
Form
ationofdoublew

hite
dw

arfs
from

therm
allyunstable

progenitorsystem
s

N
atasha

Ivanova
&

R
on

Taam
(N

orthw
esternU

niversity)

�

S
ubjectofthe

interest:P
re-cataclysm

icsystem
sw

ith
“m

assive”
donors

�

M
odel:W

D
,A

M
,

M
T

�

M
asstransfer

sequences

�

S
em

i-analytic
approach

�

Z
oo

ofoutcom
es:channels



P
hysics

W
D

evolution:(H
achisu,K

ato
and

N
om

oto,1999)

�
��� �

�
��� �	�


 ��

� �

��
�� ���
�
 ��

� �� �
� �
�:

superw
ind�

W
D

doesnotbecom
ea

R
ed

G
iant:

no
C

E
form

ation

�

C
onsiderm

assaccum
ulation

on
the

W
D

during
the

stableand
unstablehydrogenburning;strong

nova
explosion

�

K
eep

track
of

the
accum

ulation
of

helium
in

the
H

e
shell:

alw
ays

unstable.S
ub

C
handrasekhar

m
assType

Ia
S

N
?

Very
narrow

range
of

��
allow

s
accum

ulation
ofH

e
w

ithoutburning

�

A
IC

:
O

+
N

e+
M

g
W

D
,

��
� �

��
 �� � �
��

N
S

form
ation

through
the

electron
capturefor

W
D� ���

��

(N
om

oto
&

K
ondo

1991).

A
M

evolution:

�

M
assloss,m

asstransfer,gravitationalradiation,m
agneticbraking.



M
assT

ransferR
ates

�

Ideology:to
find

the
responseofthe

stardue
to

the
m

asstrans-
fer

as
the

function
of

the
m

asstransferrate
and

the
tim

e-step

!"#�$ �&%
!"#�$ �� !�
�

�
“+

”:
keepsthe

starw
ithin

its
R

ochelobe
foreachtim

e-stepself-
consistentlyw

ith
the

sam
eprecisionasthe

radiusofthe
starcan

be
found.

�
“-”:

the
responsefunction

has
to

be
updatedvery

regularly;
m

assloss
rate

can
be

found
only

w
ithin

the
errorbarassoci-

ated
w

ith
the

errorbarfor
the

starradius:the
noise

increases
w

ith
the

decreaseofthe
tim

e-step.



M
assT

ransferS
equences

doublew
hite

dw
arf

�'( �

 �)
 ��

m
erger(D

D
I)

S
N

Ia/A
IC



S
em

i-analyticpicture
(P

=
1

day)

A
ssum

ed:

�

M
asslosson

the
therm

altim
e-scale

�

A
ccum

ulation
of

the
m

asson
the

W
D

as
de-

scribed

R
esults:

�

Tw
o

differentw
ays

of
D

W
D

form
ation:

rapid
and

slow
M

T
rate

�

A
ccum

ulationofH
e

in
the

shell:possibleonly
w

hen
M

T
is

low
and

occurson
the

long
tim

e-
scale:only

bottom
of

S
N

Ia
region,for

caseA
system

s?



P
=

1day
P

=
2days

�

S
N

Ia�

:�*� ��)
��

,+ �

 �
 +,

;S
N

Ia-

:�* �

 �� ��

,+ �
. /

�

C
E

: �01 �

 �)
��

, + �
�
�)
2

�

S
ub-C

hS
N

:�* �

 �

���
 ��

,+ �

 �3 /

�

A
IC

:�*� ��)
��
�
�01 �

 �. ��

,+ �

 �
 +,

�

D
W

D� :�* �

 �4 ���
 ��
�
�01 �

 �)
��

,+ �
�
�)/

�

D
W

D- :�* �

 �)

�
 �4 ��
�
�01 �

 �)
 ��

,+ �

 �

��/



R
esults

�

Type
Ia

S
N

progenitors:2
regionsw

ith
2

differentperiodsatthe
m

om
entofS

N

�

S
ub

C
handrasekharm

assType
1a

S
N

pregenitors:only
for

the
M

T
caseA

�

A
IC

:
channelto

form
low

m
assX

-ray
binariesand

N
S

-H
e

W
D

system
sw

ith
the

period
lessthan

day

�

Form
ationofC

V
s

w
ith

the
period

aboutday
and

m
ore

�

S
hortperiod

( + �
)
5)

are
form

ed
due

to
the

M
T

caseC
leadingto

the
C

E
for ��6

7 8
)
��


