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Overview:
The Muon system in both the Barrel and Endcap use RPC’s to provide an independent trigger with a reasonable level of spatial resolution, an excellent time resolution and with different sensitivity to backgrounds. 

Function:
The trigger provided by the RPC’s will cover all of ( and 

2.1 ( ( ( 0 and in the case of ME1/1,  2.1 (  ( ( 1.59. The RPC time response of a few nanoseconds permits identification of the bunch crossing at the 25ns intervals and due to its segmentation transverse momentum can be measured at trigger time. It is intended to combine the CSC and RPC trigger signals both at chamber level and at the Global Trigger Logic levels. Given the sensitivity to background  photons of 5x10-3 and the tested rate capability of greater than 1 kHz the necessary performance can be expected.

Layout:
The RPC’s will be placed at a smaller Z than the CSC’s namely 5737 ( Z ( 5647 giving 90mm for the envelope. This location ensures full coverage with station ME1/2 while allowing realistic (R for Patch Panels, mechanical support and structure for the RPC’s.  These facts are illustrated in Fig.1 & 2. This allocation in Z will allow a fully overlapped standard double gap RPC configuration thus ensuring full acceptance in (. See Fig.3 & 4. Considering their small size and the structural redesign already implemented we expect that further development of the RPC’s may give a  reduction in their thickness.  This gain will be used to increase the clearances for both the CSC’s and RPCs and to improve the shielding towards the IP.

Mechanical Requirements:
The design of the chambers and their front end electronics is shown in Fig 5 & 6. The final design of insertion and extraction mechanism and procedure is not finalized but given the space available a number of satisfactory solutions have been studied. One of these solutions is sketched out in Fig 7,8 7 9.


Electronics:

The entire Electronics for the RPC’s installed in the Experimental Cavern UXC 55 consists of Front End Boards (FEB) directly on the chamber, synchronization and Control Board (SCB) mounted at some distance from the FEB and Master/Slave Boards mounted around the periphery of the iron. All these elements should be cooled to reduce the thermal load on the cavern air conditioning system. 

FEB’s consist of 16 channels each. Since the strip width and space available increases with radius then this will impose a number of differently sized boards .

SCB’s are being developed for the Barrel and consist of 192 channels. Further development will be dedicated to the Endcap. 

Link Boards are under the responsibility of the Polish Trigger Group.

The remaining figures relate to the FEG and SCB.

Access, Installation and Maintenance:

The detectors in the ME1/1 well will be installed for the first time when the HE has been attached to the nose at YE1, once the Endcap is in UXC55. The time  for this has yet to be established.

Initial installation should be possible independently from the CSC’s although it is clear that earlier installation will be easier since the RPC’s will be slid into position by hand as they are small and readily supported by one person. We will therefore be leaving the way open for the CSC’s to be installed and undisturbed by further activity in this zone. However the RPC cabling and piping will come after the CSC services have been installed since they will be folded out to reach the cable trays on the HE Brackets within the shortest distance possible. 

Maintenance will be possible once the End Cap has been pulled back from the Barrel. All services from the SE, EE and HE being retained over the Brackets that support HE will ensure clear access to the windows of the ME1/1 detector well.

Services:
In order to fulfil their function RPC’s require electrical cabling and fluid piping. They are;


HV;
Each chamber requires 3 channels of HV as it is desirable to be able to tune each gas envelope for optimum performance. The high voltage will also be independently distributed to the forward and rear gas envelopes of each RPC to ensure continued operation (at an efficiency of 85%) in the event of a gap failure (break down etc). The voltage required is approx. 10KV although a safety margin of 5kV is required for both connector and cable specification and future long term needs of the chambers in case of unexpected aging.


Gas;
The principle component of the gas mixture is an industrial refrigerant used in its gas phase; R134a, a so-called “ Green gas ” . It is non flammable and has distinct inerting properties. Additionally iso-butane is used below the permitted Lower Explosive Limit ( LEL) of 5.75%. Finally 1-1.5% of SF6 is added to attenuate streamer probability at high rate. Reference; 

LV:
The Front End Electronics require +7V and –7V. Power requirements are 80mW/channel for the Front End Board. A single channel to each 10 degrees sector will be provided more as a safety requirement than an operational one. 148mW/channel is required for each SCB.

Signal:
Flat cables that are bound into cylindrical sheathing will be used to provide signal extraction (LVDS) and DCS

Cooling: 
Provision will be made to cool the FE Electronics by cooled water circulation so ensuring minim heat loss to the surroundings. The power dissipated in the present design is 50mW/channel, however this will decrease in future designs.

Inerting:
For Security reasons CMS will provide gas lines suitable for the extinguishing (by oxygen reduction) of local flame or smoke sources that may originate in the readout electronics. It is foreseen that these same pipes will also be used as the dry/cool air supply system. This will be selective by the use of a sampling system using small-bore pipes.

These services occupy the following cross sections ;




Per 10 degree chamber



1 Endcap

HV

3 x ( 5 ( Vnom 30kV ) Type RG58


27.00



Gas

6 x ( 8 ( Copper )





90.72


LV

3 x ( 3






  9.72

Signal

4 x (14 (128 x LVDS ,8m length) 


282.24

DCS

?







   ?


Cooling
2 x ( 8






46.08

Inerting
    ?







   ?

Total









455.76cm2

Alignment:

The Alignment of the RPC’s is not a critical item as their spatial resolution is in the centimetre range. They will be located by the screwed fixings at inner and outer Radius. These positions are toleranced to less than the millimeter. If the concept of using an envelope to slid the chamber into place is used then this could degrade slightly the precision at the inner radius, however at the outer the chamber will be attached so here again the precision will be in millimeter range. Reproducing the position of a chamber after maintenance should be also therefore in the millimeter range.

No interference with the CSC alignment will occur once installation is complete. 

Production:

The team that will be responsible for the building of these detectors has not yet been decided. However a full size prototype has been built and tested by Warsaw University. Their results are presented in “Highly efficient resistive plate chambers for high rate environment “ published in December 98. In total there are 72 chambers to be built.

Their size is not great so tooling ,transport and raw materials etc should be more readily dealt with than the other RPC’s that reach 3.4m in length.

Safety:
The safety codes imposed by CERN will be respected.

With respect to the fire hazard the gas gaps are constructed primarily from Phenolic Resin that is understood to be a suitable base material but subject to tests and confirmation. The construction around the envelopes will use a sandwich material with a metallic skin at present stainless steel; it will have to be individually tested once identified. The remaining construction materials are metallic. Electrical insulation films are readily available that conform to the TIS IS41 Instruction (see section ….)

