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The formation of the coronal flow/ADAF
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Abstract. We develop a new method to describe the accretion flow in the corona above a thin disk around a black hole in
vertical and radial extent. The model is based on the same physics as the earlier one-zone model, but now modified including
inflow and outflow of mass, energy and angular momentum from and towards neighboring zones. We determine the radially
extended coronal flow for fierent mass flow rates in the cool disk resulting in the truncation of the thin diskfatedtit

distance from the black hole. Our computations show how the accretion flow gradually changes to a pure vertically extended
coronal or advection-dominated accretion flow (ADAF)ffBient regimes of solutions are discussed. For some cases wind loss
causes an essential reduction of the mass flow.
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1. Introduction gas flow. The distance where this happens depends on the mass
o flow rate from outside.

g;]e r(;ewxfascmggng results l{rom );MM-Neyvtqnhapd the Meyer et al. (2000) developed a model for a corona above
han r? ray sgrvatory allow ah gepler t')f‘s'g tinto the eometrically thin standard disk around a black hole (basi-
physica fprom;sses in many asltrop ysical OfJethS, on SCYERy the same physics as already discussed earlier for disks of
ranging from binary stars to ga axies. One of t ese toPICS JRarf nova systems, where the compact object is a white dwarf
the acc_retlon o_nto black holgs. This can happen_ in form of Weyer & Meyer-Hofmeister 1994)). The corona is fed by gas
advectlop-dommated accretion flow (ADAF).or via a St?"ﬂ'da(fahich evaporates from the cool thin disk underneath. An equi-
geome_trlcally thin Shal_<ura-S_unyaev a_ccretlon disk. Since ium establishes between the cool accretion stream and the
ADAF Is onlyhpos§|ble N thi_lnner reglgn arpum(jj the_ Ceng"ﬁot flow. The diciency of this process increases towards the
accr_eto;long ?]S N many o Jecftsdag ahvectlon—ﬂommhate gg/%'ck hole. This means that at a certain distance all matter is
cretion OW'r.]t € Inner region, fe y the mass flow throu aporated and the disk is truncated. From this distance on in-
a standarc_i disk at larger distances from the black hole (fofl\/ﬁrd all gas is in the hot flow and proceeds towards the black
recent Lewew OanDAF mpdels seglNall(r?]yelm 2.002)|' The )S('tq‘?dle as an advection-dominated flow. This original model is a

gf’” 'S,’t e 53me or accretion qntobl ack h OI esinga "?‘Ct'c I'r@?nplifying description of the two-dimensional accretion flow
melm.eig;\l onto supermassive black holes in active ga a?HFvertical and radial extent with a free boundary condition
nuclei ( )- o ) on a radially extended surface). The resulting evaporation e
~ The spectra arising from these twadtdrent ways of accre- ciency as a function of distance (and of the central black hole
tion are very diferent, a soft multi-temperature spectrum frormass) allows to determine the location at which the thin disk is
the black-body like accretion disk and a hard power law spaggncated.
trum from the Comptonizing much hotter gas in an ADAF (one £ some X-ray binaries in quiescence the location of the
observes the combination of both originating afefient dis- jyner edge of the disk can be deduced from the orbital veloc-
tances from the black hole). The observed change of the SpRCthere, which is inferred from the observed khe profiles.
tral type, the sofnard spectral transitions in X-ray binariesyhis requires that the disk temperature at the innere edge does
were successfully modeled as related to a changing mass gy exceed the ionization temperature of hydrogen. Using the
rate by Esin et al. (1997, 1998), thereby supporting this piCtU$AF model for the fit to the spectra of soft X-ray transients
of an ADAF in the inner region surrounded by a standard diske e.g. A620-00, V404 Cyg and Nova Mus 1991 the mass ac-
This means that at a certain distance from the black hole th&+ion rates We,re derived (Narayan et al. 1996, 1997). If one
accretion mode changes from the flow via a thin disk to & Rg§nares these results with the disk truncation radius from the
evaporation model the agreement is reasonable (Liu et al. 1999;
Send gfprint requests toE. Meyer-Hofmeister, Meyer-Hofmeister & Meyer 1999). The change from disk
e-mail: emm@mpa-garching.mpg.de accretion to an ADAF was also investigated for several low
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luminosity AGN and elliptical galaxies (Quataert et al. 199%jwarf in binaries, a “siphon flow”, Meyer & Meyer-Hofmeister
Gammie et al. 1999; Di Matteo et al. 1999, 2000), also the thE994). The hot corona conducts heat downward by electron
oretically expected disk truncation (Liu & Meyer-Hofmeisteconduction. At the bottom the temperature decreases from its
2001). The results confirm that the truncation of the thin diskliggh coronal value to a low chromospheric value, heat conduc-
located at smaller distance from the black hole for higher mag: becomes in@ective and the thermal heat flow has to be
flow rates in the thin disk. Only for low luminosity AGN theradiated away. Thefgciency of radiation (in the optical thin
observed spectra seem to demand a disk truncation at radii¢tage) depends on the square of the particle number density. If
small for the accretion rate (Quataert et al. 1999). But this apis density is too small the material will heat up and increase
parent discrepancy might be resolved by tffe of magnetic the density in the corona. In this way the corona of a given
fields from a dynamo in the underlying disk on the coronal gasmperature will “dig” itself so deep into the chromospheric
flow (Meyer & Meyer-Hofmeister 2002). layers that a density is reached which is able to radiate away
We now present work which is an essential step beyond ttiee downward heat conduction and an equilibrium establishes
one-zone model. We develop a new method to describe the lbetween the cool accretion stream and the hot flow. The final
cretion flow in the corona above a thin disk in its vertical andeensity in the corona is determined by the pressure equilibrium
radial extent. The model is based on the same physics as inahthe interface. The hot flow continuously drains mass from the
one-zone model, but now modified including inflow and outorona towards the central object. This is resupplied by evap-
flow of mass, energy and angular momentum from and towamsition from the surface of the cool disk as the corona tries to
neighboring zones. In the earlier model inflow from outwangstore the density to the stationary level.
regions was neglected. But this is necessary if one considers re-
gions inside the evaporation maximum (in the one-zone model . L
at about 300 Schwarzschild radii, compare Fig. 3 in Meyer et I.l' The mgdellng of the corona above the thin disk
2000). For the inner regions it is also important to take into ac- N vertical and radial extent

count diferent ion and electron temperature and, in the caseff gescribe the structure of the corona above the cool disk we
a high mass flow rate in the thin disk, théfeet of Compton 56 the standard equations of viscous hydrodynamics: conser-
cooling of coronal electrons by disk photons. Both were iRzign of mass, the equations of motion and the first law of
cluded in the one-zone model description by Liu et al. (2004}¢rmodynamics. We want to determine the vertical structure of
where emphasis was put on evaluation of the coronal flow in corona at dierent distancesfrom the black hole with em-
case of high accretion rates as in narrow-line Seyfert 1 galaxigfasis on the inner accretion regions. For the earlier “one-zone

The co-existence of hot and cold gas around galactic blag el only the zone at the edge of the thin disk was consid-
holes and in AGN was also investigated byf&iska & Czemy ereq. Since the evaporatiofiieiency increases steeply in radial
(2000a,b). Diferent ion and electron temperatures were alreagiection inward this approach gives already good results (but
included. In their work the physical picture is basically thgpy for distances from the black hole where the evaporation ef-
same as inours, but the resultﬁdl in detail. The investigation ficiency indeed increases inward). We now want to investigate
focuses on the innermost region near the black hole. In earligg coronal structure in its full extension in two dimensions. We
work (Meyer-Hofmeister & Meyer 2001) we discussed the difjetermine the vertically extended coronal structure for a series
ference of the results. Processes of evaporation very closg{fQ,ccessive radial zones. In this multi-zone model the diver-
the black hole were studied by Spruit & Deufel (2001). gence in radial direction is replaced by inflmutflow of mass

In Sect. 2 we discuss the physics of interaction betwegRy angular momentum in the zones (in the former one-zone

the hot corona and a cool disk undemeath. We introduce i@ el this could only be taken into account approximately).
modifications necessary for a consistent treatment of the mass,

energy and angular momentum flow. We describe the procedgre. The equations

how one finds the solution for the two-dimensional accretion

flow, put together from the separately computed structures e use cylindrical coordinatesy, z with the z-axis perpen-
different radii, and we present the new computational resufi§ular to the disk midplane. We consider stationary and az-
(Sect. 3). This multi-zone model describes the increase of iheuthally symmetric flows. We use basically the same equa-
mass flow in the hot corona towards the black hole. A part 8¢ns as for the one-zone model, also used in Liu et al. (2002),
the matter is lost in a wind from the hot corona. In Sect. 4 wiasit modified to take mass, energy and angular momentum in-
discuss the dierent regimes of solutions, wind loss from thélow and outflow in its radial dependence into account.

coronal flow and the consequences of a varying mass flow rateIn the following we list these five ordinary fiiérential

in the thin disk on spectral transitions. equations. The dependent variables are the vertical mass flow
m = pv, (p density,v, vertical flow velocity), the vertical com-
ponent of the heat flu¥,, the pressurd® and the ion and
electron temperaturg andT,, the independent variables are
andz.

We use the following equation of state

2. The physics of the interaction of the hot corona
and a cool disk underneath

If we imagine hot gas above cool matter in a disk below both
layers interact. This interaction happens in the gravitational po-

Rp
tential of the central star (as earlier considered near the wHite MiKTi + NekTe ~ %(Ti +Te), 1)
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with nj, ne, Tj, Te ion and electron number density and respegyith ® the (Newtonian) potential

tively temperaturep; = p is the ion mass density. We take a GM

standard chemical compositioX (= 0.75,Y = 0.25) in the ©= T2 A2 (7)
corona and the average molecular weight thgs= 0.62. Ina _ _ i )
fully ionized gas of standard composition the electron numbé?“:’Q Is the viscous hea“”g rate per unit volume apothe
density is about 10% larger than the ion number density. TI€ Of €nergy transfer from ions to electrons (Stepney 1983) as

last expression for the total pressure in Eq. (1) is chosen fgKeN in Liu et al. (2002). The energy advection modification
simplicity. Foruo = 0.62 it is exact ifTe = T;, but it overesti- termne is discussed in the next section. The contribution of the

matesP for Te < T: by 5%. We neglect this ierence. frictional stress to the divergence of the energy flow is already

From the conservation of mass we get our first equation explicitly taken into account as frictional dissipation term in
the equations.

ﬂ(pvz) = - gpvr . Z v ) For the multi-zone model there are two changes compared
dz r rz4+ 2" to the one-zone model, (1) the mass and energy modification
with v, the radial difusive velocity andyy the mass advection factors and (2) we now take into account the radial dependence
modification term (see next section). The second term in Eq. @)% in the formula for the specific energy (see Sect. 2.3.3).
approximately takes into account théeet of the changing ~ For electrons the energy balance is determined by
channel cross section(1 + Z2/r?), for the ascending flow asthe processes of heating by collisions with ions, cool-
its shape changes from cylindrical to spherical at large heighpd by bremsstrahlung (free-bound and free-free transitions),

(compare Meyer et al. 2000). Compton cooling, and vertical thermal conduction.We neglect
The second equation is th&omponent of the equation ofhere the radial thermal conduction in a first apprOXimation. In
motion, the main part of the vertical structure solution it is not a domi-
nant term (see Meyer et al. 2000).
pvzd_”z __gp _pﬂ’ 3) The second energy equation is
dz dz " (r2+ )32 q 5
with G gravitational constant anll mass of the central black g, (0eVzUe + Fe) = Gie — NeMiL(Te) — Gcomp + 77e * L-Pevrle
hole. Ther-component of the equation of motion to first order 27

gives the rotational velocity, as equal to the local Kepler ve-

—m(pevzue + Fc), (8)
i 2 _ 2 /(p2 3/2 ; : -
locity, v, = GMr®/(r +2°)°% neglecting radial pressure gradlWhereue is specific energy of electrons (defined correspond-

1 . B
ents, small of ordeRTr/GMu < £ in our solutionsT stands jnq1y to ;) and neniL(Te) is the bremsstrahlung cooling rate

for the temperature which determines the hydrostatic Iayeri%d Jeomp the Compton cooling rate (Rybicki & Lightman
T ~ T;. Thep-component yields angular momentum conservgyzg) ag in Liu et al. (2002).

tion and determines. , _ ~In the energy balance for the electrons one could omit the
The vertical conductive heat flux provides our thirdermg myltiplied withoe due to the low ratio of electron to ion
equation mass. We keep the equation for ions, Eq. (5), and replace the
_ 520Te equation for electrons by a joint equation for electrons and ions
Fe = —koTe dz’ 4) (with u the specific energy of electrons and ions).

with ko = 10°%g cm s3 K=7/2 for a fully ionized plasma
(Spitzer 1962). This formula for the heat conduction is valid.3. The modification terms for radial inflow/outflow
if the electron mean free path is small compared to the len
over which the temperature changes significantly. In the regi

tion this is the case (occasionally at least marginally).
- . . . aged way.
The two remaining equations, the energy equations for ion
and for electrons, as derived by Liu et al. (2002), include the
cooling and heating processes in the hot corona and the eqi&-1. The radial diffusive velocity
tions are now modified for the multi-zone model. For ions t

: . . : . e equation for local angular momentum conservation is
energy balance is determined by viscous heating, coollnghé/

collision with electrons and radial and vertical advection. ThE 2y, r20) + ﬁ(zﬂrpverQ) ¥ ﬁ(zﬂrw) =0 9)
friction is taken proportional to the pressure with a standaff 0z or

a-prescription. with the frictional stressy,

d 3 2 27 — P

d—z(pivzui) = EQPQ = Gie + 7 * Tpityli m(ﬂivzui), (5) Trp=—aP= proc = _EQ#’ (10)

u viscosity. For the lower, dominant part of the corona it is
a reasonable approximation to neglect #rdependence af2
(for an error estimate see Meyer et al. 2000). Mass conservation

with Q the rotational frequency; ion density,a viscosity pa-
rametery; is the specific energy of ions

‘ 0 0
— + D, 6) — el -
_ (6) ar (2rrpuvy) + aZ(Zﬂrpvz) 0 (12)
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togetherwithaiz(rzg) ~ 0 yields 2.3.3. The specific energy

Zﬂrpurg(rzg) N 372'£(r2§2,u) o (12) Ir21 the specific energy the kinetic energy i€ = (0 + o? +
0z or v)/2. Sinceu,, the dominant term, is dependent, and it has

Using to be taken into account a% = GMr?/(r? + 2)%2 (in the one-

zone model it was taken as constant and dropped out of the

2 2
Q) 1ra (13) equations).

a2
one finally obtains for the radial usive velocity (inward
directed) 2.4. Boundary conditions
o = _3aP dlnu\ _aVs2 1 olnu (14) The boundary conditions are the same as those in the one-zone
T dlnr |~ dlnr )’ model.

with vk Kepler velocity. As a simplification we take the rate O'Eh '?‘S thle I(;wer b?uqdarytof our c?lculau%n_zai tZo, we tatke
change of the viscosity the same at all heigtdad replace the € level where €lectron temperature and ion temperature are

- _ 10p5
logarithmic derivative ofz by the logarithmic derivative of its already about the same and have the valle T; = 10° K
Below an analytic solution sfices to cover the small remaining

int | f _ . L :
integra i extent before the disk chromosphere is reaching it and yields a
dlnu _ dinf f = 2[ 1,udZ (15) relation between pressure and downward heat flux (for a more
dinr  dinr’ % detailed discussion see Meyer et al. 2000).

(integration over the height of the corona on both sides of At the upper boundary with no pressure confinement at in-
the disk). f results from the computed vertical distributiorfinity we require sound transition at some height z (free

of the pressure according to Eq. (10). With this replacemépffundary)y; = Vs. Further with no influx of heat from infinity
Egs. (10), (14) and (15) yield for the coronal accretion ratBere, we requiré. = 0 neglecting a small remaining outward

(positive if inward) heat flow.
This constitutes 5 boundary conditions for the 5 ordinary

Z:
Mc = Zf ' 2ntpvdz = 3rf (1 + 2(;|I_nf) differential equations in
% nr
= —27rXo, (16)
the third equality defirz1ing the mean radial veloditywith the 3. A consistent solution at all distances r
surface density = 2 [* pdz (both sides of disk). The equations described are valid for accretion iffedi

ent astrophysical objects, stellar and galactic black hole
masses. The solutions scale with Eddington accretion rate and
Schwarzschild radius. In the following we present the solutions
We derive the modifications of the sidewise advection terrfisr an accretion flow around aM,, black hole (the Eddington

in the equations for conservation of mass and energy agairegsretion rate then is.8x 10'® g/s, the Schwarzschild radius

2.3.2. The divergence of mass and energy flow

mean values ovez The radial divergence is written as 1.8 x 10° cm). We take the viscosity parameter= 0.3 (for

1d, 2 the dependence of the coronal structure on the viscosity see

Fa(rzvr) = ==X (17) Meyer-Hofmeister & Meyer 2001).

such thatyy measures the radial divergence in terms of its one-

zone model value. Thus follows 3.1. How to find consistent solutions

= _ldinirZe| _ 1dinjMc| (18) The main goal of the new approachis to find out how the corona
2 dinr 2 dinr is stretched out above the disk in radial extent. The one-zone

With Eqg. (16) the mass modification factor can also be writtenodel gives a description of the coronal structure only for the

in the form one inner zone where the thin disk underneath becomes trun-
1dIn|f(1+ ZZIIEIN cate_d. Thi; isa reaspnable _first approach when the evaporatior

™= (19) efficiency is steeply increasing with decreasirand evapora-

. o . tion is the dominant mass feeding cause there. (Mass flow into
The divergence of the energy advection involves the derivatiyg corona from farther outward was neglected and simple es-

of Mc - u(r, 7)) with u the specific energy (see below), timates for the flow of mass, energy and angular momentum
1dIn|M(r, 7) - u(r, n)| through this one zone were made.)
=3 dinr ' (20) For the determination of the coronal mass flow in a radi-

The potential, kinetic, and thermal specific energies all sc& extended region the fierence of inflow and outflow in a

approximately as /r (see Liu et al. 2002, Fig. 4). The factorsuccession of radial zones is now properly accounted for. This
then is ' means that the coronal mass flow at a certain radius depends

on the coronal structure in the neighboring zones and must be
ne =nm + 0.5. (21) determined iteratively.
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form a two-dimensional manifold. Berent approaches might
be possible. An iterative procedure without enforcing appro-
priate boundary conditions, starting from one of our curves in
Fig. 1, determining the derivatives of |dgand the;values and
then the appropriate new Idgcurves, seems not to converge to
a consistent solution. This is probably due to the large number
of possible solutions corresponding to the diversity of possible
boundary conditions.

We use the following procedure. We start at a chosen dis-
tancer = ry where the thin disk is truncated. There the
boundary condition is(ryy) = 0 which means that all angu-
lar momentum carried inward into the inner disk free region is
returned by friction (see discussion in Meyer et al. 2000). Now

we construct a consistent loigcurve step after step. Step 1:
8.0 85 9.0 95 10.0 we choose an initial value of log(r,7) (from our computed
grid of curves); from Eq. (23) we see which value has to be
Fig. 1. Values of the viscosity integrdl(r, /iy, 7i) for different param- chosen for% to give the valuegy andsje that belong to the
eters, basic curves for the evaluation of the coronal flow. solid lineghosen initial value off (the derivative is approximated by a
(itm. 7€) = (0,0), (0.5,0.5), (1,1); long dashes)(,7e) = (0.5,1), difference quotienty(logry + Alog r) — s(log ry)/Alog r, we
(1, 1.5) For (0,0.2) the line is approximately the same as for (0, QisedA log r = 0.2). This determines the slomawith which to
Thick line: example of a consistent curve chgincIL_Jding the mass, proceed to the next log value at the next radius. Step 2: the
ene_rgy ar_1d angular mom_entum flow consistently (in our computatlogﬁjpe determined in step 1 yields the next value forfipagain
we investigate the accretion flow around g black hole). we determine the further slope so that relation (23) is fulfilled.

Each step thus determines the further outward skpéthe

We first compute the coronal structure for successive dleg f curve so that the Values and (r, 77) are consistent.

tances and a series of values for the modification terms to con- g, 4 given truncation radius and for each initial value of

struct a grid of curved(r,nm,ne). The derivative off only log f we get with this procedure one consistent lbg, 7)

appears iny and in the modification terms. We therefore takg rye A second boundary condition at an outer boundary of
these terms together as the interval for which we determine the coronal flow allows

~ dinf(r,n) to discriminate between the various curves that belong to one

™M =Tw - (1 +2 W) truncation radius. The slope at the outer distance is a possible
dinf(r,n) boundary condition. Fos = 1/2 t.he radial difusive velocityv,

e = g - (1 +2- W) (22) becomes zero, no mass flow inward or outward. Then closer

to the black hole the mass flows inward, at larger distance the
We show some of these results in Fig. 1. A vajye= 0 means Mmass flows outward. In fierent disks the outer boundary con-
a net zero outflow. In this case we found that the structure &fition might be diferent. In the case of X-ray binaries it seems
proximately is independent of the valuergf. The value of the plausible that tidal forces at the disk boundary prevent outer
viscosity integralf decreases with increasing net flow. Highegoronal mass outflow, that is d ffd Inr becomes-1/2 there.
values off correspond to higher values of the pressure at the
bottom of the corona. The valug "= 1 corresponds to the netz > computational results
outflow taken in the one-zone model (aside from the now in-
cluded termuZ). From Fig. 1 we see that advection of energpur method yields the coronal structure solutions for given
has a diferent éfect on the coronal structure affidirent dis- truncation radii. This gives the mass flow rate in the corona
tances. This depends on whether the frictional energy releagethe truncation radius where no mass flows in the cool disk
preferentially goes into radiation or into advective loss (comnymore. This mass flow together with the wind loss from the
pare Fig. 5 Meyer et al. 2000). corona added up over the radial extent of the corona is equal to
What we finally need is a series of coronal structures gde mass flow in the far out cool disk. This establishes the de-
each distance determined for givgrnvalues {indicates the pendence of the disk truncation radius on the mass flow rate in
dependence on botjyandrje) so that the curve lod(r, 7) has  the outer thin disk. In Fig. 1 we show one Iégcurve starting
the slopes = dInf/dInr that fits to these values taken f@r “at logr, = 8.5. In Fig. 2 we show three characteristic curves
From Egs. (19), (21), and (22) and the definitiorsefe obtain starting at log,, = 8.5 as well as the characteristic run of I6g
1 ds curves for other truncation radii. Generally the lower the initial
v =-= (s+ &+ 2—), e = (fim + 0.5)(1+2s).  (23) oflog f the steeper is the corresponding lbgurve. One also
2 dinr s L )
sees that a small variation in the initial valuefofields a large
This implies an ordinary dlierential equation of second ordewariation of the radius wherg = 0 (marked by a diamond
for f(r). A unique solution then requires two boundary corin Fig. 2). This indicates a somewhat weak dependence of the
ditions, e.g. at an inner and an outer edge. The solutions tlmuser coronal mass flow rate on the outer boundary condition.
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174 L y n
log f M ]JE
M
10"
L1
5-10"
164 in di
inner edge of thin disk L0.5
(I
8.0 85 9.0 95 10.0 0
log r
. . . . e T T T T T T 70
Fig. 2. Consistent solutions for lod for truncation radii log = 8.1 8.5 8.7 8.9 9.1 9.3 9.5
to 9.3. Diamonds on two curves mark where= 0. The coronal flow log r
at the truncation radius is proportional toDashed parts indicate un- wind loss
certain extrapolation outside of the computed basic grid curves. The - c'of'of:l:;i oLl
dotted curve is identical with the uppermost curve in Fig. 1 (accretion g8 .- 7 — disk
flow around a @V, black hole). o
0 T T T r
8.5 8.7 8.9 91 9.3
logr

Comparing thef curves of the solutions with the field L
which our basic grid curves cover in the Idglog r diagram Fig. 3. Upper panel: solid linesvl; coronal mass flow rate above the
we see that the solutiofi- curves can easily lead into areadhin disk around a 84, black hole, truncated at lag = 8.5, mass and
outside of the grid, either to higher or lower values of fogf ~ &N€r9Y flow modification valugg, andsje. Mevapevaporation rate (see

s . tef(t). Dashed linesM. and Meyp for disk truncation at logy, = 9.1.
they stay within the range of computed basic curves necess iy i ; - ;
the slope becomes less thah/2. No consistent solutions have er panel: mass flow rate in the thin disk (gray area) and in the
p - : 8 corona (dotted area) as function of distamc&om the black hole,
'?’Een Construclteg which have = 0 at a very Ia(;ge dr']Sta'?CG'area remaining above indicates the rate of gas loss in the wind from

e too steeply decreasing curves correspond to the situatigflcorona.
that the coronal flow is inward only near the inner boundary
but turns into an outflow already a short distance away from it.
To continue these curves correctly we need the coronal struc-
tures for highyy values, which means a high net radial mass
outflow. The flatter curves also can leave the field of standard 18-

solutions, that igjy < 0. The corona would then have a neg- logT

ative radial net outflow, which means less mass radially leaves

the zone at the inner radius than enters into it at the outer radius. "
In Fig. 3 we show the coronal mass flow for the case of a

thin disk with a mass flow rate of2x 10 g/s from outside. 1 L9.5

This disk becomes truncated at log = 8.5. We show how

the coronal flow increases inward (together with the mass and
energy flow modification valueg,~ andzg of this consistent
solution). The evaporation rate measuredl\lﬂ)é(,z,lp = 27r2iy

(o vertical mass flow rate per unit surface at the bottom of 174 8.5
the corona, in units of ggn? s) gives the amount of gas locally
evaporated into the corona. The earlier one-zone model only v v v
considered evaporation in the innermost region. Here our so- 85 90 5 g

lution shows a radially quite extended evaporation region. In

the lower panel of Fig. 3 we show how the mass flow in tH:é'gA.Thicinne: series of solutions for the coronal mass flow idte

thin disk decreases inward. Gas evaporates into the hot Corciﬂaglsktruncatlons atlogfrom 8.5 t0 9.7; thin lines: ion and electron

flow, from which a significant party50% is lost in a wind. tigq_erzatzreiat coronal height= r together With the virial tempera-
In Fig. 4 we show the results from a series of compu- R
tations with successive truncation radii. We chose solutions

wherev; = 0 occurs relatively far outward and give the coro-

nal mass flow rates at the truncation radii. In addition we Sh%tweenTi andTe.
the virial and ion and electron temperatures of the corona

heightz = r at the truncation radius. Note the smalffdience

The coronal mass flow rates are higher than
tAE ones derived with the one-zone model. This is in part due
to inclusion of the value afj in the specific energy.
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4. Discussion and conclusions 4.4. Spectral transitions in X-ray binaries

4.1. The nature of the solutions — wind loss The two examples for coronal flow corresponding to disk trun-
o cation at logry equal to 8.5 and 9.1 (see Fig. 3) show the
Having developed the procedure for solving thé&egential difference in the mass flows in dls_k and corona. For a mass
equations described above we see that there are quiiee-di flow of about 9x 10'7 g/s the thin disk becomes truncated at
ent regimes of solutions. Up to now we have studied solutiol®d 'r = 9.1. The hard spectrum is determined by this amount

with a moderate advective mass and energy net outflow. Th@sgnass flow in the corona, farthergmward in the ADAF. If the
solutions seem adequate to describe the coronal flow aboV@asS flow in the thin disk is.2x 10'° g/s the disk is truncated
thin accretion disk e.g. in X-ray binaries. For the investig&! 109"« = 8.5 (compare Fig. 3 for the amount of wind loss),
tion of AGN disks another outer boundary condition migI’H"e spectrum correspondingly changed. A factor of about 2.5 in
be taken, but this would notffect the solutions essentially.the mass flow rate might occur during the increase or decrease
It will be interesting also to study other regimes of solutiorf9/from an outburstin an X-ray transient (even larger if wind
i.e. solutions leading into the area above our network of cur/@§S iS included). This leads to the change of the spectrum. For
log f(r, 7im, 7ie) in the log f-log r diagram. Test computationsVery high rates the dls_k is not truncated. For this case we can
showed that in these solutions an increasing part of the coR@! Yet presenta solution.

nal flow does not proceed inward but is lost in a wind. In our )

equations flaring vertical columns are considered. If the wirfd- Concluding remarks

loss becomes important th_e structure becomes dependentr_ﬁg newly developed method for the construction of radi-

the assumed geometry. This geometry then has to be congil; extended coronal flows allows a better description for the

ered carefully to have a consistent picture how the expandi&gange from accretion via a thin disk to a disk free pure coro-

wind structure is arranged radially. This is an interesting topjig flow (ADAF). We have presented results for disk truncation

in vie__\w of the_question how much gas actually enters the digkyarious distancesfrom a stellar black hole of 6/, appli-

free inner region and flows towards the black hole. cable in X-ray binaries. The method also allows to study other
regimes of solutions and might shed light on wind loss under

4.2. Disk truncation closer to the black hole? those conditions. Particularly important will be to investigate
whether the corona can partially condense into the thin disk

If we imagine that the mass flow rate in the thin disk can kagain or keeps flowing at a significant rate. The solutions scale

arbitrarily high we should encounter a situation where the digkith Eddington accretion rate and Schwarzschild radius, are

is not yet truncated at e.g. lag= 8.5. If evaporation continues therefore also relevant for the accretion flow in AGN.

a truncation farther inward is possible. We have not yet found a

consistent solution for the coronal flow corresponding to a digkferences

truncation farther in. As can be seen from our solutions starting _

at larger distances we would have to start with higher initigcufe! B.» & Spruit, H. C. 2001, A&A, 387, 918

. i Matteo, T., Fabian, A. C., Rees, M. J., et al. 1999, MNRAS, 305,
values of logf, values for which we have no lo§ curves. 492

Logically, a coronal structure for condensation of gas instegflmatteo, T., Quataert, E., Allen, S. W., et al. 2000, MNRAS, 311,
of evaporation should then be appropriate. Such condensationsg7

already appears in the algebraic treatment of coronal structbigin, A. A., McClintock, J. E, & Narayan, R. 1997, ApJ, 489, 865
by Rézaiska & Czerny (2000a). Thus in our approach whicksin: A- A, Narayan, R., Ciu, W., et al. 1998, ApJ, 505, 854
consistently derives advective terms from the radial gradie@@m™e: C. F., Narayan, R., & Blandford, R 1999, ApJ, 516, 177

; Lit, B. F., & Meyer-Hofmeister, E. 2001, A&A, 372, 386
condensation should also be expected. In the case of a net @Sy F. yuan, W., & Meyer, F. 1999, ApJ, 527, L17

inflow by sideways advection part of the gas flows down intqu, B. F., Mineshighe, S., Meyer, F., et al. 2002, ApJ, 575, 117
the cool disk while another part flows upward and leaves aMayer, F., & Meyer-Hofmeister, E. 1994, A&A, 288, 175
wind. Meyer, F., & Meyer-Hofmeister, E. 2001, A&A, 380, 739
Meyer, F., & Meyer-Hofmeister, E. 2002, A&A, 392, L5
Meyer, F., Liu, B. F., & Meyer-Hofmeister, E. 2000a, A&A, 354, L67
4.3. Compton effect Meyer, F., Liu, B. F., & Meyer-Hofmeister, E. 2000b, A&A, 361, 175
Meyer-Hofmeister, E., & Meyer, F. 1999, A&A, 348, 154
The computed coronal structure is valid for a mass flow rate m?/:réﬂognegg; '?n ﬁ '\ﬂl‘fggl'}s';-szg?tlﬁ ?ﬁﬁfvi?gé 7(3:%n ¢ Proc.. ed
the thin disk low enough not tofi@éct the corona by Compton yan, . ’ 9 ’ ’ o

cooling. Results in the work of Liu et al. (2001, Fig. 5) have ?/Is.p(r‘;ilrllféalg&\/hgéSunyaeV, & E. Churazov, ESO Astrophys. Symp.
shown that for higher mass flow rates the Compton coolifgrayan, R., McClintock, J. E., & Yi, I. 1996, ApJ, 457, 821

leads to a steep decrease of the evaporation rate inwards. Nepayan, R., Barret, D., & McClintock, J. E. 1997, ApJ, 482, 448
our investigation this means that then the basic grid offlogQuataert, E., Di Matteo, T., Narayan, R., et al. 1999, ApJ, 525, L89
curves (Fig. 1) would also have a more pronounced decregé@fsktir'oeh Siésgle_ei\?vh\t(r:ﬁ(r-]‘\/v '?;é F)’- 1979, Radiative Processes in
towards smaller. This is the region where we have not yeIT-‘e"aﬁskaF,)A)f, 8 Czomy, B, 2000a¥A&A’ 360, 1170

constructed consistent solutions. Having solved the problenkgg;aﬁskay A., & Czerny, B. 2000b, MNRAS, 316, 473

solutions for smaller it is meaningful to discuss thefect of stepney, S. 1983, MNRAS, 202, 467

Compton cooling on consistent coronal flow solutions.



