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Fig. 5.— The best-fit orbit for S0-2 (blue line) and for S0-38 (red line) on the plane of the sky. These
model orbit lines show the positions of these stars from 1995 to 2014. Both stars orbit clockwise on the
plane of the sky. Closed circles indicate astrometric detections that were used in the orbital fits. Open
circles indicate points that were not used in the fits because these astrometric detections are biased due to
the proximity of other known sources on the plane of the sky. For S0-38. this consists of the two epochs
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Table 4. Best-Fit Black Hole and Orbital Parameters as Derived From the Fit of S0-2 alone, S0-38 alone,

and the Simultaneous Fit of S0-2 and S0-38

Best-Fit Parameter Values from Orbital Firs®

Model Parameter (units) 50-2 only 50-38 only 50-2 and 50-38
Black Hole Properties:
Distance (kpc) 8.02+0.36:0.04 [6.5,9.51° 7.86 =0.14 =0.04
Mass (106M ) 4.12+£031£0.04 [Z3.5.5]° 4.02£0.16 £20.04

X Position of Sgr A* (mas)
Y Position of Sgr A* (mas)
X Velocity (mas/yr)
¥ Velocity (mas/yr)
Z Velocity (km/sec)

2.521+0.56x1.90
—4.371£1.3411.23
—0.02£0.0310.13
0.55x0.071£0.22
—-15=10=4

—5.254+9.41 £1.90
—6.85+5.00+1.23
—0.40+0.70+0.13
—0.48+0.43+£0.22
[-80.407°

274 050 =1.90
—35.06 £0.601+1.23
—0.04 £0.0310.13

0.51 £0.06:0.22

—15.48 =8.36 =4.28
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Fig. 10.— Left: 2D joint probability distribution with 1-, 2-, and 3-sigma contours of My, and R, as derived
by the orbital fit of SO-2 alone (blue dashed lines), S0-38 alone (black dotted line), and a simultaneous fit
of S0-2 and S0-38, with the new speckle holography detections of S0-38 included (red solid lines). The
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Figure 1. Optical (SALT, upper panel) and NIR (SINFONI,

lower panel) continuum-normalized spectrum of NGC 5419, in the
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Figure 6. Velocity and wvelocity dispersion maps of the inner
region of NGC 5419 derived from the SINFONI data. North is

right and east is up. Owverplotted are the isophotes of the HST

image (see Fig. 2). The dashed circle and white ellipse in the right
panel indicate the binning size and the Gaussian FWHM of the
SINFONI PSF, respectively.

1993; Stiavelli et al. 1997), much bluer than the value of 1.68
we obtained for N2 (Section 3.2).
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1. Introduction

The exponential shape for the radial profiles of galaxy disks (de Vaucouleurs 1959)
has never been explained at a fundamental level. The initial mass and angular momen-
tum distribution in the gaseous halo plays a role early-on (Eggen et al. 1962; Mestel 1963;
Fall & Efstathiou 1980), as they lead to a nearly exponential shape during collapse if angular
momentum is conserved (Freeman 1970). Numerical simulations confirm this result even with
some redistribution of angular momentum (e.g., Dalcanton et al. 1997; Governato et al. 2007;
Foyle et al. 2008; Sanchez-Blazquez 2009; Cooper 2013; Aumer & White 2013; Aumer et al.
2013; Stinson et al. 2013; Martig 2014; Herpich et al. 2015; Minchev et al. 2015; Rathaus et al.
2016). Initial conditions also seem involved for the far-outer gas disks of Hl-rich galaxies,
which have exponential profiles with a universal scale length when normalized to the radius
where the HI surface density is 1 M. pc™? (Wang et al. 2014). Bigiel & Blitz (2012) found
a universal exponential gas profile when normalized to Rss, the radius at 25 magnitudes per
square arcsec in the V band.
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2.1 Gravity-Driven Turbulence

To derive the expected relationship between gas content and
star formation in a galactic disc where the turbulence is
driven by gravity, we consider a system with a flat rotation
curve with circular velocity v. and gas surface density and
velocity dispersion versus radius ¥ and o, respectively. The
stellar surface density, considering only stars within ~ 1 gas
scale height of the midplane, is . = [(1 — f;)/fo] X, where
fq 1s the gas fraction.

For such a setup, Krumholz & Burkert (2010) show that
there exists a steady state configuration where turbulence is
driven by gravity, ultimately powered by accretion through
the disk. The steady state configuration is described by a
family of similarity solutions where the gas surface density
and velocity disperison versus radius are

remr\'”?
¥ e wE (g (1)
TGQr n

l Gﬁ;}f 1,.-’.‘-1
7 = E(T) ' (2)
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Once ()4 reaches unity and star formation turns on, its
rate in these models is determined by the requirement to
maintain hydrostatic balance, which implies a star forma-
tion rate that varies inversely with the momentum supplied
per unit mass of stars formed, and directly as the square
of the gas surface density. To be definite we adopt the rela-
tion derived by Faucher-Giguere, Quataert & Hopkins (2013,
their equation 18), but, as noted in their paper, this result is
essentially the same in all feedback-driven turbulence mod-
els where @)y is kept fixed rather than eg. This relationship
15

o= 2\/5’?7(;':29‘15 (E) = 2

: F s ’
where ¢ = 1 and F = 2 are constants of order unity that
parameterize various uncertainties; the numerical values
given here are the ones recommended by Faucher-Gigueére,
Quataert & Hopkins (2013). The quantity P, /m. is the mo-
mentum injected per unit mass of stars formed, for which we
also adopt Faucher-Giguére, Quataert & Hopkins (2013)’s
recommended value of 3000 km s~ . If we now adopt a value

the observed weak variation of ¢ within galaxies, and use
equation 6 to eliminate X, we can integrate equation 7 with
radius to obtain the relationship between star formation rate
and gas velocity dispersion,

' r1 & 8\/§¢b?}f r P, - 2
= [ Camar= 2 (03 (7)o ©

"0

Comparing equation 5 to eguation ¥, we see that
gravity-driven turbulence models predict M, f; o, while
feedback-driven models give M, o, with no dependence
on fy. In Section 3 we will use these differences to test the
models against observations, but first we pause to under-
stand the physical origins of the different scalings, which
are two-fold.
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Figure 1. The relationship between star formation rate, M., and
velocity dispersion, o. In the top panel, lines show the predictions
of the gravity-driven model (equation 5) for f; = 0.2,0.5, and 1.0,

as indicated in the legend. Lines in the bottom panel show the
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