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Summary 

We show that the existence of the AM Her period spike implies (i) a unique white dwarf mass 

~ 0.6 —O.7M0 for most magnetic CV's (ii) nova explosions remove exactly the accreted mass from 

magnetic white dwarfs, and (iii) the maximum magnetic field for most CV's is < 4 x 107 G. The 

existence of the spike is very strong support for the idea that the period gap results from a drastic 

reduction of angular momentum losses when the secondary star becomes fully convective. 

1. Introduction 

The period distribution of AM Herculis magnetic cataclysmic binaries is well known to be highly 

non-uniform. In particular, there is a large, highly significant1 accumulation (6 out of 15) of 

systems in the interval 113.5 - 114.8 minutes. Recently we (Hameury et al.2, hereafter HKLR) 

proposed an explanation for this in terms of the resumption of mass transfer after these systems 

have crossed the period gap. When accretion resumes at a period of about 2 hr, the fully convective 

secondary star undergoes a short (Kelvin-Helmholtz time) episode of adiabatic expansion, until it 

is sufficiently far out of thermal equilibrium that it can contract under the influence of mass loss. 

Therefore, the orbital period first increases by 2 to 3 min, reaches a maximum, and decreases. 

This produces two effects which combine to enhance the discovery probability at this point: (i) the 

mass transfer rate —Mi is about twice the value for a star close to the main sequence contracting 

in response to mass loss, and (ii) the expansion and subsequent contraction of the secondary 

lengthens the time spent near the initial period. To give the observed period "spike" requires 

most systems to have similar parameters when mass transfer resumes at the lower edge of the 

period gap: otherwise the initial value of Po would not be the same and the spike would be 

smeared out. The secondary stars are naturally rather similar if, as suggested by Rappaport et 

al.3 and Spruit &; Ritter4, the gap is caused by them becoming fully convective. Thus at the spike, 

M2 ^ 0.2 M 0 . Further, the period spike implies constraints on the primary masses which have 

been examined by Hameury et al.6(hereafter HKL). Higher masses cause a narrower period gap 

and hence a higher value P0 °f the initial period below the gap. The discovery of EXO 033319-

2554.2 at a period of 127 min implies a significantly larger white dwarf mass (unless it is one 
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of the rare systems which form in the period gap) . This prediction was subsequently supported 

by radial-velocity measurements6 . Thus , contrary to the suggestion of Berriman & Smith7, the 

existence of an AM Her system at 127 min does not necessitate a modification of our model, but 

actually provides s trong confirmation of its validity. In two recent papers8 , 9 we have examined the 

implications of the values of Mi predicted for the spike and EXO 033319-2554.2 for the underlying 

mass distr ibut ion, nova efficiency and magnetic fields. 

2. M a s s l o s s , secular e v o l u t i o n a n d nova efficiency. 

HKL calculate the secular evolution of CV's in which a fraction /? of the transferred mass is 

ultimately retained by the white dwarf, i.e. the primary and secondary masses vary with time 

according to: 

dt ~ P dt U 

Thus P < 0 implies tha t nova explosions gradually reduce the mass of the white dwarf despite the 

accretion. The evolution is assumed to be driven by angular momentum losses via gravitational 

radiation and magnetic braking. The secondary is modelled as two polytropes (convective envelope 

and radiative core) after the prescription of Rappapor t et al3. (see HKLR for full details). HKL 

consider the cases /? = 0, ±0 .5 and 0 = 2e~Mi — 1, the lat ter describing si tuations in which mass 

ejection is much stronger in high mass systems. In each case it was required tha t the period P0 at 

which the systems resume mass transfer after crossing the gap be 115 min. The resulting values 

of Mi for systems in the spike and EXO 033319-2554.2 are shown in table 1: 

p 
0 

-0.5 

0.5 

2e~Mt - 1 

Mi (spike)/M0 

0.70 ± 0.10 

0.48 ± 0.13 

0.80 ± 0.01 

0.80 ± 0.01 

Mi (EXO)/M0 

1.27 ± 0.12 

1.0 ± 0.2 

1.43 ± 0.01 

1.09 ± 0.01 

Pmax (h r ) 

7.2 

10 

5 

4.5 

*in,min \}^) 

4.0 

-

-

-

Table 1: required masses of the primary and secondary for different values of /3. It has been assumed (i) 

that the initial secondary mass is 0.6 M© and (ii) that the spike in the period distribution is at 115 min 

exactly; the range in Mi does not take into account the width of the spike. This adds ~ 0.05 M© to the 

uncertainties in Mi. Pmax is the maximum period for stable mass transfer of a system which would resume 

mass transfer at a period of 114 min, assuming that the secondary is on the initial main sequence when it 

first enters into contact (in this case, the secondary mass is not fixed at 0.6 M©). Pinimin is the shortest 

period at which a system can form if the existence of the spike is not to require a relation between Mi and 

Mi. 

Systems with initial primary masses M l l n can in principle form at any period P;„ less than Pmax, 

defined as the maximum period for which mass transfer is stable, assuming tha t the secondary is 

on the main sequence. At periods > 4 hr, the systems would be intermediate polars10 ,11. Pin and 

the initial secondary mass are related by the usual Roche lobe condition:12 
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Pin ~ 9 M2,,„/M0 hr (2) 

In all cases except 3 = 0 however, M l t „ must be tightly specified as a function of M2 i„ if the 

subsequent evolution is to pass through the spike (i.e. resume mass transfer) at the correct period 

Po — 114 min. This is a direct consequence of the fact that if 3 ^ 0, the value of Mi at a given 

period depends not only on Mi,,-,,, but also on how much mass the white dwarf has lost or gained 

during the subsequent evolution, and hence for how long mass transfer has been running. The 

actual value of Po is very sensitive to the value of the mass ratio M2/M1 at the upper edge of the 

gap. This can be understood by realizing that the gap occurs because during the mass transer 

phase the secondary is out of equilibrium and therefore oversized with respect to its main sequence 

radius. When the braking mechanism is suddenly interrupted (or severely reduced) the secondary 

star contracts towards its main sequence configuration. The length of the gap will depend on 

how far its radius was from the main sequence value. For a given braking mechanism, this in 

turn depends on the mass ratio Mi/M2. Unless 3 / 0 there must therefore be an unexplained 

relation between the initial Mi,;„ and M2]m- We deduce that 3 has to be very close to zero. Even 

for /?= 0 a system may miss the spike if it was born too close to the upper edge of the gap, and 

consequently the secondary did not have enough time to build up the required deviation from 

thermal equilibrium. One has then a minimum initial period Pin,min= 4 hr and a minimum initial 

secondary mass M2]ln= 0.45 MQ. 

The conclusion that /?~ 0 is supported by nova models9: in magnetic systems the field prevents 

mixing and therefore does not allow for the ejection of more mass than the amount accreted, but 

the white dwarf loses almost all the accreted material during the optically thick wind phase of the 

outburst. 

The analysis of initial mass distribution and selection effects8 shows that strongly magnetic 

CV's can be divided into two groups: 

1. the low (~ 0.7 M0) mass group which accounts for ~ 90% of observed magnetic CV's and 

90-99% of all magnetic CV's, and 2. high mass, with white dwarf masses in the range 1-1.4 

MQ;EXO 033319-2554.2 and V 1500 Cyg are the two known members of this class. 

3. Magnetic field strengths 

Most AM Her binaries have white dwarfs magnetic fields13 B\ < 3 x 107 G13, whereas isolated 

white dwarfs can have fields up to at least14 5 x 108 G. Since most properties of magnetic binaries 

depend on the magnetic moment, the upper limit on magnetic field was difficult to understand. 

However, if one neglects the high mass group we may regard AM Her systems as having effectively 

a unique white dwarf mass. With Rx essentially fixed at ~ 8 x 108 cm, the limit on B becomes a 

limit on /^ through Hi = 5 x 1033B7 G cm3 where B7 is Bx in units of 107 G. We have shown9 that, 

(i1 > 2 x 1034 G cm3, (thus, fields stronger than B7 ~ 4) implies catastrophic angular momentum 

losses J as a result of coupling of the secondary stellar wind with the white dwarf magnetic field13. 

These drive the secular evolution so rapidly that the systems enter a prolonged period gap at 

P ~ 5 hr, remaining as detached systems for a time of order the Hubble time. Some of these 

systems may in fact be observed as apparently isolated, rapidly rotating and highly magnetic 

white dwarfs14, or as non-magnetic white dwarfs with brown dwarf companions. 
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4. Conclusions 

The AM Her period spike implies that: 

(i) the period of 114 min is special: all secondaries are identical at the lower edge of the gap, (ii) 

Mi ^ 0.6 — O.7M0 for most systems, (iii) Mi stays constant during the evolution; nova outbursts 

on magnetic CV's eject just the accreted matter, (iv) the mass of EXO 033319-2554.2, with a 

period of 127 min is ~ 1.3 MQ, (v) for most systems Bmax < 4 x 107 G. 
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