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FINDINGS 
 

• NOvA is a totally active detector with the ability to identify ~2 GeV electrons & 
discriminate them from comparable energy π0’s and muons. 

• The basic detecting element is a 4cm x 6cm x 15m cell filled with liquid 
scintillator read out by a doubled WLS fiber connected to an APD. The overall 
final detector transverse size was determined by practical considerations such as 
the maximum truck size available. 

• The achieved detector parameters are: 
o S/N = 10/1 for MIPs. 
o A measured 12.5 p.e. /MIP (2.2cm x 4.2cm cell) and an expected light 

yield of 25 p.e. /MIP (3.9cm x 6cm cell) at the far end of a 16.7m long 
cell. 

o Simulated σE/E ~10%/sqrt (E) for electrons.  
• Production of modules (a module contains 32 cells, for a total of ~24k modules) is 

planned in 3 separate factories, with the “raw materials” (PVC extrusions, WLS 
fibers, optical connectors, etc) delivered from various production sites. The 
location of APDs and FEE installation on the modules was unclear. The modules 
(with or w/o FEE) are then shipped to the Far site, glued in supermodules 8 layers 
deep and installed (installation covered in Section 5.0).  

• The planned production rate for each factory is 10 modules/one shift/day using a 
4-person crew. 

• QA/QC is planned at the supplier (PVC) and factory sites: 
o PVC – mechanical dimensions, reflectivity 
o Fibers – sampling measurements for attenuation length and response 
o Factories – module pressure test, fiber continuity (redone at far site along 

with additional tests for APDs and muon response checks after liquid 
scintillator filling). 

Technical specs for QA/QC are not yet specified. 
 



COMMENTS 
• The detector is expected to run for 10-20 years. Past neutrino detectors with liquid 

scintillator have needed to stir the liquid on the time scale of ~ 5 years in order to 
maintain the response. NOvA is using fully oxygenated scintillator (see page 36 
in proposal) so have already accounted for this pulse height reduction. 

• Environmental controls shouldn’t be overlooked. The liquid scintillator would be 
irreparably damaged if the temperature drops below –25F. Fortunately the 3m 
overburden and sheer thermal mass of the detector should prevent this. The APDs 
need to run at –15 0C and thus must be located in dry atmosphere boxes with 
perhaps a N2 purge to avoid condensation of ice crystals on the fibers. 

• Pattern recognition of and/or discrimination between electrons and π0’s were not 
presented in the review, although a lot of work was reported in executive session. 
A presentation on how the detector will be used would have been helpful to the 
reviewers. 

• We saw considerable discussion about design alternatives that have been rejected 
but little about optimization that had been performed on the chosen 
geometry/detector element (for example cell size). We understand several 
optimization steps have been performed. Documentation will be helpful to future 
reviewers.  

• The proposed length of time needed for module assembly (2 FTE-hours/module) 
was considered optimistic and needs to be checked in a factory environment. 

• Many choices still need to be taken. A large number of them will be decided in 
the R&D program needed for a prototype near detector in the coming year(s). 
This is a critical step for the experiment and more detailed planning is needed 
here. This includes: 

o Adhesive investigation 
o Buckling/creeps studies 
o Tooling and fixtures 
o Full-scale extrusions to learn/develop assembly steps and procedures. 

 
RECOMMENDATIONS 

• Define the way you will use the detector to discriminate electrons and various 
backgrounds. Use this method to show the optimization steps used to define the 
basic detector parameters (cells size, light yield/MIP, uniformity of response, 
energy resolution, calibration requirements, …). Management should adopt the 
basic technical parameters. 

• The Project engineer should insure himself that all the R&D results are 
engineered to his satisfaction. Appropriate engineering calculations and notes 
should record any test on small-scale models and show the expected behavior of 
large-scale elements.   

• The Management and the Project Engineer must adopt a Document/Process 
Control system to insure Configuration control and uniformity of assembly among 
the project factories. 

• Mixing of the liquid scintillator appears to increase the risk of the project.  
Management should consider adopting bulk purchase of the scintillator as a 
baseline at this point. 



• Upon determination of the minimum specification on light yield, continue, if 
necessary, light yield R&D exploring fibers with higher WLS concentration or 
PVC with more TiO2. 

• Continue to refine and develop the QA specs and assembly procedures for the 
factories. 

• Start investigating the possible module factory sites for availability of space and 
facilities to insure a proper production flow.  

• Explore multiple vendors and quotes for “high value” or “highly repetitive tasks”: 
PVC, mineral oil, optical connectors, PC boards, shipments, etc.  

• Converge as quickly as reasonably possible on the assembly of a full 8 plane, 15m 
x 15m super-module to explore the feasibility of the assembly and lifting 
conceptual ideas. 

• Coordinate the logistics of the detector assembly and shipment (both at the 
factories and at the Far Site) through the appointment of a Logistics Engineer. 

• (To the Lab) Adequate funding at the level of 1M$ /year for detector development 
should be in place to insure the success of the R&D Program.  

 



CHARGE QUESTIONS 
 
 
8.1 Are the physics requirement stated ? 
Partially yes.  

• Stated: general goals: measure ~2 GeV electrons, reject µ and π0 backgrounds,  
SN neutrinos. 

• Not stated or clearly presented: clear definition of appearance of  bkg. in 
detectors (beyond the “fuzzy” vs. “clean” vs. “blob” definitions, especially for 
events containing π0’s),  handles to reject bkg., required noise level to operate as 
an Neutrino Oscillation or a SN detector . 

 
 
8.2 Have the physics requirements been translated into technical performance 
requirements / specifications ? 
No. Technical performance information is “sprinkled” around in the NOvA proposal, but 
is not summarized in a table as “NOvA specifications” or officially adopted and defended 
by the NOvA management. 
 
Examples:  

• High Detector Level: missing spec. on the required energy resolution, response 
stability with time/temperature/… 

• Low Detector Level: Cell shape (only 1 table, showing that increasing the cell 
depth (longitudinal) increases the FoM – page 78 of NOvA proposal), light yield,  
cell calibration/equalization, mechanical “banana” effects on extrusions, centering 
of fibers on APD pixels, etc. 

• Assembly Level: Leak rate specs with pneumatic testing, “absolute measurement” 
of reflectivity of PVC, fiber attn. length. 

 
 
8.3 Is it a reasonable design ? Can the design be built ? Does the design meet the 
technical specifications ? 
 
Is it a reasonable design ?  
The module design is reasonable. The design provides ~20-25 pe/MIPs @ far end. APDs 
provide a 10/1 S/N. “Aging” over a period of ~5-10 years appears under control.  The 
supermodule design requires additional engineering work. 
 
Can the design be built ? 
Probably yes. No major problem foreseen in the module (36 cells) assembly. The 
bottleneck will be the assembly procedures and/or tooling in the Far Site assembly area.. 
Serious engineering work at the level of 4-5 FTEs for ~1-1.5 years needs to start 
immediately on the final assembly and tooling. 
  
Does the design meet the technical specifications ? 
Technical specs need to be stated explicitly. 
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