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Abstract. A sub-relativistic, thermal wind-type flow could rep-(IUE) (Ulrich[1988), the Hopkins Ultraviolet Telescope (HUT)
resent the physical connection between the central engine and, in the last years, the Hubble Space Telescope (HST), have
other observed components of the central region, such as shewn the presence of UV absorption lines blue-shifted with re-
Broad Line Region (BLR) and X-ray/UV absorbers. spectto the corresponding broad emission lines, in the spectra of
Observational clues as to the existence of such outflowsamumber of Seyfert 1s, indicating outflow of the absorbing gas
radio-quiet Active Galactic Nuclei (AGNs) are provided, fo(Crenshaw et al. 1999). This looks like the analogue of the much
instance, by blue shifted absorption lines in Seyferts and Broadre remarkable and observationally well known phenomenon
Absorption Line Quasi Stellar Objects (BAL QSOs). of broad absorption lines observed in 10-15% of QSOs (BAL
We study a model for wind-type flows in Seyfert 1s and eX@S0s), characterized by a conspicuous blue-shift with respect
plore the physical conditions of the outflowing gas, taking into the emission lines, implying much larger outflow velocity
account explicitly both heating and cooling processes, inclu@deymann et al. 1997, Stocke etlal. 1994, Turnshek!1995). In-
ing Compton interaction with radiation. A distributed heatindeed, UV absorbers seem to be a more general property of lower
source along the wind way turns out to be necessary for thisninosity objects, such as Seyfert 1s, since blue-shifted UV ab-
nuclear wind existence and restrictions on physical parametsosption features are observed~n50 <+ 70% of the AGNs of
to obtain a reasonable wind model in the AGN context are idethis class. Also, recent work (Crenshaw et al. 1999) suggests
tified; we also allow for externally originated mass loading dhat, at least for Seyfert nuclei, there is a one-to-one correspon-
the wind. dence between the objects that show intrinsic UV-absorption
from outflowing material and X-ray “warm absorbers”, thus
Key words: hydrodynamics — plasmas —radiation mechanisnmshowing that these two phenomena could be correlated. There
thermal — galaxies: active — galaxies: Seyfert have been suggestions and attempts to relate UV and X-ray ab-
sorbers, possibly identifying them with a single component of
the AGN structure (see for example Mathur 1997; Mathur et
) al.[1995; Mathur et al. 1997). Although we could still reason-
1. Introduction ably imagine a connection between UV and X-ray absorption,

Basic ingredients of the AGN complex phenomenology are uficent observations have shown that, with high spectral reso-
versally accepted to be a central supermassive black hole &#pn, multiple velocity components appear in UV absorption
mass accretion on it. In fact, another component seems to d&athur et all’I999; Crenshaw et/al. 1999), thus indicating that
general property of the physics of these objects, that is the exfi€ physical picture of AGN absorbers may be more compli-
tence of mass and energy outflows from the central region (Lai%ted and the search for the identification of a single absorbing
1996, Blandford 1993, Ulrich 1988). They appear as stronghfuctural component can be an oversimplification of the real
collimated, high velocity (even relativistic in many cases) jefdructure (George et al. 1998).

in radio-loud objects, where they can represent the most im- UV absorbers are in general modeled with outflowing
portant element both from the observational point of view arfddmpy material embedded in a background medium, whose
for what regards the theoretical explanation of the nuclear dglationship with the absorbing clumps is not yet unequivocally
tivity (Blandford [1994, Zensus 1906, Laifng 1996), typicallfletermined. We refer to de Kool (1897) for a review of dynam-
with non-thermal mechanisms dominating. On the other harégl models of UV absorbing gas and the problems to be solved
radio-quiet AGNs also show clear indications for the presentieboth Seyferts and QSOs. Indeed, a series of physical reasons
of generally sub-relativistic outflows from the central zone (Urequires the clumpy UV absorbing material to be basically co-
rich (1988, Stocke et &l 1994, Crenshaw efal. 1999, TurnsHBRVING with a surrounding medium, although it is a matter of
1988, Turnshek 1995, Weymann efal. 1997), both for Seyfer{jgbate whether the absorbers can be thermally confined by this
objects, and for more luminous and distant QSOs. In particul@ckground outflow and what is the origin of the clumps (in-
UV observations, from the International Ultraviolet Exploreptabilities developing in the background wind or injected and
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dragged along clouds). It is not our present aim to model tfa a sort of analogy with the solar corona, the existence of a hot
details of the relationship between the UV absorbing mater@hsma wind, possibly emerging from the coronal region itself,
and the surrounding medium, however the presence of thesems to be justified from a theoretical point of view as well (see
outflowing absorbers in radio-quiet AGNs, together with thisiang & Price[1977); in fact, within this framework, some of
physical necessity that they are comoving with ambient matee coronal plasma could be accelerated in a hot wind-type flow
rial, is an indication for the existence of global outflows in thega, still within the analogy with solar-stellar coronae, the origin
AGN classes, and it motivates our present research for a bettewind-type outflowing gas could be expected to be related to
understanding of the possible physical structure and charactbe expansion of part of the hot coronal gas, as first suggested
istics of a global outflow, presumably originating in the verfor accretion disk coronae by Liang & Price (1977).
central regions and expanding out to large distances as a kindOur specific aim in the present paper is then to investigate
of background/connection for the various more observationayd identify the physical hypotheses and conditions that allow a
noticeable components of the AGN structure. This wind couldind-type solution to exist, by solving the appropriate hydrody-
have an important role in defining a physical connection underamical equations in which we take into account the heating and
lying the various components of the AGN structure that can beoling processes relevantto the problem, and include Compton
identified by interpreting observations. interaction of the wind plasma with the ionizing UV-X-ray radi-
To this regard, it will be necessary to account for the relatiation field centrally generated; we look for an outflow solution
of the wind with another phenomenologically quite distinctiveshose physical properties are “acceptable” within the general
component of AGNs, namely the BLR, whose modeling alsoA8GN scenario and range of expected physical parameters for
a matter of debate; in fact, the presence of a wind-type outflphasma in Active Nuclei.
as a surrounding medium for the broad line region cloud-like Various authors have already analyzed some aspects of
structures can have an influence on their physical modeling veiad-type outflows in AGNs, but in general referring to very
we briefly outline in the following. Two scenarios that could bepecific regions or distance scales; Weymann €t al. (1982) have
explored are the following: a) BLR interpreted like a region iproposed a hot plasma wind aiming to confine BLR clouds,
which a large number of small clouds emits the observed lindsit they were interested in radit, 10'” ¢cm, and also they did
broadened by the cloud motions; these clouds could be contiwt take Compton interactions into account directly. Raine &
uously created by the development of local condensations@fReilly (I993) also discussed a hydrodynamic wind model,
a thermal-type instability of the wind, localized in the regiobut, again they did not take into account the regions closer to
of interest; b) broad lines emitted by winds or expanding ethe central black hole. Several other models have been put for-
velopes of giant stars (“bloated star” model, see Alexanderard in the last years, trying to connect with the BLR (see for
Netzer”I994): in this case, the interaction between the AGMample the magnetically supported model of Emmering et al.
wind from the central region and the expanding envelopes m{@&¥#92) or Chiang & Murray 1996) or the BAL region (Murray
be analysed. This topic will be treated extensively in a fortiet al. 1995). Also, recently some authors have started working
coming paper, whereas here we just briefly mention the main solutions envisaging both an advection-dominated disk-like
issues. Recent observational work (see Wandel et all 1999 arftbw and an associated outflow, carrying away mass, angular
references therein) as shown that broad line emitting cloud-likeomentum, and energy (see Blandford & Begelinan 1999).
structures should be preferentially characterized by keplerian Indeed, the AGN context offers quite a complex situation to
motion, so that the interaction of such motions with the supe studied, and in general special limits have been studied. It
rounding wind gas must be studied. Indeed, if the backgrouisdour present purpose to try to solve the wind problem for the
medium is outflowing and the “clouds” have keplerian motionspecific physical environment of the central region of a radio
a “drag force problem” does exist (Koridta 1999, Mathews §uiet AGN, accounting for the known physical mechanisms at
Ferland 1987) and the “clouds” must be somehow continuousiprk in a simplified but as complete as possible way. This also
replenished: this would point to the choice of a “bloated starimplies that we have to study this wind-type outflow on a very
like scenario for BLR modeling. As a consequence, the analysigended range of distances from the central black hole, which
of nuclear outflows can help to define some limitations to BLBan be rather difficult in principle.
models. As a matter of fact, we restrict our attention to a range of
Moreover, within the accepted scenario for AGN descripgminosities identifying typical Seyfert 1 parameters, so that we
tion, in which an accretion disk is thought to be feeding the celook for a model wind endowed with terminal velocities< <
tral black hole, the existence of a hot, tenuous “corona” aroundtypically < 10°kms™!, as it is inferred from blueshifted
the central part of the disk is expected, as an effect of dissipatidi absorption lines observed in Seyferts (Mathur et al. 1995,
of accretion energy in the rarefied, “peripheral” regions, mohathur et al[ 1997, Crenshaw & Kraenier 1999, Crenshaw et
distant from the equatorial plane of the disk itself. The hot corat.[1999), and we are not trying at present to specifically model
nal gas is believed to be substantially responsible for the X-rBAL QSOs outflows, that can be much faster.
emission from these AGNs reproducing the main properties of Finally, we would like to stress that the aim of the present
the observed hard-X-ray continuum (see, for example, Haardivork is essentially to construct a consistent hydrodynamical
Maraschi 1993, Haardt et al. 1994). The specific physics of tmsdel for a basic outflow that can in principle be applied to
coronal region is not very well established. However, allowinfpe AGN context and can represent a kind of physical connec-
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tion for the various phenomenological components of the AG&ffect on the central radiation field itself due to Compton inter-
structure, identified from the observations. We defer a detailadtions along the wind flow.
exploration and analysis of the relation with these other com- In fact, what we assume is that the radiation field that il-
ponents of the AGN to forthcoming papers. luminates the wind is basically unchanged, along the wind
The outline of the paper is the following. We summarize thend emerging from the nuclear region, by the presence of
characteristics we require to be fulfilled for the wind to be botiie wind itself, neither because of its interaction with the
physically consistent and viable to describe a global outflgplasma electrons, nor because of the hot wind plasma emis-
in the central regions of radio-quiet AGNs in Sect. 2. The baion by bremsstrahlung, that, consistently, turns out to be neg-
sic hydrodynamical equations governing the outflow are givéigible with respect to the central source luminosity.
in Sect. 3. Sect. 4 is devoted to the detailed description of the The issue above refer to requests that are due not only to
various heating and cooling terms we account for in the energyr choice of a schematic treatment of the problem, but also
balance equation. We collect in Sect.5 some qualitative caely on the idea that substantial contribution to the high energy
siderations on AGN winds, and in Sect. 6 the problem is setriadiation field preferentially comes from the inner region of
the form of wind equations and critical point definition. Sincthe AGN. Moreover, we stress that these requirements refer
relativistic corrections can be significant for the energy equ- the tenuous wind as a background medium, and not to the
tion of a sub-relativistically outflowing thermal plasma so hatenser phenomenological components identified as BLR and
that electron temperatures in its internal region can be traostflowing UV absorbers.
relativistic or definitely relativistic, such corrections are take ) . L .
into account and described in Sect. 7. In Sect. 8 we summa%e-rhe flow velocity mu;t be in sup—relguwsnc regime/{ <
the results of our computations and the properties of our mo& | SINCe we are referring to radio-quiet AGNS (Seyfer§ 13)
wind-type outflow, both for models characterized by consta) wh|gh ho extreme phenomenology, suggestive of relativistic
mass flux and for mass entraining winds; finally, Sect. 9 is déQWS’ is observed.

voted to the discussion of these properties and a few considgy-we expect the wind total mass flug/,, to be much
ations and physical speculations referring to the specific AGblver than the critical (Eddington) accretion ratéfy =
context, namely to the relation between the wind and the BLR: 44/ (nc?) [wherer is the black hole accretion efficiency and
and the wind and the UV absorbers, to be more extensivlis  ~ 0.1 (Krolik 1999)], for a given central black hole mass:

studied in future work. M, < Mg. Actually M, should be < M,c.., the accretion
mass flux, and, therefore, we can reasonably suppose it to be

2. AGN wind properties much lower than the critical value of the accretion mass flux
itself.

In this section we explicitly describe and discuss the main as- The requirements above both characterize AGN environ-
sumptions, approximations and requirements we want a Winfent and guarantee the consistency of the chosen treatment
type flow to fulfill to be descriptive, even though schematicallyng astrophysical description of the AGN wind problem; on the
of our astrophysical problem. other hand, their fulfillment ends up to strongly characterize the
As for the geometry of the wind, we might expect a win@ytcoming model wind as a hot and very tenuous one, especially
that does not cover the wholer solid angle, at least not onin the external regions, as it will be discussed in the following
every scale of distance (for example in the region in which a@ctions.
“obscuring” torus is present, we can imagine the wind surviving e also have to require that the wind solutions we obtain
only in the “open” solid angle region, thus acquiring a cone-likghow a “regular” behaviour all along the range of distances
geometry). However, as for symmetry properties, it is reasqRyolved, i.e. that the various physical quantities turn out to be
able to simplify the wind description by assuming a sphericghn-diverging, so as to properly represent a physical solution for
geometry and symmetry in any case, thus implying that all thes outflow. In fact, diverging physical quantities would imply
relevant physical quantities only depend on the radial coorgliat the chosen starting hypotheses do not lead to a physical
nater, identifying the distance from the central black hole, anghngition existing in nature for the AGN wind; on the contrary, if
that the wind velocity is essentially radial. arange of parameters is found, corresponding to which a regular
There are some general properties and requisites that ¥fution is obtained, the assumed framework can be analysed
ask to be verified for a wind-type outflow in an Active Galactigg possibly representative of the physics of the AGN wind.
Nucleus to be modeled in a simple way. Especially important is then the identification and the de-
1) The wind gas must be such that its total optical depth to phailed treatment of relevant radiative losses, and of energy de-
ton scattering is < 1: this is a necessary condition so as ngiosition and loss mechanisms for the wind plasma, including the
to have to account for modifications in the spectrum and einteraction of the plasma itself with the central source radiation
ergy content of the central radiation field (illuminating the winéleld, through Compton processes. Thus, heating sources for the
plasma) through Compton thick interactions; also, and substémermal wind plasma and their radial distance dependence have
tially in other words, the power exchanged through Comptaa be included in the wind description. Our present choice is to
interaction must be negligible with respect to the total luminoaecount for the known sources of heating and momentum depo-
ity of the radiation field, so that we can neglect any significasition, and of cooling mechanisms with a physically consistent
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description and, on the other hand, to try to suitably parametso-that

ize an additional heating function contribution, so as to obtain

a physically reasonable solution for the wind equations (sge‘ (pv) =
Sect. 4).

(1/r2)d(r?pv) /dr = A’ /7.

Of course, when the mass flux is constant, and there are thus
_ . . no mass sources in the wind, we hate= 0 and all the terms
3. Hydrodynamical equations for a wind-type flow multiplied by A’ in momentum equation and energy equation

We are dealing with a wind-type outflow, implying that we arg.isappear. Onthe contrary, those terms are intrinsic to the deriva-

assuming stationarity of the flow as a physically reasonable &1 Of Zydrpdynamlc equations in casel there |fs mas;,s Input in
proximation; this may be effectively realized since the dynarHi€ Wind (Bittencourt 1988). For an analogous formulation see

ical crossing time of the wind region we are interested in (thﬁl_so David et f"‘l' 1987; notice, however, that, d'ﬁefe”_“Y from
can be estimated as R/v ~ R/c,, beingR the length scale this last work, in our treatment we do not account explicitly for

for the region ana the order of magnitude of the flow velocity,energy gain-loss to the wind due to the input of mass in the wind

that is approximately the sound speeglis always significantly itself, since at this level we have no specific information about

shorter than any reasonable estimate of the duration of the aciytheérmal properties of the input material; instead, we suppose
phase of the AGN galaxy (see Krolik & Vrtilék 1984). that possible energy exchanges due to mass loading of the wind

The description we choose for the problem is a purely h an be implicitly accounted for by a parameterized heating rate

drodynamical one, thus totally neglecting any magnetic fiefd+ thatis discussed in the following, in Sect. 4.4.

dynamical influence. Also, as mentioned in Sect. 2, we assume In momentum equation (M is the mass of the central
thatthe wind is basically radial, and it can be described in sphetiack hole, and

cal symmetry, that s, i§ is the generic scalar physical quantity,/, ., _ por Frag I

we havedg/0¢ = 0g/06 = 0. Moreover, since the relevant™ . — mip c +H /e ()
force terms in momentum equation are radial (pressure gradi-

ent, gravitational force, radiation force due to the radiation fiefgPresents the total momentum deposition rate, that we have
of the central, point-like considered, source), the outflow velow/itten in a general form as the sum of two distinct contribut-

ity turns out to be purely radiabf = v). ing terms. The first term on the right hand side represents ra-
The starting equations are thus the usual stationary hydféation pressure effects, that is radiation force density (force
dynamical equations: per unit volume)fi.a = porFraa/(mpc), whereFr,q in our

problem is the radial and only non-vanishing component of the

2 .
ripo = Alr), (1) radiation flux vectof,.q. In our approximation, it is simply
pvﬁ _ _dp pGMBH n Hyor Ué’ @) Fraa/c=Praa = Lo/ (4mr2¢); in the following, we writef,aq
dr dr r2 c 72 with a notation similar to the other possible momentum depo-
d 2 . . .
o vod (p\ _ _%A(T) +H.( = /) sition term, defining
vy —1dr \ p? mi
_ pUTFrad
+HComp - LComp + Hiaa = m )
)
A (02 7P _ o
2\ -1 o) (3)  which has the same physical dimensions as an energy exchange
) rate per unit volume, so that in general we can write
together with
pkT (4) Htot/c = (Hrad + H*)/C (6)
p= .
mupp We allow for a second momentum deposition tedi (c) rep-

In the following we define explicitly the notations used antesenting the possible contribution due to the fraction of energy
we describe the meaning of the various terms appearing in gian that goes directly into bulk kinetic energy, when the en-
equations. ergy deposition ratéd, (dimensionally energy per unit time

Eq. (1) is the steady state continuity equation, genericafdgr unit volume and explicitly described in the following sec-
written so as to allow for the possibility of inclusion of mas$ion) comes from a heating mechanism due to the interaction of
sources along the wind{(r) is a mass flux per steradiant, andhe wind thermal plasma with a population of radially directed
can be expressed ar) = Ag fm(r), with Ay a dimensional relativistic particles injected in the wind at its base, in princi-
constant and the non-dimensional functjan(r) that takes into ple similarly to the case examined in Weymann et al. 1982 (see
account the dependence of the mass flux on radial distance fraisp Begelman et dl. 1991). We have formally taken into ac-
the central black hole, thus allowing for a mass source along twunt this contribution to allow for the possibility of such an
wind. In the simple case of no mass sources along the Wwand, energy deposition mechanism and in that case, the actual en-

constant mass flux for the outflow, we hafig(r) = const. = ergy deposition rate if, (1 — v/c), as it appears in our energy

1. Also, we have defined equation [Eq. (3)]. Indeed, this can be considered as a limit sit-
dA uation, but other physical mechanisms depositing heat are to

Al=A(r) = ar’ some degree likely to transfer some momentum to the flow (see
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Esser at al. 1997), although possibly less efficiently and withaations with radiation field photons would much more rapidly
more complex relation between the energy deposition rate aarl substantially deplete the relativistic electron population of
the corresponding momentum deposition rate. The other lirtg energy, eventually going into the radiation field itself. Thus,
condition is that in which no momentum deposition is assoa the one hand Compton losses would be the agent of a rapid
ated with the heating process, and in that case the second tewiution of the energy distribution function of a non-thermal
in momentum deposition rate [Eq. (5) or (6)] vanishes and tihelativistic component, and on the other hand they would ren-
factor (1 — v/c), multiplying H.. in Eq. (3), reduces to unity. der the contribution to the heating of thermal wind plasma due
In the following, we build up models corresponding to the twto collisional interaction with the injected relativistic electrons
limit conditions identified above. essentially negligible, even at the wind base. Comparing the
Eq. (4) is the equation of state for the wind gas, that wenergy loss rate for Compton interactions and that for colli-
suppose a pure = 5/3 hydrogen gas; in general, for the typicabional interactions, this is substantially true over the whole en-
solutions we obtain, the temperature turns out to be quite higingy range (down to Lorentz factoys~ 1) of the non-thermal
so that the gas is essentially completely ionized, and we gampulation energy distribution, for the conditions we would ex-
safely assumg = 1/2. pectin aradio-quiet AGN. Therefore, contrary to the previously
cited works, we have chosen to neglect this heating source for
the wind plasma as both implausible, in the present context, and,
especially, ineffective.
We now describe the meaning and origin of the energy gain and
loss terms appearing on_the right side of the energy Eq. (3). 4.2. Radiative cooling rate
It is interesting to notice that, apart from the radiative cool-

ing rate £ A(T) = n2A(T) (wheren is the wind number As for the radiative cooling rateraq(r,7') = n*A(T'), we have
density), all the other energy exchange rates (Compton cooli#grted using a linear approxmanonlof anumerically evaluated
rate Lcomyp included) have a somehow similar structure, of thigooling FunctionA(T') (in erg cn¥ s~*) for collisional ioniza-

4. Energy equation terms

type tion equilibrium, as described in Landini & Monsignori Fossi
(1990); the cooling function can be represented linearly in a
_ p(r) number of temperature ranges accurately chosen so as to obtain
H(r) = B2 F (), @) erat . . .
r a good approximation of the numerically obtained functional
where?(r) is the generic energy exchange rate per unit volurRghaviour. _
appearing in the hydrodynamic equations, #ifd) is a function Indeed, for the high temperature range, bremsstrahlung

characteristic of the rate we are referring to, depending on @raission dominates the radiative cooling processes, and it turns

radial distance and possibly on the temperature of the wind g@4t that for our high temperature wind plasma no significant
difference in the solution is obtained if we just represent the

cooling function with a much simpler approximation, only ac-
counting for bremsstrahlung losses and neglecting line cooling
contributions. The approximated expression we have used for

We briefly discuss this possibility, since we had originally coribe radiative cooling function is the following:
sidered th_e plausibility of the cor_1t(ibution to the hefating of thE(T) (erg em? /s) = 2.1727 x 10~27T05,
thermal wind plasma due to collisional (Coulomb-like or even
due to collective effects) interaction with a population of non- Moreover, although this is clearly a much more schematic
thermal relativistic electrons, injected at the base of the wimepresentation of the cooling function, it actually seems even
into the thermal plasma. This non-thermal particle componanbre appropriate, with respect to the one accounting for line
could be reasonably supposed to be generated in the high enetmting derived from purely collisional ionization equilibrium,
processes close to the black hole and one possible speculafiohe present AGN context.
about their origin in the present context could have been related
to magnetic reconnection processes in the magnetically actjlv
regions of the AGN coronal structure (see Birk efal. 1999 anc
references therein). Since the thermal medium of the wind is illuminated by the
Indeed, other authors dealing with AGN winds (Weymanecentrally originated ionizing radiation field, we have to take
etal[1982) or in any case with AGN hot thermal diffuse mediumto account the energy interactions between the electrons of
(David & Duriseri 198P) had taken into account the interactighe thermal plasma and the radiation field itself. Since our wind
with a relativistic particle component as a source of heating fisr endowed with sub-relativistic velocity, and we require for
the thermal plasma. However, we have finally chosen to neglectr solution to be of physical interest that the thermal wind
this specific contribution, although somehow appealing, sinisesubstantially optically thin to scattering processes, we can
it is rather easy to show that, in the presence of a strong ragtinsistently use the well known relations giving energy gain
ation field, such as the one we suppose emitted from a centratl losses for the plasma due to Compton processes (Levich &
source in the AGN and illuminating the wind, Compton interfSyunyaev 19741, Krolik et al. 1981; Begelman et al. 1983). For

4.1. Possible interaction of thermal wind plasma
with a relativistic electron population

. Compton interaction with the central radiation field
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a central isotropic source of luminosify,, we can write the both in the AGN context (see Raine & O’Reilly 1993) and for

energy loss rate per unit volume as the study of solar wind models (see Esser étal. [1997). The func-
koL tional form of this additional heating rate is essentially the sum
Leomp = <2120, of a couple of differenti(e., different spectral index and coeffi-
MeC“TTT

cient) power-laws (with respect to the radial distané®m the

wheren, is the electron number density of the thermal wingentral black hole), one of which includes the possibility of a
plasma,i.e. the number density of the wind, since our windpower-law dependence on the temperature as well and it reads:

is completely ionized, and the energy deposition rate per unit O\ r\°?1 p(r)
volume as H,(r,T) = {Cl <r> TrT 4+ <T) } pTT (8)
nekorLo ¢ ¢
Hcomp = T2 ay2 L Comps where we need to specify the values of the various parameters,
¢ andr, = 2¢%p1 js the gravitational radius. Unless otherwise
whereTcony, is the Compton temperature, defined as specified, the “physically sensible” solutions we have obtained

Tcomp =< hv > /(4k), with < hv >= Lg' [° hwL,dv, correspond to an exponeht = 1 for the temperature power-
and L, spectral luminosity of the central source (see Krolik gaw.
al.[1981, Begelman et al. 1983).

5. Qualitative behaviour of winds

4.4. Parameterized heating rate contribution . _ . _ )
In this section, we want to mention a few general considerations

A first analysis of possible complete solutions of our problefelative to the temperature behaviour we can expect for athermal
has shown that maintaining the wind “alive” on a large rang&GN wind such as the one we are trying to model, accounting
of distances, that is obtaining a physical solution of the wirfdr the energetics we have described above.

equations, is not at all easy (actually, it is not feasible), unless If we are supposing a wind originating from a central region
some other source of heating, possibly distributed all along tiewhich heating is released to the gas and a kind of corona is
wind way, is taken into account. Also, we recall that in the cag@nerated, of course we have to deal with the specific physical
for an expanding spherical wind, expansion cooling turns ogffocesses that come into play, but there are some very general
to be significant as to the temperature evolution, and its rqjgalitative lines of reasoning that should apply anyway. Close to
can be important especially in the external region of the wingdmassive object, the physical conditions of the gas must com-
where the flow velocity tends to be substantially constant. jare with the escape velocity in the gravitational field of the
spherical symmetry, rewriting the left hand side of Eq. (3) sshject itself (see Begelman et &l. 1983); in fact, a hot, nearly
as to make the temperatureof the plasma appear explicitly, hydrostatic, non-magnetized corona can exist at a certain ra-
the expansion cooling term in the energy balance equatiordigs r, only if its temperaturdy,, is such that the following
essentially expressed afpvbT /r, whereb = 2k/my, and it condition is fulfilled

is of course characteristic of an expanding flow. For a wind it i

therefore impossible to maintain a gas temperature determingd™- < 1,

by the radiation field Compton temperatui@,,.,, on a large “#

distance range, since in any case the expansion cooling will @gfereT}, is a gravitational “escape” temperature and itis defined
so as to decrease the temperature (Krolik & Begelman/198@imensionally equating thermal energy density to gravitational
In particular, for the external region this implies that an extisinding energy density) as
heating term should be considered in order to keep a more or
less constant value of the temperature itself. T, = GMpy pma

We have therefore verified the necessity of accounting for To k

some heating source for the wind plasma. One possibility ¥herefore, if the gas temperature is higher than the gravitational
to try to include one or a combination of other possible hegfa|ye defined above, the coronal gas sets up an expansion flow,
ing mechanisms in the problem, implying the definition of thgecause its pressure is larger than the gravitational energy den-

corresponding various physical scenarios. Another way aroufif at that radiusi(). In terms of velocity, this same condition
the problem is to try to define a parameterization, as simple @, pe expressed as

possible, for an additional contribution to the total heating rate,

coming from an unspecified physical mechanism, so as to refro) > vZ. (7o),

der the complete integration of the wind problem feasibés, ( . _ '

obtaining non-diverging physical quantities), with a final resuWherecS(rO) is the local sound speed at= 7o, defined _by
: : : : - 2(r0) = VkTeor/ (), aNvese (o) = (2G Mgy /r0)"/?, is

solution that effectively meets the physical basic requwemeﬁ’*tsé”o VhLcor/\HIMH ), Vesc(T0) = BH/T0) = k

for an AGN wind. We have chosen this second method (s&¥ escape velocity at the same radiyghus, for an expanding

also Sect. 8.1), defining, = H. (r, T). This type of treatment coronal flow to exist, it must be

of the problem, introducing an otherwise non-specified heatin 3 2G Mgy pmy

rate, is actually quite similar to the one adopted by other authérsr ~ 5

= Tim-
To k !



P. Pietrini & G. Torricelli-Ciamponi: Wind-type outflows in Seyfert 1 active nuclei 461

If we supposery = zory, Wherer, = (2GMgn/c?), and to obtain lower values of the inner temperature of the wind is

xo = 30 for example, we obtain the following:
3 c? umy dp p H.,(ro)
Tim = £ 228, 9) | (L) |~ 2 Hlo)
lim = 5o 9) (dr>r0 o< (11)

i . — . ~ 11
that is Tium = Tiim(wo) =~ 10 K. As a consequence, for aAdding this condition to the previous one [relation (10)], a di-

wind to emerge r‘:mg] the vEry centrarl]_rehglgﬂ of aln AGN, it§ o nsional analysis of the energy equation can give more in-
temperature at the baseustbe pretty high. The only way 10 ¢, a4ign e refer to Appendix A for this analysis, and here

c:(rcrlljmv_er:jt this Ejr%blem (thalt s to I(r)]werl the base tﬁmpﬁrat. just summarize the indications we obtain. In the light of the
of the wind) could be to accelerate the plasma, so that the wi siderations in Appendix A, when the two conditions (10)

does not setdup due to therrr?aLexpar}Slﬁn Of_“)(/j- To this pu(rjpl)o fid (11) are simultaneously satisfied,we expect solutions that
momentum_ ep05|t_|<_)n "’?” e base of the wind Is required: ¢ ntify a class, or a “regime”, characterized by temperatures in
stronger this deposition is, the lower the temperature value t inner region of the wind that are much lower tHag,, large

can be attained at the base of the wind. density gradients with strong acceleration of the wind itself, and

A dimensional inspection of momentum and energy equﬁ’]’gh inner region density. However, these properties suggest a

tions [Egs. (2) ad (3)] allows an approximate discussion of t%%ser and more attentive inspection of this class of solutions
8

respective relevance of energy and momentum deposition. fé(?what regards their “consistency” with respect to our basic

shall restrict our attention to the case of constant mass flux, fuirements for the wind model (see Sect. 2), especially con-

Sim_ﬂi](:tése for thermal expansion dominating the starting cerning the total optical depth expected for these solutions, that
: : ht well be larger than unity (see Sect. 8.1).

of the wind has been discussed above, and corresponds toHﬁge g y( )

situation in which the pressure gradient pbT /1, where we

have seb = k/(umy)) at the wind origin is stronger than the6. Wind equations and critical point definition

?;Zyal?éf?grlcpeu l:ﬁ:)nn?;:tm,?,rgimggg?}u;gOne“eazzi\;]iIn%lggﬁ'ﬂom the system of hydrodynamical equations written in Sect. 3,
iaton u postll W P 'l\)/v% can derive a system of two first order differential equations
contribution of momentum deposition due to those heating pro

that implv the interaction with a relativistic and radial 'two unknowns that we define as combinations of the original
cesses thal Imply the Interactio arelativistic and ra abhysical quantities, that is a) the sound spegaduch that
directed population of particles, namél. /¢; this second con-

tribution is not to be taken into account, at least in this simplg ~ /p
form, when a different heating mechanism is supposed to béat= 7 (p) (12)
work in the wind plasma (see Sect. 3).
Analyzing Eq. (2) one has to compare the gravitational terwherey = 5/3, and b) the Mach numbe¥/,
—poG Mgy /r¢ (Wherepy = p(ro)) with additional momentum v
deposition termsf,.q(ro) and H. (ry) /c), in case it is present. M = o (13)

Radiation force on the wind plasma of course helps lowering
the temperature at the base of the wind, but its effects are A6 wind equations we obtain are the following:
very conspicuous, since in any case the ratio between radiatiz%az 1 dM?
force density and gravitational pull.a () /(oG Mgy /7?) isin — =
our casejusk(/Lgqq, and this ratio, for the range of parameters M dr
here explored (which is typical of Seyfert 1s;‘see Table 1) is ip / 2 8 g 5.
the approximate intervab 7 x 1072 ~ 7 x 1073. - ( + 1) “3z2t <3M + 1) X

Therefore, a possibly relevant contribution to counteract
gravitational attraction and lower the requirements on the ip- .2 { 02 }

+

2
Cs

ner temperature of the wind plasma for acceleration and exp 2 —5 A+ Lcomp — Hoomp — Hi(1 —v/c)

sion to take place can only be expected in the case in which * H

the heating process is such to produce an associated momentug o Hyoyr2 1 dfw [5 M2

deposition (see Sect. 3), when this tetF, /c, is sufficiently T AZ o dr {3M + 1} {3 + 1} , o (14)
large. In this case, for a wind to be characterizedlgy,) sig- s "

nificantly smaller thaf;,,,, in principle it should be M? —1de?

H.(rg)/c ~ poGMgpn/rg; (10) M2 dr

when this condition is fulfilled we would expect to have awind 4c¢2 2 ¢ 2 ¢g Hypyr? 5M2 1
set up without a huge value of the thermal pressure gradientg, + 3M2 3Me A (g )~
~ p/ro, required. Moreover, again in the case in which there
is contribution to momentum deposition due to the heating pre- 2 2
P 9p L %A+L00mp _HComp_H*(l—'U/C):| +

cess, an even more stringent limit condition that can be requirgd 5 /2 mZ
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¢ 1 dfwm Sart_2a2 (15) (towards the base of the windrat- o) and outwards, up to the
M2 fo, dr \9 3 ’ region where the wind has reached an asymptotic flow speed.

where we have set = MpuG/r?, and we remind thatl — This is actually possible by first expanding the equations around

Ao fun(r), 50 thAt(1/ fun)(dfm /dr) = A'/A. Similarly to what the sonic point to evaluate the derivativesidfandc, atr., as

noticed at the end of Sect. 3 regarding the energy equation “$itial” conditions for the integration. Appendix B shows the
S : ‘3 dcedure and parameters for deriving non-dimensional equa-
the factor(1 — v/c) multiplying H. in both Egs. (14) and (15) tif)ns to be numerically integrated.

r nity when the heating mechanism not im . S0
educes to unity when the heating mechanism does not pyToaflrstapprommaltmn,forthe sub-relativistic wind solu-

an assiiggla\:\tzd ar;omfer;gjsTegeiﬁovilitﬂ?{;b e flows, we are lo olions we are interested in and in the case in which the radiative

ing for transonic solutions, and specifically for those solutior(fsOOIIng rate (in the region of the sonic po!nt at least) is much

starting from sub-sonic flow speed and getting to super—son@?"er;han the other e”eggy exchange rates,

this of course means that the Mach number of the flow has {9’ /TE?A)C.<< (p(re) /7¢)(Fheat = Feool ), Where the sub-.
script “c” implies the quantities are evaluated at the critical point

pass through the critical valu®/ = 1, where the flow speed . .
equals the local sound speed. To have a physically meaniniﬁ)é?nd we refer to Eq. (7) for the generic expression of energy

solution, we have to ask that, in the radial position at which it 1§ change rates per unit volume, we obtain

M =1, the radial derivatives of the physical unknowir) 1/ ¢\’ 1

andc,(r) maintain finite values; from the structure of the equa* ™~ 1 (csc> T 3?36(]:}“3“ — Feool)e- 17
tions above, itis then clear that this condition is only attained|f order to obtain a wind solution, typically the dominant term
the right hand side of both the equations is set equal to zerqafe first one, that is

that same location; this in turn defines an implicit relation for

the radial position at which the transonic transition takes pla&e C) roo— lﬁ,.
in the flow, that is the sonic (or critical) point,, 4\ese) 5 AT
The sonic point position. is therefore obtained by the fol-where agairb = k/(umy), showing the dependence on the
lowing implicit equation: temperature value, while the energy rate balance termin Eq. (17)
4 81 (df e N2, N can be significant to move the sonic point farther away or closer
—— = (m> — () —g +2 (ﬁ) (Hrad)e X to the central black hole, depending on whether, respectively,
Te 32f° dr /. , Csc/ Te ¢ energy gain is larger than losses or viceversa.
re 4 g
A(re)c2, 3 A(re)c2, [(H*)C(l Scsc/20) + 7. Relativistic corrections
2
(Hcomp — Lcomp)e — i (ZC)AC} =0, (16) From the qualitative considerations on the temperature of the
My plasma of a nuclear AGN wind mentioned in Sect. 5, we do ex-

where the subscript “c” indicates that the quantity is evaluatpéct very high temperature values in the inner region of the wind.
atthe sonic point., f. = fm(r¢), andese = ¢s(r.). Frommass Indeed, the condition for the temperatdi¢o reach values that
conservation equation (Eq. 1), one gdts.) = Ao fm(r.) = are to be considered relativistic for the electron component of
p(re)res.; defining the dimensional constantds = p.r2cs., the plasma is that7/(mec?) > 1,i.e.T > 1.88 x 107 K;
we havep. fm(re) = p(r.), and if there are no mass sourcetherefore, in the light of the discussion in Sect. 5, the electron
along the wind way, so that(r) = const. = Ay, the constant component of the wind plasma can easily be characterized by
p. effectively represents the density of the wind at the sonielativistic temperatures, and such values are not much consis-
point. Again, in Eq. (16) the factdi. — 5¢../(2¢)] reduces to tent with the use of totally non-relativistic equations, although
unity for the cases in which there is no momentum deposititime wind flow speeds are indeed sub-relativistic. As a conse-
contribution associated with the heating process representedjbgnce, we have appropriately modified the wind equations as
the parameterized heating rdig. it is described in the following of this section, and all the solu-
The critical point position is a function of general physitions that are explicitly described and shown in the present paper
cal parameters of the problem (such as the mass of the cerdralthose pertaining to the relativistically corrected problem.
black hole Mgy, the luminosity of the central sourde, and In fact, although non-relativistic fluid motion is expected,
the Compton temperatuf&;,,) of other parameters more sperelativistic temperatures require a relativistic treatment of en-
cific to the chosen representation of the physical mechanisergy density and energy exchanges, that is the use of a relativis-
determining heating and cooling rates, of the form of the notieally correct energy equation (see Landau & Lifshitz 1959).
dimensional mass deposition functiin(r), and of the temper- In case of sub-relativistic fluid motion, the energy conserva-
ature at the sonic pointitself,. The specification of these quan-tion equation can be formally written in the same way as for the
tities defines the sonic point position. Notice thatdoes not non-relativistic case, as it is the case for the momentum equa-
depend onthe value pf, as itis clear from the non-dimensionation (to O(v/c) terms, which are of course negligible for our

version of the sonic point equation (Eq. (B.16)). problem), that is
To build up the transonic solution we need then to integrajg V2A!
the wind equations starting from the sonic point, both inwards, + E+p)(V-v)=G-L+ 52 (18)
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where(d/dt = 9/0t + v - ()), G and L are, respectively, the one gets to a form of the energy equation perfectly analogous
total energy gain and total energy loss rates per unit volume, dadeq. (3), which is correct for the totally non-relativistic case:
where€ = E. + E,, is the total particle energy density; Eq. (18) 4 /1

is another form of the energy equation, and, in the totally sup< v — {F(@)p} + pv— () } =G — L+
relativistic case, Eq. (3) in Sect.3 can be easily derived from! 4" p dr \p

it. Here the difference with the non-relativistic case lies in the v?Al A (5 p> )

different expression for the relativistic electron energy density 2r2 r2
E, and its relation to the thermal presspralso, it is important
to stress that herE,, represents only thieineticenergy density
of the relativistic electron component, due to thermal motio
that is it does not include the rest energy density.

Notice that here we only have to deal with relativistic elec-

PP

this equation, together with Egs. (1),(2) and (4), provides the
naystem of hydrodynamic equations correct for relativistic elec-
tron temperature regime.
These equations can be combined to obtain a system of two
quations in two unknowns, which are essentially the flow ve-

trons, since at the relevant temperature values the proton con] ity and the temperature, representing a wind that is flowing

nent of the plasma is still non-relativistic, and here we suppo b-relativisti d but wh | be ch "
that the electron and proton components have the sametemp@r UD-refativistic speed, but whose plasma may be character-
%d by relativistic temperatures for the electronic component.

ture. The total gas pressure expression for a completely ionﬁ% ning the followi i
hydrogen gas is thus the same as in the non-relativistic ¢ 8,'”'”9 € foflowing quantiies

(25)

namely,p = piot = 2nmkT = 2nOmec?, that is the sum of _ dF de dF
the electron pressure and the proton pressure, where we ) = %CTTT tF= cTTT +F (26)
defined the non dimensional temperature parameter b — 2kg 27)
kT -
@ = m 02 . (19) ]\/[2 o U2 (28)
. o b+ 1/ fr)
As for the energy density, we have the usual non relativistic M2 1
expression for the proton component Ky = Jr\ﬁ (29)
3 3 9 A 1 dfm
E, = §nthkT = §nth®mec ) (20) = = fimﬁ (30)
whereas the relativistic electron (“kinetic”) energy density is 2
( ) 9y Y G-L = H*(l - U/C) + HComp - LComp - ,r,roligA (31)
Fe = nnK(0)0mec? = K(O)p., (21) BT H
. . . Pu = Kn+ -, (32)
wherep, is the pressure of the electron componentin the ionized v fr
gas, andy (0)isafunction such that (see@nsson & Svensson we get the two equations ferand T
1991, BS91 in the following)
d 20T 1 — L  Hi
K () ety =5 (145 ) = o+ e
K(©)0 =30 + 9L 1, (22) T T pojr.pe
K (5) , ) P
— 2 —_— J— _—
whereK; and K, are modified Bessel functions of order 1 and A {v (1 + 2fT> or (fT 1)} ’ (33)
2 respectively and of argumeht©, and the functior'(©) has
the following limit values KM‘LT A EPM _ THew | 9T
dr rfr = pvfrb pv2fre V2 fp
2 for@ <<1
K©®)—< 2 .
©) {3f0r@>>1 A LQ 1_ﬂ pM+£ 1_‘_@ . (34)
. . A 2bfT U2 fT ’1)2
We can now express the relation between the total energy density
£ and the total gas pressuses follows: We note again that, when the heating mechanism does not im-
ply an associated momentum deposition, the fattor v/c),
=Pt B, [K(@); 3/2} p= FO)p, 23) mu{tiplying H., in the definition ofG — £ (Eq. (31)), reduces to
unity.

The above representation of the problem is sufficient to our
purposes. In fact, we are interested in wind solutions whose
F(©) = (K(©) +3/2)/2. (24) critical point temperatured];, are still in the non-relativistic

range for the electrons and therefore we proceed by looking
With the definitions above, and using the continuity equatiofgr the critical point of the wind in the non-relativistic regime,
which is still Eq. (1) since the fluid motion is sub-relativisticthat is still using Eq. (16); then we obtain the wind solution,

where we have defined
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first, that is close to the sonic point, by integrating equatiosgnsible solutions for the stationary wind-type outflow problem
(14) and (15), and then, going inwards to a region in which tlamalysed in the AGN context.
temperature increases to finally reach the relativistic range for Inward resolution of wind equations, starting from the sonic
the electrons, by solving the system of relativistically correctgubint, is particularly critical from the energetics point of view,
Egs. (33) and (34), with the solution of the first step integrati®ince we want to keep our model wind in the regime of well-
(non-relativistic equations) used as “initial” condition. behaved solutions, fulfilling the criteria we have identified in
As a matter of fact, in writing down explicitly the expres-Sect. 2, that is that of tenuous, hot winds (see Sect.5), repre-
sions for energy gaig and losse< (energy density /time, di- senting a background connection for other denser and clumpy
mensionally) we have to account for the fact that the electrofli;ie emitting or absorbing) AGN components. In fact, we ex-
are in a relativistic regime; this turns out to change the rategct temperatures in the inner region of the wind that can be eas-
which energy is lost by the hot gas to the radiation field throudglly much higher than the Compton temperatiitefor a typical
Inverse Compton process, which is now 7(1 + 40) (see AGN spectrum, thatcan be estimated arol®id: 108K (Krolik
Krolik et al.[1981), as well as the appropriate expression for th899). This leads to a very strong energy loss rate through In-
bremsstrahlung loss rate (see BS91), that turns out to be higbemse Compton process for the wind plasma in favor of the radia-
than what it would be if the non-relativistic, high temperaturéon field photons. Thus, we have found that, to obtain a solution,
loss rate would be extrapolated up to relativistic temperaturaseating function (of unspecified origin at this level) is required
Thus, in the relativistic regime for electron temperatures, thesgsentially to avoid sort of an IC “catastrophe” that would stop

rates turn out to have the following expressions: aregular integration in the inner region. In the resolution of our
problem, in particular, we have chosen a representative value
Lcomp = &72“) (W) T(1+ 40), 35) To=2x 107K for a broad-band spectrum, following Krolik
r TMpMeC 1988 (see also Mathews & Ferlahd 1987, Mathews & Doane
p? A = n2A 3 3 2 1990). We also tested different valuesiéf, to allow for possi-
my A= 87(0“”7”66 n"fr(O), (36)  ble different spectral distributions; however the wind models we

present for the value mentioned above are quite representative
where for @2A) we have taken into account the relativistiof the typical results.
bremsstrahlung cooling rate for proton-electron interactions as It seems here appropriate to stress the following issue. One
given by BS91¢ is the fine-structure constant and the functioaf our wind requirements (Sect. 2) concerns the value of the total
£1(0) is given explicitly by BS91 as optical depth to scattering, that mustbe < 1, to be able to
12 L gonsistently neglect the. cqnsideration and the analysis of non-
£(0) = { (32/3)(20/m)/=(1 +1.780°%) for © < 1 37y linear effects on the radiation field, that can be thus assumed to
120[In(1.120 +0.42) + 1.5] for © > 1. be substantially unaffected by the interaction with the nuclear

We can now solve the wind problem consistently. Howev«%’}/,md through Compton PrOCESSES. However, at the same time,
rom the point of view of the tenuous wind plasma, these same

to successfully integrate the relativistically correct system ?:ompton interactions do have an absolutely significant role in

equations and solve for the wind in its internal region, clos e energetics of the plasmaiitself. This is not at all contradictor
to its origin, we find that it is also necessary to modify thand it isg:estified b fhe need for'an heating source distributeyd
additional parameterized heating rdi&, so that the portion X y 9
. n . along the wind way.

of it which is dependent off” (see Eq. (8)) now is no longer We have tried to compare the properties of our regular wind
simply linear with respect ta@ itself, but is insteadx 7'(1 + . i P propert 9

7 e u I " solutions with well known and simple wind models. An easy
©) (similarly to the modification for “relativistically” correct . L ; :

trcaatment is that of polytropic winds, in which case the energy

Compton losses of the wind plasma). With this last change ah L ) . ) .
P P ) 9 eéi]uatmn is substituted by the assumption of a given simple re-

choosing the values of the parameters appropriately, we ? jon between pressure and density of the wind gas, namel
solve the equations in a consistent way and obtain physicaﬁly P y gas, y

(e i i -
sensible behaviour of the wind we are modeling. pox p®. Inour energetic language, it can be shown that the con

We would like to stress at this point that all the conside(rj-'tlons defined by such an assumption correspond to a situation

. . . . . in which the energy gain and loss mechanisms at work are such
ations and dimensional analysis of Sect.5 still apply for t ﬁat the corresponding rates satigfy- £ > 0 (see Eq. (31) for
relativistically correct case as well; in fact, in the energy equg- P 9 g-

tion (25), substituting non-relativistic Eq. (3)(©) factors are beefgﬁi]?lre"ctjl?grcggrn; dL(‘a )Iv:/?nglthri:rxglr(?: trgssfr:g nldel tloor: \;\;gu:g
of order unity or just a little larger than unity. . S 9 pie polytrop
wind, whose solution is guaranteed and behaviour well known.

(Moreover, for a polytropic wind, it turns out that, whenever the
8. Wind solutions: a summary of results wind is accelerating) < G — £ < 3c2pv/r, which is of the
order of the expansion cooling rate.) To our purposes this issue
only represents an example, since our wind energetics is more
complex, but also it again reinforces our choice of introducing
We have already discussed the necessity of taking into accodtadditional parameterized heating rate for the wind plasma
a parameterized heating rate to be able to obtain complete ¥ the aim of obtaining regular solutions.

8.1. General considerations
on energetics and momentum deposition
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10.0 = - - 4 ent solutions, exemplifying three distinct
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’ 1 ) ' ’ 1 ' ’ ratioC' (dotted) /C1 (continuous) ~ 200,
og(r/rg) Og(r/rg) andC' (dashed)/C1 (continuous) ~ 1.

For further qualitative discussion of wind energetics, we rglasma are depicted in the three panels. The distinction among
fer to Appendix A2, where more reasons supporting the necéise three different classes of solutions that we exemplify in Fig. 1
sity of an additional heating source distributed along the wirgl based essentially on the possible presence, value and rele-
way for the construction of our AGN wind model are discussedance of a momentum deposition contributiin/c due to the
This heating source is represented by the parameterized hedtiegting mechanism. Indeed, the three solutions are obtained
rate described in Sect. 4.4 (with possible modifications as estarting from the same set of parameters, except for the value
plained in Sect. 7). Our parameterization of this function coutf the heating rate coefficient;. Solid curves represent the
suggest a seemingly large freedom in the choice of the vaphysical quantities referring to a solution for which the energy
ous parameters; this is however really only apparent, sincedaposition mechanism does require an associated momentum
a matter of fact, reasonable and complete solutions turn outctmtribution to momentum deposition and the heating rate co-
exist only when parameters are chosen within pretty narr@fficient C; is within a rather narrow range, as mentioned in
ranges of values. For the sake of completeness for the preskatprevious paragraph. This type of solutions is characterized
considerations, we anticipate here part of the discussion of @wyrrather low density and high temperature in the inner region
choice of parameters, to which next section is devoted, namefithe wind (although significantly lower thah;,,, as defined
that part regarding parameters that defifigr, 7). It turns out by Eq. (9) in Sect. 5, by at least one order of magnitude); the
that the two parameters defining the spectral indices of the taptical depth turns out to ber < 1 and the total power ex-
power-laws (see Sect. 4.4) are restricted to the following valuebanged in heating and cooling processes of the wind plasma
o1 ~ —0.05 + 0., andoy ~ 0.7 = 1.0. As for the coefficients is rather “low” (see below for a more quantitative characteriza-
C1 andCs, they suffer strong limitations as wedl;; especially, tion) with respect to the central radiation field luminosity.
to perform inward integration of the equations; in fact, this la3these solutions, therefore, identify a regime of “consistency”
parameter must be appropriately chosen, since, once a solutidth respect to the requirements of Sect. 2 for the AGN wind we
is obtained for a certain value ¢f;, variations of orde(1) intend to model, and in these cases the heating rate coefficient
of this same value can prevent integration. (4 is such that the total “luminosityL. (rout) (Whererq, is

Fig. 1 shows three different examples of solutions of otine outer integration radius) supplied to the wind by the heating
problem, obtained for the case of constant mass flux, and idsnurce is
tifying three distinct physical behaviours for the wind model; 7ou
number density, temperature and velocity curves for the wi H.(r)4mr?dr = La(rou) < Lo/10.

To
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Still for energy deposition mechanisms implying an ass@® which there is no momentum deposition contribution due
ciated momentum deposition contribution, increasiiigby a to the heating process. This is just the case in which, since
minimum factor that can be as low as 5 (and increases with dee only momentum deposition is due to radiation force, the
creasing central source luminosity, to become as large 45 start up of the wind is dominated by thermal pressure driven
for Ly = 10*3 ergs™!) leads again to complete integration o&xpansion (see Sect.5), and a temperature (much) closer to the
the wind equations, but it produces the transition of the olimiting valueTj;,,, discussed in Sect. 5 is expected; in fact, the
tained solution to a markedly different regime for the modehlue of the temperature at the base of the wind for the solution
solutions; these are characterized by much lower inner tempgitown is~ 2.7 x 10'° K. As a matter of fact, except for the
atures and strong acceleration of the wind plasma, but strdsghaviour of the temperature in the inner regiae. (within
density gradients and large inner region densities. This class01000r,) of the wind, showing significantly larger values, this
solutions is exemplified in Fig. 1 by the solution represented byird model solution is quite similar to the one represented by
the dotted curves and it corresponds to the regime we have qeahtinuous curves (and actually the density and velocity curves,
itatively anticipated in Sect. 5. Once the solution is within thias well as the temperature curve for, 1000r,, are almost
second regime, further increase @f (i.e. of the heating rate superimposed).
and its associated momentum deposition rate), even by a veryThese two example solutions represent two opposite limit
large factor, still produces a complete solution, with internabnditions as for the contribution to momentum deposition due
temperature that gets lower and lower; however, the resultirogthe heating process representedthy(see Sect. 3).
total optical depth values are very large, due to the large den- As already discussed, solutions in the “inconsistency”
sities, and energy exchange rates for the energy deposition esgime exemplified by the dotted curve solution are unaccept-
loss processes turn out to be huge, confirming the qualitatafele following our criteria (see Sects. 2 and 5); on the other hand,
considerations of Sect. 5. Our estimatelQfr.,) for this ex- the last type of solutions mentioned (exemplified by the dashed
ample solution shown in Fig. 1 with the dotted curves givesurve solution and characterized by no momentum deposition
in fact, L. (rou) ~ 10°°ergs™!, several orders of magnitudecontribution due to the heating process) is also not very much
larger than the central source radiation field luminosity, whigiromising, since the inner temperatures attained are really very
is a clearly unphysical value. Indeed, for these solutions, duenigh and imply very large energetic requirements.
the correspondingly strong energy deposition rate in the wind Therefore, in the following sections we choose to examine
plasma, especially close to its origin, momentum depositiam detail only the results pertaining to solutions in the regime
from the H, /c term is the dominant agent of the wind startexemplified by the solution represented with continuous curves
ing up and acceleration; since energy deposition is distributed=ig. 1, in which a contribution to wind plasma acceleration is
in distance, acceleration of the wind goes on witincreas- expected as a consequence of the heating process and for which
ing, inducing a positive gradient of the flow velocity and ¢he “consistency” and physical criteria of Sect. 2 are fulfilled.
correspondingly strong negative gradient in the wind density, Finally, we would like to just mention that in a first analysis
approaching the sonic point; in this first phase, the plasma tewe had taken thermal conduction as well into account; however,
perature smoothly decreases, mostly due to expansion, andwiehave chosen to neglect it in our treatment, as it is apparent
additional heating tends to compensate radiative losses that fbem the governing equations we have described in the previous
ing < p?) are the dominant energy loss mechanism. When thections, since thermal conduction turns out to be an efficient
steep decrease in density brings radiative losses to be negligibkchanism essentially when large gradients are present.
with respect to heating, the wind temperature undergoes a rapid
increase, just before the sonic point is reached. In the foIIowigg2
supersonic region of the wind, because of the low density values”
reached, all the energy exchange processes are less relevanténdhave analysed the physically interesting solutions for a
the physical quantities show a smooth behaviour. sub-relativistic thermal wind-type flow originating in the very

On the contrary, the first solution discussed above, plottedntral regions of radio-quiet AGNs with a central luminosity
with continuous curves, belongs to aregime in which thermal eseurce characterized by, = 10*3 — 10* — 10*° ergs™t. We
pansion still has a relevant role in starting up the wind, althoutjtus span the range of typical luminosities of Seyfert | galaxies.
momentum deposition helps to maintain the plasma temperatilite present solutions are obtained by integrating the hydrody-
at the wind origin below the limiting value mentioned in Sect. lamical equations as described in Sects.3to 7.
characteristic of pure “coronal expansion”, and guarantees, at We have already mentioned the range of values explored as
least close to the wind origin, an acceleration contribution féar as the luminosity of a central isotropic source is concerned.
the wind plasma. In this case, the flow velocity profile is th€here are several other physical parameters that have to be setto
result of a complex equilibrium between regions in which exsolve for the wind-type outflow. As we have mentioned already,
pansion slows down and others in which it accelerates, withou¢ have set the value of the radial distance from which the wind
anyway showing very large gradients. starts, i.e. the origin of the outflow ag = 30r, (motivations

The third solution shown in Fig. 1 and plotted with dasheaf this choice are related to the limits for the central source
curves is again obtained starting from the same set of physidahensions derived from variability time-scales; see Koratkar
parameters as the two previous ones, but refers to the the cagdaes[1999).

Physical parameters
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We can actually divide model parameters into three groups.
, ; log(r/r,)
A first group refers to the AGN source parameters and it com-
prises the luminosity of the central sourég, whose values we r T 1 T 45
i H : . gy }0.0 - L,=10% erg/s -
have mentioned above and the gravitational parameters; asfor T _gxi0s K]
these last, we have chosen different values of the central black s.o - ) 140 =
hole mass {/gy) depending on the assumed value for the cery- E T ] o
tral source luminosity: increasing, is associated with a larger - ; 9385 7
value of Mgy, as itis physically reasonable, and consequently 4.0 ] >
with a larger value of; and ofr, (since the ratiacy = ro/ry < 541 =30 @
is taken as constant). The values we have used for the solutimbns F (B) i
we present and discuss in the following are those appearingin 9-0 o] 25

Table 1. In this table we report the value of the Eddington lu- 2.0 4.0 6.0
minosity, Lgaqa = (47Gm,cMpy)/or, corresponding to each log(r/r,)
adopted central mass: it is clear from the table _that we d|_d r]%. 2a and b. Panelsa andb show the physical quantities for two
assume a con_stant rafig/ Lraq. The Pres?”t Ch0|9e I(_)oks III(evvind models characterized by the same central luminosity and different
reasonable, since central mass-luminosity relation in AGNSs\i§,jes of the temperature at the critical point, as specified in plots;
still matter of debate, but at present it seems somewhat est@fiow velocity,v, and sound speed, are expressed in knTs; the
lished that the ratio of luminosity to mass (Lo/Lgaa) iS iN-  circles drawn around the crossing point of outflow velocity and sound
creasing with luminosity, and our values do follow this trengpeed curves indicate the position of the sonic point. Solution in panel
(see Wandel 1998). ais obtained witm, = 2 x 10> cm™® ando; = —0.03, while for the
A second group of parameters specifies the physical congfution in paneh it is n. = 3 cm™* andoy = —0.04; for both the
tions at the sonic point, namely the valuesiof temperature Solutions showmrz = 0.9.
of the wind plasma at., andn., that is the number density
of the wind at the critical pointn(r.), when no mass input
along the wind is accounted for, whereas it giués, ) through number density at the sonic point); the wind density must be
the relationn(r.) = ncfm(rc) (See Sect.6) when the wind israther low, with typical values around a feM” cm~3 at the
loaded by external mass along its way. The position of the somind baser, = 30r,. We have tried to analyze conditions un-
point is actually directly determined essentially by the choseler which the power input and/or exchange in the wind could be
value of the temperature at the sonic point itself (see Eq. (1#yaintained much smaller than the total luminosity of the AGN,
the higher is the temperature, the closer to the wind origin tbg varying the relevant parameters (especially those referring
outflow becomes supersonic. to the energetics of the problem), but it seems that to obtain a
Once defined these values, solutions depend on the chaiel behaved solution and meet the requirements above, we just
of the parameters of a third group, those characterizing the aduted to keep the plasma density low.
tional parameterized heating rate function as defined in Sect. 4.4,
and we have found that physically acceptable transonic soluti%p
extending from the origin of the wind to the external asymptotic
region of supersonic flow do exist only for a limited range dfVe started looking for the existence of solutions in which the
values of these last parameters, for a given choice of the omgsd mass flux is constant along the wind itself, meaning that no
previous described (see Sect. 8.1). external mass is entrained by the outflow. In our formalism (see
We have analysed different solutions, by changing the phySiect. 3), this implies we require that the mass flux per steradiant
cal parameters, so as to meetthe conditions imentioned in Se@.2(r) = Ay = const. and the mass functiofi, (r) = 1.
as best as possible, and, consequently, to be able to identify theFigs. 2 and 3 show four different solutions of this type, ob-
most favourable choices of the physical properties for the witained starting from a different set of parameters and substan-
solutions themselves. The strongest restriction (as a mattetiafly representative of the behaviour of wind solutions of this
fact very significant for the effective existence of physicallgype. In Fig. 2, we present two distinct solutions, shown in pan-
sensible solutions as well) turns out to be on the plasma dengily (A) and (B), referring to the same value of the central source
(characterized by the value of the parameter, ), the plasma luminosity, namelyL, = 10** ergs™!. In each of the two pan-

3. Solutions without mass input along the wind
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els, we plot the wind temperature and density, and the outflow [ Lo erg‘/s ] 45
radial velocity, as well as the sound speed as functions of the F °TC:5X107 K ]
distance- from the central black hole, normalized to the gravitaz 80 - 740 >
tional radius-,; notice that this last quantity has the same valug ¢ - 1 as E
for the two solutions shown in Fig. 2, since they refer to the B 170 T
same central source luminosity and, thus, following our choice 4° | ] S
as shown in Table 1, to the same value of the central black hele 2.0 [ , 490 7
mass, Mgz The small circle around the point in which the twog + (4) T
curves for outflow velocity and sound speed cross each other " ¢ \ \ L 7
indicates of course the critical point position for the outflow, 2.0 4.0 6.0

becoming supersonic at larger distances. It is easily seen that log(r/r,)

for the wind solution (B), the one shown in the lower panel, . | — 4.5
the sonic point position is located much farther from the ceg- 190 - LTo:j:flgng/s b

tral black hole with respect to the sonic point characteristic 8 g, ‘ 440 ~
solution (A), in the upper panel. In fact, the main and more rek i ] <
evant difference between the parameters of the two solutions s ©° [ q35 2
the critical point temperature valug,, which is chosen to be = 4.0 ] =
T. = 5 x 107K for solution (A), whereas it i, = 8 x 10°K E r 30 &
for solution (B); as we have mentioned already in Sect. 6 and?st 2Or ]

can be directly seen from relation (17), sonic point temperatufe 00 - %5

is the most significant parameter determining the sonic point of 2.0 4.0 6.0

the wind, resulting in a position closer and closer to the wind log(r/r,)

origin for larger values of . itself. ) _ i .
Fig. 3 shows two more solutions, again identified as (A) aﬁ:dg' 3aand b.Panelsaaandb show the physical quantities for two wind

. . . models characterized by the same temperature at the critical point and
ﬁi)r’)er?spgi(;[;vsé'rg ttze;ggﬁtrrzrijulrami;ﬁ;nfl&%Lié tehrls ;I_Te tI?ﬁferent values of the central source luminosity, as specified in plots;

. outflow velocity,v, and sound speed, are expressed in km's; the
whereas the lower one shows a solution for a much smaller {iijes drawn around the crossing point of outflow velocity and sound

minosity, Ly = 10*’ergs™!, meaning that the central blackspeed curves indicate the position of the sonic point. Solution in panel
hole mass is different as well (see Table 1). In this figure, végs obtained witm. = 1.5 x 102¢cm™3, oy = —0.015 ando» = 1.0,
have chosen to plot solutions characterized by the same valuamhife while for the solution in paneb it is n. = 6 x 10> cm™3,
the critical point temperaturé,. = 5 x 107K, and the normal- o1 = —0.03 ando> = 0.9.
ized values of the sonic point distaneg/r,, are indeed not so
different, although they do not coincide; this is, of course, due
to the fact that “illumination” conditions for the wind plasmakept aroundl0®K or h|gher This of course is consistent with
are very different, implying that heating and cooling conditionsur description of the wind gas as an essentially completely
required to obtain the complete resolution of the wind problejsnized plasma and with our rather schematic representation
can be different as well (see Eq. (17)), thus rendering somehgftadiation losses, since for such high temperatures radiation
significant, to the sonic point determination, parameters thgéses are substantially due to bremsstrahlung process.
have in general only a secondary effect with respect to critical Qutflow velocity curves can be rather different depending
point temperature. on the solution, as can be seen comparing the solutions shown,
All the solutions shown meet our selection criteria for corgjthough the outflow velocity values do not undergo strong vari-
sistency and physical significance. They are characterized batidns. Decreasing critical temperature for givgn or increas-
small total optical depth to scattering, typicatty ~ 0.002 = ing luminosity for a given critical temperature result in induc-
0.003, except for the one wind solution fdry = 10*° ergs™', ing the presence of a dip in the subsonic portion of the velocity
for which we have a somewhat larger value ~ 0.015, that  curve, right before getting to the sonic point. This follows from
is anyway still well within the “thin” regime. Power exchangeshe complex interplay of the various processes, mentioned in
(gain or losses) for the wind plasma are also acceptable be@urt. 8.1. Also, it influences directly the density behaviour, al-
at least one full order of magnitude (Or even more) smaller thﬂﬂ)ugh this is not so immediate from the figuresy due to the
the luminosity of the central source. different scales chosen, sineeandv are directly related by
A very general feature of the wind solution behaviour in theontinuity equations (mass flux conservation equation) in the
framework we have built up is the smoothness of the plasrpgesent case, in which no mass input along the wind is allowed
temperature all along the explored extension of the outfloygr.
wind temperatures are very high and, allowing for a very low \We have already discussed the necessity of maintaining the
and slowly decreasing heating rate component in the farthefénsity parameters of the wind at low values; indeed, the wind
supersonic region (well beyond the BLR distance) of the wingdensity tends to decrease rather quickly, especially in the ex-
where its gas is very tenuous, the temperature can be eagiinal regions, where the wind is accelerating again, or at best,
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‘ ‘ i expenses. This is in particular interesting with respect to the

possible interaction/connection of this wind-type outflow with
the physical component that gives origin to the well known
broad emission lines, thus constituting the BLR. It is not the
purpose of the present paper to model the relation between the
nuclear wind we are studying and the BLR and to explore the
details of their physical connection. This would, in particular,
require also a specific model for the BLR itself, what is still
matter of debate (see Korista1999). We postpone this analysis
W=0.888 q=5 c,~15 to a subsequent paper (Torricelli-Ciamponi & Piettini_ 2000),
w=0.665 g=1 ¢=1.5 and in the present work we just start to study the characteristics
Lo=1x10% erg/s - of wind solutions with a mass deposition which is distributed
RN P S along the wind essentially in a region more or less centered
2.00 4.00 6.00 around the typical estimated distance for the BLR of an AGN
log(r/r,) of given luminosityL,. The results we present all refer to the

. SRRSO 1
Fig. 4. Two examples of the mass input functigp (z) as defined by case with central source luminosity, = 10 “ergs * and we

Eq. (38) corresponding respectively to the two different choices of tﬁgtlmate the BLR characteristic d|stance_ following the relation
set of parameters identified by the labels (A) and (B); notice that thddyen by Netz?rQ& Peterson (1997) and widely accepted, namely
two functions are respectively those chosen to build the wind modéisLr ~ 0.01L;,? pc, whereL,, is the central source luminos-
whose solutions are shown in the following Fig. 5 and labeled with tiigy in units of 10** ergs . We have built up a parameterized
same (A) and (B) notation. The dot on the distance axis identifies theass deposition functiofy, (x), so as to mimic the desired be-

position of the reference BLR radius in unitsiof sk, as estimated haviour of mass input along the wind. Its explicit form is the
2w
fm(x) =1—w+ —arctg {(
™

in the text, forLy = 10** ergs™!. following:

Cf — 1) 1] s (38)
the outflow velocity is setting around its asymptotic value. The 9
wind is therefore getting more and more tenuous with increasiwjerex = /7y, xeLr = rBLr/7g (= 1800 for the presently
distance from the inner region, so that it basically ends up to &eosen value fof,, = 10** ergs™'), andw,q, andc; are three
almost physically “irrelevant”; unfortunately this may happeparameters whose adjustment allows us to obtain the required
at distances that are comparable to those at which we dedon&ss deposition. The mass flux difference between the wind ori-
the presence of interesting phenomena, such as UV-X-ray gh# and the asymptotic region in which mass deposition comes
sorption or even BLR. To circumvent this problem, we have be negligible is therefore
examined wind models in which we allow for externally origi-, .-
nated mass to be engulfed by the wind along the outflgw, sgoAaléV[W:47TA0 [fm(00) = fn(30)]=4m Ao [1 = fin(30)]; (39)
to try to maintain wind density around reasonable values eveass function parameters must therefore be chosen so as to
at large distances from the wind origin. both appropriately “center” the mass deposition and maximize
the value ofA M,,, compatibly with other requirements for the
AGN nuclear wind and with the supposed source of external
mass, to obtain a non-negligible wind plasma density in the
Allowing for the mass flux per steradiad{r) to be effectively farthest wind regions. Fig. 4 shows the two different choices for
a function of distance and appropriately choosing the radifl, () that we have used to build the two exemplifying solutions
dependence of this function, we can build up wind models imith mass deposition that we present in Fig. 5; the labels (A)
cluding a deposition of externally originated mass along tlaed (B) indicate that the corresponding mass function refers
wind way. This has a twofold relevance. First, it allows to aespectively to solution (A) or (B) in Fig. 5.
least partially overcome the very low density problem we have As for energy exchanges with entrained mass, since at this
just mentioned for constant mass flux solutions, when we cdavel we do not have any characterization of the thermal con-
sider the wind at large distances from the central source, simtigon of this externally originated material, we have chosen
we allow for a mass input along the wind from a certain distot to model explicitly the energetics of the mass deposition
tance on, and this ends up in an increase of the wind densitghe wind; instead we simplify the problem by supposing that
in the external regions of the outflow. Second, although we gossible energy exchanges between the wind plasma and the de-
not specify, here at least, the precise mechanism, it is pratysed mass can be accounted for by our parameterized heating
reasonable that a nuclear wind outflow, in which various otheate functionH.(r).
AGN components that are phenomenologically inferred to be A general consideration on this type of solutions is that in-
at a certain distance from the central black hole are embedde@asing the wind plasma number density leads to an enhance-
should have some sort of interaction with these componentgent of the energetic requirements; in fact, ranges of parameters
and as a consequence, for example, entrain some mass to tiefining the energy deposition function that correspond to wind
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8.4. Solutions with mass input along the wind
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— 100 7‘ LU:wL ere/s ] losses) is still lower thaik, by a good order of magnitude at
= r T —5x107 K1 least.
E 8ol ‘ 140
& - . )
; 6.0 |- Js5 &
?; 40 F ] = 9. Conclusions or starting point? Our wind model
S Lok < 730 % and other components of a radio-quiet AGN
g <=0 - a =
o E - e have built a mode nuclear wind trying to account for
g LW ; s Wehave builtamodel AGN nucl dtrying t tf
C ‘ ‘ S the specific characteristics and physical processes relevant to the
20 4.0 6.0 AGN phenomenon. Our model wind is of course quite schematic
log(r/r,) . ; L .
and in the present work we did not model explicitly its relation
r I I R and interactions with other known AGN components. In Sect. 2,
S or — L"T’igxlzﬁgés 1 we discussed the basic hypotheses and requirements we have
= 80 ) 740 7 taken into account for the construction of this wind-type out-
< sob . o flowinthe AGN context; we refer to that section for details and
= o e 735 7 herewejustbriefly recall them. Since we are interested in radio-
C?E 4.0 - ] > quiet AGNs, we assume the flow must be sub-relativistic; also,
< 20 E . 30 & the wind mass flux)/,, is supposed to be much lower than the
= - (B ] accretion mass flux, and, as a consequence, much lower than
5 : } t fl d q hl th
= 00 B i the critical accretion ratd/. Moreover, we have required the
2.0 4.0 6.0 wind to be optically thin to scattering, so that we can neglect the
log(r/r,) effects of Compton interactions between the wind plasma and

Fig. 5a and b. Two examples of mass-loaded wind models charact
ized by the same central luminosity and different values of the tem
ature at the critical point, as specified in the plots; outflow veloeity,

the photons of the central source radiation field on the radiation

pegéld itself (although, as we have seen, the same Compton inter-

actions are energetically very significant to the wind plasma);

and sound speed, are expressed in km$; the circles drawn around Still with th_e gim _Of neglecting any possible varia_tion of the
the crossing point of outflow velocity and sound speed curves ingentral radiation field due to the existence of the wind, another

cate the position of the sonic point. Solution in paadt obtained requestwe have considered is that the wind’s own emission (that

with ne = 4 x 103cm™

, 01 = —0.03, ando2 = 0.8, while for the

solution in paneb it is n. = 10°cm™3, 0; = —0.04 andos = 0.7.

is basically by bremsstrahlung, due to the high temperature of
the plasma) is such to be negligible in luminosity with respect
to that of the central source.

We found out that a stationary, non-magnetized wind-type

models whose properties are in the desired regime get even waitflow, satisfying the conditions above, can exist in an AGN
rower than in the constant mass flux case.
Comparing the mass-loaded wind solutions in Fig. 5 witlral parameters that come into play for the model definition,

under rather specific conditions, that is, although we have sev-

those for constant mass-flux in the analogous Fig. 2, the mé#ie range of parameters allowing for a complete and physically
difference lies of course in the number density curves (dottednsistent solution of the wind problem is always quite narrow.
lines); although starting substantially around the same values However, our results do seem to be encouraging, since there
at the wind origin, for the solutions with mass-input we gedre several observational hints for the actual presence of material
rather flattened density curves in the regions of mass entradflowing from the central regions of radio-quiet AGNs, and
ment (whose extension can be identified by an inspectionwé have started to define more precisely under what physical
Fig. 4). Indeed, for the solution in panel (B) there is actually @onditions such outflows can be expected.

region around200 <+ 1500)r, in which number density turns ~ We have analyzed hydrodynamic and energetic conditions
out to have a locally positive gradient as an effect of mass detlowing for the resolution of the stationary wind problem.
sition. Beyond the distance at which the chosen mass depositionRecalling briefly Sect. 8.1 results, one of these conditions
function f,,(x) reaches more or less its asymptotic value, i.as the necessity of a heating source for the wind plasma, dis-
the position from where on mass input is negligible, the detributed in radial distance and proportional to the plasma den-
sity curves return to their steadily decreasing behaviour, but thigy; we have introduced it in terms of a parameterized heating
global effect is that the density values in the external regionsratte H., (r), and we have shown its importance from the ener-
the wind are significantly larger than those of the correspongketic balance point of view both for the transonic region of the
ing constant-mass-flux solutions (in Fig. 2), specifically by moind, where the solution is the result of the complex balance of
than one order of magnitude in the examples shown. This is @mnergy deposition/loss and momentum deposition as well, and
tained still maintaining the solutions within the regime fulfillingor the outer supersonic region, where the wind behaviour is
our consistency criteria; in fact, for both the models shown, tineore similar to that of a polytropic-like wind, for which the en-
resulting total optical depth to scatteringris ~ 0.02, and the ergetic balance must lgg— £ > 0. We have modeled/,. () in

total power exchanged by the wind plasma (for energy gainsaparameterized form, but we have not yet identified its physical
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origin, that is certainly an issue to be clarified in the context olur wind-type outflow models can have a velocity quite sim-
radio-quiet AGN physics (see Sect. 4). ilar to the values of outflow velocity of the UV-absorbers (at

In the chosen descriptive framework, rather strict requirkeast for what regards Seyfert 1s) estimated from spectroscopic
ments turn out to be imposed on the parameters defining thiglysis of the blueshift of the observed absorption lines, i.e.
heating functiond.. Vwind =~ VUVabs-

We have found that we can build model winds that are char- These results would suggest a possible relation between a
acterized by very high temperatures (up to relativistic values foackground nuclear wind as the one we have modeled and these
the wind plasma electrons close to the wind origin) in the innphenomenological components of AGNs. The nature of this re-
regions, and external (supersonic) zone temperatures that calatien is at present not defined. However, in the framework of
easily maintained high enough to ensure complete ionizationmbdels in which UV absorbers are due to clumpy material em-
the wind plasmaf,,, ~ 10°K). Also, the wind turns out to be bedded in a surrounding medium, a possible speculation, sug-
rather tenuous, with plasma number density at the wind origiested by the order of magnitude pressure equilibrium between
that is typically around a few10” cm~2 and then decreases smur wind-type outflow and the absorbing material, could be that
that, for a constant mass flux wind, the outer supersonic regighe absorbing clumps are somehow dragged along by the wind
of the wind are extremely rarefied, what makes the wind almatstelf, identified with the background medium, and they are es-
unsubstantial. sentially comoving with the wind, thus avoiding the disrupting

To circumvent this problem so as to account for possib&#fects of hydrodynamical instabilities. In this case, substantial
interactions of the wind with other physical components of thteermal pressure equilibrium would be achieved thanks to the
AGN central region, leading to external mass entrainment in tbenspicuous local values of the wind temperature and to the fact
outflow, we have devised a simple treatment for the inclusiontbiat the input of external mass, that we suppose to take place at
adistributed mass source along the wind way. We have thus bBIliR distances, guarantees appropriate (sufficiently large) wind
up wind models with non-constant mass flux, increasing wittensity at UV absorber distances. This would be obtained with-
radial distance in a given region, whose extension and locatiout requiring too large mass loss rate from the very central region
we can appropriately define. The resulting outer plasma dengitg., close to the wind origin) (see de Kdol 1997).
can be therefore maintained at larger values. To be more specific, we have to recall, first of all, that,

The consideration of mass-loaded wind models also alloapart from this spectroscopic determination of the outflow ve-
us to attack the issue of the relationship between the nucle&aity of the UV-absorbers, the estimates of the distance and
hot wind, as a kind of background, and other interesting phef-other physical properties of the absorbing material, such as
nomenological components of the AGN central region. In faaensity and temperature, that are found in literature do de-
on one hand we can relate the origin of the external mass inpend on the assumed photoionization model through which
for the wind to the presence of a clumpy line emitting conthe authors analyse the observations. The estimated distances
ponent as the BLR, with which the wind interacts, somehaiypically range from~ 50ld to < 1pc, and the order of
entraining part of its material; on the other hand, wind modetsagnitude of the thermal pressure, givensas, is around
with non-negligible density values at “large” distances, that isx 10%Kem=3 and2 x 10'°Kem~3, assuming temperatures
distances comparable with the inferred estimates of the positianthe range10* <+ 10°K; see, for example, the studies on
of outflowing UV absorbers, allow us to examine the possibdGC3516 by Mathur et al. (1997) and on NGC5548 by Mathur
relation of our wind with these UV(-X-ray) absorbers as wellet al. (1995), and by Crenshaw & Kraemler (1999). From these

As for the relation with the BLR, we postpone this studgame authors and references therein, an estimate of the out-
to a forthcoming paper (Torricelli & Pietrini 2000); here wedlow velocity of the UV absorbing material of Seyfert galaxies
just mention that we are going to study this problem withigives vyva,s < 2000 kms™!, and, more specifically, for the
the framework of those models that structure the BLR withtavo AGNs mentioned above, it isyvans ~ 500kms™! (for
central compact star cluster, whose evolved stars (the so-caN@8IC3516) andiyvaps < 1000-1200 km s~ (for NGC5548).
“bloated” stars) originate gas envelopes and stellar winds that An inspection of the two example solutions for the case of
can be both considered the site of the line emission and thass-loaded wind models shown in Fig.5, both correspond-
source of mass for wind entrainment [see Korista (1999) forg to Ly = 10** ergs™!, allows us to verify that for both the
a general review, and Alexander & Netzer (1894), AlexandsolutionsnT is in the range of estimated order of magnitude
& Netzer [1997) and Alexander (1997) for a recent model of the UV-absorber thermal pressure mentioned above between
“bloated”-star BLR]. 4 x 10*ry and17 x 10*r,, corresponding to the interval be-

The relation with UV and X-ray absorbers, quite commonigween~ 260ld and~ 1100ld, which is right within the range
present in Seyfert galaxies (Crenshaw ef al. 1999) should dfeestimated distance of the UV-absorber component. Also, it
explored as well. We find encouraging the fact that the physs-interesting to notice that, in this range of distances, the wind
cal properties of our mass-loaded wind models at the estimatedflow velocity is between- 12001500 km s~! for the solu-
(model dependent) distances of these AGN components are simtin panel (A) of Fig. 5, whereas for the one shown in panel
that, for example, the wind thermal pressuxer(T") is compara- (B) it is ~ 350-500 km s~; again these values seem to match
ble or anyway within the range of estimated values of the thernmather well the observed values@fyaps-
pressure of these absorbers. Moreover, at these same distances
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Of course, the considerations above are purely speculativind model, mentioning the well known case of simple poly-
at present, but they are stimulating to start the analysis of tihepic models, corresponding to a situation in which the ener-
possible role of a nuclear wind such as the one we have studigtic balanceq — £) is in favour of energy gain. Nevertheless,
in the present paper in understanding the scenario of UV-X-rexz do expect our wind model energetics to be more complex
absorbers in AGNs. This is postponed to future work. than that of a wind resembling a simple polytropic model. In

fact, exploring the parameter space to understand and identify
AcknowledgementsThis work was partly supported by the Italianthe conditions to effectively get well-behaved solutions, we have
Ministry for University and Research (MURST) under grant COﬁnga’ound that the parameters chosen to deﬁh{ér’ T) are pretty
02-32 critical and determine a rather narrow range, if we want to keep

our solution in the physically reasonable regime (see Sect. 5).

Appendix A: qualitative issues on wind energetics Moreover, an inspection of the energetics shows that for our
_ N model the balancg — £ can locally be< 0, although, in gen-
A.1. Energetics and momentum deposition eral, when this is verified, the relative value of the difference is

The following analysis refers to the case in which the ener&yite smaII,i.e..\g —L|/L < 1. L o
deposition process implies a corresponding momentum de 0_Ourmodel is closerto a polytropic-mimicking wind in its su-

. ) N . i
sition contribution (see Sects. 3 and 5). Since we are intere &GSonIc, external r?glon_, Whe’m_/dr ~ 0 gnd, in the asymp
in analyzing winds with internal temperatures much lower th&RtiC imit, dv/dr =~ 0;inthis case, infact, itisalways—L > 0,
the huge value of},, we have estimated above, we look fofand also, due to the very small densities reacheq in this region,
the consequences on the energy equation of the limit conditidh&" Pl — £1/G ~ O(1). Indeed, for a model with constant
(10) and (11) of Sect.5. In the constant mass flux limit, al§@ss .flux', combining Egs. (2), and (3) (non-rellat|.v|st|c energy
supposing that, given the first of the conditions above, we cﬁﬂ“a“c?” IS O,f course approprlatg for the .descr.|pt|0n of this su-
approximate withH, the whole of the energy balance (ga"persomc region) in the asymptotic limit, in which/dr ~ 0
minus loss rates) appearing on the right hand side of the @H—d forr > 1., we get
ergy equation (Eg. (3)), this same equation, divided,lman be
rewritten, close to the wind origin, as G-L)> 1 1U(H* + Hraa) <0

Y — C

cy—1dr ~y—1pcdr T In this region, even for negligiblél,, itis G — £ > 0, since

Since the second of conditions (10) must apply (and the méf"rtethese distances, beiflg < Tcomp and the density of the

2 . ; ;
so(v/c)(dp/dr) < H,/c, because the flow is sub-relativistic:),Wlnd very IOW’ Hcomp > (n"A + Loomp); however,_ln this

. : o case, the wind temperature tends to decrease, since the ex-
this equation leads to the condition

pansion cooling terme{ T'/r) is decreasing more slowly than

v pldp H, Hcomp/p < Tcomp/r?. Thus, to avoid a too strong decrease of
Cy—1pcdr ~ e the temperature in this external region or to maintain a sort of
asymptotic, more or less constant (or slowly decreasing) tem-

or, neglecting the factor of order unity/(y — 1), perature, the contribution @f, is again necessary, and it must

beH./p « 1/r or a close power of.

pdinp ’dj‘dlnp c H,
dr

rdlnr dlnr v ¢’

From this relation we can conclude that, allowing for smaA
dp/dr and large momentum depositidt, /¢, we can expect
very large gradients in density in the inner wind region, that, o this Appendix, we explicitly describe our choice for normal-
matter what is the value of the density itself at the distanceiaation of the physical quantities appearing in the wind equations
which the wind becomes supersonic, lead to a very large densigrived in Sect. 3.

inthe internal region. This in turn can easily imply atotal optical Apart from the Mach numbei! = v/c;, which is non-
depth to scattering that is by far exceeding unity (by orders dimensional due to its own definition, all the physical quantities
magnitude) and resulting total power exchanges in the eneappearing in the wind equations are dimensional, and we have
deposition and loss processes that are very large with respet¢oteduce them to the corresponding non-dimensional ones with
the central source luminosity; as a consequence, in this casesth@rmalization appropriate for our problem. A natural choice
corresponding solution would turn out to be unacceptable wiidr a wind problem, in which the sonic point s a critical starting
respect to our criteria, and inconsistent as for our treatment.point for the resolution of the problem itself, is to build up the
normalization of the problem making use of the chosen physical
parameters at the sonic point itself, namé&ly= 7'(r.), and

pe = p(re)/ fm(re), which is directly the value of the density

In Sect. 8.1 we have discussed the importance of an additioatihe critical point only iff,, (r.) = 1, what is for sure verified
heating source distributed in distance along the wind way fomdnen no mass sources along the wind are taken into account.

ppendix B: non-dimensional parameters and equations

A.2. Energy balance
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From the temperature at the critical poifit,, we obtain the whereC,; andC’, are two non-dimensional parameters,

sound speed at the critical point itself, since orLo
DQ = (>
2k 2 e 2 SC ’
2 =c(re) =7 () T.. (8.1) TeC Nl .
my and other quantities appearing in the definitions above have been

wherey = 5/3. We choose however to normalize distances Wimtroduced in the sections referring to the heating and cooling

the gravitational radius, = 2G' Mgy /2, to account for a basic rateshln the text. onalt . ,
ingredient in the problem such as the central black hole gray- | € same dimensional factor can be of course used to obtain

itational pull. We thus define the following non-dimensione{he non-dimensional radiative cooling rate per unit volume from
(p%/m%)A, for which we have in fact

quantities:
T p2 A 2A (pccgc) [ 2( )/\( 2)] (B 13)
_r el _ 4 — A=n"A=|——] |p"(x)A(s7)], .
x = v T(x) = T (B.2) m¥ Tg
o — where the quantity in square parentheses is the non-dimensional
s(r) = oo VT (B-3) rate per unit volume.
_ P
plx) = —; (B.4) . L .
Pc B.1. Normalized form of non-relativistic wind equations

from the definitions given in Sect. 3, the non-dimensional m

. ; aﬁﬁaking use of the definitions above, we obtain the non-
flux per steradiant can be written as

dimensional form of Egs. (13) and (14):

Afw) = ml) _ Jnle) @5 M —1dM _

AO PcTcCsc M dx -
so that the non-dimensional wind density can be recovered from ; 2 9 1 e\ 2 5
the results of integration fa¥/ = M (z) ands = s(x) as Nt 53— + SM?4+1) x

x 3 3 sx Csc 3
.’B2fm($) 2
plz) = =2 (B.6) I 28 fm B B B
$2MS 3M83.'172 [ ]\/[S >\ + lComp hComp h* (1 MSCSC/C)]
where, of courseg, = r¢/rg. 4 co huot 11 df, [5M2 M2
As for the energy exchange rates per unit volume, for those + 5% 52;2 - Qf—d—;n { 3 + 1] [3 + 1} , (B.14)

that can be written in the form defined by Eq.7 in the pa-
per (H.(z), Hcomp(®), Leomp(z), and the quantity.q(z), M>—1ds _
defined by Eq.5 and related to radiation pressure momentums  dx
deposition in the wind), we can isolate a dimensional factor2M2 1 2

3 - . . c S I
(pccsc/rg) , S0 that the non-dimensional corresponding quaR-—— + () - (M — 1) X

272
tity can be expressed as 3z 65727 \ e 3
_ pecd\ ! S [Lgfm/\-i-lc — hcomp — ha(1 — Msese/c)]
i = (40) e (B7) 3MsPa? Ms 1 Comp ™ ficom .
& lcge hoor 1 1 dfy (5M*  2M?

- 2 Ge - - Ym - 1 B.15

thatis 3¢ s2x?2 2 fy dx ( 9 3 + )’ ( )
— 2 . . .
H(z) = p(f)f(x) — [xcfm](;)} F(z), (B.g) Wherethe non-dimensional funcuolms(;g),htot(x) = (@) +
z s hrads Pcomp X TComp/Te, @andlcomp o s° representthe various

whereZ (z) = F(z)/(rycl.) is the non-dimensional version offate functionsF defined generically by Eq. (B8), corresponding

sc . .
the characteristic rate functiofi(z). To be more specific, we to the energy exchangg rates per unit yolume Igbeled W_'th the
same subscripty = A\(s?) is the normalized cooling function

have ;
_ as defined by Eq. (B.13)
H.(z) = Lf)h*(x) Also, the normalized sonic point:{ = r./r,) implicit
o . equation is corresponding to Eq. (15)
- Pa(:—f) (Clj_m +02xvz>, B9) 4 81 (dfu) (c 21+2(CSC) (hrad)e
() () T e 3f. \dr Cse) T2 c x2
HComp(x) = 7h00111p = ? (DOCJC_)'THP) ’ (Blo) 4 5CSC
¢ 9.9 ( *)c - + (hComp - lComp)c -
- plz) ) o 3 2c
LComp(x) = ?lComp = ? (DOS ) ) (Bll)
— px 7z orL 22 fde| = 0. (B.16)
Hraale) = P ppy = PO ( rlo ) (B.12) ]
T x drmpes.re
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B.2. Normalized form of relativistically correct wind equationsvhere M, and Py; are non-dimensional and, in terms of nor-

R : malized quantities can be written explicitly as follows
Relativistically corrected equations of Sect. 7 have to be reduced q pHcttly

to their non-dimensional form. Our choices for normalization , 542 1 3 2

of the various dimensional quantities are the same defined"at = 3s21+1/fr’ Py = Kn + 5u2f (B.24)
the beginning of the present Appendix B, except for velocity
normalization; here we define a non-dimensional velocity tﬁ’

. " : . eferences
making use of the sound speed at the critical paigt,which
is still given by Eq. (B.1), so that Alexander T., Netzer H., 1994, MNRAS 270, 781

Alexander T., Netzer H., 1997, MNRAS 284, 967

u= - (B.17) Alexander T., 1997, MNRAS 285, 891

Csc Begelman M.C., McKee C.F., Shields G.A., 1983, ApJ 271, 70

notice that, since,as we have mentioned in Sect. 7, the temp&%e'ma” M.C., de Kool M., Sikora M., 1991, ApJ 382, 416 ,
G.T., Lesch H., Schopper R., et al., 1999, Astroparticle Physics

ture value at the critical point for the solutions we are interest84 11, 63

in is always chosen in the nc.Jr'l-reIatl}IISt'IC range, the deflmt_lcgfttencourt J.A., 1988, Fundamentals of Plasma Physics. Pergamon
of the sound speed at the critical point is always the one given piass Oxford

in Eq. (B.1) and it keeps it physical meaning in any case. Witl}srnsson G., Svensson R., 1991, MNRAS 249, 177 (BS91)
this notation, the expression for the normalized gas density ngyndford R., 1993, In: Burgarella D., Livio M., O'Dea C.P. (eds.)

turns out to be Astrophysical Jets. Cambridge University Press, p. 15
9 Blandford R., 1994, In: Bicknell G.V., Dopita M., Quinn P.J. (eds.) The
px) = % (B.18) First Stromlo Symposium: The Physics of Active Galaxies. ASP,
e San Francisco, p. 23

As for the heating and cooling rates, normalizations faflandford R.D., Begelman M.C., 1999, MNRAS 303, L1
tors are the same of course, and the only difference we hééﬂéa”?]l* '\é":\;rai'\'" 1996i9A§; 4ABE3 57211 579
here is in the definition of the normalized rate functionsfilyr < chonaw .., firaémer, AP .

. . Crenshaw D.M., Kraemer S.B., Boggess A, et al., 1999, ApJ 516, 750
and Hcomp (see Sect. 7), so that in the relativistic temperatupe . L.P., Durisen R.H., Cohn H.N., 1987, ApJ 313, 556

regime, we define David L.P., Durisen R.H., 1989, ApJ 346, 618
= o1 .2kr kr | A .09 de Kool M., 1997, In: Arav N., Shlosman |., Weymann R.J. (eds.)
he(z) = Cra%s™ 0 (1 +40)% + Coa, (B.19) Mass Ejection from AGN. ASP Conference Series 128, ASP, San
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Esser R., etal., 1997, JGR 102, 7063
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normalized equations for relativistic electron temperatufg |
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