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Abstract. This review summarizes the basic facts and ideas concethidormation
and evolution of cataclysmic variables (CVs). It is showattthe formation of CVs must
involve initially very wide binaries and subsequently hlmgses of mass and orbital angular
momentum, very likely via a common envelope (CE) evolutian,a process which is still
poorly understood. The main uncertainties regarding tfwuéen of detached post-CE
binaries into CVs are the largely unknown rate of loss oftattzingular momentum and the
stability of mass transfer when the semi-detached stataished. A brief discussion of the
basic aspects of CV evolution follows. It is shown that hére hain uncertainties derive
fron the a priori unknwon state of nuclear evolution of th@alostar and, again, from the
largely unknown rate of loss of orbital angular momentum.
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1. Introduction papers onBinary Stars Among Cataclysmic

. . . Variablesby Kraft and co-workers appeared
The formation and evolution of cataclysmig, print. By the time the last paper in this se-

variables (CVs) is a vast subject to deal withrieS ‘Mumford [1971) was published, it was

Given the limited space available, this reyjaqqy clear that all CVs are close binary

: altars in which a white dwarf (WD) accretes
sketchy. In the following | shall concentrate on,oter from a (low-mass) companion star.
four main aspects of the topic to be rev'ewea?\terestingly, among the 12 papers by Kraft
namely 1.) onlthe progemto:s .Of CVs, 2) ?]'bnd co-workers which mostly dealt with ob-
common envelope (CE) evolution, 3.) on theenations of individual objects there were
evolution of detached post-CE binaries to CVswo which addressed more general aspects of
and 4.) on the evolution of CVs themselvesgy/q agpects which are still of relevance today.
For a more detailed review of the subject thgio¢ “Vathews & Greensteln (1962) were the
reader is referred to.Ritte(_(2010). first to propose that the loss of orbital an-
Now is not onlythe golden age of cata- g,jar momentum via gravitational waves is a
clysmic variables 2012 is also the year of yigple mechanism for driving mass transfer
the golden anniversary of CVas an inde- iy short-period binary systems. And in 1965
pendent topic_of research. It was in 196af (1965) argued, based on the similarities
when the firstl(Kraftl 1962) of a series of 125¢ \»/ UMa contact binaries and CVs with re-

spect to total mass, orbital angular momentum,
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kinematics and space distribution, that W UMdher giants (He-WDsMpewp < 0.45Mp),
systems might be the progenitors of CVs. WitlAGB stars (CO-WDs, BMy < Mcowp S
hindsight this proposition seems almost ridicut.1M,), or of super AGB stars (ONeMg-WDs,
lous. But one must not forget that it was madé.1Ms < Monemg-wp S 1.38Mo. 2.) There is
before knowledge of stellar structure and evaan almost unique relatioR(M.) between the
lution could have been applied to the evolutiomass of the degenrate coké. and the total
of either type of binary system and, moreoveradius®, and 3.)R is a steeply rising func-
before theoreticians were able to explain theon of Mc. The consequence of all this is that
formation of WDs. Therefore, we have no reathe formation of WDs requires space, a lot of
son to critizise Kraft for his proposition evenspace indeed. Whereas in single stars the avail-
though it later turned out that the progenitorable space is virtually unlimited this not the
of CVs are binaries with quite flierent proper- case in close binary stars. There the radius up
tiesiRitter (1976a), Ritterl (1976b). to which either of the components can grow
is constrained by the Roche limit, i.e. by the

. Roche radiuRk g, i = 1, 2. Since it is the ini-

2. The progenitors of CVs tially more massive component (hereafter the

It was not before 1967 that the formation offimary) which evolves faster and thus will
a (low-mass) WD in a binary system couldPecome aglaMGB—staysuper AGB-star first
be explained in the framework of stellar evoth® Roche radius of relevance hereRge =
lution by means of numerical computationd f1(d), wherea is the orbital separation and
(Kinpenhahn, Kohl & Weiget{_1967). In their f1 @ well-known function of the mass ratip
computation which was conservative with re(€ither defined ad1,/M, or the inverse). As a
spect to total mass and angular momentufPnsequence the formation of a WD of mass
a binary system consisting of two main seMwop requires an initial orbital separation of
quence stars of initial masséy; = 2M, and the binary system of
M2i = 1M, and an initial orbital period of _ _ i
P, = 1.135 transformed into a binary sys-a' = R(Mwo)/11(@)- @
tem consisting of a low-mass WD of mass$-or the initial masd; of the primary we can
Mwp = 0.264M, an unevolved companionderive a lower limit as follws: For single stars
with a masdM,; = 2.736M,, and a final orbital of intermediate mass, i.e. withMy, < M <
periodPs = 24.09". Though not quite a CV the 8M,, there is a one to one relation between
final system does share some of the key profhe initial massM; and the final mas#/, i.e.
erties of CVs, namely being a binary systenthe mass of the WD produced. This relation is
conststing of a WD and an unevolved comparknown as thenitial mass-final mass relation
ion. (see e.gl Salaris et all_(2009) and references
Later, systematic studies of binary evolutherein). ThereforeMwp = M¢(M;).
tion (e.g..Refsdal & Weigert| (1971)) showed In binary evolution things are a bit fiker-
that in this type of binary evolution the fi- ent: because mass transfer sets a premature end
nal orbital period and the mass of the resulto the donor’s nuclear evolution the mass of
ing WD are strongly correlated. This is a dithe resulting WD is smaller than what a single
rect consequence of the relatiR(M;) be- star evolution would yield, i.eMwp < M¢(M;).
tween the mass of the degenrate chtgand Turning the argument around this implies that
the total radiusR of giants and AGB stars (seefor the formation of a WD of masMyp the
e.g. Paczynski L (1970), _Kippenhehn_(1981primary’s initial mass must be larger that what
Joss, Rappaport & L ewlis (1987)). is required in a single star evolution, iMd; >
From basic properties of stellar structurer‘l(Mwo).
and evolution one can derive a few simple Finally, for reasons given below, we may
rules according to which WDs (single or inassume that the secondary’s pre-CE nidss
binaries) are formed: 1.) WDs are predomiand its post-CE madsl,; are very nearly the
nantly formed from the degenerate core of esame, i.e. thaM,; ~ Mzt = Ma.
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Furthermore we require mass transfer i8.1. Formation of the common envelope
the future CV to be stable (for a discussion =~ _
of this point see e.g. Se€ll 4 lor Rifter_(2p10)4et’s first address the formation of a CE.

which translates into the conditioi, < Myp. | ne situation of a CV progenitor at the on-
. . set of mass transfer can be characterized as
From the core mass-radius relation,

I-&ollows: because mass transfer occurs from

from qu.WuL)J,MIt fc;llowtsh directly Tat C?'g\'/the more massive star, the orbital separation
pared to a-stars the progenitors o 2 as well as the critical Roche rad# r and

containing a WD of typical mass.8Mo < Ror shrink. At the same time, the mass los-

Névé[.’t. S 1t|\r<|® tm;Jslt be ver)]: W'dtﬁ blnanes..tlning donor star, having a deep outer convec-
addition, the folal mass of viable progenitorg,,e enyelope, has the tendency to expand upon
must also be significantly larger than that o

L .“mass loss (see e.d. Hiellming & Webbink
the CVs to be formed. This is because the inyraa: A~ :
1987)).
tial mass-final mass relatiavi;(M;) is a rather k ))- But forced by dynamical constraints

. - to essentially follow R r the donor must
flat function (see e.g. Salaris etlal. (2009)), 88 mass a): rates as’groaching Moyr

a consequence of which one typically find.\ the secondary, in turn, exposed to such
thatM; /M “2".'7' Therefore, the total MaSSenormous accretion rates, reacts by rapid

: g ¥xpansion [(Kipnenhahn & Meyer-Hofmeister
a factor of order 2..5 and its or.bltal angu- ({1977),[Neo et al. [(1977)). The consequence
lar momentum by a factor of typically 10° of all this is that within a very short time after

than that of the resulting CV. In other wordsi, o onset of mass transfer the system evolves

the formation of a CV invokes a binary evoc"into deep contact, and the immediate result of
A his evolution can then be roughly character-
IOZ%;/WE@_.SQ%I of g_s |r|1|t|al n?ass and up 10,64 a5 follows: A binary system consisting of
~ 99% ot Its Initial orbital angular MOMeNtUM,, o imary's core (the future WD) of mabk,
(Ritter! [19764a), L(Ritter_1976b), and this aftef, | "o original secondary of mab; finds
the onset of the first mass transfer. itself deeply immersed in a CE of maE(B;E _

Myi — M and a size which must be of order of

or even larger than the radius given by the core

mass-radius relation, i.&cg = R(Mc).
3. The common envelope phase

The answer to the question asto how a CV pr@g.2. Common envelope evolution

genitor could shed such prodigious amounts of

mass and angular momentum has been givé-ﬁe basic notion of CE evolution is that be-
by [Paczyhski [(1976). His proposition wasgause of its huge moment of inertige the ro-
what we now know as common envelope evdation of the CE is subsychronous with respect
lution. By this term we denote the proces$0 theimmersed binary. As a consequence, due
which arises as a consequence of dynamic&l dynamical friction, the binary loses orbital
time scale mass transfer. As a result, a detach@@gular momentum which it transfers to the
short-period binary is formed in which one ofCE. By this the CE is spun up. But Ite >

its components is the core of the former pril../3, wherel.. is the binary’s orbital moment
mary (in our case a pre-WD). Because of itf inertia, i.e. under circumstances that are eas-
importance for the formation of all sorts ofily met by such binaries, the CE cannot be syn-
compact binaries the subject has generatedcronizedi(Darwin_1879) and the binary must
vast literature. For lack of space | am unable tgpiral in. In order for the binary to survive, the
give a detailed review here. Rather | shall corCE needs to be ejected the latest when the bi-
centrate on sketching a few key aspects of thiEry approaches the semi-detached state.
process and for more details refer the reader to Despite decades of heroicfferts to
recent reviews by Taam & Sandauist (2000ynodel CE evolution, for reviews see e.g.
Webbink (2008), and_lvanova (2011). Taam & Sandquistl (2000) or lvanava _(2011),
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to this day it has not yet been possible to follow UsingMis = Mg = M¢, Mas = Mai = My
such an evolution from its beginning to its endve have

with really adequate numerical computations. GM.M, (1 1
Therefore, it is still not possible for a given setAEg ... = 22 ( ) . (2)

of initial parameters to reliably predict the out- 2 & &

come of CE evolution. The eXpeCtation is tha@)n the other hand, the b|nd|ng energy of the
in many, but not necessarily all, cases the fricsE can be written as

tional energy release will unbind the CE and GM M

leave a close binary consisting of the formeg oz = —— = “CE
primary’s degenerate core and the secondary. AR,

o ) where Mcg = M — M is the mass and
Clearly the ejection of the CE requires thep1i = a f1(q) the radius of the CE, and
envelope’s binding energy to be released in @ gimensionless factor which can be deter-
suficiently short time. This means that the timenined from stellar structure calculations pro-
scale of the spiral-in must be short. Howeveliged one knows exactly where the mass cut
there are limits to how short the spiral-in cametween core and envelope is. Unfortunately it

be.Meyer & Meyer-Hofmeister| (19779) haveyrns out thatt depends rather sensitively on
found that there is a negative feedback betweegRis (Tauris & Dew 2001). The CE criterion,
the frictional energy release and the resultingamé|y that

radiation pressure. An estimate of the duration

of the spiral-in is obtained from the argumenks ce = @ce AEg .. 4)
that because of this feedback the frictional lu-

minosity can not exceed the Eddington lumit> then equvalentto

nosity by much. From this argument one can { 2 My Mce My }—1
’ : )

3)

estimate the duration of the spiral-in phase a =g -

which is found to be of order of £0- 10%r. aceAMc M2 fu(G) - Mc

Thustce is very short, so shortindeed that theeq. (3) provides the formal link between the
secondary star has no time to accrete a sigre-CE and the post-CE binary parameters, and
nificant amount of mass during the CE phasshows that when dealing with CE evolution in
(Hiellming & Taam [ 1991). This is the a poste-this way one introduces essentially one free pa-
riori justification for our assumption in Sefl. 2rameter, namelyce A (per CE phase). Since
thatMz; = Mas. so far we do not have any a priori knowledge
aboutace and since alsal is not really well
known, the degree of uncertainty introduced
via acg A is quite considerable.

Several recent investgations of binary evo-
lution involving CE evolution have come to
CE evolution, if it ends with the ejection ofthe conclusion that the energy criteridd (4) is
the CE, transforms a binary with initial paramNot always adequate and that in addition to
eters Myj, My, &) to one with final param- the orbital binding energy possibly also other
eters My, Mag, &). With current theory it is sources of energy such as the ionization en-
not possible to precisely link these two sets ddrgy may have to be taken into account. For a
parameters. Therefore, in evolutionary studi€gpmprehensive discussion of this point see e.g.
and population synthesis calculations of com/ebbink (2008), orlvanova (2011).
pact binaries CE evolution is usually dealt with
by means of a simple _estimate introduced by Evolution of post-common
Webbink (1984). It derives from the assump- envelope binaries
tion that a fractionace < 1 of the binary’s
binding energWEg ... which is released in the The ejection of the CE leaves a detached
spiraling-in process is used to unbind the CE short-period binary inside a planetary nebula

3.3. Webbink’s approach
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which is excited by the hot pre-WD compo4rom first principles. Instead, simple semi-
nent. Currently about 50 of those objects arempirical estimates (e.g._Verbunt & Zwean
known [Ritter & Kolb |200B). Once the plan-(1981)) or simplified theoretical approaches
etary nebula disappears what remains is a Ke.g.|Mestel & Spruit [(1987)) must do. For
nary consisting of a WD and an essentially urthe typical pre-CV with a low-mass MS com-
evolved companion. Because the lifetime of panion, these estimates yield ~ 10°yr.
typical planetary nebula of 10*yr is much Thus, for such systems mass transfer is typi-
shorter than the lifetime of a typical post-CEcally initiated via AML (see e.¢. Ritten (1986),
binary in the detached phase, the intrinsic nunschreiber & Gansicke | (2003)). But the sim-
ber of detached post-CE systems lacking a vigle fact that we do observe a number of long-
ible planetary nebula must be vastly larger thaperiod CVs with a giant donor shows that mass
that of post-CE systems with a planetary neliransfer can also be initiated by nuclear evolu-
ula. Although such systems are intrinsicallyion of the future donor star. However, the frac-
rather faint, about 200 of them are currently tion of pre-CV systems ending up with a giant
known (see e.g._Ritter & Kolb | (2003) for adonor appears to be small and, unfortunately,
compilation). They are collectively refrerred tais strongly model-dependent (de Kool 1992).
asprecataclysmic binariedereafter pre-CVs. When the secondary reaches its Roche
In the following, we need to discuss twolimit and mass transfer sets in stability of mass
questions: 1.) how does a detached pre-CV bgansfer becomes an issue. Whether mass trans-
come semi-detached, i.e. a CV, and 2.) whethgsr is stable or not depends on the change of
with the onset of mass transfer all pre-CVs rethe secondary’s radiug; relative to the criti-
ally become CVs or perhaps follow a totallycal Roche radiu®, r upon mass loss. Hereby
different evolutionary path. one must distinguish between the secondary’s
Since in a detached system the future donesaction to very fast mass loss (dynamical or
star underfills its Roche lobe, mass transfe{diabatic mass loss) and very slow mass loss
can only be initiated if either the donor stafmass loss near thermal equilibrium). Mass
grows (as a consequence of nuclear evolutio@ss is adiabatically (thermally) stable if as a
or if the orbital separation shrinks as a coneonsequence of mass IoRs shrinks with re-
sequence of orbital angular momentum losspect toR, r. Otherwise it is unstable. If mass
(AML). Which of the two possibilities is rele- transfer is adiabatically unstable the resulting
vant for a particular binary system depends omass transfer rates can become very large, i.e.

the ratio of the nuclear time scale —My — My/Pgorp and the corresponding evo-
lutionary time scale very short. If, on the other
Tnugz = (0t/0INRp)nye (6) hand, mass transfer is adiabatically stable but

thermally unstable, mass transfer proceeds on

on which the star grows to the AML time scalethe donor's thermal time scale, i.eM, ~

_ _ My /7. For a more comprehensive discussion
=—(0t/dIn Jorp) = =2 (0t/0In @ 7 2/Tth
7= = (9491 Jory) (@/9Ina) Q) of the stability of mass transfer see é.g. Ritter
on which the orbital separatianshrinks. (1988).

If T3 < 2Thuc2 Mass transfer is initiated by ~ Why is this important? Observations and
AML, otherwise by nuclear evolution. The typ-theoretical arguments show that in the vast ma-
ical future donor star of a CV is a low-mass MSority of CVs mass transfer is thermally and
star. Thusrp,e2 > 10°yr. AML in such bina- adiabatically stable. In other words: only those
ries results either from the emission of gravipre-CVs for which mass transfer is stable can
tational waves|(Kraft, Mathews & Greensteindirectly become CVs. What happens to the
1962) or frommagnetic brakingIn typical rest? That depends mainly on the evolutionary
pre-CV systems AML is probably dominatedstatus of the donor and the binary’s mass ratio.
by magnetic braking. Unfortunately, for thislf we distinguish for simplicity MS stars and
mechanism there is as yet no theory whichiants as possible donor stars, then the follow-
would allow a reliable computation odyp ing cases can arise:
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1. MS donor, mass transfer thermally an@ry condition by which the computation of a
adiabatically stable— short-period CV semi-detached binaryfiiérs from that of a sin-
(Porb < 0.5d) with an unevolved donor.  gle star.

2. MS donor, mass transfer adiabatically For a realistic simulation of the evolution
stable but thermally unstable» ther- of a CV the full stellar structure problem must
mal time scale mass transfer, WD withbe solved. Because stellar evolution is an ini-
(stationary) hydrogen burning, systential value problem, for setting up a simulation
appears as a supersoft X-ray sourcene has first to decide at which moment of the
(see e.g.Lvanden Heuvel etlall_(1992kvolution to start the calculation and to specify
Schenker et al.| (2002)) CV with an ar- at least the masses of the components and their
tificially evolved MS donor. internal structure, i.e. the evolutionary status of

3. MS donor, mass transfer adiabatically unthe donor star, but as the case may be also the
stable— very high mass transfer rates, secstructure of the accreting WD. Furthermore,
ond common envelope?, coalescence? one has to specify, i.e. parametrize, the loss

4. giant donor, mass transfer thermally andf orbital angular momentum resulting from
adiabatically stable— long-period CV mass loss from the system, and finally to de-
(Porb = 1.d). cide what to do about systemic AML (i.e.

5. giant donor, mass transfer either thermallyML not being a consequence of mass trans-
or adiabatically unstable> very high mass fer), in particular about magnetic braking, i.e.
transfer rates, second common envelope®hich of the various prescriptions available in
formation of an ultrashort-period detachedhe literature (e.g._Verbunt & Zwaar (1981),
WD+WD binary? Mestel & Spruif (1987)) to use. When every-

thing is set up calculating the evolutionis in the

simplest case just a single star evolution for the
donor star with variable mass where the mass

CV evolution is a complex subject. Here | carloss rate is an eigenvalue of the problem and

present only a brief outline of this topic. For ds determined by the additional outer boundary

more comprehensive treatment see e.g. the @@ndition , e.g. byR; < Ryg.

views bylKing [(1988)| Ritter |(1996), or the

recent paper by_Knigge, Bdta, & Pattersoh

(2011), hereafter KBP.

5. CV evolution

5.2. A sketch of CV evolution

The orbital periodPyy, is the only physical
quantity which is known with some precision
for a large number of CVs, currently for over
900 objects |(Ritter & Kolb | 2003). Reliable
If mass transfer in a binary is thermally andnasses, on the other hand, are known, if at
adiabatically stable, as in the majority of CVsall, only for a very small minority of CVs.
no mass transfer occurs unless some extdrherefore, much of the work on CV evolution
nal force drives it. And in CVs the driving in the past 30 years has concentrated on un-
agents are the same as in pre-CVs (cf. $éct. 4lerstanding the observed period distribution of
i.e. AML and nuclear evolution of the donor.CVs. Broadly speaking, this distribution is bi-
Furthermore, if mass transfer is stable and theodal with~ 40% of the objects having peri-
strength of the driving changes only on longds in the range™3< P, < 16", another~
time scales, mass transfer will be essential§0% with 80 ming Pgy, < 2", and the remain-
stationary. In that case the donor’s radRs ing ~ 10% with 2 < Py, < 3". The dearth of
and its Roche radiuR,r are equal to within objects in the period interval2 Py, < 3"is
very few of the secondary’s atmospheric scalenown in the literature as theeriod gap

heightH ~ 10*R; (Ritterl [198B). Thus, to a  The maximum period of- 16" is easily
very good accuracy we must halR® = Rygr understood as a consequence of the facts that
andR, = Ryr. This is the additional bound-1.) the donor is a MS star, 2.) the mass of the

5.1. Computing the evolution of a
cataclysmic binary
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WD is Mwp < Mcy = 1.4Mg, whereMcy is  model of CV evolution and that by adjusting
the Chandrasekhar mass, and 3.) mass trandtee AML rate it works also quantitatively if
must be stable. the following conditions are met: AML above

The minimum period of 80 min, in turn, the gap must drive mass transfer at a level of
is at least qualitatively understood as a conseM> ~ 10°Mgyr~t. As a result, the donor
quence of mass transfer from a hydrogen-righecomes fully convective whell, ~ 0.2Mg
donor which is mainly driven by gravita-and Pop ~ 3. At that moment, as a conse-
tional radiation l(Paczynski & Sienkiewitz quence of previous high mass loss, the stel-
(1981), [Paczynhski & Sienkiewitz [ (1983),lar radius is larger by about 30% than in ther-
Rappaport, Joss & WebbihK _(1982)). Becaus@al equilibrium. With a significant reduction
of mass loss, of the order of #¥Myyr-?, the of AML from “magnetic braking” the AML
donor star becomes more and more degener#ss rate drops by a factor ef 10— 20. After
whenM, < 0.1M, and its structure changesthe detached phase which lasts for a fe#yr0
from that of a low-mass MS star to that of anass transfer resumes with, ~ 0.2Mg, R, =
brown dwarf. Thereby itsfiective mass radius Ree ~ 0.2R, and P, ~ 2 at a level of
exponenter2 = dInRy/dIn M, changes from —Mz ~ 107°Mgyr~ . In order to get a mini-
~ 0.8 on the MS to-1/3. Py is minimal mum period ofPmi, ~ 80 min the AML rate
when Zer2 = +1/3. Whether mass transferbelow the gap must be larger thage, the rate
near the period minimum is really driven bydue to gravitational radiation alone, namely
gravitational radiation only is currently underdon(P < 2h) ~ 2.5 Jgr.
dispute because of the mismatch between the Explaining the gap as a collective phe-
corresponding theoretical prediction for theaomenon of CV evolution requires furthermore
minimum period of~ 70 min and the observedthat the majority of the donor stars are of the
value of ~ 80min (see e.g. Renvoizé etlal.same type, i.e. MS stars, and that AML via
(2002), . Gansicke et al.l_(2009), or KBP for d@magnetic braking” yields similar mass trans-
discussion). fer rates in diferent systems at the same orbital

The period gap is more fiicult to ac- period. Only this guarantees the coherence of
count for. Over the years a number offdi- the phenomenon.
ent hypotheses has been put forward to ex- The fact that the period range of the gap
plain it. For lack of space | cannot reviewis not empty already indicates that not all CVs
them all here. Rather | shall concentrate ofollow the above-described evolution strictly.
the one hypothesid_(Spruit & Ritterl _(1983) There are several reasons for why there may
Rappaport, Verbunt & Joisd_(1983)) which, irbe CVs in the gap. The most important ones
my view, still provides the most plausible ex-are: 1.) a donor mass such that at the end
planation for what we see, and which is knowwof the pre-CV evolution the orbital period is
in the literature as thelisrupted (magnetic) 2" < Py, < 3" (e.glKold [199B), Davis et al.
braking hypothesislt postulates that as long(2008)); 2.) a donor star which initially was
as the donor star has a radiative core “magiose to the terminal age MS (see e.g. Ritter
netic braking” is &ective and CV evolution is (1994)), or which is the artificially evolved
driven by a high AML rate due to “magneticremnant of earlier thermal time scale mass
braking” and gravitational radiation, but thattransfer(Schenker & King _2002); 3.) reduced
as soon as the donor star becomes fully cofimagnetic braking” because of the presence of
vective, “magnetic braking” becomes ifiec- a strongly magnetized WD (for details see e.g.
tive and the evolution is mainly driven by AML ILi, Wu & Wickramasinghe ((1994)).
from gravitational radiation. As a consequence At the end of CV evolution the donor star
of the rather sudden and significant drop of thig a very faint brown dwarf. The WD, in turn,
AML rate the system detaches. with an dfective temperature of typicallyx

In a recent study KBP have shown by “re10°K is also very faint. And because the mass
verse engeneering” CV evolution that the distransfer rate is very small as well, i.eM; <
rupted magnetic braking hypothesis is a viabl&01*M,yr~2, so is the resulting accretion lu-
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minosity. Thus, such CVs are very inconspicNeo, S., Miyaji, S., Nomoto, K., & Sugimoto,
uous objects, and correspondinglyfdiult to D. 1977, PASJ, 29, 249
detect. And though intrinsically the vast majorPaczynski, B. 1970, AA, 20, 47
ity of all CVs is in this late phase (Kolb_1993) Paczyhski, B. 1971, ARA&A, 9, 183
so far only one convincing candidate beyon&aczynski, B. 1976, IAU Symp. No. 73, p. 75
and far from the period minimum is knownPaczynski, B., & Sienkiewicz, R. 1981, ApJ,
(Littlefair et all 12005). The CV graveyard, as 248, L27
this evolutionary branch is sometimes referreBaczynski, B., & Sienkiewicz, R. 1983, ApJ,
to, is thus largely hidden from our view. 268, 825
Refsdal, S, & Weigert, A. 1971, A&A, 13, 367
Rappaport, S., Joss, P.C., & Webbink, R.F.
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