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1 Introduction

1.1 Purpose of the document

This document is submitted as fulfilment of the requirements for Milestone 35 (Deliverable 2.4) of
PrepSKA Work Package 2 (WP2) following the successful completion of the Dish Array Concept
Design Review (CoDR).

1.2 Scope of the document

The document provides an overview of the Dish Array review process, outcomes and subsequent
events and planning.

2 SKA Dish Array CoDR

2.1 Overview and Context

The Dish Array CoDR was conducted during the period 13 to 15 July 2011 at the National Research
Council - Dominion Radio Astrophysical Observatory (NRC-DRAO) in Penticton, Canada. During this
period members of the SKA community presented the various aspects of Dish Array, including
various concepts, to a five member review panel.

The review panel consisted of members from industry and the Radio Astronomy community plus the
SPDO Project Engineer. The panel members were:

e Roger Norrod (Chair), National Radio Astronomy Observatory (ret), USA .

e Trevor Bird, Antengenuity/CSIRO (ret), Australia.

e Peter Dewdney, SKA Program Development Office, UK.

e Robert Plemel, SED Systems (ret), Canada.

e Tony Willis, National Research Council, DRAO, Canada.

The review was also attended by various observers from across the SKA community.

2.2 Review Plan

To facilitate the review a plan was developed setting out:
1. The context of the review,

2. The purpose and expected outcome of the review,
3. The roles and responsibilities of the review participants
4. The logistics behind the review.

The plan was reviewed with the chairman of the review panel and was updated as and when
changes were encountered. The final revision of the plan was available two weeks before the start of
the review. The final revision of the plan is attached in Appendix A.

2.3 Purpose and Expected Outcomes of the CoDR

As outlined in the Review Plan the CoDR was conducted to evaluate:
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e The overall technical progress,

e Whether the dish array concepts available to the SKA are of sufficient maturity to proceed
to the next phase,

e Whether all dish array aspects of the project have been covered and where gaps exist,
whether adequate measures have been identified to address the shortcomings.

The expected outcome of the review was input into the establishment of the signal processing
concept baseline. More specifically the Review Panel was requested to consider the following
questions:

1. Are the requirements complete, and sufficiently defined for this stage of the project?

2. At the concept level, is the element/subsystem presented capable of meeting the
requirements?

3. Have interfaces to other aspects of the system have adequately identified and defined at
this stage of the program?

4. Are the options proposed to be carried forward credible and are the presented data and
information in support of each option credible?

5. Have all the necessary aspects of the specific element/subsystem been considered and
addressed during the review or are there gaps and/or shortcomings?

6. Does the risk profile appear reasonably detailed and assessed for this stage of the program?
7. Do the stated risk controls and proposed mitigations appear reasonable and executable?

8. Is the overall plan (including the identification of the tasks, effort, resources, costs, schedule
and risk mitigation needed) to complete the subsequent project phases credible?

9. Are there dish and/or feed options that have not been considered, but should be. Is the
overall plan (including the identification of the tasks, effort, resources, costs, schedule and
risk mitigation needed) to complete the subsequent project phases credible?

2.4 Documentation

In support of the review eighteen (18) documents were developed and distributed to the review
panel before the review. A significant portion of the reviewed documents were developed by the
lead and participating institutes.

The documents were made available to all the SKA liaison engineers, the observers, the SKA Science
and Engineering Committee (SSEC), International Engineering Advisory Committee (IEAC) and the
WP2 Management Team prior to the review.

Copies of the documents are available on the following site:
http://www.skatelescope.org/public/2011-07-13 Dish Array CoDR/
and on the SKA wiki at:
http://wiki.skatelescope.org/bin/view/DishArray/DishArrayCoDR

Prior to the review several questions were received from the review panel members. These
guestions were recorded and answers were provided back to the panel before the review.
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6. Gaps to be addressed: There does not yet seem to be plans to address the following:
a. Uncertain future availability of cryogenic LNA transistors/MMICs.

b. Lack of cryogenic coolers of adequate reliability and performance that are also
operationally affordable.

c. Lack of interaction between imaging and antenna design experts.
d. Current lack of a detailed Operational Plan.

7. The baseline SKA1 system is stated to utilize 15-meter diameter dishes, frequency range
0.45-3 GHz, sensitivity 10° m*/K, and is to accommodate multiple single-pixel feeds and a
PAF receiver. The SKA2 phase system increases sensitivity to 10* m?/K and frequency range
to 10 GHz. The baseline receiver set uses approximately octave bandwidth feeds and
receivers optimized for Ae/Tsys. Wideband feeds and PAF systems are carried forward in the
Advanced Instrumentation Program (AIP) with dates identified by which decisions are to be
made on whether to include these in the SKA1 and SKA2 phases. The Panel felt that this
baseline plan is reasonable and achievable.

A copy of the review panel report is included in Appendix B.

2.7 Response to Review Panel Report

A document is currently being drafted in response to the Review Panel Report which will include
input from the SKA Dish Array community.

3 Next Steps

The next system phase, the definition phase, has been initiated. This phase will culminate in the
PrepSKA wrap up report in April 2012 followed by the Dish Array Requirements Review to be
conducted in 2013 as part of the Project Execution Plan phase.

0O
v
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1 Introduction

1.1 Purpose of the document

This document describes the plan for the Dish Array Concept Design Review (CoDR) for the Square
Kilometre Array (SKA) project.

1.2 Scope of the document

This document will described all matters related to the review itself. It will include logistics
surrounding the review as well as the agenda.

1.3 Date and Place
The Dish Array CoDR will be held on 13, 14 and 15 July 2011 at

Dominion Radio Astrophysical Observatory (DRAO)
NRC Herzberg Institute of Astrophysics (NRC-HIA)
717 White Lake Road, PO Box 248

Penticton, British Columbia

V2A 6J9 Canada

2 Purpose and Expected Outcome of the Dish Array CoDR

The CoDR will be conducted to evaluate:
e The overall technical progress,
e  Whether the dish array concepts available to the SKA are of sufficient maturity to proceed to
the next phase,
e Whether all dish array aspects of the project have been covered and where gaps exist,
whether adequate measures have been identified to address the shortcomings.

The expected outcome of the review is input to the establishment of the dish array concept baseline.
Following the successful review, the next phase, the system definition phase, will be initiated.

More specifically the Review Panel is requested to consider the following questions:

1. Are the requirements complete, and sufficiently defined for this stage of the project?

2. At the concept level, is the element/subsystem presented capable of meeting the
requirements?

3. Have interfaces to other aspects of the system have adequately identified and defined at
this stage of the program?

4. Are the options proposed to be carried forward credible and are the presented data and
information in support of each option credible?

5. Have all the necessary aspects of the specific element/subsystem been considered and
addressed during the review or are there gaps and/or shortcomings?

6. Does the risk profile appear reasonably detailed and assessed for this stage of the program?

7. Do the stated risk controls and proposed mitigations appear reasonable and executable?
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usually towards the warm earth so that overall G/T, is relatively low. Nevertheless, there is good
sidelobe and noise temperature control through the choice of edge taper. The offset Gregorian was
introduced only about 30 years ago (Mizigutchi et. al. 1978) and it has been employed in the Allen
Telescope and GBT (US). It has mainly found use in applications requiring a compact feed or beam
arrangements, such as for on-board satellite antennas. It has a beam squint for off-axis or circularly
polarized feeds (Dragone, 1982 and Duan and Rahmat-Samii, 1991) and high cross-polarization if the
geometry is not arranged at the Mizigutchi condition (Mizigutchi et al., 1976) or the subreflector
diameter is too small (<20lamdba), limiting the cross-polar performance through edge diffraction (Bird,
1981). When shaped, the offset Gregorian has the advantages of high efficiency (>80%) and low
sidelobes, although both may be bandwidth dependent. The antenna noise temperature contribution
can be acceptable as initial feed spillover is towards the cold sky i.e. overall good G/T,s. The ultimate
cross-polarization performance of both dishes is limited by the inherent cross-polarization of the feed.
With displaced feeds such as arrays, the offset Gregorian can have lower isolation between beams with
increasing scan angle, an increase in the sidelobe level and scan loss on account of aberrations and
cross-polarization. The feeds should be placed on a curved surface and the inclination of each horn will
depend on its location (Makino et. al., 1985 and Dragone 1983). The testing of an offset Gregorian with
an array feed is therefore of paramount importance. A phased array (FPA) feed with appropriate
excitation can compensate for beam squint and some limitations imposed by the reflector geometry.
The ability of a PAF to adjust also for misalignments and surface errors suggests the possibility of
reducing reflector cost. Some of these possibilities are: reflector support structure may only be
required to have sufficient strength to support the reflector rigidity to prevent deformation from gravity
and wind, lower random surface errors may reduce manufacturing costs of the reflector and a tolerance
to systematic errors may simplify the construction.

Readiness level of dish solutions

In the present context ‘readiness’ is related to the technical standard necessary for the next stage of
development and the construction of antennas in the SKA network. The CoDR was an opportunity to
consider the readiness level for key technologies related to the dish and the feed for SKA1 or SKA2. In
terms of the two dish solutions, we consider that while good progress has been made there are still a
number of limitations that should be addressed before the next major review. In summary, analytical
and experimental critical functions and proof-of concept have been developed and demonstrated using
breadboard implementations and relevant representative data obtained (i.e. at TRL3 in a nine level
system used by some organizations).

Axisymmetric dish — three different parabolic dish approaches were described, all dishes were
constructed in composite materials such as carbon fibre. The surface accuracy is still of concern in some
instances. For future use of the reflector, a surface accuracy of < 0.6mm (lambda/10) is required at a
highest potential frequency (50GHz). Another concern also relates to longevity. The lifetime of a carbon
fibre and its associated metalization has not been fully tested outdoors. We recommend that
accelerated lifetime testing in an outdoor environment be conducted as soon as possible, preferably
under conditions similar to the SKA candidate sites.
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Appendix B to document MGT-005.010.020-MR-006 Rev B

Offset Gregorian —the comments provided on the paraboloid apply also to this dish solution. In
addition, there are concerns with the subreflector in all instances that were presented at the CoDR.
There was basic information missing in the written material and, in one case, the subreflector did not
appear to have been included in the cost estimate. The accuracy of both reflector surfaces (<0.6mm),
longevity and size should be better explained and also tests conducted. The beam squint predicted can
be compensated for using several known techniques, such as with a matched feed (Sharma et. al.,
2009), displacing the feed in the orthogonal direction to the plane of symmetry (Eilhardt et. al., 1994) or
with suitable PAF excitation.

Return loss at the focus — one of the main concerns in astronomy over the years has been the baseline
ripple that is introduced by reflections that can occur between the reflector system and the feed (for
example Thomas et. al., 1999). This aspect was not addressed in any of the present approaches. A
return loss level at the feed of > 20dB is usually considered acceptable for most situations but higher
would be better. Use of offset reflectors should go part of the way of reducing this reflection although it
still could be problematic for concave reflectors that are close (in terms of wavelengths) to the feed.
Return loss at the focus should have been remarked upon to allay any possible concerns and mention
made of how this was determined (eg. Poulton et. al. 1972). It is suggested that a vertex cone could be
included in the design of the nearest reflector or shaping includes a requirement for high return loss.

Feed struts — there was little discussion on the choice of strut and their impact on blockage, efficiency
and beam symmetry.

Readiness level of feed solutions

There are a number of potential feed solutions. The CoDR described progress for two of them; namely
the wideband single pixel feed and the phased array feed (PAF). Other options were mentioned but
specific work for the SKA was not reported, for example on single pixel feeds and multi-pixel feed
clusters.

Single pixel feed — the performance of the SKA with this type of feed may achieve many of the science
objectives of the SKA. As well, because of the high performance of such a feed, they should be used as a
reference feed for comparing other feed solutions that are proposed. Therefore, it is important to
include a single pixel feed, such as a corrugated horn, in the development of solutions for the SKA. They
yield smooth beam patterns and have good aperture efficiency coupled with low cross-polarization. In
addition, it seems somewhat surprising that while lightweight dish solutions are being investigated (e.g.
carbon fibre reflectors) that there is no similar investigation of a lightweight feed package. For example,
feed mount problems may arise for a heavy feed package with a composite reflector. Experience has
shown that a corrugated horn made from metalized composite materials can weigh < 1/5" of an
equivalent one fabricated by conventional techniques (e.g. Bird and Granet, 2008). It is suggested that a
lightweight single pixel feed solution be investigated for the SKA. At the same time, lightweight solutions
should be developed for cryogenically cooled receivers.

Wideband feeds — a number of examples were described at the CoDR. On the whole, they achieved
relatively low efficiency and had poor beam symmetry compared with conventional single pixel feeds.
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We encourage further work on these feeds but certainly on fewer types and with less intensity. As
mentioned previously in Sec. 3.6, of the wideband feeds described, the quadridged feed appears to offer
the best potential solution for the future because the wideband OMT is combined with the radiator and
there appear opportunities for improvements in the bandwidth as well as beam symmetry. In addition,
due to shielding the noise performance is likely to be better than the open guiding structure options.
The current eleven feed performance is still significantly below that of the baseline and although
improvements are anticipated in the foreseeable future in the pattern performance the noise
performance is likely to continue to be deficient because it is not protected by metallic wall (ie. a can)
such as for quadridged and corrugated horn and there still will be practical difficulties connecting to the
four LNAs.

Multi-pixel feed clusters — these were not discussed at the CoDR but are clearly still an option as they
cover many of the science drivers and they are proven in radiotelescopes (for example Staveley-Smith
et. al., 1976). The main limitations at the present stage is bandwidth and beam spacing. The noise
performance of the individual elements is likely to be better than those in a PAF. However, like the
single pixel feed, the multi-pixel cluster could be considered as a reference solution. In addition, multi-
pixel feed clusters may be important for the future as at frequencies above 10GHz, the component cost,
size, weight and performance may determine that clusters are the most appropriate solution. Weight is
a significant issue at L-band but the knowledge gained from the development of lightweight single pixel
feeds should be valuable.

Phased-array feeds — these offer the possibility of improving the G/T of reflector antennas. This
improvement could be accomplished through providing array excitations that compensate for
deficiencies in the reflector system. In addition, they offer the potential of more closely spaced beams
than multi-pixel feed clusters (lvashina and van Ardenne, 2002) and wider bandwidth. Phased arrays
feeds have been used in military systems and antennas intended for space but to date have not been
used in an operating radio telescope. Although several trials of practical implementation of
beamforming an FPA in a prototype radiotelescope have been undertaken (for example Hayman et. al.
2010 and Veidt et. al 2011), the approaches in an operational setting have not as yet been fully
demonstrated and risks may possibly be too high for SKA1. Potentially the PAF should be considered for
SKA2. In addition, we should wait for detailed reports from several telescopes that are under
construction at the moment (e.g. ASKAP) before making any recommendations for adopting it for the
SKA.

Some of the outstanding PAF issues relate to the current choice of array elements. The elemental beams
are still very experimental in a radio astronomy scenario and have non-smooth patterns that make the
secondary patterns not as good as some reference feeds, such as the corrugated horn. To achieve a high
beam overlap, the feed element is usually an open guiding structure and this undermines the noise
performance. Over a frequency band, the PAFs described to date produce a range of beam patterns that
would need to be stored for advanced image processing. It is proposed that an example PAF should be
used to demonstrate the quality and feasibility of practical processing with real radio astronomical data.
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The PAF solutions described are still considered as experimental and have low state of readiness. They
have complex beamforming and feeding circuits and this complexity has resulted in heavy feed systems.
Effort should go into reducing their weight.

Another aspect of the PAF is the maintenance and trouble-shooting needed in an operational scenario.
Maintenance was discussed at the CoDR but this needs to be refined further.

The science drivers for PAFs in the SKA compared with simpler solutions have not been fully identified. It
was uncertain whether a PAF is required in all or just a few SKA antennas for specialized applications.

Importance of Stability

SKA performance will strongly depend on characteristics that cannot be calibrated or change rapidly,
such as instrumental polarization, beam symmetry in the case of offset optics, resonant scattering,
bandshape ripple, etc. To first order, therefore effects that can be modeled accurately and/or calibrated
are not major issues, providing that the models do not require too many parameters. A key purpose of
the testing and verification program is to measure such effects, determine their stability, and verify that
any proposed models are sufficiently accurate to meet the imaging and other performance
requirements.

6 Summary
Two of the major concerns the Panel identified are the current need for clear dish specifications, and the
need for better understanding of dish performance factors on the imaging dynamic range. Apart from
these major issues, a concern of the panel was that there was considerable overlap in the dish solutions
presented and that some key issues for astronomy/imaging were not addressed e.g. baseline ripple.
Another concern was that no single pixel feed option has been developed or adopted for the SKA, e.g. a
tailored lightweight feed including cryogenics package. We would have preferred to have seen all
solutions, both dishes and feeds, compared when a ‘standard’ corrugated horn was employed.
Nevertheless, it is considered high-performance single-pixel feeds are the proper choice for the baseline
design, with wideband feeds and PAFs in the AIP phase until their readiness progresses. Wideband
feeds and PAFs are still open questions and participants in the SKA project are encouraged to continue
their development.

The state of technology readiness for all options presented at the CoDR is still at low levels, possibly
understandable at this stage. However, much higher technology readiness levels need to be
demonstrated for both dish and feed solutions. This development of readiness needs to progress
quickly due to the challenging project schedules. The Panel encourages the Project to allocate
additional engineering resources if possible, and increase interaction with array imaging experts and SKA
scientific experts as quickly as possible.

The Panel members wish to express our appreciation for the opportunity to participate in the Dish Array
Concept Design Review, and sincerely hope their recommendations prove useful to the SKA project.
Those who have worked on the Dish Array for the past several years deserve a tremendous amount of
credit for the progress made to date.
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