
Reminiscence of COBE

CMB@60 Meeting, Turin, IT, May 28-30, 2025

Krzysztof M. Gorski
Nicolaus Copernicus Academy

Warsaw, Poland
(on Senior Research Scientist Leave from JPL/Caltech)



2025 is the 60-th  Jubilaeus Annus for the discovery of the Cosmic Microwave Background.
Over 6 decades a number of remarkable experiments explored the CMB sky, 

including 3 successful satellite missions (these in just over 2 decades of time span).
How and what have we learned?       

This is the COBE part of the story …



“A Measurement of Excess Antenna Temperature at 4080 Mc/s”
Penzias & Wilson, Astrophysical Journal, vol. 142, p.419-421, 1965

(1/2) 1978 Nobel Prize

From 1965, Discovery of the CMB,   to 1978, 2*1/4 Nobel Prize (shared with P. Kapitsa)



In the meantime … a brief calendarium
• 1974 NASA releases Announcement of Opportunity for SMEX or MIDEX

• 21 responses received, 3 proposals focused on CMB 
• All 3 Lose competition to IRAS

• 1976 – NASA forms a committee of members from those 3 CMB focused 
instrument proposals to develop a concept to integrate them into a single 
space mission 
• 1977 – COsmic Background Explorer concept emerged (for either a Delta 

5920-8 or Space Shuttle launch); integrated concept comprised
• FIRAS – Far Infrared Absolute Spectrophotometer (PI Mather)
• DIRBE – Diffuse Infrared Background Experiment (PI Hauser)
• DMR – Differential Microwave Radiometer (PI Smoot)

• (1979-1980) – next page on project definition etc.
• 1988 – original Space Shuttle launch plan; Challenger tragedy delayed 

that; COBE was strongly redesigned (50% weight reduction!), and
• 1989 – on Nov. 18 COBE was launched on a Delta rocket



R. Weiss’ master class in project definition and description 
Physica Scripta. Vol. 21,670, 1980 
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As described in the paper by John Mather and Tom Kelsall, the 
COBE (Cosmic Background Explorer) project is designed to 
make a substantial improvement in our knowledge of the con- 
dition in the universe at large red shifts. The focus of the 
mission is to study attributes of the primeval cosmic back- 
ground radiation and to set limits on the universal radiation 
energy density at shorter wavelengths - radiation emanating 
from distant sources but at later times than the primeval 
fireball. In introducing the accompanying paper, I thought 
it might be worthwhile to describe the scientific strategy driving 
the COBE mission. 

The COBE mission has been under study since 1974 by a 
team of scientists consisting of S. Gulkis (Jet Propulsion Labora- 
tory), M. Hauser (NASA Goddard Space Flight Center), J.  
Mather (NASA), G. Smoot (University of California, Berkeley), 
R. Weiss (MIT), and D. Wilkinson (Princeton). The team 
members have been involved in ground based, balloon borne 
and airborne experiments to measure the background radiation 
and are keenly aware of limitations of these platforms and the 
arguments in favor of a space borne experiment. It is worth 
repeating these arguments: 

(1) Freedom from atmospheric emission and fluctuations 
in the emission. 

(2) Full sky coverage with a single instrument. 
(3) A benign and controlled thermal environment to reduce 

systematic errors. 
(4) The ability to perform absolute primary calibration in 

flight without the necessity of windows to avoid condensation 
of the atmosphere on calibrators and instruments. 

(5) Sufficient time both to perform tests for systematic 
errors and to gain the increase in sensitivity permitted by 
extended observation time. 

In planning the COBE mission, the team came to know the 
peculiar difficulties of carrying out a space mission. Aside from 
the ever present problem of maintaining the project within an 
assigned budget, the mission had to be designed so that it would 
still be the “right thing to do” in the field after the 5 to 10 
years it takes between initial planning and execution. One had 
to anticipate the progress that could still be made by using 
other platforms and blend this with the fact that in the space 
mission one would be dealing with technology that was 3 to 
5 years behind the state of the art (to allow time for space 
quahfication). 

In an interim report to NASA in 1977, the conclusion of the 
team was that the technology was sufficiently advanced and the 
instrument systematic noise sources were well enough 

understood or controllable so that the major limitation in a 
space mission to perform precision measurements of the back- 
ground would be the “noise” produced by the local astro- 
physical environment. The complement of instruments chosen 
for the mission, as well as the need for full sky coverage and 
extended observation time, are based primarily on the hope 
that the local astrophyisical “noise” can be discriminated from 
the cosmic background by its peculiar set of spectra and aniso- 
tropic angular distribution. In the COBE mission, the data 
from one instrument truly serves to enhance the value of that 
from another. Examples of this are discussed in the 
accompanying paper. 
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COBE Science Team early on



… and eventually there was COBE’s turn …

Nobel prize in Physics, 2006, awarded to 
John Mather and George Smoot

“for their discovery of the blackbody form 
and anisotropy of the cosmic microwave 

background radiation”



So some of it - the COBE Science Team – went to Stokholm



Slimmed down COBE readies for launch



Original satellite concept, and the actual flight version



From COBE’s Low Earth Orbit 
DMR scans the sky

Galactic Frame

Ecliptic
Frame

Full sky scan every ~1/2 year

Nobs symmetrized full sky scan every year

Release maps made* from 
1, 2 and 4 years of observations
----------
*Time stream of numerous  difference 
measurements of δT  at celestial points 
separated by 60 deg inverted into a best 
fitting sky map

1hr

1day

1year



COBE-DIRBE early on 



DMR – patiently integrates the sky signals … 
everyone (of those interested) – impatiently awaits

3-month worth of data integrated into these sky maps (with the dipole signal included (left) and removed (right) 



“Satellite produces 'disturbing' lack of evidence”  - 17.04.1990

• A space probe exploring the evolution of the universe has produced a 'disturbing' lack of evidence 
to explain the uneven distribution of galaxies through the cosmos, scientists said Tuesday.

• While preliminary data from COBE continues to support the 'big bang' theory of the universe's 
creation, the information gathered so far has failed to explain its current 'lumpy’ formation.

• 'The smoothness is disturbing us a lot. At this point we're beginning to expect little warts and 
dimples to appear,' said David Wilkinson, a professor of physics at Princeton University.

• The $160 million orbiting space probe was designed to answer fundamental questions about the 
formation and evolution of the universe by collecting data about faint radiation left over from the 
big bang explosion.

• Scientists theorize the universe exploded into existence 15 billion years ago in a hot, dense fireball 
that instantly began expanding in all directions.

• … scientists … said the data collected so far by COBE appears consistent with those theories.
• BTW: … scientists also released a new color photograph of the Earth's home galaxy, the Milky Way 

… 'This thing … is spectacular. I mean that's wonderful,' said Wilkinson ... 'My God, it's as though 
you were in Andromeda taking a picture of our galaxy.’ (  - the DIRBE pictures of the Galaxy)

• 'One year or two years from now, if those pictures are still looking smooth at the accuracies we'll 
have then, then there's real trouble. Then there's real big trouble,' said Wilkinson.

Rob Stein, UPI Science Editor, after “Wilkinson spoke at a news conference at an American Institute of Physics meeting 
about the latest results from COBE, an ultra sensitive satellite launched in November 1989 on a two-year mission.”



Finally, one year of measurements yielded sky maps that 
allowed to render this priceless COBE-DMR discovery picture 

of  CMB anisotropy released by NASA in April, 1992



COBE-DMR

• 1 year of data, CMB anisotropy 
extracted by 3 frequency band Internal 
Linear Combination 

• Very noisy, hence heavily smoothed – 
and still noisy

• Allegedly:
• “most discernible patterns not real 

structures, but noise features”,
• “only statistical assessment of 

signal reliable”

Planck  

• Full data set, CMB anisotropy 
extracted from component 
separation of all 9 frequency maps

• Heavily smoothed to match 
(approximately) the DMR picture 
above

• Hence – essentially noiseless



COBE-DMR data set, (multiple versions of) 6 full sky maps 
31, 53, 90 GHz channels with FWHM ~7 deg bams – two maps in each;         6144 2.6deg-pixels on full sky

~1000 spatially independent δT estimates per map;                                                 “somewhat” noisy



Emergence of COBE-DMR measurements in the form of multi-frequency, digitized full sky maps  
forced a rapid modernization of  CMB data analysis techniques 

(scans of my “historical” transparencies from ~30 years ago)



“Astrophysical Noise” from Ray’s 1979/80 piece – 
DMR’s CMB temperature anisotropy foregrounds



AAS Abstract, 1993
Ned’s 1994 power spectrum paper



Finally giving up on the “blue”  
DMR power spectrum

Ned’s 1996 ultimate 
DMR power spectrum paper



My 1996 ultimate 
DMR power spectrum paper

DMR CMB anisotropy 
2-parameter likelihood 
surface

After this having been settled we could go back to the maps to squeeze out a little bit more …  



l -by-l  CMB Anisotropy Spectrum from the 4yr COBE-DMR data

These models were vetoed.
DMR killed the (b~2.5)
“Biased Cold Dark Matter 
Model”.

Example of CDM+Λ  model;
Fitted DMR OK, but worse than those 
without enhanced low-\ell power. 

ΩCDM=1, biased CDM model

ΩCDM=1, unbiased CDM model
Good fit. 



The best picture of 
the last scattering 

surface that we 
obtained based on 
the full 4-year DMR 

data set 



The best picture of 
the last scattering 

surface that we 
obtained based on 
the full 4-year DMR 

data set 

A few years later, 
WMAP and Planck revealed this 

This is the low angular resolution
part of the component separated 

Planck  data



After COBE …
To make progress we needed measurements with much better angular resolution, less 
noise,  colder environment and instruments, etc., etc., …

          … and we got them!                                                         … TBC with the next speakers …

~10+ years of CMB sky exploration

~500+ years of Earth exploration


