
輻射流体計算で探る
活動銀河核トーラスの

ダスト昇華半径付近の構造

16/1/28 1

Daisuke  NAMEKATA  (University  of  Tsukuba,CCS)

Collaborators
Masayuki  UMEMURA  (University  of  Tsukuba,CCS)

CfCA  UM  2015

submitted  to  MNRAS  as

Subparsec-scale  dynamics  of  a  dusty  gas  disk
exposed  to  anisotropic  AGN  radiation
with  frequency-dependent  radiative  transfer



AGN and AGN torus
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AGN torus

Active galactic nucleus (AGN)
AGN  feedbacks  (ionizing  radiation  and  relativistic  wind  or  jet)  are  thought  to  have  an  great  impact  on    the  
formation  and  evolution  of  galaxies (e.g.,   Benson  et  al.  2003;  Granato et  al.  2004;  Croton  et  al.  2006;  Bower  et  al.  2006).

The  understanding  of  the  detail  of  AGN  activity  is  crucial  to  elucidate  galaxy  formation  process

1) When  and  how  does  AGN  occur?
2) How  are   the  mode  (QSO-‐mode/radio-‐mode)  and  

the  strength  of  AGN  determined?
3) How  long  does  AGN  phenomena  continue?

A  gas   reservoir  for  a  SMBH  accretion  disk  (AD).

We  must  understand  gas  supply  process   from  
AGN  torus  to  the    AD  in  order  to  understand  
AGN  activity

(From  http://www.auger.org/news/PRagn/about_AGN.html)

Schematic view of the unified model of AGN

① Density  and  temperature  structures  near  
the  dust  sublimation  radius

② The  characteristics  of  gas  flow  and  outflow  
rate    from  there

An  first  step  toward  this  is  to  examine



Related works
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Krolik (2007), Shi & Krolik (2008)
n They  showed  that  a  radiation-‐supported,   geometrically-‐thick,   hydrostatic  structure    can  be  formed  near  

an  AGN  by  the  radiation   pressure  from  dust  reemission.

unperturbed. Here we choose X-ray heating. The correction
factor f! for X ¼ 0:06 is#1.05. Taking into account this factor,
we find that an unperturbed solution withQ # 4:2 possesses the
same LUV as that of the perturbed, and ! for this solution is 1.6.
Because there is more support at large radius with X-ray heat-
ing, the density profile becomes flatter both radially and verti-
cally than the source-free one (Fig. 5). Meanwhile, X-ray heating
also causes the energy density to decrease less rapidly away from
(rin; 0) than in the unperturbed case, because we are comparing at
fixed LUV and there is now additional internally generated flux
due to the local heating.

Further investigation of the distribution of j2 provides a clearer
picture of the perturbed and unperturbed solutions (Fig. 6). In the
interior of the torus near the inner edge, the infrared radiation pres-
sure is large enough to balance gravity, so the presence of internal
sources does not affect j 2 toomuch; however, at large radius, con-
tributions from the local sources are relatively strong, while in-
frared flux from the inner edge diminishes. Particularly in the
equatorial plane, the additional radiation support in the radial
direction reduces the need for rotational support. As a conse-
quence, the radial gradient of j 2 becomes shallower than in the
case without local heating.

4.3. Exploring Parameter Space

Holding X or P fixed, the allowed solutions in the Q-! plane
fall onto a track with small thickness. The thickness is due to the
imprecision of the boundary condition required at the photo-
sphere. Following the track, the parameter ! grows asQ increases.
There are no solutions above or below the track. Parameters in the
region below it fail the outer boundary criterion that j ¼ 1 at the
maximum radius; those above the track do not satisfy the bound-
ary condition at the photosphere. There is also a starting point for
each track (Qmin; !min ), such that no solutions can be found with
smaller ! and Q. This fact, too, is an example of converged solu-
tions that fail the boundary condition on the photosphere. In par-
ticular, whenQ < Qmin, jF/cEj is too small, which means gravity
is too weak in the torus, so that no hydrostatic balance can be
achieved. The starting point moves toward larger ! and Q when
X or P increases, while the track rises a bit due to the change of
the energy density contributed from the local sources. This re-
sult is a corollary of the general picture we have presented; if
UV-derived radiation support can, on its own, balance gravity,
equilibrium in the presence of additional radiation force requires a
smaller UV luminosity.

Fig. 2.—Solution with jin ¼ 0:5, " ¼ 1:5, #! ¼ 10, Q ¼ 4, ! ¼ 1:43, and X ¼ 0:02. Left: Radiation energy density. Right: Matter density. In both, the scale is
logarithmic, and the thin white lines show the photospheres on the top of the torus. The white dashed line marks the radius outside of which we solve the combined
hydrostatic and radiation diffusion equations; it is not a physical edge.

Fig. 3.—Solution with jin ¼ 0:5, " ¼ 1:5, #! ¼ 10, Q ¼ 4, ! ¼ 1:43, and P ¼ 2:5 ; 10$2. Left: Radiation energy density. Right: Matter density. In both, the scale is
logarithmic, and the thin white lines show the photospheres on the top of the torus. The white dashed line marks the radius outside of which we solve the combined
hydrostatic and radiation diffusion equations; it is not a physical edge.

AGN TORI WITH X-RAY AND STELLAR HEATING 1023No. 2, 2008
Radiation energy density distribution Density distribution

Assumptions

① AGN  radiates   isotropically at  all   the  wavelengths.
② All  the  radiation   is  turned  into  IR  photons  at  the  inner  (vertical)   boundary.
③ A  sub-‐Keplerian velocity   field is  assumed  to  obtain  a  hydrostatic  structure.

IR-‐supported  disk



The Astrophysical Journal, 761:70 (12pp), 2012 December 10 Dorodnitsyn & Kallman

Figure 1. Color plot of the density, log ρ, in g cm−3 for the model with L = 0.6 LEdd shown at different times given in years. Axes: z: distance from equatorial plane
in parsecs; R: distance from the BH in parsecs.
(A color version of this figure is available in the online journal.)

Figure 2. Color plot of the gas temperature, log T , in K for the model with L = 0.6 LEdd, after 4.2 × 105 yr. Axes: z: distance from equatorial plane in parsecs; R:
distance from the BH in parsecs.
(A color version of this figure is available in the online journal.)

warm absorber flow. An apparent feature of our models is that
the hot wind consists of large-scale inhomogeneities. The cold
flow does not show such large-scale structure. Note that we
have a very simple test if the gas is in the cold, molecular-dusty
phase, ξeff < ξm, and that if the hot component is not shown, the
density structure is much more pronounced in the temperature
plot.

It is of interest to address the question of whether there can be
cold gas in a hot wind as well. However, the limited resolution of
our studies does not allow us to provide a reliable answer to this
question. We do not find the coexistence of hot and cold phases
of gas in any appreciable quantities, but this does not exclude
the possibility of such coexistence on length scales smaller than
we can resolve.

6

n(H)>1024[cm-‐3]
High  density  region

– 24 –

Fig. 4.— As in Figure 1 but for L = 0.1Ledd.

(MBH=107[M⦿],  Lbol/LEdd=0.6)

■Dorodnitsyn &  Kallman(2012)[DK12]
Ø IR-‐supported  gas  disk  +  dusty  wind.
Ø Mass  outflow  is  0.1-‐0.2[M⦿/yr].

✖ Isotropic  AGN  radiation.
✖ LX/Lbol=0.5.
✖ Extremely  high  gas  density.
✖ B.C.  at  z=0;  inner  vertical  boundary.
✖ Frequency  dependency  of  radiation  is  

ignored.

Compton-‐thick wind

■ Chan  &  Krolik (2015)[CK15]
Ø 3D  RHD;  They  solved intensity  Eq.  directly.
Ø A  thick  structure  near   the  dust  sublimation  radius

(MBH=1[M⦿],   Lbol/LEdd=0.14)

✖ Isotropic  AGN  radiation.
✖ X-‐ray  heating(PE/Compton  heating)  is  neglected.
✖ Tgas=Tgr.
✖ A  reduced  dust  opacity  at  UV  wavelength.
✖ Frequency  dependency  of  radiation  is  ignored.

Ø A  thick  structure  near  the  dust  sublimation  radius.
Ø A  realistic  gas  density  is  assumed.

■Dorodnitsyn et  al.  (2015)  [DKP15]

✖ Isotropic  AGN  radiation.
✖ LX/Lbol=0.5.
✖ Tgas=Tgr if  ξ is  small.
✖ Frequency  dependency  of  radiation  is  ignored.

16/1/28 CfCA  UM  2015 4



Aims of present study
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Taking  into  account  the  following  effects:

① Anisotropic  radiation  of  accretion  disk.
② X-‐ray  heating  with  typical  X-‐ray  luminosity  fraction  (LX/Lbol~0.1).
③ Radiation  pressure  of  IR  photons  reemitted  by  dust  grains.
④ Actual  dust  opacity  and  its  frequency  dependency.
⑤ Frequency  dependency  of  direct  and  IR  radiations.
⑥ Separate  temperatures  for  gas  and  dust  (we  do  not  assume  Tgas =  Tgr).

We  perform  axisymmetric  RHD  simulations  of  a  dusty  gas  disk  to  investigate

① gas  structure,  gas  flow,  mass  outflow  rate  near  the  dust  sublimation  radius,
② What  impact  do  various  assumptions  have  on  the  gas  structure,  etc.

(we  omit  ② in  this  talk)



Numerical Method
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Cooling function
Ø Z=1[Z⦿]
Ø Cloudy

Dust reemission

n 2.5D  axisymmetric
n Hydro:  M-‐AUSMPW+/MLP5 (Kim  &  Kim  2005a,b)

n Self-‐gravity:  modified  tree  method
n Radiative  Transfer(RT):  Hybridmethod (see  below)

It may affect the 
structure of torus. 
(Krolik 2007)

◎ RT  method
Direct  radiation  from  AD/corona

Long-characteristics 
method

Dust  reemission  (IR  photons)
Finite-volume method

vThe  followings   are  not  considered:
1) Multiple  Compton   scattering  of  direct  photons
2) Dust  scattering  of  direct  photons
3) Compton   scattering  of  IR  photons
4) Transfer  of  photons   arisen  from  recombination  

or  spontaneous   emission  of  H  and  He.
5) Doppler  effect

ISM Model
Ø Chemical  network  of  

(e−,p+,H,H−,H2,H2
+,He,He+,He++,Dust)

Ø standard  cooling/heating   processes  by  
H/He/dust.

Ø The  effect  of  metal  is  taken  into  account  
in  the  form  of  cooling   function.

v Some  cooling  
processes  are  double  
counted   and  hence  the  
total   cooling   rate   is  a  
little   overestimated.

nH

CfCA  UM  2015

We  use  this  part



(a)Typical evolution
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w/o metal cooling w/ metal cooling

Dust sublimation surface
• a=0.1μm
• graphite disk

Tgas≈104[K])

outflow region

n The  disk  is  mainly   supported  by  gas  pressure,  rather  than  
radiation   pressure  of  IR  photons.
Ø Tgr in  the  disk  does  not  become  large  due  to  the  anisotropic  

AD  Rad.  and  dust  absorption  by  outflowing  gas.
Ø Direct  photons,  IR  photons  from  the  outflow,  and  the  

outflowing  gas  itself  compress/confine  the  disk.
n Outflow  rate  is  (20-‐50)%  of  Eddington  accretion  rate  

depending  the  X-‐ray  luminosity   fraction.

102-103[K]
inner  part

Tgas≈104[K]
outer  part

v = 200 ∼ 3000[km s−1]Ṁ ≈ 0.05 − 0.1[M⊙�yr]
Conversely,  outflowing   gas    is  
pushed  outward   by  IR  photons  
emitted   at  the  disk  surface.

The  disk   is  compressed   by  IR  
photons   emitted   by  the  
outflowing   gas

linear!

Mdisk=2.3×104[M⦿]

CfCA  UM  2015

aIR
gr,z��agrv,extz �

outflow  velocity  increases  with
distance  from  the  disk  surface.

Lbol/LEdd=0.77
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n To  examine   the  effects  of  optical   depth,  we  
perform  simulations   using  local  dust  absorption  
(LDA)  approximation.

Effects of optical 
depth

We  assume  that  all  the  cooling  photons  from  dense  gas  
are  absorbed  by  local  dust  grains.  By  this,  the  cooling  
photons  are   locally  converted  to  IR  photons  and  are  
transferred   as  IR  photons.  Thus,  we  can  take  into  account  
R.P.  of  the  cooling  photons  in  an  approximate  manner.

◎ LDA approx.

n The  gas  structure  does  not  depend  on  the  use  of  
the  LDA  approximation.

This  result  suggests  that  the  disk  structure  does  
not  change  even  if  we  perform  the  exact  RT  of  the  
cooling  photons.

w/ LDA

w/o LDA

CfCA  UM  2015

(w/o  metal  cooling)

(w/o  metal  cooling)



Main results & Uncertainties
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① The  quasi-‐steady   state   consists  of  a  two-‐layer   structure:  (i)   a  nearly-‐neutral,   geometrically-‐thin,  
dense  disk,  +  (ii) dusty  or  dust-‐free  outflow  (depending   the  dust  properties  in  AGN  env.).

② It  seems   that  AGN  irradiation   and  R.P.  of  IR  photons  alone cannot  form  a  radiation-‐supported,  
geometrically-‐thick   structure  near  the  dust  sublimation   radius.

③ (Although  not  shown  in  this  talk,)  The  results  above  do  not  depend  largely   on  the  various  
assumptions   used  in  this  study.

To  check  uncertainties  of  our  results,  we  
compare  them  with  photoionization  
calculations  performed  by  CLOUDY.

Ø Only  unexpected   difference  is  the  difference  
in  dust  temperature  in  low  density  regions.

Ø metal  cooling   does  lower  the  gas  
temperature.

The  true  scale  height  of  the  disk  is  certainly  
intermediate  between  those  of  the  two  
models  that  we  show  first.



Relation to previous studies
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n The  formation  of  a  two-‐layer  structure  is  consistent  with  the  
results  of  DK12,  suggesting  that  a  two-‐layer  structure  forms  in  a  
wide  range  of  conditions.

n The  mass  outflow  rate  is  also  consistent  with  DK12.

n DK12  argued  that  AGN  obscuration   is  realized  by  a  Compton-‐
thick,  dusty  outflow   at  parsec-‐scales. However, dusty  wind  in  
their  simulations  is  self-‐gravitational  unstable.

The Astrophysical Journal, 761:70 (12pp), 2012 December 10 Dorodnitsyn & Kallman

Figure 1. Color plot of the density, log ρ, in g cm−3 for the model with L = 0.6 LEdd shown at different times given in years. Axes: z: distance from equatorial plane
in parsecs; R: distance from the BH in parsecs.
(A color version of this figure is available in the online journal.)

Figure 2. Color plot of the gas temperature, log T , in K for the model with L = 0.6 LEdd, after 4.2 × 105 yr. Axes: z: distance from equatorial plane in parsecs; R:
distance from the BH in parsecs.
(A color version of this figure is available in the online journal.)

warm absorber flow. An apparent feature of our models is that
the hot wind consists of large-scale inhomogeneities. The cold
flow does not show such large-scale structure. Note that we
have a very simple test if the gas is in the cold, molecular-dusty
phase, ξeff < ξm, and that if the hot component is not shown, the
density structure is much more pronounced in the temperature
plot.

It is of interest to address the question of whether there can be
cold gas in a hot wind as well. However, the limited resolution of
our studies does not allow us to provide a reliable answer to this
question. We do not find the coexistence of hot and cold phases
of gas in any appreciable quantities, but this does not exclude
the possibility of such coexistence on length scales smaller than
we can resolve.

6
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DK12

CK15 & DKP15
n Both  studies  showed  that  a  geometrically-‐thick  structure  can  from  near  the  dust  sublimation  radius  if  

Eddington   ratio  is  small  (<0.1)

cf.)  0.05-‐0.1[M⦿/yr]  vs.  0.1-‐0.2[M⦿/yr]

DK12

✖ Isotropic  AGN  radiation.
✖ LX/Lbol=0.5.
✖ Tgas=Tgr if  ξ is  small.
✖ Frequency  dependency  of  radiation  is  ignored.
✖ FLD  approximation.

✖ Isotropic  AGN  radiation.
✖ X-‐ray  heating  is  neglected.
✖ Tgas=Tgr.
✖ A  reduced  dust  opacity  at  UV.
✖ Frequency  dependency  of  radiation  is  ignored.

CK15 DKP15

n The  assumptions  above  seem  to  lead  to  a  thicker  torus.  
n We  will  investigate  what  gas  structure  forms  when  these  assumptions  are  removed

nH>1024[cm-‐3]
nH~1010[cm-‐3]
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disk

outflow

NH=1022[cm-‐2]

The Astrophysical Journal, 758:66 (10pp), 2012 October 10 Wada

Figure 4. Gas density in the quasi-steady state of two models: (top) LAGN/LE = 0.1 at t = 4.55 Myr and (bottom) LAGN/LE = 0.01 at t = 4.59 Myr. The vertical
slices indicate the x–z planes.
(A color version of this figure is available in the online journal.)

∂(ρv)/∂t + (v · ∇)v + ∇p = − ρ
!
∇Φ + f r

rad

"
, (2)

∂(ρE)/∂t + ∇ · [(ρE + p)v] − ρv · ∇Φ = ρΓUV(G0)
+ ρΓX − ρ2Λ(Tgas, fH2 ,G0), (3)

∇2Φsg = 4πGρ, (4)

where Φ(x) ≡ Φext(r) + ΦBH(r) + Φsg(x); ρ, p, and v denote
the density, pressure, and velocity of the gas, and the specific
total energy E ≡ |v|2/2 + p/(γ − 1)ρ, with γ = 5/3.
We assume a time-independent external potential Φext(r) ≡
−(27/4)1/2[v2

1/(r2+a2
1)1/2+v2

2/(r2+a2
2)1/2], where a1 = 100 pc,

a2 = 2.5 kpc, v1 = 147 km s−1, v2 = 147 km s−1, and
ΦBH(r) ≡ −GMBH/(r2 + b2)1/2, where MBH = 1.3 × 107 M⊙
(see Figure 1 in Wada et al. 2009 for the rotation curve). The
potential caused by the BH is smoothed within r ∼ b = 4δ,
where δ denotes the minimum grid size (= 0.25 pc), in order
to avoid too small time steps around the BH. In the central grid
cells at r < 2δ, physical quantities remain constant.

We solve the hydrodynamic part of the basic equations using
the advection upstream splitting method (Liou & Steffen 1993).
We use 2563 grid points. The uniform Cartesian grid covers
a 643 pc 3 region around the galactic center (i.e., the spatial

resolution is 0.25 pc). The Poisson equation, Equation (4), is
solved to calculate the self-gravity of the gas using the fast
Fourier transform and the convolution method with 5123 grid
points along with a periodic Green’s function. We solve the
non-equilibrium chemistry of hydrogen molecules along with
the hydrodynamic equations (Wada et al. 2009).

We consider the radial component of the radiation pressure:

f r
rad =

#
χν Fr

ν

c
dν, (5)

where χν denotes the total mass extinction coefficient due to
dust absorption and Thomson scattering, i.e., χν ≡ χdust,ν + χT .
The radial component of the flux at the radius r, Fr

ν is

Fr
ν ≡ Lν(θ )e−τν

4πr2
er , (6)

where τν =
$

χνρds.
The only explicit radiation source used here is an accretion

disk whose size is five orders of magnitude smaller than the
grid size in the present calculations. Therefore, we assumed
that radiation is emitted from a point source. However, the ra-
diation flux originating from the accretion disk is not neces-
sarily spherically symmetric (e.g., Netzer 1987). In our study,

4

Wada  (2012)

① NH>1022[cm-‐2]at  larger  radii  (r~10-‐100[pc])

② A  denser  dusty  wind  is  launched  at  smaller  radii  
(r~104[Rg])

on the product of M and _M . This is the monochromatic
flux at a fixed frequency, Lm. It is a textbook result that
the dependence on the frequency is Lm / m1=3 but the theory
predicts also the proportionality coefficient that includes
the product ðM _MÞ2=3

and universal atomic constants (e.g.
Tripp et al., 1994)

Lm / m1=3ðM _MÞ2=3 ð2Þ

Assuming that T eff ¼ 1000 K at the inner radius of the
BLR, RBLR, we combine Eqs. (1) and (2) to obtain a univer-
sal relation

RBLR / L1=2
m ð3Þ

for a continuum monochromatic flux measured at a fixed
wavelength. It is now independent from the black hole
mass or accretion rate. Calculating the coefficient properly,
Czerny and Hryniewicz (2011) obtained

log RBLR ¼ 1:541þ 0:5 log L44;5100 ½light days& ð4Þ

where L44;5100 is the monochromatic flux measured at
5100 Åin units of 1044 erg s'1, and thus with high accuracy
recovered the observational formula of Bentz et al. (2009).
The constant present in the formula depends on the fre-
quency used for the continuum measurement (here
5100 Å), the dust sublimation temperature (here 1000 K),
and the inclination angle (here i ¼ 39:2(, after Lawrence
and Elvis (2010)). This last issue will be discussed below.

3. Tests of the FRADO model

Since there are other models of the formation of the
BLR regions, each of them should be tested against obser-
vations. Here we treat the theory as a starting point, and
formulate specific predictions which results from the
assumptions underlying the model.

3.1. Deviation of the disk continuum from a power law

Eq. (2) applies only at the long wavelength limit of an
accretion disk spectrum, i.e. when we measure the contin-
uum coming from the regions far enough from the disk
interior where the disk temperature has its maximum. At
shorter wavelengths the spectrum bends and finally, at
the shortest wavelengths, it can be roughly approximated
by an exponential cut-off, corresponding to the maximum
temperature.

In order to estimate the likely departures from a power
law, we thus use the Novikov–Thorne model of an accre-
tion disk (Novikov and Thorne, 1973, with later develop-
ments, see Czerny et al., 2011 for the description). The
model includes all relativistic effects but does not include
advection (Abramowicz et al., 1988; sa!dowski et al.,
2011) so it applies to the Eddington ratio not much higher
than 0.3. We fixed the inclination angle at 30 deg, and we
calculated a series of models for a range of black hole
masses and for two Eddington ratios: 0.1 and 0.3. Higher
Eddington ratio would require including the advection
term into the model. The radius of the BLR was found
from the disk model (where the T eff dropped below
1000 K) and the continuum was determined from the spec-
tra at three frequently used values of the wavelength. The
results for the spin black hole fixed at 0 are shown in Fig. 2.

We see that the measurement of the continuum at
5100 Åproduces a power law relation, the deviations for
3000 Åare also not very strong, so using this wavelength
for high redshift quasars is still reasonable. However, going
further towards shorter wavelengths gives significant devi-
ations from the power law. The curve in Fig. 2 steepens for
the highest values of the luminosity, and the size of the

Fig. 1. This figure illustrates the basic mechanism of the formation of the
BLR. Accretion disk is not strongly irradiated, and in the region with the
disk effective temperature below 1000 K a dusty outflow forms. The matter
rises high above the disk surface, irradiation increases, the dust evapo-
rates, the radiation pressure deccreases and the material falls back onto
the disk surface affected by gravity.

rest frame

42 44 46
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1

2
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Fig. 2. The theoretical relation between the BLR inner radius and the
monochromatic flux measured at 5100 Å, 3000 Åand 1000 Å, for the
Eddington ratio of 0.3. Significant deviations from the universal law are
seen only for the shortest wavelength.
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Ø A  dusty  wind  can  be  
launched  where  TAD <  
Tsub.

Ø Dust  formation  in  AD  
wind  ?
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n Observed  Type-‐II  AGN  fraction  for  LX=1044[erg/s]  
is  ~0.4,  indicating  that  NH >  1022[cm-‐2]  at  θ=66°.

n Thus,  a  dusty  or  dust-‐free  outflow  does  not  
provide  sufficient  NH at  least  within  ~1[pc].

constraint  from  observed  
type-‐II   AGN  fraction



Summary
u We  perform  axisymmetric  RHD  simulations  to  investigate  the  gas  structure  and  gas  

dynamics  near  the  dust  sublimation  radius  of  an  AGNwith  high  Eddington  ratio  (~0.77).

u As  a  result,  we  find  that  AGN  irradiation  and  R.P.  of  dust  reemission  alone cannot  form  

a  radiation-‐supported,  geometrically-‐thick  structure  near  the  dust  sublimation  radius  

as  far  as  the  Eddington  ratio  is  high.  This  is  contrary  to  the  results  of  Krolik (2007)  and  

Shi  &  Krolik (2008).

u The  mass  outflow  rate  is  0.05-‐0.1[M⦿/yr]、which  is  (20-‐50)%  of  Eddington  accretion  

rate  (η=0.1).

u Based  on  the  results  above,  we  discuss  the  typical  sizes  of  AGN  tori.  To  explain  the  

observed  type-‐II  AGN  fraction,   it  is  required  that  outflow  gas  is  extended  to  larger  radii  

(r>10[pc])  or  that  a  denser  dusty  wind  is  launched  from  smaller  radii  (r~104[Rg]).
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