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Abstract : Under the reasonable assumption that the broad blue-
shifted absorption line components observed in the spectra of
broad absorption line (BAL) quasars arise from the scattering
of line photons in a gas which is -spherically- ejected from a
central core, we show that the technique of the first order mo-
ment (W. =« S(E(X)/E _-1) (A=x15)dA) of an unsaturated P Cygni

profile can be conv%niently applied to the observations in or-
der to derive the mass-loss rates (M) of BAL quasars. For non-
relativistic flows, the relation between M and W1 is given by :
M(-MQ/year—) = -5.28 10 14viax(—km/sec—)Rq(—pc—)Wl/

3 —_
(fllez(—lo R-)A (element)n(level)),
where n(level) is the mean fractional abundance of the relevant

ion and where the other symbols have their usual meaning.

1. Introduction
When visualizing P Cygni type profiles such those observed
in the spectra of broad absorption line (BAL) quasars (see

Weymann, 1983 and Turnshek, 1983, these proceedings), we are

led to consider "at least" three different basic models in or-

der to account for the observations :

- In the first model (model I, the "disconnected" model), the
expanding absorbing gas is located far away from the emission
line region (cf. Fig. l.a). The resulting P Cygni line pro-
file that would be observed by a distant observer is then
simply given by the superposition of a broad blueshifted ab-
sorption component with a "classical" emission line (see Fig.
1.b).

- In the second model (model II, the "mixed" model), the absor-
bing gas is closely connected with the emission line region
(cf. Fig. 2.a). The corresponding P Cygni line profile re-
sults from a complex radiative interaction between the line
photons and both the emitting and absorbing gas (cf. Fig.
2.b).

- The third conceivable model (model III, the "ad-hoc" model)
consists of an absorbing region which has a very adequate
conical geometry (cf. Fig. 3.a, adapted from Fig. 4 of
Junkkarinen, 1983, Ap. J. 265, 73). The resulting P Cygni 1li-
ne profile is also a "kind"™ of superposition between a blue-
shifted broad absorption component and a "classical" emission
(see Fig. 3.Db).

Taking advantage of the general similarities existing be-
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‘tween the P Cygni line profiles observed in the spectra of early-

type stars (cf. the UV resonance line transitions) and BAL qua-
sars, and, since it seems to be well established that for the
first class of objects, models I and/or II provide a reasonable
description of the geometry -spherically symmetric- necessary to
account for the observations (cf. Castor and Lamers, 1979, Ap. J.
Suppl. 39, 481 and references therein), we show hereafter that
the first order moment (W.,) of an unsaturated P Cygni line profi-

le can be conveniently applied in order to derive mass-loss rates
(M) of BAL quasars. Let us point out that if model III would turn
out to be the correct one, there would be consequently no hope to

derive any meaningful mass-loss rate

for BAL QSOs since the va-

lue of M would depend on where the distant observer is actually
located in space with respect to the observed quasar.

obs.
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Figure 1 :
Model I (see text)

Figure 2 :
Model II (see text)

Figure 3 :
Model III (see text)

Note : In Figs. 1-3,
part (b) illustrates the
resulting P Cygni profi-
le (full line) as formed
by a mere superposition
or a complex combination
of the klueshifted ab-
sorption (dotted line)
and the "classical" e-
mission (dot-dashed

line)
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Castor, Lutz and Seaton (1981, MNRAS 194, 547) have first esta-
blished that in the framework of the Sobolev approximation (cf.
Sobolev, 1960, Moving Envelopes of Stars; transl. from Russian by
S. Gaposchkin) and for the case of optically thin lines, the first
order moment W1 of a P Cygni line profile, i.e. the quantity

W, = (c/(x

2
1 NES(EO) /EmL) (A2 ,)dN, (1)

12Vmax

.provides a good mean of deriving the mass-loss rate M of a central

object (star, QSO, etc.). Although Castor, Lutz and Seaton have
applied this technique for specific distributions of the velocity
and line opacity, it is straightforward to show (see below) that a
unique relation between W, and M actually holds, irrespective of
the types of velocity and opacity distributions.

Indeed, if the P Cygni line profile is not saturated (cf. Fig.
4.b) -i.e. the expanding envelope is optically thin to the line
radiation-, one can easily state that (neglecting for the moment
the occultation effect) the line radiation emitted from the appro-
aching and receding lobes of the envelope (see Fig. 4.a) will e-
gually contribute to the blue and red sides of the "emission" line
profile seen by a distant observer; in other words, the "emission"
line profile is a symmetric function with respect to A—Al . Deno-
ting by E bs(A)/E the profile of the absorption componen% which
arises fr8®°the sgattering of line photons in the gas just located
between the central core and the observer, Equation (1) then redu-
ces to

W= (c/(Alzvmax))ZI(EabS(A)/EC-l)(x-xlz)dx, (2)
Since
Eabs()‘)/Ec = exP(_TlZ)' (3)

where 1 2 is the line opacity and that, in the optically thin ap-
proxima%lon

exp(—le)«al—rlz, (4)

Equation (2) takes the convenient form
- 2 -

W, = (c/(xlzvmax)) frlz(x)(x Alz)dx. (5)
Adopting the Sobolev-type expression of Tyo (see Castor, 1970,
MNRAS, 149, 111)

- 2 dv
Tip = nl(ne /mc)fllez/dr, (6)

n, being the volume population of the lower atomic level of the
line transition 1+2, and with the help of the classical Doppler
relation

(x—xlz)/xlz = v/c, (7)
Expression (5) can be then reduced to
- 2 2 max
Wl (ne /mc)fllez/vmaxé nlvdr. (8)
q
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Defining the fractional abundance n(level) of an ion in the lo-
wer atomic level 1 by

n(level) = nl/N(element), (9)

where N(element) is the total number density of the given element
which has an abundance

A (element) = N(element) /N (10)

tot’
N ot representing the total nucleon density at a distance r, it is
s%raightforward to combine Equation (8) with the expression of the
mass-loss rate

. 2 -
M = -4Ir YN G TM g (11)
to finally obtain
- 2 T (1 e -
W, = (Te /mc)fllezA(element)Mn(level)(l/Lmax 1)/ (12)
2

(4TTM R ),

v
amu max g
where T is the mean atomic weight of the nuclei in the flow, M

. : amu
the unit of atomic mass and

L
max

n(level) = max
1

L
n(level)d(1/L) /S d(1/L), (13)
1

L representing the dimensionless distance to the central core (Rq)
L =1xr/R_. (14)
q

This short demonstration has led to the expected result (see
Equation (12)) : there exists a unique relation between M and W.,
irrespective of any choice for the velocity and/or opacity dis-
tributions. Furthermore, if one takes into account the "occulta-
tion" effect, detailed calculations (see Surdej, 1982, Astrophy-
sics and Sp. Science 88, 31 and Surdej, 1983, Astrophysics and
Sp. Science 90, 299) show that the following relation

M(-MG/year—) = -5.28 10—14viax(—km/sec-)Rq(—pc-)Wl/ )
(fllez(-1033—)A(element)ﬁ(level)),
where L L
max » max
f(level) = S (W(L)-1)n(level)d(1/L) /s (W(L)=-1)d(1/L),
1 1
(16)

with

W(L) = 0.5(1—M1-(1/L2)), (17)

being the geometrical dilution factor, applies very generally
since it is independent of :

- the velocity field v(r) i.e. matter needs not being ejec-
- the opacity distribution =1 }' ted in a continuous flow !
- the collisional excitation parameter e
- a possible rotation of the expanding atmosphere
- the presence of an underlying photospheric absorption line
(AM/M £20%) and similarly of an underlying "emission" line
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Figure 4 : The different geometrical regions of the expanding
atmosphere from which (red- and blue- shifted) emission and
absorption of line radiation contribute to the formation of a
P Cygni line profile (see part (b)) are represented in part (a)
of this illustration

(cf. model II)

-~ the multiplet structure of a resonance line transition

- the existence of a strong limb darkening law of the central
core

- the Sobolev approximation used for handling the transfer of
line radiation.

It is without saying that for the case of a BAL quasar, the
first order moment W, is to be calculated after reduction of
the observations (P &ygni line profile) into the rest frame of
the QSoO.

We intend to investigate in the near future the correction(s)
-if any- which should be applied to Equation (15) for the case
of relativistic flows.
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