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ABSTRACT

The goal of this report is to explore robusiness of the array design for the Dark Ages
Lunar Interferometer [[DALT) to failures of individual elements within & single station.
Understanding how a station responds to failures 15 eritical as it is likely that visits to
repair stations may be infrequent, or even nonexistent. We apply the same algorithm ol
optimization as in previous work. This is an array configuration minimizing side lobes
designed by Leonid Kogan., We consider geveral soenarics for failure including random
and systemic failures. We find that while the degredation from random failures i€ fairly
glow, eyetemic faillures of large groups of elements in the same part of the array are

much more serions.

1. Introduction

The Dark Ages Lunar Interferometer (DALL) i= a telescope designed to study highly-redshifted
nevtral vdrogen (HI) signale from the Universe’s Danf Ages, namely, the epoch between recombi-
nation and the formation of the first lnminous objects. The array is assumed to be placed on the far
side of the moon, and to have no radio interference (of either solar or human origin) by observing
during the long lunar night. The array is assumed to be observing at zenith =0 that no dimunition
af the collecting area occurs by prajection. The array is assumed to consist of & roughly circular
stations of diameter, I3, distributed over a Aat surface. The stations are comprised of W dipoles
which can he used to form B beams on the sky, These beame are transmitted to a central location,
or to the Earth, for correlation. The final product of the array is vigibility measurements which can
be transformed to create images or analyzed directly. The deployment of the arrav is assumed Lo
be carried out by one or more rovers, For more details of the array design see Taylor & Bodrigues
(200597,

Understanding how the array responds to failures is critical as it is likely that visits to repair
the staton may be infrequent, or even nonexistent. We apply the same algorithm of aptimization
as in previous work, which 15 to minimize the maximum sidelobe levels at zenith. We explore
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robustness with a large (M = 991) number of dipoles and a etation diameter of 120 m. No attempt
is made to model the effects of mutnal conpling, and the dipole power pattern is sssumed o be
Caussian. We consider both random and systemic failures of elements and then recompute the
bieam shape and sidelobe lavels,

2. Random Failures

We first consider the effect of random failures of individual elements. Such failures might be
the result of defective components at installation, or the gradual effects of micro-meteorites or ather
unforeseen failure modes. The random failure of individual elements will have twao effects: (1) a loss
of sensitivity proportional to the number of elements lost; (2] a degredation of the beam shape from
that abtained with the complete, optimized areay. It 3= the latter effect that is the mome difficalt
to write down an analytic expression, but the simulation is straight-forward.

In Fig. 1 we show the optimized configuration, and in Fig. 2 the resulting beamshape (point-
spread-function). From this confignration we randomly remove 1%, 3%, 10%, 2008, and 50% of the
dipoles. In Table 1 we give the resulting sidelobe level. We find that the maximum sidelobe level
increases gradually up to 0.00926 (-20 dB) from 0.00147 (-28 dB). In Fige. 3 and 4 we show the
configuration and beam shape for the worst case (50% loss).

3. Systematic Failures

We next consider the lose of groups of antennas. Such a loss might be caused by an inetallation
issue with a roll of antennas, or a failure mode that breals the lines of communication to a set of
antenmnas.

From the aptimized configuration we removed 3% and 105% of the elements in roughly linear
swaths., Besults are tabulated in Table 1. A 3% svstemic loss appears worse than a 20% random
loss, and a 1056 systemic loss is worss than a 50% random loss. In the worst case considered here,
the 10% systemic loss results in the first sidelobe level of 002236, or -16 dB, an increase of 12 dB
cver the optimized level, In Figs. 5 and 6 we show the configuration and heam shape for the worst
case that we considered (105 loss].

4. Summary and Future Plans

We have demonstrated that the beamshape (point-spread-function) of the stations is robust to
random filures of individual elements. Even the failure of 5050 of the stations causes an increase
in the gidelobe level aof just % dB. Loes of this many elements would reduce the sensitivity of the
station by a factor of 2. Systematic failures of groups of elements are more serious and the Failure



af 1056 of the elements in this way increases the first sidelobe level by 12 dB over the optimized
value,

The simulations presented here are only approximate and do not take into account important
consideratioms such as mutual coupling and the power pattern of the elements. Observalions with
the first LAWA station should be of considerable interest as the reveal the degree to which mutual
coupling influences the station-level optimization. Another area of study for the future is to include
realistic toplogical conetraints for a specific site,

We thank Leonia Kogan for instructions on how to use his ©ONTT task for the configuration
simulations.
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Table 1. Resulis of Element Failures

Humber of nnkennns Ilnximurn sidelabe Level [%) samimrsenk

a1% 000147 the aptirnized staticn
911 0.178 1% roandeen lass

a5z 0.00214 A% rondom loss

- 0.00216 10% roredom loss
TdS 0.00243 0%, randem loes

G 0.FEI6 GO rardem loss
Al 0. LD A% wymternotic lows

E-P 002236 107 mywhemankic Lo




Plot file version 530 created 25-NOV-2009 14:46:41
The worst sidelobe = 0.00147; X = -3.4;: ¥ = 0.8
Input file:HOME:A919_D120V1. Iteration number 1. Elev = 90deg
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Fig. 1. COptimizes] hexagonal station configuration used as a starting point for the analysis.

There are 919 antennas inside a circle of diameter 120 m. A minimum spacing of 2 m bebween the
clements was u=ed.
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Plot file version 552 created 25-NOV-2009 14:49:17

The worst sidelobe = 0.00147; X = -3.5: ¥ = 0.0
Input file:HOME:A919 D120V2. Iteration number 1. Elev = 90deg
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Fig. 2.— Beam pattern for the optimized 919 element configuration shown in Fig. 1.
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Fig. 3.
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Plot file version 698 created 25-NOV-2009 16:54:23

The worst sidelobe = 0.00926; X =-14.7;Y = 0.2
Input file:HOME:A459 D120V2. Iteration number 1. Elev = 90deg
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Optimized hexagonal station configuration after the random failure of 50% of the elemente.




Plot file version 678 created 25-NOV-2009 16:54:22

The worst sidelobe = 0.00926; X =-14.7; Y = 0.2
Input file:HOME:A459 D120V2. Iteration number 1. Elev = 90deg
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Fig. 4.— Beam pattern for the 459 element configuration shown in Fig. 3.
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Fig. 5.
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Plot file version 719 created 25-NOV-2009 16:59:13

The worst sidelobe = 0.02236; X = -1.7; Y =

0.0

Input file:HOME:A828 D120V2. Iteration number 1. Elev = 90deg
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Optimized hexagonal station configuration after the systematic failure of 105 of the
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Plot file version 699 created 25-NOV-2009 16:59:13

The worst sidelobe = 0.02236; X = -1.7: ¥ = 0.0
Input file:HOME:A828 D120V2. Iteration number 1. Elev = 90deg

oo | | | |
1.0 — i

0.8 —

0.6 —

Power

0.4 —

-20 -10 0 10
D/Lambda * Rteta

Fig. 6.— Beam pattern for the 828 element configuration shown in Fig. 5.



