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CO(2-1) redshift, zco 4.2589 + 0.0010
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Fig. 4. HST imaging of DLLA0817¢g with CO, [C 11] and dust continuum contours. The F160W
filter on HST’s Wide Field Camera 3 was used to probe the rest-frame near-UV emission of the
galaxy. a, The field surrounding DLAO817g. The bright source in the bottom right corner is the

quasar whose sightline contains the z = 4.26 absorber. Overlaid on this figure in contours is the
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Fig. 1. Mean velocity field and p-v diagram for DLA0817g. a, Mean velocity field relative
to the systemic redshift of the [C 11] emission (2 = 4.2603). The kinematic centre of the [C 11]
emission, as determined from modelling the emission (see Methods), is shown by a black plus
sign. The dotted black line marks the major axis of the galaxy. The axes give relative physical

(proper) distances at the redshift of the [C11] emission. The inset shows the synthesized beam of
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ABSTRACT

We use the stellar kinematics for 2458 galaxies from the Mapping Nearby Galaxies at Apache point
observatory (MaNGA) survey to explore dynamical scaling relations between the stellar mass M,
and the total velocity parameter at the effective radius, R., defined as Si— = K VE._Q + rr'fe; which
combines rotation velocity Vg, , and velocity dispersion o, . We confirm that th{rr{)idal and spiral
galaxies follow the same M, — Sy 5 scaling relation with lower scatter than the M, — Vg, and M, — o,
ones. We also explore a more general two-dimensional surface known as Universal Fundamental Plane
described by the equation log(Y,) = log(S3 ;) —log(l.) —log(R.) +C., which in addition to kinematics,
So5. and effective radius, R,, it includes information of the surface brightness, 7., and dynamical
mass-to-light ratio, T.. We use sophisticated Schwarzschild orbit-based dynamical models for a sub-
sample of 300 galaxies from the CALIFA survey to calibrate the so called Universal Fundamental
Plane. That calibration allows us to propose both: (i) a parametrization to estimate the difficult-to-
measure dynamical mass-to-light ratio at the effective radius of galaxies, once the internal kinematics,
anirface brichtness and efFective rading are known: and (1) a new dynamical mase proscy congistent with



MaNGA+SDSS-im: v, o0, L, R, I....

Ballesteros et al. 2015a,b). Following this procedure our
final sample for the MPL-7 comprises 2458 galaxies, of
which 1653 corresponds to LTGs and 805 to ETGs. The
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Figure 2. Example of spatially resolved kinematics from the MaNGA stellar kinematic maps. Left panel: the rgh SDSS

image and the FoV covered by MaNGA for the manga-8440-12704 galaxy. Middle panel: the line-of-sight stellar velocity map.
The dashed black ellipse represent the more external ring explored in the analysis. Only the rotation component was modeled
ignoring no-circular motions. Right panel: the rotation curve derived from the stellar velocity map (blue symbols) with the
analysis described in Section 3.4. The dashed red line represent the best-fit parametrization of Eq. (4) to the blue data points.
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after, we define the characteristic radius, R, to be
the effective radius R.. Hence, Eq. (5) becomes:

Gi‘rfdyn )
— e 6
R (6)

with Vg, as the stellar rotation velocity, o,  the
stellar velocity dispersion, Mgy, the total dynam-
ical mass enclosed at ., G the gravitational con-

A(}V‘,%ﬂ -+ Alﬁi: = By

stant, Ag, A1, and By are correction factors ob-
tained by fully evaluate the tensors. These cor-
rection factors could be different for each galaxy
and also strong function of the formation history,
dynamical state and environment of galaxies.

served data Sg 5, ., and R, (independent variables) as
follow:

E(}g{Tfm) = Bo + Bilog(Sos) + Oelog(le) + H3log(Re),
(9)

were the 3; are the coefficients for each indepen-
dent variable. The calibration that best recover the
log(T2") vields the following values: 3y = —0.53 +0.1,
/1 =149+ 0.08, 82 = —0.72 £ 0.03 and F3 = —0.63 £
0.05. We use these coeflicients together with the 3 inde-
pendent variables (S 5, Ie, e ) to calculate the fitted dy-
namical mass-to-licht ratios, log (Y1), The obligatory

2. The kinematic simplification. This means that

galaxies are assumed to be isothermal spheres with

isotropic velocity dispersion. Dividing the Eq. (6)

by Ay, allow us to define the left-hand side as the
) 1:

total velocity parameter, S = K Vi + a2

. The mass simplification. This means replace

the total dynamical mass at the effective radius,
Mgy, with observable properties like the dy-
namical mass-to-light ratio within K., T., and
the luminosity, Le, i.e., Mgyn, = ToLe. Thus, it is
assumed that T, is constant within the considered
aperture.

. Homology, which implies that galaxies live on a

plane in the (R,, I, Sk) space. Thus, the correc-
tion factors Ap, A; and By are very similar among
galaxies.

Applying the previous simplifications and assump-
tions we can rewrite the tensor virial theorem in terms
of observational properties as follows:

Sﬁ = BDA;GWTERCIR' (T)

now on, we will fix K = 0.5 on the total velocity pa-
rameter. Finally, we define a normalization constant
C = GrBy Arl and take the logarithm to define the Uni-
versal Fundamental Plane as follows:

log(T,) = iog(Sgla) —log(I,) — log(R,) + C. (8)
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