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Abstract. In 2009/2010 the Leibniz-Institute of Atmo- sively simulated using the Numerical Electromagnetic Code
spheric Physics (IAP) installed a new powerful VHF radar on (NEC 4.1). For the simulation of various combinations of
the island Andgya in Northern Norway (69°39, 16.04 E). beam forming and beam pointing, realistic ground parame-
The Middle Atmosphere Alomar Radar System (MAARSY) ters have been included. Nevertheless the radiation pattern
allows studies with high spatial and temporal resolution may be affected by e.g. mutual coupling of the antennas and
in the troposphere/lower stratosphere and in the mesoactive impedances. This implies the necessity of experimen-
sphere/lower thermosphere of the Arctic atmosphere. Théal methods to verify the model results.

monostatic radar is operated at 53.5MHz with an active Non-thermal cosmic radio emissions on frequencies be-

phased array antenna consisting of 433 Yagi antennas. EagBy 100 MHz are mainly generated by synchrotron radiation
individual antenna is connected to its own transceiver withgf cosmic ray electrons and vary for each distinct point in the
independent phase control and a scalable power output of ugky. In the 1930s the first extra-terrestrial radio emissions
to 2kW, which implies high flexibility of beam forming and  \ere detected and first intensity maps were created in the
beam steering. During the design phase of MAARSY several 940s. Since then, radio astronomers accomplished several
model studies have been carried out in order to estimate thgyrveys using a wide range of the radio frequency spectrum
radiation pattern for various combinations of beam formingto detect and study various sources of cosmic radio noise.
and steering. However, parameters like mutual coupling, ac- To obtain accurate measurements with atmospheric VHF
tive impedance and ground parameters have an impact on thedar systems it is vital to know the beam pointing direction
radiation pattern, but can hardly be measured. Hence, expegnd the beam shape itself as precisely as possible. During
iments need to be designed to verify the model results. Fogne |ast few decades observations of cosmic noise emissions
this purpose, the radar has occasionally been used in passi¥fve been carried out to calibrate various atmospheric radar
mode, monitoring the noise power received from both diS'systems (see e.@gCzechowsky et al.1984 Palmer et al.
tinct cosmic noise sources like e.g. Cassiopeia A and Cygnugggg zecha 1999 Campistron et aJ.2001; Carey-Smith
A, and the diffuse cosmic background noise. The analysis okt a1, 2003 Fukao et al.2003 Swarnalingam et 312009ab;
the collected dataset enables us to verify beam forming angkenkwitz et al, 2011). The purpose of these studies has been
steering attempts. These results document the current statlgSy. to derive the apparent noise contribution for a given side-
of the radar during its development and provide valuable in-rea| time at the receiver system, to verify the beam pointing
formation for further improvement. of the antenna array, or to estimate the beam pattern itself as
a process of calibration. Additionally, cosmic noise observa-
tions allow the verification of the system sensitivity. Typical
1 Introduction cosmic noise sources which have previously been studied for
the above mentioned purposes are: e.g. Cassiopeia A (RA:
In this manuscript we present a recent study with the main23 h 23.4 m, Dec: +5818.9), Cygnus A (RA: 19h 59.473 m,
aim to validate the receiving system of the MAARSY VHF Dec: +4044.035) on the Northern Hemisphere and Sagit-
radar by observing cosmic radio noise. The architecturetarius A (RA: 17 h 43.25m, Dec:-2852) on the Southern
of the radar has been introduced in detailLimteck et al. ~ Hemisphere. In the following sections we describe the meth-
(2012. During the design phase of this radar, the radiationods used to verify the beam pointing direction of MAARSY
pattern of the active phased array antenna has been exteand to estimate the apparent beam width. Afterwards, we
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controlled by the sky temperature captured by the radar an-
tenna array.

In general, the most critical and essential part of all sky
noise observations is the estimation of the Quiet Day Curve
(QDC). The actually detected power may be contaminated by
additional noise power of various origins, e.g. the influence
of the highly variable sun has to be precluded. The sun may
introduce additional noise power e.g. when passing through
the antenna main beam or any side lobe of significant inten-
sity or results in decreased detected incident power due ab-
sorption as a consequence of increased electron density in the
D-region. Furthermore additional external artificial sources
inflicting the observations have to be excluded prior to any
subsequent analysis.

Various scan experiments have been performed during the
different expansion stages of the radar to analyse the actual
performance. Most of the cosmic radio sources are located
at less than 70declination and culminate exactly south of
the radar. Therefore, the experiments have been carried out
to scan in southern directiong & 180°) at zenith angles
Fig. 1. Sketch of the MAARSY VHF radar antenna array. The Of & =0-34 with an angular resolution of°1 Due to the
seven anemone antenna groups used in this manuscript are mark&@nsitivity, temporal and angular resolution the radar should
with colors. be able to receive very distinct sources of radio emissions.

During earlier experiments we were already able to detect

the two strongest radio sources on the Northern Hemisphere,
analyze the observed intensity of the two major cosmic ”Oisehamely Cassiopeia A as a supernova remnant and Cygnus
sources to evaluate the gain degradation while pointing they g5 3 radio galaxy. During November and December 2011
beam far off-broadside. Additionally we will present a com- new experiments with almost the full aperture of the radar
parison of our observations with a global sky model which is haye been performed. These cosmic noise experiments were
based on several cosmic noise surveys. sequenced with other experiments carried out during that
time, therefore the temporal resolution of the experiments
analyzed in this manuscript is approximately 5min, while
the data gaps have been interpolated for the analysis where
necessary. The collected data set has been analyzed for a
configuration, where we used 343 of the 433 antenna array
zenith angle. Simulations show that within this zenith angleelements, related .to SEVen -anemone antenna 'sut?s.tructure,

which are marked in FidlL. For every anemone an individual

range MAARSY is free of grating lobes. During these pas-. : : ;
sive scans the transmitter has been switched off to preve |ptermed|ate frequency signal is transferred to the 16-channel
i}sase band receiver and are subsequently sampled. Thus we

any contamination of the data set. This contamination ma rombine the Seven anemones in software to qenerate a beam
appear within the system itself e.g. due to crosstalk in the 9

transmit/receive-switches or by unfortunate range setting with approximately 4 beam width when pointing to zenith.

and, therefore, the reception of back scatter of the transmitte Cﬁ;”?eizeifaeﬁﬁirémgi'ttr]v;z %?;?ﬁ:igfsgo Eg?]lb;?lgltr's?s
signal by any near or distant targets. P y ’ d y

The general representation of total noise povkef is is restricted to 343 array glements, afterwards referred to as
. o . MAARSY343. The radiation pattern for the MAARSY an-

composed of the external and internal contribution of noise . o .

power and is given by tenng arr:_;ty using 7 anemones pom'Flng tq thg radio sources
Cassiopeia A and Cygnus A are depicted in Rig.

Piot=k- B (Tsky+ Treq) (1) For the subsequent analysis we exclusively used data from
1-2 December as during that time the geomagnetic activity

wherek is the Boltzmann constanB the observation band- and any additional interference to the receiver system ap-

width, Tsky andTrec are the equivalent absolute noise temper-peared to be very low and thus the data can be used without

atures of the observed sky and the receiver, respectively. Folany further manipulation.

lowing this equationTiec limits the sensitivity of the radar, The raw data have been analyzed as follows. First, for

which should not change within the experiments. As theeach beam pointing direction we generated the combined

bandwidth is also kept constant, the incident noise power idoeam by respectively integrating the in-phase and quadrature

2 Experiment description

With the flexible beam steering of the MAARSY radar, we
are able to run passive scans within a cone of at legsvf30
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Fig. 2. Simulated radiation pattern of the MAARSY antenna array in top view, using 343 array elements while pointing to the radio sources
Cassiopeia A¢ = 180°,0 = 10.5° — left side) and Cygnus A¢(= 18(°,0 = 27.5° — right side). The corresponding trajectories of both

radio sources are depicted with dotted circles. The individual radiation pattern are depicted relative to the maximum gain with an overlay of
equidistant rings of each 1@enith angle. For these simulations the Numerical Electromagnetics Code (NEC) with the Norton-Sommerfeld
approximation was used implicating the mutual coupling of antennas and the influence of imperfect ground.
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Fig. 3. Distribution of incident noise power over time and zenith argfer a scan withinp = 180°, 8 = 0-34. The highlighted point-like
radio sources are Cassiopeia®= 10.5°) and Cygnus A{ =27.5°).

components of the time series of the seven anemone signalthe radar beam is described in the next section. Furthermore
Subsequently we subtracted the DC-part (mean of the inwe see the accentuated spiral signature of the galaxy where
phase and quadrature component, respectively) in every timalso both radio sources are co-positioned. In total we see up
series of the seven anemone signals and the aforehand geto 10.5dB dynamic range between the strongest source and
erated combined beam. Afterwards, we derived the powethe coldest point within the scan volume.
of the received signal for each receiver channel by calculat- The aim of further experiments was to detect the radio
ing the auto-correlation function of the corresponding time soyrce Taurus A (RA05h 34 m 31.97 s, Dec. +2252.1"),
series. Applying this method we obtained a smoothed andyhich is connected to the supernova remnant Crab nebular.
robust time series for the whole observation. This radio source has been studied e.gVbwaijkin (2005

The time series of this scan experiment is presentedat a frequency of 151.5 MHz. Before, the IAP has never been
in Fig. 2, where the angular and temporal distribution of able to observe this radio source as the earlier radar systems
incident noise power is depicted. The two most pro- did not have the capability to steer the beam in the appro-
nounced sources Cygnus A and Cassiopeia A can be foungdriate directions. However, even with the MAARSY radar
at 14:15UTC and 17:38UTC, respectively. The detailedTaurus A is well out of the designed and commonly used
analysis of the apparent passage of the radio sources throudleam pointing cone. To monitor Taurus A the radar beam
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Fig. 4. Simulated radiation pattern of MAARSY343 while pointing Fig. 6. Distribution of incident noise power for a scan within
to the radio source Taurus & & 180°, 6 = 47.3°), superimposed ¢ =190°, § = 28.5-56.8. The maximum intensity is related to the
by the current positions of Cygnus A, Cassiopeia A. In the upper-radio source Taurus A(= 47.7°), which is co-located to the galaxy
most left part the overlap of Cygnus A and the radars grating lobe(visible in yellow/green contour).

can be seen.

A (¢ =3308°, 6 =67.8°). To eliminate this potential con-
tamination of received noise power via the grating lobe an-
other experiment was defined. Within the new experiment
Taurus A has been monitored having the radar beam point-
ing to 190 azimuth instead of direct south, where we only
lose about 0.25zenith angle to the radio source, but we gain

1 0=10°/circ '
$=190°,0=47° _3

N—

m
C _15§ about 20 angular separation between the grating lobe and
3 2 Cygnus A as at the same time the grating lobe is also gen-
% '21§ erated in a different direction. This configuration is shown
? g in Fig. 5, where the the contribution of Cygnus A to the re-
—27 ceived noise power should be attenuated by more than 20 dB.
During this experiment we could once again detect Taurus A
I -33 (Fig. 6) and with this also verify the beam pointing capabil-
l ity of the MAARSY radar and estimate the accuracy fo 1
1 05 0 05 1 o9 even for such high zenith angles. Furthermore this experi-
«W sin() sin(¢) E— ment demonstrates the potential use of the radar even outside

its designed beam pointing cone with carefully chosen exper-
Fig. 5. Simulated radiation pattern of MAARSY343 pointing the iment parameters.
radar beam to the radio source Taurus Apat 190°, 6 = 47.7°,
superimposed by the current positions of Cygnus A, Cassiopeia A.
For this beam steering configuration the grating lobe is significantly3  Validation of the radar beam position and beam width
separated from the current position of Cygnus A.

The goal of the earlier mentioned scan experiments was to

gain information about the actual beam pointing of the radar
has to be pointed to at least 47 Znith angle (see Fig), and to derive the actual beam width. As the detected to-
which is the culmination of this radio source at the radarstal noise power typically fluctuates from sample to sample,
location. Obviously a scan within these high zenith angleother means have to be used to identify the apparent time
values inherently generates grating lobes for our antenna aef passage of the cosmic radio source, than simply select-
ray, which can also be seen in Figg.where the main beam ing the time of maximum power. First, we trace the zenith
is generated at azimuth= 180 and zenith anglé = 47.5°. angle containing the maximum noise powépay in the
In the first experiment we were already able to detect the signear of the calculated zenith angle for the trajectory of the
nature of Taurus A, however in this configuration, the gratingindividual cosmic noise source. To increase the temporal
lobe is close to overlap with the current position of Cygnusresolution we interpolate the time series for zenith angles
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Fig. 7. Analysis of cosmic noise observations to estimate the apparent time of passage of Cassiopeia A. The left panel depicts the detectec
intensities during the experiment, where the subsequent cross sections are used to determine the apparent time of passage and beam wid
which are marked by lines in the corresponding colors. The upper right panel shows the time series for a fixed zenith angle where the
maximum intensity of the radio source has been detected. The lower right panel presents the cross section in zenith angle through the radic
source. The estimated apparent beam width during this experiment, the simulated beam pattern and the model data are marked in red, gree
and black, respectively.

Total directive gain for¢ = 0° direction. The apparent beam width has been estimated for
ol N P ‘em: ——— the points of hglf the noise power rel'ative to the quimqm.
JE ¢ 5 The result of this analysis for the radio source Cassiopeia A
g 20 r is shown in Fig.7. For the experiments in December 2011
= 109 r we were able to estimate the misalignment of the radar beam
© B = . . . . . .
0} _187 i to be within 05° in both azimuth and zenith angle, while
201 Aﬂnn I\/{YW\ i we found a minimum beam width of 3.2h the direction of

90 70 -50 -30 -10 10 30 50 70 90 ¢ =180, 6 =105° for the_ MAARSY343 conﬂgu_ratlor?. In
9/° comparison, the beam width for this array configuration us-
ing 343 antennas as marked in Fighas been simulated to
Fig. 8. Cross section of the simulated radiation pattern of 4.2° (see Fig8).
MAARSY343, pointing tog = 18(°, 6 =105° as a function of The apparent degradation of beam width is likely caused
zenith angle). by the imperfect estimation of the apparent beam width by
merely analyzing the-3dB points of the detected noise
power. Therefore, we try to verify the beam width indi-
Opmaxt 3° with a cubic polynomial. Subsequently, we ba- rectly by using a global sky model of cosmic noise emis-
sically slide a scaled Gaussian function of adequate widthsions, which will be used and introduced in more detail in
over these equally-spaced interpolated time series. The begihe next section. To derive a representative curve we con-
match of the interpolated time series with the shifted Gaus-olve the simulation of the complete radiation pattern includ-
sian function is derived by the method of least-squares. Thisng all side lobes with the global sky model data. For this,
sliding step of best match describes the apparent time of paswve used the radiation pattern of the antenna array pointing
sage of the observed cosmic noise source and the analyzdéd 6 = 10° and an approximation of it for the remaining scan
zenith angles. This apparent time can now be compared tdirections. The result of this approach is depicted in Fig.
the calculated trajectory of the observed radio source, mainly{dashed black line). The discrepancy abové 2énith an-
giving information about the deviation of the radar beam in gle is probably mainly related to the approximation used at
azimuth direction as the noise sources have been observdtiese pointing directions. Nevertheless, our observations at
during their culmination. A similar method is subsequently and around the peak of Cassiopeia A match with the zenithal
used to derive the accuracy of beam pointing in zenith anglecross section from the global sky model. Hence the initially
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simulated radiation pattern has to be in agreement with the g
apparent radiation pattern that was existent during the obser-
vations.

Using the same data set we estimated the degradation of
the antenna gain which appears while pointing the radar§ .
beam to greater off-zenith angles. The reason for this degrag
dation is the influence of the radiation pattern of each in-
dividual array element to the array pattern. In our obser-
vations (see Fig2) we see about 0.3dB less noise power
from Cygnus A than from Cassiopeia A. The degradation of
the antenna gain tilting the radar beam from Cassiopeia A right ascension
(¢ =10.5°) down to Cygnus Ad =27.5°) have been simu-
lated to be about 0.84 dB, which results in a difference in ab-Fig. 9. de Oliveira-Costa et a(2008 53.5 MHz radio image of
solute noise power of 0.54 dB. Adopting the flux reference ofour spiral galaxy transformed toa Mollwc_eide proj_ection in ce!estial
ITU (2000 for our observation frequency the flux ratio be- coordlna_tes._ The resolution of the map is 1° in right ascension
tween Cygnus A and Cassiopeia A is about 0.55dB. Itshouloand declination. In th.e uppermost right part Of t.he map the distinct
be noted that the emissions of Cassiopeia A are fading withContours of Cassiopeia A and Cygnus A are visible.

a frequency dependent rate of 0.5 to 1% per year (see e.qg.

Bridle, 1967 Agafonoy, 1996 Riahi, 2002). Uyaniker et al. )
(2004 studied e.g. flux densities of Cygnus A and it's de- (1974 198) and (1982 for a frequency of 408 MHz, which
tailed structure on e.g. 408 MHYinyajkin and Razir(2004) is still usgd asan a}ll sky reference nowadays. On_ even higher
estimated for observations on a frequency of 151 MHz in thefréquencies e.greich et al(1997) undertook detailed stud-
year 2005 a flux density rate of Cygnus A/Cassiopeia A t0/€S of cosmic noise emissions at apprommate_ly 1.4 GHz. For
be in the order of 1.05 to 1.1, which equals 0.46 dB. Theylower frequencies the earlier cosmic sky noise surveys e.g.
also estimated the annual fading rate of Cassiopeia A foCan&(197§ are based on observations with & ¥ide beam,

151 MHz to be in the order of(0.8840.09 %) per year, whlc_h is considerably large compared to MAARSY. The map
which gives for 2011/12 a flux rate of approximately 1.136 of this survey appears smoothgd due to the larger beam width
between Cygnus A and Cassiopeia A, which equals to 0.8 dgand does not show the dynamic range. However, there have

Generally we have to recognize that our observations ar&€€n narrow beam studies at 22 MHzRgger et al(1999.
in good agreement to other observations, provided that th&Very of these studies implies valuable information for fur-
frequency dependence of flux and fading rate is taken intgher comparisons, while _the difference in the Qbs_,ervatmn fre-
account. Additionally, it is worth to note that the propagation 9UeNcy has to be considered. Recentg,Oliveira-Costa
path through the atmosphere to the radio sources Cassiopef &) (2008 derived a model to create global sky noise tem-
A and Cygnus A during their culmination differ. Further- Perature maps (GSM) for any user defined frequency in the
more it has to be taken into account that the polarisation of@ng€ from 10MHz to 100 GHz. The model is based on the
the cosmic radio sources Cassiopeia A and Cygnus A differMerging of the eleven most accurate sky noise surveys. At
which might lead to variations in the detected noise power,0Ur frequency of interest, this results in a GSM with signif-
when observing them with a fixed linear polarized antennal€@ntly increased resolution. The accuracy of the GSM is
array (see e.g3aars et al.1964 Boland et al, 1966 Mayer ~ 91Ven to 1-10 % depending on frequency and sky region. For

and Hollinger 1968 Downs and Thomsqri972. our observation frequency the GSM is highly dependent on
the 45 MHz surveys dflaeda et al(1999, which have been

performed with the MU radar for the Northern declinations
4 Comparison of a single day data set of observations ~ @nd onRoger et al(1999 using Fhe 22MHz DRAO rgd|o
with a global sky model telescope. The angular resolution and beam width in both
surveys is better than the beam width we used for the ob-
In the earlier section we derived information about the qual-Servations with MAARSY. Hence the model data offers an

ity of the beam pointing and the beam forming of the radarappropriate angular resolution for further comparisons. A
resulting e.g. in the estimation of the current beam width. ForSimilar approach have been used$tpber et al(2011) for

this purpose we analyzed the received incident noise powethe calibration of meteor radars. Applying this technique, we
from two distinct radio sources. In this section we will now May gain additional information about the radiation pattern
compare the time series of 24 h, assuming the data is fre€f the radar.

of any additional atmospheric damping or interference, to a In the earlier section we almost exclusively examined the
global sky model. Surveys of cosmic noise radiation havemain beam in the analysis. However, all side lobes should
been performed by several radio astronomers. One of thbe attenuated by more than 17 dB, they nevertheless collect
first extensive surveys has been presentediaglam et al.  noise power from their individual heading. These side lobes

45°

-45°
sky noise temperature / 1000K

-90°
o

90° 180° 270° 360°
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Fig. 10. Comparison of the GSM data (blue) to the observations with MAARSY (green) for Cassiopeia A (upper panel) and Cygnus A (lower
panel), relative to the maximum intensity. The thin blue lines mark the accuracy interval of the GSM.

partially cover large areas of the sky and therefore contributeéSubsequently we convert the noise figure to the equivalent
a significant amount of noise power. Thus the analysis shouldemperaturde by using Eq.3, which results inf, =585K.
comprise the complete radiation pattern. For this purpose we

convolve the simulated radiation pattern of the MAARSY an- Te=Tp- 10

tenna array with the GSM to generate a reliable Quiet Day The results of the comparison between our observations

lecture of e MAARSY radar we nroduced adiional noise " MAARSY an the GSM data ae presented for both a-
L dio sources Cassiopeia A and Cygnus A in Hgelative to
to the model to represent losses and the noise figure of the re;

iver Therefore we include 1.3 dB loss for the main coaxi Iheir maximum power. The observation data is marked in
celver. Theretore we include . 0ss forthe main coa. agreen and the GSM data is depicted in blue including the
cable (converted to an equivalent noise figure:Nfg con-

10 % accuracy marked by thin blue lines. In general we

necting the array elements to the receiver and a typical nois .
figure of 3.5dB (NIr) for the receiver. The noise figure of Elri? :Ir)]/esr(;i ; e?lgzra}; aQOOd agreement between the observation

a few receivers has been measured using a calibrated noise In the comparison for both radio sources we see regions
figure meter and the associated noise source. The Measurgs o imost perfect overlap, while for the rest the deviation re-
ment has been performed for the receiver input frequency

of 54 MHz through the front end and the down converter to mains less than 1_dB. Interestingly, the overlap times of both
the intermediate frequency of 11 MHz. Assuming that theQDCS are approximately the same, when e.g. the QDC for

front end and down converter of the receiver provide Sufﬁ_Cassmpem As shifted by 0.5dB, which implies a current

cient gain (70dB used in these experiments), the noise f overestimation of this source in the GSM. This may be re-

9 . . P ' 9lated to the annual flux decrease of Cassiopeia A, which has
ure of these stages will dominate the subsequent stages (see . . . :
Eq.2) éen discussed in the prior section.

q-2). In the GSM data for Cygnus A is a clear second peak
which appears about 30 min after the main peak of Cygnus
Fiot= Fi+ (F2—1> @) A, which can also be seen in the observation data, however

° g1 damped by about 3.5dB. This clear deviation may be related

to the distinct spectral frequency distribution of the individ-
Where Fi is the total noise factor, the numbered indices de-ual radio sources. As the GSM has been comprised by vari-
note the order of the amplifying stage whiteandg are the  ous observation data in the frequency spectrum from 10 MHz

corresponding linear noise factor and the gain, respectivelyto 100 GHz, maybe this distinct source is overestimated for

NFrect+NFcoax
10

To=290K @)
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Cassiopeia A Cygnus A generally far out of the beam pointing cone of MAARSY.
However, with carefully chosen experiment settings we were
able to detect this well known radio source, which demon-
strates the feasibility of such large zenith angle experiments.
For Taurus A we estimated the accuracy of beam pointing
to be better than °lin azimuth and zenith angle. After-
wards we compared the global sky model with our diurnal
observation pointing the radar beam to the two major cos-
mic noise sources in the Northern Hemisphere. The corre-
-0 8 6 -4 -2 0 -0 8 6 -4 -2 0 sponding quiet day curves of the model have been derived
pover MAARSY 1B power MAARSY IdB by including the complete radiation pattern for the individual
beam pointing directions. In this comparison we found very
Fig. 11. Correlograms of the data comparison of GSM and the ob-high correlations of 0.98 and 0.99 for the observation of both
servations with MAARSY. major radio sources.
Overall, we are confident that our simulations of the radi-
ation pattern of the MAARSY radar are consistent and reli-
53.5MHz. Nevertheless the correlation of both data sets |$3b|e Nevertheless, we intend to regu|ar|y include the noise
remarkably good with 0.99 and 0.98 for the two comparisonsphservations to our experiments to assure the performance
with Cassiopeia A and Cygnus A, respectively (see Bjg.  of the receiving part of our radar and to increase the accu-
As we have found such a good agreement to the independeffcy of the estimated Quiet Day Curve. Additionally, we
GSM data set including the simulated radiation pattern, wewill perform more distinct cosmic noise observations with
are confident that the actual side lobes are not much strongefcreased temporal resolution and expand the current obser-
than we see in the simulations. vations to other azimuth angles to estimate the beam width
For the completeness, we renew the comparison of the flulso for other geographic directions. Especially, experiments
ratio of Cygnus A and Cassiopeia A, which have been anausing all array elements in a software combined beam will
lyzed in the end of the prior section. Using the GSM, we improve the angular resolution and thus also the dynamic
see a similar flux ratio and therefore a good agreement to ourange of these cosmic noise observations.
observations taking the accuracy of the model into account.

power QDC GSM /dB
power QDC GSM /dB
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