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Outline

• AM CVn  formation: Three Channels.

• Focus on WD channel 

• Donors: arbitrarily degenerate He WDs. 

• Insights and expectations from recent theory advances.

• Stark disagreement with recent observational data.

• Implications for WD Channel system’s formation and evolution.

• Looking forward

• Further observational tests.

• The broader context.



To Clear up Confusion

AM CVn  noun, proper (slang, or at best, archaic jargon)
1. A variable star located in the constellation Canus Venaticorum peculiar in its marked 
absence of hydrogen, very short period of variability, and very blue color.  

AM CVn binary (or star, variable) noun (even worse archaic jargon)
1. Any member of a class of variable stars sharing properties similar to AM CVn.
2. An interacting stellar binary whose:

i. accretor is a white dwarf
ii. global minimum orbital period can be measured or inferred to be less than that of 
classical cataclysmic variables (roughly 70 minutes) during its most recent episode of 
continuous mass transfer.

The second condition implies that the donor has processed at least a significant fraction, 
if not all, of its core H into He (and possibly further into C/O in some hypothetical cases) 
before the system’s global orbital period minimum is reached.   

Three distinct formation channels are commonly discussed for AM CVn binaries, one of 
which can be connected to the classical cataclysmic variable population via a continuous 
variation of a single-parameter.



AM CVn Formation Channels
• Possible formation channels:
• CV channel: single CE → WD+Evolved-MS 

( Podsiadlowski et al. 2003)
•WD channel: double CE → WD+WD  

(Nelemans et al. 2001)
• He-star channel: double CE→WD+He-star

(Nelemans et al. 2001)
• Formation channels influence post-contact 

evolution.

•Donor properties vary within each channel:
• CV channel: H content, minimum orbital 

period.
•WD channel: donor entropy, contact orbital 

period.
• He-star channel: core He vs. C/O fractions. 
•Will focus on WD channel.

(Yungelson 2005)
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WD Channel AM CVns: Overview of Post-CE Evolution

• Binary evolution driven by gravity wave 
angular momentum losses.

• Evolution phases:
• Detached in-spiral:
• Donor cools and contracts.
• Affects, in part, donor’s entropy at 

contact.
• Onset of mass transfer:
• Donor entropy sets contact Porb.
• Inward Porb  evolution continues 

for a time post-contact.
• System survival???

• Outward Porb  evolution under mass 
transfer.
• “AM CVn” phase.

• Prior modeling (Nelemans et al. 2001, 
Deloye et al. 2005) assumed
• Isentropic donor structure.
• Adiabatic donor evolution.

population synthesis calculation used here to provide the initial
conditions. The number of systems in the tail of the distribution
increases with Porb, since a higher specific entropy has a more
significant impact on the donor’s structure at lower M2. The
majority of systems in the RWDC population lie near the T ¼ 0
tracks as is expected, but "10% of this population have donors
that produce mass transfer rates greater than the spread attrib-
utable to M1 variations alone (at least at longer Porb ; see the
right-hand panel in Fig. 6 in particular).

4.3. Implications for the AM CVn Gravity-Wave Signal

The Galactic population of AM CVn binaries contains ob-
jects that can be detected with the planned Laser Interferometer
Space Antenna (LISA) GW detector mission,2 and the GW sig-
nal of the AM CVn binary population has been considered in
several recent studies (Nelemans et al. 2001c, 2004; Farmer &
Phinney 2003). Here we discuss the differences between the
T ¼ 0 and RWDC populations’ GW signals.

A binary system in a circular orbit emits GWs at a frequency
f ¼ 2/Porb (i.e., twice the orbital frequency) and luminosity
(Press & Thorne 1972)
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where G is the gravitational constant and c the speed of light.
The flux F ¼ LGW /4!d 2 received by a detector a distance d from
the source is often written in terms of the so-called dimension-
less strain amplitude h given by (Press&Thorne 1972;Nelemans
et al. 2001c)
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where M ¼ (M1M2)
3=5 / (M1 þM2)

1=5 is known as the chirp
mass. In an individual AM CVn binary, changing the entropy
of the donor changes the relation between M and Porb and al-
ters the binary’s GW luminosity. We show a summary of how
hot donors change the expected GW signal in Figure 7, where
we consider the evolution of an AM CVn binary with M1; i ¼
0:6 M' and M2; i ¼ 0:2 M' located 1 kpc away. The evolution
of this binary precontact is independent of the donor’s state,
and the system’s h as a function of Porb evolves inward along
the dashed line in Figure 7 toward shorter periods. If the donor
is fully degenerate, the binary makes contact at Porb ( 3:5 min-
utes and then evolves outward in Porb along the leftmost solid
line. The orbital period at contact depends on the donor’s en-
tropy. The other two solid lines show the evolution for systems
making contact at Porb ¼ 5 minutes (requiring a partially de-
generate donor with Tc ¼ 5:6 ;107 K at contact) and 10minutes
(requiring a nondegenerate donor with Tc ( 6:1 ; 107 K at
contact). Donors with these entropies occur in the RWDC pop-
ulation (which contains systems that make contact at orbital
periods as large as(25 minutes). The qualitative impact of a hot
donor is the increase in h as a function of Porb since hotter donors
at fixed Porb are more massive, increasing M.

The integrated GW flux from a collection of identical AM
CVn binaries depends on the donor’s specific entropy in two ways.
First, the flux from each system at a fixed f increases with the do-

nor’s specific entropy. Second, each system’s ḟ ¼ df /dt depends
on n, which varies with both the donor’s mass and specific entropy.
For constant n in a steady-state population, one can derive a sim-
ple scaling for the GWenergy density per logarithmic frequency
interval, EGW / f N ( f )LGW( f ) / f LGW( f ) / ḟ ¼ f dEGW /df .
This can be expressed in terms of the dimensionless charac-
teristic amplitude in a logarithmic interval, hc, as

EGW ¼ !f 2c2

4G
h2c( f ): ð7Þ

Taking R2 / Mn
2 and assuming M2TM1 along with stable

mass transfer, h2
c
/ f " , where

" ¼ 2þ 12n
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(see Phinney 2001; Farmer & Phinney 2003 for a derivation
of this under the assumption n ¼ &1

3). Returning to Figure 7, at
contact n ¼ &0:350 for the fully degenerate donor, while for the
donor making contact at 5 minutes (10 minutes), n ¼ &0:342
(&0.333). AtPorb ¼ 20minutes ( f ¼ 1:67 ;10&3 Hz), the three
donors have n ¼ &0:233, &0.276, and &0.308, respectively.
Since " is an increasing function of n and is negative for n <
&0:167, h2c falls off less rapidly with f for cold donors (as they
evolve less rapidly in f than donors with higher specific en-
tropy). While hotter donors produce AM CVn binaries that are
individually more GW-luminous at fixed f, their increased rate
of f evolution somewhat mitigates this in the population’s
overall GW energy density at lower f.

We nowmove from these simple analytics to a direct numeric
calculation of the GW signal from both the T ¼ 0 and RWDC2 See http:// lisa.nasa.gov and http://sci.esa.int/home/lisa for mission details.

Fig. 7.—AM CVn binary’s (with M1; i ¼ 0:6 M', M2; i ¼ 0:2 M' at 1 kpc)
h vs. Porb, showing the impact of a hot donor on the system’s postcontact GW
flux. The dashed line shows the system’s precontact inward evolution, the sym-
bols showing when its time to contact (for a T ¼ 0 donor) is log (t / yr) ¼ 5:0,
5.5, 6.0, 6.5, and 7.0 (left to right). The solid lines show the postcontact evo-
lution for a T ¼ 0 donor and for donors hot enough to make contact at Porb ¼ 5
and 10 minutes. The symbols here show time since contact: log (t / yr) ¼ 5:0,
5.5, 6.0, 6.5, 7.0, and 7.5 (left to right). At fixed Porb, hotter donors are more
massive and louder GW sources. The dotted line shows the detached WD-WD
binary confusion limit for LISA (Nelemans et al. 2001c).
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This can be expressed in terms of the dimensionless charac-
teristic amplitude in a logarithmic interval, hc, as

EGW ¼ !f 2c2

4G
h2c( f ): ð7Þ

Taking R2 / Mn
2 and assuming M2TM1 along with stable

mass transfer, h2
c
/ f " , where

" ¼ 2þ 12n

3(1& 3n)
ð8Þ

(see Phinney 2001; Farmer & Phinney 2003 for a derivation
of this under the assumption n ¼ &1

3). Returning to Figure 7, at
contact n ¼ &0:350 for the fully degenerate donor, while for the
donor making contact at 5 minutes (10 minutes), n ¼ &0:342
(&0.333). AtPorb ¼ 20minutes ( f ¼ 1:67 ;10&3 Hz), the three
donors have n ¼ &0:233, &0.276, and &0.308, respectively.
Since " is an increasing function of n and is negative for n <
&0:167, h2c falls off less rapidly with f for cold donors (as they
evolve less rapidly in f than donors with higher specific en-
tropy). While hotter donors produce AM CVn binaries that are
individually more GW-luminous at fixed f, their increased rate
of f evolution somewhat mitigates this in the population’s
overall GW energy density at lower f.

We nowmove from these simple analytics to a direct numeric
calculation of the GW signal from both the T ¼ 0 and RWDC2 See http:// lisa.nasa.gov and http://sci.esa.int/home/lisa for mission details.

Fig. 7.—AM CVn binary’s (with M1; i ¼ 0:6 M', M2; i ¼ 0:2 M' at 1 kpc)
h vs. Porb, showing the impact of a hot donor on the system’s postcontact GW
flux. The dashed line shows the system’s precontact inward evolution, the sym-
bols showing when its time to contact (for a T ¼ 0 donor) is log (t / yr) ¼ 5:0,
5.5, 6.0, 6.5, and 7.0 (left to right). The solid lines show the postcontact evo-
lution for a T ¼ 0 donor and for donors hot enough to make contact at Porb ¼ 5
and 10 minutes. The symbols here show time since contact: log (t / yr) ¼ 5:0,
5.5, 6.0, 6.5, 7.0, and 7.5 (left to right). At fixed Porb, hotter donors are more
massive and louder GW sources. The dotted line shows the detached WD-WD
binary confusion limit for LISA (Nelemans et al. 2001c).

ARBITRARILY DEGENERATE DONORS IN AM CVn SYSTEMS 941No. 2, 2005



WD Channel AM CVns: Overview of Post-CE Evolution

• Binary evolution driven by gravity wave 
angular momentum losses.

• Evolution phases:
• Detached in-spiral:
• Donor cools and contracts.
• Affects, in part, donor’s entropy at 

contact.
• Onset of mass transfer:
• Donor entropy sets contact Porb.
• Inward Porb  evolution continues 

for a time post-contact.
• System survival???

• Outward Porb  evolution under mass 
transfer.
• “AM CVn” phase.

• Prior modeling (Nelemans et al. 2001, 
Deloye et al. 2005) assumed
• Isentropic donor structure.
• Adiabatic donor evolution.

population synthesis calculation used here to provide the initial
conditions. The number of systems in the tail of the distribution
increases with Porb, since a higher specific entropy has a more
significant impact on the donor’s structure at lower M2. The
majority of systems in the RWDC population lie near the T ¼ 0
tracks as is expected, but "10% of this population have donors
that produce mass transfer rates greater than the spread attrib-
utable to M1 variations alone (at least at longer Porb ; see the
right-hand panel in Fig. 6 in particular).

4.3. Implications for the AM CVn Gravity-Wave Signal

The Galactic population of AM CVn binaries contains ob-
jects that can be detected with the planned Laser Interferometer
Space Antenna (LISA) GW detector mission,2 and the GW sig-
nal of the AM CVn binary population has been considered in
several recent studies (Nelemans et al. 2001c, 2004; Farmer &
Phinney 2003). Here we discuss the differences between the
T ¼ 0 and RWDC populations’ GW signals.

A binary system in a circular orbit emits GWs at a frequency
f ¼ 2/Porb (i.e., twice the orbital frequency) and luminosity
(Press & Thorne 1972)

LGW ¼ 32

5

G4

c5
M 2

1 M
2
2 (M1 þM2)

a5
; ð5Þ

where G is the gravitational constant and c the speed of light.
The flux F ¼ LGW /4!d 2 received by a detector a distance d from
the source is often written in terms of the so-called dimension-
less strain amplitude h given by (Press&Thorne 1972;Nelemans
et al. 2001c)

h ¼ 4G

c3!f 2
F

! "1=2

¼ 5:0 ; 10&22 M
M'

! "5=3
Porb

hr

! "&2=3
d

kpc

! "&1

; ð6Þ

where M ¼ (M1M2)
3=5 / (M1 þM2)

1=5 is known as the chirp
mass. In an individual AM CVn binary, changing the entropy
of the donor changes the relation between M and Porb and al-
ters the binary’s GW luminosity. We show a summary of how
hot donors change the expected GW signal in Figure 7, where
we consider the evolution of an AM CVn binary with M1; i ¼
0:6 M' and M2; i ¼ 0:2 M' located 1 kpc away. The evolution
of this binary precontact is independent of the donor’s state,
and the system’s h as a function of Porb evolves inward along
the dashed line in Figure 7 toward shorter periods. If the donor
is fully degenerate, the binary makes contact at Porb ( 3:5 min-
utes and then evolves outward in Porb along the leftmost solid
line. The orbital period at contact depends on the donor’s en-
tropy. The other two solid lines show the evolution for systems
making contact at Porb ¼ 5 minutes (requiring a partially de-
generate donor with Tc ¼ 5:6 ;107 K at contact) and 10minutes
(requiring a nondegenerate donor with Tc ( 6:1 ; 107 K at
contact). Donors with these entropies occur in the RWDC pop-
ulation (which contains systems that make contact at orbital
periods as large as(25 minutes). The qualitative impact of a hot
donor is the increase in h as a function of Porb since hotter donors
at fixed Porb are more massive, increasing M.

The integrated GW flux from a collection of identical AM
CVn binaries depends on the donor’s specific entropy in two ways.
First, the flux from each system at a fixed f increases with the do-

nor’s specific entropy. Second, each system’s ḟ ¼ df /dt depends
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Fig. 7.—AM CVn binary’s (with M1; i ¼ 0:6 M', M2; i ¼ 0:2 M' at 1 kpc)
h vs. Porb, showing the impact of a hot donor on the system’s postcontact GW
flux. The dashed line shows the system’s precontact inward evolution, the sym-
bols showing when its time to contact (for a T ¼ 0 donor) is log (t / yr) ¼ 5:0,
5.5, 6.0, 6.5, and 7.0 (left to right). The solid lines show the postcontact evo-
lution for a T ¼ 0 donor and for donors hot enough to make contact at Porb ¼ 5
and 10 minutes. The symbols here show time since contact: log (t / yr) ¼ 5:0,
5.5, 6.0, 6.5, 7.0, and 7.5 (left to right). At fixed Porb, hotter donors are more
massive and louder GW sources. The dotted line shows the detached WD-WD
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ARBITRARILY DEGENERATE DONORS IN AM CVn SYSTEMS 941No. 2, 2005

Start of Mass Transfer



WD Channel AM CVns: Overview of Post-CE Evolution

• Binary evolution driven by gravity wave 
angular momentum losses.

• Evolution phases:
• Detached in-spiral:
• Donor cools and contracts.
• Affects, in part, donor’s entropy at 

contact.
• Onset of mass transfer:
• Donor entropy sets contact Porb.
• Inward Porb  evolution continues 

for a time post-contact.
• System survival???

• Outward Porb  evolution under mass 
transfer.
• “AM CVn” phase.

• Prior modeling (Nelemans et al. 2001, 
Deloye et al. 2005) assumed
• Isentropic donor structure.
• Adiabatic donor evolution.

population synthesis calculation used here to provide the initial
conditions. The number of systems in the tail of the distribution
increases with Porb, since a higher specific entropy has a more
significant impact on the donor’s structure at lower M2. The
majority of systems in the RWDC population lie near the T ¼ 0
tracks as is expected, but "10% of this population have donors
that produce mass transfer rates greater than the spread attrib-
utable to M1 variations alone (at least at longer Porb ; see the
right-hand panel in Fig. 6 in particular).

4.3. Implications for the AM CVn Gravity-Wave Signal

The Galactic population of AM CVn binaries contains ob-
jects that can be detected with the planned Laser Interferometer
Space Antenna (LISA) GW detector mission,2 and the GW sig-
nal of the AM CVn binary population has been considered in
several recent studies (Nelemans et al. 2001c, 2004; Farmer &
Phinney 2003). Here we discuss the differences between the
T ¼ 0 and RWDC populations’ GW signals.

A binary system in a circular orbit emits GWs at a frequency
f ¼ 2/Porb (i.e., twice the orbital frequency) and luminosity
(Press & Thorne 1972)

LGW ¼ 32

5

G4

c5
M 2

1 M
2
2 (M1 þM2)

a5
; ð5Þ

where G is the gravitational constant and c the speed of light.
The flux F ¼ LGW /4!d 2 received by a detector a distance d from
the source is often written in terms of the so-called dimension-
less strain amplitude h given by (Press&Thorne 1972;Nelemans
et al. 2001c)

h ¼ 4G

c3!f 2
F

! "1=2

¼ 5:0 ; 10&22 M
M'

! "5=3
Porb

hr

! "&2=3
d

kpc

! "&1

; ð6Þ

where M ¼ (M1M2)
3=5 / (M1 þM2)

1=5 is known as the chirp
mass. In an individual AM CVn binary, changing the entropy
of the donor changes the relation between M and Porb and al-
ters the binary’s GW luminosity. We show a summary of how
hot donors change the expected GW signal in Figure 7, where
we consider the evolution of an AM CVn binary with M1; i ¼
0:6 M' and M2; i ¼ 0:2 M' located 1 kpc away. The evolution
of this binary precontact is independent of the donor’s state,
and the system’s h as a function of Porb evolves inward along
the dashed line in Figure 7 toward shorter periods. If the donor
is fully degenerate, the binary makes contact at Porb ( 3:5 min-
utes and then evolves outward in Porb along the leftmost solid
line. The orbital period at contact depends on the donor’s en-
tropy. The other two solid lines show the evolution for systems
making contact at Porb ¼ 5 minutes (requiring a partially de-
generate donor with Tc ¼ 5:6 ;107 K at contact) and 10minutes
(requiring a nondegenerate donor with Tc ( 6:1 ; 107 K at
contact). Donors with these entropies occur in the RWDC pop-
ulation (which contains systems that make contact at orbital
periods as large as(25 minutes). The qualitative impact of a hot
donor is the increase in h as a function of Porb since hotter donors
at fixed Porb are more massive, increasing M.

The integrated GW flux from a collection of identical AM
CVn binaries depends on the donor’s specific entropy in two ways.
First, the flux from each system at a fixed f increases with the do-

nor’s specific entropy. Second, each system’s ḟ ¼ df /dt depends
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WD Channel Systems: Evolution with Realistic Donor Treatment

• Present models:  no 
assumptions about donor’s:
• structure.
• thermal evolution. 

• Evolutionary phases:
1. Mass transfer turn-on:  

degeneracy-dependent donor 
contraction (non-isentropic 
outer layers).

2. “Standard” AM CVn Phase 
(adiabatic donor expansion).

3. Donor cooling (non-adiabatic 
thermal evolution).

Relevant Time Scales:

τM ≈

m′

Ṁ
τth ≈

∫ m
′

0
cP Tdm′′

L

(m′ = M2 − m)

1
2

3

(Deloye et al. 2007)



Donor’s Contact Entropy and AM CVn Phase Evolution

• Donor’s initial entropy sets binary 
evolution properties during AM 
CVn phase.

• Observables influenced/
determined by donor’s initial 
entropy:
• M2 vs Porb.

• Ṁ vs Porb.

• Porb distribution (via 
distribution of initial donor 
entropy within population).
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Donor’s Contact Entropy and AM CVn Phase Evolution

• Donor’s initial entropy sets binary 
evolution properties during AM 
CVn phase.

• Observables influenced/
determined by donor’s initial 
entropy:
• M2 vs Porb.

• Ṁ vs Porb.

• Porb distribution (via 
distribution of initial donor 
entropy within population).

1
23

Evolutionary Stages
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The Entropy Distribution of WD Channel Donors

• Donor entropy set by:
• Progenitor’s mass and state at onset 

of CE phase.
• Cooling rate vs. in-spiral merger rate.
• Potential heating mechanisms (e.g., 

tidal heating).

• Theoretical entropy distribution:
• influenced by population synthesis 

modeling inputs.
• varies with population’s age.

• Population distribution:
• Entropy distribution roughly flat, but

• R2-distribution strongly peaked 
towards zero-temperature M2-R2 
relation.

(Based on Nelemans et al. 2004 & Deloye et al. 2007)



The Entropy Distribution of WD Channel Donors

• Donor entropy set by:
• Progenitor’s mass and state at onset 

of CE phase.
• Cooling rate vs. in-spiral merger rate.
• Potential heating mechanisms (e.g., 

tidal heating).

• Theoretical entropy distribution:
• influenced by population synthesis 

modeling inputs.
• varies with population’s age.

• Population distribution:
• Entropy distribution roughly flat, but

• R2-distribution strongly peaked 
towards zero-temperature M2-R2 
relation.

Lower limit 
insensitive to 

distribution of 
post-CE

donor states.

(Based on Nelemans et al. 2004 & Deloye et al. 2007)
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Duration of Adiabatic Evolution Phase

Most Observed Systems 
are ≲ 1 Gyr post-contact.

Cooling Starts
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Distribution of Current System Properties: Theory vs. Observations

• Observed donors extremely 
hot!!!

• Several  systems inconsistent 
with WD channel origin.

• Where are the cold donors???
• CE efficiency very low?
• Filtering at contact (systems 

with hot donors preferentially 
survive contact)?

• Heating mechanisms (e.g., 
tidal heating at short orbital 
periods) ?

• He-star channel: are observed 
abundances consistent with this 
channel dominating AM CVn 
production (Lev and Gijs N. 
working on this)?(Marsh et al. 2006, Roelofs et al. 2007)(He-star models: Yungelson 2008)
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the donor stars are hydrogen-deficient, and indeed no hy-
drogen appears in their spectra. They are thought to form
from initially detached double white dwarf systems, from
systems with helium-star donors or from mass transfer ini-
tiated when a ∼ 1M! donor starts to transfer mass to a
white dwarf at the end of its core hydrogen burning (Nele-
mans et al. 2001; Podsiadlowski, Han & Rappaport 2001).
Double white dwarfs that fail to become AM CVn stars are
possible Type Ia supernova progenitors.

A problem with the polar model is that V407 Vul shows
no optical polarization (Ramsay et al. 2000), possible on the
polar model only if the white dwarf has either a very strong
or relatively weak field (while remaining synchronized). In
an effort to explain this, Wu et al. (2001) proposed a model
in which the spin of the magnetic white is not synchronised
with the orbit leading to dissipation of electric currents in
the donor which produces unpolarized optical flux. How-
ever, the dissipation also leads to synchronization on a short
timescale, which makes the chance of such a configuration
low.

In this paper we present an alternative model for
V407 Vul, in which the white dwarf need not be magnetic,
but the X-rays will still be strongly modulated. V407 Vul
may thus be the first example of a new class of X-ray emit-
ting binary star. We start by describing the observational
characteristics of V407 Vul that need explaining.

2 OBSERVED FEATURES OF V407 Vul

While there have been relatively few observations of
V407 Vul, any model of the system must satisfy the fol-
lowing constraints:

(i) The 9.5 min X-ray pulsations. The X-ray bright phase
occupies half of the pulsation period; for the other half of the
cycle, the X-ray flux is undetectable (Cropper et al. 1998).
No other periodic signals are seen in X-rays.

(ii) The 9.5 min optical pulsations. Again, no other peri-
odic signals are seen. The optical pulsations have a peak-to-
peak amplitude of 0.07 magnitudes. The optical flux peaks
0.4 cycles before the X-ray flux (Ramsay et al. 2000).

(iii) The X-ray spectrum. This is soft and can be fitted
with an absorbed black-body spectrum of temperature 40–
55 eV (Motch et al. 1996; Wu et al. 2001).

(iv) The lack of optical polarization. Ramsay et al. (2000)
measured 0.3% circular polarization, a level consistent with
zero given the systematic uncertainties.

(v) The optical spectrum. Unfortunately this has not yet
been published, but it is reported to be devoid of emission
lines (Wu et al. 2001). Without having seen it, it is hard
to judge the importance of this, but we will consider it as
another possible constraint to satisfy.

(vi) The distance. V407 Vul is heavily absorbed from
which Ramsay et al. (2000) obtain d > 100 pc. They further
find that d < 400 pc from a de-reddened I-band magnitude
of 15.5, although the “reddening” is deduced from the X-
ray column, and may be too high since the colours end up
being too blue even for a Rayleigh-Jeans spectrum. Ram-
say et al. (2000) used AV = 5.6, but also state that colours
deduced from AV = 4 do fit black-bodies, from which we
estimate that the de-reddened I-magnitude lies in the range
15.5 < I < 16.1.

Figure 1. Path of the stream in V407 Vul in the case M1 =
0.5M!, M2 = 0.1M!. The dashed line is tangent at the impact
point, to show that the impact is hidden from the donor in this
case.

It was the singly periodic signal and the on/off nature of
the X-ray light-curve that led Cropper et al. (1998) to sug-
gest their polar model. The absence of both polarization and
optical line emission presented difficulties that led Wu et al.
(2001) to develop their unipolar inductor model by analogy
with the Jupiter-Io system. As outlined in the introduction,
in their model, the magnetic white dwarf (the accretor in
our model) is slightly asynchronous with the binary orbit
and the resulting electric field drives currents that run be-
tween the two stars, leading to energy dissipation in both of
them. Dissipation on the magnetic white dwarf powers the
X-ray emission, while dissipation at the donor plus irradi-
ation powers the optical flux. The irradiation is predicted
to be comparable to the ohmic dissipation, which they sug-
gest can explain the relatively weak optical modulation and
the lack of line emission. Since the non-magnetic star domi-
nates the optical emission, the absence of polarization is also
explained.

The major problem with Wu et al.’s model is that it is
short-lived: they estimate that it will last only ∼ 1000 yr.
Even if all AM CVn systems pass through this stage, there
would only be 1–10 such systems in our Galaxy at any one
time, according to the formation rates of Nelemans et al.
(2001) and Podsiadlowski et al. (2001). The chance of finding
one within our neighbourhood is therefore small. Magnetic
systems may in fact comprise only a small fraction of the
total, making the probability of finding such a system very
low. It is therefore worth searching for longer-lived models.

3 A NEW MODEL FOR V407 Vul

Our idea is simple: in very close binary systems, the mass
transfer stream can plough straight into the accretor even in
the absence of the magnetic field. This happens if the min-
imum distance of the ballistic gas stream from the centre
of mass of the accretor is smaller than the accretor’s ra-
dius, which is most famously the case in Algol binary stars,
where the accretors are main-sequence stars. We propose
that V407 Vul is the first instance of Algol-like direct im-
pact in the case of a white dwarf accretor.

Direct Impact Accretion:
In most cases, proto-AM CVn at contact are in 
so tight an orbit the accretion stream impacts 

the accretor directly.

 (Marsh & Steeghs 2002)

Accretor spin-up provides a sink for 
orbital angular momentum and contributes 

to the instability of mass transfer.

 

Stability Criteria: 
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one within our neighbourhood is therefore small. Magnetic
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For fully degenerate donors, DI accretion 
produces unstable mass transfer in vast 

majority of WD Channel systems 
(in absence of efficient tidal coupling).

(Nelemans et al. 2001, Marsh et al 2004)



Direct Impact Accretion: Hot Donors and Stability

• Hotter donors have larger 
minimum ξ2.  
• Stable DIA occurs 

preferentially for
• high entropy donors.
• massive accretors.

• Reason for no cold donors?!?!
• Caveats, caveats, caveats:
• Tidal coupling efficiency
• Impact of tidal heating in 

donor (Gijs  R. working 
on this!)

• Is survival rate consistent 
with  ≲10% required by 
observed space density.

• (Probably) can not explain the 
hottest observed donors.

(τs → ∞)
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log(ψc,i) = 1.1, 1.5, 2.0, , 3.0

M1,i = 0.3M!

M1,i = 0.4M!

M2,i = 0.2M!
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• Late time donor cooling slows Porb 
evolution while donor contracts.

• Imprint depends on distribution of
• donor entropies
• system masses
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Further Diagnostics: Long-Period System Distribution

• Late time donor cooling slows Porb 
evolution while donor contracts.

• Imprint depends on distribution of
• donor entropies
• system masses

• Results from EGAPS (other Galatic-
plane surveys??)  could be extremely 
relevant/important here.
• Survey results should allow 

independent determination of 
distribution of above properties.

Schematic Only!

Prior Expectations

Peak center: 
system mass distribution

Peak height/width: 
donor entropy 

distribution
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Loss of cold-donor 
systems affects slope.



Further Diagnostics: LISA-Era Short-Period System Distribution
• System distribution near Porb-

minima provides information on
• post-CE donor states
• which systems survive  contact.

Schematic Only!

Pre-contact 
entropy higher 
than currently 
expected (tidal 

heating?).
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Further Diagnostics: LISA-Era Short-Period System Distribution
• System distribution near Porb-

minima provides information on
• post-CE donor states
• which systems survive  contact.

• Realistic distribution calculations 
(still) in progress (with my apologies 
to Gijs N. and Lev).

• Are the donors hot at contact or are 
cold-donor systems filtered-out at 
contact?
• Implications for CE physics and 

pre-contact system evolution.
• LISA could provide a definitive 

answer to this question.
• In the meantime ...

Schematic Only!
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The Big Picture.....
• The AM CVn population shaped in combination by 

uncertain
• binary evolution processes in prior phases
• processes at contact
• want to understand both!

• Understand how the various physical uncertainties
• shape/filter the surviving AM CVn population.
• produce intermediate/alternative outcomes.

• Develop multiple, inter-related observational 
metrics:
• Branching ratios between possible outcomes at 

contact.
• Distribution of properties within each outcome 

populations.
• Will require combination of pop synth, existing 

detailed models, and careful looks at interplay of 
multiple physics near contact.

• Work  started in this direction, but much to do.....


