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The EDR review of the LHCb Muon Station M1-R1 concerning the GEM detectors took place at the Frascati Laboratories on Friday February 11. 
An extensive documentation, relative to 3 years of R&D, to qualify the GEM’s as detectors suitable to operate in the intense and radioactive environment around the beam pipe of LHCb, has been published. Those aspects were briefly summarized, but the real scope of the review and the presentations concerned the capability of the two Institutes   handling the project, Frascati and Cagliari, to carry on the full project. 

Anticipating some of the conclusions, one has to say that, while the mechanics and the construction procedure seems well in hand, there are some concerns relative to the operation of the electronics and to the implementation of the HV scheme and its safety aspects. Also the integration of the detector in the experiment, intimately connected to the surrounding detectors, seems still in its conceptual phase, but, at a first glance, it does not look a real problem.

At the end of the presentations a visit to the clean room, where the assembly and the first test would be performed, took place. The room, its infrastructure and the tooling look quite adequate to the severe requirements, which are needed to have an efficient and reliable assembly. Cagliari instead, as shown in a short video, does not have for the moment all the tools and infrastructure for a parallel mounting of the chambers.

As anticipated above, a long period of study, R&D, irradiation tests have given to the group the legitimate confidence to succeed in the production phase. 

The mechanical design does not present critical points in terms of robustness, assembly steps and gas tightness. A double 1 mm gap between two GEM’s, without an intermediate supporting structure could raise some concerns as far as the operation under high voltage, uniformity in gain (an effect of few %). 

The problem and the solutions proposed take care of this difficulty. 

However tests have been done only with a preliminary HV system as the final HV scheme is not designed yet. Its layout may have an impact on the detector operation with respect to  robustness against discharges. Also an analysis of the risks linked to a failure of the HV system has not yet been made. 

The parameters chosen for the operation of the whole detector present a good safety margin. The overall gain (8000) look rather conservative, but allows a safe HV working point for the 3 GEM foils. The margin of 70 V corresponding to a factor of 3 in gain is rather substantial for such a detector.
The choice to use 40 % of CF4 in the gas mixture has already generated many discussions inside and outside LHCb. The ageing effects under intense irradiation were not discussed in depth being considered out of the purpose of the EDR: the irradiating power of the LHC, much smaller than the one of the Co60 source they used, coupled with an adequate gas flow should flatten the slope of the ageing curve.

The design, test and production of the final electronics are certainly lagging behind the mechanical design. The planning for the delivery of the new front-end chips is still slightly vague and confused. Clearly the logical follow up of a system test, with or without a beam, cannot be planned for the moment.

Finally, the presentation relative to integration of the chambers in the muon system is still in a conceptual phase. The problems of accessibility, positioning and servicing were outlined: a close collaboration with the LHCb integration team seems well established.

The main points that emerged in the discussion and the recommendations that the referees make are summarized in:

1. Since the quality of the GEMs produced at CERN is not always of a constant good level, to avoid loss of time and give a fast feedback to the PCB workshop, a visual inspection, with the help of a camera and of a microscope provided with camera in a clean room, as it was done during the production of the foils for Compass, is highly recommended.

2. A careful design of the HV distribution system. The referees did not see a firm proposal of a final scheme in terms of layout in the experiment, inter-dependence among different power supplies and safety aspects in case of failures.

3. The planning concerning the test and production of the final front-end readout presents still some uncertainties, especially concerning a back-up scenario in case of unforeseen problems related to the CARIOCA-GEM chip or CARDIAC-GEM. The team, which is responsible for the electronics of the whole muon system, should devote more attention to organization of the part relative to the GEMs.

4. A system test including the final detectors, HV system and front-end electronics should be foreseen in the plannings as soon as possible.

5. The place for assembly in Cagliari, as shown in the video-film, is not, for the moment, satisfying the conditions, in terms of cleanliness and organization of space, required by the delicate handling of the GEMs.

6. The final gas system, even if on paper simple and small, has to be designed and planned in time, in the framework of the work packages between LHCb and the Gas Group. The presence of 40% of CF4 in the mixture needs some considerations in terms of materials and components especially where the level of radiation is important.

7. The design of the detectors is in a mature state and the referees believe that their  production can be launched. While the production facilities at Frascati are already now in a status allowing the production of the TripleGEM detectors a production readiness review at Cagliari is recommended before the final start of the production.  

