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MEASUREMENTS OF THE COSMIC BACKGROUND
RADIATICN

P.LUBIN and T. VILLELA®

Space Sciences Laboratory and Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

ABSTRACT

Maps of the large =cale structure (9>>8 °) of the cosmic backzround radiation
covering 9095 of the sky are now available. The dat2 show a very stroag
50-100 o (statistical error) dipole componeat, isterpreted 2s being due to our
motion, with 2 direction of @ =.11.23 £ 0.15 hours, § == -3.8 = 2.0 ".
Tho inferred dircction of the velocity of our gmlaxy relative to t>+ cosmic
background ragistion is  a=10.0 £0.3 hours, §=-23+£5°
(140 =287 °, 6’ ==31°). Thisis 44° from the center of the Virgo cluster.
After removing the dipole compozent the data show 2 Galactic signaturs bus
no sppareat residual structure. An 2utocorrelatica of the residual data, aftes
subtraction of the Galactic component from a combined Berkeley (3 mm) and
Princeton (12 mm) dat sct, shows co apparent structure from 10° to 1S0°
with a rms of 0.01 mK*®. A 90%% couidence level limit of 72 10™ is placsd on
a quadrupole component. :

INTRODUCTION

It bas now been twenty yeers since the discovery of the cesmlc backgroun
radiation. In these twenty years numerous experiments have been carried out %o
study the specirum, anguler structure zad polarizaticn. Our current knowledze
of the radiation caa be sumrzrized by parsphrasing the original 1885 article of
Penzizs and Wilson namely that the radiation is consistent with a blackbody cf
temperature of about 3 K, is isotropic and unpolarized. So [ar, we have learaed
a great deal but discovered very little. Our prized relic of the early universe is
fruztratingly simple to describe.

Of course the radiation is siightly anisoiropic due to cur motion (§=2107%)
but on cosmological scales this is just a local phenomencn. Ancther local eface
is tie seasonsl difference due to the motion of the Earth around the Sua

(#~10™") which is observed in both the Berkeley 3 mm and Prizceton 12 mm-

dats {rom flights separated by 8 moaths.

On scales from arc seconds to a hundred eighty degrees, experiments hav»
been perforrz:d with no intrinsic structure being found. The current messure-
merts are summarized ia Figurs 1. Large scale measurements have reached s
sensitivity where the dipole is measurable in real time, as shown in Figure 2,
and cz2n be used s a low level calibration source 23 well as providing u3 with e
convenient way to test if our instrument is working in Aizht. Tke dipci: has
become a "background” to be subtracted away. A much mere problematic
background is the emission due. to our gzlaxy. With syachrotrra 2nd
brerestrahlung radiation decreasing ~ad dust emission increasing with fre
quency, ® n-tural minimum occurs somewhere around 90° GHz, as shown ia

—

*Also L PE - Dop: iamento do Astro/Bica, 520 Josd dos Campes, SP, Bresil,
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Figure 2 - Real Time Dipole Measurement.

Figure 3, which gives the measured large scale Galactic contribution from recen:
experiments versus frequency, using a.cosecant {6//) Galactic model fattened
near the plane. The top plot cf Figure 3 gives the ratio of the amplitude &f the
cosecant fb 'y modei (pole value) to the dipole amplitude versus frequency. The
dipole flux s"m antennz temperature) decreases at high frequencies duc to the
change in slope of the spectrum. At 3 mm wavelength, where we made our
measurements, the pole value amplitude is 44 4 11 puK and heance the Galactic
contribution to the dipole (=3 mK) is at the 1-2% level near the Galactic pole

(3 244 03]
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and rises to about 20% at the Galactic plane. :
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Figure 3 - iMeasured Galactic Emizsion Versus Frequency.

A more detriled analysis implies that the pole may be less and the plane more
(Lubin czad Villela 1985). Inclusion of the Galactic plane cnly changes the 3
mm dipole and quadrupole fits by 1 o. In scarching for higher order anisotropies
(quadrupole, etc.), proper modeling of the Galaxy is crucizl since even at 3 mm
where the Galactic emission is very small, it is comparable to errors in the qua-
drupole components, which are 50-80 pK. Future experiments will need to pay
particular attention to this problem.

MEASUREMENTS

The data presented here are the result of independent meazsurements 2t 12
mm using a maser (Princeton) and 3 mm using a Schottky diode mixer (Berke-
ley). Both instruments are cooled to liquid helium temperi.ure. The experiments

arc described in detail in Fixzcn, Cheng, and Wilkinson (1983) and Fixsen (19em -

for the 12 mm experiment and Lubin, Epstein, and Smoot (1083), Epsteia
(1983), and Lubin and Villela (1085) for the 3 mm cxperiment. The combined
results we describe here are based on collaboruiive work to be publisk-d (Viilels,
‘Walker, Wilkinson, ard Lubin 19088). The 12 mm and 3 mm data sets have
been combined to cross check the results of »2ch and to preduce 2 combined
map which is better connected (see Lubi~ and Villela 1985) than either, as well
as has increased sky coveraze. The .12 mm cxperimer’ uses a morse _egsitive

detector than the 3 mm exporiment but observes in 2 »2gioa of aigher Galactic

~mission, so ultimately h-th experiments have nearly identical sensitivities to

large scale structures (dipole, quadrupole, etc.) as shown in the fits ~iver in
Table I. Both experiments have had three data fights, two from Palestine (lat.
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TABLE |
COMPARISON BETWEEN 3 MM AND 12 MM FITS
. Values 13 thermodytamic temperature for T 7 K
FIT COEFFICIENTS 3 MM'DATA 12 MMP DATA
7, -3.35 £ 0.17 -3.01 £ 017
Dipole ooly T, 0.71 £ 0.10 0.58 + 0.09
7, 035 £ 0CS . <0.28 =« 0.09
T, <337 £ 017 -3.07 £ 017
T, 0.00 £ 0.00 0.87 £ 0.09
7, -0.42 ¢ 0.09 -0.45 £ 0.09
Dipole and Q, 0.10 £ 0.02 0.15 £ 0.08
Quadrupole . Q3 0.15 £ 0.10 0.15 £ 0.11
. Qs 0.12 2 0.11 0.14 £ 0.07
Q¢ - -0.02 4 0.09 0.03 £ 0.11
Qs 0.08 + 0.08 -0.01 + 0.07
YEseludza data wrthia $° of the gelactic plene,
3Fissen, Cheny and Wilkinson (1383).
Errora include calibrenon.

Table I - Spherical Harmonics Fits.

= 32°), Texas, and one from near Sic José¢ dos Campos (lat. = -23°), Sio
Paulo, Brazil, for each. Both experiments have nearly identical sky coverage of
85% with a combined sky coverage of 90%.

Corrugated scalar born antennas with 2 beam of #° FWHM and ar open-
ing angle of 90° symmetrically placed 45° with respect to the zenith are used
in each experiment to measure the temperature difference between the two
beams. Both experiments ar: flown from a balloon platform at an altitude of 25
to 30 km at night. Atmospheric emission is typically 5 to 25 (2K but since the
instruments only mesasure temperature dificrences the atmespheric contribution
cancels out to first order. Both instruments have inflight calibration sources
which currently limit the error on the dipole amplitude to 5% accurzcy while
the statistical errors are at the 1% to 2% level.

RESULTS

The dipole and quadrup~'~ fits are summarized in Table 1. Bcih evneri-
ments have dipole directions which agree within 1.86°, wilth an average of
a = 11.25 + 0.15 hours and § == -5.6 & 2.0 * for the Solar velocity. The cifect
of the Earths' orbital veiocity around the Sun, which was measured in both
experiments, in flights separated by six months, wr< corrected for. ':'here is stil!
some discrepancy in dipole amplitudes presumably due to calibration errors with
a dipole amplitude of 2.45 & 0.17 mK for the 3 mm data (Lubin, Vill:!~,
Epstein, and Smoot 19885) and 3.07 £ 0.17 mK for the 12 mm data (Fixsen,
Cheng, and Wilkinson 1983). This calibration error does not affect the dipole
direction significantly but does affect the Solar and hence inferred Gealactic 2ad
Local Group velocities. Takiug an 2average Solar +:locity direction of

= 11.25 4 0.15 hours and § = -5.€ £ 2.0 * with an averag. dipole a__plitude
of 3.28 4+ 0.23 mK an;i correciing for the Galactic-Solar velocity of 230 km s -
toward 17 = 90° , b4 <. 0°, gives a Galactic ve'2city of Vo == 540 + 51 #m
s} towards a=108+03 bours, §=-23+£5°' or I =2
b/ =31 £ 5°. This gives an angle of 14° between the center of :a

©
<!
:.’4
o
o
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cluster (M87, M = og4°, b/l =175 ) and VG . Assuming that the velocity of

the Sun relative to the Local Group is 2905 km s ! toward [/ = 97.2°, !l =

-5.6°, (Sandage 1986) gives a Local Group velocity of ¥, o = 610 & 50 km s ~} .
towards a = 10.8 & 0.3 hours, 6= -254+5" or [T =272+ 5",

bl = 30 + 5 °. This gives an angle of 45° between the center of ‘the Virgo

cluster and V..

- The quadrupole limits of both data sets are 72107 as a 9055 confidence
level: upper limit. A combined map made from both data scts is given in Figure
4 and the residual map after subtraction of the dipole is given in Iligure 5. An
autocorrelation of the residual map shows no obvious structure from 10° t{o
180° giving a rms of 0.01 mK® A plot of the autcorrelation is showa in Figure

Recently, several groups have looked at the IRAS data set and for 60 um
data have found a "dipole” (Yahil, Walker, and Rowan-Robinson 1985). Th

e

"dipole” direction is found to be ( =248+0°, N =:0L38°

Sa == 10.2 + 0.6 hours, § = -5.4 & 8 °). This "dipole” direction is 21  11°

rom . It's not clear precisely what significance should be given te this. A
LG 5

-"quadrupole” has also "been reported in the X-ray background (Fabian,
Warwick, and Pye 1980) with an axis direction simiiar to the dipole direction.

OTHER EXPERIMENTS

- Recently, the Soviet Union completed a satellite-borne cosmology mission
known as Prognoz 9. Only very preliminary results (Strukov and Skulachev
. 1984) have been released from this experiment. The instrument consisted of 2 §
mm (37 GHz) parametric amplifier and similar corrugated scalar horn antennos
to ours, also with a 60° opening angle. Sensitivity should be excellent given the
long integration time available for the mission, however Calactic emission,
because of the rclatively iong wavelength, will have to be riodeled very eare-
fully. Because ncither the I'rinceton 12 mm data nor the Berkeley 3 mm doin
are sensitivity (statistics) limited for the dipole measurement, it is unlikely th-:
the Prognoz 9 results will significantly change our understanding of the dipole.
Current limitations on the dipole are due to inflight calibration errors (R259%)
and pointing errors (=1°). The Prognoz 9 data will sigaificantly increase our
understanding of thiec Galactic emission and may provide more sensitive mens-
urements of intrinsic fluctuations. Recent dipole measurements are summarized
in Figure 7 as a [inction of frequency. The 12 mm (25 GHz) and 3 mm (90
GHz‘) data -re alsc plotted. The broad band higher frequency measurements
are from bolometric systems of the M.LT. (Halpern 1983) and Uriversity of
Rome (Fabbri, Guidi, Melchiorri, and Natale 1980) groups

CONCLUSIONS

In the twenty years since the discovery of the backzround radiation n
intrinsic structure has been convincingly measured. The dipole anisotrop:,
apparently due to our motion, has been measurcd sufficiently well to determine
our direction of motion within 2°. Our galaxy is moving in a direction Lhat is
about 44° from the center of the Virgo cluster. The dipole is now a background
to be subtracted to get measurements of intrinsic anisotropies. Large scale mens-
urements are now bccoming limited by Galactic backgrounds particularly at
centimeter wavelengtiis and even at the best wavelengths around 3 mm zn







AL PAGE IS
ALITY,

ORIGIN
OE POOR QU

ipole Map.

ined D

igure 4 - Comb

F

ined Residual Map

5 - Comb

Figure



\J

ORIGINAL PAGE IS
OE BOOR QUALITY,

-7-

COMBINED 3 MM AND 12 MM RESIDUAL MAP
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Figure 7 - Recent Dipole Anisotropy Measurements.
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order of magnitude improvement will be difficult without a detailed knowledge
of Galactic emission.

This work was supported by the California Space Institute, NASA and by the U. S. Department
of Energy. One of us (T. V.) acknowledges support from CNPq and FAPESP.
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