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ABSTRACT  

After 16.5 years the Spitzer Space Telescope was decommissioned on 30Jan2020. We present a look at the legacy of 
Spitzer: the 9200+ papers that have used data from the telescope and are catalogued in the Spitzer Bibliographical 
Database. Over the lifetime of this Great Observatory, cryogenic depletion and budget constraints brought on operational 
changes that in turn impacted the publication rates. This paper looks into the differences in publication rates between the 
Spitzer cryogenic and warm missions, and identifies those fields on the sky with especially high data reuse rates and 
many papers. In addition it provides a look into the citations of Spitzer fundamental papers, as well as how well authors 
identified the data they used. From data that were used once, to data that were used many times; the legacy of the Spitzer 
mission continues to grow even after the data collection has finished, and its full impact will not be known for years to 
come. 
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1. INTRODUCTION  
 
1.1 The Cryogenic and Warm Missions 

The Spitzer Space Telescope22 operated from 25 August 2003 to 30 January 2020 (6002 days). At launch the instrument 
chamber was cryogenically cooled and stayed cooled until the depletion of the liquid helium coolant in May 2009 (5.5 
years). This phase is referred to as the cryogenic mission. After the cryogen was exhausted the Spitzer Warm and 
Beyond missions (hereafter collectively referred to as the ‘warm mission’) ran from July 2009 until the 
decommissioning on January 30, 2020. During this time the passive cooling on the instrument chamber was good 
enough to operate the two shortest channels of the IRAC instrument with no loss in sensitivity. The warm mission 
budget was <1/3 that of the cryogenic mission, and the data analysis funding for observers was decreased. As part of the 
changes to run the mission on a reduced budget, larger observing programs that could span multiple years were allowed, 
which meant that there were fewer programs approved in each cycle of observations.21 See Table 1 for a summary of the 
relevant differences between the cryogenic and the warm missions. 

 Table 1. Summary of the differences between the Spitzer cryogenic and warm missions. Some Exploration Science and Frontier 
Legacy programs took 2-3 years to complete observations. The last observations in the cycle 13 Frontier Legacy programs were taken 
in the week before decommissioning. As such, the data are still too new to have any publications at all and they are included in this 
chart merely for the sake of completeness.  

   

 
 

Cryogenic Mission Warm Mission 

Instruments IRAC (3.6, 4.5, 5.6, 8.0 micron imaging) 
MIPS (24, 70, 160 micron imaging) 
IRS (5.2 to 38 micron spectra, 16 and 22 
micron imaging) 

IRAC (3.6, 4.5 micron imaging) 

Program types GTO, Legacy, GO, DDT GO, DDT, Snapshot, Exploration Science, 
Frontier Legacy 

Dates Aug 2003 - May 2009 (5.5 years) July 2009 – Jan 2020 (10.5 years) 
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Hours of science 
observations 

36,534 hours 81,188 hours 
(2.2x cryogenic mission) 

# of programs per 
cycle 

~300 ~60 

Largest program 868 hours 5286 hours (0.6 years) 

PIs 747 scientists from 38 countries 335 scientists from 22 countries 

Total Data 
Analysis Funding 
($K) 

106,560.10 37,701.60 
(35% of cryogenic mission) 

 

1.2 The Spitzer Bibliographical Database 

Spitzer maintains a bibliographical database of refereed journal articles that use data from the observatory as a primary 
source. It includes papers that use the enhanced data products produced by the Legacy and Exploration Science teams 
and hosted at IRSA (NASA/IPAC Infrared Science Archive; https://irsa.ipac.caltech.edu). Throughout this text, we use 
the word ‘paper’ to mean a refereed journal article. A human individually inspected every paper before added it to the 
database. 

All numbers in this paper were current as of 02 November 2020 unless labeled otherwise. At that time, the database 
contained 9,200 papers, there were 463,515 citations to those papers and the H-index was 245 (as calculated by ADS 
using Hirsch’s h-index). There were ~4,300 unique first authors of those papers, and ~15,000 unique authors overall. At 
present, the publications database grows at a rate of ~1.5 papers/day. For more information about the publications 
database please see Scire (2010)19, Scire (2014)18, and Scire (2018)17. 
 
1.3 Accuracy of Citations 

To find every paper that uses Spitzer data in the literature, we do both 1) a full text search in ADS (Astrophysics Data 
System; https://ui.adsabs.harvard.edu/)  using the name of the observatory, instruments, Legacy and Exploration Science 
programs, and 2) track those papers which cite the Spitzer fundamental papers or acknowledge Spitzer in the 
acknowledgements section. Of the two methods, the full text search produces the best results, instead of relying on 
authors to correctly cite their work. While the SSC requests that all authors using Spitzer data include an 
acknowledgement; not all authors comply.  Figure 1 shows the fraction of papers which correctly cite one of the 
fundamental papers for the telescope, instrument, Legacy programs and Exploration Science programs or use the Spitzer 
acknowledgement statement as a function of time since the beginning of the mission.  Since 2012 only ~60% of papers 
that use data from Spitzer cite one of these fundamental papers or use the acknowledgment statement correctly.  

In Table 2 we compare the number of papers that cite the fundamental papers for the telescope and instruments with our 
count of the total number of papers which actually use data from those sources.  Citation rates to fundamental papers do 
not correspond closely with the number of papers that use data from Spitzer, in some cases being off by as much as a 
factor of >5.  This leads us use the full text search as the primary method of finding papers.  Of the four fundamental 
papers listed in Table 2, IRS data users were the closest to having all authors cite the original IRS article. 

We do also look through those articles which cite the fundamental papers to try to find articles for certain programs that 
have acronyms that produce too much noise (e.g., are too commonly used) when performing a full text search (e.g. 
SIMPLE23, SEDS11), but since citation rates to fundamental papers do not correspond closely with which papers use data 
(Table 2), we know we are under-counting papers from these programs. 
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Figure 1: Did a paper that used data from Spitzer cite at least one of the telescope, instrument, Legacy, or Exploration 
Science fundamental papers or use the acknowledgment statement correctly? Since 2012, just ~60% of papers that use data 
from Spitzer cited one of these items. 
 

Table 2. A list of the four most cited Spitzer fundamental papers (the telescope and instruments) and how well the citations 
to those papers match the papers that used relevant data. All numbers in this table are from 05 November 2020. Some papers 
from Spitzer cited one of the fundamental papers from the Legacy/Exploration Science Programs in lieu of the papers listed 
below. Those fundamental papers are not included in this table. Of the three instruments, IRS has the best correlation 
between papers that cite the IRS fundamental papers and papers that use IRS data. 

Fundamental Paper Total number of 
citations to that 
paper 

Total papers that use 
relevant Spitzer data and 
cite this paper 

Total number of 
papers that use 
relevant data 

Spitzer: 2004ApJS..154....1W 2245 1614 9200 

IRAC:   2004ApJS..154...10F 2536 2119 7138 

IRS:      2004ApJS..154...18H 1293 1012 1908 

MIPS:   2004ApJS..154...25R 1703 1427 4354 

 

Each paper is matched to the data it uses. Most papers (75-85%) include enough information to identify the data used to 
a relatively high degree of confidence but approximately 12% to 18% of papers do not (Figure 2). In those cases the 
papers were linked to all possible observations that could have been used or to no observations at all. 
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Figure 2: How well are the papers matched to the data they use? Most (75-85%) papers include enough information to 
identify the data used to a relatively high degree of confidence (‘Exact match’, ‘Pretty good’). Approximately 12% to 18% 
of papers do not (‘Bad’, ‘Very Bad’). ‘Pretty Good’ papers are ones where a search on the target returned a few (~2-4) 
observations that could have been used, but the author did not provide enough information to narrow it down further. ‘Bad: 
linked to all data the author had access to’ includes papers where the authors specified a target, but that target was observed 
many times throughout the mission and it was not possible to narrow down which observation (or perhaps all of them) the 
author used given the information in the paper. In this case the paper was linked to all possible observations the author had 
access to when the paper was written. The ‘Very Bad: Unlinked’ category includes papers that definitely do use data from 
Spitzer but do not include a target list, which instrument was used, or other rudimentary information. These papers are not 
matched to any data. ‘Other’ papers reference an older paper when talking about which observations were used, so the 
match is only as good as the older paper. This graph only includes data from 2008 and 2020 because those are the only two 
years for which this classification is complete. 
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2. PUBLICATION GRAPHS  
2.1 Basic Graphs 

 
Figure 3: The number of refereed journal articles that used Spitzer data as a primary source per year. The blue bars are 
papers that used cryogenic mission data taken before depletion of cryogen in May 2009, and the red bars are papers that 
used warm mission data taken after the depletion of cryogen. Warm papers may also have used cryogenic data. This plot 
includes papers that use the enhanced data products from the Legacy/Exploration Science programs. Even though there are 
2.2x more hours of warm data than cryogenic data, there are significantly fewer warm mission papers. 

 

Figure 3 shows a histogram of the number of refereed journal articles that use Spitzer data as a function of time since the 
beginning of the Spitzer mission. Blue histograms show articles that use cryogenic data only, and red histograms are for 
warm data (or warm and cryogenic together). The number of papers per year peaks in 2012 (744 papers), 2.5 years after 
the cryogenic mission ended. After 2012 there is a slow decrease in total papers such that in 2019 there were 533 papers 
published that use data from Spitzer. Even though there are 2.2x more hours of warm data than cryogenic data, there are 
significantly fewer warm mission papers. However, if one look at the percentage of exposure time published (Figure 4) 
one can clearly see that the warm data are getting published and re-published. We examine why the publication rates are 
so different by delving into the differences between the missions. 
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Figure 4: Percentage of exposure time published grouped by instrument (left-hand side) or observing cycle (right-hand side). 
Most data get published at least once (though there is a natural delay between observation and publication), and a significant 
fraction get published many times. Calculated by checking every observation to see how many times it has been published, 
then normalizing by the observation duration. Cycles refer to how the observations were broken up in the operations 
database. GTO phase 1, Original Legacy Science and Cycle 1 together make up the first ~2 years of the mission. All 
program types including GTO and Legacy are included in the bars for cycles 2 and up.  The data taken in cycles 12, 13 and 
14 are still relatively new and observers are still working on publishing. The last cycle 11 observation occurred on 04 July 
2017 (3.3 years ago). 

 
 

2.2 Data Reuse in Spitzer Publications 

Data reuse by multiple authors in many papers is extremely high for some Spitzer programs. As an example consider the 
Spitzer Extragalactic First Look Survey20, a Director’s Discretionary Time program observed in December 2003. It had 
62.56 hours of observations, and to date 111 papers have been published that use data from this program. Some papers 
use all the data, some papers only use part of it, but the same data are used over and over again in multiple papers. 
Together, these 111 papers use 4758.6  hours of data from this program (this includes papers using the enhanced 
products produced by the observing team and housed at IRSA) (the same hour of data published in two different papers 
equals 2 hours of data published). This leads to a reuse factor calculated in the following way: 
 

 Hours published / Hours observed = 4758.6 hours / 62.56 hours = 75.9    (1) 
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By putting the data and the ready-to-use enhanced products in a well-documented and advertised archive, the 
‘usefulness’ of the data has been amplified 75.9x for this program. Figure 5 shows a list of programs with the highest 
usefulness. 
 
 

 
Figure 5: Reuse factor (hours published divided by hours observed) for all Spitzer programs where that number is greater 
than 50 (see text).  Extragalactic surveys get used the most frequently. Programs are sorted by cycle, with the oldest data at 
the top and the newer data at the bottom. Program labels are: program acronym or title (field on the sky), principal 
investigator’s last name. Color-coding is by science category as shown. Programs where the data were broken up into 
chunks by field on the sky for bookkeeping purposes are listed individually by field. This chart includes all usage of 
enhanced data products. For more information about the individual programs see: 
https://irsa.ipac.caltech.edu/data/SPITZER/docs/spitzermission/observingprograms/.  

 

In Figure 5 most of the programs that have the heaviest data reuse rates have the science category ‘extragalactic: high-z 
galaxies’ e.g. they are extragalactic survey fields. In fact, the cycle 2 SCOSMOS16 observations have a higher use rate 
than that of the GOODS6 CDFS (Chandra Deep Field South) or HDFN (Hubble Deep Field North), even though those 
observations were taken two years before the SCOSMOS observations. All three of these fields have a large amount of 
complementary data from other observatories available. Among the various SWIRE14 fields, some fields are more 
popular than others, even though all the data for SWIRE was taken at roughly the same time. This may be due in part to 
the amount of complementary data from other observatories available. 

Some notable non-extragalactic surveys included in Figure 5 include the galactic plane surveys GLIMPSE 5, GLIMPSE 
II 4, GLIMPSE 3D1 and MIPSGAL3, the surveys of the Large and Small Magellanic clouds (SAGE 15 and SAGE-SMC 
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12), and three of the Cores to Disks (C2D)7 fields (Ophiuchus, Perseus and Serpens). Also of note is the GTO IRAC 
Trapezium and NGC 2024 observations (total duration: 2.1 hours)8. 

 

 
Figure 6: Spitzer cryogenic programs with > 150 papers, and Spitzer warm mission programs with > 50 papers. See text for 
discussion. The solid bar is the number of papers that use data from the program; the axis label is on the bottom. The outline 
bar is the number of papers divided by the number of hours of observations, to give the papers per hour of data for each 
program; the axis label is on the top. Programs are sorted with the oldest data at the top and the newest data at the bottom, 
and color-coded by galactic (red) and extragalactic (blue). For more information about the individual programs see: 
https://irsa.ipac.caltech.edu/data/SPITZER/docs/spitzermission/observingprograms/. 

 

While SCOSMOS has the highest hours published / hours observed rate, the Spitzer program that generates the largest 
total number of papers is GLIMPSE I (the survey of the middle third of the galactic plane) (Figure 6). For the 
extragalactic fields, people rarely use only a portion of the data, but it is more common for them to use all of the data 
together because in an extragalactic field a single observation has no meaning and authors stack all the observations on 
top of each other to reach the required depth. For observations in the galactic plane, however, authors are more likely to 
use a portion of the data, e.g., mosaics or catalogs of one object or region, which means that they are only using a couple 
hours of data instead of 500 hours at once. This is also true for the Spitzer Infrared Nearby Galaxy Survey (SINGS)13. 
Authors using SINGS data generally only use the data for their one galaxy, instead of the entire survey. This leads to a 
lower value of hours published / hours observed (49.8 - which just missed the threshold for Figure 5), but when you plot 
the number of papers, it has the second most of any Spitzer program (732). For a list of the programs that generate the 
most papers for Spitzer, see Table 3. 

A number of GTO Phase 1 programs have high papers per hour of data rates. Before launch the Legacy programs were 
selected first, and then the guaranteed time observers (GTOs) selected their targets, and finally the general observers 
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(GO) submitted their proposals. This had the effect of concentrating many of the interesting and easy observations of 
small fields into GTO Phase 1. In addition, allocations on these programs are much smaller than in the Legacy programs, 
so it is much easier for them to end up with a higher papers per hour of data rate (a five-minute observation that is used 
in one paper has a papers per hour of data rate of 12). 

 
Table 3: The Spitzer programs whose data were used in the largest number of papers. Data from GLIMPSE I was used in 
11.2% of all Spitzer papers, but it is only 0.35% of all Spitzer science data taken. Papers that used data from these programs 
may have used data from other programs as well. MIPSGAL and SCOSMOS are both cycle 2 Legacy programs, the rest of 
the programs listed are from the Original Legacy call from before launch. 

 Program Papers % of all Spitzer 
papers 

Hours Observed % of all Spitzer 
science data 

GLIMPSE I 1029 11.2% 410 0.35% 

SINGS 732 8.0% 512 0.43% 

MIPSGAL 616 6.7% 573 0.50% 

GOODS 599 6.5% 655 0.56% 

C2D 570 6.2% 413 0.35% 

SWIRE 513 5.6% 868 0.74% 

SCOSMOS 491 5.3% 627 0.53% 
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2.3 Instruments 

 
Figure 7: Total Spitzer papers by instrument (top) and papers per hour of data rates by instrument (bottom). Although IRS 
data constitute 40.8% of the data taken in the cryogenic mission (IRAC Cryo was 27.1% and MIPS was 32.1%), IRS has the 
lowest papers per hour of data rate of the three cryogenic instruments. MIPS and IRS were decommissioned in May 2009. 
For the bottom graph, IRAC has been separated into cryogenic and warm missions, because they behave very differently 
publications-wise. IRAC Warm only includes observations prior to cycle 12, as the newer data are still being worked on by 
observers (Figure 4).  

 

Spitzer’s imaging instruments IRAC and MIPS have much higher papers per hour of data rates than its spectrograph, 
IRS (Figure 7). Imaging data can contain multiple objects in the same frame, and each object can end up being its own 
paper. In addition, the imaging data are sometimes used more casually as background images for X-ray or radio contour 
lines, or effectively as finding charts of an area. The spectra, on the other hand, are of one object each, and papers that 
use IRS data tend to be analyzing the spectra and talking extensively about spectral features. Since the spectra are used 
less casually than imaging data, it is possible that this is why citations to the IRS fundamental paper are correlated better 
with the papers that use IRS data (Table 2). Spectra do tend to provide more information about the physics of an object 
being studied and so can be very scientifically valuable, but they tend to have lower data reuse rates. 
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2.4 Science Categories 

In addition to the warm mission having larger programs, fewer PIs, and less data analysis funding, it turns out that the 
science for which the two channels of warm IRAC are most useful do not produce a lot of papers. In the warm mission 
there was a dramatic increase in the number of time domain studies. These studies require looking at the same object 
many times over years, or staring at one object for long periods of time to get a light curve, and might result in just one 
or two papers.   

 

 
Figure 8: Warm mission science categories with more than 40 hours of observations. Many of these programs were studying 
time variability (e.g., exoplanet transits) that result in few papers. This graph is limited to observations prior to cycle 12, as 
the newer data are still be worked on by observers (Figure 4). The outline bar is papers per hour of data with the axis label 
on the top, the solid bar is hours of observation with the axis label on the bottom. For science categories with few hours of 
observations, the papers per hour of data number has a larger uncertainty. The papers per hour of data rate is heavily 
dependent on the length of the observations. 

 

In the Spitzer warm mission most of the hours of observations fell into one of three science categories: extrasolar 
planets, brown dwarfs and high-z galaxies (Figure 8). The extrasolar planet and brown dwarf observations were mostly 
targeted transit observations and phase curves. Each observation was ~10-100 hours in duration in one wavelength on 
one target. The re-publication rates for high precision photometry measurements like these are fairly low, and tend to 
come from someone developing a new reduction technique and re-reducing the data. The two longest observations in 
these categories were 21 and 22 days long and only produced a few papers – however one was the observation of the 
TRAPPIST-1 system9 that resulted in a headline on the front page of New York Times10 and a Google doodle. The total 
number of papers and papers per hour of observation rate are not the only metric of scientific merit of an observation. 

The extragalactic surveys in the warm mission (cycles 6-11) consist of over 15,000 hours of observations. The cryogenic 
extragalactic surveys could produce results from seven wavelengths of data from Spitzer alone, and so there were papers 
produced that only used Spitzer data. In the warm mission these surveys are only providing two wavelengths of data and 
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they are almost always published in papers in conjunction with other data from other observatories. In fact, the largest 
Spitzer program (allocated 5286 hours, cycle 13, observations taken Nov 2016 – Jan 2020) is intended to “enhance the 
cosmological constraints provided by Euclid and WFIRST (Roman Space Telescope)” 2, neither of which has launched 
yet. Those data will most likely not be used in large quantities for 5 to 10 years. 

The cryogenic mission tended to have much shorter observations and significantly fewer time series data. If you 
compare the papers per hour of data rate for brown dwarfs in the warm mission to that in the cryogenic mission (Figures 
8 and 9) one can see that that rate is very different. In the warm mission brown dwarf observations were generally ~24 
hours long and produced a light curve used to understand the atmosphere of the brown dwarf as it rotated. In the 
cryogenic mission brown dwarf observations were more focused on getting photometric detections or spectra for the 
objects, and so each target took less than an hour and could produce up to seven different photometric points and a 
spectrum. 

 

 
Figure 9: Cryogenic mission science categories with more than 65 hours of observation. Many of these programs obtained a 
lot of (single-epoch) data in very little observing time, much of which could be used and re-used, producing more papers. 
The outline bar is papers per hour of data with the axis label on the top, the solid bar is hours of observation with the axis 
label on the bottom. For science categories with fewer hours of observations, the papers per hour of data rate has a larger 
uncertainty. The papers per hour of data rate is heavily dependent on the length of the observations. 
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3. CONCULSIONS 
Bigger programs can sometimes mean fewer papers, but it depends on the observation duration and the science. 
While there is upfront cost to acquiring the data for the Legacy and Exploration Science programs and 
producing enhanced products for them, once acquired they produce papers over a very long period of time. 
Placing data into an archive with ready-to-use data products, clear documentation, and good advertising within 
the community can increase the rates of data reuse.  

Spitzer’s papers come from high rates of data reuse in the galactic plane, the extragalactic survey fields with 
lots of complimentary data (COSMOS, CDFS, HDFN), the Large and Small Magellanic Clouds and other 
nearby galaxies. The data taken early in the Spitzer mission are still very heavily used. Spitzer’s spectrograph 
has a lower papers per hour of observing time rate than its imaging instruments. In addition to fewer programs, 
fewer PIs and reduced data analysis funding, the science that the two channels of warm IRAC did most 
frequently was time variability, which simply does not produce a lot of papers. The warm mission observations 
tend to be longer in duration then the cryogenic mission observations. All of these factors combine to lead to a 
lower papers per hour of observing time rate for the entire warm mission. We caution that the number of papers 
published per hour of observation is not the only way to evaluate the effectiveness of an archive, as can be seen 
by the IRS, exoplanet and warm mission brown dwarf observations, which are seen as very scientifically 
valuable, but do not produce a large number of papers and may take a lot of observing time.   
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