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Abstract. A comparison is made of cosmic microwave back-
ground anisotropy data obtained from the WMAP satellite in
2001-2006 and from the Relikt-1 satellite in 1983 - 1984. It is
shown that the low-temperature area found by Relikt-1 is the
location of the ‘coldest spot’ of the WMAP radiomap. The
mutual correlation of the two datasets is estimated and found
to be positive for all sky regions surveyed. The conclusion is
made that with the 98% probability, the Relikt-1 experiment
had detected the same signal that was later identified by
WMAP. A discussion is given of whether the Relikt-1 experi-
ment parameters were chosen correctly.

1. Introduction

The anisotropy of cosmic microwave background (CMB)
radiation was discovered in sky surveys carried out by
dedicated artificial satellites [1, 2]. By the middle of 2009, the
CMB has been explored by three space experiments: Relikt-1
(USSR, 1983-1984), COBE (Cosmic Background Explorer)
(USA, 1989-1993), and WMAP (Wilkinson Microwave
Anisotropy Probe) (USA, launched in 2001). In May 2009,
the Planck European space mission with a similar research
task was successfully launched.

The sensitivity of the Relikt-1 experiment was limited by
the technical capabilities of that time and can be considered
rather modest according to modern criteria. However, that
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sensitivity proved to be sufficient to discover and measure the
CMB anisotropy parameters. The dipole anisotropy was
detected and the amplitude of the quadrupole anisotropy for
a given perturbation spectrum was measured [3]. A low-
temperature area—a ‘cold spot’—was found on the sky
radiomap [1]. The measurements were carried out only at one
frequency and on the verge of the sensitivity limit, and
therefore the results obtained needed to be confirmed by
more precise measurements.

The American satellite COBE was launched six years after
Relikt-1 with better equipment. Estimates of the dipole and
quadrupole anisotropy for a given spectrum obtained by both
satellites were found to be consistent within error. The cold
spot found by Relikt-1 was not confirmed by COBE [4, 5], but
the signal-to-noise ratio on the COBE radiomap was rather
low in this area of the sky.

Results of any observations can be reliably confirmed or
rejected only by analyzing independent experimental data
with a good signal-to-noise ratio. At present, such data has
been obtained by the WMAP satellite during five years of
continuous measurements [6]. In what follows, we present the
results of a comparison of the WMAP and Relikt-1 experi-
mental data.

2. The WMAP data used in the analysis

The central frequency of the Ka and Q channels of the
WMAP satellite coincides with the working frequency of the
Relikt-1 radiometer, and we therefore use the brightness
temperatures in the Ka and Q channels of the WMAP
satellite for the subsequent analysis.

3. The ‘cold spot’

Figure 1 shows a part of the WMAP radiomap in ecliptic
coordinates. The data was smoothed with an angular
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Figure 1. The ‘Spot’ of WMAP (marked with the arrow) and the ‘cold’ spot
area of Relikt-1 (inside the white quadrangle).

resolution of 15°. The brightness temperature of regions near
the galactic plane is conventionally set to zero. The dark color
marks low-temperature areas. The white quadrangle shows
the area where Relikt-1 found the coldest spot. The
coordinates of the quadrangle are taken from [1].

It can be seen that several cold points fall within the area
shown, with one of them (marked by the arrow in Fig. 1)
being the famous ‘Spot,’ the coldest spot on the entire WMAP
radiomap [1]. The Spot has ecliptic coordinates 4 = 39°,
f = —37° and galactic coordinates / = 209°, b = —57°. The
low-temperature area on the Relikt-1 map was singled out
using additional data averaging. In this procedure, cold
points apparently joined together into a single big spot,
which was actually discovered. The parameters of the
measured brightness temperature minimum are given in [1].
The exact location of the spot itself was not then measured
due to a high noise level, which is why an extended area inside
the quadrangle was marked.

We note that a part of the cold area on the Relikt-1
radiomap near zero ecliptic longitudes has the brightness
temperature close to zero on the WMAP sky map. Suppo-
sedly, it is exactly this region that was studied in [4, 5], where it
was concluded that the Relikt-1 data are inconsistent with the
COBE data. However, the list of the coldest spots on the
COBE sky map [8] does not include the Spot itself, the coldest
object later discovered by WMAP.

4. Dipole component

The CMB dipole component parameters determined from the
WMAP data [9] and the Relikt-1 data [3] are given in Table 1.
The errors correspond to a 90% confidence level. Thermo-
dynamic values of the brightness temperature are used.

Table 1 shows that the results of two experiments are
consistent within errors. A small (about 6%) difference in the
dipole amplitude can be explained by a systematic calibration
error of the Relikt-1 radiometer.

Table 1. Estimate of the dipole CMB anisotropy.

Dipole component
Experiment . . . .
Amplitude Galactic coordinate of the maximum
WMAP 3.358 £0.017mK | /=263.86°+£0.04°, b = 48.24°£0.1°
Relikt-1 3.16+0.12mK 1=267.1°£3°, b =48.6°£3°

5. Higher anisotropy components

In the Relikt-1 data, the amplitudes of higher anisotropy
harmonics were found by statistical modeling under the
assumption of the Harrison—Zeldovich primordial perturba-
tion spectrum. An estimate is given for the rms value of the
quadrupole component (Qms—ps) for this spectrum [1].

In the WMAP data, the quadrupole component was
determined as [10]

15C,
Qrmsfps = H P (1)

with C5 calculated as

an K Cl(l+1)/2n

CZ__ ’
6 2 14

(2)

where C;/(/+1)/2n is the /th component of the aniso-
tropy power spectrum [11]. The summation limits here
approximately correspond to the transfer function of the
Relikt-1 radiometer, taking smoothing into account. The
averaging over [/ in formula (2) is used to reduce
uncertainties in the estimate of C,, taking into account
that Cj/(/+1) is independent of / for the Harrison—
Zeldovich spectrum.

The corresponding values (in microkelvins) are presented
in Table 2. For Relikt-1, a 90% confidence level for the
interval is given.

Table 2. Estimates of higher-anisotropy components.

Experiment Quadrupole component Qms_ps
WMAP 18.9 uK
Relikt-1 16.5-90 puK

It follows from Table 2 that the data of both experiments
are consistent within errors.

We note that the values in Table 2 give model-dependent
estimates of the entire anisotropy and not the measured
quadrupole amplitudes. The measured quadrupole ampli-
tudes would be such if the measured anisotropy were
generated by primordial fluctuations with the Harrison—
Zeldovich spectrum.

6. Signal detected by Relikt-1

Although the anisotropy estimates made by Relikt-1 are
confirmed by the WMAP data, this could be considered
purely coincidental because the spectrum and the form of
the signal discovered by Relikt-1 have not actually been
determined. The anisotropy was calculated in [1] from the
dispersion analysis using a small excess of measured values
against pure noise, and it is not at all clear whether such an
excess is due to a real signal or to quite different reasons, e.g.,
electric interference or external radiation. Therefore, a more
detailed study of the structure of the signal measured by
Relikt-1 is in order.

7. Method of the signal structure study

Studying the Relikt-1 signal structure directly is impossible
due to a poor signal-to-noise ratio. In contrast to Relikt-1, the
WMAP data have low noise, which allows reliably analyzing
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the mutual covariance of the Relikt-1 and WMARP data. If the
covariance were small or had an alternate sign, it would have
to be recognized that the signal detected by Relikt-1 is
unrelated to the radio emission from the observed area of
the sky, i.e., the results of Relikt-1 are erroneous.

8. Analysis of mutual covariance

The radiomap of the sky in the Relikt-1 experiment was
constructed from individual scans that represent big sweeps
of the celestial sphere [12]. For the subsequent analysis,
14 Relikt-1 scans were selected, which amount to 80% of the
available observational data. Exactly the same scans were
selected from the WMAP data [13]. The selected data for both
experiments were averaged with an angular resolution of 15°
and then compared to each other.

The mutual covariance COV of the WMAP and Relikt-1
data in each scan was calculated as

1 . . .
COV = W sign (Z Twwmar(i) Trel (i ))

X \/abs <Z Twmap(i) Trei(i) W(i)) ; ®

where Twwmap (i) is the brightness temperature at the ith point
of the WMARP scan, Tgre(7) is the brightness temperature at
the ith point of the Relikt-1 scan, W(i) = 1/N?(i) is the
statistical weight of the ith point, and N(i) is the noise level at
the ith point of the Relikt-1 scan. The summation ranges over
all points in a scan. The statistical weight of points located
within £20° of the galactic plane is zero. The WMAP noise is
ignored because it can be neglected in comparison with that of
Relikt-1.

The results are shown in Fig. 2, in where the mutual
covariance is plotted versus the scan number. Line / shows
the level of the mutual covariance of the WMAP and Relikt-1
data for each scan. Line 2 shows the effective rms of the signal
measured by WMAP in each scan.

It follows from Fig. 2 that the covariance of the WMAP
and Relikt-1 data is positive for all scans. The intensity of the
correlated signal is close to the WMAP signal. In principle,
this could be possible in the absence of a signal due to pure
statistical noise fluctuations on the Relikt-1 map. But the
statistical modeling shows that the probability of such a
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Figure 2. The mutual covariance of the WMAP and Relikt-1 data (/) and
the effective rms WMAP signal (2).
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Figure 3. The spectrum of the signal measured by WMAP. The asterisk
shows the working frequency of Relikt-1.

situation is less than 2%. Cutting the cold spot from the
analysis leaves the result virtually unchanged.

9. Single-frequency measurements

WMAP radiometers operate in the five frequency bands
covering the frequency range from 20 to 106 GHz. It is well
known that the thermodynamic temperature of CMB is
independent of its frequency. However, in addition to the
CMB signal, the radiometers measure diffuse radio (brems-
strahlung and synchrotron) emission of interstellar gas and
thermal radiation from dust. The spectra of these additional
sources are known (with a certain accuracy), which allows
detecting the CMB signal anisotropy against their back-
ground (also with a certain accuracy).

The WMAP signal is plotted as a function of frequency in
Fig. 3. The data, as previously, are averaged with an angular
resolution of 15° and relate to regions far outside the galactic
plane. The increase at low frequencies is due to a contribution
from thermal bremsstrahlung and synchrotron radiation, and
at high frequencies, to the thermal radio emission of
interstellar dust. The frequency range between 40 and
85 GHz, where the contribution from galactic sources is
minimal, is found to be optimal for CMB studies.

The working frequency of Relikt-1 is marked in Fig. 3 by
an asterisk. Clearly, this frequency is close to the optimal
range.

The use of a single frequency in Relikt-1 significantly
simplified the experiment, but could strongly complicate the
interpretation of the results. However, the WMAP data
evidence that at this frequency, the anisotropy is more than
75% due to CMB radiation. Therefore, the single-frequency
measurements of Relikt-1 are quite relevant.

Of course, this conclusion is valid only for an initial search
experiment, which is what Relikt-1 was. Subsequent more
detailed and precise CMB experiments, undoubtedly, require
multi-frequency observations. This is realized in the COBE,
WMAP, and Planck experiments.

10. Conclusion

The data obtained by the WM AP satellites have a high signal-
to-noise ratio. This allows using them to estimate the quality
of other CMB observations carried out at the frequency range
from 20 to 100 GHz with a large angular resolution of one
degree or more. The analysis of the mutual covariance of data
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allows reliably estimating the results of observations even
with a poor signal-to-noise ratio. Such an analysis was
applied to the Relikt-1 data and showed that at a 98%
confidence level, the signal discovered by Relikt-1 corre-
sponds to the actual CMB anisotropy. The cold spot found
on the Relikt-1 map was also confirmed.

The author thanks A A Brukhanov for the useful
discussions. The work used LAMBDA (Legacy Archive for
Microwave Background Data Analysis) data [13]. Part of the
results was obtained using the HEALPix program [14] and the
IDL Astronomy Library [15].
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