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Motivation 

•  We have synthesised a 
population of binaries 
to investigate the 
hypothesis that the 
fields in the magnetic 
cataclysmic variables 
(MCVs) originate 
during the CE phase.  
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Table 1. We have indicated with N (second column) the percentage of PREPs that emerge from common envelope for di↵erent e�ciency
parameters ↵ (first column) in a single generation of binaries. The other columns give the smallest and the largest progenitor masses
and initial orbital periods.

↵ N (per cent) M1
min

/M� M2
min

/M� M1
max

/M� M2
max

/M� P0
min

/d P0
max

/d

0.10 1.518 1.08 0.10 8.16 1.42 369.7 3144.0
0.15 1.672 1.08 0.10 8.16 1.42 293.3 2800.5
0.20 1.663 1.08 0.10 8.16 1.42 246.6 2354.3
0.25 1.213 1.08 0.10 8.16 1.36 207.3 2097.0
0.30 1.163 1.08 0.10 8.16 1.14 184.6 2221.9
0.50 0.808 1.08 0.10 8.16 0.58 123.2 2221.9
0.70 0.804 1.08 0.10 8.16 0.19 87.0 1867.9
0.90 0.859 1.08 0.10 8.16 0.13 69.1 1762.9

Table 2. The number of PCEBs born, the percentage of PREPs
from PCEBs and of MCVs (magnetic systems already exchanging
mass) from PREP as a function of the common envelope e�ciency
parameter ↵ over the age of the Galactic Disc (the number of
PREPs is maximum close to ↵ = 0.15 while the number of MCVs
is maximum at ↵ = 0.10)

↵ Number of PREPs(%) MCV(%)

PCEBs PCEBs PREPS

0.10 30517472 20.9 61.0
0.15 36099023 18.9 56.4
0.20 38666876 15.3 49.9
0.30 41197674 8.7 45.0
0.40 43654871 5.6 48.0
0.50 46289395 4.5 51.0
0.60 49010809 4.1 52.0
0.70 51888317 3.8 52.4
0.80 54664759 3.3 52.4

increases the envelope’s clearance e�ciency increases caus-
ing the two stars to emerge from common envelope at wider
separations and thus less likely to become PREPs (and then
MCVs). On the other hand, the overall number of PCEBs in-
creases because stellar merging events become rarer at high
↵’s, as shown in Paper I. Fewer merging events are also re-
sponsible for the high incidence of systems with low-mass
HeWD whose ZAMS progenitors were born at short orbital
periods and entered common envelope evolution when the
primary star became a Hertzsprung gap or an RGB star.
At larger initial orbital periods common envelope evolution
may occur on the AGB. However as ↵ increases only the
stars in those systems that harbour massive enough white
dwarfs can come su�ciently close to each other to allow sta-
ble mass transfer to occur within the age of the Galactic
Disc (see section § 4.2.3). In contrast, at low ↵ the clear-
ance e�ciency is low and so there is a longer time for the
envelope to exert a drag force on the orbit. This results in
(i) more merging events, (ii) tighter final orbits at all white
dwarf masses and (iii) a larger number of systems coming
into contact over the age of the Galactic Disc. Point (i) re-
duces the overall number of PCEBs while (ii) and (iii) will
increase the number of PREPs.

4.1 Magnetic CV evolution examples

The evolutionary history of a binary system depends on the
parameters that characterise it. Common envelope events
can vary from one to several (Hurley, Tout & Pols 2002).

Whether a classical CV becomes magnetic or not depends on
the evolution before and after the common envelope. Here
we give two typical examples of systems that evolve into
a MCV. In the first example the initially rather massive
primary star evolves into a COwhite dwarf after common
envelope evolution as a late AGB star. In the second example
the primary evolves into a HeWD after common envelope
evolution while ascending the RGB.

Example 1: Table 3 illustrates the evolution of a system
that becomes a close binary after common envelope with
↵ = 0.1. The progenitors are a primary star (S1) of 4.577M�
and a secondary star (S2) of sub-solar mass 0.230M�. At
ZAMS the initial period is 2 244.627 d with a separation of
1 218.030R�.

S1 evolves o↵ the ZAMS and reaches the early AGB
stage at 149.930Myr having lost 0.111M� on the way. After
a further 1.016Myr S1 has become a late AGB star. Further
evolution brings the stars closer together at a separation
of 633.510R�. Soon after dynamically unstable Roche lobe
overflow from S1 to S2 takes place and common envelope
begins. At the end of the short period of common envelope
evolution the two stars emerge with a separation of only
1.053R� because of the large orbital angular momentum
lost during this stage. The ejection of the envelope exposes
the core of S1 that has now become a magnetic 0.918M�
COwhite dwarf. After a further 175.084Myr the separation
has further contracted to 0.945R� via magnetic braking and
gravitational radiation. Roche lobe overflow begins and the
system becomes a bona fide mass-exchange MCV. During
the MCV evolutionary phase the mass of the donor star, sep-
aration and orbital period steadily decrease until the mass
of the companion star becomes too low to maintain hydro-
gen burning and S2 becomes a degenerate object. At this
point separation and orbital period reach a minimum. Fur-
ther evolution sees these quantities increase again over time.
At an age of 9 500Myr S2 has lost most of its mass and is
then a 0.037M� brown dwarf with the separation from its
white dwarf primary increased to 0.112R�.

Example 2: Table 4 shows the evolution of a second
system that becomes a close binary after common enve-
lope , this time with ↵ = 0.4. The progenitors are a main-
sequence primary star of 1.612M� and a secondary star of
mass 0.257M�. At ZAMS the initial period is 190.661 d and
the separation 171.774R�.

S1 evolves o↵ the ZAMS through the Hertzprung gap to
reach the RGB after 2 239.430Myr having lost 0.001M� on
the way. The separation has increased slightly to 171.811R�.
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•  We have used the BSE code (Hurley et al. 2002) to evolve 
binaries from the ZAMS to the age of the Galactic Disc. 

 
•  Field:                                          where  B =1013 Ω

Ωcr

G Ωcr =
GMWD

R3WD
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Magnetic Field Distribution 
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Comparison to Observations 

•  K-S tests applied to field and mass distributions 
show a better match to the observations at low α.  
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