultaneous acquisition of four images (griz SDSS bands)


• Many operation  modes

❖ imager

❖ polarimeter - linear polarization

❖ polarimeter - linear and circular polarization


• 1.6m telescope of Observatório do Pico dos Dias/Brazil


• First light planned to November/2022.
See poster 144

A new instrument to 
study CVs
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CONCLUSIONS

• CVs can show optical polarization that, when present, reveals magnetic 
accretion onto the white dwarf.


• The radiation from the post-shock region is responsible by the observed 
polarization and X-ray emission of magnetic CVs.


• To model the observations, a proper solution of the physical quantities in 
the post-shock region is necessary.

• Cyclops is a tool to model optical and X-ray emission from magnetic 

CVs.
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POST-SHOCK STRUCTURE PROBLEM

Belloni, CVR+ 2021

Boundary conditions


