1MEMORANDUM OF UNDERSTANDINGBETWEENINSTITUTE OF HIGH ENERGY PHYSICS AT BEIJINGANDTHE CMS MUON SUBDETECTOR COLLABORATIONFORDRIFT-TUBE ELECTRONICS ASSEMBLYFriday, 16 July, 19991 IntroductionThis Memorandum of Understanding (MoU) defines the partnership betweenIHEP, Beijing, and the CMS Muon Subdetector Collaboration, hereinafter referred toas CMS-MSC, in the assembly and test of the High Voltage Boards, the High VoltageCoupling boards and relative Interconnection cables of all DT chambers. The detectoris described in the CMS Technical Proposal, December 15, 1994, the TechnicalDesign Reports, and subsequent technical documents elaborating that design.This MOU is an agreement under the MOU between European Organisationfor Nuclear Research (CERN) and the Chinese Academy of Sciences (CAS) and otherfunding agencies concerning the CMS Collaboration, which in turn is under theumbrella agreement titled:"Co-operation Agreement Concerning the FurtherDevelopment of Scientific and Technical Co-operation in the Research Projects ofCERN" signed by CERN and the Chinese Government of the People’s Republic ofChina, represented by its State Science and Technology Commission (now theMinistry of Sciences and Technology of China), in 1992.This MoU is designed to explicitly describe the mutual long-termresponsibilities and contributions between IHEP and the CMS-MSC and covers thetime period from 1999 through 2004, in accordance with the overall constructionschedule of the CMS detector, cf. Annex 7 of the CERN-China MoU. It does notconstitute a legal, contractual obligation on the part of any of the parties to this MoU.It reflects an arrangement that is satisfactory to the parties, which also agree that thisarrangement is not contradictory to or exceeding the respective obligations defined inthe CERN-China MoU

22 Mutual Responsibilities between IHEP and CMS-MSC.2.1 HVB�s, HVC�s and relative InterconnectionsIHEP shall be responsible for the timely delivery of the specified quantity oftested and working Boards, and Interconnections.The design, prototypes development, and final specifications of the HighVoltage Boards, the High Voltage Coupling boards and the relative Interconnectionsof the Barrel Drift Tubes, as well as the definition of HV testing procedures andparameters, described in Appendix A, shall be responsibility of the CMS-MSC. IHEPshall be responsible for the High Voltage entrance-test of HVB printed circuit boards,the assembly of the boards and cables, and the final HV test of the finished boards2.2 Setting up of the assembly and test facilities at IHEPThe CMS-MSC shall provide to IHEP all the necessary Assembly and HV-Test Jigs, described in Appendix B, equipped with the necessary software, whererequired�. IHEP agrees to take part in the development of test Jigs and procedures andto provide facilities of adequate size and quality for setting up a site for assembly andtest of the HVB�s, HVC�s and relative Interconnections. Maintenance and operationalexpenses associated with running the facilities through the entire period of productionand testing shall be the IHEP responsibility. Manpower needed to set up the IHEPassembly and test site shall be provided by IHEPThe CMS-MSC�and IHEP share responsibilities in transferring the technicalknowledge involved in assembly and tests and in the optimisation of the relativeprocedures for the mass production. Negotiated contributions from INFN and IHEPsides shall cover a visit of IHEP technical personnel to LNL-Padova assembly site fortraining in assembly and test procedures and take part in the production of a pre-seriesof about 500 boards of each type, plus the relative Interconnections. One, or more,subsequent visits to IHEP of personnel CMS-MSC will be arranged in the phase ofsetting up of the assembly and test facilities and in the running-in phase of productionat IHEP and shall be covered by CMS-MSC.Ordinary maintenance of assembly and test equipment shall be the IHEPresponsibility, The CMS-MSC shall provide training of IHEP personnel inmaintenance of the assembly and test Jigs as well as reasonable help in repairs.Broken key elements shall be repaired under responsibility of IHEP, with theassistance of CMS-MSC expertise.The CMS-MSC shall cover the shipping andinsurace costs of the Jigs from Europe to entry port in China, delivery and insurancecosts to IHEP as well as local Custom fees and taxes, if applicable, shall be coveredby IHEP.At the end of the production the assembly Jigs shall be returned to CMS-MSCthat shall cover the shipping and insurance costs of the Jigs from exit port from Chinato final destination. IHEP shall be responsible for delivery and insurance to exit portand cover the relative expense.

32.3 Assembly and testing at IHEPThe CMS-MSC shall provide, free of charge, the raw materials andcomponents necessary for assembly listed in Appendix C. The adequate equipmentand facilities shall be set up by IHEP by the time when the first shipment is expected.A schedule of shipments is to be cost optimised and will be determined later incommon agreement.The CMS -MSC shall cover shipping and insurance costs of assemblymaterials to entry port in China; delivery and insurance to IHEP as well as localCustom fees and taxes, if applicable, shall be covered by IHEP.During the construction period the total of HVB�s, HVC�s andinterconnections shall be fully assembled and the boards tested at IHEP. The CMS-MSC shall provide assembly materials in amounts allowing for production inaccordance to the agreed upon schedule.The IHEP shall provide a team of adequate size and experience. The teamshall carry out the whole assembly and the HV tests on the boards.The IHEP shall be responsible for the shipping and insurance of all thefinished materials to exit port from China according to a schedule to be negotiatedwith the CMS-MSC. Shipping conditions should comply with the requirements toguarantee safe delivery of the materials.The CMS-MSC shall cover the shipping and insurance costs of assembledmaterials from the exit port from China to the final destination, plus Custom fees andtaxes outside China, if applicable. IHEP shall pay for the delivery and insurance toexit port.2.4 ScheduleA tentative schedule, covering items 2.1 through 2.3 of this MoU is providedin Appendix D. It is based on the current overall CMS detector Schedule , as well asthe availability of funding and resources within The CMS Muon Subdetector and theIHEP. The actual schedule may depend in particular on the consequent availability ofmaterials.The contents of Appendices A to D are susceptible of complements and/oramendments on the basis of mutual agreement between the two parties.In particular, the specifications in Appendix A may need adjustments as aresult of the experience made in the pre-production carried on in LNL-Padova andIHEP-Beijing.2.5 Summary on the IHEP contribution costsIHEP shall pay for all its personnel as required for the assembly and testingphase and in the setting up of the adequate facilities, as well as to cover the localCustom fees and taxes, when applicable, and the shipping and insurance cost formIHEP-Beijing to the China port and viceversa.The value of the China contribution in the CMS Muon D-T electronics isestimated to be 550 kCHF (see CMS-MoU, Annexes 6, 8A,.9.5B, 10.7) .

43 Management3.1 CMS Muon Subdetector ManagementFor the purpose of this MoU the CMS Muon Subdetector Management haschosen to take residence at CERN. The CMS Muon Subdetector Managers haveappointed appropriate Subdetector Co-ordinators responsible to them for subsystems.IHEP collaborates with the CMS Muon Subdetector Collaboration through theinvolvement in the Barrel Muon.The appointed co-ordinators in the Barrel Muon System are the muontechnical co-ordinator, the muon chambers co-ordinator, the muon electronics co-ordinator, the muon resources manager. The CMS Muon Subdetector contact person,in matters concerning this MoU, for the IHEP-Beijing is Marco De Giorgi INFN-Padova.3.2 China CMS management for the execution of this MoUIHEP assembly and test site contact person:Zhuang Baoang3.3 ReportingThe progress of the setting up of the assembly site at IHEP and the subsequentassembly and test activities will be reported monthly by the IHEP contact person tothe CMS Muon Subdetector contact person.

54 Makers and ConcurrenceThe following persons concur in the terms of this Memorandum ofUnderstanding. These terms will be updated as appropriate in Amendments of thisMemorandum.Signatures:For CMS Muon Detectorfor IHEP Beijing___________________________________________________Fabrizio GaspariniHe Sheng ChenCMS-Muon Project Leader �China CMS Spokeperson___________________________________________________Marco De GiorgiZhuang BaoangProject ResponsibleIHEP Project ManagerCopy sent to:__________________________Michel Della NegraCMS Spokesperson�__________________________Diether BlechschmidtCMS Resource Manager__________________________Cristiana PeroniCMS-Muon Resources Manager �

6APPENDIX

A : HVB, HVC and Interconnection descriptions• HVB is a printed circuit board 305 mm long by 36 mm wide by 3.5 mm thick. Itwill lodge 4 groups of hybridised resistors, 6 HV blocking capacitors, 18 pins forinput/output connections of high voltages to the board, and 16 wires providing forconnections to the chamber anode electrodes. The function of HVB is to providethe drift tubes of the chambers with the appropriate high voltages.The required quantity of tested and working HVB�s is 11500 of which a smallquantity of 320 special boards, about half in length, are marked � ^ � in thecomponent list• HVC is a printed circuit board 160 mm long by 11 mm wide by 1.6 mm thick. Itwill lodge 16 HV coupling capacitors, 16 smd 2MW resistors (for reference toground of the capacitors LV side), 2 arrays of 17 sockets s.i.l. (f=0.5mm), 4 pinsfor guidance, 3 fork-contacts, and 16 wires providing for connections to thechamber anode electrodes. The function of HVC is to provide HV decoupling fromthe anode wires of the drift tubes of the chambers to the Front-End boards that willbe connected to it via the 2 s.i.l. socket arrays.The required quantity of tested and working HVC�s is 11500 of which a smallquantity of 320 special boards slightly elongated are marked � … � in the componentlist• Interconnections constitute a set of HV wires of different length and shape; theyare meant to connect:� the primary high voltages from HV connectors on chamber covers to HVB�s(S&C+W connections),� to parallel groups of HVB�s to the same primary HV connections (Jumpers),� to connect HVB�s and HVC�s to anode wires of chambers (Wire connections)� to parallel Strip and Cathode electrodes of several drift tubes to the same pointon HVB�s (Daisy Chains).The drawing �High Voltage Interconnections� gives the dimensions, the mountingspecifications and the quantities of the interconnections.All the quantities quoted above include 5% of spares.

7L1L2Daisy Chains"S" 43200"C" 43200HIGH VOLTAGE INTERCONNECTIONS

Wire Conn."W" 177500HVB - L3

HVC - L6"W" 180000

2mmwire

Quantity

L1L2

"S" 260"C" 1000"C" 260

HVB - L5"W" 1250

HVB - L4"W" 1250

"S 1000"C" 1500L1 = 95 mmL2 = 70 mmL3 = 50 mmL4 = 135 mmL5 = 70 mmL6 = 37 mm

8Jumpers

L7"S" 10500"C" 10500

S&C+Wsouce connectionsLaLn 2mm 11mmwireshrink-tube

AMP socket

47000L7 = 120 mmShrinking tubes of three different colours are foreseen forS,C,W connections respectively:Red for "W"White for "S"Yellow for "C"HIGH VOLTAGE INTERCONNECTIONS

9HVB mounting specifications• HV pins, HV Capacitors and GND contacts should be mounted by use of theappropriate jigs and oriented as in the pre-series.• HV hybrid resistors soldered to PCB pads by means of appropriately short wiresand positioned precisely with respect to pads using the dedicated jigs.• Wire connections assembled as shown in the HV Interconnection drawing• All soldering points should be carefully executed so to avoid spikes• To clean soldering residuals, mounted boards should be washed with theappropriate solvent to be specified.• All soldering points on one face of a set of boards (~20 )should be isolated with theproper amount of 3M-DP 190 epoxy glue and then the opposite side should betreated; each set of boards should be left curing for at least 48 hours at 45… Ctemperature.• Boards should be handled with gloves• Boards shall be finally labelled by means of the appropriate instrument.HVC mounting specifications• Guidance pins and GND contacts should be mounted by use of the appropriate jigs• HV Capacitors should be oriented as in the reference specimen• Wire connections assembled as shown in the HV Interconnection drawing• All soldering points should be carefully executed so to avoid spikes• To clean soldering residuals, mounted boards should be washed with theappropriate solvent to be specified.• All soldering points of capacitors on the HV face should be isolated with theproper amount of 3M-DP 190 epoxy glue, as in the reference specimen, and left 48hours to cure at 45… C temperature. Epoxy glue should be stored as specified by thefabricant.• Boards should be handled with gloves• Boards shall be finally labelled by means of the appropriate instrument.

1 0 Test procedures and specifications• The Jigs will automatically disconnect and record faulty boards, record currentsand maintain the book-keeping of the whole test in accordance to the QualityControl rules of CMS Muon Subdetector.• A quick entry HV test at +5kV, +/-2.5kV should be made on groups of 16 arrivingHVBs� with the appropriate jig (~30 minutes in air), to check them for dischargesor leakage• Mounted boards should be inserted in the appropriate Test Jig in groups of 16• The appropriate HV�s (+/-2.25 kV,+4.5kV for HVB and +4.5 kV for HVC) appliedand relative currents checked to be £ 200 nA for the lot of boards under test, into10 minutes since the HV�s were applied.• In case no board shows undue currents or discharges, the Test Jig should be closedand the gas flow started (85%Ar - 15% CO2); �bad� boards should be set apart forfurther inspection• As soon as the O2 content reaches a value below 500ppm all currents should bemonitored to be £ 70 nA for at least 3 hours; in case of a discharge or of highercurrents, the guilty board shall be excluded by HV and set apart for furtherinspection

1 1APPENDIX

B :Mounting ant test jigs listProvided by the CMS Muon Subdetector:• Mounting jig for GND spring—contacts and for guidance-pins on HVC.• Mounting jig for wire-connections• Mounting jig for hybrid resistors• Mounting jig for HV capacitors• Insertion jig for HV pins on HVB• Bending jig for HV pins on HVB• Dispenser for 3M DP-190 epoxy insulating glue• Jig for HVB entrance HV test• Jig for HV test in Ar-CO2 gas mixture of mounted HVB• Jig for HV test in Ar-CO2 gas mixture of mounted HVC• Oxygen meter• High Voltage power supply for test-Jigs• Personal computer equipped with Test-Software• Labelling jigProvided by IHEP:• Gas system

1 2APPENDIX

C :HVB component listITEMTypep/nper Boardper Board^(320)TotalpcbHVB-20Ch1111500hybridresistorsMIPOT hyb HV-6 hyb HV-842»2437001300HV pinsMicompc.c. 118.1 (or eq.)189203600GNDcontactscustom3233800blockingcapacitorsMurataDE1010B471k6kV6668500WireconnectionsFilecaF 1510 P 00750 mm long168*wire-socketsAMP380.598-2168*ShrinkingtubesT&B MLP-BG93/ (0 /2 /4)(or eq.)*» only on 650 HVB�s* see Interconnections and raw materials list

1 3 HVC component listITEMTypep/nper Boardper Board…(320)TotalpcbHVC-16Ch1111500SMD resistors1M - 12061621180000i.c. socketsPrecidip350-10-120-00-1063444386000pin-guidesMulticontact IT.S1-B (or eq.)4445000GNDcontactscustom3333800couplingcapacitorsMurataDE1010B471k6kV1621max180000WireconnectionsFilecaF 1510 P 00737 mm long1621max*wire socketsAMP380.598-21621max*ShrinkingtubesMLP-BG93/ (0-2-4)(or eq.)** see Interconnections and raw materials list

1 4 Interconnections and raw materials listITEMTypep/nTotalwireFilecaF 1510 P 007 90 kmshrinkingtubesMLP-BG93/ (0-2-4)(or eq.) 11.5 kmwire socketsAMP380.598-2 946000 pcTyxotropicGlue3MDP-190~80 l

1 5APPENDIX

D :TentativeTime schedule• About 150 HVB�s plus the relative quantity of Interconnections to bebuilt at LNL-Padova assembly site for training of IHEP personnelBy end July 1999• Transfer of Jigs and shipment of first batch of components to IHEP-Beijing for pre-productionBy end September 1999• Setting up of Assembly and Test Site at IHEP-BeijingBy mid November 1999• Production of further ~ 350 HVB�sand relative Interconnections atIHEP to test the production line and to cover the year 1999 pre-production of ChambersBy mid December 1999• Start mass production at IHEP-Beijing at a rate of approximately 500HVB and 500 HVC plus the relative quantity of Interconnectionsevery month (the production of special boards shall be evenlydistributed in time)By end January 2000• Delivery to CMS Muon Subdetector of a first batch of 500 boards pertype plus the relative quantity of InterconnectionsBy mid March 2000• End mass production at IHEP-BeijingBefore December 2002