
&oj.UME 44, NUMsER 25 PHYSICAL REVIEW LETTERS 9 JUNE 1980

Measurement of the Cosmic-Background Large-Scale Anisotropy
in the Millimetric Region

R. Fabbri
Istituto di Fisica SuPeriore, VnBersita di Firenze, I'-50Z27 Firenze, Italy

I. Guidi
Unita di Ricerca, Gruppo 1Vazionale di Fisica Cosmzca-Consiglio Nazionale delle Ricerche,

I-50Z27 Firenze, Italy

F. Melchiorri and V. Natale
GruPPo Tnfrarosso, Istituto di Ricerca sulle Onde Elettromagnetiche del Consiglio Naeionale delle Ricerche,

I-50Z27 Firenze, Italy
(Received 8 October 1979)

Dipole anisotropy in the cosmic background radiation in the 500-3000-pm wavelength re-
gion has been measured in a balloon-borne experiment. A dipole amplitude was found
with Tg=(2, 9+0 6) mK at R. A. =llh24m+Oh40m, ~=3'~ j.0', the errors arising essen-
tially from detector and magnetometer calibrations. This Letter also reports the exi-
stence of a second harmonic 2'q= (0 9+0'2) mK.

PACS numbers: 98.70.Vc

A dipole anisotropy in the cosmic background
radiation has been detected in the radio region by
Wilkinson and co-workers' and by Smoot, Goren-
stein, and Muller. ' Attempts to measure such
anisotropy in the far infrared have been made
since 1S74 by Muehlner and Weiss. ' Their data
were strongly contaminated by galactic emission
as a consequence of their large beam separation. '
We report here on an infrared measurement of
the large-scale anisotropy. Using a beam sepa-
ration of 6' we were able to obtain a large frac-
tion of data unaffected by the galactic background.
The experiment was performed at balloon alti-
tude. The instrument, which was flown on 20
July 1S78 from Trapani in Sicily, is schematical-
ly shown in Fig. 1. It consists of the following
main parts'.

(a) A Ge-Ga bolometer with a condensing cone
having a throughput of 0.15 cm' sr serves as the
sensing element. The field of view of 5.2' is de-
fined by a TPX lens and a set of baffles. The
system is sensitive in the region 500-3000 pm.

(b) A large wobbling mirror explores the sky
with a sinusoidal modulation of 6 at 30 Hz, at an
elevation of 30' above the horizon.

(c) The detector and the wobbling mirror are
fixed on an optical bench which may be tilted 0'
to 30 above the horizon by telecommand. As the
bench is tilted, the direction of modulation in the
sky forms different angles with the horizon, al-
lowing us to minimize the atmospheric offset as

well as to introduce a known amount of atmos-
pheric signal.

Our instrument presents an important advan-
tage with respect to conventional large-angle iso-
tropometers: Since it uses only one antenna coup-
led to the wobbling mirror, the delicate problem
of balancing the emissions of two horns is avoid-
ed. Spurious anisotropies might be generated by
ground radiation diffracted into the instrument,
gondola oscillations, systematic latitude effect,
as well as drifts of any residual instrumental off-
set. All such effects were negligible in the pres-
ent experiment.

The instrument was calibrated in the laboratory
by the method described by Guidi et al. ' The re-
sponsivity integrated over our bandwidth is R

FIG. l. Sketch of the experimental setup: W, wob-
bling mirror; D, Dewar containing the infrared de-
tector; A and 8, modulation directions when the opti-
cal bench is parallel to the horizon and tilted by 30,
respectively.
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= (8+ 2) x 10' V/W, and the measured optical noise
equivalent power is PN, „=(3.5+ 0.6)x 10 ' W
Hz '". During the flight the instrument was cal-
ibrated in two different ways: First we intro-
duced an atmospheric offset by tilting the wob-
bling mirror, as outlined in point (c). Using the
atmospheric data of Woody, ' we found R = (8.6", ,')
x 10 V/W and P~, =(12'~)x 10 '5 W Hz ' '.
Then we checked the responsivity observing a few
celestial sources, i.e. , the galactic plane around
l =120' and l =230', the Grion Nebula, W3, and

the dark nebula L1262. The computed values of
R agree with the previous calibrations, but the
absence of standard celestial sources motivates
the large calibration errors.

During the flight the gondola rotated freely, the
instantaneous position being measured by a mag-
netometer, Each revolution lasted a few minutes.
Each sky element was observed for a total time
ranging from 10 to 40 secs. The maximum sensi-
tivity in measuring the thermodynamic tempera-
ture difference between two adjacent 5 & 5' spots
is hT/T =0.24M/I+ (3.5+2'7)x 10 s at 1 standard
deviation. ' The observed region of the sky is
shown i.n Fig. 2. When the beam cut the galactic
plane or went close to it, we recorded strong sig-
nals, readily interpreted as dust emission. '~'"

Unambiguous signals detected at high galactic
latitudes show the presence of a large-scale an-
isotropy. In order to analyze it we divided the
data into five strings, each covering an observing
time of about 20 min. The galactic contribution
to the large-scale anisotropy was studied for each
string as follows:

(i) Only signals from regions of the sky more
than 20' distant from the galactic plane were se-
lected in order to fit a dipole-type anisotropy to
the data.

(ii) Signals from the regions close to the galac-
tic plane were also utilized. We subtracted the
galactic emission assuming it to be concentrated
in a layer of thickness 1, negligible in compari-
son with our beamwidth. This rough approxima-
tion did not allow us to correct the data points
corresponding to the Orion complex, W3, and the
dark nebula L1262. Amplitude and azimuth of the
dipole component on the horizon plane were found
to be the same for both procedures, proving that
the galactic disturbance is negligible for

I bI )20',
with the exception of a few infrared sources.

In order to derive the right ascension, the de-
clination, and the amplitude of the dipole anisot-
ropy, we combined all the strings together, after
exclusion of the data corresponding to IbI (20 .
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FIG. 2. Dotted region: the sky coverage of the
present experiment. In the lower part we represent
one string of the recorded data (20 min of observations,
i.e., 20% of useful data) For t.he sake of clarity,
data points are averaged over 15' in azimuth. Both
the galactic contribution and the large scale anisotropy

t

are shown. The full line gives the signal from a dipole
with parameters R.A. =11 b 24 m, 6 =3', S&=50 nV,
namely S = SD sin 6' cos6I, where the 6 beam separation
is taken into account.
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The same data points were also analyzed by the
method described by Smoot, Gorenstein, and
Muller. ' These procedures give consistent re-
sults within the statistical errors. A first-har-
monic fitting produces in both cases a dipole am-
plitude SD=50+2 nV, H.A.=11h 24m+Oh 10m and
5 = 3 + 2, where the errors are statistical only
(at 1 o, following the method described by Lamp-
ton, Margon, and Bowyer) "By tak.ing into ac-
count the uncertainties in bolometer and magne-
tometer calibrations, we get Tg 2 94+0 60 mk,
H.A.=11h 24m+Oh 40m, 5 =3'+10'. The dipole
best-fit calculation shows the presence of a con-
stant offset of about one tenth the dipole ampli-
tude i2

The results are presented in Fig. 3 in terms of
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ground radiation with amplitude - 3 the dipole
term.
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FIG. 3. (a) The full line represents a pure cosine
fitting of the Qve strings with the signals averaged
over 5'. The dashed line is the final fitting S/sin 6
= SD cos8 + 2S cos (28+ y), with SD = 50 nV, So = 16
nV, y = 0'. (b) The signal aker subtraction of the
fitting dipole, and best fit corresponding to S/sin 6
= 2Sg cos20.

the angle 0 between the dipole direction and the
vector n, —n„n, and n, being the two beam direc-
tions. Our results are consistent with those of
Hefs. 1 and 2, although we show better evidence
of a distortion due to higher harmonics. The
cost9 fitting gives y'=111 for 21 data points. "
We tried then to fit the data with two Fourier
terms, namely S/sin6'=Sn cos8+28o cos(28++).
We find y' =24.6 for the following beat values:
SD =50+ 2 nV, 9 =16+ 1 nV, y =0 + 5'. The dis-
tortion at 8 = 100 -140 is also present in the da-
ta of Ref. 2, but it was attributed to galactic emis-
sion. In our case it appears at high galactic lati-
tudes, which suggests the existence of a cosmo-
logical effect. Because of the limited sky cover-
age we could not perform a significant best fit
with all of the second-order harmonics. Our
cos28 term should not be immediately identified
with the quadrupole moment, but it is Suggestive
of a quadrupolelike anisotropy in the cosmic back-
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of our system to the second harmonic is twice the
sensitivity to the first one. If our data were affected
by the average error bar of Smoot, Gorenstein, and

Muller, we would have derived a pure dipole fitting
with y2 = 18 for 21 data points, in good agreement
with the Berkeley and Princeton experiments.

ERRATUM

COLORED MONOPOLES. Y. M. Cho [Phys. Rev.
Lett. 44, 1115 (1980)].

Equation (14) on page 1117 should read

m = exp[-n'p(-, 't, + —,'v St,)]exp(- 0,)

&& exp[- (n ——,n')yt, ] exp(- 8t, )$,. (14)
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