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Abstract

Di�erent con�gurations have been o�ered ([2],[3], [4])), using the method of optimization of an
array con�guration minimizing side lobes ([1]). It is supposed that the lower the level of side lobes
the better restored image should be. This memo demonstrates the advantage of minimum side
lobes in the quality of the restored images. The UV data were simulated (with the new AIPS task
UVCON) for two arrays: optimum (by minimum side lobes) and not optimum with the same number
of elements (36). The most compact con�guration (D) has been considered. The simulation was
made for three classes of model: 1. Several close compact components; 2. Many wide spread out
compact components; and 3. One expanded complex component (CAS-A). The di�erent noise was
added at simulation. The images were restored from the simulated UV data by AIPS task IMAGR.
The restored images for optimum and not optimum con�guration for di�erent added noise are shown.
In all cases the optimum con�guration gives better image �delity. The simulation should be continued
for other con�gurations (A, B, C) with the number of the array elements equal 48 corresponding the
combined MMA/LSA project.

1 Introduction

Di�erent criteria of arrays design can be considered. One of the most popular criterion is a good UV
coverage. This criterion is very subjective because it is di�cult to measure quantitatively the quality of
the UV coverage. Last time the criterion of minimum side lobes has been used to optimize the array
con�guration ([1],[2],[3], [4])). This criterion is simple estimated quantitatively. Some people considered
that CLEAN is so powerful that it can clean any side lobes if the beam pattern is known. Practically it
can not be true because of the gridding and noise problem. If it were true, the array of only two elements
could solve all problems. The �nal conclusion of an array con�guration quality can be done comparing
the quality of the restored images. This memo gives the result of simulation of UV data for optimum (by
minimum side lobes) and not optimum array con�guration to demonstrate the better restored image of
the optimum con�guration.

2 Describing of the simulation

Both optimum (Figure 1) and not optimum (Figure 2) con�gurations have a circular shape with diameter
95 meters. The optimum con�guration is taken from MMA memo 226 ([4]). The elements of the not
optimum con�guration are located homogeneously on the circumference. The plot of the beams of the
arrays for wavelength � = 0:1mm are given at the �gures 3 and 4. It is seen from the plots that side lobes
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of the optimum array are less 10% inside of the optimization area - the circle of radius 20 �
D
; while the

not optimum array has the side lobes more than 25%. The recently written AIPS task UVCON was used
to simulate UV data. UVCON allows to give the position of the array elements at di�erent coordinate
system. I used the orthogonal coordinate system at the plane perpendicular to the local zenith of the
array site. To calculate the simulated noise in Jy, the parameters of each antenna (diameter, e�ciency,
noise temperature) are given at the input �le together with the antenna coordinates. The bandwith and
time average are given also to evaluate rms of the noise. Finally the level of the noise (in Jy) was selected
near the minimum visibility amplitude. The model can be given as image or as clean componnents
given in CC table. The parameter wavelength allows to simulate di�erent angular resolution. Snapshot
observation with the latitude of the site 30� was simulated. Having created the UV data, the AIPS task
IMAGR was used to restore the image. The restored image was compared with the model. The result of
the comparison for three models are given further.

2.1 Model 1. Several close compact components.

The image of the �rst model is given at the plot (5). The image was obtained with VLA observation with
angular resolution � 0002. The UV data were simulated with wavelength 0:1mm to have approximately
the same angular resolution with the considered arrays of diameter 95 meters. The plots of the restored
images for the optimum and not optimum arrays for di�erent added noises are given at �gures: (6, 7).
Looking at the plots everyone can say that the optimum array gives better image �delity in comparison
with the not optimum one.

2.2 Model 2. Many wide spread out compact components.

The image of the second model is given at the plot (8). This image includes the image of the �rst model
(the most left part) and di�ered from the �rst model by more number of components and wider range in
the space. The UV data were simulated with wavelength 0:32mm. The more wavelength was selected to
guarantee the image at least twice less the area of optimization of the side lobes (see �gure 3). The plots
of the restored images for the optimum and not optimum arrays for di�erent added noises are given at
�gures: (9, 10, 11, 12, 13, 14). And again the optimum array gives better image �delity in comparison
with the not optimum one.

2.3 Model 3. One expanded complex component (CAS-A).

The image of the third model is given at the plot (15). This image has been obtained by smoothing CAS-
A image observed at VLA. Because the optimum con�guration was design with constrain of minimum
spacing 12.8 meters, the UV coverage has the hole of radius 12.8m at the center. The expanded structure
can have more information inside of this hole. The compared not optimum array does not have the
minimum spacing constraint. That is why the central hole is less for this con�guration. To eliminate this
di�erence i.e. to prevent loosing information in the hole we need to satisfy the following inequalities:

�

Bmin
> �f

Bmax

Bmin
>

�f

��
(1)

where � is the wavelength
Bmin is the minimum baseline
Bmax is the maximum baseline
�f is the size of the expanded feature
�� = �

Bmax
is the angular resolution.
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The size of the array con�guration is Bmax = 95m. The minimum base line isBmin = 12:8m. So the
wavelength should be more than � 3cm. That is why the wavelength was taken 3:2cm. The plots of the
restored images for the optimum and not optimum arrays for di�erent added noises are given at �gures:
(16, 17). And again the optimumarray gives better image �delity in comparison with not optimum array.

3 Conclusion

The provided simulation shows that an array with minimum side lobes gives the better image �delity
for the three considered classes of the sources. The simulation was provided for the most compact
con�guration of MMA. The simulation should be continued for other con�gurations (A, B, C) with the
number of the array elements equal 48 corresponding to the combined MMA/LSA project and other
source models including tracks due to the Earth rotation.
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The worst sidelobe = 0.115; X = -11.8; Y =  -9.2
Input file:MMA:FIX_CD4       Iteration number   1. Elev = 90deg

Plot file version  83  created 03-NOV-1998 16:50:04
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Figure 1: The optimum con�guration (diamonds) and UV coverage (dots). The outer diameter is 95 m.
Diameter of the circle of optimization at the sky is 40 �

D
.
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The worst sidelobe = 0.277; X = -12.2; Y =   0.0
Input: 36 points in circle.  Iteration number   1. Elev = 90deg

Plot file version  85  created 21-DEC-1998 10:37:20
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Figure 2: The not optimum con�guration (diamonds) and UV coverage (dots). The elements are located
homogeneously on the circumference of diameter 95 m.
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CONT:  BEAM  2.9979E+12 HZ  0.1 1.O.IBEM.1
PLot file version 2  created 21-JAN-1999 09:13:52

Cont peak flux =  1.0000E+00 JY/BEAM 
Levs = 1.000E-02 * (10, 15, 20, 30, 50, 70, 90)
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Figure 3: The beam pattern of the optimum array. The side lobes are less 10% inside of the circle of
radius 4".
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CONT:  BEAM  2.9979E+12 HZ  0.1 1.C.IBEM.1
PLot file version 3  created 21-JAN-1999 09:29:36

Cont peak flux =  1.0000E+00 JY/BEAM 
Levs = 1.000E-02 * (10, 25, 40, 50, 90)
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Figure 4: The beam pattern of the not optimum array. The side lobes are bigger 25%.
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CONT: DR21OH  IPOL  44073.285 MHZ  DR21OH.56-73.3
PLot file version 3  created 21-JAN-1999 14:08:03

Cont peak flux =  5.8756E+01 JY/BEAM 
Levs = 5.876E-01 * (0.500, 0.700, 1, 2, 3, 5, 7,
10, 20, 30, 50, 70, 90)
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Figure 5: The �rst model used for simulation.
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CONT:  IPOL  2.9979E+12 HZ  0.1 1.O.ICLN.1
PLot file version 1  created 18-JAN-1999 13:03:20

Cont peak flux =  5.3156E+02 JY/BEAM 
Levs = 5.316E+00 * (0.500, 0.700, 1, 2, 5, 7, 10,
20, 30, 50, 70, 90)
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CONT:  IPOL  2.9979E+12 HZ  0.1 1.C.ICLN.1
PLot file version 1  created 18-JAN-1999 13:05:33

Cont peak flux =  4.2297E+02 JY/BEAM 
Levs = 4.230E+00 * (0.500, 0.700, 1, 2, 5, 7, 10,
20, 30, 50, 70, 90)
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Figure 6: The image obtained using the optimum (left) and not optimum con�guration (right). Noise =
1Jy. All main components of the original model (�gure 5) are seen in the simulated image with optimum
con�guration. Some components of the original model (�gure 5) are not seen in the simulated image
obtained with not optimum con�guration (right plot). The image with not optimum con�guration is
more noisy.

CONT:  IPOL  2.9979E+12 HZ  0.1 18.P.ICLN.1
PLot file version 1  created 19-JAN-1999 19:21:46
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CONT:  IPOL  2.9979E+12 HZ  0.1 18.C.ICLN.1
PLot file version 1  created 19-JAN-1999 19:22:17

Cont peak flux =  4.2092E+02 JY/BEAM 
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Figure 7: The image obtained using the optimum (left) and not optimum con�guration (right). Noise
= 18Jy. All main components of the original model (�gure 5) are seen in the simulated image with
optimum con�guration. Some components of the original model (�gure 5) are not seen in the simulated
image obtained with not optimum con�guration (right plot). The image with not optimum con�guration
is more noisy.
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CONT: DR21OH  IPOL  44073.285 MHZ  DR21OH.56-73.4
PLot file version 1  created 20-JAN-1999 09:41:56
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Figure 8: The second model used for simulation.
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CONT:  IPOL  9.3685E+11 HZ  0.32 300.O.ICLN.3
PLot file version 1  created 20-JAN-1999 11:42:56

Cont peak flux =  9.4747E+03 JY/BEAM 
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Figure 9: The image obtained using the optimum con�guration. Noise = 300Jy. All main components
of the original model (�gure 8) are seen in the simulated image.

CONT:  IPOL  9.3685E+11 HZ  0.32 300.C.ICLN.1
PLot file version 2  created 20-JAN-1999 11:43:44
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Figure 10: The image obtained using the not optimum con�guration. Noise = 300Jy. The image is more
noisy in comparison with the image obtained using the optimum con�guration (�gure 9)
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CONT:  IPOL  9.3685E+11 HZ  0.32 1000.O.ICLN.1
PLot file version 1  created 20-JAN-1999 11:46:15
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20, 30, 50, 70, 90)

D
E

C
L

IN
A

T
IO

N
 (

J2
00

0)

RIGHT ASCENSION (J2000)
00 00 00.4 00.2 00.0 23 59 59.8 59.6

42 00 03

02

01

00

41 59 59

58

57

Figure 11: The image obtained using the optimum con�guration. Noise = 1000Jy.

CONT:  IPOL  9.3685E+11 HZ  0.32 1000.C.ICLN.1
PLot file version 1  created 20-JAN-1999 11:46:39
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Figure 12: The image obtained using the not optimum con�guration. Noise = 1000Jy. The image is
more noisy in comparison with the image obtained using the optimum con�guration (�gure 11)
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CONT:  IPOL  9.3685E+11 HZ  0.32 2000.O.ICLN.1
PLot file version 1  created 20-JAN-1999 11:49:30

Cont peak flux =  9.4733E+03 JY/BEAM 
Levs = 9.473E+01 * (2, 3, 5, 7, 10, 15, 20, 30,
50, 70, 90)

D
E

C
L

IN
A

T
IO

N
 (

J2
00

0)

RIGHT ASCENSION (J2000)
00 00 00.4 00.2 00.0 23 59 59.8 59.6

42 00 03

02

01

00

41 59 59

58

57

Figure 13: The image obtained using the optimum con�guration. Noise = 2000Jy.

CONT:  IPOL  9.3685E+11 HZ  0.32 2000.C.ICLN.1
PLot file version 1  created 20-JAN-1999 11:49:01
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Figure 14: The image obtained using the not optimum con�guration. Noise = 2000Jy. The image is
more noisy in comparison with the image obtained using the optimum con�guration (�gure 13)
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CONT: CAS A  IPOL  1502.500 MHZ  CAS 20X20.128.1
PLot file version 2  created 26-JAN-1999 15:01:25
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Figure 15: The third model used for simulation.
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CONT:  IPOL  9368.514 MHZ  CAS N=0.1.O.ICLN.1
PLot file version 1  created 26-JAN-1999 13:48:48
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CONT:  IPOL  9368.514 MHZ  CAS N=0.1.C.ICLN.1
PLot file version 1  created 26-JAN-1999 13:48:09
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Figure 16: The image obtained using the optimum (left) and not optimum con�guration (right). Noise =
0.1Jy. The image corresponding the optimum con�guration shows better �delity relatively of the original
model (�gure 15) . The image with not optimum con�guration is more noisy.

CONT:  IPOL  9368.514 MHZ  CAS N=0.6.O.ICLN.1
PLot file version 1  created 26-JAN-1999 14:16:31
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CONT:  IPOL  9368.514 MHZ  CAS N=0.6.C.ICLN.1
PLot file version 2  created 26-JAN-1999 14:17:19
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Figure 17: The image obtained using the optimum (left) and not optimum con�guration (right). Noise =
0.6Jy. The image corresponding the optimum con�guration shows better �delity relatively of the original
model (�gure 15) . The image with not optimum con�guration is more noisy.
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