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In calendar years 2001 and 2002, 20 journals of astronomy and astrophysics published 7768 papers that reported or
analyzed observations at wavelengths from meter radio to ultrahigh energy gamma rays. In the three calendar years after
publication, these papers were cited more than 97 000 times, according to the Science Citation Index/Web of Science data
base (the most complete, we believe, available), for an average rate of 4.19 citations per paper per year. We slice these data
up several ways, by subject matter, wavelength band, and the telescopes (etc.) used. Most of the results will not surprise:
There are hot topics (cosmology, exoplanets) and not so hot topics (binary stars, planetary nebulae). Papers reporting space-
based data are cited a bit more often and radio papers a bit less often than optical papers, but multi-wavelength studies
do the best. The total number of telescopes involved is surprisingly large, about 330 optical and infrared (mostly ground
based but including HST), 109 radio (including COBE and VSOP satellites), and 90 space based (including satellites,
interplanetary probes, things carried on rockets, balloons, the Shuttle, and so forth). The superstar telescopes are (mostly)
the ones you would expect, though having the most papers does not always go with largest ratios of citations per paper.
HST produces the largest number of optical papers, but SDSS the most highly-cited ones, while the VLA is responsible for
the largest number of radio papers and the most highly cited (apart from balloon-borne CMB observatories), and among
things that fly, the most recent tend to dominate both paper and citation numbers. If you have to choose, it is probably better
to opt for a small telescope on a well-supported site than a larger one with less support, and service to the community, in
the form of catalogues and mission definitions, is rewarded, at least in citation counts, if not always in other ways.
A few comparisons are made with other studies. The main difference is that we have included all the papers and all the
telescopes for the years chosen, rather than focussing on one or a few observatories or skimming the cream of most-cited
papers or ones from the highest-profile journals.

c© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction

Of course your telescope is superior in some way, thus de-
serving of support, or why would you be using it? And what
you do with it is undoubtedly at least a bit better than av-
erage, or why would you be doing it? But how can one
demonstrate these things? There is, of course, the verdict of
history, but it will come too late for this year’s funding cycle
and your next promotion review, while personal opinions of
committee members have other problems. Counting of pa-
pers that result from work at particular facilities and of the
citations to them has the virtues of taking only a few years
and of being roughly repeatable, though “objective” may be
too strong an adjective. Of course this approach also has
flaws. Papers are sometimes cited because they are wrong
(though generally not for very long); groups who cite only
each others’ work can distort the numbers (the entire Amer-
ican astronomical community has been collectively accused
of this); and one particular paper, not necessarily with more
or more correct data than others, may be picked as a proxy

� vtrimble@astro.umd.edu
�� Corresponding author: jceja@uci.edu

for an entire program and cited to death, while others lan-
guish. And no, the data bases are not perfect. The NASA
ADS shows a larger fraction of papers with no citations af-
ter a few years than does the Web of Science – Science Ci-
tation Index compilation. In addition, sometimes you look
up a particular paper in successive years only to find it with
fewer total citations at the later time, perhaps because it was
initially credited with a bunch to some other paper with sim-
ilar authorship and publication data. And, of course, “it was
unusually cloudy on Mount Moriah the year data for 2000
papers would have been collected,” or “We were installing
and commissioning the new frammator that year.” Neverthe-
less, we proceed as best we can, using the methods outlined
in the next section.

The first person to apply similar methods in an astro-
nomical context was Helmut A. Abt (1981, 1985), using
data available to him as editor-in-chief of the Astrophysi-
cal Journal. He attempted to determine whether the publicly
supported telescopes at Kitt Peak and Cerro Tololo were
as productive and valuable as comparable private ones at
Palomar and Lick. The answer was (and remains), on the
whole, yes. We plunged in (Trimble 1985) a little later, ask-
ing questions about individual astronomers’ papers and ci-
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tations. And the present investigation doubles the data base
of that published in three papers (Trimble, Zaich & Bosler
2005, 2006; Trimble & Zaich 2006), which separated the
2001 papers and citations by wavelength band. There, as
here, every publication we could find in the designated time
frame, every telescope mentioned in the papers, and every
citation that could be counted were used.

Other investigators have taken very different ap-
proaches, examining fewer than 200 papers (Madrid &
Macchetto 2006), only the journals with the highest impact
factors (Sanchez & Benn 2004), or focussing on specific
telescopes, for instance HST (Meylan, Madrid & Macchetto
2004) or CFHT and UKIRT (Crabtree & Bryson 2001). The
single most interesting new number we have seen this year
comes from White (2007), who reports that the mean num-
ber of references per paper published in 2006 was about 31,
meaning that your above average paper will be entitled to a
few more than 31 citations over its entire future lifetime, or
perhaps a great many more, if the present inflation in num-
ber of references per paper continues unabated. The part of
this report that we do not understand is the total of about
30 000 astrophysical papers in refereed journals for 2001
and 2002, where we found 7768 observational ones. Mostly
theory? Well, that is always said to be the smaller half (and
indeed is for most of the obvious, major journals in the
field). Meeting abstracts and conference proceedings? The
numbers would be about right, but those are not “refereed
journals.” Some enormous literature catalogued as some-
thing else? Perhaps. Let it be said, in any case, that if the
number had been 30 000 the present project would not have
been attempted.

2 Methods

Suppose you would like to do this sort of thing yourself.
What are the steps? First, collect copies of all the papers
published during your time window (calendar years for us,
but there are lots of other possibilities, like first two years
after launch or commissioning). Second, record enough in-
formation about authors, journal, volume, and page num-
ber to be able to find them again, plus the subject matter,
and the names of all the observing facilities you can iden-
tify from which data reported or analyzed in the paper were
collected. If there are no such facilities, then the paper is ei-
ther a theoretical one or based on catalogues compiled from
many sources and will not go into the analysis. Third look
up the number of citations each paper received during some
uniform time window after publication. For us, this is the
next three calendar years, though shorter intervals are per-
haps more popular. Notice, therefore, that this sort of anal-
ysis cannot be done in real time, since telescopes must be
commissioned, data collected (often over more than one ob-
serving run or cycle), papers written, refereed, published,
and cited.

Fourth and of comparable importance, a number of de-
cisions have to be made. First, the subject matter, which

Table 1 Numbers of 2001 + 2002 papers reporting data in vari-
ous wavelength bands.

Optical (O) 3745 Radio(R) 1112 Space(S) 1778
O+R 271 R+0 271 S+O 547
O+S 547 R+S 154 S+R 154
O+R+S 132 O+R+S 132 O+R+S 132

All Optical 4695 All Radio 1669 All Space 2611

we took to be whatever the authors said they were trying
to do. Thus quasar/QSO spectra might have been looked at
to understand the objects themselves (AGNs), the chemical
evolution of metal-line absorbers (galaxies), or the statistics
of Lyman-alpha forest lines (large scale structure or cos-
mology). The edges are fuzzy around, for instance, inter-
stellar material, star formation, and young stellar objects.
The next decision was to keep the optical, radio, and space-
based papers separate. The main justification for this is that
multi-wavelength astronomy is still rather rare (Table 1),
though because multi-wavelength papers tend to have cita-
tion rates a bit above average, dividing credit among wave-
length bands would slightly reduce not only the number of
papers per facility but also the ratio of citations per paper.
The most difficult decision is how to apportion credit for
papers and citations among the facilities used. Proportional
to their importance in the investigations, you will say. And
this is what Madrid and Macchetto (2006) have done for
their fewer than 200 papers. We quickly found that the in-
formation simply is not available in a large fraction of our
7768 papers or would be very difficult to extract in others.
Credit was therefore apportioned equally among all facili-
ties mentioned by the authors as contributing to the paper,
anywhere from half-and-half for two, down to one-twelfth
or less for a few synoptic studies covering long periods or
radio observations made with ad hoc assortments of dishes
generally used separately.

2.1 Definitions of wavelength bands and facilities

Optical astronomy here includes the data collected with
about 330 ground-based and infrared telescopes, from the
Keck 10-meter mirrors down to amateur-owned instruments
of much less than one meter diameter, and also the Hubble
Space Telescope, whose lifetime has been long enough for
it to have accumulated a decade of archival data by 2002.

Radio astronomy includes all arrays, antennas, dishes,
and other collectors operating from meter wavelengths
down to the submillimeter, of which there were about 100,
most of them ground based. But we also included the Cos-
mic Background Explorer (COBE), which observed many
aspects of the 3 K microwave background for a number of
years, a couple of balloon-borne CMB projects, and the
Japanese satellite (VSOP) used to provide baselines longer
than the diameter of the earth for very long baseline inter-
ferometry.
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Space astronomy is the most heterogeneous, including
satellite based observatories at gamma ray, X-ray, ultravi-
olet, and infrared wavelengths; the Hipparcos astrometric
satellite; an assortment of shuttle, balloon, and rocket-borne
telescopes and detectors; solar system missions; cosmic ray
detectors; and (because we didn’t quite know where else to
put them) half a dozen Cerenkov light and other detectors
for ultra-high energy gamma rays. Part of the rationale for
this assortment is that nearly all its 90 members had rela-
tively short lifetimes compared to ground based optical and
radio telescopes, so that our snapshot is inevitably unfair to
the oldest and the newest.

Table 1 adopts these definitions. Clearly, optical astron-
omy, the oldest field by several centuries (though the oldest
telescope used was probably the Mt. Wilson 60 in), is still
more than half of observational astronomy. We will see that
optical papers are cited a bit more frequently than radio pa-
pers, but not quite so often as space papers, as here defined.
Multi-wavelength papers score a bit above average, 4.49 ci-
tations per paper per year vs. 4.19 for the whole set, and, in
particular, almost never end up with zero citations. Perhaps
it is just a matter of having more than one set of colleagues
who might think of you.

2.2 The journals employed

The 7768 papers from 2001 and 2002 appeared in 20 jour-
nals. In order, from most papers to fewest, these are: Astron-
omy and Astrophysics (2127), Astrophysical Journal (1769),
Monthly Notices of the Royal Astronomical Society (1037),
Astronomical Journal (893), Astrophysical Journal Letters
(778), Icarus (220), Publications of the Astronomical So-
ciety of the Pacific (168), Publications of the Astronomical
Society of Japan (167), Astrophysical Journal Supplement
Series (145), Astronomy Letters (106), Astronomy Reports
(86), Nature (66), Science (47), Journal of Astrophysics and
Astronomy (36), Astrophysics and Space Science (32, ex-
cluding conference proceedings), Acta Astronomica (31),
Observatory (21), Astronomische Nachrichten (18, exclud-
ing conference proceedings), Revista Mexicana de Astrono-
mia y Astrofisica (17, 2002 only), Journal of the Royal As-
tronomical Society of Canada (5). Clearly one could catch
most of the literature by reading only the first five of these.
But Nature and Science carry some of the highest-impact
papers; and Icarus (solar system) and Acta Astronomica
(microlensing projects and binary stars) occupy some spe-
cific niches.

We are missing some journals. Solar astronomy uses al-
most entirely a set of telescopes (etc.) separate from those
used for nighttime research, thus Solar Physics, as well as
solar papers in our 20 journals, was not scanned (though
a few solar papers that used facilities primarily employed
at night appear with solar system). The solar system is un-
derrepresented because the UC Irvine library receives nei-
ther Earth, Moon, and Planets nor the solar-system parts
of Journal of Geophysical Research. Astrofizica (still pub-
lished in Armenia) has become almost impossible to find.

Others missing, mostly relatively small and relatively new,
are New Astronomy, Astroparticle Physics, and the on-line
only Proceedings of the Astronomical Society of Australia.

For a few of the papers, which journal they appeared
in and that they contained some observations was the only
thing that could be determined. For a few, the subject matter
was obvious, but the telescope(s) used were not. Another
small set used well-defined telescopes, but it was impossible
to decide what they were really about. Thus the total number
of papers mentioned here, 7768, is slightly larger than any
of the other totals.

3 Results

Here is what we found and, in a few cases, what we think it
might mean.

3.1 By subdiscipline

Table 2 divides the sample into 20 semi-arbitrary subfields.
Some are well defined with two or three words (gamma ray
bursts, supernovae and their remnants). Others require a few
more. That is, cosmology includes large scale structure for-
mation and mapping as well as the standard parameters.
The line between active galaxies and normal ones is a bit
fuzzy. Milky Way means global studies of structure, stellar
populations, evolution, and so forth. Stars are the ones not
mentioned separately. Neutron stars and black holes include
both singles and binaries. Solar system includes both in situ
measurements from space missions (rather highly cited) and
ground based ones from earth (less so), and the service cat-
egory includes catalogues of more than one kind of object,
descriptions of missions and facilities (some very highly
cited like the first three XMM papers published, some not),
calibrations of detectors, spectrographs, and so forth.

Clearly there are hot topics like cosmology and brown
dwarfs and not so hot ones, mostly stellar. This is not just
a function of community size – compare cosmology, su-
pernovae, and binary stars, with the number of papers as
a proxy for community size and the citations per paper as
a temperature indicator. What is hot and what is not varies
by wavelength, though not so much as you might suppose.
GRBs have to be discovered from space, but vital follow-up
includes both radio and optical observations. On the other
hand, radio and space papers on exoplanets and ordinary bi-
nary stars are fairly rare, and fairly rarely cited.

There are no large year-to-year anomalies, with the fol-
lowing exception. Our data for the 2001 papers as compiled
for this table accidentally included almost 4 years of cita-
tions rather than precisely three. The numbers as recorded
appear in that column of the table, but the citations per pa-
per per year are the sums of the citations shown, divided by
the total papers shown, divided by a factor some what larger
than three, to correct for this and end up with citations per
paper per year. No specific subject matter (or wavelength
band or telescope) is likely to benefit or suffer from this.
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Table 2 Papers and citations by subdiscipline.

Topic Papers Citations Papers Citations Total Citations
(2001) (2002) Papers per Paper

per Year

Cosmology 155 5450 157 4254 312 8.91
Clusters of Galaxies 196 4471 220 3385 416 5.42
Gamma Ray Bursts 64 1817 65 1127 129 6.44
Active Galaxies/Nuclei 462 7682 412 5377 874 4.25
Normal Galaxies 513 10947 439 6687 952 5.21
Milky Way 72 1513 92 1415 164 5.19
Neutron Stars/Black Holes 353 5077 330 4254 683 3.95
SN/ Remnants 129 1662 146 1526 275 3.35
Interstellar Medium 342 4053 309 2613 651 2.89
Star Formation/YSOs 163 2762 212 2597 375 4.10
Star Clusters 209 3001 195 2151 404 3.63
Stars 456 4979 408 3641 864 2.85
Brown Dwarfs 29 855 43 1103 72 7.96
Planetary Nebulae 75 838 72 509 147 2.57
White Dwarfs 24 393 43 341 67 3.37
Cataclysmic Variables 125 857 155 857 280 1.76
Binary Stars (other) 159 1067 185 1035 344 1.77
Solar System 168 2534 227 2549 395 3.76
Exoplanets/SETI 48 1423 59 1038 107 6.64
Service 111 2903 102 2410 213 8.42

TOTAL 3853 48213 3871 48869 7724 4.19

Of greater importance is that a number of large, expen-
sive facilities are currently in design or construction phases.
The drivers for these are definitely a subset of astronom-
ical topics, objects and processes, laid out for the US in
the Taylor-McKee report. These include cosmology, galaxy
formation and evolution, star and planet formation, and per-
haps a few others, but exclude for the most part active galax-
ies and gamma ray bursts for their own sakes (vs. as probes),
normal stars past the formation stage, cataclysmic variables
and other binary stars, planetary nebulae and white dwarfs,
supernovae remnants (and supernovae when they do not
contribute to the cosmic distance scale or to chemical evo-
lution of galaxies), and neutron stars and black holes, singly
and in binaries. These currently make up roughly half the lit-
erature of observational astronomy, but account for consid-
erably fewer than half of the citations. Focus of funding on
the driver fields will inevitably exacerbate the differences,
and it is a brave graduate student who, in the future, will set
out to specialize in W UMa stars, interstellar polarization,
planetary nebulae, or even Seyfert galaxies.

3.2 The bottom, the top, and the middle

The minimum number of citations possible is zero, unless
one had a system that could count disproofs as negative ci-
tations, and zero is not so common as is frequently supposed
in phrases like “Most papers aren’t read by anybody.” “Phys.
Rev. has more authors than readers.” “One third of papers in
Nature are never cited,” for which documentation is never
provided. In the present sample, 283 of 7724 papers (3.3%)

garnered no citations in the ISI data base during the three
calendar years after the one in which they were published.
The variations with wavelength are at the 1% level, with
a smidge more radio papers and a smidge fewer space pa-
pers uncited, and less than 2% for multiwavelength items.
This is almost certainly an upper limit, because we found
a few specific papers with, apparently, zero citations that
came from large, productive groups, using major facilities
to observe popular objects, who if nothing else would have
cited themselves the next year. The Astrophysics Data Ser-
vice also maintains data bases of citations and citation num-
bers. The percentage of papers with zero citation there is
somewhat larger than in ISI, which is why we have chosen
to use the latter.

No journal except Science and Nature is exempt from
zero-citation papers, though almost half come from seven
(none of the top six by numbers of papers published). No
subject is spared, not cosmology, or brown dwarfs, or what-
ever. And no telescope avoids the curse – not HST, the VLT,
Keck, or Cassini, except the X-ray missions during the early
period when no non-proprietary data were available. but, of
course, there are more zeros among the less popular subdis-
ciplines, the less prestigious journals, and the less famous
(i.e. less expensive!) telescopes.

As for the top, Table 3 lists the 77 most cited papers,
taking us down to 100 citations in three years. By chance,
this is just about 1% of the total papers, and they have gath-
ered moss to the extent of 12.9% of the total citations. The
largest number belongs to the Hubble Key Project value of
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the Hubble constant, and cosmology in general has a large
presence. The service papers are descriptions and “how to
use” documents for XMM and SDSS. You have to go fairly
deep into the list to reach anything on the Milky Way, exo-
planets, or brown dwarfs, and almost to the bottom to find
ordinary stars and interstellar medium.

What about our average papers with about four citations
per year? If the average of White’s (2007) larger number
of papers is the same, then 31 references per current paper
implies a half life of only 3.7 years for the literature of the
recent past. If this is correct (and we certainly do not know
that it isn’t), there has been a real change in community cus-
toms since Abt (1985) found a much longer one (about 15
years). The paper population whose cream is skimmed by
Madrid & Macchetto (2006) must be different. Their 200
papers are, they say, 0.4% of the ADS ones with 2004 pub-
lications dates, implying a total of 50 000 papers, which re-
ceived about 65 000 citations in the next 1.5 years, or 0.9 per
paper per year, vs. our 4.19. This again suggests that this gi-
ant data base includes a good many meeting abstracts, con-
ference contributions, and other rarely-cited sorts of papers.

3.3 Telescope by telescope

Tables 4, 5, and 6 contain numbers of papers (2001 + 2002)
and citations (for the next three years for each), separated
into the three categories defined in Sect. 2.1, and credited
equally to all telescopes, space missions, or whatever said
by the authors to have been data sources for the papers.
One more decision had to be made at this point, besides the
wavebands and equal credit items. This is which facilities
to keep individual track of, because the total included about
330 optical and infrared entities, 109 radio ones, and 90 in
space. The “about” reflects some uncertainty about, for in-
stance, whether three small Greek telescopes used in one pa-
per did or did not include the 0.3 m in Crete used for another
and the exact number of 14-in Meade ’scopes deployed by
the Backyard Astronomers. There are no such ambiguities
for ground-based mirrors larger than 1.8 m (Catanea = Haro,
a 2.1 m in Mexico; Catania is something smaller in Italy),
for radio telescopes (which are such large animals that, like
elephants, they hardly ever get lost), or things flown (except
the one resolved by declaring MIR/Kvant/etc. to be a single
facility).

The general rule was a minimum of five papers in
one year to qualify for individual tracking, waived for the
Japanese radio interferometric satellite, HALCA/VSOP and
the Wyoming Infrared Observatory WIRO. Several rela-
tively new facilities, the Ryle (radio) telescope in Cam-
bridge, and the Gemini North, Magellan, and Hobby Eberly
optical telescopes contributed five or more 2002 papers, so
we went back and dug them out of the 2001 data as well,
when there had been fewer.

In the case of ground-based optical and infrared tele-
scopes, we deliberately kept track of all mirrors 1.85 m or
larger in diameter and defined an “other” class for each site

that has at least one of these plus smaller telescopes. A few
of those “others” score fewer than five, though there are
occasional small telescopes, like the 1 m Jacobus Kapteyn
in the Canary Islands with many more than five papers to
their credit which are nevertheless hidden in an “other” line.
Special purpose facilities like microlens surveys, 2MASS,
and the Sloan Digital Sky Survey are separated from other
telescopes of similar sizes as are prototype interferometers
and automated photometric telescopes. Papers for which the
telescope cannot be identified at all seem to be limited to
the optical band. Table 4 excludes many of these and also
a number of papers counted as multiwavelength in Table 1
for which the optical data were images or positions used to
align images or positions from other wavelengths.

The facilities responsible for the largest numbers of pa-
pers are the obvious ones: Hubble Space Telescope and
the largest optical mirrors; the Very Large (radio) Array
and, to a lesser extent some millimeter and submillimeter
collectors; the newest space facilities (XMM-Newton and
Chandra) or the most recently deceased in their wavebands
(ISO). But notice that some missions of respectable antiq-
uity (ROSAT, RXTE, IRAS, IUE, Hipparcos) are still of
great value to the community even when the data are ex-
clusively archival.

The largest C/P ratios, on the other hand, belong to some
entities responsible for fewer papers, including the cosmic
microwave balloon programs (WMAP was not yet up!) and
SDSS, but also Parkes, HEGRA, Mars Global Surveyor,
Lick and the Anglo-Australian Telescope. Focus on specific
hot topics is responsible for some of these large numbers -
exoplanet searches at Lick and very large scale structure at
the AAT for instance.

The two sets of numbers for 2001 and 2002 have been
summed, because the differences are generally small (the
answer to some objections raised by referees to the 20001
data alone) and not of obvious significance. One exception
is the continuing fade of 4-m class telescopes as frontline
work moves to larger ones, predicted by Benn & Sanchez
(2001) based on data from the 1990s for 1–2 vs. 3–4 m mir-
rors and noted in Trimble et al. (2005).

The comparative time histories of Chandra and XMM
surprised us slightly. The numbers for 2001 were XMM =
83.5 papers, C/P = 43.4 (including the very-highly-cited ini-
tial mission descriptions) and Chandra = 175.8 papers, C/P
= 34.6 (“first photons” having appeared in the 2000 litera-
ture), while for 2002 we found XMM = 86.9 papers (a slight
increase), C/P = 19.8 and Chandra = 258.8 papers (a con-
siderable increase, though it is somewhat the older facility),
C/P = 22.6. A colleague suggested a partial cause in the
timing of the first public data releases, as being likely to
kick the numbers of papers up and the C/P ratio down. A
controlled study would be difficult to do. Data collected for
XMM by its project scientist showed 82 papers in 2001 and
102 in 2002, indicating, we think, a slight increase in papers
making use of more than one facility.
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Last, and perhaps least, must come the mention of some
facilities that we had almost forgotten, or maybe never even
heard of, which nevertheless are sources of astronomical
data into the 21st century – Ariel 5 and 6 and even the
Uhuru X-ray satellite; radio dishes at Maryland Point, Rich-
mond (Florida), Plativil (North Carolina), and Woodbury
(Georgia); and our favorites among the sites of small opti-
cal telescopes, Lizard Hollow, Condor Brow, Clark & Coy-
ote, and Raccoon Run, though Hyronerio, Hlovovec, Lele-
dovice, and Skalnate Pleso come close. All are less than 1
meter in diameter and, we suspect, rightly much loved by
their users.

4 Conclusions

More than 20 years ago, one of us (Trimble 1985) examined
papers and citations rates for a large number of individual
astronomers and concluded that, if you wish to be highly
cited, it pays to be a mature, prize-winning theorist, working
on high energy astrophysics or cosmology at a prestigious
institution. It also paid to be male.

On the other hand, if you are an observer, the present
results show that cosmology is still a good bet (but so are
exoplanets, brown dwarfs, gamma ray bursters, and some
kinds of public-spirited investigations), and it pays to have
access to the best telescope around for whatever your pur-
pose may be. Size counts. Being over-subscribed like HST
counts. But other winning strategies are focus on a spe-
cific high-profile program (exoplanet searches, large scale
structure determination, gamma ray burst identification and
follow-up) and access to a well-supported site. As Table 4
shows, a 2-meter or smaller at Kitt Peak, Cerro Tololo, or
the Canary Islands is a better bet than a 2-meter, or even a
6-meter east of the Oder-Neisse line. The same is true for ra-
dio telescopes, though most of the modestly-supported ones
have vanished into “other” by location in Table 5. There is,
we think, no such thing as a modestly-supported space mis-
sion, unless you wish to assign a succession of Soviet X-ray
and gamma ray detectors carried by the space station MIR
to that category. No systematic tabulation by author gender
was attempted here, but the single most highly cited paper
from the period (Freedman et al. 2001) has a female first au-
thor. It deals with cosmology and used a highly competitive
telescope, with over-subscription ratios at the time sitting
around 6 or 7.

The obvious differences by subdiscipline and level of
facility support might well tempt one to express an opinion
on whether the current ensemble of observing facilities and
their usage is in any way optimal. We will resist, but be-
lieve it is safe to predict that, if funding continues to be ever
more focussed on a few subfields thought to be the most
fundamental and on a few large, expensive facilities, then
the inequalities of both opportunities and rewards will in-
crease, and it will be a brave young astronomer who is will-
ing to choose a career studying binary stars at an institution
closely tied to a small wholly owned telescope.

What about the future of this sort of investigation? Con-
tinuing it with uniform methodology will gradually erase
any inequalities arising from bad weather on Mount Moriah
and replacing the frammator at Effelbork. As we write, all
or nearly all of the 2006 citations are in the ISI data base, so
that tackling papers published in 2003 and citations to them
in 2004–2006 is possible. The task of the first author, go-
ing page by page through the journals, identifying facilities
used and eventually slicing up credit for papers and cita-
tions is ponderous and time-consuming, but rather amusing
as one goes. The task of the second author (and those men-
tioned in acknowledgements), looking up the numbers of
citations to each paper, is perhaps less ponderous, though
probably also less amusing. Any volunteers?
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Table 3: The most frequently cited papers.

Number of Citations Journal Subject Facilities

632 ApJ Cosmology HST

380 A&A Service XMM
375 AJ Service SDSS
370 A&A Service XMM
306 A&A Service XMM

298 ApJ Lett GRBs VLA, Keck, Palomar 5 m
279 MNRAS Galaxies AAT
275 ApJ Cosmology Boomerang
248 AJ Service USNO 1 m, SDSS
244 AJ Cosmology Keck
235 ApJ Cosmology DASI
232 MNRAS Cosmology AAT
224 ApJ Cosmology Maxima
218 AJ Galaxies SDSS
218 ApJ Cosmology HST, Keck

186 ApJ AGNs VLT, NTT, ESO 2.2 m, Chandra
185 ApJ Galaxies Keck
180 ApJ Cosmology Lick 3 m
179 A&A Service XMM
175 Nature Cosmology AAT (2dF)
174 AJ Service SDSS
173 MNRAS Galaxies 2MASS, AAT
170 ApJ VLSS/Cosm. MDM 2.4 m, Las Campanas 2.5 m
170 AJ AGNs SDSS
168 AJ Service SDSS
162 A&A Cls. of Gals. XMM
157 AJ Calibration 2MASS
154 AJ AGNs SDSS
153 AJ Cosmology Keck, SDSS
152 AJ Catalog Chandra
148 ApJ Lett Cosmology Maxima
143 MNRAS Cosmology AAT
139 Nature Milky Way VLT
137 ApJ Cosmology DASI
136 ApJ Suppl Catalog Chandra
134 AJ Galaxies Keck, JCMT, VLA, Chandra, U Hi 2.2 m, CFHT
134 ApJ Galaxies JCMT, VLA, (optical, X-ray unidentified)
133 A&A Cls. of Gals. XMM
131 ApJ AGNs Chandra
131 ApJ Galaxies WHT, Palomar 5 m, KPNO 4 m, Keck
130 MNRAS AGNs XMM
125 MNRAS Galaxies AAT, SDSS, POSS
124 AJ AGNs SDSS
121 ApJ Cls. of Gals. Chandra
120 Science Solar Syst. Mars Odyssey
120 ApJ ISM 1.2 m mm at CfA
120 ApJ Exoplanets HST
119 ApJ Cosmology SDSS
118 MNRAS Galaxies AAT
117 AJ AGN SDSS
117 AJ Brown Dwfs. 1.55 m Strand, Hipparcos, WIYN, 2MASS, USNO 1 m, SDSS, HST
116 ApJ Galaxies Keck
116 A&A GRBs BeppoSAX
115 ApJ Lett Cosmology Keck

continued on next page
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Table 3: Continued

Number of Citations Journal Subject Facilities

115 Nature Cosmology DASI
115 PASP Service HST
114 A&A Cls. of Gals. ROSAT, ASCA
113 MNRAS Service JCMT
111 ApJ AGNs VLA, ROSAT
109 Nature Cosmology VLT
108 Nature Milky Way Chandra
108 MNRAS Stars UKIRT
105 ApJ ISM COBE, IRTS
105 ApJ Lett Galaxies KPNO 4 m
104 ApJ Cosmology Bommerang
104 ApJ Cosmology Keck I + II
104 AJ Service Subaru, U. Hi 2.2 m, UKIRT, JCMT, VLA, Chandra
103 ApJ Survey Chandra
101 ApJ Galaxies Chandra
101 ApJ Cosmology ROSAT
101 ApJ Galaxies 2MASS
101 MNRAS Cosmology AAT
100 ApJ Cls. of Gals. Chandra
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Table 4: Optical papers (2001 + 2002) and citations (2002–2004 + 2003–2005)
by telescope and location.

Telescope Citations Papers C/P

Hubble Space Telescope 10044 728.7 13.8
New, Large

Gemini 277 17.4 15.9
Magellan 140 9.4 14.9
HET 45 6.3 7.1

Mauna Kea
Keck 4560 234.2 19.5
Subaru 766 59.2 12.9
CFHT 1169 80.3 14.6
U. Hawaii 2.2 m 422 37.0 11.4
UKIRT 959 80.2 12.0
IRTF 547 49.2 11.1

ESO
VLT 2566 176.5 14.5
3.6 m 673 71.5 9.4
NTT 926 78.0 11.9
2.2 m 342 43.5 7.9
other 954 193.7 4.9

Mount Hopkins
MMT 261 23.5 11.1
other 500 30.7 16.3

SAO Russian 6 m 254 67.6 3.8
Palomar Mountain

5 m 371 34.3 10.8
other 178 10.7 16.6

Canary Islands
W. Herschel Telescope 1375 105.9 13.0
TN Galileo 282 25.2 11.2
Nordic Opt. Telescope 488 61.4 7.9
Isaac Newton Telescope 641 63.8 10.1
other 322 43.5 7.4

Cerro Tololo
Blanco 4 m 727 60.4 12.0
other 720 79.4 9.1

Kitt Peak
Mayall 4 m 797 53.5 14.9
WIYN 323 33.4 9.7
MDM 381 24.9 15.3
other 960 68.1 14.1

Australia
Anglo-Australian Tel. 2720 114.1 23.8
MSSO 2.3 m 315 23.9 13.1
other 157 16.4 9.6

Apache Point ARC 142 18.2 7.8
Calar Alto

3.5 m 317 32.6 9.7
2.2 m 319 29.9 10.7
other 114 15.3 7.4

Mount Hamilton (Lick)
3 m 683 35.7 19.1
other 146 11.4 12.8

McDonald
2.7 m 399 34.1 11.7
2.1 m 122 11.7 10.4
other 74 8.7 8.5

continued on next page
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Table 4: Continued

Telescope Citations Papers C/P

Crimea
2.6 m 35 13.0 2.7
other 71 35.0 2.0

Las Campanas
2.5 m 459 39.3 11.7
other 303 27.9 10.9

Wyoming IR Obs 50 1.5 33.3
Bappu 2.3 m 14 8 1.8
Steward Observatory

2.3 m 181 18.7 9.7
other 20 4.0 5.0

Xingliong 2.2 m 194 25.7 7.5
Pic du Midi

2.2 m 35 9.6 3.6
other 1 2.0 0.5

Catanea 2.2 m 42 15.0 2.8
Casleo 2.15 m 116 32.8 3.5
San Pedro Martir

2.1 m 105 21.8 4.8
other 19 7.2 2.6

Eastern 2 m Class1 154 47.6 3.2
Obs. Haute Provence

1.93 m 306 27.5 11.1
other 116 20.7 5.6

South Africa
1.9 m 172 28.6 6.0
other 231 42.0 5.5

David Dunlop Obs. 1.9m 64 9.2 7.0
NOAO Japan

1.88 m 111 12.1 9.2
other 19 5.3 3.6

Dominion Astroph. Obs.
1.85 m 33 9.3 3.6
other 0 0.9 0.0

Special Purpose Facilities
SDSS 3271 80.3 40.7
2MASS 1344 91.7 14.7
DENIS 146 14.7 9.9
Schmidt Surveys 1574 96.3 16.3
Microlens Searches 1017 70.4 14.4
Automated Photometrics Tels. 269 44.5 6.0
Refractors, meridian circles,
and Interferometers 253 24.8 10.2
1.5–1.82 m 380 102.2 3.7
≤ 1.5 m 1907 344.9 5.5
Unidentified 426 43.6 9.8

TOTAL OPTICAL 51916 4381.5 11.8
1 Bulgaria, Azerbaijan, Ondrejov, Terskol, Tautenberg, and Maidanak.
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Table 5 Radio, millimeter, and submillimeter papers (2001 + 2002) and citations (2002–2004 + 2003–2005).

Facilities Citations Papers C/P

INTERFEROMETERS, PARTS USED SEPARATELY, AND SINGLE DISHES

Very Large Array 5634 380.9 14.8
VLBA + component dishes 809 69.9 11.6
Arecibo 636 56.4 11.3
Greenbank (all) 308 25.6 12.0
DRAO 88 14.1 6.2
Other W. Hemisphere 81 18.5 4.4
Aust. Tel. Compact Array 962 89.6 10.7
Parkes 1164 68.1 17.1
Australia other + DSN 148 22.2 6.7
Merlin 326 38.0 8.6
Jodrell Bank (all) 153 14.5 10.5
Ryle 49 6.5 7.5
Eur. VLBI Network 150 19.3 7.8
Westerbork 447 37.2 12.0
Effelsberg 355 38.7 9.2
Puschina 36 12.3 2.9
RATAN 600 26 12.2 2.1
Other European 369 75.5 4.9
GMRT + Ooty 98 24.0 4.3
Other Asian 81 19.5 4.2
VLB other ground 69 12.6 5.5
HALCA (satellite) 29 4.0 7.3

Class total 12018 1060 11.34

COSMOLOGY AND COSMIC MICROWAVE BACKGROUND STUDIES

COBE (satellite) 423 25.2 16.8
Boomerang 610 12.4 49.2
Maxima 570 8.3 68.7
DASI 607 5.7 106.5
Other CMB 365 17.0 21.5
3C, 6C, 7C 229 16.6 13.8

Class total 2804 85.2 32.9

MILLIMETER AND SUBMILLIMETER FACILITIES

NRAO 12 m 400 25.2 11.9
Caltech Submm. Obs. 273 19.3 14.2
Five Coll. Rad. Ast. Obs. 308 21.3 14.5
Owens Valley Rad. Obs. 472 42.7 11.0
Berkeley-Illinois-Maryland Array 566 39.2 14.4
SWAS (Satellite) 170 14.6 11.6
JC Maxwell Telescope 1951 102.2 19.1
IRAM 30 m 1108 73.0 15.2
IRAM Interferometer 361 24.7 14.6
Swedish-ESO Submm. Tel. 305 35.9 6.9
Heinrich Hertz 65 10.1 6.4
Nagoya 4 m 84 16.1 5.2
Nobeyama 45 m 199 34.0 5.9
Nobeyama Interferometer 72 12.9 5.6
Antarctic Submm 40 5.3 7.6
Other mm/submm 342 25.4 13.4

Class total 6726 501.9 13.4

RADIO TOTAL 21548 1647 13.08
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Table 6 Space papers (2001 + 2002) and citations (2002–2004 + 2003–2005) by satellite etc.

Facility Period of Operation Citations Papers C/P

X-Ray:

XMM-Newton 1999 Dec–present 5346 170.4 31.4
Chandra 1999 Jul–present 11929 434.6 27.5
ROSAT 1990 Jun–1999 Feb 3269 236.2 13.8
BeppoSAX 1996 Apr–2003 Apr 2181 143.3 15.2
ASCA 1993 Feb–2000 Jul 2303 171.2 13.4
RXTE 1995 Dec–present 3145 232.0 13.6
Einstein 1978 Nov–1981 Apr 154 10.6 14.5
Ginga 1987 Feb–1991 Oct 70 11.4 6.1
EXOSAT 1983 May–1986 Apr 60 5.2 11.6
Other X-ray 270 30.5 8.5

X-Ray Total 28727 1445.2 19.9

UV:

FUSE 1999 Jun–present 1415 93.1 15.2
EUVE 1992 Jun–2001 Jan 316 33.5 9.4
IUE 1978 Jan–1996 Sep 702 96.0 7.3
UIT two weeks in 1995 140 11.5 12.2
Other UV 298 41.4 7.2

UV Total 2871 275.8 10.5

Optical/IR:

Hipparcos 1989 Aug–1993 Aug 1778 148.0 12.0
MSX 1996 Apr–1997 Feb 137 12.8 10.7
ISO 1995 Nov–1998 May 4503 295.0 15.3
IRAS 1983 Jan–1983 Nov 1456 117.4 12.4
Other IR 345 20.1 17.2

Optical/IR Total 8219 593.3 13.8

Gamma Ray:

CGRO 1991 Apr–2000 Jun 1005 84.8 11.8
Mir-Kvant, etc 1987 Mar–2001 Mar 127 21.5 5.9
HEGRA ground based 219 10.8 20.3
Other space gamma missions 124 7.4 16.8
Other UHE ground facilities 332 22.2 14.9

Gamma Ray Total 1807 147.1 12.3

Solar System:

Cassini 1997 Oct–present 153 8.3 18.4
Galileo 1989 Oct–2003 Sep 495 34.2 14.5
Mars Global Surveyor 1996 Nov–2006 488 27.7 17.6
NEAR 1996 Feb–2001 Feb 294 10.3 28.5
Voyager 1979–present 96 16.5 5.8
Other Solar System 569 36.5 15.6

Solar System Total 2095 133.5 15.7

SPACE TOTAL 43674 2597.0 16.8
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