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Abstract. Two brightest cluster galaxies (BCGs), namely Abell 1838@ and
Abell 3565-BCG, were observed with the Advanced Camera fowveéys (ACS) and the
Space Telescope Imaging Spectrograph (STIS) on board thblélEpace Telescope.
By modeling the available photometric and kinematic dataesulted that the mass of
Abell 1836-BCG and Abell 3565-BCG aid, = 4.8'58 x 10° Mg, andM, = 1.3°93 x 10°
M, at 1o confidence level, respectively.
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1. Introduction lution of SBHs and the hierarchical build-up

. f galaxies is most directly probed by the sys-
Many nearby galaxies have revealed large dafk s 1hat have undergone the most extensive
mMasses mfsmall regions, sglfarker)](pllamegBog nd protracted history of merging, namely the
n terfms of supermassive blac Oej (200 Tnassive galaxies associated with the largest
see for a review Ferrarese & For S)sBHs. This is the case of brightest cluster
Spectroscopic and photomet_nc dat_a at highy|axies (BCGSs). Their large masses and lu-
s_patlal rgsoluhon have made it possible to deg inosities, as well as their having a merging
rve relstwel)]/c aC(iUI’c’_:lte S_::D’hH massesl., fOr pigiory which is unmatched by galaxies in less
a number of galaxies. These measurementy, o environments, make BCGs the most
are reliable if the SBH sphere of influence '?)romising hosts of the most massive SBHS in
solved. It was also found tha¥l, correlates g |5c4| Universe. Therefore from Laine et al.
with other galaxy properties, such as bulgg,nn3) it was selected a sample of BCGs, pre-
luminosity (Magprrlan et al. 19.98' Marconiyicted to host the most massive SBHs (based
& Hunt 2003), light concentration (Grahamon theM. — o and M. — Mg relations), and

et al. 2001), and bulge velocity dispersion for which the SBH s :
. ) phere of influence could
(Ferrarese & Merritt 2000; Gebhardt et alp, .| resolved using the”@ wide slit of

2000). The inextricable link between the eVOSpace Telescope Imaging Spectrograph (STIS)
on board the Hubble Space Telescope (HST).
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Abell 3565-BCG
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Fig. 1. Observed [N 11116583 kinematicsfilled circle§ along with the best-fitting modes6lid line) for
the SBH mass of Abell 1836-BCG and Abell 3565-BCG. The ol=gtrand modeled velocity curvéop
panel9 and velocity dispersion radial profiledntral panel} are shown for the slit along the major axis

(central panel} and the two fiset positions Iéft and right panelys of the gas disk. The corresponding
modeled flux profile is shown in tHeottom panels

2. Imaging and spectroscopy lines was obtained for both galaxies, to mea-

sure the central ionized-gas kinematics. A ma-
Abell 1836-BCG and Abell 3565-BCG were

. i jor axis spectrum was obtained with the slit
observed with three filters of the Advance rossing the nucleus of the galaxy. Two addi-

Camera for Surveys (ACS): F435W (which reyiona| offset spectra were obtained displacing
sembles the JohnsdB filter), F625W (simi- 6 gjit by one slit width on either side, per-
lar tor in the Sloan Digital Sky Survey pho-pengicularly to the slit axis. lonized-gas kine-
tometric system), and the narrow-bard130 yatics was measured by fitting position, width,
A) ramp filter FR656N, covering the redshiftechg fiux of the [NI1] 16583 line. Figs. 1 and
Ha and [N 1] 146548 6583 emission lines in 5 ghow the kinematics of Abell 1836-BCG
the nucleus of each galaxy. The images wetg,q apell 3565-BCG, respectively. They re-
used to determine the optical depth of the dusjeg| regular rotation curves and strong central

stellar mass distribution near the nucleus, a locity gradients, thus they are good candi-
intensity map. Besides, high-resolution spegystes for dynamicél modeling.
troscopy of the ki and [N 1] 16583 emission
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regular elliptical outline (e.g., Ferrarese et al.
ol T - 1996; Sarzi et al. 2001; Shapiro et al. 2006).
“ \ / i \ / | / : Thereforei is best treated as a free parame-
. . ter. The surface brightness distribution of the
o N/ S \ ./ I ionized gas is treated as input, by the narrow-
i [ R S " st band imaging. The velocity dispersion of the
e [10%e) i lase] 7 /1) emission lines was assumed to be described
by the radial functioro(r) = o + o1&/,
L e , with the choice of the best parameters to re-
* e > produce the observablead,, (M/L),, andi
\ / \\ / \ / were determined by finding the model param-
wo N S e L e L) eters which produce the best match to the ob-
O i P oo il served velocity curve, obtained by minimizing
Pt T R e X° = 2(V—Vmod)?/6%(v) wherev+§(v) andvimod
are the observed and the corresponding model

Fig.2. x* distribution for Abell 1836-BCG tbp velocity along the dferent slit positions, re-
panely and Abell 3565-BCG lottom panels as spectively.

a function of SBH massl€ft pane), inclination

(central panel, and stellar mass-to-light ratioight

pane). The dotted horizontal lines indicate the con4. Results
fidence levels on the best fitting values.

46

For Abell 1836-BCG a three-dimensional grid
of models was explored, with M, < 3.0 x
1019 My, in 2.0x1C® M, steps, 0 < i < 9C°

in 1° steps, and & (M/L), < 40 (M/L)e in
For this study, the procedure described iR-5(M/L) steps. The best modelfitting the ob-
Coccato et al. 2006, to which the reader is reserved rotation curve requirds, = 4.8°38 x
ferred for details, was followed to model thel®® My, i = 76 + 1°, and M/L), < 4.0
ionized-gas kinematics. Briefly, a synthetic ve{M/L),, where the errors oM, andi, and
locity field was generated assuming that thine upper limit on i/L),, are quoted at the
ionized gas is moving in circular orbits in anlo confidence level. This is the largest SBH
infinitesimally thin disk centered at the nucleamass to have been dynamically measured to-
location, under the combined gravitational podate. The model is compared to the observed
tential of stars and SBH. The model is profN 11] 146583 kinematics in Figl]l. Figurg 2
jected onto the plane of the sky for a givershows br, 20, and 3r confidence levels indi-
inclination of the gaseous disk, and then desdually on M., i, and M/L),, according to
graded to simulate the actual setup of the spette Ay? variations expected for one parame-
troscopic observations. The latter step includdsr, with the other two held fixed at their best-
accounting for width and location (namely pofitting values.

sition angle and fiset with respect to the cen-  The rotation curves of Abell 3565-BCG
ter) of each slit, STIS PSF, and charge blee@dong the three slit positions were fitted for
ing between adjacent CCD pixels. The free pa grid of model parameters defined by 0
rameters of the model are the mask of the M, < 5.0 x 10° My in 2.0x10° M,, steps,
SBH, mass-to-light ratioNi/L),. of the stellar 0° <i < 90° in 1° steps, and & (M/L), <15
component (and dark matter halo), and inclingM/L) in 0.4 (M/L), steps. The best model re-
tion i of the gaseous disk. BottM/L), andi quiresM, = 1.3*33 x 10° Mo, i = 50+ 1° and
are assumed to be radially invariant. AlthougfM/L),= 9.0+ 0.8 (M/L)s, where all errors are

i can be estimated from the images of the diskgiven at the & confidence level. The model is
the ionized gas is concentrated in the innecompared to the observed kinematics in Eig. 1.
most region of the dust disk and slight warp&ig.[2 shows the confidence levels ., i,
can be present even in the case of disks withaad (M/L), alone.

3. Dynamical modeling
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101 ey predicted fromo. They attributed the discrep-
i S ancies to the presence of extended blue en-
velopes around the BCGs.
In order to compare the SBH mass determi-
E nations of Abell 1836-BCG and Abell 3565-
1 BCG with the prediction of the near-infrared
M.—Lpuige relation by Marconi & Hunt (2003)
the 2MASSH-band luminosities of the two
E BCGs were retrieved from the NASKWAC
i Infrared Science Archive. Figufé 3 shows the
location of the SBH masses in thel,—Lpuge
plane. Only the SBH mass of Abell 1836-BCG
is not consistent with the relation, since it is
larger than the one expected (i.e9:810° M,).
The same is true only for M 87, among the
L seven galaxies with,> 10° My, dynamically
100 108 10 10w measured so far. The of Abell 1836-BCG is
Ly [Lo] not available in literature, thus it is not possi-
ble to discuss its behavior in thel,—o rela-
Fig. 3. Location of the SBHs masses of our BCGgion. On the other hand, all the galaxies with
(starg with respect to the near-infraret.—Louge M,> 10° M, lie on the relation. There is no
relation by Marconi & Hunt (2003). NGC 1399 wasstrong evidence that the upper end of the scal-
added (Houghton et al. 2006). The SBH mass§fq relations is regulated by affrent law.
based on resolved dynamical studies of ionized gas The only way to hush-up the debate is
(open circle3, water masersopen squargs and o q4ing newM,. Before the advent of new
stars filled circle9 are plotted. Dotted lines repre- °
sent the & scatter of the relation. Classgs of te_lescppes ffom earth gnd space,
adaptive optics is a viable solution (e.g.,
Houghton et al. 2006). It will be possible to
understand the behavior of boihl.—o and
M.—L relations and, in case, if BCGs and nor-

Several authors have recently focused their 4@l 9alaxies have a bimodal trend.

tention on the position of BCGs and massive

galaxies in the upper end of the SBH scalineferences

relations, using both theoretical and, evenif in- )

direct, observational considerations. Bernardgatcheldor, D., etal. 2007, ApJ in press

et al. (2007) found that BCGs define a shaBernardi, M., etal. 2007, AJ, 133, 1741
lower o — £ relation than the bulk of early- Coccato, L. et al. 2006, MNRAS, 366, 1050

type galaxies. They interpreted it as due tferrarese, L. etal. 1996, ApJ, 470, 444

a non-linear correlation between I8¢ and Ferrarese, L., Ford, H. 2005, SSRy, 116, 523
logo-. This would bring theM,—o- to underes- Ferrarese, L., Merritt, D. 2000, ApJ, 539, L9
timate M, for high o values. Furthermore, ac-Gebhardt, K., etal. 2000, ApJ, 539, L13
cording to von der Linden et al. (2007) BCG<5raham, A. W., et al. 2001, ApJ, 563, L11
follow a steeper Faber-Jackson relation tharoughton, R., et al. 2006, MNRAS, 367, 2
non-BCGs. This implies that BCGs can follow-aine, S., et al. 2003, AJ, 125, 478

at most one of the power-law relations, eitheagorrian, J., etal. 1998, AJ, 115, 2285

the M.—o or the M.—L. Both Bernardi et al. Marconi, A., Hunt, L. K. 2003, ApJ, 589, L21
(2007) and von der Linden et al. (2007) use&arzi, M., et al. 2001, ApJ, 550, 65

SDSS data. On the contrary, Batcheldor et akhapiro, K. L., et al. 2006, MNRAS, 370, 559
(2007) argue that SBHs masses predicted frou@n der Linden, A., et al. 2007, MNRAS in
NIR luminosities are consistent with masses Press
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5. Conclusions
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