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Very basic basics of CV evolution
Angular momentum loss drives mass transfer and orbital evolution
= Por is an indication of the evolutionary state of a CV
Disrupted MB model
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motivated by non-magnetic CV Pgy,
distribution

2 AML mechanisms: GR and MB.
MB operates only at Py, = 3h

TGR >> TvB

How about the mCVs?
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also form in Common Envelope
Also lose orbital AM; evolve in Pgy
The period histogram is similar

the same except for needing to form a
magnetic WD?

No MB in polars?

>
>

B-field stops the stellar wind escaping

Observational support: low T at
long-Pop (Maybe at all periods)

= 1gr ~ a~%4 = very long for long-Py,

polars



Why/how to measure CV space density (again)?

Existing CV space density measurements:

> Basic prediction of
non-magnetic CVs
Rogel et al. 2008 e theory
Schreiber + Gansicke 2003 = T .
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’ P2 T2
Warner 2001 X >
Patterson 1998 X
Shara et al. 1993 X
Hertz et al. 1890 b
IPs > Dif .
Revnivtsev et al. 08 > Difficult to quantify
Warner 95 == errors

Polars
Araujo—Betancor et al. 05 =

Thomas + Beuermann 98 X
Thomas + Beuermann 98 —
Warner 95 X

Cropper 90 X

Patterson 84 X
[ L | | Ll AR

10-8 1077 1078 10-8 10-+
o Po/PC™®
X-ray flux-limited sample the best to use:

Large
disagreements
Large uncertainties

> No volume-limited sample and CVs differ a lot in luminosity = Selection effects
» Systematic errors probably dominate

= Need a simple, well-defined sample to deal correctly with all errors



Samples and calculation

3 complete X-ray flux-limited surveys (from ROSAT and BAT):

> RBS (0.5-2.0 keV, Fx 2 10~ *2ergem =25 1)
> NEP (0.5-2.0 keV, Fx 2 10~ %ergem—25~1)
» 20 non-magnetic CVs
> 24 mCVs (6 IPs)
IPs have hard X-ray spectra =- ROSAT not good
> BAT (14-195keV, Fx 2 2.5 x 10~ 2ergem—2s71)
> 151Ps

. \AII 3 samples have identifications for all sources
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F/(10-1 erg s~ em-?)

= Ibl/deg

Use 1/Vmax and Monte Carlo code




Best estimate space densities
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Simulation gives a PDF of p

(Do it separately for different samples for sub-types p)

non-magnetic CVs:
po =475 x 1070 pc?

mCVs:
. _ aot4 -7 -3
> AllmCVs: pp = 875 x 10~ " pc
> For polars and IPs separately:
_ 5+3 1077 -3

Ppolar = 2_5 X pc

50% duty cycle lowstates doubles ppolar
> Long-period IPs from BAT:

ppp = 1755 x 1077 pe?

» Low precision, but reliable

» Measurements apply only to detected population

Pretorius & Knigge (2012); Pretorius, Knigge & Schwope (201 3);
Pretorius & Mukai (2014)



Upper limits on hypothetical fainter populations

non- magnetlc
103 |

Non-detections constrain sizes of undetected

i \ E populations
:’m,, [ ] > Assume all systems in the ‘hidden’ population have the
same (faint) Ly
> Find p that predicts 3 detected faint systems

o (detecting O is then a 2-o result)
» Non-magnetic:

g 3 p < 4.82 x 1075%(Lx /10%° ergs_l)_l'48 pc_3
ot = p=10"*pc 3 requires Ly <8 x 108 ergs!
‘%w—» L 4 (that's pretty faint)
< > |Ps:
Ty E p < 1.02 x 1075(Ly /10% ergs—1) =135 pc—3

. » Polars:

10 10" 1031

IPs, BAT Lfergs p < 4.01 x 1078(Ly /100 ergs—1)=1:083 pc—3
> long-period IPs, BAT band:

104 4
—6 31 —1\—1.40 -3
- i p <5.15x 107°(Lx /10°* ergs™") pc
d Pretorius & Knigge (2012); Pretorius, Knigge & Schwope (201 3);
e 3 Pretorius & Mukai (2014)

1u-° 108! 108!
Ly/erg s

mCVs, ROSAT b/eres




Evolutionary relationship between IPs and polars
Porp histogram of mCVs similar to non-magnetic CVs

But almost all IPs are long-Pqp, almost all polars short-Poyy,

102 -

Number of systems
5
T

—— 1Ps

all CVs -
~——— mCVs
polars

L
0.4

IS o ©
L B e s

Number of systems

»
T

ol 1

.

31

32 33
log(Ly/erg s1)

34

0.6

0.2

N(<P,,)/N

» Short-period polars can form at short
period. But where do long-period IPs go

> IP might synchronize when M drops at 3 h
Do IPs evolve into polars?
(e.g. Chanmugam & Ray 1984)

> Would imply Ppolar,sp/PlP,Ip =~ TGR /TMB
(expect theoretically 7¢r /Tm 2 5)

» Poolarsp _ 3'{? (Ratio = 10 within 2-0)
PIP Ip

Do IPs just stay IPs?
(e.g. Norton et al. 2008)

Faint IP population:
> 107 pC73 < Praint <5 x 1078 pC73

» Similar in size to short-period polar
population

Data can’t distinguish these 2 options for now (but best bet probably a combination)



Intrinsic fraction of magnetic WDs
Formation of mWDs to do with binary evolution?

Number of MWDs

» If only stellar evolution, MWD fraction same in

> isolated WDs (~10%; Kawka et al. 2007)
> CVs (~20% of known CVs; Ritter & Kolb)

1 > detached WD/red dwarf binaries (no mWDs)

) 2000 preprer

1500

> Maybe mWDs all form through CE evolution (Tout
et al. 2008)

> Smaller final orbital separation
= stronger B-field

1000

500

Number of DA WDs (SDSS)

6.4053;;1;[1‘ i214 ¢ ("'4‘0‘63?1;1 1214 > Single mWDs result of merger; ones that
Tout et al. 2008 don’t merge mCVs

= Real intrinsic difference in fraction of
mWDs

Are mWDs really more common in CVs than in the field?
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mCVs: 8% x 10~ 7 pc—3

non-magnetic CVs: 475 x 10~8 pc=3 (Pretorius & Knigge 2012)
S0, 10g(fmcy ) = —0.8793, i.e fycy ~ 16%

only good to within about a factor of 2

(perhaps systematic bias as well)

= Fractions are the same, within the errors



X-ray source populations
Do IPs dominate Galactic X-ray Source Populations?

Chandra GC survey:
> 2°x0.8°

» ~ 9000 sources
(Lx 2103 ergs—! at
0.5-8.0 keV)

» Uncertain source

classification

Muno et. al. 2009 t (degrees)
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X-ray sources in the Galactic Centre: py gc ~ 6 x 10~4pc3

stellar density 1590 x higher than solar neighborhood

1 X-ray source per ~100,000 stars in the GC

our pjp implies 1 IP per ~200,000 stars in solar neighborhood

=- Consistent, because numbers are only good to withing a factor of ~2

IPs can account for most of the X-ray source population in the Galactic
Centre (also in the Milky Way as a whole, in globular clusters)



Conclusions

>

>
>

p is a basic prediction of CV evolution theory = important to constrain it
observationally
Flux-limited X-ray samples maybe the best way to measure it
We use the complete samples from RBS and NEP, construct one from
Swift/BAT
non-magnetic CVs: 47§ x 10~¢pc—?
mCVs: 8% x 10~" pc (for detectable systems)
> IPs and polars separately: ppojar = 575 x 10~ pc~2 and
pip =37 x 10~ 7 pc—3
Some implications for evolution of CVs
> Non-magnetic: pp = 10~% pc=3 implies Ly <8 x 102 ergs~! for dominant
population
> pip high enough to explain observed number of bright (L 2 103! ergs—1)
Galactic Centre X-ray sources
> Fraction of strongly magnetic WDs not clearly higher in CVs than in the
single WD population
> ppolar,sp/ Pip,lp consistent with long-Pgy, IPs becoming short-Pg,y, polars.
Also possible that short-P,, IP population is big enough (IPs evolve into
IPs), despite very small observed number

» To improve on this, we need similar but deeper CV samples with good

distances = Gaia; also eROSITA and further follow-up of BAT sources



