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tracker technology choice
1. Common technical criteria 
o. the baseline criterion is to demonstrate that the proposed detector can be built and operated successfully in MICE. Of particular importance is to demonstrate, by simulations based on common inputs and on experimental measurements, that the proposed device can operate in the harsh environment of the RF cavities with a performance that remains sufficient for a determination of emittance ratio with a precision of 10-3. A safety factor of two orders of magnitude on the noise rate is required. 
i. Sensitivity to cavity-generated X-ray background: 

The response of the sensitive material (scintillating and clear fibre or gas and GEM) to known sources of X-rays and 
spurious electrons must be measured experimentally.  


The performance of pattern recognition and track fit to levels of 
background significantly in excess of expectation (safety margin = two orders of magnitude) must be demonstrated by simulation. A

common simulation of beam and background must be used. The effect of 
integration time must be included. Interactions of photons (conversion and scattering) in the support 
structures (end plates, support tubes, clear fiber etc…) must be simulated. 

ii. Sensitivity of detector and its electronics to RF noise: 
Demonstrate that the proposed detector can be operated and see minimum ionizing tracks in the presence of the RF electromagnetic noise levels typical of RF power sources and cavities. 
To this effect the noise levels in the vicinity of the 805 MHz lab G cavity will be measured and benchmarked against the corresponding noise levels in the vicinity of the 200 MHz power sources at CERN, which are more similar to those that are likely to be used in MICE. 
In these environments, (both 805 MHz and 200 MHz) the RF component on 60/50 Hz mains will be measured and if necessary a 

filter strategy will be developed. 


iii. Tracking performance:  

The detector response and point resolution must be based on experimental demonstration. A viable scenario for alignment and calibration must be described. 
The following numbers will be obtained from simulation using common G4MICE inputs: 

-- bias and resolution in the required quantities (longitudinal and transverse momentum, transverse coordinates) for the extrapolation of the track measured in the tracker to the entrance of the cooling cell.

 Care should be taken to include in the simulation whatever RF shielding or vacuum/gas window the tracking system needs
. 
-- bias and resolution in the 4D and 6D emittance evaluated at that same point. (measured vs generated) 
-- sensitivity of the biases to errors from alignment, multiplexing and y-rays. 

iv. A [proposed] set of common G4MICE running conditions for comparison are 

· muon beam as described in MICE proposal: one 240 ( 15 MeV/c (square distribution) muon per ISIS cycle (330 ns) i.e. 3000 muons per ms arriving at the level of TOF0.

· X-rays generated with G4MICE using the available generator. Rates of dark current as extrapolated according to Energy.area law from the lab G 800 MHz cavity times a safety factor of two orders of magnitude. 

v. Experienced design

Has the system been shown to work either in an experiment or as a 
prototype? What is the connection of the MICE group to the group having operated such a device? 
vi. Safety and integration
Issue is that RAL safety review must accept that operation of the proposed device in the 
neighborhood of the liquid hydrogen is safe. This must be done before a 
decision is made. The interface between the spectrometer including the proposed tracker and the cooling section will need to be studied and described. 

vii. Cost: 

A cost breakdown must be prepared in reasonable detail including 
an analysis of the principle risks in the purchasing and supply. 


viii. Schedule: 

A schedule with appropriate detail including key milestones must be 
prepared. Prototyping and quality control issues should be addressed and an 
indication of critical path given. 


ix. How hard is it to run the tracking system? What are the people available to 
keep the detector going for at least as many tracks as MICE needs to record? 
x. What are the prospects of funding? What are the possible side-issues involved?  The political issues, which have to be considered in the choice, will be treated separately from the technical issues outlined here, under the principle that the ‘MICE tracker group as a whole’ will remain as much as possible together after the decision on tracker choice, with collective responsibility for the emittance measurement.

SciFi specific criteria 

xi. Alignment and stability: 

The alignment within one tracker station will be demonstrated on the constructed prototype. The method to obtain the relative alignment of the five stations must be described and shown to be sufficiently precise, 
reproducible and stable. 

xii. Assembly of components: 

By manufacture of appropriate prototypes, the feasibility of component 
manufacture and assembly must be demonstrated. 

xiii. Optical cross-talk between scintillating fibres: 

Demonstrate that this is reduced to an acceptable level (or eliminated) for at 
least one of scintillator formulation. 

xiv. Light yield (efficiency):  
By measurements on the single-station prototype built with the above scintillator formulation, show that the light yield is 
high enough to provide the necessary point efficiency. 

xv. RF noise: 

By measurements on the single-station prototype, show that the noise is low 
enough not to interfere with the tracking performance. The issue of 200 MHz noise will have to be addressed. 
xvi. Demonstrate performance of the multiplexing scheme: 

By construction and operation of appropriate prototypes, demonstrate that the 
proposed multiplexing scheme meets requirements. By simulation, show
 that the pattern-recognition performance of the multiplexed system in the presence of background 
and inefficiencies is acceptable. 

xvii. Update the simulation with measured parameters and demonstrate adequate

performance of the full system ( detectors and reconstruction software ). The effect of x-ray conversions will be benchmarked by exposure to appropriate known photon sources compared with simulation results. 
xviii The vacuum safety of the system, especially at the interface where the fibers exit the solenoid, will be described, as well as the integration and safety issues. 
TPG specific criteria

xviii. RF noise: 

By measurements on a prototype in front of an RF source and cavity, 
investigate the shielding necessary to operate the chamber successfully and show how this can be achieved in the MICE configuration. 








xix. Evaluate systematic effects that lead to distortions. Provide a credible scenario for the alignment, calibration and monitoring system, either based on copy of existing proven systems, or by construction of an appropriate prototype. Describe the procedure by which the alignment and time-to-distance relation can be determined in situ during data taking.
xxi. Performance of He based gas mix: 

Measure characteristics of several proposed gas mixtures (drift velocity, mean collision path
, amplification) in an appropriate prototype. 

xxii. Track length of X-ray-induced delta rays in drift volume and in the GEMs: 

Measure the path length of knock-off electrons from known x-ray sources in an appropriate 
prototype. Compare with G4MICE simulation of TPG. Implement simulation of the effect of X-rays on the GEMS in G4MICE. Use as input to d
emonstrate effect on pattern recognition and track fit. 
xxiii. Full simulation and reconstruction of tracking performance. 
Full simulation including overlay with x-rays in the relevant time window and with the expected number of muons. The full simulation should include a description of the pad-strip response function behind the GEMs and generation of the raw data as in reality. 
xxiv. Cross talk: 

By construction of appropriate prototype, demonstrate that this is not a
 problem for the proposed electronics.  

[






 Comments: 
1. the Lab G cavity test will be attempted as much as possible within the constraint imposed by the successful realization of the above. (This may require finding/building another chamber operated with triple GEMs)
2. The MICE TPG software for pattern reconstruction, track fitting and event display will be operated in the TPG beam test this summer. It will be public and the interface will be defined. Its inclusion in the G4MICE framework will follow as soon as possible.  ]
