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ABSTRACT 

W e  present  pre l iminary  measurements of t h e  l i n e a r  p o l a r i z a t i o n  of t h e  

cosmic microwave background ( 3 ° K  blackbody) r a d i a t i o n .  These ground-based 

measurements are made a t  9 mm wavelength. We f i n d  no evidence f o r  l i n e a r  

p o l a r i z a t i o n ,  and se t  an  upper l i m i t  f o r  a po la r i zed  component of 0.8 m°K 

with a 95% confidence level.  This  impl ies  t h a t  t he  p re sen t  rate of expansion 

of t h e  Universe is i s o t r o p i c  t o  one p a r t  i n  10 , assuming no r e - i o n i z a t i o n  of 

t h e  pr imordia l  plasma a f t e r  recombination. 

6 

The observed cosmic microwave background r a d i a t i o n  i s  g e n e r a l l y  thought  

t o  be a r e l i c  of t h e  ho t ,  dense i n i t i a l  phase of t h e  Universe.  This  r ad ia -  

t i o n  should then have c h a r a c t e r i s t i c s  which r e f l e c t  i t s  thermal o r i g i n  and 

t h e  geometry of the  e a r l y  Universe.  

t h a t  t h i s  r a d i a t i o n  has  a blackbody (Planckian) spectrum, i s  unpolar ized ,  

The simple hot  Big Bang model p r e d i c t s  

e x h i b i t s  t h e  s t a t i s t i c a l  p r o p e r t i e s  of blackbody radiation’,  and is  i s o t r o p i c  

i n  a r e fe rence  frame co-moving wi th  the  expansion of t h e  universe .  

The spectrum of t h i s  r a d i a t i o n  has been e x t e n s i v e l y  inves t iga t ed .  The 

b e s t  experiment t o  d a t e  i s  t h a t  of D.  Woody and P. Richards.3 

r e s u l t s  q u a l i t a t i v e l y  fo l low a blackbody spectrum, they  r e p o r t  a 50 devia-  

t i o n  from t h e  bes t  f i t  blackbody curve.  

ments of t h e  angular d i s t r i b u t i o n  of t h i s  r a d i a t i o n  w i t h  r ecen t  r e p o r t s  of a 

3.5 f 0 . 4  m°K amplitude f i r s t - o r d e r  (cosine)  a n i ~ o t r o p y ~ ’ ~ .  

Although t h e i r  

There have a l s o  been many measure- 

It is thought  
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t h a t  t h i s  an iso t ropy  i s  a r e s u l t  of t h e  Doppler s h i f t  caused by t h e  motion of 

the s o l a r  system r e l a t i v e  t o  t h e  cosmic r a d i a t i o n .  I f  t h i s  i n t e r p r e t a t i o n  i s  

c o r r e c t ,  t h e  cosmic r a d i a t i o n  shows an  i n t r i n s i c  a n i s o t r o p y  of less than  one 

p a r t  i n  3000 ( 1  m"K). The p o l a r i z a t i o n  p r o p e r t i e s  of t h e  r a d i a t i o n  have been 

l a r g e l y  unexplored al though i n  t h e i r  o r i g i n a l  paper on t h e  d iscovery  of t h e  

background r a d i a t i o n ,  Penzias  and Wilson assert t h a t  t h i s  r a d i a t i o n  i s  "within 

the l i m i t s  of our observa t ions  ... unpolar ized  ... . II 6 

It i s  of g r e a t  i n t e r e s t  t o  measure t h e  p o l a r i z a t i o n  because of i ts  

p o t e n t i a l  t o  d e t e c t  and d i s t i n g u i s h  d e v i a t i o n s  from t h e  s imple  Big Bang model. 

Rees has  shown t h a t  any i n t r i n s i c  an i so t ropy  i n  t h e  cosmic r a d i a t i o n  present  

a t  t he  t i m e  of decoupling o r  last  s c a t t e r i n g  man i fe s t s  i t s e l f  as a l i n e a r  

p o l a r i z a t i o n  through t h e  mechanism of Thomson s c a t t e r i n g .  S imi l a r ly ,  a l a s t  7 

s c a t t e r i n g  by matter wi th  a l a r g e  v e l o c i t y  i n  t h e  co-moving frame produces a 

n e t  po la r i za t ion .  The p red ic t ed  p o l a r i z a t i o n  an i so t ropy  i s  h igh ly  model 

dependent,  but  i s  est imated t o  be on t h e  o rde r  of one t o  one-hundredth of t h e  

i n t r i n s i c  i n t e n s i t y  an iso t ropy .  

Recent r e p o r t s  of t h e  f i r s t  o rde r  an i so t ropy  and t h e  d e v i a t i o n s  from a 

blackbody spectrum provide added s t imu lus  f o r  i n v e s t i g a t i n g  t h e  p o l a r i z a t i o n .  

W e  r e p o r t  here  prel iminary measurements made a t  9mm wavelength covering t h r e e  

c i r c l e s  a t  northern d e c l i n a t i o n s  (6)  of 3 8 " ,  53" and 6 3 " .  

The polar imeter  is shown schemat i ca l ly  i n  F igure  1. The antenna i s  a 

dual-mode, corrugated-horn having n e a r l y  equal  ga in  p a t t e r n s  f o r  both l i n e a r  

po la r i za t ions .8  Below t h e  an tenna  i s  a Faraday r o t a t i o n  switch which 

a l t e r n a t e l y  r o t a t e s  t h e  incoming p lanes  of p o l a r i z a t i o n  from +45" t o  -45" 

a t  100 Hz. Between t h e  swi tch  and t h e  receiver i s  an  element which selects 

one of t h e  l i n e a r  p o l a r i z a t i o n s .  .Therefore,  t h e  inpu t  s i g n a l  t o  t h e  receiver 

swi tches  r ap id ly  between two or thogonal  l i n e a r  p o l a r i z a t i o n s .  The output  of 
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t h e  r e c e i v e r  i s  analyzed f o r  a s i g n a l  synchronous w i t h  t h e  swi tch ing  of t h e  

Faraday r o t a t o r .  Thus, t h e  appa ra tus  measures t h e  d i f f e r e n c e  i n  power between 

t h e  two or thogonal  p o l a r i z a t i o n  states. The informat ion  i s  d i g i t i z e d  and 

recorded on magnetic tape .  I n  a d d i t i o n ,  t h e  polar imeter  p h y s i c a l l y  r o t a t e s  

i n  45" increments around t h e  beam a x i s  a t  100 second i n t e r v a l s .  This  r o t a -  

t i o n  a l lows  u s  t o  measure both or thogonal  components of any p o s s i b l e  po la r i zed  

s i g n a l  and provides  a means f o r  d i s t i n g u i s h i n g  between e x t e r n a l  s i g n a l s  and 

imbalances i n  the  appara tus .  

The antenna (7"  beamwidth) has very low s i d e  lobes ,  such t h a t  t h e  m e a -  

sured  response  i n  a l l  d i r e c t i o n s  more than  90" from the antenna axis i s  re- 

duced by a f a c t o r  of 10 over t h e  forward gain.  The a d d i t i o n  of a ground 8 

s h i e l d  f u r t h e r  suppresses  t h e  e f f e c t s  of t h e  e a r t h ,  so  t h a t  t h e  t o t a l  in ten-  

s i t y  rece ived  from t h e  e a r t h  i s  less than 0.2 m"K. We estimate t h e  apparent  

po la r i zed  s i g n a l  r e s u l t i n g  from t h i s  ground pickup t o  be  less than 0.05 m"K. 

The Faraday r o t a t i o n  swi tch  i s  a f e r r i t e  device  and thus  i s  s e n s i t i v e  t o  

temperature  and magnetic f i e l d s .  The switch i s  temperature  c o n t r o l l e d  t o  

0.2"C and sh ie lded  a g a i n s t  e x t e r n a l  magnetic f i e l d s .  

p e r a t u r e  dependent absorp t ion  c o e f f i c i e n t  of about 5 m"K/"C. Thermal mass 

insures t h a t  t h e  f e r r i t e  temperature  does no t  change f a s t e r  than  0.3OC p e r  

hour. 

the ambient temperature  changes could no t  c o n t r i b u t e  more than 0.08 m°K 

s i g n a l  f o r  our  100 sec i n t e g r a t i o n  t i m e .  The f e r r i t e  a l s o  has  a magnetiza- 

t i o n  dependent absorp t ion  c o e f f i c i e n t .  Tests i n d i c a t e  t h a t  t h e  e f f e c t  of t h e  

e a r t h ' s  f i e l d  i s  less than 0.08 m°K a t  t h e  95% confidence level.  The receiver 

i s  a double-balanced mixer wi th  a s e n s i t i v i t y  of 100 m0K/Hz1/*, a c e n t e r  

f requency of 33.1 GHz and a bandwidth of 500 MHz. 

The f e r r i t e  has  a t e m -  

Hence even without  t h e  s m a l l  c o r r e c t i o n  w e  make i n  t h e  d a t a  a n a l y s i s ,  
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A po la r i zed  source c a l i b r a t e s  t h e  system. The source  c o n s i s t s  of a 

g r i d  of copper s t r i p s  on a t h i n  p l a s t i c  s h e e t  and a n  ambient blackbody source.  

The c a l i b r a t o r  produces a po la r i zed  s i g n a l  whose ampli tude (280°K) i s  t h e  

d i f f e r e n c e  between the  ambient blackbody source (295°K) and t h e  sky (15°K). 

The measurements were made a t  t h e  Lawrence Berkeley Laboratory (38"N 

l a t i t u d e )  during June, Ju ly ,  and August of 1978. The d a t a  a t  38" d e c l i n a t i o n  

were obta ined  by po in t ing  t h e  instrument  v e r t i c a l l y  wh i l e  t h e  53" and 63" 

d e c l i n a t i o n  d a t a  were taken by t i l t i n g  n o r t h  15" and 25" r e s p e c t i v e l y .  

We analyzed t h e  d a t a  by f i r s t  c a l c u l a t i n g  two Stokes parameters ,  

- . Thus, f o r  example, Q i s  t h e  d i f f e r e n c e  NW,SE TNE,SW Q = TNS - TEW and U = T 

i n  temperature of t h e  North-South and East-West p o l a r i z a t i o n s .  

signal-averaged i n t o  hour ly  b i n s  wi th  a 24 s i d e r i a l  hour per iod.  The l a r g e s t  

sou rce  of extraneous po la r i zed  r a d i a t i o n  i s  expected t o  be synchronous rad ia-  

t i o n  from the  galaxy. 

MHz9' lo, combined wi th  e x t r a p o l a t i o r s  of low frequency i n t e n s i t y  measurements, 

t o  estimate the  po la r i zed  s i g n a l  a t  33 GHz. 

g a l a c t i c  synchrotron s i g n a l  should be  less than 0.05 f 0.04 m"K over  a l l  t h e  

areas observed. 

F igu re  2 are a good measure of any p o s s i b l e  cosmic s i g n a l .  

t o  a cons tan t  ( D.C.)  level and per iods  of 12 and 24 hours ,  excluding t h e  

sun-contaminated po r t ion  of t h e  v e r t i c a l  (6  = 38") d a t a .  We f i n d  no evidence 

f o r  l i n e a r  p o l a r i z a t i o n  i n  t h e  cosmic background r a d i a t i o n  and set  t h e  95% 

conf idence  level limits shown i n  Table I. Table I1 summarizes t h e  c u r r e n t  

s t a t u s  of p o l a r i z a t i o n  measurements. 

Q and U are 

We have used d a t a  from p o l a r i z a t i o n  surveys  a t  820 

The po la r i zed  component of t h e  

We t h e r e f o r e  conclude t h a t  t h e  signal-averaged d a t a  shown I n  

The d a t a  are f i t  

Since a l l  measurements are c o n s i s t e n t  wi th  no o r  very  l i t t l e  po la r i za -  

t i o n ,  one must consider  t h e  p o s s i b i l i t y  t h a t  d e p o l a r i z a t i o n  mechanisms des- 

t r o y  i n t r i n s i c  po la r i za t ion .  Our c a l c u l a t i o n s  i n d i c a t e  t h a t  Faraday r o t a t i o n ,  
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the birefringence of a plasma in a magnetic field, is small for the galaxy 

and for the ionosphere. A universal magnetic field of magnitude greater than 

-3 g and an electron density of cm could effectively depolarize a 

13 signal, though there is no evidence that such fields exist. Measurements 

of the polarization of extragalactic objects, particularly quasars with red- 

shifts z =: 2 indicate that depolarization through Faraday rotation at 33 GHz 

is not important to at least a redshift z 2 10. 

anisotropic expansion itself may tend to rotate the polarization, through the 

metric anisotropies, but this effect has been shown to be small. 

Brans14 has shown that the 

12 , 15 

The null result observed is consistent with a thermal origin for the cosmic 

background radiation and an isotropic expansion. Using the calculations of 

Rees and assuming recombination at z - 1500 with no subsequent reheating, our 
limit of 0.8 m°K implies a present differential expansion limit of about one 

part in 10 . If the primordial plasma is re-ionized after recombination, the 

limit on the present differential expansion rate is about a part in 10 f o r  a 

critically dense universe. 

scattering while the polarization results from this scattering. The present 

intensity anisotropy roughly equals the Hubble expansion anisotropy shortly 

after the last scattering, while the polarization anisotropy remains at the 

value produced at the last few scatterings. The Hubble anisotropy decreases 

as the universe evolves. Thus, in the case of no reionization after recom- 

bination the 1 m°K limit 

limit on the present differential expansion rate whereas in the case of 

reheating after recombination a comparable limit is obtained. The limits on 

the rms roughness of the sky imply that gravitational waves with wavelengths 

which are large (> few hundred Mpc) on a cosmic scale have an energy density 

which is much lower than is needed to close the universe. 

6 

4 

The intensity anisotropy is reduced by Thomson 

5 on the intensity anisotropy implies a more stringent 

12 
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, To tape recorder 
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X B L  707-1395 

F i g .  1 Schematic o f  polarimeter 
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F i g .  2 Measured S tokes  parameters  Q and U as a f u n c t i o n  of p o s i t i t i n  i n  
t h e  sky. 
t h e  sun i s  i n d i c a t e d .  

Data e l i m i n a t e d  because o f  s i d e l o b e . c o n t a r n i n a t i o n  by 
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TABLE I 

LIMITS ON POLARIZATION ANISOTROPIES 95% CONFIDENCE LEVEL 

(mill idegrees Kelvin) 

Period Q U Q U Q U 

DC 0.3 0.6 0.8 0.6 0.4 1.1 

24 hour 0.8 0.7 0.4 0.8 0.8 0.8 

1 2  hour 0.4 0.6 0.5 0.7 0.8  0 .9  

Sky Roughness 0.6 0.8 0.7 

Days of Data 30 10  8 

The l i m i t s  are the  magnitudes of the  measured values p lus  two standard devia- 

t i o n s .  The sky roughness is  the  rms f l u c t u a t i o n  on a 7' s c a l e  s i z e .  

TABLE I1 

MEASURED LIMITS ON LINEAR POLARIZATION 95% CONFIDENCE LEVEL 

Ref e r  enc e Wavelength (CM) Sky Coverage L i m i t  
Q ,U/T 

Penzias and Wilson 6 7.35 sca t t e red  10% 

3.2 6 = +40' 0.05% 11 Nano s 

This experiment 0.9 6 = +38" 0.03% 
+53" 

6 = +63" 0.04% 

Caderni e t  a l .  1 2  0.05 - 0.3 near g a l a c t i c  0 . 1  - 1% 
center  
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