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ABSTRACT

We present maps of the sky at intermediate angular resolution (5°) of the declination range 3570-45°0
obtained with the Tenerife cosmic microwave background (CMB) experiments using data up until 1992. The
data were taken with beam-switching radiometers operating at 10.4 and 14.9 GHz. Right ascension scans were
made at 2°5 declination intervals centered on decl. +40° covering 3500 deg? of sky. The observations have
been compared with known point sources and estimates of Galactic emission as a consistency check on the
integrity of the data set. After subtraction of radio sources, the section of our data from R.A. 161° to 230° has
been analyzed using a likelihood method with a Gaussian autocorrelation function. At 10.4 and 14.9 GHz we
find evidence for fluctuations with intrinsic amplitudes of ./Co, = 41*2% and 66%23 uK (68% confidence
limits), respectively, on a coherence scale of 4°. These levels are consistent with the expected rms sky signal
from the COBE differential microwave radiometer first-year results and with the CMB signal detected at 14.9
and 33 GHz in the decl. = +40° strip by Hancock et al. (1994). Our results at 10.4 GHz set strong upper
limits on the Galactic contamination at 14.9 GHz, suggesting that the signal found at the latter frequency is

probably dominated by cosmological fluctuations.

Subject headings: cosmic microwave background — cosmology: observations —

large-scale structure of universe

1. INTRODUCTION

Mapping of cosmic microwave background (CMB) struc-
tures provides a direct determination of the conditions prevail-
ing in the universe during the epoch of recombination and,
therefore, allows one to establish the basic parameters of
cosmological models and theories of galaxy formation. Sta-
tistical detections of structure have been reported by the COBE
(Smoot et al. 1992) and MIT (Ganga et al. 1993) groups, and
several experiments are approaching sensitivities where the
delineation of individual CMB features should be possible.
Among these is the present Tenerife suite of experiments
(Davies et al. 1987, 1992; Watson et al. 1992), which has now
directly observed cosmological structure at decl. +40°0
(Hancock et al. 1994).

We describe here the extension of the Tenerife CMB aniso-
tropy experiments to a mapping mode, where a series of right
ascension scans are made at half-beamwidth (2°5) separation in
declination. Such observations allow the delineation of struc-
tures with more confidence than with a single scan. Observa-
tions using scaled instruments with a common beam profile at
10.4 and 14.9 GHz give a first separation of the Galactic fore-
ground emission from the intrinsic CMB and also allow limits
to be set on the spectral index of the diffuse Galactic emission.
Constraints on cosmological fluctuations will be established in
terms of the two-point autocorrelation function using both a
one-dimensional and a two-dimensional statistical analysis.
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2. METHOD OF OBSERVATION

The basic observing strategy and parameters are described
in detail by Davies et al. (1992). Although they refer to the first
experiment of the Tenerife series, the techniques are applicable
to the subsequent experiments as well. In order to increase
sensitivity to sky fluctuations, the beam size of the original 10.4
GHz radiometer (Davies et al. 1987) has been reduced from
FWHM ~8° to ~5° by increasing the horn aperture while
maintaining a beam switch of 8°1. In addition, a scaled radi-
ometer with the same angular resolution has been brought into
operation at a frequency of 14.9 GHz. The switching circulator
on the latter instrument is incorporated inside the cryostat in
order to reduce system noise, and when combined with an
increase of bandwidth from ~0.5 to ~1.0 GHz provides an
improvement in sensitivity of a factor of 2 over the 10.4 GHz
experiment.

The experiments use a drift scan technique in which the
equipment is fixed relative to the ground, and scanning is
achieved by using the Earth’s rotation which sweeps the
observing beams through the sky to give scans at fixed decli-
nation. The observing declination was selected by appropri-
ately setting the elevation angle of the plane reflector which
directed the sky signals into the horizontal microwave horns.
To minimize any remaining effects due to the changing
environment, such as the sky water-vapor content and the
ambient temperature, a double subtraction technique was used
combining fast switching (63 Hz) between the two horns and
slower wagging (8 s) of the flat reflecting plate to switch the
double beam by 8°1 in right ascension. This produces the dis-
tinctive experiment profile of a positive beam on the meridian
with two half-amplitude negative beams offset 8°1 to the east
and to the west. The beamwidths were calculated from horn
models and observations to be 4°9 +0°2 and 5°2 + 0°2
(FWHM) at 10.4 and 14.9 GHz, respectively.
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The radiometers have a system of continuous on-line cali-
bration produced by the injection of a modulated noise signal
into the input waveguide, thereby providing an internal refer-
ence to remove gain drifts. The recorded data were converted
to a brightness temperature scale by normalizing this internal
calibrator source in terms of an absolute reference. An ambient
temperature absorber, the Moon, and the Sun were all used as
external calibrators. Two observing channels are employed at
each frequency and when combined give theoretical sensiti-
vities in the double-switched mode of 5.6 and 3.4 mK Hz /2
at 10.4 and 14.9 GHz, respectively. Having two channels not
only gives an improvement of a factor \/% in sensitivity but
also permits a separation between combined atmospheric and
sky signals, and instrumental effects.

Every 82 s the data acquisition program produces a block of
data derived from the output of the radiometer channels and
an external temperature-humidity probe. The strong Galactic
plane crossing at R.A. ~ 20" is used to make a further daily
check of the time alignment and the amplitude scale. The pro-
cessed radiometer data consist of the total power level, the
beam differences for each mirror position (first beam
difference), the calibration signal, and the difference between
the above beam differences (second beam difference), together
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with the calculation of the standard error in each quantity.
Figure 1 shows these data streams at 14.9 GHz for a typical
sidereal day (1991 September 17). Figures 1a and 1b show the
unprocessed calibration signal and give the typical gain drifts
that the system suffers due to the changing ambient tem-
perature; the maximum drifts are ~14% and ~ 5% for chan-
nels 1 and 2, respectively. The system temperature plots in
Figures 1c and 1d are made by dividing the total power counts
by the calibration counts in order to remove the gain drifts
caused by ambient temperature changes. It is clear that
channel 2 system temperature still correlates with ambient
temperature changes, and this effect is also seen in the first
difference data (Figs. le and 1f). These long-term (> 1 hr) tem-
perature effects are greatly reduced in the second beam differ-
ence data, since these are calculated directly as the difference
between the two first beam differences where this effect is
similar. The standard deviations of the second beam differ-
ences, as estimated from the scatter of the subintegrations
within an 82 s cycle, are plotted in Figures 1i and 1j. The
mean value of these estimates is seen to be 0.8 mK, except
during a period in the late afternoon (R.A. = 220°-270° at
this time of the year) which was affected by local water-vapor
variations.
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FiG. 1.—Data recorded on 1991 September 17 at 14.9 GHz. Plotted are the calibration signal (a, b), the total power (c, d), first differences in temperature (e, f),
second differences (g, h), and the 1 ¢ error bars (i, j). The plots on the left and on the right are for channels 1 and 2, respectively. Panels (k) and (I) show, respectively,

the external temperature and humidity for this day.
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3. FIRST-STAGE ANALYSIS

We describe in this section the analysis of the data at 10.4
and 14.9 GHz up to the stage of producing a stacked scan for
each declination observed. Our analysis is restricted to the 10.4
GHz measurements taken in the period 1986 June to 1991
September covering decl. 35°0, 37°5, 40°0, 42?5, and 45°0, while
the 149 GHz measurements were taken from 1990 May to
1992 April and covered decl. 37°5, 40°0, and 42°5. The decl.
= 40°0 component of this data set represents ~70% of the
10.4 and 14.9 GHz data reported in Hancock et al. (1994) and
at 149 GHz covers the same observing period as that
described in Watson et al. (1992) with the quantity of 10.4 GHz
data being increased by ~30%. The additional information
contained within the scans at adjacent declinations offers
improved definition of structures.

Approximately half of the time was taken up with main-
tenance, power cuts, and calibration runs. Further time was

" lost due to the weather, which affected the 14.9 GHz data more

than 10.4 GHz data. Data were discarded when the Sun was
closer than 50° to the main beam or the Moon was within 30°,
and also when the observed standard error of an individual
measurement was more than 3 times the value averaged over
the day.

Before the beam-switched data from different observations
at a given declination can be stacked, they are regridded into 4
minute bins in right ascension since the recording system is
free-running in time. The residual long period baseline drifts
after double differencing occur on timescales where the instru-
ment is insensitive to astronomical signals (see Fig. 1) and are
removed by a maximum entropy method (MEM) approach in
which the common structure in each day of observation is
solved for. This algorithm will be described in detail in a
separate paper (Lasenby et al. 1995).

The final stacked scan was constructed from baseline-
removed scans by the following method. The ith second differ-
ence mean temperature within the stacked scan (AT;) was
calculated by weighting over measurements for that position in
the individual subscans, while the instrumental variance (¢2) of
the data was estimated from the corresponding distribution

AT, = Z!"=1 AT;;wy; (1)

Z?‘?x wy
o2 = Z;'“=1 (ATij - ATi)ZWij
! Z}":l Wij(ni -1 ’

where the indices ij refer to point i of scan j, AT;; and w;; are the
second differences and weights within the subscans, and n; is
the number of scans included in the estimation. A weight was
assigned to each point based on the scatter of the sub-
integrations within a 1° bin in right ascension.

Tables 1 and 2 show the mean number of measurements in a
1° bin in right ascension and the standard error over a beam-

@

TABLE 1

MEAN NUMBER OF INDEPENDENT
MEASUREMENTS PER 1° BIN OVER
THE RANGE R.A. 1°-360°

Decl. 10.4 GHz 14.9 GHz
35%0...... 26
37.5...... 21 10
40.0...... 84 102
42.5...... 24 27
45.0...... 24 ..

Vol. 442

TABLE 2

STANDARD ERROR (IN #K) PER
BEAM-SI1ZED AREA OVER THE
RANGE R.A. 1°-360°

Decl. 104 GHz 149 GHz
35%0...... 129
37.5...... 147 97
40.0...... 106 50
42.5...... 142 63
45.0...... 149

sized area, respectively. The noise does not strictly follow a ﬁ
relation; this is a consequence of the change in sensitivity over
the lifetime of the experiments due to technical improvements.
The scans also do not have a uniform coverage as a conse-
quence of seasonal effects, the most critical factors being bad
weather in winter and the proximity of the Sun in the summer.

These final stacked scans at each observed declination are
shown in Figures 2 and 3 for 10.4 and 14.9 GHz. Figure 2
shows the prominent features at R.A. ~300° at each decli-
nation, which corresponds to the strong Galactic plane cross-
ing, while the weak crossing is at R.A. = 60°-80°, as shown on
an expanded scale in Figure 3. This weak crossing shows a
double structure at lower declinations. Both crossings of the
Galactic plane have lower amplitudes at 14.9 GHz as com-
pared to 10.4 GHz as expected if free-free and synchrotron are
the dominant processes.

The top sections of Figures 4 and 5 show the second differ-
ence temperature maps at 10.4 and 149 GHz, respectively,
obtained by interpolating across the stacked scans in Figure 2
(note that an individual feature will have the characteristic
triple-beam profile). A grid of 025 x 095 in right ascension and
declination was used, followed by convolution with a Gaussian
beam of FWHM = 4°. The bottom section of each figure
shows the corresponding distribution of the noise. At both
frequencies, the scan at decl. = +40°0 has the lowest noise, as
can be seen in Table 2. Both maps clearly show correlated
structure produced by the crossings of the strong Galactic
plane at R.A. ~ 300° and the weak one at R.A. ~ 60°-80°.

A feature can be seen at R.A. ~ 330° just after the strong
Galactic crossing at 10.4 GHz with a corresponding weaker
feature at 14.9 GHz, consistent with a source of Galactic
origin, especially considering its proximity to the Galactic
plane. In addition to this, there are two structures at 10.4 GHz
centered at R.A. ~ 140° and ~250°, respectively; this last
feature also appears in the 149 GHz map. In the next section
we will show that the positions and amplitudes of both struc-
tures coincide with those expected for two known discrete
radio sources. Furthermore, at R.A. ~ 225° we see a weak
feature in the 10.4 GHz map, and its absence in the 14.9 GHz
map indicates a possible Galactic origin. It is likely that this is
the same feature reported in Davies et al. (1987) in the old (8°
FWHM) version of the 10.4 GHz experiment. A numerical
analysis of the features identified in the maps will be made in
following sections.

4. SOURCES OF NONCOSMOLOGICAL SIGNAL

4.1. Point Sources

The contribution from known radio point sources can be
estimated from the catalog by Kiihr et al. (1981), which is com-
plete down to 1 Jy at a frequency of 5 GHz. Additional infor-
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FiG. 2.—Stacked scans for each declination at 10.4 GHz (left) and 14.9 GHz (right) showing the strong (R.A. ~ 300°) and the weak (R.A. ~ 60°-80°) Galactic

crossings. Data have been binned at 1° intervals in right ascension.

mation has been obtained from the Very Large Array
calibrators list and from the Michigan bright radio source
monitoring program operating during our observing epoch
(M. Aller & H. Aller 1993, private communication). We
convert fluxes to brightness temperature T, (in kelvins) using

A2 4In2
T,=10"26% — = g
§ 0 2k rfFWHM?

where the flux density S is given in janskys, the observing
wavelength A is in meters, the FWHM in radians, and k is the
Boltzmann constant. In Figure 6 we have convolved the pre-
dicted temperatures for these radio sources with the triple
beam of our instruments in order to estimate their contribu-
tion to our observations. The most intense of the sources in the
Kiihr catalog is 3C 84, R.A. = 3"16™29%, decl. = 41°19’ (J1950),
which in our observations are mixed up with diffuse Galactic
emission. The principal sources at high Galactic latitude are

0923 +39 (4C 39.25) and 1641+ 39 (3C 345). The latter has an
almost flat spectrum in the region 10-15 GHz, with its flux
density at 10.4 GHz varying between 5 and 12 Jy during our
observing epoch (M. Aller & H. Aller 1993, private
communication). This is the dominant feature, away from the
Galactic plane, centered at R.A. ~ 250° in the maps of Figures
4 and 5. Figure 7 shows a comparison between the modeled
contribution of 3C 345 and the observational data taken at
decl. = 40°0; also included in this comparison is 1633+ 38,
which is close to 3C 345 and makes a contribution ~15% to
the modeled signal. At 10.4 GHz these radio sources constitute
the dominant signal, and as expected, there is good agreement
between the predicted and observed amplitude and morphol-
ogy of the signal. In the 149 GHz data, their contribution is
predicted to be a factor 2 lower, and again there is a reasonably
good agreement of the observations with the predictions. The
observed discrepancies at this higher frequency might be due
to radio source variability over the duration of the observa-
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F1G6. 3.—Expanded scale of Fig. 2 covering the region of the weak Galactic crossing and showing the 1 ¢ error bars. Data have been binned into 4° bins in right

ascension.

tions or possibly as a direct result of the presence of CMB or
Galactic emission which can make a relatively larger contribu-
tion to the reduced amplitude signal at 14.9 GHz. The observa-
tion of these radio sources with the predicted shape and
amplitude confirms the consistency of our results. The point
source 4C 39.25 at R.A. ~ 140° is also clearly present in our
data at 10.4 GHz (see map of Fig. 4), although its amplitude at
14.9 GHz (~ 100 uK) is below the 2 o level in our data at this
frequency.

The contribution due to the background of nonresolved
sources at the frequencies of our experiments has been esti-
mated by Franceshini et al. (1989). We have also made esti-
mates of the contribution based on the source counts of Aizu
et al. (1987) at 10 GHz. Both predictions agree that the tem-
perature fluctuations AT/T induced by the background of ran-
domly distributed sources should be less than 10™5 at 10.4
GHz. Making the conservative assumption of a flat spectrum

for all the unresolved sources, they would contribute less than
5x107° at 149 GHz and are therefore below our present
sensitivity.

4.2. Galactic Emission

To determine the possible contribution of Galactic emission
we can use the available sky continuum maps below 1500
MHz. A detailed description of these is given in Lawson et al.
(1987). We have considered the 408 MHz (Haslam et al. 1982)
and the 1420 MHz maps (Reich & Reich 1988). The contribu-
tion of the CMB and the diffuse background of extragalactic
radio sources were removed, after which point sources which
contributed more than 0.1 and 0.01 K at 408 and 1420 MHz,
respectively, were subtracted. The resulting maps should be
dominated by Galactic free-free and synchrotron emission. We
have converted these two maps to a common resolution and
placed them on a common grid 1° x 0°5 in right ascension and

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995ApJ...442...10G

0% D 14427 005

[1o95

10.4 GHz second difference temperature map

i

IS
)

w
oo

Declination (degrees)
S
S

w
(o)}

300 200 100 0
Right Ascension (degrees)

-200.0 0.0 - 200.0

10.4 GHz standard error map

42
40
38

Declination (degrees)

36

300 200 100 0
Right Ascension (degrees)

FiG. 4—Second difference temperature map and the corresponding noise map (bottom) at 10.4 GHz. The gray-scale limits are — 200 to 200 uK. Contour levels are

every 20 uK in the temperature map and every 10 pK in the noise map.

14.9 GHz second difference temperature ma

i

S
8]

w
=]

Declination (degrees)
&

W
(=)}

300 200 100 0
Right Ascension (degrees)

-200.0 0

14.9 GHz standard error map

Declination (degrees)

300 200 100
Right Ascension (degrees)
F1G. 5—As for Fig. 4, but at 14.9 GHz with intervals of 5 uK in the noise map

o

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995ApJ...442...10G

44
42
40

38

Declination (degrees)

36

300 200

10.4 GHz point source prediction

GUTIERREZ DE LA CRUZ ET AL.

100 0

Right Ascension (degrees)

14.9 GHz

Declination (degrees)
8

300 200

point source prediction

100 0

Right Ascension (degrees)
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FiG. 7—Comparison between the predicted contributions of the radio
sources 3C 345 and 1633+ 38 at decl. = 40°, and our measurements with 1 ¢
error bars are indicated (solid lines).

declination, respectively. We used them to make a prediction of
Galactic emission at 10.4 and 14.9 GHz for each point of the
grid, assuming a spectral index independent of the frequency
but varying spatially. These maps of predicted emission were
convolved with our instrumental response. In Figures 8 and 9
we present the observations of the Galactic crossings and the
corresponding predictions. In the direction of the strong
Galactic crossing there exists a good spatial correlation both
between the structures in the predicted and observed plots and
between the structures seen at the different frequencies. We see
that the measured signal is larger than the predicted one by a
factor of 1.4-1.7 at 10.4 GHz and 1.5-2.2 at 14.9 GHz, depend-
ing on the declination considered. This indicates that the spec-
tral index is flatter at our frequencies than at those of the
survey maps and implies that our simple model is unrealistic.
Our results are consistent with free-free emission dominating
over the synchrotron processes at the higher frequencies, which
is also reinforced by the spectral index deduced when compar-
ing the amplitudes of the Galactic crossings at 10.4 and 14.9
GHz.

The weak Galactic plane at R.A. ~ 60°-80° contains several
extended features. The double-peaked structure present in the
low-frequency survey is also clearly present at 10.4 and 14.9
GHz. The structure centered at R.A. ~ 60° seems to have a
flatter spectral index than the former, and it is not clearly
present in the map at 408 MHz.
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We find the most intense signal at declinations 40°0 and 42°5
when the scan passes through the Cygnus region. At these
frequencies the predominant contribution to the observed
signal is due to H 11 emission from the extended Cygnus X H 11
complex (R.A. = 20"26™, decl. = 41°). In addition there is a
contribution due to the presence of the extragalactic source
Cygnus A (R.A. = 19"58™, decl. = 40°6), but this is a factor of
~ 100 lower, and therefore it is possible to estimate the spectral
index of the Galactic diffuse emission by comparing the signal
in the low-frequency surveys with our measurements.

In Figure 10 we present a T-v plot of the amplitudes of the
strong Galactic crossings at each of the observed declinations
using the surveys at 408 MHz and 1420 MHz and our mea-
surements at 10.4 and 14.9 GHz. We consider a linear model
with a constant spectral index between consecutive frequencies
and take into account pointing errors in the declination due to
uncertainties in mirror elevation which are estimated to be

+ $0°2 on the sky. The spectral indices from 10.4 to 14.9 GHz

are 2.6193:5,1.979:3, and 1.813-3 at declinations 37°5, 4020, and
4295, respectively. At declinations 40°0 and 42?5 (in the Cygnus
X region) our results are consistent with free-free dominating
over synchrotron emission at frequencies higher than 1420
MHz.

In general the predictions from low-frequency surveys
(v < 1.5 GHz) in the high Galactic latitude region do not
match the structures seen at our observing frequencies. One
explanation for this inconsistency between the Galactic predic-
tion and our data is that scanning effects and uncertainties in
the base levels of the low-frequency maps at high Galactic
latitudes make it impossible to use them to predict structure at
high frequencies (Banday et al. 1991; Davies & Watson 1995).
In the following sections we will consider in detail our data in
the region R.A. ~ 160°-230°, showing that it is possible to put
strong constraints on cosmological fluctuations.
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TABLE 3

MEAN NUMBER OF INDEPENDENT
MEASUREMENTS PER 1° BIN OVER
THE RANGE R.A. 161°-230°

Decl. 10.4 GHz 149 GHz
3590...... 31
47.5...... 21 10
40.0...... 101 85
425...... 27 25
45.0...... 20 .

5. STATISTICAL ANALYSES

Several methods have been developed to separate intrinsic
CMB fluctuations from instrumental noise, and so in turn to
set constraints on the amplitude of the CMB signal. Depending
on the model considered and the experimental configuration,
correlations may exist between adjacent data points. Therefore
analysis techniques can make use of the different properties of
noise and signal in order to characterize the data by its two-
point autocorrelation function (ACF). The most common
analyses are those using the likelihood function (Davies et al.
1987). This is used here as before in the single-declination
analysis (Watson et al. 1992; Hancock etal. 1994) and is
extended to a two-dimensional analysis by simultaneously
considering data from two or more declinations.

We correct the data for the contribution of known discrete
radio sources and restrict the analysis to the range
161° < RA. <230° corresponding to Galactic latitude
b > 55°. The data used are shown in Figure 11 binned at 1°
intervals in right ascension and were obtained by weighted
addition of the individual daily scans according to a weight
derived from the average variance along the scan. Tables 3 and
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FI1G. 10.—T-v plots of the peak amplitude of the strong Galactic crossings in the surveys at 408 and 1420 MHz, and at our observing frequencies, showing the
estimated spectral indices between consecutive frequencies.
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FiG. 11.—Difference in beam difference and the 1 ¢ error bars in the region at high Galactic latitude. The contributions of discrete radio sources have been

removed. Data have been binned at 1° intervals in right ascension.

4 give the mean number of samples in a 1° R.A. bin and the
standard error over a beam-sized area for the data shown in
Figure 11.

We shall assume that CMB fluctuations are characterized by
a two-dimensional, Gaussian random field and hence follow a
multinormal distribution, in which their statistical properties

TABLE 4

STANDARD ERROR (IN pK) PER
BEAM-SIZED AREA OVER THE
RANGE R.A. 161°-230°

Decl. 104 GHz 149 GHz
98 "
98 60
64 35
96 54
131 "

© American Astronomical Society

are described entirely by their ACF, C;,,(0) = <6T(§,)0T(q,),
where 5T(4§) is the fluctuation in temperature in direction § and

coordinates §, and §, are separated by an angle 6. Accord-

ingly, for an experiment with the —% + 1 — % switching

pattern of the Tenerife instruments, the instrumental ACF

measured between two points i and j with coordinates («, J)

and («, &) is given by the covariance matrix

M;; = {oT,(«, 8) — 3[6T,,(x + B/cos 8, d)
+ 0T, (o — B/cos 8, 8)1}
{6T (', 6) — L[6T, (o + B/cos &, &)
+ 0T (¢ — B/cos &, 6)1}>, (3)

where 6T,,(e, ) is the fluctuation in temperature at point (a, )
after convolution with the Gaussian beam pattern for a single
antenna and f is the switching angle. Taking into account the
noise €; on observation i gives the total covariance matrix

e Provided by the NASA Astrophysics Data System
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Vj = M;; + {€; €, for which the last term is nonzero only for
i = j since the noise is uncorrelated from point to point.
Thus the likelihood function is given by

1 1
LAT Y1, y2r o0 ¥ & (g exp(—zAT 4 AT),

@)

where y,, y,, ..., y, are the model parameters and AT is the
data vector. For the sky model under consideration, one can
then calculate the most probable model parameters in accord-
ance with the data, by interpreting the resulting likelihood
curves in a Bayesian sense, taking a uniform a priori probabil-
ity distribution.

Following our previous analysis (Watson et al. 1992) we
have considered a sky described by a Gaussian ACF which is
characterized by the typical amplitude and angular scale of the
fluctuations. Although not predicted in any particular
cosmo logical scenario, this model is useful to compare results
from different experiments. The functional form of the intrinsic
ACEF is then

02
Cintr(g) = CO €Xp (_ ﬁ) > (5)

where C, is the intrinsic variance of the sky and 0, is the
coherence angle. After filtering with an antenna with a Gauss-
ian beam of dispersion o, the ACF is expressed by

Cul6; 0) = (0T, (@, 9) ST, (', &)

C, 02 —0
2+ 02 P [2(202 + 09| ©

This is modified by the beam switching according to equation
(3), from which one can identify the rms temperature fluctua-
tion in a scan AT,,,,, with the square root of the diagonal terms
M. It is found that the profile of this instrumental ACF is
virtually independent of 6. over the range 1°-10°, although the
amplitude of AT,m/\/C_O, which defines the sensitivity to a
given model, is a function of 6, and attains a maximum at
0. ~ 4° for the Tenerife experiments. In this case the relation
between AT, and \/C—o iSAT,,, & 0.75\/C_0.

The region analyzed covers ~750 and ~500 deg? at 104
GHz and 14.9 GHz, respectively, representing an increase in
sky coverage by a factor of 2-3 over that presented in Hancock
et al. (1994). It should be noted, however (see § 3), that the
integration time at decl. = 40°0 in the latter paper is larger
than that presented here. In Tables 5 and 6 we give the
resulting amplitudes, /C,, of the intrinsic signal in the 10.4
and 14.9 GHz data for a model with coherence angle 6, = 4°.
Column (1) of each table denotes the declinations incorporated
in the analysis, while columns (2) and (3) give the signal ampli-
tudes at 68% and 95% confidence, respectively. Considering
first the results from the analysis of independent declinations
separately, one finds marginal evidence for structure present in
the 14.9 GHz decl. = 40°0 and 37°5 scans, at a level below the
current sensitivity of the 10.4 GHz data and in accordance with
the 10.4 GHz upper limits presented here. In our previous
paper (Watson et al. 1992) using likelihood analysis of the
decl. = +40° 14.9 GHz data presented there we placed a 95%
confidence upper limit on structure at a level \/Z‘_O =51 uK,
although there were indications of features below this level in
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the MEM construction. The latter limit is compatible with the
one presented here of 27733 uK and the detection limits of
Hancock et al. (1994) which use an additional frequency at 33
GHz. At 10.4 GHz, in Watson et al. (1992), we found marginal
evidence for structure at a level of 150 uK (from the peak of the
likelihood curve). We did not set confidence limits to this result
because we considered it too weak a detection. Due to the lack
of error bounds we did not attempt a spectral fit to the 10.4 and
14.9 GHz data, instead consigning ourselves to a visual inspec-
tion of the MEM scans to tentatively suggest a most likely
origin in Galactic emission. Our present analysis of the
decl. = +40° 104 GHz data incorporates a more accurate
calibration (including a reduction of 25% in the temperature
scale) and a better baseline subtraction process (making simul-
taneous use of data from adjacent declinations) applied to an
improved data set. This more rigorous analysis allows us to set
an upper limit of 85 uK at 95% confidence and demonstrates
that the spectrum is inconsistent with that from Galactic emis-
sion and is in agreement with a blackbody. At decl. = 4295
structure is detected at an amplitude of order 100 uK at both
frequencies and could be explained to be the result of a com-
bination of CMB and Galactic emission. The situation at
decl. = 4520 is somewhat confusing, with a relatively large
amplitude signal present at the 2.5 o level. Without further
spectral information the origin of this signal is uncertain,
although its relatively high amplitude is more consistent with a
Galactic origin, given that the typical amplitude of CMB struc-
tures on these scales is expected to be ~50 uK (see Hancock
et al. 1994; and § 6). The stability of the signals at decl. 42°5
and 45°0 has been investigated by the analysis of independent
splits of the data set, but the results are inconclusive due to the
reduced sensitivity resulting from the limited amount of data;
future observations should clarify this situation. The joint
analysis of the combined common coverage of decl. 375, 4020,
and 42°5 at the two observing frequencies provides greater
sensitivity, to structures in the data. The likelihood curves for
this combined data set are depicted in Figure 12 and show
evidence of structure at a similar level (\/C, = 41-66 uK) at
both frequencies. These results, as shown in the first row of
Tables 5 and 6, are in agreement with the analysis of each
declination separately and offer improved evidence for the
presence of structure at an amplitude \/C—O ~ 50 uK. The
analysis of different sets of declinations also gives detections
compatible with the previous result, confirming the evidence
for structures present at comparable amplitudes in the different
scans.

TABLE 5

RESULTS OF THE LIKELIHOOD ANALYSIS FOR DATA
OVER THE RANGE R.A. 161°-230° a1 10.4 GHz

V/Co (1K)

Decl. 68% CL  95% CL
(1) 2 3)

37°5-40°0-42°5........ 41128 4180
37°5-40°0 ............ <40 <81
40°0-42°5 ............ 33+26 33%12
45°0 i, 178+97 17823
42°5 i 85753 85+ 145
40°0 ... <40 <85
375 i <65 <143
3590 i <63 <145
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TABLE 6

RESULTS OF THE LIKELIHOOD ANALYSIS FOR DATA
OVER THE RANGE R.A. 161°-230° AT 14.9 GHz

v Co (K)
Decl. 68% CL  95% CL
1) 2 3)
3795-40°0-42°5 ........ 66+22 66155
37°5-40°0 ............ 39122 39451
40°0-42°5 ............ 56+35 56+39
42°5 i 120%57 1207130
40°0 ......ooee 27+20 27453
3795 e 57439 57483

6. DISCUSSION OF RESULTS

By considering that the statistical detection reported by
Smoot et al. (1992) is produced by cosmological fluctuations,
we can compute what signal would be expected in the Tenerife
experiments and compare it with our results. From the report-
ed rms signal 30 + 5 K in a 10° beam, the corresponding
intrinsic signal for the model considered here can be calculated
using equation (6), giving \/C_o = 54 + 9 uK, which is fully
compatible with our findings.

We will now consider whether the signal detected in our 14.9
GHz data is mostly due Galactic contamination or to cosmo-
logical fluctuations. To differentiate between them we have to
estimate the likely contribution of the Galaxy. As we have seen
(§ 4), the low-frequency surveys are unsuitable for a prediction
of the Galactic emission in the 10-15 GHz range; however,
recalling that the 10.4 and 14.9 GHz experiments have the
same beam geometry, we can use our 10.4 GHz data to set an
upper limit to the diffuse Galactic emission present in the 14.9

Relative Likelihood

Relative Likelihood

150

V] 50 100
C,'® (uK)
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GHz observations. Under the conservative assumption that
the maximum signal compatible with the 104 GHz data
(AT, = 0.75./C, < 80 uK at 95% confidence level) is Galac-
tic in origin with a spectral index of 2.1 corresponding to free-
free emission, we obtain a maximum value of AT, < 38 uK
for the Galactic contribution at 149 GHz in the region
37°5-42°5. If we assumed synchrotron emission with a spectral
index of 2.8, the signal would be AT,,, <29 uK at the 95%
confidence level. Both results are below the most probable
signal in our data at 149 GHz (AT, ~ 0.75\/C_0 = 50 pK)
and, given the signal level expected from the COBE detection,
indicate the fluctuations of cosmological origin could indeed
be the most significant contributor at this frequency.

Mapping with our new radiometer at 33 GHz should defi-
nitely solve the question of the cosmological origin for the
structure at 14.9 GHz. Even assuming the less favorable case
that free-free rather than synchrotron emission is the dominant
process at 10.4 GHz and taking the 95% upper limit of the
signal, its contribution at 33 GHz should be AT, < 7 uK and
most probably only 3 uK, at least a factor 10 below the
expected level of cosmological fluctuations. Our first results
including data at this frequency have already demonstrated
(Hancock et al. 1994) the existence of cosmological structure at
a level AT, =42 pK in the decl. = 40°0 scan and thus
support the possibility of a sizeable CMB component to the
signals at adjacent declinations.

7. CONCLUSIONS

We have presented observations made with the Tenerife
beam-switching radiometers at 104 and 149 GHz in the
region covering decl. 35°0-45°0, and 37°5-42°5, respectively.
The best quality data have been obtained with the 149 GHz
radiometer at decl. = 40°0, where the sensitivity is better by a

300

200

100

1 PR RS S
0 50 100 150
Co'% (uK)

F1G. 12.—Likelihood curves for 10.4 GHz (left) and 14.9 GHz (right) assuming a sky model described by a Gaussian ACF function with a coherence angle of 4°.
The region of the sky analyzed contains data at decl. = 3725, 40°0, and 42°5 from R.A. 161°-230°.
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factor of 1.5-2 than at adjacent declinations. Maps at 10.4 and
14.9 GHz have been produced and attain peak sensitivities of
64 and 35 uK per beam area at the respective frequencies. Our
data show a clear internal correlation between structures in the
region of the Galactic plane and also correlate with the predic-
tions from low-frequency Galactic-dominated surveys. Our
results show that the spectral index of the emission in the
Galactic plane is lower at higher frequencies and that free-free
emission dominates over synchrotron emission at frequencies
larger than 1420 MHz. The radio source 3C 345, the brightest
in the high Galactic latitude region of our map, is detected with
the expected shape and amplitude, (~300 and ~100 K at
10.4 and 14.9 GHz, respectively), giving further confidence to
our measurements.

After subtraction of point sources, the high Galactic latitude
data in the range 161° < R.A. < 230° were analyzed sta-
tistically to constrain the amplitude of fluctuations. The results

+ of this analysis show evidence of the presence of signal with an

intrinsic amplitude of \/C,=4172§ K at 104 GHz and

V/Co= 6633 uK (68% confidence limits) at 14.9 GHz for
Gaussian ACF models with a coherence angle 6, = 4°. Using
our 10.4 GHz data to place limits on the Galactic contami-
nation at 14.9 GHz we conclude that cosmological fluctuations
could be the most significant contributor to the signal at this
frequency. These results are compatible with the statistical
detection by the COBE group, and also with our previous
detection of CMB features in the decl. = 40°0 strip (Hancock
et al. 1994). The results presented here extend the latter detec-
tion of structure at 10.4 and 149 GHz to a larger sky area, and
future mapping at 33 GHz, now in progress, will distinguish
between a Galactic and a cosmological origin for the structures
in this extended region.
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