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Do dwarfs in other environments show evidence for a 
disc origin? We need kinematics to show this. 

Image credit: STScI, ESA, Conselice & Penny

• Exhibit a wide range of age 
(1-12 Gyr) and metallicity 
(e.g. Penny & Conselice, 
2008)!

!
• Virgo dEs often exhibit faint, 

discy substructure (e.g. 
Lisker et al. 2006)!

!
• dEs in the core of Virgo 

typically rotate slower than 
those in the cluster outskirts 
(Toloba et al. 2015)

The cluster dwarf galaxy population



10 Bundy et al.

Fig. 4.— Actual images of six MaNGA IFUs from the first batch of survey-ready components. The photographs have been cropped to
each IFU’s hexagonal area and overlaid in this presentation. An example of each science IFU is shown, as well as a seven-fiber “mini-bundle”
(far right), which is used for flux calibration. The hexagonal packing is extremely regular—the positions of individual fibers (120 µm core
diameter, 200 on the sky, with an outer diameter of 150 µm) within the IFU deviate from their ideal locations by less than 3 µm. The
MaNGA IFU complement (Table 1) is 12⇥N

7

, 2⇥N
91

, 4⇥N
37

, 4⇥N
61

, 2⇥N
19

, and 5⇥N
127

per cartridge.

Fig. 5.— MaNGA IFU ferrule concept. The inner diameter ta-
pering and transition to a hexagonal form are indicated by the
arrow on the cutaway design drawing (top). A clocking pin deter-
mines the positional angle orientation when the ferrule is plugged
into the plate. The outer diameter, roughly 0.5 cm, makes the
ferrules easy to handle and plug by hand.

ing fibers with significantly di↵erent flux adjacent to one
another, thus limiting the impact of cross talk between
fiber traces on the CCD. As with the IFU end, the ter-
mination of fibers in their V-groove blocks is performed
by CTechnologies.

An important consideration for MaNGA has been the
acceptable “slit density” or number of V-grooves per unit
length. In BOSS, the fiber-to-fiber V-groove block spac-
ing was 266 µm. This produces spots on the CCD of
width ⇠40 µm separated by 101 µm. The nearly Gaus-
sian spots minimally overlap in the “spatial” direction,
resulting in what we refer to as “fiber-trace cross talk” of
⇡1%. In MaNGA, adjacent fibers on the sky experience a
kind of cross talk from the atmospheric seeing that dom-
inates over the fiber-trace term. Our simulations show
that for typical atmospheric conditions, we expect ⇡6%
seeing-induced cross talk between fiber pairs. Since each
fiber interior to an IFU has six neighbors on-sky, but only
two along the slit, we can a↵ord to pack the fibers sig-
nificantly closer before the fiber-trace cross talk becomes

Fig. 6.— Lab-measured “throughput map” for a survey-ready
N

127

IFU, generated automatically as part of our quality assurance
testing and tracking. This IFU is typical, with throughput values
of 95%±2%.

significant. One of the major goals of the MaNGA pro-
totype instrument was to test the maximum slit density
that could be reliably extracted and tolerated given the
science requirements. Three fiber spacings were tested,
and the tightest spacing of 177 µm (for the science IFUs)
was ultimately adopted for the final instrument, result-
ing in ⇠10% cross talk between the spectral traces of
adjacent fibers. This cross talk can be e↵ectively sub-
tracted by forward-modeling each fiber’s spatial profile
using an optimal-extraction method (see Bolton et al.
2012, D. Schlegel et al. (in preperation), D. R. Law et
al. (in preparation)). The spacing on V-groove blocks
associated with mini-bundles is 204 µm.

For each MaNGA cartridge (see below), the pseudo-
slits for both spectrographs contain 22 V-groove blocks
each. These blocks represent the output of 17 science
IFUs, 12 seven-fiber mini-bundles for standard stars, and
92 sky fibers (see Table 1). The total number of fibers is
1423.

Bundy et al., 2015

• Multi-object IFU survey, part of SDSS-IV 
• Will target ~10,000 galaxies with M★ > 109 M☉ 
• Colour-enhanced sample of 1700 galaxies ensures 

faint red galaxies, “green valley” galaxies, and bright 
blue galaxies are targeted.

MaNGA: 
Mapping Nearby Galaxies at APO 



MaNGA quenched dwarf selection
• Use first year of MaNGA 

data: MPL4 (SDSS DR13, 
public July 2016) 

!
• Select galaxies fainter 

than Mr = -19 
!
• Quenched objects 

selected with HαEW < 2 Å 
!
• (u-r) > 1.9

➡ Identify 39 quenched dwarfs (dEs) with half-light radii <2 kpc. !
➡ 16 are from the “colour enhanced” sample.
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Evidence for a spiral/disc origin

➡ Clear spiral and disc features that would be 
erased in a dense cluster due to tidal interactions
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Local Environment
• Find the distance to the 

nearest galaxy in the 
2MASS redshift survey 
(Huchra et al. 2012) + 
SDSS with MK < -23. 

!
• Quenched dwarfs have 

a different projected 
separation distribution 
to a star forming 
comparison sample 
(KS-test p = 0.0094).

➡ Most found within 1.5 Mpc of a massive galaxy, in 
agreement with Geha et al. 2012 (M★ < 109 M☉)
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Quenched dwarfs- kinematics

• Use the Penalised Pixel-Fitting method (pPXF) method 
(Cappellari & Emsellem, 2004) to measure v and σ!

• Kinematics taken from the MaNGA Data Analysis Pipeline 
(DAP, Westfall et al., in prep.)
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Majority (34/39) of passive dwarfs have significant rotation at 1Re
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The σ-luminosity relation

• Determine the 
velocity dispersion 
within 1 Re 
!

• Measure σ★,e  < 40 
km s-1 to 130 km s-1
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Will measure the stellar angular momentum to 
determine the fraction of fast vs. slow rotators
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Kinematically decoupled cores

Both dwarfs host counter-rotating discs!
Evidence of a merger: either satellite or gas accretion
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Some still retain an ionised gas 
component- typically misaligned

Ionised gas but no star formation
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MaNGA Name MaNGA-ID RA DEC za log Mb
∗ NUV − rc log SFRd Ree log Mf

h
(J2000.0 deg) (J2000.0 deg) (M⊙) (M⊙ yr−1) (kpc) (M⊙)

Akira (host) 1-217022 136.08961 41.48174 0.0244671 10.78 6.1 -4.17 3.88 12.0
Tetsuo (companion) 1-217015 136.11416 41.48621 0.0244647 9.18 3.0 -0.94 1.73 12.0

Table 1 | Galaxy properties
a Spectroscopic redshift from NSA catalog.
b Stellar mass from MPA-JHU DR7 data release.
c Rest-frame NUV − r color from NSA catalog.
d Star formation rate from SED fitting of SDSS optical and WISE infrared photometry19 ; the AGN contribution to the SED is negligible.
e Effective radius from NSA catalog.
f Halo mass from a public group catalog18 .

Figure 1 | Akira: the prototypical red geyser. a, The SDSS gri color images of Akira (West) and Tetsuo (East) embedded in a larger SDSS r image, with the
MaNGA footprint in pink. b, The rest-frame NUV − r vs. log M∗ diagram of the adopted MaNGA sample, with Akira and Tetsuo highlighted. c, The Hα EW, with
contours tracing the stellar continuum. d, The Na D EW. e, The Na D velocity. f, The stellar velocity. g, The stellar velocity dispersion. h, The ionized gas velocity. i,
The ionized gas velocity dispersion. The Hα EW contours are overplotted on panels d-i. j, The observed Vrms from the highlighted spaxels exceeds the Vrms predicted
from the gravitational potential, ruling out disk-like rotation. The error bars on the observed Vrms represent the 1σ measurement errors while the shaded regions around
the predictedVrms represent a conservative estimate of the systematic uncertainties.
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“Red Geysers”- maintenance mode AGN feedback 
prevents new star formation (Cheung et al., Nature, 2016)

Cheung et al. 2016



The BPT diagram
!
• Dwarf is a “Red 

Geyser” 
!
• Shock ionisation 

from an AGN wind 
results in bi-
symmetric Hα 
emission features
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Maintenance-mode feedback in a dwarf galaxy! 
Follow-up observations needed.!

Penny et al., in prep.



Conclusions
• Low mass galaxies are mostly 

environmentally quenched.  

• MaNGA IFU observations of a 
sample of bright quenched 
dwarfs across a range of 
environment show that most 
rotating at some level, with a 
disc origin.  

• AGN driven winds may prevent 
further star formation in 
quenched dwarfs
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