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Introduction
The Milky Way is commonly employed as a 
template L* spiral galaxy.

However:
Its global properties 
are poorly 
constrained.
These are required for 
comparison with 
external galaxies.

M31 good accompaniment - observational difficulties are 
lessened.
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ResultsThe positions of the MW & M31

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

Simon Mutch - Swinburne University of Technology



ResultsThe positions of the MW & M31

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

Red sequence

Blue cloud

Simon Mutch - Swinburne University of Technology



ResultsThe positions of the MW & M31

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

Red sequence

Green valley

Blue cloud

Simon Mutch - Swinburne University of Technology



ResultsThe positions of the MW & M31

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

Sample selection limit

Milky Way

M31

9.5 10.0 10.5 11.0
log10(M� [M⊙h−1])

1.2

1.6

2.0

2.4

2.8

(U
−

R
)

SDSS /
Galaxy Zoo

Sample selection limit

Milky Way

M31

Simon Mutch - Swinburne University of Technology



~15 - 40% of Milky 
Way like galaxies 
may be green or 
red...

Simon Mutch - Swinburne University of Technology



~15 - 40% of Milky 
Way like galaxies 
may be green or 
red...

All inclinations
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~15 - 40% of Milky 
Way like galaxies 
may be green or 
red...

Face-on
(minimises dust 
extinction) All inclinations
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786 K. L. Masters et al.

with large bulges (as measured by fracDeV) are intrinsically red.
Therefore with no cuts on inclination or bulge size, a red spiral
sample will be dominated by inclined dust reddened spirals, and
spirals with large bulges. We choose in this paper to study only the
most face-on spiral galaxies, requiring log(a/b) < 0.2. This will
minimize the impact of dust reddening on the sample (although we
note that even at face-on spirals can be dust reddened; for example
Masters et al. 2010a find a median Balmer decrement of 0.3 ±
0.3 mag in the centres of face-on GZ1 spirals).

Both Lintott et al. (2008) and Bamford et al. (2009) show that
contamination of S0s into the GZ1 clean spiral sample should be
small – an estimate of 3 per cent contamination is made. Further-
more, we use fracDeV ≤ 0.5 to select ‘discy spirals’. As illustrated
in Masters et al. (2010a), using a small sample of GZ1 spirals with
B/T from the Millennium Galaxy Catalogue (Liske et al. 2003)
this selects spiral galaxies with B/T < 0.25 or of types ∼Sb–Sc
(where this relation between typical B/T and Hubble type comes
from Simien & de Vaucouleurs 1986). One caveat to note here
is that both fracDeV and B/T are light-weighted quantities, so in
using the same fracDeV limit for both red and blue spirals will
results in the red spirals having a slightly lower upper limit in bulge
mass fraction than the blue spirals. This slight bias should only
make the conclusions below stronger, as the red spirals may on
average be more disc dominated than the comparison blue spiral
sample.

Finally, we require that spiral arms be visible to GZ1 users, using
pCW > 0.8 or pACW > 0.8. The presence of spiral arms gives an
indication that these red spirals may have only recently stopped
forming stars, since spiral structures are expected to persist for only
a short time after star formation ceases [for example Bekki et al.
(2002) found that spirals arms persisted for only a few Gyr after the
gas which provides the reservoir for on-going star formation was
removed].

We show in Fig. 1, the colour–magnitude diagram of the ‘face-
on’ volume-limited clean GZ1 sample. The locus of the galaxy
population is illustrated by the grey-scale contours, and the positions
of visually classified spirals in the red sequence are hi-lighted. The
best fit to the red sequence of early types (pel ≥ 0.8) is (g − r) =
0.73 − 0.02(Mr + 20), and the scatter is σ = 0.1 mag. We therefore
define the blue edge of the red sequence as

(g − r) = 0.63 − 0.02(Mr + 20), (1)

which is indicated by the solid line in Fig. 1, and define a red
spiral as one redder than this limit. Since the limit depends on
magnitude, we point out that in our definition a blue spiral with a
high luminosity could actually be slightly redder than a red spiral
with a low luminosity.

The colour cut used here to select red spirals is different from
than that used by either Bamford et al. (2009), who used a cut
in (u − r) versus stellar mass, or Skibba et al. (2009), who used

Figure 1. Colour–magnitude diagram of the ‘face-on’ [log(a/b) < 0.2] volume limited clean GZ1 sample. The grey-scale contours show the location of
galaxies in the red sequence and blue cloud. The solid line indicates the blue edge of the red sequence of GZ1 early types. All red spirals (having visible spiral
arms) are shown colour coded by fracDeV (blue: f DeV < 0.1, which roughly corresponds to type Sd; green: 0.1 < f DeV < 0.5, or Sb–Sc; orange: 0.5 < f DeV <

0.9, or Sa–S0/a; red: f DeV > 0.9 which are spirals having very large bulges – but note that spiral arms are still visible here, so these are not S0s). Our final red
spiral sample selects only those galaxies with f DeV < 0.5 (i.e.the blue and green points) to select against spirals dominated by light from the bulge.

C© 2010 The Authors. Journal compilation C© 2010 RAS, MNRAS 405, 783–799
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Red spirals

Galaxy Zoo: passive red spirals 787

k-corrected (to z = 0.1) magnitudes, which reddens the red sequence
by ∼0.1 mag. Our cut is more conservative than either of those
papers; they effectively select red spirals as being redder than most
of the blue cloud, while we select red spirals to be as red as most
elliptical galaxies. The difference in the two approaches is especially
large at the low luminosity/stellar mass end of the galaxy population
where (as can be seen in Fig. 1) the blue cloud is significantly bluer
than the red sequence. However, the major difference in our sample
and all previous ones used to study passive or red spirals is that
we have made an effort to remove dust reddened inclined spirals,
which has not been done before (e.g. Bamford et al. 2009; Skibba
et al. 2009; Wolf et al. 2009).

Our final sample consists of 5433 face-on discy spirals with visi-
ble spiral arms, 294 of which (or 6 per cent) are classified as red. In
what follows, we refer to the remaining 5139 spirals as our compari-
son sample a refer to them as either ‘blue’ spirals or ‘normal’ spirals.
We provide an electronic table listing the SDSS names, positions
and optical photometry parameters used in this paper for these two
samples (our red spirals and comparison sample). A sample of this
table is provided in the Appendix.

Fig. 2 shows the redshift, fracDeV (for bulge size), luminosity
and stellar mass distributions of the red spirals compared to all
spirals (in the face-on, discy sample). Red spirals are more likely
to be found at the higher luminosity and larger fracDeV (and hence
larger bulge) end of the spiral distribution showing that as is well

known, luminous spirals with large bulges (earlier spiral types) are
more likely to be red. There is a slight trend with redshift which can
be explained by effect of the luminosity distribution in a volume-
limited sample.

As also discovered by Wolf et al. (2009), red (or passive) spirals
are an insignificant fraction of the total spiral population at stellar
masses below ∼1010 M" (although note that Bamford et al. 2009
show that in the densest regions the few remaining low-mass spirals
are mostly red), but are a significant fraction of spirals at large stellar
masses. This shows that massive galaxies are red independent of
morphology. However, we note here that this mass distribution may
be slightly biased by our decision to classify spirals as red only if
they are as red as ellipticals. This cut biases against low-mass red
spirals as the blue cloud at low masses/luminosities moves further
from the red sequence. Our sample is also incomplete for red objects
below 1010.3 M" which corresponds to the luminosity limit for the
reddest objects. Finally, we comment that the stellar population
models of Bruzual & Charlot (2003) on which the Baldry et al.
(2006) stellar masses are based, struggle to make red low-mass
objects (since all their red objects must be very old, and therefore
have very high mass-to-light ratios) so the use of this stellar mass
estimate may anyway bias high the masses of the redder spirals. A
more detailed modelling of the star formation history using stellar
populations which account for the known populations of young
red stars [the thermally pulsing asymptotic giant branch (TP-AGB)

Figure 2. This figure shows the fraction of all face-on, discy GZ1 spirals which are found to be red (i.e. Nred/Nspiral) as a function of (1) redshift, (2) fracDeV
(or bulge size), (3) stellar mass and (4) r-band absolute magnitude.

√
N counting errors are shown.

C© 2010 The Authors. Journal compilation C© 2010 RAS, MNRAS 405, 783–799
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5433 face-on disky spirals from galaxy zoo.
At stellar masses similar to Milky Way ~ 15% are red.



- gaining
confidence...

Model 
galaxies
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Croton+ 2006 semi-
analytic model
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Confirming positionsStar formation rates
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Alternative evolution?...

Quasar

mode
(z>1)

radio
mode
(z<1)

Infalling 
gas

Hot halo 
build-up
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Alternative evolution?...
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Conclusions
The MW and M31 are likely green valley members.
~ 15 - 40% of Milky Way type galaxies may be green or red.

May represent class of galaxy with an alternative 
evolutionary path.
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Thanks for your time...
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