Draft Specification for CMS EE End Cap Water Couplings

Version 1.02 for Update/finalisation

Abstract: The technical requirements for the required components are specified within this document; further technical advice will be given as required by CERN and CCLRC staff.

1. CMS EE End Cap Cooling - Scope

The Electro-Magnetic Calorimeter for the Compact Muon Solenoid (CMS ECAL) is an array of 100,00 crystals of Lead Tungstate assembled as a closed barrel around the interaction point of the CMS Experiment for LHC at CERN. The Calorimeter operates within the super-conducting solenoid producing a magnetic field of 4 Tesla.

The End Caps are the closing members for the cylindrical barrel. The two End Cap assemblies are identical, each being constructed of a ‘D’ shaped unit which is rigidly mounted onto ‘D’ shaped backplates cantilevered from the main body of CMS by a support ring. Each End Cap consists of approximately 7500 crystals. To ensure crystal output stability each End Cap crystal array must maintain a stable temperature environment to (0.1(C. To achieve this the crystal arrays are thermally controlled by a simple backplate cooling system.  Each crystal array is operated by its own control and readout system that also requires a separate cooling system in order to maintain an effective working temperature for the End Cap electronics. All cooling circuits for the End Cap use water at a nominal 18 degrees C as the coolant.

2. CMS EE End Cap – Description

2.1. The End Cap backplate consists of eight separate serpentines with each circuit having its own input and output. Both inputs and outputs are then fixed into various bulkhead fittings/manifolds located on the support ring and services patch panel. The End Cap electronics cooling also has separate input and outputs which are then fed into their separate manifold systems internal to the End Cap. These are in turn are supplied by connections to the services patch panel fixed onto the support ring.

2.2. Consideration must be given towards the assembly and testing of the End Cap during construction and final installation on the CMS detector. The End Cap would benefit from a closed valve/quick disconnect connector system. This type of arrangement would allow a simple and reliable system of disconnection from the cooling supply during the End Cap testing/trials and for final installation. Also the closed valve system would allow the water coolant to remain in the backplate and electronics cooling systems thus avoiding the time consuming and potential damaging situation of purging. This type of connector system is generally accepted as a reliable, easy to handle and will avoid potential damage in an area of delicate electrical and fibre optic services.

2.3. Due to space restrictions in the End Cap patch panel area care must be taken in the selection of quick release connectors and the necessary bend radius of the flexible tube for the water supply to flow unimpeded. The design of the connector must be such as to avoid any large pressure drops in water circulation.

3. CMS EE End Cap – Requirements

3.1. Flexibility: All internal and external pipes on the End Cap will be stainless steel. The external water supply connection for all End Cap cooling systems are made around the patch panel and support ring. Due to space constraints in the region outside the patch panel and the fixed locations of the service ducts, forming a rigid and accurate pipe connection between two points will be problematic and ultimately unreliable. Therefore we must consider making the final connection between the input/output supply from the service ducts to the bulkhead fittings with a flexible link.

3.2. Backplate cooling: Internally the ‘D’ End Cap has 16 cooling lines at 10mm OD, 8mm ID, the material of these pipes is stainless steel. However externally there are 4 locations where two return lines are paired/manifold together. Therefore externally we have 8 flow lines and 4 return lines. Pipe diameter for the flow lines outside the EE are 10mm OD, 8mm ID. Pipe diameter for the return lines outside the EE are 14mm OD, 12mm ID. Positions of flow and return are indicated below. Maximum connector length (including minimum bend radius of flexible pipe) must not exceed 135mm.
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3.3. Electronics cooling: There are 16 connection points per ‘D’ End Cap, 8 flow and 8 return lines. Pipe diameter inside and outside the EE is 14mm OD, 12mm ID. Internally the pipe material is stainless steel. Positions are indicated below.
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3.4. Environmental Shield cooling: Although not included in the previous specifications, the Environmental Shield is an integral part of the End Cap. The front shield has a cooling circuit similar to that of the backplate but has only one flow and one return line. The outer shield component has a cooling system again similar to that of the backplate but in a conical form. There are two flow and two return lines for this. Due to the potential size of the quick release connectors it may not be suitable to use them due to lack of space at their locations. However again disconnect/closed valve system would be of huge benefit as again it would avoid the necessity to purge the system on disconnect during trials/installation.
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The front shield has a pipe diameter of 12mm OD, 10mm ID. The outer shield has a pipe diameter of 14mm OD, 12mm ID, both circuits are in stainless steel.

3.5. Magnetic permeability: CMS experiment will work with a 4 Tesla magnetic field. This field must be as perfect as possible because it will determine the particles trajectory. All part of the coupling must have a very good magnetic permeability. In the opposite case they will introduce singularities in the magnetic field (very low since the mass will be very small) and cause force on the coupling. The critical parts of the couplings with respect to the magnetic permeability are the springs. It is very difficult to get springs with good permeability. To fix the idea we fix a limit of 1.05 on the relative magnetic permeability of any part of the coupling. This is a standard value of permeability for 316L stainless steel. The relative permeability is the ratio of the material permeability and the air permeability.

4. CMS EE End Cap – Material Requirements

4.1. Corrosion: The cooling circuit of CMS ECAL is mixing stainless steel and Aluminium. Water will be demineralised. To avoid corrosion all metallic part of the coupling will be stainless steel and preferably 316 Alloy.

4.2. Radiation Hardness: The total dose of radiation at the location of the coupling will be 10 kGy for 20 years. All parts of the coupling must be radiation hard. One should not have any problem with the metallic parts. However polymer gaskets are used in such couplings. These gaskets will have to be radiation hard. This radiation hardness is a major concern because as the gasket are concern the leak tightness of the coupling depends mainly of this hardness. The proposal is to work only with producers who can show an experience in the field of radiation hardness.

4.3. Lifetime: CMS ECAL will have a 20 years lifetime with a total rate of 10 kGy. The fittings are located such as their replacement is possible during a machine shutdown. However it is a delicate operation that one should avoid as much as possible. The minimum lifetime we should agree is 10 years under radiation.

4.4. Leak rate: All ECAL End Cap cooling parts are tested with Helium. The global leak rate for one Dee End Cap should be below 10-4 mb l/s. To achieve this level of leak tightness the requirement on every single part is to be better than 10-6 mb l/s under 1 bar.

4.5. Safety: The couplings will be located in the patch panel volume. A lot of operation will be performed in this area during the End Cap integration and during the End Cap installation in CMS. It is mandatory to guaranty that no wrong operation can open or damage the coupling. Ideally a mechanical safety preventing any unwanted opening should be available.

5. CMS EE End Cap – Drawings

The contractor will provide the drawing of the couplings. At least the following information will be given on the drawing:

· Envelope dimensions for the couplings in connected and disconnected configurations

· Interface drawings

The drawings will be provided on CD ROM 

· in HPGL, IGES or DXF format

· in native CAD format

6. CMS EE End Cap – Delivery

The contractor is responsible for transport and delivery of goods and documents included in the contract.

The delivery will be done to the French or Swiss CERN’s site (depending on contractor’s easiness).
