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New measurements of 
the galaxy mass-spin 
relation
(Including a contribution from Roy)



• Connects a galaxy’s mass 
with its specific angular 
momentum (total angular 
momentum per unit mass).


• 


• Power-law behavior indicates 
a systematic way in which 
galaxies acquire and 
conserve angular momentum.

j* = βMα
*

The j-M relation
Introduction

L. Posti, F. Fraternali, E. Di Teodoro & G. Pezzulli: Angular momentum-mass law from dwarf to massive spirals
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Fig. 2. Left-hand panel: specific stellar angular momentum-stellar mass relation (Fall relation) for a sample of 92 nearby disc galaxy. Each galaxy
is represented by a circle coloured by Hubble type. The black dashed line is the best-fitting linear model and the grey band is the 1� orthogonal
intrinsic scatter. The bottom panel shows the orthogonal residuals around the linear model. Right-hand panel: same as the left-hand panel, but for
the discs only (i.e. after removing the contribution from the bulges).

We finally excluded galaxies with inclination angles below
30�, as their rotation velocity is very uncertain, and we are left
with a sample of 92 galaxies with masses 7 . log M⇤/M� .
11.5. For those, we estimate the uncertainty in the stellar mass
following Lelli, McGaugh, & Schombert (2016a, see their Sec-
tion 2.3) and the error on j⇤ as
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where Vf is the velocity in the flat part of the rotation curve (see
Lelli, McGaugh, & Schombert 2016a), i is the inclination and �i
its uncertainty, D is the distance and �D its uncertainty and �vi

is the uncertainty at each point in the rotation curve. The error
on distance often dominates the error budget. Of the 92 galaxies
selected, 49 (53%) have relatively uncertain distances estimated
with the Hubble flow (with relative errors of 10 � 30%), while
43 (47%) have distances known within better than 10% (mostly
from red giant branch tip).

3.2. The j⇤ � M⇤ relation for galaxies and their discs

The left-hand panel of Figure 2 shows our determination of the
specific angular momentum-mass relation for nearby disc galax-
ies over ⇠ 5 dex in stellar mass. We fit a linear relation (in log-
arithm) to the data points allowing for an orthogonal intrinsic2

scatter. We assume uninformative priors for the three parameters
(slope, normalisation and scatter) and explore the posterior dis-
tribution with a Monte Carlo Markov Chain (MCMC) method
(using the python implementation by Foreman-Mackey et al.
2013). With a model that follows

log j⇤ = ↵ [log(M⇤/M�) � 11] + �, (4)
2 We subtract the contribution to the total scatter from measurement
uncertainties.

we find a best-fitting slope ↵ = 0.55 ± 0.02, a normalisation � =
3.34 ± 0.03 and an orthogonal intrinsic scatter �? = 0.17 ± 0.01
dex. We repeated this exercise i) varying the thresholds in Eq. 2
and ii) considering only the 20 galaxies with converged j⇤ pro-
files that have distances known better than 10%, and found no
significant di↵erence in the best-fit relation. In these estimates
we have assumed the uncertainties in M⇤ and j⇤ to be uncor-
related; however, this is likely not the case since both �M⇤ and
� j⇤ are often dominated by distance errors. Hence, we recom-
puted again the distributions of the model parameters in the ex-
treme case of fully correlated uncertainties (correlation coe�-
cient unity): we find no significant di↵erence in neither the slope
nor the normalisation, but we find a slightly larger orthogonal
intrinsic scatter �? = 0.179 ± 0.014 dex.

The best-fitting values are consistent, albeit having a smaller
intrinsic scatter, with previous estimates of the Fall relation for
high-mass spirals. We also confirm that the residuals correlate
with galaxy morphology: earlier galaxy types are found system-
atically below the relation and viceversa for later types (RF12;
Cortese et al. 2016). While significantly improving the determi-
nation of the relation at high masses3, we have robustly mea-
sured that the Fall relation extends to dwarf galaxies as a sin-
gle, unbroken power-law. This is a crucial observational result
that challenges many state-of-the-art galaxy formation models,
which predict a flattening of the relation at low masses (Stevens,
Croton, & Mutch 2016; Obreja et al. 2016; Mitchell et al. 2018).

We note that two previous works looked at the baryonic ver-
sion of the specific angular momentum-mass law for dwarf ir-
regulars and found them to be o↵set towards larger jbaryon with
respect to the relation for massive spirals (Butler, Obreschkow,
& Oh 2017; Chowdhury & Chengalur 2017). Our rotation curves
(from the SPARC sample) have been specifically selected to be
of the highest possible quality and hence to better trace the ax-
isymmetric gravitational potential. We are planning to use this

3 RF12 used the simple j⇤,exp estimator, Cortese et al. (2016) computed
j⇤ only within the optical e↵ective radius and Obreschkow & Glaze-
brook (2014) had only 16 objects.
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• AM content is largely determined by interaction/merger history 
and feedback processes. 


• It’s a probe of the baryon cycle, and hence galaxy evolution.


• Validate predictions from tidal torque theory and hierarchical 
assembly models.


• Also a link between DM and observable properties. 

The j-M relation
Introduction



• 


• Considering  and , the specific angular 
momentum for the stars in a galaxy is: 
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• Spirals and ellipticals 
have  with

.


•  varies by a factor ~5 
between spirals and 
ellipticals.

j* = βMα
*

α ∼ 0.6

β

Previous j⋆-M⋆ studies
Fall (1983)



• Spirals and ellipticals follow parallel 
 tracks with 𝛼~0.6 but with 

ellipticals containing ~3-4 times less 
j⋆


• Presented new methods of 
accurately estimating  using global 
observable quantities 
(  ). 

j* − M*

j*

j* ≈ 2ReffVc

Romanowsky & Fall (2012)
Previous j⋆-M⋆ studies16 Romanowsky & Fall

size–rotation velocity relations, and we will see in the
next section how their angular momenta compare.
Since both the sizes and the rotation velocities of el-

liptical galaxies are systematically lower than for spiral
disks, we can already predict that the ellipticals will on
average have much lower j!. Note that although this
conclusion has already been widely adopted for decades,
only now have the kinematic data reached large enough
radii to confirm it with confidence.
To see that the low characteristic rotation velocities

for ellipticals are not a mathematical sleight of hand,
one may consider the specific cases of NGC 821 and
NGC 3377 in Figure 6. The rotation-velocity profiles of
these galaxies decline dramatically outside x ∼ (1–2) ae,
which may be contrasted with the spiral galaxies in Fig-
ure 4. Preliminary analysis of additional edge-on cases,
where the deprojection uncertainties are minimized, in-
dicates that such declines are a generic feature of ∼ M∗

early-type galaxies (A. Romanowsky et al., in prepara-
tion).
This conclusion includes NGC 2768, which from the

current data appears consistent with a constant or ris-
ing outer rotation velocity, but which with more ex-
tensive new PN data may have a declining outer pro-
file. Even the cases of strongly rising rotation-velocity
profiles out to x ∼ 2 ae found by Rix et al. (1999)
appear upon closer inspection to turn over at larger
radii. These results all contrast with early claims of
high outer rotation in some early-types, which were
recently overturned with improved observations (e.g.,
Arnaboldi et al. 1994; Kissler-Patig & Gebhardt 1998;
Romanowsky 2006; McNeil et al. 2010; Strader et al.
2011).
We can also begin making some interesting inferences

about the relations among other galaxy types, based on
both size and rotation-velocity trends (Figures 11 and
12). As discussed, the lenticulars share similar properties
to spirals in some cases, and to ellipticals in others. The
distinction between “fast” and “slow” rotator ellipticals
based on their inner regions does not appear to hold up
when considering their global rotation properties.
This overview of the observable scaling relations be-

tween mass, size, and rotation velocity gives us a preview
of some of our overall conclusions about angular momen-
tum, and provides more confidence in the solidity of those
conclusions. We construct a novel mass–rotation veloc-
ity relation for ellipticals, which is the analogue of the
Tully-Fisher relation for spirals, but with the remark-
able difference of having a negative slope. The data also
imply that both elliptical galaxies and spiral bulges must
have lower specific angular momenta than spiral disks of
the same mass. We address this issue more quantita-
tively in the next section, incorporating the additional
mass-dependent factor kn in calculating j!.

5. OBSERVATIONS: ANGULAR MOMENTA OF THE FULL
SAMPLE

Having derived estimates of the j! and M! parameters
for our full galaxy sample, we now examine the resulting
observational trends, which constitute the key results of
this paper. We begin by focusing on the late-type galax-
ies in Section 5.1, and combine these with the early-types
in Section 5.2. We discuss our proposed replacement for
the Hubble sequence in Section 5.3, which we test by

Fig. 13.— The total (disk plus bulge) stellar specific angular
momentum of nearby spiral galaxies plotted against total stellar
mass. The top and bottom panels show estimates of projected
and intrinsic j!, respectively; the uncertainty in j! for each galaxy
is in almost all cases smaller than the plotted symbols. Different
symbols denote galaxy sub-types as specified in the legends. The
dotted lines show fits to the data in each panel, while the dashed
lines show fits to the disk components alone (data not shown).
The spiral galaxies follow a universal j!–M! relation, with some
dependence on Hubble type. The projected relation is very sim-
ilar to the intrinsic relation, but with a small offset, and slightly
increased scatter, in j!.

examining systematic residuals from the j!–M! trends
in Section 5.4. We further convert the j!–M! data into
one-dimensional histograms in Section 5.5.

5.1. Lessons from spirals

Although the main novelty of this paper is our care-
ful consideration of early type galaxies, we also include
the oft-studied category of spirals in order to provide an
integrated analysis of bright galaxies of all types. Fur-
thermore, the well-constrained angular momenta of the
spirals also permit us to better understand systematic
issues such as inclination corrections that are trickier to
handle for early-types.
We plot the total (disk+bulge) j!–M! data for the spi-



• Used 37 HI-rich galaxies from 
WHISP survey to study baryonic      

 relation.


• Roughly doubled the number of        
gals with 


• Found .

j − M

Mb < 1010M⊙

α = 0.62 ± 0.02

Elson (2017)
Previous j⋆-M⋆ studies

The jb � Mb relation in low-mass galaxies 5

Figure 3. Specific baryon angular momentum as a function of
baryon mass. The galaxies used in this study are represented by
the black circles. The best-fit relation given by jb = qM↵

b
, with

↵ = 0.62 ± 0.02 and log
10

q = �3.35 ± 0.25, is represented by the
solid black line. The Pearson correlation coe�cient for the data
is r = 0.88. The grey-shaded region is based on the jackknifing
method used to estimate the uncertainties in ↵ and log

10
q, it

represents the maximum range in jb values from the best-fit rela-
tion for any given value of Mb. Also shown are the gas-rich galax-
ies from Chowdhury & Chengalur (2017) (blue squares), the 16
THINGS spiral galaxies from Obreschkow & Glazebrook (2014)
(green triangles) and the 14 LITTLE THINGS galaxies from But-
ler et al. (2017) (red diamonds). The solid red lines represent the
theoretically expected range of the jb � Mb relation.

Obreschkow & Glazebrook (2014), and red diamonds the 14
dwarf Irregular galaxies from the LITTLE THINGS sam-
ple (Hunter et al. 2012) studied by Butler et al. (2017). The
jackknifing method was used to derive the linear relation be-
tween log10 Mb and log10 jb: a first-order polynomial was fit
to each of 104 randomly-selected data subsets of 29 galax-
ies. For the relation jb = qM

↵
b
, a straight-line in log10 jb

- log10 Mb space has slope ↵ and y-axis intercept log10 q.
Figure 4 shows the distributions of ↵ and log10 q based on
the 104 jackknife iterations. The distributions are clearly al-
most Gaussian in shape. The mean parameter values are
h↵i = 0.62 and

⌦
log10 q

↵
= �3.35. These mean values are

represented by the solid black line in Fig. 3. The standard
deviations of the ↵ and log10 q distributions are �↵ = 0.02

and �log
10
q = 0.25, respectively. The correlation between the

measured values of jb and those predicted by the best-fit
line has a Pearson correlation coe�cient of 0.88. The re-
duced �2 of the fit is 0.15 dex. For any value of log10 Mb the
grey-shaded region in Fig. 3 represents the maximum range
of log10 jb values spanned by the 104 first-order polynomials
fitted to the data in the jackknifing process.

Romanowsky & Fall (2012) and Obreschkow & Glaze-
brook (2014) both provide equations for the theoretical
link between j and M. Obreschkow & Glazebrook (2014)
show that for the baryonic case adopting a local H =

Figure 4. Distribution of best-fit ↵ and log
10

q from the jack-
knifing method used to quantify the measurement uncertainties.

70 km s�1 Mpc�1, the relation is

jb

103 kpc km/s
= 1.96 � fj f

�2/3
M

✓
Mb

1010M�

◆2/3
, (6)

where � is the dimensionless spin parameter dealing with the
halo angular momentum of a galaxy (Steinmetz & Bartel-
mann 1995), fj is defined as the ratio of the specific an-
gular momentum of the baryons to that of the CDM halo,
and fM is defined as the ratio of the baryon mass to halo
mass. Using various results from the literature, Obreschkow

& Glazebrook (2014) suggest the factor 1.96 � fj f
�2/3
M

can
vary between 0.14 and 1.3. The two red lines in Fig. 3 rep-
resent the resulting range in jb values. Clearly, the jb � Mb

relation found in this work is consistent with the theoretical
expectation over the entire Mb range probed by the WHISP
galaxies.

The jb � Mb relation found in this work is also consis-
tent with many of the higher mass spiral galaxies studied
by Obreschkow & Glazebrook (2014). Considering only the
power-law slope ↵, it is in fact very similar to the value of
↵ ⇡ 2/3 that Obreschkow & Glazebrook (2014) found for
their full sample of THINGS spirals. However, for a fixed
bulge fraction �, their power-law index is steeper (↵ ⇡ 1).
The power-law slope from this work is also consistent with
the results from the Fall & Romanowsky (2013) and Ro-
manowsky & Fall (2012) studies that considered only the
stellar component of the specific baryon angular momen-
tum. Butler et al. (2017) found their sample of low-mass
dwarf Irregular galaxies to deviate from the spiral relation
measured by Obreschkow & Glazebrook (2014). They show
the deviation to be consistent with CDM theory once they
account for a decrease in fM with decreasing Mb. This, they
show, has the e↵ect of bending the jb � Mb relation at the
low Mb end. The ( jb, Mb) measures for the WHISP galaxies
presented in this work provide no clear evidence for any such
deviation.

MNRAS 000, 1–9 (2015)
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• In ~2018, Roy asked how AM is transferred between the various 
mass components. 


• Roy’s suggestion: maybe simulations could be used to figure it 
out.

Roy’s contribution



Previous j⋆-M⋆ studies

• Using Simba simulations: very tight  
relations for stars, HI and baryons.  


• Scatter linked to HI content. 


• Galaxies with higher/lower-than-average HI 
mass have higher/lower-than-average .

j − M

j*

Figure 2: Left column: j–M relations for the stellar, H i and baryonic mass components of Simba galaxies. The solid line in
each panel is the result of a least-squares fit of the model log

10
j = ↵(log

10
(M/M�)� 11) + � to the data. The best-fit ↵ and

� values are shown in the top left of each panel. The best-fit line for the stellar j–M relation is reproduced as a dotted line
in the panels for the other j-M relations, in order to facilitate comparisons. Middle column: Residuals measured as vertical
separations between the data points and the best-fit relation, shown as a function of stellar mass. Right column: Distribution
of the aforementioned residuals.

6

Elson et al. (2023)



Lagos et al.  (2017)  
Previous j⋆-M⋆ studies

• Lagos et al. (2017):  scatter highly correlated with 
morphological proxies (gas fraction, stellar concentration, etc.)

j* − M*
6 Claudia del P. Lagos et al.
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Figure 1. The specific angular momentum of the stars, measured with all the particles within r50, as a function of stellar mass at z = 0 for all galaxies with
Mstars > 109 M!. In each panel, the jstars(r50) −Mstars plane is colour coded according to the median Vrot(r50)/σstars(r50) (top-left panel), neutral
gas fraction (top-middle panel), r50/r90 (top-right panel), µstars (measured within the inner 3 pkpc; bottom-left panel), (u∗-r∗) colour (bottom-middle panel)
and mass-weighted stellar age, 〈agestars〉 (bottom-right panel), in pixels with ! 5 objects. Here excess is defined as the ratio between the median in the
2-dimensional bin divided by the median at fixed stellar mass, so that negative (positive) values indicate galaxies to be below (above) the median at fixed stellar
mass. In each panel the solid line and error bars indicate the median and 16th to 84th percentile range of jstars(r50) at fixed stellar mass, while the short and
long-dashed lines show two subsamples of galaxies (as labelled in each panel). Bins with < 10 galaxies are shown as thinner lines. For reference, the vertical
dotted line shows a conservative stellar mass limit above which jstars is well converged for the resolution of the simulation.

galaxies, which is not necessarily surprising given that the angular
momentum of the stars follows the angular momentum of the inner
DM halo, rather than the total halo (Zavala et al. 2016), and thus it
is less likely to be strongly affected by galaxies becoming satellites
and any associated stripping of their outer halo.

We find that EAGLE galaxies with large values of r90/r50
have lower jstars at fixed stellar mass (see for example the short-
and long-dashed lines in the right panel of Fig. 1). If we instead
measure jstars out to 5 times r50, the relation between the scat-
ter of the jstars − Mstars relation and r90/r50 mostly disappears
(not shown here), indicating that this correlation arises only if we
look at the central parts of galaxies. As for the intrinsic (u∗ − r∗)

colour, we find that red galaxies, (u∗ − r∗) > 2.2, have 0.3 dex
lower jstars than their bluer counterparts, (u∗ − r∗) < 1.5, at
fixed stellar mass (bottom middle panel of Fig. 1). A similar dif-
ference is found between galaxies that have mass-weighted stellar
ages 〈agestars〉 > 9.5 Gyr, and their younger counterparts with
〈agestars〉 < 7 Gyr, at fixed stellar mass.

A major conclusion that can be drawn from Fig. 1 is that
EAGLE reproduces the observational trends of late-type galaxies
having much larger jstars than early-type galaxies (Fall 1983;
Romanowsky & Fall 2012; Fall & Romanowsky 2013). This is
seen in most of the morphological indicators we use. In addition,
Zavala et al. (2016) showed that this trend is also obtained in EA-

c© 2016 RAS, MNRAS 000, 1–18



Summary
Previous j⋆-M⋆ studies

• Most studies favour  in the range ~0.5 to 0.7, which is similar to 
the theoretical expectation of 2/3.


• Sample sizes are typically small and scatter in relations is 
oftentimes high (>0.2 dex). 


• Several studies point to proxies of galaxy morphology playing a 
role in determining .

α

j*



What next?

• Let’s generate a new set of j⋆-M⋆ relations that are:


• Based on large, statistically significant samples.


• Have very low intrinsic scatter.


• Consistent with the current best measurements of j⋆-M⋆, but 
which improve on them. 


• To do this:


• Used data from the Arecibo Legacy Fast ALFA (ALFALFA) 
Survey.



Measuring angular momentum

•  can be measured from the global HI profile: 
.


•

vc
w50 = 2 vc × sin i → vc = w50/2 sin i

j* ≈ 2 vc Reff /1.68 =
w50 Reff

1.68 sin i

Approximation method

w50



Results
Full sample (N=3607)

• Fit a power-law model 



• MPFITEXY IDL routine.


• 


• 


• 


• N=3 607

log10 ( j*
kpc km/s ) = α log10 ( M*

M⊙ ) + β .

α = 0.404 ± 0.003

β = − 1.164 ± 0.03

σint = 0.168 dex



Results
sub-samples< μeff >

• Is there another galaxy parameter/property that strongly 
correlates with ?


•  relation is known to be heavily dependent on galaxy 
morphology. 


• The bulge-to-total mass ratio is strongly correlated. 


• Idea: What about I-band effective surface brightness as a proxy 
for mass concentration? 

j*

j* − M*



Results
sub-samples< μeff >

• First, fit a plane 

 

to galaxies in  space.


• , 


• Standard deviation of residuals about this plane: 0.089 dex!!

log10 ( j*
kpc km/s ) = α log10 ( M*

M⊙ ) + β ( < μeff >
mag arcsec2 ) + γ

log10 j* − log10 M* − < μeff >

α = 0.589 ± 0.002 β = 0.193 ± 0.002





Results
sub-samples< μeff >

• Now split ALFALFA galaxies into sub-samples delimited by 
 mag/arcsec2 and check 

2D  relations. 
⟨μeff⟩ = {25, 24, 23, 22, 21, 20, 19}

j* − M*



Results
sub-samples< μeff >

8 E. Elson

Figure 4. j⇤ – M⇤ relations for fgas-selected sub-samples of the full N = 3 607 sample of galaxies used in this study. In each panel, the
overlaid grey line represents the best-fitting power-law model (i.e., Eqn 2) while the red lines represents the projections onto 2D j⇤ – M⇤
space of the 3D plane fitted to the galaxies in log

10
j⇤ - log

10
M⇤ - log

10
fgas space. Each projection shows only the portion of the 3D

plane corresponding to the fgas range corresponding to the panel. While some galaxies are well-contained within the projection of the
3D plane, the majority are not. In each panel, the following information is provided: number of galaxies in sub-sample, fraction of those
galaxies that lie within the projection of the 3D plane, fgas range of the galaxies, best-fitting power-law index, best-fitting power-law
normalisation factor, intrinsic scatter of the data, reduced �2 statistic of the best-fit model.

Figure 5. j⇤ – M⇤ relations for < µe↵ >-selected sub-samples of the full N = 3 607 sample of galaxies used in this study. In each panel,
the overlaid grey line represents the best-fitting power-law model (i.e., Eqn 2) while the red lines represents the projections onto 2D
j⇤ – M⇤ space of the 3D plane fitted to the galaxies in log

10
j⇤ - log

10
M⇤ - < µe↵ > space. Each projection shows only the portion of the

3D plane corresponding to the < µe↵ > range corresponding to the panel. Quite different from the results presented in Figure 4 is the fact
that most of the galaxies are now well-modelled by the 3D plane. < µe↵ > seems to be a much stonger influencer of a galaxy’s j⇤ content
than fgas is. In each panel, the following information is provided: number of galaxies in sub-sample, fraction of those galaxies that lie
within the projection of the 3D plane, < µe↵ > range of the galaxies, best-fitting power-law index, best-fitting power-law normalisation
factor, intrinsic scatter of the data, reduced �2 statistic of the best-fit model.

MNRAS 000, 1–12 (2023)

• Most of these relations are consistent with the  
result from Posti et al. (2018b). 

α = 0.55 ± 0.02



Results
sub-samples< μeff >
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• 2D  relations are the tightest ever measured.  Intrinsic scatter 
 for a large range. 

j* − M*
≲ 0.1 dex < μeff >
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Figure 4. j⇤ – M⇤ relations for fgas-selected sub-samples of the full N = 3 607 sample of galaxies used in this study. In each panel, the
overlaid grey line represents the best-fitting power-law model (i.e., Eqn 2) while the red lines represents the projections onto 2D j⇤ – M⇤
space of the 3D plane fitted to the galaxies in log

10
j⇤ - log
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10
fgas space. Each projection shows only the portion of the 3D

plane corresponding to the fgas range corresponding to the panel. While some galaxies are well-contained within the projection of the
3D plane, the majority are not. In each panel, the following information is provided: number of galaxies in sub-sample, fraction of those
galaxies that lie within the projection of the 3D plane, fgas range of the galaxies, best-fitting power-law index, best-fitting power-law
normalisation factor, intrinsic scatter of the data, reduced �2 statistic of the best-fit model.

Figure 5. j⇤ – M⇤ relations for < µe↵ >-selected sub-samples of the full N = 3 607 sample of galaxies used in this study. In each panel,
the overlaid grey line represents the best-fitting power-law model (i.e., Eqn 2) while the red lines represents the projections onto 2D
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3D plane corresponding to the < µe↵ > range corresponding to the panel. Quite different from the results presented in Figure 4 is the fact
that most of the galaxies are now well-modelled by the 3D plane. < µe↵ > seems to be a much stonger influencer of a galaxy’s j⇤ content
than fgas is. In each panel, the following information is provided: number of galaxies in sub-sample, fraction of those galaxies that lie
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• 2D  relations are based on the largest samples ever used 
(up to factor ~3 larger). 

j* − M*
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• Results published as Elson (2023) - arXiv:2310.17916



Part 2 (very quickly):

• Can the Simba sims be used to produce a more accurate 
measurement of the  relation?


• Answer: yes!


• Question: What useful things can be done with it?


• Answer: Easily estimate the stellar masses of real galaxies to 
within 0.1 to 0.2 dex!

log10 j* − log10 M* − ⟨μeff⟩



• Use the Simba m25n512_s50 z=0 snapshot.


• Select a suitable set of galaxies for which to measure j⋆


• Final sample: N=179

The Simba  relationj* − M* − ⟨μeff⟩



HI total intensity maps of 2 mock-observed Simba galaxies



HI spectra of mock-observed Simba galaxies



• After also measuring  for each Simba galaxy, a 2D plane 
was fit to the galaxies in  space:


⟨μeff⟩
log10 j* − log10 M* − < μeff >

log10 ( j*
kpc km/s ) = α log10 ( M*

M⊙ ) + β ( < μeff >
mag arcsec2 ) + γ

Results
The Simba  relationj* − M* − ⟨μeff⟩



• Simba’s planar relation fits much tighter. 


• Has  very close to theortical expectation (2/3). 


• The planar relation between  is truly 
fundamental. 

α

log10 j* − log10 M* − ⟨μeff⟩

Results
The Simba  relationj* − M* − ⟨μeff⟩

𝛼 β ɣ σ
Simba 0.694 

(0.046)
0.190 
(0.026)

-8.111 
(1.009) 0.057 dex

ALFALFA 0.586 
(0.002)

0.193 
(0.002)

-7.198 
(0.054) 0.089 dex



• Use Simba  relation to predict  
given  and  measurements. 


• Results published as Elson (2024) - arXiv:2409.08076

log10 j* − log10 M* − ⟨μeff⟩ M*
j* ⟨μeff⟩

Predicting real stellar masses
The Simba  relationj* − M* − ⟨μeff⟩



Thank you.


