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ABSTRACT

Simple numerical models can produce the observed radial breaks in the stellar surface
density profile of late-type galaxies by varying only one parameter, the initial halo spin
A. Here we analyse these simulations in more detail in an effort to identify the physical
mechanism that leads to the formation of anti-truncations (Type-I1I profiles). We find
that orbital resonances with a central bar drive stellar orbits from circular orbits with
small semi-major axes to rather eccentric orbits with large semi-major axes. These
orbits then form a disk-like configuration with high radial dispersion and rotation
far below the circular velocity. This will manifest itself in photometry as an anti-
truncated (Type-111) outer stellar disk. Whether such outer disks — with qualitatively
new dynamics — exist in nature can be tested by future observations.
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Figure 2. Ratios of inner to outer scale length as a function
of spin parameter A from broken exponential fits. The errorbars
indicate the range between the 16-th and the 84-th percentile.
The ratio is below unity (up-bending) for A < 0.03, roughly unity
(pure exponential) at A = 0.035 and above unity (down-bending)
for A Z 0.04.
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Figure 3. Circularity distribution in outer disc. The figure shows
the circularity distribution of stars in the disc outskirts (R > Ry,)
for a choice of simulations spanning the from the range from low
(A = 0.02) to high spins (A = 0.06). Most orbits in the high spin
simulations (A > 0.04) are circular while there is not a single

star with 7 ’{-“__J =2 0.85 in the lowest spin simulation. Intermedi-
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ABSTRACT

The nearby lenticular galaxy NGC 1277 is thought to host one of the largest black holes known, however the
black hole mass measurement is based on low spatial resolution spectroscopy. In this paper, we present Gemini
Near-infrared Integral Field Spectrometer observations assisted by adaptive optics. We map out the galaxy’s
stellar kinematics within ~440 pc of the nucleus with an angular resolution that allows us to probe well within
the region where the potential from the black hole dominates. We find that the stellar velocity dispersion rises
dramatically, reaching ~550 km s~! at the center. Through orbit-based, stellar-dynamical models we obtain
a black hole mass of (4.9+ 1.6) x 10° M, (1o uncertainties). Although the black hole mass measurement is
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F1G. 3.— The observed NIFS kinematics (top) show that NGC 1277 is rotating, with the west side of the galaxy being blue-shifted, that there is a sharp rise

in the velocity dispersion and generally positive fiy values at the nucleus, and that #3 and V are anti-correlated. The best-fit stellar dynamical model (bottom}) is
shown on the same scale given by the color bar to the right and the minimum/maximum values are provided at the top of the maps. The best-fit model nicely
reproduces the NIFS observations and has a reduced x? of 0.7.
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FiG, 4, — The observed kinematics (black circles) measured from NIFS (left column), HET (middle column), and PPAK (right column) are shown over the
radial extent of the NIFS data. The data have been folded and are plotted as a function of projected distance from the nucleus. While the HET measurements have
been made along the galaxy major axis, multiple position angles are depicted for the IFU data. For comparison., we plot the best-fit model constrained by only the
NIFS kinematics (red trianales). Thus. the best-fit model vredictions for the central HET and PPAK kinematics tuke into account differences in spatial resolution.
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F1G. 5.— The location of NGC 1277 (red square) and other similar galaxies (red asterisks) on the black hole—host galaxy correlations. The ~80 galaxies with
dynamical black hole mass measurements shown here are taken from Kormendy & Ho (2013), with the exception of M60-UCDI1 (Seth et al. 2014), NGC 1332
(Rusli etal. 2011), NGC 1271 (Walsh et al. 2015), and NGC 1277 (this work). The dot-dashed lines show the fitted relations from Kormendy & Ho (2013) to the
black points. The gray points, composed largely of galaxies with pseudo-bulges, were excluded from the Kormendy & Ho (2013) fit. For comparison, the steeper
dashed line is the relation from McConnell & Ma (2013), which was fit to nearly all points. NGC 1277 and the galaxies labeled in red have small sizes and large
velocity dispersions for their galaxy luminosities, and they harbor over-massive black holes relative to Mgy — Ly, but are consistent with the Mgy — o, relation.
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Figure 1. lllustration of the spheroid/disc decomposition of the
one-dimensional surface brightness profile, p, the ellipticity pro-
file, €, and the specific angular momentum profile, A, for the
three prototype early-type galaxy sub-classes. In the Aux de-
compositions, the spheroid (or bulge) and the disc are shown
with the red and blue color, respectively. The left panel shows
a disc-dominated central fast rotator (lenticular galaxy), com-
posed of a bulge encased in a large-scale disc. The right panel dis-
plays a spheroid-dominated slow rotator (elliptical) with (an op-
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ABSTRACT

We present SAURON integral-field observations of a sample of 12 mid to high-inclination disk
galaxies, to unveil hidden bars on the basis of their kinematics, i.e., the correlation between
velocity and hg profiles, and to establish their degree of cylindrical rotation. For the latter, we



Table 1. Basic properties of our sample of galaxies

Bbibopka

PA

Galaxy Vig Scale B/D  Inclnation  Type Type

(kms—1)  (kpc/') (deg) (RC3) (Buta + 2015) (deg
(1) (2) (3) (4) (3) (6) (7) (8)
NGC0678 3015 0.19 ] 82 SB(s)b sp SAB(s,nd)a sp 9
NGC5326 2596 0.17 73 65 SAa? E(d)5/50 sp -138
NGC5422 1977 0.13 1.28  90(90) S0 sp SABu0° sp/E(d)8 64
NGC 5475 1815 0.12 0.14  78(79) Sa? sp - -101
NGC 5689 2295 0.15 0.89 81 SB(s)0/a (R L)SAB : (' I,nd)0" sp -5
NGCS5707 2358 0.15 042 80 Sab? sp SA0° sp -59
NGC 5746 1680 0.12 0.68 8l SAB(rs)b? sp  (R')SBa(r,nd)0/a sp -99
NGC 5838 1316 0.09 41475 M SA0~ - 134
NGC5965 3603 0.23 0.53 80 Sb - -38
NGC6010 2036 0.14 0.27  84(90) S0/a? sp SA(1)0° sp 12
NGC7332 1481 0.08 0.41  8I1(84) S0 pec sp - -114
NGC7457 1134 0.06 10.0  70(74) SA0 (rs)? - 35




Cylindrical rotation in B/P bulges 3
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Figure 2. U-R-K composite images, Isophotes and unsharp masks for all 12 galaxies in our sample. For each galaxy, First panel: The U-R-K composite
image, from Peletier & Balcells (1997) . U- and R-band images were obtained with the Prime Focus camera of the Isaac Newton telescope and K -band
images were taken at the UK infrared telescope (UKIRT), using the IRCAM3 Camera. For NGC 0678 we have used Sloan Digital Sky survey DR10 data.
Second panel: Tsophotes of the K -band images. The SAURON final pointing is shown on top of this panel. Third panel: Unsharp masked K -band image. The
unsharp masking technique allows us to highlight the structure of the galaxy in more details, for instance, the X-shape bulge is clearly visible for 6 galaxies
in our sample (NGC 0678, NGC 5422, NGC 5689, NGC 5746, NGC 5965 and NGC 7332). Fourth Panel: Tsophotes of the K'-band image, after subtracting an
exponential disk from the observed image. We have used the disk-subtracted images together with the unsharp masked galaxy images (third panel) to have a
rough estimation of bulge size in the (, z) space. This analysis bulge window is shown as a blue rectangle on top this panel.

(© 2015 RAS, MNRAS 000, 1-13
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Figure 4. (Lefth The velocity map of RGO T332 da eylindrical retaming system) and NG S326 (a non evhindrical rotator), In these plots, velociny maps are
rouied 5o that the horizontal axgis is parallel o the major axis of the galoxies. Vertical dotted lines mark the bulge boundaries, (Midale) The stellar line of =ight
velocary paralbel w the major axis of galaxies av different height { 2) froan the disk plane. (Right) Line-of-sight velocity gradient along the minor axis of galaxies
at different distamce from the mimor aas, Probles are color-coded acoonding to the distance from the minor axs, Solid blick prodile represents the averape
value. We define ey = g + 1 as a quantity o express the level of evlindrical rotation, in which ey 5 the slope of the solid black line . See text for the

defintion of the various quantities ., 79 808 Vigae.



Teopus

Bar Signatures: No
Bar Signatures: Yes

MilkyWay

N
|

Counts

A

" This Study -

=
w

=
o

IIIIIII|IIIIIIIIillIIIIIIIIlIIILIIIlililll

Frequency

o
-

=
o

\ T
| .,
e =]
NN
NN\ .
s

% g '\.:\-\\ i

; 4 'E\\ N

L ; .

T -

Z
o
o
Q
-~
@
3
=
)
o
k=

IIIIlIIII|IIIIIIII!lfIIIIIIIIlI'IIFIIII

=
o

0.4 0.6
Level of Cylindrical Rotation

1.0



Pe3ynbTaThbl

NGC number 0678 5326 5422 5475 5689 5707 5746 5838 5965 6010
1) Double-hump rotation curve Y N Y N Y N Y Y X N?
2) Broad central o peak N? N N? N X N b D E N
with plateau at moderate radii

3) V — hg correlation over the Y N Y N Y N ¥ Y ¥ N
projected bar length

Central V' — hg anti-correlation Y N Y o Y N Y Y Y o'
Boxy/Peanut Bulge b N ¥ N X N Y N Y N

Degree of Cyl. Rotation (11.,) 0.66 0.39 0.70 0.44 0.64 0.22 0.63 0.40 0.62 0.42

+0.09 +0.19 +0.07 +0.17 +0.09 +0.21 +0.08 +0.17 +0.10 e o 1 8 i

Bar h N Y N X N X X ¥ Y?




