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COsmic Background Explorer 

•  COBE Satellite, 1989-1995 
•  FIRAS & DIRBE -   < 1 year 
•  DMR -    ~4 years 
•  COBE’s motion => scanning the 

sky with DMR 
–  Near-Earth orbit 
–  “Bore” angle - 30 deg 
–  Spin period - 73 sec 
–  “Precession” angle - 86 deg 
–  Precession period - 104 min 



DMR	
  scans	
  the	
  sky	
  

Galac9c	
  Frame	
  

Eclip9c	
  
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	
  observa9ons	
  
-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
*Time	
  stream	
  of	
  numerous	
  	
  difference	
  	
  
measurements	
  of	
  δT	
  	
  at	
  celes9al	
  points	
  	
  
separated	
  by	
  60	
  deg	
  inverted	
  into	
  a	
  best	
  	
  
fiRng	
  sky	
  map	
  

1hr	
  

1day	
  

1year	
  



COBE-DMR Legacy Data 

31,	
  53,	
  90	
  GHz	
  
channels	
  –	
  
two	
  maps	
  	
  
in	
  each	
  
	
  
6144	
  	
  
2.6deg-­‐pixels	
  
on	
  full	
  sky	
  
	
  
FWHM	
  ~7	
  deg	
  
	
  
~1000	
  	
  
spa9ally	
  	
  
independent	
  
δT	
  es9mates	
  
per	
  map	
  
	
  
“somewhat”	
  noisy	
  



…  COBE-­‐DMR	
  delivers	
  in	
  1992	
  

!	
   nn	
  n	
  



Ned	
  et	
  al.	
  1992,	
  Sept.	
  1,	
  ApJ(Leb)	
  	
  
DMR	
  “big	
  stuff”	
  paper	
  –	
  

InterpretaQon	
  of	
  the	
  detected	
  
CMB	
  anisotropy	
  	
  



Where are those primordial fluctuations in the CMB anisotropy maps that we are looking at … 

For this “Planck-like” 
(i.e. FWHM~5arcmin) 
CMB anisotropy map 
the primordial content 
of only  
the ~scale-invariant, 
Gaussian distributed, 
curvature perturbations  
would lead to a dT/T  
imprint shown below 
(note the same phases 
of the large angle dT/T)  



AAS	
  Abstract,	
  1993	
  
Ned’s	
  1994	
  power	
  spectrum	
  paper	
  



Ned’s	
  1996	
  ul9mate	
  	
  
DMR	
  power	
  spectrum	
  paper	
  



My	
  1996	
  ul9mate	
  	
  
DMR	
  power	
  spectrum	
  

paper	
  

DMR	
  CMB	
  anisotropy	
  	
  
2-­‐parameter	
  likelihood	
  surface	
  

Afer	
  this	
  having	
  been	
  sebled	
  we	
  could	
  go	
  back	
  to	
  the	
  maps	
  to	
  squeeze	
  out	
  a	
  lible	
  bit	
  more	
  …	
  	
  	
  



Last scattering surface according to COBE-DMR 



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

This	
  model	
  was	
  vetoed.	
  
DMR	
  brought	
  about	
  the	
  days	
  	
  
when	
  	
  
“Biased	
  Cold	
  Dark	
  Maber	
  Model”	
  
	
  	
  died.	
  

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

ΩCDM=1,	
  biased	
  CDM	
  model	
  

ΩCDM=1,	
  unbiased	
  CDM	
  model	
  
Good	
  fit.	
  	
  



“Necessity	
  is	
  the	
  
mother	
  of	
  
invenQon”	
  	
  

Before	
  COBE-­‐DMR	
  was	
  over,	
  
Ned	
  moved	
  on,	
  and	
  (surprise?)	
  
hit	
  the	
  nail	
  	
  right	
  on	
  the	
  head	
  …	
  
	
  
Wright,	
  Hinshaw,	
  Benneb	
  1996	
  
paper	
  demonstrated	
  feasibility	
  
of	
  making	
  mul9-­‐million	
  pixel	
  
CMB	
  anisotropy	
  maps	
  from	
  	
  	
  
massively	
  scaled	
  up	
  
measurements	
  conducted	
  
a	
  la	
  DMR.	
  
	
  
This	
  was	
  essen9al	
  for	
  suppor9ng	
  
the	
  bid	
  for	
  high	
  resolu9on	
  CMB	
  
anisotropy	
  instrument	
  to	
  follow	
  
COBE-­‐DMR	
  in	
  space.	
  
	
  
That	
  proposed	
  instrument	
  was	
  
MAP,	
  to	
  become	
  later	
  WMAP.	
  
	
  
But	
  that’s	
  another	
  story	
  …	
  
	
  
	
  



Post-­‐2003	
  
Pre-­‐Planck	
  

microwave	
  sky	
  
	
  

the	
  great	
  WMAP	
  
mission	
  
and	
  its	
  
sky	
  maps	
  

at	
  
22-­‐94	
  GHz	
  



30 GHz 44GHz 70GHz 

100 GHz 143GHz 217GHz 

353 GHz 545GHz 857GHz 

Planck	
  2013	
  Maps	
  of	
  the	
  microwave	
  and	
  sub-­‐mm	
  Sky	
  





So,	
  needless	
  to	
  say,	
  I	
  got	
  very	
  excited	
  
when	
  I	
  found	
  this	
  on	
  the	
  web	
  …	
  	
  

Sadly,	
  it	
  is	
  (was)	
  not	
  this	
  event	
  …	
  



So,	
  Ned	
  –	
  
	
  	
  

May	
  Your	
  “SOUND	
  OF	
  SILENCE”	
  
Be	
  	
  

Thunderous,	
  
	
  Long,	
  
and	
  

BeYer	
  than	
  Ever!	
  


