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Introduction
• A galaxy’s observable 

properties are 
intimately linked to its 
angular momentum 
(AM) content.


• Specific AM ( j≡J/M ) is 
tightly related to mass: 
j∝M2/3.


• Ellipticals contain 3-7 
times less AM than 
spirals of equal mass.
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Figure 1. Total intrinsic stellar specific angular momentum of galaxies plotted
against their total stellar mass, reproduced from Fall (1983), with corrections
from a Hubble constant of h = 0.5–0.7. The symbols show galaxy types
according to the legend at the upper left; for the ellipticals (E), open circles
show galaxies with an upper-limit estimate of j⋆. The dotted line shows a trend
of j⋆ ∝ M

2/3
⋆ . The logarithms plotted here and used throughout the paper are

in base 10. These j⋆–M⋆ scaling relations are the focus of this paper, and will
eventually be updated in Figure 14.
(A color version of this figure is available in the online journal.)

vc (e.g., Tully & Fisher 1977; Dutton et al. 2010; Trujillo-Gomez
et al. 2011) involve correlated variables, since vc may be di-
rectly connected to M⋆. Another related parameter is the spin
(λ), which is useful for characterizing dark matter halo rotation,
and which we will discuss later in this paper.

The simple j⋆–M⋆ diagram is still charged with useful infor-
mation for understanding galaxies, and to orient the remainder
of our discussion, we begin by reproducing the original version
from F83 here in Figure 1. The only change is to rescale the data
for a Hubble constant of h = 0.7 rather than h = 0.5. These data
were for late-type spirals (Sb and Sc) based on extended optical
rotation curves, and for elliptical galaxies based on observations
from their inner half-light radii, as feasible in that era.

The first key feature to note from Figure 1 is that the spirals
follow a fairly tight scaling relation of j⋆ ∝ Mα

⋆ , where α ∼ 0.7
(see also Takase & Kinoshita 1967; Heidemann 1969; Freeman
1970; Nordsieck 1973), which is a phenomenology that is
now understood to provide a remarkable link between visible
galaxies and their invisible dark matter halos. F83 provided a
simple theoretical framework in which the gaseous baryons of
galaxies are initially mixed with the dark matter and share in
the same j. The baryons then cool and decouple from the dark
matter, collapsing into star-forming disks. If the baryonic j is
approximately conserved in this process, both the zero point
and the slope of the observed spiral-galaxy j⋆–M⋆ relation are
reproduced.

The formation of disk galaxies can thus be explained at a basic
level through this long-standing picture of (weak) j conservation.
To provide further understanding, hydrodynamical simulations
of galaxy formation have been pursued for decades, with the
j⋆–M⋆ observational diagram from F83 as a key benchmark for

theory. Attaining that benchmark has turned out to be a major
challenge, with early studies finding catastrophic j loss (e.g.,
Katz & Gunn 1991; Navarro & Benz 1991; Navarro et al. 1995;
Navarro & Steinmetz 1997).

This angular momentum “catastrophe” can be attributed
partially to numerical limitations, and partially to uncertainties
in modeling baryonic processes such as feedback following
star formation, as reviewed by Fall (2002). Over the years,
the simulations have improved and can now come close to
reproducing the j⋆–M⋆ observations (e.g., Governato et al. 2007;
Agertz et al. 2011; Guedes et al. 2011), although much work still
remains in understanding both the numerics and the physics.

Besides the angular momentum benchmark from F83 which
has become a standard ingredient in modeling the formation
of disk galaxies, there is another aspect of the original j⋆–M⋆

diagram that has received relatively little attention: the inclusion
of elliptical galaxies along with the spirals. The diagram thereby
provides a fundamental diagnostic of scaling relations for all
galaxies, which is important because there is still not a full
explanation for such a basic property as the Hubble (1926)
sequence of galaxy morphologies.

Star formation considerations aside, there is an obvious
dynamical distinction between galaxy disks and spheroids,
which are characterized by cold, ordered rotation versus random
motions with fairly low net rotation, respectively. Differences in
the conservation and distribution of j may very well be pivotal
to explaining these differences and to governing the fates of
galaxies.

As shown in Figure 1, F83 found that ellipticals followed
a j⋆–M⋆ trend roughly parallel to the spirals, but lower by a
factor of ∼6, and with more apparent scatter (see also Bertola
& Capaccioli 1975). There are several potential explanations
for such a difference between spirals and ellipticals, but the
most plausible one is traced to a violent, clumpy genesis for
spheroids. For example, mergers could naturally redistribute
angular momentum from the central regions of a galaxy to its
outer parts by dynamical friction (e.g., Aarseth & Fall 1980;
Gerhard 1981; Barnes & Efstathiou 1987; Zurek et al. 1988;
Barnes 1992; Hernquist 1992; Navarro & White 1994; Heyl
et al. 1996; D’Onghia & Navarro 2007; Zavala et al. 2008).
Thus, j should be basically conserved but inconveniently locked
up in unobservable components such as the dark halo and the
faint outer stars.

With this theoretical sketch in hand, the j⋆ disparity between
spirals and ellipticals has received little further attention over
the years. However, the scenario of angular momentum redis-
tribution has not yet been directly tested by observations—a
situation that may now finally be remedied via the advent of
new techniques for optical spectroscopy in galaxy halos (with
preliminary results along these lines reported in Romanowsky
et al. 2004).

In this paper we re-open various questions about angular
momentum in all types of bright galaxies, following and
extending the treatment of F83. Are the j⋆–M⋆ slopes, zero
points, and scatter in Figure 1 supported upon re-examination?
Does the “missing” j⋆ in ellipticals emerge in large-radius data?
Can the j⋆ variations be associated with the natural dispersion in
spin expected for standard dark matter halos, or is it necessary
to invoke additional baryonic j evolution?

F83 also proposed that the Hubble sequence may be un-
derstood as a systematic variation in j⋆ at a fixed M⋆ (or
equivalently, variation in M⋆ at fixed j⋆), but could not test
this idea owing to the lack of adequate data for the crucial,
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Figure: Fall (1983)

j∝M2/3



Introduction

• Over the past few years, high-precision measurements of j:


• Obreschkow & Glazebrook (2014): 3D relationship between jb, 
Mb and β for 16 THINGS spirals.

j =
∫

r
r × v ⋅ ρ ⋅ d3r

∫
r

ρ ⋅ d3r



WHISP Study

• In Elson (2017): 


• Used WHISP imaging of 37 late-type galaxies to probe  
low-mass end of baryonic j-M relation. 


• Rotation curves taken from Swaters et al. (2009).


• Σstar(r) profiles generated from R-band parameters given in 
Swaters et al. (2009).


• New ΣHI(r) profiles generated.



Example profiles - UGC 3711



Main Result

σ⟂max = 0.31 dex

σ⟂avg = 0.12 dex



Thank you

• See Elson (2017) for full details.  arXiv:1709.03288


• See Unarine Tshiwawa’s talk on Wednesday for a jb-Mb study 
using WHISP early-type galaxies.


• Questions?

https://arxiv.org/abs/1709.03288

