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ABSTRACT

Disc truncations are the closest feature to an edge that galaxies have, but the na-
ture of this phvrmrn{*nd is not vet understood. In this paper we explore the truncations
in two nearby (D ~15 Mpc) Milky Way-like galaxies: NGC 4565 and NGC 5907. We
cover a wide Wav{.l{.ugfh range from the NUV and optical, to 3.6 um. We find that
the radius of the truncation (26+0.5 kpc) is independent of wavelength. Surprisingly,
we identify (at all wavelengths) the truncation at altitudes as high as 3 kpc above the
mid-plane, which implies that the thin disc in those outer regions has a width of at
least this value. We find the characteristic U-shape radial colour profile associated with
a star formation threshold at the location of the truncation. Further supporting such
an origin, the stellar mass density at the position of the truncation is ~1-2 Mg pc™2, in
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Figure 1. Images of NGC 5907 (left) and NGC 4565 (right) in SDSS gri combined light (roughly equivalent to a deep r-band image).
For illustrative purposes, a colour image obtained with the same telescope has been inserted atop the saturated disc region of the galaxy.
Panels in the first row show the observed data and the second row are the PSF deconvolved models for each galaxy (see Sect. 3.4 for
details). Overplotted on all the images are the surface brightness contours (red lines) corresponding to 27 mag arcsec™.



Pe3anun dotoMeTpnyeckummn Lenamm
n3odbpaxeHna GALEX, SDSS, S4G

Width

2kpc | |
1 kpc Ii - | %gtgo
0.5 kpc ::l: ? — . ‘5\.&
1.5 kpcI,| . | .
~25 kpc ~25 kpc

Figure 3. Image of NGC 4565 in the SDSS gri combined band. The green horizontal line covers the region along which we obtain the
galaxy mid-plane radial surface brightness profile. The black rectangles show the locations where the radial surface brightness profiles
above and below the galaxy mid-plane were extracted. The numbers on the left are the widths of each profile. The numbers on the right
are (1) the highest altitude we reach (8.5 kpe) and (2) the height up to where we are able to detect the truncation (3 kpe) which is
indicated with the horizontal blue line. The vertical dark blue lines point out a radial distance of 25+0.4 kpc from the centre of the
galaxy. The truncation for this galaxy is located at ~26.6 kpe.
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Figure 5. Surface brightness profiles along the disc mid-plane of
NGC 4565 (up) and NGC 5907 (down) in the three wavelength

ranges (UV /optical/NIR).
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Figure 6. Truncation position at each wavelength, measured
from the SB profiles along the disc plane (above) and at different
heights in the SDSS-gri combined band (bottom). In both cases
the dashed lines represent the mean value of the points in the
corresponding colour.
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Figure 7. Radial colour profiles for both galaxies along their mid-plane, at 1.5 kpec and at 3 kpe height (NGC 5907 at left and NGC 4565
at right). The rows show the different colours: gri-3.6um in the top row and NUV - gri in the bottom. The vertical dark grey regions of
each galaxy represent the mean position of the truncations for all the heights in the SDSS-grié combined band, plus/minus the standard
deviation of that distribution of truncation positions: 26.140.2 kpe for NGC 5907 and 26.64£0.4 kpe for NGC 4565.
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2.1. The LEGA-C Spectroscopic Survey

The spectroscopic data included in this analysis are
drawn from the first year data release of the Large
Early Galaxy Astrophysics Census (LEGA-C) survey
(van der Wel et al. 2016). This project is a 128-night
ESO Public Spectroscopic survey of massive galaxies
at 0.6 < z < 1.0 in the COSMOS field using VIMOS
on the VLT. The LEGA-C Survey primary sample of
~ 3000 galaxies is selected with a photometric or spec-
troscopic redshift-dependent K-magnitude limit (K =
20.7—7.5xlog((1+42)/1.8)), corresponding to a represen-
tative sampling of galaxy colors down to log M, /My =
10.4. The defining, unique aspect of the LEGA-C spec-
tra is the deep 20-hour long integration at a resolution
of B = 2500 in the wavelength range ~6300 — 8800A.
The first year dataset consists of 7 masks of roughly
130 galaxies in each mask with slits that are oriented
in the N-S direction. The combined data yield the ex-
tremely high signal-to-noise S/ N ~ QUﬂ_l in the contin-
uum. The data reduction procedure is described by van
der Wel et al. (2016). Two-dimensional and extracted
one-dimensional reduced spectra are publicly available
via the ESO Science Archive Facility.
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Therefore in addition to |V5|/aq, we
introduce (V5 /o)™ following e.g. Binney (1978); Davies
et al. (1983), which is defined as the V /o normalized by
the (V/o)o for an oblate, isotropic model and should
be largely independent of projection effects. We adopt
the approximation V/o = 4/¢/(1 —¢€) from Kormendy
(1982). Following this definition,

(1Vsl/o0)
v/ €/(1L—€)

(Vs/00)" = (1)
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Figure 5. Rotational support (|V5|/o0) versus stellar mass
for the LEGA-C sample of massive, quiescent galaxies. Sym-
bol size indicates the galaxy effective radii (in log scale) and
position angles and axis ratios of symbol ellipses reflect those
of the galaxies.
mean relation is indicated by gray band and average uncer-

Symbol color indicates Sérsic index. The

tainty is indicated by errorbars in the upper right corner.
The majority of high-mass galaxies have minimal rotational
support, even when their Sérsic indices are disk-like, how-
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Figure 6. Observed rotational support of LEGA-C galaxies
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ABSTRACT

Pressure supported systems modeled under MONDian extended gravity are expected to show
an outer flattening in their velocity dispersion profiles. A characteristic scaling between the
amplitude of the asymptotic velocity dispersion and the radius at which the flattening occurs
is also expected. By comprehensively analyzing the dynamical behavior of ~300 extremely low
rotating elliptical galaxies from the MaNGA survey, we show this type of pressure supported
systems to be consistent with MONDian expectations, for a range of central velocity dispersion
ralues of 60km/s < ocentral < 280km/s and asymptotic velocity dispersion values of 28km /s <
One < 250km/s. We find that a universal velocity dispersion profile accurately describes the
studied systems; the predicted kinematics of extended gravity are verified for all well observed

galaxies.
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2. MONDian Theoretical expectations

In order to model observed galactic dynamics
assuming only baryonic matter, a change from the
Newtonian force law Fy = GM/r? to a MON-
Dian force law F; = (GMag)'/?/r is needed at a
scale of Ry = (GM/ap)'/? e.g. Milgrom (1983).
Most authors seem to agree on a relatively abrupt
transition between the above regimes, from stud-
ies on Milky Way rotation curve comparisons e.g.
Famaey & Binney (2005), solar system dynamics
e.g. Mendoza et al. (2011) and Galactic globular
cluster modeling e.g. Hernandez et al. (2012).

Centrifugal equilibrium velocities will show a
Tully-Fisher value in the MONDian regime of:

V = (GMao)/*, (1)

for a test particle orbiting a total baryvonic mass M.
In the modified gravity region, centrifugal equilib-
rium velocities and isotropic velocity dispersions

will yield a slightly different scaling with respect
to the Newtonian case, namely:

0o = V/V3, (2)

where g, 1s the asymptotic velocity dispersion,
e.g.  Milgrom (1984), Hernandez & Jimenez
(2012). Consequently, the isotropic Maxwellian
velocity dispersion of a pressure supported system
in the modified gravity domain can be expressed
as:

5l =

(GMag)"?. (3)

Q| =

2
G 1o g

Ry =

ag

which in astrophysical units results in:

(‘i:f) =0.81 (ﬁ)z (5)

Equation (5) now links two directly observable
features of the velocity dispersion profile of a pres-
sure supported system, where o, is the asymp-
totic projected velocity dispersion at large radii
and Rjr is the characteristic radius at which the
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HIRES/ELT (Marconi A.)

* R~100000, range 0.37-2.4 mkm (0.4 —
1.87)

 [1Ba pykaBa, ONTUYECKNUN U
nHdpakpacHbein, VIS & NIS

* LLlenb 3anuteiBaeTtca INYHKAM/
CBETOBOOB.
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HARMONI/ELT (M. Tecza)

* |[FU - «Paboyasa nowaaka» ELT
* Range 0.47-2.45 mkm

* R~ 3300, 7000, 17000; ogHa peLieTka
(R=3300) Ha onTuky 1 10(!) Ha NIR

* Spaxels: 60x30 mas, 20 mas ... 4 mas

* Slicer: 152 slices x 206 spaxels,
MaKcumMmanbHoe none 9°x6”, pas3soa Ha 8
NMPUEMHUKOB.

* Oxxngaembin npegen R(AB)=25.6,
H(AB)=27.0




MEGARA/GTC (A. Gil de Paz)

[Tone nyyka donbepos 2.5"'x11.3"

Ha ny4yke — MaccuB LUECTUYTONbHbIX
MWUKPOINH3

Spaxel 0.62"
PoboT-no3nunoHep, e3auT no nosntw 4o 3.5°
[1nana3oH — NorHbIA ONTUYECKNN, 00 1 MKM

Tpu cnekTpanbHbIX pa3peweHuna — 5000,
13000 n 20000 (2 peweTkn Ha NIR)

SdbdekTnBHOCTL OT 15% 10 25%
(nocnegHee — Ha 6000 A c pa3speLueHnem
5000)



