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Key ingredient of the model proposed by Schreiber et al.Key ingredient of the model proposed by Schreiber et al.
magnetic field generation in close binaries occurs during cataclysmic variable phasemagnetic field generation in close binaries occurs during cataclysmic variable phase

REQUIRED CONDITIONS FOR GENERATION OF STRONG FIELDSREQUIRED CONDITIONS FOR GENERATION OF STRONG FIELDS

→ → rapidly rotating white dwarfs (spin period shorter than ~ 1 minute)rapidly rotating white dwarfs (spin period shorter than ~ 1 minute)

→ → crystallizing white dwarfs crystallizing white dwarfs (older than a few Gyr)(older than a few Gyr)
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formation of a formation of a non-magneticnon-magnetic close binary: close binary:

due to angular momentum loss, the orbit due to angular momentum loss, the orbit 
shrinks, and shrinks, and the the slowly rotatingslowly rotating white dwarf  white dwarf 
starts to crystallizestarts to crystallize during the process: during the process:

the orbital separation is sufficiently small so the orbital separation is sufficiently small so 
that the secondary fills its Roche lobe:that the secondary fills its Roche lobe:
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during cataclysmic variable evolution, the white dwarf during cataclysmic variable evolution, the white dwarf 
accretes angular momentumaccretes angular momentum, i.e. the white dwarf spin-up:, i.e. the white dwarf spin-up:

when the white dwarf is rapidlywhen the white dwarf is rapidly rotating, the conditions for  rotating, the conditions for 
the dynamo are met, i.e.the dynamo are met, i.e.

→ → crystallizing corecrystallizing core

→ → short spin periodshort spin period

strong magnetic field is generated:strong magnetic field is generated:

What happens before magnetic field is generated?What happens before magnetic field is generated?
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The binary may become detached, depending on 

→ white dwarf spin period → orbital period

→ magnetic field strength → angular momentum loss rate

orbital angular momentum gain  vs.  orbital angular momentum lossorbital angular momentum gain  vs.  orbital angular momentum loss
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Explaining the detached binaries (AR Sco and pre-polars)Explaining the detached binaries (AR Sco and pre-polars)

AR Sco → i in the beginning of the synchronization, white n the beginning of the synchronization, white 
dwarf spin period is still short dwarf spin period is still short (pulsar-like)(pulsar-like)

pre-polar → when synchronization is reached and because  when synchronization is reached and because 
angular momentum losses shrink the orbit, it becomes a quasi-angular momentum losses shrink the orbit, it becomes a quasi-
semi-detached binary semi-detached binary (enhanced wind accretion)(enhanced wind accretion)

polar → angular momentum losses keep shrinking the orbit, it  angular momentum losses keep shrinking the orbit, it 
becomes a semi-detached binary becomes a semi-detached binary (Roche lobe mass transfer)(Roche lobe mass transfer)
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Explaining the detached binaries (AR Sco and pre-polars)Explaining the detached binaries (AR Sco and pre-polars)

According to this model…According to this model…

AR Sco and pre-polars are AR Sco and pre-polars are notnot pre-cataclysmic variables !!! pre-cataclysmic variables !!!

They are actually They are actually post-non-magneticpost-non-magnetic cataclysmic variables !!! cataclysmic variables !!!
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This evolutionary picture is entirely This evolutionary picture is entirely 
consistent with observations… consistent with observations… 

Magnetic systems host, on average, Magnetic systems host, on average, 

→ → much older much older white dwarfswhite dwarfs
(consistent with having crystallizing cores)

→ → more massive white dwarfs more massive white dwarfs 
(consistent with the observed white dwarf mass 
distribution in cataclysmic variables) 

Therefore, it makes sense that these systems have Therefore, it makes sense that these systems have 
been cataclysmic variables in the pastbeen cataclysmic variables in the past
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THE ROTATION- AND CRYSTALLIZATION-DRIVEN DYNAMO (Schreiber et al. in press)

This evolutionary picture is entirely This evolutionary picture is entirely 
consistent with observations… consistent with observations… 

Magnetic systems have, on average, larger Magnetic systems have, on average, larger 
Roche lobe filling factorsRoche lobe filling factors
(consistent with having a previous phase of mass 
transfer via Roche-lobe overflow.)

detached close binaries

Parsons et al. (2021)
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overall evolutionoverall evolution
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