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Introduction

The panel would like to commend the presenters on their clear exposition of the PAR project.  This made the job of the panel relatively easy.

The panel was impressed at the progress to date, the level of commitment of the collaborators and the exciting prospect of seeing the instrument on the GBT in the not so distant future.  The progress of both the instrument and detectors under such conditions of such constrained resources is particularly noteworthy.  

In the next few sections we concentrate on the key risk areas as determined by the panel. 

Schedule and management
1. The panel strongly recommends that the commissioning phase be split into 2 consecutive winters (e.g. termed ‘hardware’ and ‘systems’).  This is because we do not expect that such a complex instrument can be taken in user status in just one period of commissioning.  The second phase can be termed ‘upgrade’ or act as a backstop if the first period is not used due to slippage or other events such as poor weather and failures.  Note.  We hope such a suggestion will help ensure that Simon Dicker is available throughout the first year following the first period of commissioning to ensure a thorough and competent hand over of the system to NRAO staff.

2. NOTE – NRAO has never dealt with direct detectors.  This is a complicated instrument and they need to develop expertise in all areas (software, engineering, hardware) for eventual operations.  To this end, we recommend that NRAO personnel are fundamentally involved in all areas of telescope and laboratory commissioning to gain in-house expertise needed for future operations.

3. GSFC has expressed interest in being involved in commissioning.  This should be encouraged.  It is essential to success of the project.

4. Commissioning is only just over a year away and NRAO needs to develop a far more detained commissioning and operations plan, plus staffing for operations (again, engineering, science and software).

5. While beyond scope of this review, we point out that the PTCS is an implicit risk factor, and that dynamic scheduling is fundamental to success of the system.

6. Lack of contingency is a considerable risk to the project.  The panel feels that NRAO should bear the burden for moderate cost overruns.

Detectors
1. Due to the nature of the effort at Goddard the panel recommends the production of all the devices that the project is likely to need in the current round of detector development.  This would include devices that vary in Tc and/or G detectors to accommodate uncertainties in background levels and cope with the eventual use of a filter wheel.

2. Again, due to the nature of the Goddard effort the detector development is a source of high risk to the project.  To mitigate this we recommend that GSFC complete the detector production as quickly as possible, and to overproduce in case of failures (see 1). 

3. The panel strongly encourages Dicker and Sapanich to visit GSFC at points of detector evaluation.

Other technical risk factors:

4. Stray light paths into the GSFC detector module via wiring and the thermal connection to the he3 fridge need to be carefully engineered.

5. The same must be said of magnetic shielding of the detector module using metglass and/or superconductors.

7. No clear route to the deposition of the absorbing films was given at the review.  One option that one of the reviewers has experience of is ion implantation of both p and n type wafers to give 400ohm/sq. at low temperatures.  GSFC is encouraged to examine using this method and other low stress methods for achieving the necessary surface impedance.

Software

We should note that the software effort on most projects is woefully underestimated.  Typically, at projects end, the effort expended on software accounts for at least 50% of the total effort.  Users interact with the software more than anything else and the acceptance of the instrument by the wider (than the GBT user group) will depend on its utility.

1. The panel recommends that NRAO generate a full set of software requirements by full consultation between the responsible scientists, engineers, and programmers.  The software schedule and effort should then be re-planned to meet these needs and the commissioning deadlines.  We expect this to show a significant increase in the effort required.

2. One area the panel felt was under developed was engineering diagnostic software (e.g. for non-automated squid tuning, IV’s, noise measurements, cryo-diagnostics and general help when the system is not working properly).  We note that this need at Goddard and UPENN will be met by using the IRC software.

3. We think it is essential that IRC is available during hardware commissioning at GBT.  Using CLEO at this early stage may complicate the de-bugging process.  As a supplementary recommendation we suggest that NRAO develop the CLEO version of the engineering software after the first commissioning period.

4. The panel recommends NRAO investigate using other data reduction programs like SCUBA-2, SHARC II and BOLOCAM, for ‘quick look’ and full-up imaging algorithms, plus data simulation software.  Establishing connections with other bolometer projects will also help stimulate interest in PAR in the wider mm/submm astronomical community.

5. Consider a simple ‘stare’ mode for bright objects (e.g. planets) to establish pointing and focus rapidly.

INTRUMENT

OPTICS

1. We recommend they investigate machining matching grooves in the lens surface as an alternative to anti-reflective coating.

2. The panel recommends that the 3K snout which extends in front of the band-pass filter be blackened to avoid excessive background from light scattered by the filter.

DETECTOR OPERATION

3. The detectors and SQUID’s need a low magnetic field environment to operate successfully.  Retrofitting shields to cope with the local receiver cabin environment would be expensive and cause delay.  The panel therefore suggests that UPENN fit layers of metglass on the inside surface of the cryostat (i.e. 300 K and 40 K) and also investigate other methods, such as superconducting shields to minimize the residual magnetic fields at the detectors and SQUID’s.

4. The panel recommends that a method be in place to expel trapped flux in the SQUID’s.

DETECTOR SUPPLY

5. Should there be significant delay in the provision of the detectors by GSFC, the panel encourages UPENN to use existing spider-web bolometers to check out the optical performance of the instrument.  In the extremis of non-supply of the detectors we encourage a small focal place of spider-web NTD detectors be used to commission the instrument on the GBT.

CLOSING REMARKS

The panel strongly endorses the efforts of all the partners in the collaboration to develop PAR, particularly in the light of the considerable budget constraints.  If successful the instrument will add greatly to the understanding of the mm Universe and enhance the utility of the GBT telescope.  Although beyond the scope of the panel’s remit, we recommend Penn and GSFC are awarded observing time for their efforts.

