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ABSTRACT

Super spirals are the most massive star-forming disk galaxies in the universe (Ogle et al. 2016, 2019).
We measured rotation curves for 23 massive spirals® and find a wide range of fast rotation speeds
(240-570 km s_l), indicating enclosed dynamical masses of 0.6 —4 x 10**M @. Super spirals with mass
in stars log Mgars/Ms > 11.5 break from the baryonic Tully-Fisher relation (BTFR) established for
lower mass galaxies. The BTFR power-law index breaks from 3.75+0.11 to 0.254+0.41 above a rotation
speed of ~ 340 km s~!. Super spirals also have very high specific angular momenta that break from
the Fall (1983) relation. These results indicate that super spirals are undermassive for their dark
matter halos, limited to a mass in stars of log Mya.s /Mg < 11.8. Most giant elliptical galaxies also
obey this fundamental limit, which corresponds to a critical dark halo mass of log My,,1, /Mg ~ 12.7.
Once a halo reaches this mass, its gas can no longer cool and collapse in a dynamical time. Super
spirals survive today in halos as massive as log My, /M5 ~ 13.6, continuing to form stars from the
cold baryons they captured before their halos reached critical mass. The observed high-mass break
in the BTFR is inconsistent with the Modified Newtonian Dynamics (MOND) theory (Bekenstein &
Milgrom 1984).
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radii of up to ~ 50 kpc. We use optical long-slit spec-
troscopy of the Ha line to measure the rotation curves
of 23 massive spirals and place them on the BTFR.

We assume a ACDM cosmology with Hg = 70 km s+
Mpe™, A = 0.7 and © = 0.3 to derive all distances,
linear sizes, and luminosities.

2. SAMPLE AND OBSERVATIONS

We selected our rotation curve sample (Table 1) from
parent samples selected by r-band or K_.-band luminos-
ity. First, we selected galaxies with inclination 7 > 39°
from the OGC sample of super spirals with z < 0.3
and Sloan Digital Sky Survey (SDSS) r-band luminos-
ity > 8L#* (Ogle et al. 2019). Next, because extinction
in the disk limits the number of high-inclination galax-
ies in the OGC, we created a new sample of IR-selected
massive spirals drawn from the set of 2 Micron All-Sky
Survey Extended Source Catalog (2MASX) galaxies with
SDSS-measured redshifts, ¢ > 39°, K¢-band luminosity
L(K) > 2x10' L (K,), and r-band isophotal diameter
D>z = 50 kpe. The K ,-band luminosity and Dss criteria
were designed to yield a sample that overlaps Ogle et al.

(2019) super spirals, which have Mgars > 2 X lﬂllﬂ-f@
and Doz > 55 kpe.

We observed 3 massive spirals with the Double Spec-
trograph (DBSP) on the Hale Telescope and 20 with the
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Figure 2. Baryonic Tully-Fisher relation (BTFR) and Fall (1983) relation. A break in both relations is found at a critical stellar mass
of log Msyars /My, = 11.5 (dashed lines). This is a factor of 10 greater than the characteristic mass of log Mapars /M = 10.5 at the break
in the galaxy SMHM relation. a) BTFR. Masses in stars for the super spiral and comparison samples are estimated using custom WISE
W1l-band photometry, assuming M/L = 0.6. The photometric uncertainty is smaller than the size of the plot symbols (0.01-0.02 dex).
Gas masses for the comparison samples are estimated as M,,. = 1.33 x My (Lelli et al. 2016; Catinella & Cortese 2015), while gas
masses for our sample are estimated using the Kennicutt (1998) Schmidt law, with uncertainties < 0.05 dex (see main text). The observed
BTFR (data points) is compared to the Lelli et al. (2016) power-law fit (solid line) and the v3, power-law for baryon fraction equal to
the cosmic mean value (dotted line). b) Fall (1983) relation between galaxy specific angular momentum and mass in stars. The specific
angular momenta of our sample galaxies are estimated by j. = 2R vmaz. We compare to disk-dominant spirals with bulge-to-disk mass
ratios F. < 0.15 and bulge-dominant (3. > 0.70) ellipticals from Fall & Romanowsky (2013, 2018) and spirals and dwarf irregulars from
Posti et al. (2018). Super spirals have exceedingly high specific angular momenta compared to lower mass spirals and deviate from the
Fall relation (mnurnle dotted line: Fall & Romanoweley 20087 The melation for allintieal ealavies g eteener and offaet to lower 4
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Figure 3. Star-forming main sequence (SFMS) (adapted from
Ogle et al.  2019), with our rotation curve sample, BTFR com-
parison samples, and Galaxy Zoo (GZ) early type and late type
galaxies over-plotted. The observed cosmic mass limit for spiral
galaxies at log Mgpare = 11.8 is indicated by the wvertical dotted
line. Super spirals fall along an extrapolation of the Elbaz et al.
(2007) relation. Most giant ellipticals and lenticulars in the Ogle et
al. (2019) sample respect the cosmic mass limit for spiral galaxdies.
The ones that do not may be the product of major mergers.
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r<19.8

0.002<z<0.06

868 LBS (‘Little Blue Spheroid’)

[ToTom dboTomeTpua na obsopa KiDS (VST)
[ToToM KMHemaTunka n3 obsopa SAMI
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Figure 1. Representative LBS galaxies (GAMA [Ds G300372, G418795, and G417568) in their original three-colour (giH) classification
images. Classification images are 30kpc on a side in size (Moffett et al. 2016a), and all images are scaled using the same algorithm (tanh
scaling) such that scaling differences reflect the changing dynamic range in each image (for example, the scaling in the far right panel is
affected by a nearby bright point source).
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Figure 2. GAMA Visual Morphology sample in colour vs. stellar
mass space, where g—i. is the intrinsic (corrected for internal dust
extinction) g — i colour from the SED modeling of Taylor et al.
(2011). Stellar mass estimates are also derived from Taylor et al.
(2011). Light grey points indicate the full sample distribution
with coloured points indicating the E, Sd-Irr, and LBS classes.
The subsample of “low-mass E" galaxies is indicated in filled red
points.
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Figure 3. Distribution of LBS specific star formation rates com-
pared to those of Sd-lir and low-mass E galaxies, illustrating
similar LBS and Sd-lIrr star formation levels. The legend indi-
cates p-values derived from K-S tests comparing the LBS prop-
erty distribution to those of low-mass E (Pgr) and Sd-Irr (Pyp)
populations.
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Figure 7. Distribution of LBS group halo masses compared to
those of Sd-Irr and low-mass E galaxies, where LBSs tend to in-
habit lower group halo mass environments than low-mass E galax-
ies and potentially slightly lower group halo mass environments
than Sd-Irr galaxies as well. The legend indicates p-values derived
from K-S tests comparing the LBS property distribution to those
of low-mass E (Pgr) and Sd-Irr (Ppp) populations.
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Figure 10. Distribution of LBS single Sérsic n values compared
to Sd-Irr and low-mass E galaxies, illustrating that the LBS Sérsic
n distribution is most similar to that of low-mass Es, albeit some-
what skewed to lower values. The legend indicates p-values de-
rived from K-S tests comparing the LBS property distribution to
those of low-mass E (Pgr) and Sd-Irr (Ppp) populations.
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Figure 11. Distribution of LBS effective radius values (in kpc)
compared to Sd-Irr and low-mass E galaxies, illustrating that the
LBS effective radius distribution is similar to that of low-mass
Es with a slight skew towards smaller size. The legend indicates
p-values derived from K-S tests comparing the LBS property dis-
tribution to those of low-mass E (Pg7) and Sd-Irr (Ppr) popu-
lations.
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Figure 12. Distribution of LBS axial ratics compared to Sd-
Irr and low-mass E galaxies, illustrating that the LBS axial ratio
distribution is more similar to low-mass Es than Sd-lIrrs. The
legend indicates p-values derived from K-S tests comparing the
LBS property distribution to those of low-mass E (Pgr) and 5d-
Irr (Prr) populations.
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Figure 13. SAMI emission line velocity maps derived from the analysis described by Green et al. (2018) and Medling et al. (2018).
The left and middle panels show examples of LBS galaxies with velocity fields that display extended, regular rotation well fit by the
symmetric rising rotation curve form used here, while the far right panel shows an example of a LBS velocity field that is poorly fit with
this rotation curve form. Note that the category of galaxies that are poorly fit by a symmetric rising rotation curve (and for which we
cannot obtain a reliable characteristic rotation velocity with this method) includes both objects with some evidence of disturbed rotation
(as in the far right panel above) and those with no apparent rotation signature. We omit spaxels with large measured velocity errors
(=15 km/s) from the plotted maps.
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