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Momentum transfer

from photons to metals

via scattering

in spectral lines

plus

Momentum transfer

from metal ions to H/He
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Coulomb collisions
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History of radiation-driven
stellar winds

stars with very broad
Wolf & Rayet || 1867 spectral lines
: new plasma instability
Milne 1926 in solar chromosphere
Beals 1929 broad emission lines
from W-R stars
form in continuous
Chandrasekhar ]934 outflow = wind
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Parker 1958 hydrodynamic (!)
outflow from sun
P Cygni line profiles
Morton 1967 from O stars
LUC)’ 1970 stationary theory
of line-radiation
CAK 1975 driven winds
Cannon 1973 Accelerated Lambda
Scharmer 1981 .
Iteration = ALI
Hamann 1985 for radiative transfer
Werner 1985
::Eznn Full radiative transfer +
SEN— | 986- || nonLTE wind models
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Quasar winds
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The minimum formalism
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2. Zero sound speed

3. Sobolev approximation
4. CAK line distribution
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why does wind prefer unique critical solution
over infinite variety of breeze solutions!?

CAK critical point is to Abbott waves,
what sonic point is to sound waves: information barrier

Strange dispersion of Abbott waves accelerates wind
till CAK solution is reached
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Integral equation for source function
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© where [f] = ;. - fier. for any function f(x,t)

©® v = v(x,t) is wind velocity
© U is kink speed
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Semi-analytic wind model Feldmeier & Shlosman 1999, Ap|
Feldmeier et al. 1999, Ap]
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Magnetic winds: Blandford & Payne (1982)
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From their definitions according to Egs. (19) and (20),
one can casily deduce recurrence relationships for 7, and 7',
given by

T.=(L-m"-'L"g) - E (L ='M"T, _,,

nzl, (22)
- n—2 =
T, = ((L 7 '"M)"){¥) — > (L="WONT,_,
=2

nx3. (23)
These recurrence relationships are initiated by the explicit
n = 2 expressions
= (LML "'q), To=(L "ML 'M)(¥). (24)
From these recurrence relationships one can prove, by in-
duction, that T and T, can be written in explicit form as

T. = za..((L “IMPY (L MY - (L 'MYL ~'g),
i
n>2, 25)
T, = 3 a,((L ="M )((L "M} - (L ~"MY"}¥),

nz2. (26)

The powers p;, can assume any non-negative integer values
subject to the constraint

Prtprttp=m, (27)
wherem = n — 1 for Eq. (25) and m = n for Eq. (26). The
sum over i in Egs. (25) and (26) is over all possible combi-
nations for the powers p,, and a, = + 1 for an odd number
of terms in the product involving ensemble averaged opera-
tors, and @, = — | for an even number of terms. As an ex-
plicit example, we have

Ty = (L "ML ~'g) — (L "M} ((L ~'MPL ~'q)

— (L ~'M)")(L ‘ML '), (28)
To= (L "M )W) — (L 7'M (L M) (W)
— (L "ML MY (W). (29)

To proceed, we define the nth-order spatial correlations ac-
oording to

N (18, ) = (M (5)M(s,) - M(s,_,)q(s,)), (30)
and
N, (S, ) = (M(s,)M(s,) = M(s, _, )M(s,)),  (31)

and, in analogy to Eq. (4), we define 7, as the optical depth
corresponding to a distance s, i.e.,

i f ds'o(s'). (32)
0

In terms of these definitions, we can write, using Eq. (15) for
I-

L?,=f¢,f'ds,--.f' “ds,_,
0 [d] 0

Xexp[ — ({7} = (7,_)}]

A

xza,[ﬁ,,‘ﬁrm N, N1 (33)
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and x. The probability of exactly  transitions from state A in
a distance 5 — x is given by

P=G,(s—x)—-G,,,(s—x). (95)
Thus we may express the distribution for S(s) as

P[B(s) <x] = i H,(0)[G,(s—x)—G,,,(s—x)].
nw0
(96)
In a similar fashion, we can deduce the distribution for a(s)
as
Pla(s) <x] = i G, (x)[H,(s=x)-H,, ,(s~x)].
n=0
(97)

Now, it is known'? that the sum of n identically distributed
exponential random variables with parameter 1/4 is given
by a gamma distribution with parameters n and 1/4. Thus
we have in our case

x 7 n—1 ,— X7,
G.(x)=f O tdad 2 e PP
0

Ap(n— 1)
'/:l )nfl — /g
H, dy ————— | n31l. 99
l= .r A, (- D A Fekl
From Eqs. (88), (98), and (99) we deduce
G,(s—x)—G,,  ,(s—x)
I (s=x\" ~ts—mr2
=—— A 0,
nl( An )e o
H(s—x)—H, (s—x)
__l(s—x)"e ()—:)/Aa, 'l>0. (100)
Ay

Thus P[B(s) <x], given by Eq. (96), becomes

PlB(s) <x] =e” © - X)/ha {1 +(: _i:)m

- piAy 12
o I (s —x)y ”
XI: y yuz l[ '{ /ln
(101)

where we have recognized the Taylor series expansion for
the modified Bessel function as

- Es (2/2)2r+ ]
L@ S e L2

A similar result is found for P[a(s) < x]. Using the fact that
P[B(s) >x] =1 — P[B(s) < x] and inserting these results
into Eq. (93) gives the cumulative distribution function in
the optical depths range ogs <7 <o, s as

{uw)'"?
F(r,s) =p, [I—e"'[l+2j dx I,(2x)e "”"”
0

{uw)*?
+ Py e“"l +2f dxll(zx)e-"/"] :
(]

TpS<T <TLS, (103)
where we have defined

u=_1_(__1'—0’33); u=_l__(____0‘s_7)' (104)
Ap \ox —0y Ap \O\ — 0y
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Fig. 6. Global thermal instability oscillations for o« = — 1,2 at

resolutions Res = 30 (resolved: left panel) and Res = X {collapsed
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... and its model realization
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