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WHY	  ?	  	  

HOW	  ?	  	  

WHAT	  ?	  	  

The	  big	  science	  quesMons	  in	  
Galaxy	  EvoluMon	  
	  

Integral	  Field	  Spectroscopy	  
surveys:	  large	  galaxy	  surveys	  

Some	  (preliminary)	  results	  
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•  What	  quenches	  star	  forma6on?	  Is	  this	  
process	  environment-‐dependent?	  

DEATH	  
	  

PART	  1	  -‐	  WHY?	  

BIRTH	  

LIFE	  

•  How	  do	  different	  mass	  components	  
(baryons,	  dark	  maZer)	  influence	  each	  
other	  in	  galaxy	  forma6on?	  

	  •  How	  do	  bulges	  and	  ellip6cals	  form	  
and	  evolve?	  What	  is	  the	  effect	  of	  
AGN?	  

•  How	  does	  accre6on	  drive	  growth	  of	  
galaxies?	  

	  



PART	  II	  –	  HOW?	  

What	  do	  Astrophysicists	  dream	  of?	  
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BUT…	  We	  all	  dream	  
of	  LARGE	  SURVEYS!	  

•  StaMsMcal	  informaMon	  
•  Large	  dynamic	  range	  in	  (galacMc)	  properMes	  
•  Possibility	  to	  study	  dependence	  on	  secondary	  
properMes	  (ex:	  bin	  in	  stellar	  mass,	  age,	  SFR	  etc)	  

Part	  II	  –	  HOW	  ?	  



OpMcal	  Spectroscopy:	  SDSS	  
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Con6nuum	  and	  
Absorp6on	  lines	  	  	  
Stellar	  populaMon	  

Emission	  Lines	  
Ionised	  Gas	  

•  M/L	  raMo	  
•  Stellar	  ages	  
•  Stellar	  

metallicity	  
	  	  	  	  	  …	  

Spectrum	  from	  SDSS	  

•  Gas	  metallicity	  
•  IonisaMon	  field	  
•  Gas	  density	  	  
	  	  	  	  	  	  …	  

Part	  II	  –	  HOW	  ?	  
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Crucial	  for	  all	  science	  goals	  outlined	  in	  Part	  I	  to	  
have	  access	  to	  resolved	  scales	  in	  galaxies	  

Galaxies	  in	  1D	  
SDSS,	  2DF,	  zCOSMOS	  etc	  
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Crucial	  for	  all	  science	  goals	  outlined	  in	  Part	  I	  to	  
have	  access	  to	  resolved	  scales	  in	  galaxies	  

Galaxies	  in	  1D	  
SDSS,	  2DF,	  zCOSMOS	  etc	  

Galaxies	  in	  3D	  

Major	  ongoing	  IFS	  galaxy	  surveys	  
	  
•  CALIFA	  (600	  galaxies)	  
•  SAMI	  (3000	  galaxies)	  
•  MaNGA	  (10	  000	  
galaxies!!!)	  

Integral	  field	  
Spectroscopy(IFS)	  	  
fibre	  bundle	  



MaNGA	  (SDSS	  IV)	  

IFU	  data	  for	  10	  000	  
nearby	  galaxies	  
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Part	  II	  –	  HOW	  ?	  

6 Bundy et al.

Fig. 2.— Left: Examples of the 7-fiber “mini-bundle” (far left) and the five science IFU sizes produced for the MaNGA
instrument, illustrating the highly regular hexagonal packing achieved by our assembly process. Right: PLACEHOLDER for
a demonstration of the throughput. This is a random 61-fiber bundle from the 1st article.

below using successful observations we made with proto-
type IFUs, this will enable MaNGA to address a wide
array of unique and compelling questions on the nature
of galaxy formation.

Maximizing S/N and spatial resolution demands tar-
get galaxies with the lowest possible redshifts. Typi-
cal ground-based sampling of the radial extent of small
galaxies with a least three resolution elements (assum-
ing FWHM⇠ 2.000) requires z . 0.03. However, building
large samples with representative numbers of high-mass
galaxies requires large volumes and therefore demands
redshifts z > 0.03. At a median redshift of ⇠ 0.03, as
a result of the cosmic galaxy number density, a sweet
spot exists to gather a sample size of many thousand of
galaxies in a survey covering several thousand deg2. The
sky density of such a sample is 3 deg�2, and fortuitously
is well matched to the MaNGA IFU complement made
possible by Sloan’s 7 deg2 field of view and the BOSS
spectrographs. In comparison, the SAMI field of view is
1 deg2, and their IFU sky density is 12 deg�2, indicating
very di↵erent sample properties.

We have performed an exhaustive optimization of IFU
bundle size distribution, yielding 17 IFUs with between
19 and 127 fibers (Figure 5) that ensure radial cover-
age to 1.5 R

e

and, for gradient measures requiring the
highest S/N (& 30 Å�1) via annular binning, a mini-
mum of three resolved annuli (e.g., �r =200). On av-
erage, MaNGA galaxies are covered by five annular bins
that result in su�cient stacked S/N to derive robust stel-
lar population parameters (e.g., age, metallicity, element
abundances). For S/N= 10, dithered MaNGA observa-
tions provide over 80 unique, radial samples for the av-
erage target galaxy (the median MaNGA physical spa-
tial resolution is 1–2 kpc for all but the highest masses,
where the resolution degrades to ⇠3 kpc.) The sample is
volume-limited as a function of i-band luminosity so that
roughly equal numbers of the lowest (109M�) and high-
est mass (1011.5M�) galaxies are obtained. We intend
to devote 1/3 of the full sample to an exploratory study
of the physical properties at 2.5 R

e

, a regime never yet
probed with significant statistics. MaNGA targets are
selected solely from the SDSS-I MAIN sample and are
adaptively tiled to probe the full range of central and
satellite galaxies in all halos (log(Mh/M�) = 10.5–15)
and local density environments.

4. INSTRUMENTATION AND FACILITIES

The MaNGA instrument (Drory et al., in preparation)
utilizes the 2.5m Sloan Telescope in its spectroscopic
mode as described in Gunn et al. (2006). In its final form,
MaNGA will provide 17 fiber-bundle science IFUs which
can be used to target sources anywhere within the 3 deg
diameter focal plane. These IFUs collect light and feed
it to the two dual-channel BOSS spectrographs, which
maintain the same configuration as was used in SDSS-III.
We provide summary information on both the prototype
instrument and the final specifications of the instrumen-
tation used for “production.” Please see Drory et al. for
details.

4.1. Fiber-bundle Integral Field Units

The MaNGA IFU design follows in the footsteps of the
61-core “hexabundles” developed and tested at the Uni-
versity of Sydney (Bland-Hawthorn et al. 2010; Bryant
et al. 2011) and implemented in the SAMI instrument
(Croom et al. 2012), but with important di↵erences. The
optical fiber used in hexabundles is first stripped of its
outer bu↵er and then “lightly-fused” using an etching
and heating process which e↵ectively removes some of
the fiber cladding and thereby increases the packing den-
sity. The goal is to increase the fill factor—the ratio of
live-core collecting area to total area subtended by the
bundle—but only to the point where light-losses from
the induced focal-ratio degradation (FRD) become im-
portant. Hexabundles reach a fill factor of ⇠75%.

For the MaNGA instrument, we desired as simple and
inexpensive production process as possible, given that
as many as 250 separate IFUs (distributed over multiple
cartridges–see below) may have been required. We there-
fore chose to maintain the protective fiber bu↵er, which
makes handling and assembly much easier, less costly,
and also enables us to manufacture multiple IFU sizes
using the same procedures. MaNGA IFUs range from 19
to 127 fibers in size, with diameters between 1200 and 3200

on-sky.
As detailed in Drory et al. MaNGA’s major technolog-

ical advance is the design of the metal ferrule housing
that holdes the fiber bundles in place. The inner hole
begins as a wide circle that allows the bundle of fibers to
be easily inserted by hand. The circular opening quickly
tapers, and as it does, the circular shape gently becomes
hexagonal. The now hexagonal opening narrows further
until it reaches the final inner diameter, set to be slightly
larger than what is needed assuming perfect fiber pack-

MaNGA	  IFU	  
bundles	  	  

Bundy	  et	  al,	  in	  prep	  



MaNGA	  at	  a	  glance	  
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8 Bundy et al.
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Fig. 5.— MaNGA’s simultaneous information gathering power (etendue ⇥ spectral resolution) versus wavelength (top) illus-
trates superior performance and wavelength coverage in what will be the largest IFS survey of nearby galaxies. Two examples
of stacked z ⇡ 0.15 spectra from the BOSS survey (bottom) illustrate the available spectral features for interstellar medium
(ISM) and stellar composition and kinematic analysis in galaxies bracketing the sample range in stellar mass (M*). The size
distribution of MaNGA’s first as-built suite of 17 IFUs are shown at right.

SDSS. The spectrographs are secured to the telescope on
either side of the cartridge bay so that when cartridges
are mounted into place, the fiber output as guided by
the cartridge’s two slitheads aligns with the input of the
corresponding spectrograph.

After reflecting o↵ of a shared collimator, the input
beam in each spectrograph is split into blue and red chan-
nels at 605 nm. Each channel features its own camera op-
tics, CCD, and VPH grism. A ruling density of 400 l/mm
is used in the red channel VPH grating and 520 l/mm in
the blue channel. The peak grating e�ciencies are 82%
and 80%, respectively. The resulting, measured spectral
resolution rises on the blue side from R ⇠ 1400 at 4000Å
to R ⇠ 2100 at 6000Å. On the red side, R ⇠ 1800 just
beyond 6000Å and peaks at R ⇠ 2600 near 9000Å.

Both the e2v blue-channel CCD and the red-channel
LBNL fully-depleted CCD have a 4k ⇥ 4k format with 15
µm pixels. The read noise is less than 3.0 e�/pixel RMS

(blue) and 5.0 e�/pixel RMS (red) and the dark current
⇠1 e� per 15-minute exposure. Each fiber projects a
spectrum onto the CCDs that is roughly one pixel RMS
in width in the spatial direction with a dispersion of one
pixel RMS in the spectral direction. The read-out time
is just less than 1 minute.

The total system telescope+fiber+spectrograph
throughput is ⇠25% over most of the bandpass (4500–
9000Å) and greater than 10% at all wavelengths from
4000Å to 10000Å.

4.4. Plug-plate Cartridge System

Spectroscopic observations using the Sloan Telescope
are carried out using a sophisticated plug-plate cartridge
system. The cartridges have the shape of a thick disk,
measuring roughly 1m in diameter and 60cm in height,
with two shoebox-like housings mounted on either side
that cover the delicate slitheads. The cartridges are com-

Bundy	  et	  al,	  in	  prep	  
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What	  about	  some	  real	  data?	  
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MaNGA	  commissioning	  observaMons	  

16 Bundy et al.

p9-127A p9-127B p9-61A

p9-19D p9-19E p9-19B

Sunday, April 20, 14

Fig. 10.— SDSS color image cutouts of the galaxies targeted on Plate 9 and observed during the prototype run. The hex
pattern of the prototype IFU is overlaid and the prototype run object name is given. More details are given in Table 3.

p4-19A p4-19B p4-19C

p4-127A p4-127B p4-61A

Sunday, April 20, 14

Fig. 11.— SDSS color image cutouts of the galaxies targeted on Plate 4 and observed during the prototype run. The hex
pattern of the prototype IFU is overlaid and the prototype run object name is given. More details are given in Table 3.
able results, especially for IFU images which have lower S/N than photometric data. Due to the large wavelength
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MaNGA: Mapping Nearby Galaxies at APO 17

p11-127A p11-127B p11-61A

p11-19A p11-19B p11-19C

Sunday, April 20, 14

Fig. 12.— SDSS color image cutouts of the galaxies targeted on Plate 11 and observed during the prototype run. The hex
pattern of the prototype IFU is overlaid and the prototype run object name is given. More details are given in Table 3.

Fig. 13.— Kinematic maps of the stars and gas in this galaxy observed with a prototype 19-fiber IFU reveal the presence of a
polar-axis gas disk in a galaxy with a low star formation rate (R. McDermid).

range of the MaNGA data and the processing power re-
quired to decompose so many images simultaneously, a
small section of the wavelength range covering the opti-
cal region was selected for this study. Initial parameters
for the fits to individual wavelength slices were obtained
by making a stacked image from the IFU data cube over
the appropriate spectral region, and decomposing that
high S/N image using Galfit to find the best fit. In the
case of cgcg 073-090, the best fit was achieved by com-
bining a Sérsic profile and an exponential profile, rep-
resenting the bulge and disk respectively, with a model
PSF profile in the form of a data cube that had been
created from a standard star that was observed with a
19-fibre bundle. Due to the small field of view of the
MaNGA IFU data cube, the relatively compact bulge in

this galaxy and the size of the PSF used for the decom-
position, it was found that the best results were obtained
by fixing the Sérsic index and the e↵ective radius of the
bulge at at 2.94 and 17.13 arcsec respectively. By si-
multaneously fitting images of the galaxy at all available
wavelengths, two one-dimensional spectra were obtained
representing purely the bulge and disk light, examples of
which can be seen in Fig. 15. This plot shows that it is
possible to decompose IFU spectra of galaxies with high
enough resolution into the bulge and disk components,
from which their individual star formation histories can
be studied. Furthermore, the example analyses carried
out in Johnston et al. (2012, 2013) on decomposed long-
slit spectra can be modified and applied to decomposed
IFU spectra as well. Examples of these studies include



Disentangling	  AGN	  from	  SF	  
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SF	  

AGN	  

AGN	  ionized	  

SF	  in	  the	  disk	  

SDSS	  fibre	  
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D4
00

0	  

Gas	  vs	  Stars	  

AGN	  ionisaMon	  
	  	  

-‐  Lack	  of	  Hα	  emission	  
-‐  Old	  stellar	  populaMon	  
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Gas	  vs	  Stars:	  a	  maZer	  of	  Age	  
MaNGA	  commissioning	   SDSS	  DR7	  

Large	  sta6s6cs	  might	  lead	  to	  interes6ng	  implica6ons	  for	  AGN	  feedback!	  

SF	  regions	  are	  young	  (oh	  really?)	   AGN-‐ionised	  regions	  are	  old	  



PART	  III	  (again)-‐	  WHAT	  ?	  
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What	  if	  we	  had	  also	  data	  on	  
the	  gas	  content	  on	  resolved	  scales…?	  



Francesco Belfiore 
 

ESO 3D 
10 March 2014 

 

IFS	  (PINGS	  survey),	  
Rosales-‐Ortega	  2010	  

HI	  (THINGS,	  VLA)	  
CO	  (HERACLES,	  IRAM)	  
UV	  (GALEX),	  Near-‐IR	  
(2MASS,	  Spitzer)	  
	  
	  

A	  Case	  Study:	  NGC628	  
Study	  4000	  regions	  of	  35	  pc	  in	  radius!	  
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Comparison	  with	  Closed	  Box	  Model	  
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Comparison	  with	  Closed	  Box	  Model	  

Pris6ne	  Inflows	  
and/or	  oudlows	  

Enriched	  Inflows	  
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Closed box comparison
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•  Central	  regions	  are	  less	  metal	  rich	  than	  expected.	  
•  Some	  regions	  in	  the	  periphery	  of	  the	  spiral	  arm	  are	  also	  less	  metal	  rich	  than	  expected.	  

•  Outer	  regions	  in	  the	  spiral	  arms	  more	  metal	  rich	  than	  expected.	  
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SuggesMve	  evidence	  for	  strong	  FOUNTAIN	  SCENARIO	  
and	  important	  role	  of	  GAS	  MIXING	  PROCESSES	  

Where	  do	  the	  metals	  come	  from?	  

Enriched	  metals	  from	  central	  regions	  
‘rain’	  on	  outer	  disk	  

Closed box comparison
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Summary	  

WHY	  ?	  	  
Strong	  science	  case	  for	  
studying	  resolved	  scales	  in	  
a	  large	  sample	  of	  nearby	  
galaxies.	  

HOW	  ?	  	  
Large	  IFS	  surveys	  of	  nearby	  
galaxies	  are	  going	  to	  be	  
the	  norm	  in	  the	  coming	  
years	  

WHAT	  ?	  	  
Some	  early	  results…	  but	  
the	  power	  of	  staMsMcs	  will	  
change	  the	  field!	  



Thank	  you	  for	  your	  aZenMon!	  

And	  come	  and	  find	  me	  in	  K31!	  


