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Common envelopes
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Observed double white dwarfs
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Common envelopes
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Observed double white dwarfs

System Pory @ M [ q2 At
(d) (Re)  (Mg) (Mo) (Mg /My) (Myr)

WD 0135052 1.556 5.63 052+ 005 047+0.05 0.90+0.04 350
WD 0136+768 1.407 4.99 0.37 0.47 1.26 £ 0.03 450
WD 0957-666 0.061 0.58 0.32 0.37 1.13£0.02 325
WD 1101+364 0.145 0.99 0.33 0.29 0.87 £ 0.03 215
PG 1115+116 30.09 46.9 0.7 0.7 0.84 £ 0.21 160
WD 1204+450 1.603 574 0.52 0.46 0.87 £0.03 80

WD 1349+144 2.209 6.59 0.44 0.44 1.26 £0.05 —

HE 1414-0848 0.518 293 0.55+0.03 0.71+£0.03 1.28+0.03 200
WD 1704+481a 0.145 114 056+ 0.07 0.39+0.05 0.70+0.03 -20@
HE 2209-1444 0.277 1.88 0.58+0.08 0.58+0.03 1.00+0.12 500

2 Unclear which white dwarf is older

See references in: Maxted et al., 2002 and Nelemans & Tout, 2005. @
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Common envelope

@ Average orbital separation:
o 7 R@

@ Typical progenitor:
(] Mc Z 0.3 M@
e R. ~ 100 R,

100 R
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Common envelope




Common envelopes
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Envelope ejection

@ Classical a-common envelope (spiral-in):
e orbital energy is used to expel envelope (Webbink, 1984):

GM]f Mz _ GMli M2
2ar 2a

Ubind = QCE

@ «acg is the common-envelope efficiency parameter

@ ~-envelope ejection (EE, spiral-in not necessary):

o envelope ejection with angular-momentum balance
(Nelemans et al., 2000):

J - My — Mg

Ji - M + M,

@ ~cg =~ 1.5 s the efficiency parameter NORTHWESTERN

UNIVERSITY



Common envelopes
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Envelope ejection

@ Envelope ejection occurs much faster than nuclear
evolution, hence:

@ core mass does not grow during envelope ejection

@ no accretion by companion during envelope ejection

From Eggleton models:

@ White-dwarf mass fixes evolutionary state of progenitor
@ Giant radius determines orbital period of progenitor

@ Envelope binding energy dictates what acg is needed
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Progenitor models
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Progenitor models
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Progenitor models
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Progenitor models
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Progenitor models
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Progenitor models

50

48

log (AUb,e) (erg)

46

44

Envelope Uying
provides ace

RGB
AGB

NORTHWESTERN
UNIVERSITY



Reverse evolution

Evolutionary scenarios

Stable + unstable Unstable + unstable

MS + MS MS + MS
| Stable M.T. (cons.) | | Unstable M.T. (v-EE) |
WD + MS WD + MS
| Unstable M.T. («-CE) | | Unstable M.T. (o, v-EE) |
WD + WD WD + WD

v
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Reverse evolution

Confusogram
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Reverse evolution
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a-CE results
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Reverse evolution
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a-CE results

A Accept cases
1 with:
1 0.1<ae<10

EE 1 Introduce errors
- 1 in observed
2 1 masses:

1 +0.05M,
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Reverse evolution
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Conservative first mass transfer
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Reverse evolution
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Conservative first mass transfer
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Reverse evolution
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Conservative mass transfer: M, P
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Reverse evolution
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Conservative mass transfer: q, At
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Reverse evolution
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Conclusions

Conservative MT:

@ More accurate models change «-CE only slightly

@ After stable mass transfer, white-dwarf primaries have too
low mass and too long orbital periods

@ We can reproduce perhaps 1—4 out of 10 systems, all with
Qe > 1.6

@ Conservative mass transfer cannot explain the
observed double white dwarfs
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Reverse evolution
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Angular-momentum balance

@ Average specific angular momentum of the system:

J—dk _  Mi — My
Ji " Mo,

b=k M exp<M1f - My

A
- /a
Ji Mo ¢

@ Specific angular momentum of the donor:

J— ko Mi — My My
Ji / Mo My
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Reverse evolution
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Models

@ Number of progenitor models:
o 10+1 observed systems
e 199 progenitor models in our grid
e 11 variations in observed mass: —0.05, —0.04, ..., +0.05 Mg
o total: 11 x 11 x 31% n ~ 2.4 million

@ Filters:
o dynamical MT: R, > Rgeg and @ > Qui
@ age: 71 <12 < 13Gyr
o EE-parameter: 0.1 < e,y < 10

@ Candidate progenitors left: ~ 204 000
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Reverse evolution
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Results for ~, + o
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Reverse evolution
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Results for 74 + 7,
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Reverse evolution
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Results: overview

Select systems with: @ 1.46 <, <1.79
00.8<ace<1.2 °Og<7a,d<11

System 1! ysace 2! %Y 3 Yalce 4 VaVa 5 Vaoee 6:7vav. Best:

0135 - ¥ + - - + 2356
0136 + + + + + +  1-6
0957 + + - + + + 12456
1101 + + + - + + 12356
1115 + + + + + +  1-6
1204 - + + + - +  2-6
1349 + + + + + +  1-6
1414 - + - + - + 246
17042+ + - - - 12
17040 + + —~ + + + 12456
2209 + + - - + + 1,256

+: a, v withinrange, —: «, y outside range NORTHWESTERN
'UNIVERSITY



Reverse evolution
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Results: overview

Select systems with: @ 1.46 <, < 1.79

Q@ 08<ae<12 @ 09<va< 11

System  1:vace 2%y 3 YaQee 4l YaYa 5l Yaee 6:7ava Best:

0135 /= 4/~ +/~ /- 4/~ 4/~ 23586
0136 +/+  +/+  +/~ H/~ 4H/+ +/+ 1,256
0957 +/+  +/+ /= +/=  +/+ +/+ 1256
1101 +/~ +/- +/- /= +/~ +/~ 156
1115 +/~  +/+  +/~  +/~ +/+ +/+ 256
1204 —/= /= /= /= /= H/+

1349 +/+  +/+ A+ /A A+

1414 A S S R S Y S A

17042 +/— 4/~ /= /- /- /-

17040 +/—  +/—  —/—  +/—  +/= +/-

2209 +/+ 4+ /- /= 4/~ H/+

+: «, v withinrange, —: «, ~ outside range

NORTHWESTERN
1 A(AD) < 50%, ~:50% < A(Af) < 500%, —: A(Af) > 500% UNIVERSITY



Reverse evolution
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Results: example solution

Y4 = 0.96 —

Yo =1.05 —

AT = 450 Myr —

WD 0136+768

Age (Gyr) M, (Mg) M,(Mo)

0.000

1.940

1.940

2.390

2.540

1.70 @@ 1.59

1.70 O@ 1.59
0.37 i 0.46

Porb(d)

106.10

106.10

371.40

371.40

1.41



Reverse evolution
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Results: solutions

WD Mthd Y1 Y2, AT/Myr Mli MZi Pl Pm le sz Pf
Qlced obs mdl M@ M@ d d M@ M@ d

0135 Y4ya 1.11 094 350 118 3.30 290 36.28 41.10 0.47 042 1.56
0136 Yava 096 1.05 450 450 1.70 1.59 106.1 3714 0.37 046 1.41
0957 Yava 1.00 1.01 325 317 198 1.83 26.17 79.26 0.33 0.37 0.06
1101 vaya 1.10 098 215 322 2.87 234 22.02 2823 0.39 0.34 0.14
1115 vaya 0.97 1.04 160 240 5.42 342 201.2 1012. 0.89 0.75 30.09

1204 Yaya 1.09 092 80 100 3.34 298 15.47 19.99 047 041 1.60
1349 Yav. 095 0.98 0 101 1.86 1.81 63.44 2412 035 044 221
1414 Y4ya 095 099 200 188 3.51 3.09 70.81 358.3 0.52 0.66 0.52
1704a  ~4v. 1.11 113 -20 52 2.06 1.88 40.37 65.66 0.51 0.36 0.14
1704b  ~qaee 1.03 0.15 20 182 1.68 1.65 2121 4786 041 058 0.14
2209 vava 1.04 1.05 500 340 4.15 294 98.45 2943 0.63 0.63 0.28
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Reverse evolution
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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

@ s and 47, can in addition explain most observed
cooling-age differences
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Future work

Future work

Population-synthesis code

@ Based on grid of single-star models with Eggleton code

@ Models provide M., R, Uying
@ Stellar wind, tidal coupling included

@ Used for modelling binary mergers due to CE spiral-in
(Politano et al., 2008)

@ Second common-envelope phase implemented to study
formation of double white dwarfs
@ Need to:

@ include naked helium-star models ‘
@ include more physics, e.g. magnetic braking STERN




Future work

Future work

@ Study effect of e.g.:

o different «/~-prescriptions
@ wind mass loss
@ angular-momentum loss

@ on formation of e.g.:

double white dwarfs

He star/white dwarf binaries
AM CVns

CVs

®© 6 o ¢
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