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Accretion disk wind in the AGN broad-line region:
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Abstract. Detailed line profile variability studies of the narrow line Seyfert 1 galaxy Mrk 110 are presented. We obtained the
spectra in a variability campaign carried out with the 9.2 m Hobby-Eberly Telescope at McDonald Observatory. The integrated
Balmer and helium (He 1) emission lines are delayed by 3 to 33 light days to the optical continuum variations respectively.
The outer wings of the line profiles respond much faster to continuum variations than the central regions. The comparison of
the observed profile variations with model calculations difedent velocity fields indicates an accretion disk structure of the
broad line emitting region in Mrk 110. Comparing the velocity-delay maps of tiferdnt emission lines among each other

a clear radial stratification in the BLR can be recognized. Furthermore, delays of the red line wings are slightly shorter than
those of the blue wings. This indicates an accretion disk wind in the BLR of Mrk 110. We determine a central black hole mass
of M = 1.8 x 10’ M,. Because of the poorly known inclination angle of the accretion disk this is a lower limit only.
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1. Introduction Kollatschny et al. 2001 (hereafter called Paper I). We veri-
The central broad emission line region (BLR) in active galact}(lced the gxtent and straﬂﬂcaﬁuo_n of the BLR, Resul_ts on f[he
nuclei is unresolved. But a study of the variable ionizing cor\{-e'OCIty field based on pivariations have been published in
. i -~ Kollatschny & Bischdf (2002, hereafter called Paper I1) indi-
tinuum source and the delayed response of the broad emiss|

. . - . . : 28fng that the broad-line region is connected with a central
lines provides indirect information about size and structure Qfl 9 9

. o ; - ; . . ccretion disk.
the line emitting region and their internal kinematics. In this pa-

per we present a detailed study of continuum and emission IiHeA-g]Ne%r:t'gT)le?nOdele. Ogezcg r;z?gn;j;slih%l;tﬂ?rvxesc_ennzrlos
profile variations in the Seyfert 1 galaxy Mrk 110. Our goal i v Publis y UINOors. y Inves-

to determine the structure and kinematics of its broad-line |ég‘[?(a.dprrald|at|\{[el31-(12r(|)v(;aon V;;ur;:r?()d:l?i (eilg. (';’:K/rrﬁyd‘i& kChue;ng
gion on the one hand and its central black hole mass on » roga et al. ) agnetically-driven disk out-

o%v models (Blandford & Payne 1982; Botfbet al. 1997;
other hand. mmering et al. 1992; &gl & Kartje 1994
The study of the kinematics in the central broad-line regioEn fing ' | '9 U ): ,
There are other pieces of evidence from multi-frequency

of AGN requires the acquisition of hig8/N spectra for an- . i ) : :
alyzing in detail velocity resolved line profiles. Furthermoreandor spectro-polarimetric observations in the literature that
BLR is connected with an accretion disk (Elvis 2000;

a homogeneous set of spectra has to be obtained over mo fis

with spacings of days to weeks. A comparison of the evoluticg}Phen & Martel 2002). ]

of line profiles with theoretical models (e.g. Welsh & Horne !N this paper we present new velocity delay maps of several

1991) can give us information on the kinematics in the broag@/mer and helium emission lines in the spectrum of Mrk 110

line region i.e. whether radial inflow or outflow motions, turb i Verify the accretion disk scenario in the BLR of this galaxy.

lent'chaotic velocity fields, or Keplerian orbits are dominant.
We published first results of a variability campaig

of Mrk110 with the 9.2 m Hobby-Eberly-Telescope i - Observations and data reduction

+ Based on observations obtained with the Hobby-Eberg/he observations of this monitoring campaign were carried
Telescope, which is a joint project of the University of Texa ut at the 9.2 m Hobby-Eberly Telescope (HET) at McDonald

at Austin, the Pennsylvania State University, Stanford Universifbservatory. We took 26 spectra between 1999 November 13
Ludwig-Maximilians-Universiat Mtinchen, and Georg-August- (JD 2451495) and 2000 May 14 (JD 2451678) with a me-
Universitit Gottingen. dian interval of 3 days. A log of the observations is presented
** e-mail:wkollat@uni-sw.gwdg.de in Paper I.
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We obtained all our spectra under identical conditions with s

the Low Resolution Spectrograph (LRS) located at the prime ) ~\ ]
focus of the HET. A Ford Aerospace CCD (30%21024) Rl T ‘. ]
with 15um pixel was used throughout our monitoring run. The L Hel — — \ \ 1
spectra cover a wavelength range from 4200 A to 6900 A with < o8 b Hell —— \\ \ 1
a resolving power of 650 at 5000 A. Exposure times were 10 £ , \ a
to 20 min and yielded &/N > 100 per pixel in the continuum , ]
in most cases. 0z

o
13 UL B

We reduced the spectra in a homogeneous way with e N
IRAF reduction packages including bias subtraction, cosmic roo0 " T2000 . 3000 7'40‘00‘
ray correction, flat-field correction, wavelength calibration, v [km/s)
night Sk_y subtraction ‘_”md qu_x calibration. Great care Wa§ takE@. 1. Normalized Balmer and helium rms line profiles in velocity
to obtain very good intensity and wavelength calibration
using the spatially unresolved forbidden emission lines in the

spectra as additional internal calibrators.

ace.

Table 1. Rms line widths FWHM) of the strongest emission lines,
We generated first a mean spectrum of our variability carteir cross-correlation lags with respect to continuum variations, and

paign with very highS/N. Afterwards we calculated fier- the derived central black hole masses (see text for details).

ence spectra of all epochs with respect to this mean spec-

trum. We adapted our spectra by minimizing the residuals Line FWHM(MS)  Tcent M
of the constant narrow emission lines in théfelience spec- [km s] [days] [10 Mg]
tra. The primary lines for the internal calibration were the B @ 3) @
[Oll1] A5007,24959 lines. Thus we corrected for small spectral
shifts, for minor diferences in the spectral resolution caused Hell14686 4444+ 200 352 225163
e o S oy eears 2io4a 100 saw} Lo
. H 1515.+ 100 2354  1.6393
lines as well as the [OMB300, 16363, [SIIN6717, 16731, i * 4 031
Ha 1315.+100 325"  1.64938

and [N11]16548,16584 emission lines as secondary calibrators
to secure the calibration over the whole spectral range. In this
way we achieved relative line fluxes with an accuracy of better o ) o )
than 1% in most of the spectra. The main error sources werd- /Ntégrated line intensity variations and rms line
the variable broad H&b016,14922 emission lines blending profiles

the [O111]145007,44959 calibration lines. Dierent seeing CON- \yg derived mean and rms line profiles from all the spectra ob-
ditions during the observations caused slightlffehent stellar 5ineq at our HET variability campaign. The rms spectra give
contributions from the underlying host galaxy in our spectrgg the variable part of the emission lines profiles we are inves-
This efected the pseudo-continuum we used to subtract rQ,ting here. The constant narrow lines in the galaxy spectra
the spectra. Further sources of error are the slopes of the $€kcel out in the rms spectra. The normalized rms line pro-
sitivity functions we derived from our standard star spectra. flas of the strongest Balmer (H HB) and helium emission

the edges of the spectrum one can get varieties of 1% 10 §3bs (Hell14686, Hen5876) are presented in Fig. 1 in veloc-
in the sensitivity function by fitting the observed bandpassq,@ space. We did not consider theyHine in this figure be-

This impreciseness influenced especially thedhd Hy line  ¢5,se its rms line profile is still contaminated by the strong
profiles. Furthermore, theHline is heavily blended with the [O111] 14363 line blend. The big fierences in the widths of

[O11l] 14363 line and the Hiline is heavily contaminated by theyhese |ines are obvious. The helium lines and especially the
variable atmospheric absorption. The errors in the intensities 94| jine are much broader than the Balmer lines. We published
these strong Balmer line are therefore comparable to thosﬁ’noﬁaper | (Fig. 7) the entire rms spectrum of Mrk 110. One can

the weaker helium lines. see that structures in the broad He line wings are real and not
Further details of the observations and reduction procedeaused by noise by comparing them with B ratio in the
are published in Papers | and Il. continuum. The measured rms line widtiSNHM) of these
profiles are listed in Table 1.
In Paper| we derived the mean distangg,; of these line
emitting regions from the central ionizing source. This was
3. Results done by calculating the cross-correlation function of the inte-
grated line light curves with the variable ionizing continuum
We concentrated on integrated line intensity variations of thight curve. These results are given in Table 1 as well for com-
broad emission lines as well as on line profile variations in tipdeteness. In Fig. 2 we plot the derived time lags of the Balmer
Hg line in our Papers | and Il. Here we present results on limad helium emission lines as a function of tHeéiWHM of the
profile variations in several Balmer and helium lines. These limms line profiles. These time lags can be interpreted as the light-
profiles must have a lardg/N ratio for doing this study. travel time across the emission region for th&eatent broad
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100 T ' ' L B of the line center as well as of blue and red line wing seg-
5 N E ments ab = ¥600, 1200, 2000 knt$ (Av = 400 kms?) for
_\\\\ \\\\ i Hell14686, Heh5876, Hy, and Hr are shown in Figs. 3 to 6
LN . in addition to the continuum light curve. In Paperll we pub-

- lished corresponding light curves fopHin that case we used
segments with a velocity binning a&fv = 200 kms?®. But
these light curves are nearly identical to those resulting with
aAv = 400 km s* binning.

The Hy line segment light curves are heavily contami-
nated by other lines. The red wing is heavily blended with the
strong [Ol11]14363 line (Paper I, Fig. 1) and the blue wing by
4 Fell multiplets. The red wing of the redshiftedtine is heav-
ily contaminated by atmospheric absorption in addition to the
blending by the [NIIR6548,6584 lines within the line profile.

| ! ! R The light curves of the segments in each line profile are
1000 5000 remarkably diferent. There is the general trend that the pat-
v(FWHM) [km/s] tern of the light curves varies as a function of distance to line

. . . L . center. On the other hand, corresponding light curves of iden-
Fig. 2. The distance of the Balmer and helium emitting line regions | red and bl t imilar. O .
from the central ionizing source in Mrk110 as a function of thI%Ica red an ue segments are very similar. Uné can see im-

FWHM in their rms line profiles. The dotted and dashed lines are tHaediately (Figs. 3-6) that the outer line wings follow closer
results from our model calculations for central masses of 0.8, 1.5, itf3e continuum light curve than the inner line wings. The errors

10

T [light days]

2.2, and 2 x 10" M,, (from bottom to top). given in the light curves indicate absolute errors. Relative er-
rors between light curves of theffirent segments are smaller
by about 50%.

emission lines. There is a clear correlation between line width

and time lag.

§:3. Velocity delay maps of the Balmer and helium

We interprete the light-travel time as the characteristic di
ines

tanceR of the line emitting region and theWHM of the
rms emission line width as the characteristic veloeitf the
line emitting clouds. We estimate the central masses of
_central black hole under the assumpti_on tha_t the gas dyn m light curve. For details of the method see Papers | and Il
ics are dominated by a central massive object (see Paperl). . o
Additionally, we calculated the relation between radius and ve- 1he derived delays of the segments are shown in Fig. 7
locity for different black hole masses. The dotted and dast%) function of distance to the line center. These velocity de-
lines shown in Fig. 2 correspond to virial masses of 0.8, 118y maps are presented in gray scale for th& Hel15876,
1.8, 2.2, and B x 10’ M, (from bottom to top). It is evident Hellﬂ4686, Hy, and Hy lines. .The solid lines show contour
that the black hole mass ofgix 107 M, we derived in Paper | lines of the correlation cdicient at levels between 0.800
from the observed data of the individual emission lines matcrRd 0-925.
the calculated model relation. But we have to keep in mind that The Hy line and the redshifted &lline are heavily contam-
there might be additional systematic uncertainties in the detarated by other emission afat absorption lines as had been
mination of the central black hole mass due to not considersaid before. Therefore, the correlation ffu@ent is smaller in
geometry angr orientation €ects of the BLR in these models.the wings of these lines. From now on we will consider only
the H3, Hel15876, and Hell4686 lines for a more detailed
discussion.

The light curves of the line center are mostly delayed with
The light curves of the continuum flux at 5135 A and of the inespect to continuum variations. The outer line wings respond
tegrated broad emission line intensities of our HET variabilityuch faster to continuum variations respectively than the inner
campaign are published in Paperl. The strongest broad enfiise profile segments. Comparing the 2-D CCFs of thgedi
sion lines in our spectra are thexHHB, and Hy Balmer lines ent lines with each other one can identify a clear stratification
and the Hell4686 and Hel5876 helium lines. within the broad line region. The same trend has been seen be-
In this paper we concentrate on variations in the emissifore in the integrated lines. The Ha686 line responds first
line profile only. First results of the #Hprofile variations have to continuum variations followed by H&876 and finally I8.
been published in Paper Il. We measured the light curves of @le correlation coficients in the line wings as well as in the
subsequent velocity segments (= 400 kms? width) from line centers of the Bland He lines are very similar although
v = —5000 until+5000 kms? in the strongest Balmer andthe intensities in the line wings are obviously smaller. But one
helium lines. The intensity of the central line segment is ifas to keep in mind that the line wings originate closer to the
tegrated fromv = —200 until +200 kms?. The light curves nuclear ionizing source than the line centers.

e computed cross-correlation functions (CCF) of all line seg-
ent (v = 400 kms?) light curves with the 5100 A contin-

3.2. Light curves of emission line segments
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Fig. 3. Light curves of the continuum, of the Ha#686 line center as well as offtirent blue and red Hel#686 line wing segments & 600,
1200, 2000 km&, Av = 400 km s?) derived from our HET variability campaign of Mrk 110.
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Fig. 4. Light curves of the continuum, of the H&#E876 line center as well as offtiérent blue and red H25876 line wing segments & 600,
1200, 2000 km, Av = 400 km s?) of Mrk 110.
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a0 - i I. T = I____.
i \ ..fl

The 2-D CCFtp) is mathematically very similar to a
2-D response functio® (Welsh 2001). In the next section
the observed velocity delay maps are compared in more
tail with model calculations of echo images from the BLFE-
The BLR Keplerian disk model of Welsh & Horne (1991, 1@ [~
Fig. 1c) shows remarkable coincidences with our observatio — i
The three dashed lines overplotted additionally in Fig. 7 re & -
resent escape velocities computed for central masses of 0.t « L
2x 10" M, (from bottom to top).

delay blue—
=
|

3.4. Delay between blue and red line wings

As one part of our analysis we calculated cross-correlati
functions (CCF) of the blue line wings segments with re
spect to the red ones to determine more accurately their re
tive response. This was done for a]l the st_rong gmisgion line _mﬂ 1000 o0 8000 ."401}1}
We computed the relative delays in the line wings in velo Av [km/s]
ity segments of\v = 400 km s width respectively beginning
at +200 kms?. Figures 8 to 10 show the delay of the blu&ig. 10. Time delayr of the blue HelR4686 line wing with respect to
line wings with respect to the red ones for thg, lHel15876 the red one as afunction of distance to the line center. Contours of the
and Hell4686 lines (in gray scale). Contours of the correl _orr.ela.tlon cofficient are overpIoFted a}t levels between 0.85 and 0.97
tion cosdficient are overplotted at levels between 0.85 and 0%}? lid d"nﬁs)o'l l'!'he ;horttﬂasheni "T‘de %';’r? s the Cente; :I)g/he ﬁﬁFC?Fe
(solid lines). The center of the CCFs is indicated by the short d dashediine gives the centroid ot the Uppermos oorthe '
dashed lines. The long dashed lines show the centroid of the
uppermost 10% of the CCF. 4. Discussion

The same trend is to be seen in all emission lines: tQFl
blue line wings show a delayed response with respect to the
red ones at intermediate distances from the line cemter=( The integrated emission lines in Mrk110 respond with dif-
500-2000 kms?) by one to two days. Furthermore, there is ferent delays to continuum variations as a function of ioniza-
trend that the relative delay of the blue wings increases wiibbn degree. This indicates a stratification in the broad-line re-
distance to the line center. gion (BLR) of Mrk110 (Kollatschny et al. 2001). Figure 2

. BLR stratification derived from integrated lines
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shows a clear correlation between time fagf different inte- in Mrk 110. Therefore, a best estimate of the accretion disk in-
grated emission lines on the one hand and their correspondifigation angle in Mrk 110 is: 30+ 20°.

line widthsv on the other hand. Th lation is of the f
ine widihsvon the otherhand. The correlation 1S T TorM e authors published further indications for a disk-like

configuration of the broad-line region in AGN based on the-
oretical models or observational data (Bofitcet al. 1997,

for distancesR = cr from the central ionizing source. All Collin-Soufrin et al. 1988; Elvis 2000:; Kriigl & Kartje 1994).
emission line data are consistent with a virial mass of

-2
T % UpwHMm

Velocity-delay maps have been published for the
M = 1.8+ 0.3x 10" M. Balmer lines in NGC5548 (Kollatschny & Dietrich 1996)
] o o o and NGC4593 (Kollatschny & Dietrich 1997) before.
The h|gher.|or?|z.ed broader emission Ilne.s quglna_lte CloserA‘Pthough the quality of their spectral data was not as good
the central ionizing source than the lower ionized lines. as that of this campaign they could demonstrate the same
basic trend as that seen in Mrk110: the outer line wings
4.2. BLR geometry and kinematics respond faster to continuum variations than the line center.
) o o ~_Furthermore, the red wings responded slightly faster and
of Av = 400 kms* and correlated all the individual lightsection. In the UV wavelength range the variability behaviour
curves with the continuum light curve. First results of this insf the prominent CIM1550 line has been investigated in a
vestigation have been published for thg ke indicating that fe\ galaxies. Again there are hints for a stronger and faster
different line segments originate affdrent distances from theresponse of the red wing in NGC5548 (Chiang & Murray
Ionizing center. 1996; Bottoff et al. 1997) and NGC 4151 (Ulrich & Horne

ments in each profile originate atfidirent distances from the apsorption line blend in both galaxies.

central ionizing source. The observed trend in Mrk 110 is that

the outer emission line wings originate at small radii from the

central supermassive black hole. This suggests strong rotatiopal A cretion disk wind
and or turbulent motions in the BLR (see however Sect. 4.3).

Comparing in more detail the observed velocity-delay p%— this section | will put again the main emphasis on the

tern with BLR model calculations (Welsh & Horne 1991; Pere\;elocity-delay data of the B Hell 14686, and Hel5876 lines

etal. 1992; O'Brien et al. 1994) we can rule out that radial "MFigs. 7-10). A careful inspection shows that a second trend in

flow or outflow motions — including biconical outflow — are . : : .
. : X . h 2D velocity-delay m i rim n the primar
dominant in the BLR of Mrk110. The line wings show tht ese elocity-delay maps is superimposed on the primary

Srend that both outer line wings respond faster than central line

shortlt;:st dela)I/ Wléth trr:espect to ther?or:t(ljnlljum a?'?h reacttnele}r%ion: the response of the red line wings is stronger than that
simuttaneously. Furth€rmore, no short delays of the central (g, )6 ones. For all line profiles the correlationfficéeents

gion in the Balmer and He lines are observed. This is expec he red wing light curves with the continuum light curve are

in spherical BLR models with chaotic virial velocity field or stematically higher by 5% (Fig. 7) than those ones of the blue

S
randomly oriented Keplerian orbits. Therefore we can rule o ;
a dominance of this kind of velocity field in Mrk 110. On the\l]é{ng' Furthermore, the red wings respond faster than the blue

. . .Thei I i Figs. 7-10) lag th i
other hand Keplerian disk BLR models reproduce exactly tone;z da()elslntegrated blue wings (Figs 0)lag the red wings
observed velocity-delay pattern i.e. the faster response of both — '

line wings compared to the line center. An earlier response of the red line wing compared to the
A direct comparison of the two-dimensional echo maps bfue line wing is predicted in spherical wind and disk-wind
the H3, Hel15876, and Hell4686 lines with a theoretical echomodels of the BLR (Khigl & Kartje 1994; Chiang & Murray
image of a Keplerian disk (Welsh & Horne 1991, Fig. 1c) i4996; Blandford & Begelman 1999). In these models the line
intriguing. Our observed 2D pattern of thefférent lines in emitting gas shows a radial outward velocity component in ad-
Mrk 110 has been predicted in theoretical models which calition to the rotation. Also a stronger response of the red wing
culated the contibution from line emitting material affdient is expected in the models and observed in NGC 5548 (Chiang
radii in the BLR. The Helk4686 line originates at radial dis-& Murray 1996). But we could not verify a secondary peak in
tances of 3—4 light days only whilegbriginates at distancesour data as predicted in the model of Chiang & Murray (1996).
of about 30 light days. The disk outflowwind models are distinguished from spheri-
A coarse estimate of the inclination angle of the accreti@al wind models that their velocity decreases with radius (this
disk can be made by comparing the echo maps (Fig. 7) witteans from the outer line wings to the line center) rather than
disk models viewed at fferent inclination angles (Welsh &the other way around. The observed delays of the blue line
Horne 1991, Fig. 5). We observe no short delays at the innv@ings with respect to the red ones (Figs. 8-10) point at an ac-
line regions. This excludes inclination angles of the accretianetion disk-wind in Mrk 110. In particular one can see an in-
disk larger than 50in Mrk 110. At the limit of a face-on disk crease of the blue-red delay towards the outer line wings which
one expects even narrower line profiles than those we obsemeans that the wind velocity increases towards the center.
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Ferrarese et al. (2001) measured the stellar velocity disper-
sion inthe Call triplet lines of the host galaxy in Mrk 110. Their
derived velocity dispersion corresponds to a central mass of
only

M =3x10® M,

in their black hole mass vs. velocity dispersion diagram. This
value is a factor of 5 below our black hole mass value we
derived with other methods for this galaxy. But one has to
consider that Mrk 110 is a galaxy system in the late stage of
merging with respect to its morphology. Therefore, the derived
central stellar velocity dispersion in the host galaxy of Mrk 110
might by contaminated heavily by this interactiorerging
effect.

)TNLR

1013 1014 1013 1010 1017 cm

|
01 ! 1 o 4.5. Schematic BLR model

We are now in the position of generating a schematic model of
Fig. 11. Schematic BLR model of Mrk 110. the innermost AGN region in Mrk 110 from all our data. The
result is shown in Fig. 11. We could demonstrate that the broad
ission lines originate in the wind of an accretion disk. The
‘ggtances of the line emitting regions from the central ioniz-
Ing source are shown on a logarithmic scale. A central black
hole mass oM = 1.8 + 1 x 10’ M,, is a lower limit only be-
cause of the poorly known inclination angle of the accretion

Furthermore, Murray & Chiang (1997) demonstrated thai
Keplerian disk wind reproduces single-peaked broad emiss
lines as we see in the spectra of Mrk 110.

4.4. Central black hole mass disk. This value is of the order of 30Therefore, we draw a
. . 7

From the integrated line intensity variations of fouffeient chwaizlschlld radius for a black hole mas3bk 5x10° M,

emission lines a virial mass of inFg. 1L.

M =18+0.3x10" M, 5. Summary

has been determined (Sect. 3). We made the assumption tha{{a@nalyzed carefully Balmer and helium emission line profile

are given by th&WHM of their rms profiles and the characterthe Seyfert 1 galaxy Mrk 110. Three clear trends are to be seen
istic distance® are given by the centroids of the corresponding our generated velocity-delay maps:

cross-correlation functions: ] ] o ]
— The outer red and blue line wings of the emission profiles

M = §UZ G IR respond nearly simultaneously with respect to variations of
2 the ionizing continuum and much faster than the inner re-
(e.g. Koratkar & Gaskell 1991; Kollatschny & Dietrich 1997).  gions in the emission lines. A detailed comparison of our
Additionally, we may compare the velocity-delay maps observed velocity-delay maps with theoretical models of

(Fig. 7) with escape velocity envelopes other authors points clearly to an accretion disk where the
broad emission lines originate.

v= y2GM/cr — There is the general trend starting from the Balmer lines

for different central masses. With this method we derive a cen- UPon the Hel line up to the Hell lines that the higher ion-

tral black hole mass of ized lines respond systematically faster. This is to be seen
in the integrated lines on the one hand as well as in the ve-

M =15+1x10" M, locity resolved line profiles on the other hand. It indicates

: : ) . an ionization stratification in the broad-line region.
in Mrk110. This mass value confirms perfectly our earlier . . : .
derived value — The response of the red line wing with respect to the ion-
' N izing continuum variations is systematically stronger and
But one has to keep in mind that there are further system- _,. : . A
. Lo o . slightly faster compared to the blue line wing. This finding
atic uncertainties in the mass determination (e.qg. Krolik 2001). . . : : A .
e ) . is the signature of an accretion disk wind in the broad-line
Due to the unknown inclination angle of the accretion disk the :
; o . region.
derived mass may be a lower limit only. Our observed velocity-
delay maps do not drop down near the line center (Fig. 3) A& derived from the integrated line intensity variations as well
is expected from model calculations for edge-on disk models from the line profile variations a central black hole mass
(Welsh & Horne 1991; O'Brien et al. 1994). This is a hint for @f M = 1.8 x 10’ M. This value is a lower limit because of the
small inclination angle of the accretion disk in Mrk 110. unknown accretion disk orientation.
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