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Astrophysical context

* Possibly progenitors of Supernova type la

* Sources of low-frequency gravitational waves

* Binary evolution theory
* White dwarf cooling theory

* Population synthesis
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Observed doublewhite dwarfs
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WD 0316+768, Adapted from Maxted et al., 2002
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Observed doublewhite dwarfs

System Porp (d) aorb (Ro) M1 (M) M2 (Mg) 0, =M2/M1 At (Myr)
WD 0135-052 1.556 5.63 0.520.05 047/£0.05 0.90£0.04 350
WD 0136+768 1.407 4.99 0.37 0.47 1.260.03 450
WD 0957-666 0.061 0.58 0.32 0.37 1.13.02 325
WD 1101+364 0.145 0.99 0.33 0.29 0.£/0.03 215
PG 1115+116 30.09 46.9 0.7 0.7 0484.21 160
WD 1204+450 1.603 5.74 0.52 0.46 0.£/0.03 80
WD 1349+144 2.209 6.59 0.44 0.44 1.260.05 —
HE 14140848 0.518 2.93 0.850.03 0.71+0.03 1.28+0.03 200
WD 1704+481a 0.145 1.14 0.560.07 0.39£0.05 0.70£0.03 -20
HE 2209-1444 0.277 1.88 0.980.08 0.58+0.03 1.00+:0.12 500

See references imvlaxted et al., 2002andNelemans & Tout, 2005.

Marc van der Sluys — How the Giant lost its mantle and becameaD- NUTGM — October 19, 2006



Common envelope

* Average orbital separation
7R

* Typical progenitor:
I\/IC % 03 M@

100 R,
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Common envelope
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Envelope g ection

 Classical-CE:

Orbital energy Is used to expel envelope:

GMiM, _ GMyM
Ubind = OCE { o o8 2}

(Webbink, 1984)
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Envelope g ection

 Classical-CE:

Orbital energy Is used to expel envelope:

‘ GM+M GMM \
”|i | = 1f IVI2 1|. 2 |
(Webblnk, 1984)

with ace the infamous Common Envelope parameter
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Envelope g ection

 Classical-CE:

Orbital energy Is used to expel envelope:

GMyM GMyM
Upbind = OcEe { 200 28, 2} |
(Webbink, 1984)
* v-EE:
Envelope ejection with angular-momentum balance
J —Jd _ M1 — My
J Mij + Ma

(Nelemans et al., 2000
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Envelope g ection

e EE much faster than nuclear evolution:

* Core mass does not grow during EE

* No accretion during EE
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Envelope g ection

EE much faster than nuclear evolution:

* Core mass does not grow during EE

* No accretion during EE

Radius of the giant gives orbital period

Envelope binding energy givesk
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Progenitor models
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Progenitor models
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Evolutionary scenarios

MS + MS

| Stable M.T. (cons.)

WD + MS

| Unstable M. T. ¢-CE) |

WD + WD

MS + MS

| Unstable M. T. {-EE) |

WD + MS

| Unstable M. T. @, y-EE) |

WD + WD
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Confusogram
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o-CE resaults
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o-CE resaults

Accept
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o-CE resaults

Maximum Ry
after stable mass;,

transfer with B
g = 0.62

(Nelemans et al.,
2000)

log P, (d)

Only 5 systems

have CE
solutions with
Porb < Pmax
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CE solutions @
that may be

formed by stable |

mass transfer
Conservative Ea Q
mass transfer: &
Mot and ED
Jorb fixed =

1 free parameter:
of "
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Conservative mass transfer

230 binary models
calculated
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Conservative mass transfer

230 binary models
calculated:
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Conservative mass transfer

570 binary models

calculated:

39% dynamical

18% contact =
z

43% DWD Q;D

V]
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Conservative mass transfer

1414 fits
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Conclusionsfor conservative M T

More accurate models changeCE only slightly

White-dwarf primaries have too low mass,
hence orbital periods too long

We can reproduce perhaps 1-3 out of 10 systems,
but with 0ce > 1.6

Conservative masstransfer cannot explain
the observed double white dwarfs
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Evolutionary scenario

MS + MS

| Unstable M.T. {-EE) |

WD + MS

| Unstable M. T. @, y-EE) |

WD + WD
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Angular-momentum balance

* Average specific angular momentum of shetem

J—JF%
Ji = V¥s Mot
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Angular-momentum balance

* Average specific angular momentum of shetem

J—JF%
Ji = V¥s Mot

J — Mot Mis — My,
=V {1 Moo eXp( W 1)}

* Specific angular momentum of tldenor.

J—% _ M1 — Mat M
J = V0 T Mgy My
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M odels

* Number of progenitor models:
199 progenitor models, 10+1 observed systems
11 variations in observed mass.05,—0.04,...,+0.05M
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M odels

* Number of progenitor models:
199 progenitor models, 10+1 observed systems
11 variations in observed mass.05,—0.04,...,+0.05M
Total: 11x11x 5% n ~ 2.4 brasillion
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M odels

* Number of progenitor models:
199 progenitor models, 10+1 observed systems
11 variations in observed mass.05,—0.04,...,+0.05M
Total: 11x11x 5% n ~ 2.4 brasillion

* Filters:
Dynamical MT: R, > Rggg and (> Qcrit

Age: 11 <12 <13Gyr
EE-parameter: QA < O¢e, Y < 10
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M odels

* Number of progenitor models:
199 progenitor models, 10+1 observed systems
11 variations in observed mass.05,—0.04,...,+0.05M
Total: 11x11x 5% n ~ 2.4 brasillion

* Filters:
Dynamical MT: R, > Rggg and (> Qcrit

Age: 11 <12 <13Gyr
EE-parameter: QA < O¢e, Y < 10

* Candidate progenitors lefti~ 204 000
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Results: overview

08<ace<12, 146<Vys<1.79, Q9<yag<1.1:

System  1ysOce 2:VsYs 3:ValOce 4:Va¥a 5S:VgOce 6:Vgya Opt.res. Bestprescr.

0135  — + + - + + + 2,3,5,6
0136  + + + + + + + 1-6
0957  + + = + + + + 1,2,4,5,6
1101 + + + = + + + 1,2,3,5,6
1115 + + + + + 1 + 1-6
1204  — + + + 1 + + 2-6
1349 + + + + + + + 1-6
1414 — + = + - 1 + 2,4,6
1704a  + + - - - - + 1,2
1704b  + + = 1 + 1 + 1,2,4,5,6
2209  + + - ~ + 1 + 1,2,5,6
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Results: overview

08<ace<12, 146<Vys<1.79, Q9<yag<1.1:

System  1ysOce 2:VsYs 3:ValOce 4:Va¥a 5S:VgOce 6:Vgya Opt.res. Bestprescr.

0135 —/— +/~ +/~ —/— +/~ +/~ +/~ 2,3,5,6
0136 +/+ +/+  +/~ +/~  +/+ +/+ +/+ 1,2,5,6
0957 +/+ +/+ =/ +/— +/+ +/+ +/+ 1,2,5,6
1101 +/~ +/= 4/ —/= +/~ +/~ +/~ 1,5,6
1115 +/~ +/+ )~ +/~  +/+ +/+ +/+ 2,5,6
1204 —/— +/= +/- +/= 4/ +/+ +/+ 6
1349 +/+ +/+  +/+ +/+  +/+ +/+ +/+ 1-6
1414 —/— +/+ /= +/+ /= +/+ +/+ 2,4,6
1704a  +/— +/— —/—- —/— —/— —/— +/— 1,2
1704b  +/— +/= /= +/= 4/ +/— +/— 1,2,4,5,6
2209 +/+ +/+ =/ —/= +/~ +/+ +/+ 1,2,6
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Results: example solution

WD 0136+768
Age (Gyr) M, (M) 5 My(Mg)  Popp(d)

0.000 1.70 @@ 1.59 106.10

Vo = 0.96 — 1.940 1.70 O@ 1.59 106.10
1.940 0.37 1.59 371.40

Ya=1.05— 2.390 0.37 1.59 371.40

AT =450 Myr — 2.540 0.37 0.46 1.41

—— 100R,
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Results: solutions

WD  Mthd. Y1 Y2, AT (Myr) My My P Pn M1t My P
Gceg ObS Mdl M@ M@ d d M@ M@ d

0135 vaya 1.11 094 350 118 3.30 290 36.28 4110 047 042 156
0136 Yaya 096 1.05 450 450 1.7/0 1.59 106.1 3714 037 0.46 141
0957 Yaya 1.00 1.01 325 317 198 183 26.17 7926 0.33 0.37 0.06
1101 vaya 1.10 098 215 322 287 234 2202 2823 039 034 0.14
1115 vaya 0.97 1.04 160 240 542 342 2012 1012. 0.89 0.75 30.09

1204 Ya¥a 1.09 0.92 80 100 334 298 1547 1999 047 041 1.60
1349 YaYa 0.95 0.98 O 101 186 181 6344 2412 035 044 221
1414 Yaya 095 099 200 188 351 3.09 7081 3583 052 0.66 0.52
1704a  vygya 1.11 1.13 -20 52 206 188 4037 6566 051 036 0.14
1704b vygoce 1.03 0.15 20 182 168 165 2121 4786 041 058 0.14
2209 Ya¥ya 1.04 1.05 500 340 415 294 9845 2943 0.63 0.63 0.28
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Conclusions

Conservative mass transfer cannot explain
the observed double white dwarfs

Unstable envelope ejection can do this

Several EE descriptions can reconstruct
observed masses and periods

VsYs andygya can in addition explain
most observed cooling-time differences
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