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Outline:

1. Thoughts (excitement) about large surveys

2. MaNGA: Resolved spectroscopy for 10k galaxies
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Power of large surveys

Large survey destiny for Subaru?
Only wide-field capability on 8m class telescope

Proprietary programs always needed and beneficial...
            but wouldn’t you want 50~100 nights per year?

Madrid & 
Macchetto 2009

Hyper Suprime Cam (HSC) Prime Focus Spectrograph (PFS)
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Abstract

We derive the ranking of the astronomical observato-
ries with the highest impact in astronomy based on the
citation analysis of papers published in 2006. We also
present a description of the methodology we use to derive
this ranking. The current ranking is lead by the Sloan
Digital Sky Survey, followed by Swift and the Hubble
Space Telescope.

1 Introduction

Many studies focus on the cost of astronomical fa-
cilities while very little work is done trying to evaluate
the returns of telescopes and satellites used in astronomy
(Saleh et al. 2007). We analyze the most cited papers
published in 2006 and cited during the last two years
to derive a ranking of the telescopes with the highest
impact in astronomy during that year. Objective mea-
surements of productivity and impact are necessary in
order to take informed decisions about science policies,
scientific directions, funding and lifetime extension of a
given telescope. This particular ranking has been widely
used in the past to support the work of various commit-
tees and these results were incorporated in their reports,
a fresh study on a newer dataset of high-impact papers
is due.

2 Methodology

We draw the ranking of the most influencial astro-
nomical facilities based on their contribution of data to
the most cited papers on a given year. The technique
described below was implemented during the develop-
ment of a series of tools to estimate the overall impact
of the Hubble Space Telescope in astronomy (Meylan et
al. 2004). This particular technique of telescope evalua-
tion was created based on the method set forth by Benn
& Sanchez (2001).

A detailed account of the method used to derive the
ranking of the observatories with the highest impact, and
results of this exercise in previous years, was given in
Madrid & Macchetto (2006). In the following paragraphs
we will give a brief summary of the approach that we use
to generate the aforementionned ranking.

The 200 most cited papers published in a given year
constitute a sample large enough to provide a snapshot
of the most influencial papers published in astronomy for
that particular year. In fact the 200 most cited papers
in 2006 constitute only 0.2% of all the references indexed
by the ADS but they account for 9.5% of the citations.
Moreover, as shown in Madrid & Macchetto (2006), the
200 most cited papers stand out from the rest of pub-

lications in the distribution of citations per paper on a
given year.

We obtained the 200 most cited papers published in
2006 through the SAO/NASA Astrophysics Data System
(ADS). The ADS is the most widely used bibliographic
database in astronomy. We went through the onerous
process of downloading each of these 200 most cited pa-
pers. Each paper was then analyzed and we determine
whether the paper was observational or theoretical. The-
oretical papers usually present models and do not con-
tain any data taken with a telescope. On the other
hand, an observational paper is a paper that presents
data obtained with a telescope or several telescopes. For
those observational papers we determine which facility,
or more often, which facilities the authors used to gather
their data.

The number of citations of each paper is credited to
the telescope used to take the data. The telescope that
accumulates the largest number of citations will thus end
up on the top of our ranking. When several telescopes
provide data for a publication a percentage of participa-
tion, or weight, is established and a fractional number
of citations is credited to each contributing facility pro-
portional to their participation. Examples of these basic
arithmetics are given in Madrid & Macchetto (2006).

Table 1

High-Impact Observatories

Rank Facility Citations Participation

1 SDSS 1892 14.3%
2 Swift 1523 11.5%
3 HST 1078 8.2%
4 ESO 813 6.1%
5 Keck 572 4.3%
6 CFHT 521 3.9%
7 Spitzer 469 3.5%
8 Chandra 381 2.9%
9 Boomerang 376 2.8%
10 HESS 297 2.2%

3 Results

The results of this study are summarized in Table
1 which presents the top-ten high impact astronomical
observatories.

The Sloan Digital Sky Survey is once again the tele-
scope with the highest impact in astronomy, see Madrid
& Macchetto (2006, and references therein) for previous

1

$26M

$200M
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e.g., WMAP, BigBOSS e.g., SDSS, HSC, PFS

• 1-2 specific goals
• some ancillary science
• very high-impact for ~10 publications
• limited community involvement

• 3-4 broad topics, many many goals
• vast, unanticipated science
• high-impact for 10s of publications, 
100-1000s other publications
• wide community involvement, 
observing overlap, followup, etc.

 Experiment mode vs Observatory mode

WMAP Subaru
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 Experiment mode vs Observatory mode

WMAP Subaru
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Observatory mode:
What I learned

from DEEP2 and 
SDSS-III

• Plan observations & software: calibration, reduction, products, database
• Science: Organic development of projects within a framework of rules
• Bottom-up growth: initiative of small (open) teams defines scientific territory

• Maturing projects intersect and interact with each other and team
• Importance of connection with team builders

• Importance of international collaboration and public availability

For more, see e.g., Strauss et al. 2009 white paper
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MaNGA

Mapping 
Nearby 
Galaxies 
at APO

painting by Sonatawind

Resolved
spectroscopy 

of 10,000 
galaxies
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landscape:

High-z 
IFUs

Keck OSIRIS VLT: SINFONI, MUSE TMT/ELT: e.g., IRIS

We need a z=0 baseline for 2D spectroscopy

But, SDSS-like low-z mapping is missing...

Current & Planned IFU surveys
• SAURON/Atlas3D: ~200 galaxies, huge success
• CALIFA (Calar Alto): 600 galaxies
• Surveys at AAO: ~1000 galaxies
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What is MaNGA?
• One of three approved “After-SDSS-
III” (AS3) surveys to begin on the 
Sloan 2.5m in September 2014

• AS3 = MaNGA, eBOSS, APOGEE-2

• MaNGA exploits the existing BOSS 
instrument (high throughput, pipeline)

• MaNGA will bundle BOSS fibers to 
create 15-20 IFUs of various sizes

• MaNGA IFU survey of ~10k nearby 
galaxies

Spectroscopic survey opportunity ahead of PFS
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MaNGA:
Resolved spectroscopy of 
10,000 nearby galaxies

Galactic Archaeology:
Resolved spectroscopy of 

one very nearby galaxy
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MaNGA Key Science

1. The nature of present-day galaxy growth via merging and gas accretion
2. The processes responsible for terminating star formation in galaxies
3. The formation history of galaxy subcomponents, including the disk, bulge, 
and dark matter halo

– 22 –
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Fig. 10.— Simulated MaNGA observations of a late-type galaxy. Simulations assume a galaxy with the
physical morphology of NGC 4450 (as traced by the SINGS H� image) and an SDSS-derived late type
galaxy spectrum located at z = 0.03. Green, blue, and red circles in the top middle panel illustrate the
optimal dithering overlap for a 3-position realization of our intermediate-size 37 fiber IFU bundle. Simulated
spectra for the brightest (central fiber) and faintest (edge fiber) regions within the galaxy are shown in
the bottom panels. The top right-hand panel illustrates the velocity map recovered by fitting to the [O iii]
�5007Å emission line at each location across the face of the galaxy; the input velocity map is recovered to
an accuracy ⇥v = 17 km s�1.

for advanced kinemetric analysis.

Based on the simulations and observables described above, MaNGA’s large sample and overlap
with ancillary data sets will yield a number of advanced data products. Since these are crucial to
the science goals laid out in Section 2, we summarize them here.

• Dynamical Mass: Dynamical masses will be derived from the JAM software developed by
Cappellari (2008). The method is based on a solution of the Jeans equations, which allows
for orbital anisotropy, and is powerful because it provides an accurate description of the
stellar kinematics of real galaxies with a small number of model parameters. This makes
it highly e⇤cient for large samples where it can be incorporated into an analysis pipeline.
Experience with Atlas3D has shown that the approach can be easily applied to a sample of
the size of MaNGA. Typical fractional uncertainties in the recovered M/L with this method
are �(M/L)

(M/L) ⇤ 2�Vrms

Vrms
�

Nbin
, where Vrms ⇥

⌅
V 2 + ⇥2, with V the mean stellar velocity and ⇥

the velocity dispersion, and Nbin the number of spatial bins. Assuming typical errors of 10%
in the kinematics and Nbin = 37 we obtain an estimate of the relative error in M/L of 6%
(check with Nbin = 37). This error is smaller than the e�ect of a variation of the IMF or dark
matter fractions within 1Re, which are typically on the order of a few 10% and yields mass
estimates that are as accurate as those from strong lensing (e.g., SLACS Bolton et al. 2008).
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MaNGA: Design Concept

• Plug plates as BOSS does 
now with single fibers

• 15-20 bundles over 7 deg2

Spatial resolution = 2” (1-3 kpc)
Spectral resolution = 50-70 km/s (sigma)
Spectral coverage: 3600-10,000 angstroms
Mass-limited sample: log Mstar > 9
Redshift: 0.005 < z < 0.15

Exposure time: minimum S/N 
~ 5-10 at 1.5 Re = 3 hours
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MaNGA Simulations: – 22 –
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Fig. 10.— Simulated MaNGA observations of a late-type galaxy. Simulations assume a galaxy with the
physical morphology of NGC 4450 (as traced by the SINGS H� image) and an SDSS-derived late type
galaxy spectrum located at z = 0.03. Green, blue, and red circles in the top middle panel illustrate the
optimal dithering overlap for a 3-position realization of our intermediate-size 37 fiber IFU bundle. Simulated
spectra for the brightest (central fiber) and faintest (edge fiber) regions within the galaxy are shown in
the bottom panels. The top right-hand panel illustrates the velocity map recovered by fitting to the [O iii]
�5007Å emission line at each location across the face of the galaxy; the input velocity map is recovered to
an accuracy ⇥v = 17 km s�1.

for advanced kinemetric analysis.

Based on the simulations and observables described above, MaNGA’s large sample and overlap
with ancillary data sets will yield a number of advanced data products. Since these are crucial to
the science goals laid out in Section 2, we summarize them here.

• Dynamical Mass: Dynamical masses will be derived from the JAM software developed by
Cappellari (2008). The method is based on a solution of the Jeans equations, which allows
for orbital anisotropy, and is powerful because it provides an accurate description of the
stellar kinematics of real galaxies with a small number of model parameters. This makes
it highly e⇤cient for large samples where it can be incorporated into an analysis pipeline.
Experience with Atlas3D has shown that the approach can be easily applied to a sample of
the size of MaNGA. Typical fractional uncertainties in the recovered M/L with this method
are �(M/L)

(M/L) ⇤ 2�Vrms

Vrms
�

Nbin
, where Vrms ⇥

⌅
V 2 + ⇥2, with V the mean stellar velocity and ⇥

the velocity dispersion, and Nbin the number of spatial bins. Assuming typical errors of 10%
in the kinematics and Nbin = 37 we obtain an estimate of the relative error in M/L of 6%
(check with Nbin = 37). This error is smaller than the e�ect of a variation of the IMF or dark
matter fractions within 1Re, which are typically on the order of a few 10% and yields mass
estimates that are as accurate as those from strong lensing (e.g., SLACS Bolton et al. 2008).

Led by Anne-Marie 
Weijmans & David 
Law (U. Toronto)
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Current bundle size distribution

3 bundles x 19 fibers

4 bundles x 37 fibers

3 bundles x 61 fibers

3 bundles x 91 fibers

3 bundles x 127 fibers

16 bundles per cartridge 
(1017 bundled fibers)

5 cartridges ➙ 80 bundles total
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– 27 –

Fig. 10.— Mock catalogs of the MaNGA sample demonstrating MaNGA’s ability to characterize wide

dynamic ranges in both M∗ (x-axis) and Mhalo (y-axis) for both red galaxies (left) and blue galaxies (right).

The galaxy formation model implemented in these simulations is that of Guo et al. (2010). The method

used to generate the mocks is described in Li et al. (2006).

some cases by up to ∼30%, although this depends on image reconstruction methods and comes

with other drawbacks. We intend to pursue extensive testing of optimum strategies before MaNGA

observations begin.

5.2. Sky subtraction

As we will be mapping some targets to 2.5Re, the spatial elements, or spaxels, covering these

outer regions will be sky-dominated, with the galaxy surface brightness at least 1 magnitude fainter

than the sky background. Sky subtraction is therefore a crucial component of both the observational

design and data reduction. Based on extensive tests with sky observations from actual BOSS

data, an optimum strategy is to deploy dedicated sky fibers in close proximity to MaNGA targets

simultaneously with the science observations. Each IFU science bundle will be accompanied by at

least 20 separate sky fibers. This number ensures that the sky is measured with sufficient signal-

to-noise, such that the noise added to our science frames by sky subtraction is at most 2.5% for

our faintest galaxy spectra, and only ∼1% for the majority of our spectra.

The sky fibers will be placed on a rough annulus around each IFU bundle, at least 2 arcmin

away from the bundle center, ensuring that contamination of the sky measurement from even the

largest galaxies in our sample will be negligible. The SDSS imaging also enables nearby objects to

be avoided when choosing the position of sky fibers. To mitigate against possible differential focal

Motivation for large samples

Mock MaNGA red galaxy sample

• Goal is 10k sample 

• Ability to split by many 
observables: mass, environment, 
SFH, kinematic state, morphology, 
etc.

• Rare populations seen in an 
unbiased, mass-selected context: 
e.g., mergers, AGN hosts, outflows

• Statistics of sub-samples (e.g., TF)

• Stacking, especially lensing (e.g., 
HSC)

(log number in sample)

plot by Cheng Li

log stellar mass
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Extragalactic 
Archaeology

Are galaxies built from the inside out?

Is material accreted on the outskirts at late times?

What is the formation history of different 
components (disk, bulge, halo, thick disk)?

Importance of halo mass and environment?

... an example of 
MaNGA science
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Extragalactic 
Archaeology

How?  Gradients in...

  Absorption lines: Metallicity, Age, α/Fe, IMF 
indicators

  Emission lines: SFR, gas phase metallicity, BPT

Kinematic models, gas/stars, isolating kinematic 
components...

  

... an example of 
MaNGA science
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Errors on α/Fe, per MaNGA 
galaxy, in stacked radial annuli
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MaNGA: $1M instrument, $3M operations/data yearly = $19M over 6 yr survey

Management & Costs:

AS3 to follow SDSS-III model - Estimated 
• Institutional buy-in for ~$1M, access to all 3 surveys,  Advisory Council
• Individual group buy-in for ~$100k

MPA
Portsmouth

IPMU

UNAM

U.Toronto
Shanghai

Princeton

STScI

Oxford

ESO

JHU

Granada

Wisconsin

AAO

AIP Potsdam

Sydney

Brazil
(UFRGS)

UFCS

CMU

Gemini

NMSU

NYU

Access includes APOGEE-2 and APOGEE-South
 H-band, R~22,000, 105 stars, galactic halo, galactic bulge

Japan Participation Group?
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Conclusions

Subaru Users are well poised to exploit the era of large surveys

MaNGA is a spectroscopic opportunity before PFS, development 
underway

• MaNGA is a bridge from the Milky Way to “Extragalactic 
Archaeology”

• Your contribution is welcome!

• Interest in a Japan Participation Group for AS3?
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