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Executive Summary  
Specific Comments and Recommendations

Report Terminology
Findings are statements of fact that summarize noteworthy information presented during the review.
Comments are judgment statements about the facts presented during the review. The reviewers' comments are based on their experiences and expertise. The comments are to be evaluated by the project team and actions taken as deemed appropriate.
Recommendations are statements of actions that should be addressed by the project team. A response to the recommendation is expected and that the actions taken would be reported on during future reviews.
1. Cathode Plane Assembly
Findings:
Progress with respect to the design of SBND's Cathode Pland Assembly (CPA) was presented. Simulation of the structural and electric field are presented for the CPA unit as envisioned during installation. Two options for the cathode are presented (an optically transparent mesh or a PCB reflector) with both being compatible with the current design.  The donut connection to the feed-through has been finalized without displacing the port on the cryostat and without reducing the height of it above the cryostat top surface, resulting in a feed-through longer that previously considered by ~50 mm. The CPA suspension, its connections to the field cage, and the related FEA are similar to those shown previously (2015 review). For the Field Cage, the option similar to that developed for the DUNE Single Phase detector has been chosen. The design has progressed consistently, taking also advantage of simulations, FE analysis and tests on prototypes in common with ProtoDUNE. 

Comments:
Few details were given concerning the rounding of edges which are to be exposed to high voltage and whether or not they exceed the electric field strength limit of 30 kV/cm.

The addition of locking washers, bevillie washers or self locking screws should be added to the attachment of the mesh to the CPA along with a FEA of the electric field to ensure there are no sharp edges presented by adding this to the design

There is not planarity requirement presented on the cathode plane / mesh option. This could be derived from the minimum momentum measurement made using multiple coulomb scattering 

A longer feed-through should not be a show stopper; the adopted technology is adequate (see next section). The mounting scheme and the FE electric field analysis, including that of the CPA corners, are convincing. 

Last year, the presented solutions were considered to be still at a concept stage and it is unclear if the updated analysis incorporates all the new design information

The field cage appears quite solid and nearly ready to be finalized. Interfaces with CPA are well identified. No description of the resistor divider and its connection to the CPA has been provided, but it also should be similar to that foreseen for ProtoDUNE  (to be confirmed).
A planarity measurement with prototypes in cryogenic environments would be beneficial. The mounting scheme of the mesh on the CPA frame shows a left/right asymmetry, which could probably be reduced modifying the L-shaped support on the frames. 
Field shaping electrodes are likely needed and a design for this should be addressed soon
Recommendations: 
A more complete FEA of the electric field in necessary including the exposed edges and their rounding should be done. Furthermore, a detailed drift field analysis should be done including the structural tubes on the CPA.

Work with the manufacturer and installation group to finalize the need of a support scheme for installation and transportation 

More information about the connectors which join the two CPA modules should be provided in order to evaluate both the structural and electric connectivity.

A schematic of the resistor divider and its connection to the CPA should be provided as well as some detail as to who will be responsible for this component of the CPA/FC interface during assembly

Including drift field uniformity calculations for the whole assembly will allow a more comprehensive review of the CPA design 

Inclusion of a “last field cage ring” for monitoring of the drift HV should be considered in the design of the CPA/FC and resistor divider chain
A formal QA/QC plan for the CPA should be developed along with a series of tests and potential plans of action based on the outcome of the proposed test during construction and assembly
2. High Voltage Feed-Through
Findings:
Two HV feed-through designs are presented. Both conservatively rely on past experiences (mainly ICARUS, whose feed-though was successfully operated at 150 kV at the end of the three years data taking period at LNGS). Cryofitting is used to ensure vacuum tightness between inner conductor (HV) and PE insulator and between PE insulator and outer conductor (ground). 
Comments:
This method is well developed and should safely provide vacuum tightness far better that 10-9 mbar l / s (ICARUS experience). A localized leak rate at the level of 10-6 mbar l / s indicates a defect in the construction (such as a crack in PE or a mismatch in the diameters of the cryofitted elements). We presume that the quoted 10-9 mbar l / s level refers to the detector cryostat as a whole.
Recommendations: 
Both designs, the inner conductor is a rather thick metal bar, but no estimation of the heat transmission through it has been shown. This is an important aspect that could lead to Ar gas bubble formation in the region around the HV feed through tip where the electric field is quite high; in turn this could induce random discharges/sparks affecting the stability of HV applied on the CPA. If needed, to reduce the heat transmission, the solid SS bar could be replaced by a thin SS tube filled with PE insulator.
Several similar HV feed-through’s prototypes are presently under construction (e.g. for ProtoDUNE DP and SP). A close collaboration between the groups in charge their realization should be encouraged, not only in the fabrication process but also during the HV and cryogenic tests. 

The donut at the end of the outer conductor should be reshaped to further reduce the electric field strength on its surface below the required level of 30 kV/cm. In case its diameter would result to be larger than the flange on the cryostat port foreseen for the HV feed-through, one should consider enlarging the port if possible.
Integration of the Yale FT design with the cryogenics needs to be flushed out in greater detail to ensure electrical isolation as well as reliability of delivery of LN2
A formal QA/QC plan for the HV-FT’s should be developed along with a series of tests and potential plans of action based on the outcome of the proposed test during construction and assembly
Other Recommendations:

There is concern about project milestones, dates, and completion monitoring from all the involved institutions. The committee recommends the groups implement a common GANT chart which individuals from each institution commit a fraction of their time to updating regularly

Answers to Charge Questions
1) Are the technical specifications of the subsystems adequately defined?  Do the key design parameter follow from them?


Yes, except the required field uniformity near the CPA. For the latter,  mitigation strategy is defined, so it shouldn't be an obstacle for proceeding.
2) Are engineering  documentations including structural and electrostatic FEA analysis sufficient enough to support the fabrication, installation and operation of the subsystems? 

Yes, but a more complete FEA of the electric field for the exposed edges and their rounding should be performed
3) Are planned prototyping steps and QA/QC tests adequate to address any potential design issue especially on the electrostatic calculation? 

Yes except that a formal QA/QC plan should still be completed both for CPA and for the HV FT, along with a series of tests and potential plans of action based on the outcome of the proposed test during construction and assembly.

4) Are the designs presented sufficient enough to support the start of prototyping testings and fabrications? 

Yes. This should be started as soon as possible.
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The Committee is to conduct a technical review of  the Cathode Plane Assemblies (CPA) and High Voltage (HV) feed-through  subsystems to assess their readiness for prototyping tests and fabrications.  Nominal SBND operation requires CPA to hold 100KV for providing drift field of 500V/cm while keeping electrical field everywhere below 30KV/cm.  The design voltage is 150KV for high voltage feed-through and CPA components for safety overhead.  The review team is asked to examine the designs and address the following questions:
· Are the technical specifications of the subsystems adequately defined?  Do the key design parameter follow from them?     

· Are engineering  documentations including structural and electrostatic FEA analysis sufficient enough to support the fabrication, installation and operation of the subsystems? 

· Are planned prototyping steps and QA/QC tests adequate to address any potential design issue especially on the electrostatic calculation? 

· Are the designs presented sufficient enough to support the start of prototyping testings and fabrications? 
The committee should present its findings, comments, and recommendations as well as answers to the above questions in a written report within 2 weeks of the actual review.  
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