11.	Project organization and costs


The CMS Muon Project consists of two largely independents parts; the Barrel Muon Project and the Endcap Muon Project.  It is organized according to the rules of CMS. There are 47 institutions widely distributed around the world and 417 physicists and engineers who are working together to construct this muon measurement system.  Major institutions involved in the Barrel Muon Project come from Germany, Italy, and Spain; for the Endcap Muon Project they come from China, Korea, Russia,  and the United States.  The major technical tasks are constructing the following subsystems: (1) the drift tubes (barrel),  (2) the cathode strip chambers (endcap and ME1/1), (3) the resistive plate chambers (barrel and endcap), and (4) the alignment system (barrel, endcap, and link).


11.1	Participating Institutes
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A. Kluge, N. Neumeister, P. Porth, S. Puttinger , H. Rohringer, F. Szoncso, G. Walzel, T. Wildschek, C.-E. Wulz
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V.A. Chekhovsky, O.V. Dvornikov, A.P. Khomich, A.K. Panfilenko,  S.I. Reutovich,  N.M. Shumeiko,  A.V. Solin,  V.J. Stepanets,  Y. Yurenya,  F.E. Zyazyulya





Bulgaria, SOFIA-INRNE, Inst. for Nuclear Research and Nuclear Energy, Sofia


I. Atanasov,  L. Dimitrov,  V. Genchev, G. Georgiev,  I. Ivanov,  V. Penev,  I. Vankov





Bulgaria, SOFIA UNIV., Faculty of Physics, Sofia


L. Litov, P. Petev, R. Tsenov





China, IHEP, Inst. of High Energy Physics, Beijing


Y. Chen,  Y.B. Chen,  B.S. Cheng, Z.J. Ke, D.S. Li,  W.G. Li, X.N. Li , Y. Li , H.M. Liu, H.S. Mao, B.W. Shen,  H.Y. Sheng, H.Z. Shi, X.F. Song, H.Y. Wang, Y.Y. Wang, Y.R. Wu, Y.R. Xie, B.Y. Zhang, J.P. Zheng, Y.S. Zhou





China, BEIJING UNIV., Dept. of Physics, Beijing


Y. Ban, J.-E. Chen, H. Liu, S. Liu, B. Lou, S. Qian, Y. Ye





Germany, AACHEN-3A, RWTH, III. Physik. Inst. A, Aachen


S. Bethke, O. Biebel, H. Faissner, H. Fesefeldt, D. Rein, H. Reithler�, H. Schwarthoff, �V. Sondermann, V. Tano, H. Teykal, M. Tonutti, J. Tutas, M. Wegner





Hungary, BUDAPEST, KFKI Res. Inst.  for Part. & Nucl. Phys., Budapest 


D. Barna, G. Bencze1 , A. Csilling, E. Denes, J. Ero, C. Hajdu, D. Horvath, Z. Jaki, D. Kiss, �I. Manno, G. Odor, G. Pa'sztor, F. Sikler, A. Ster, L. Urban, G. Veres, G. Vesztergombi, �P. Zalan, M. Zsenei





Hungary, DEBRECEN-IEP, Kossuth Lajos Univ., Debrecen


L. Baksay�, T. Bondar, L. Brunel�, S. Juhasz, G. Marian, P. Raics, J. Szabo, Z. Szabo, �S. Szegedi, Z. Szillasi, T. Sztaricskai, G. Zilizi





Italy, AQUILA, Univ. de L'Aquila e Sez. dell' INFN, L'Aquila


F. Cavanna, F. Masciulli, G. Piano-Mortari, C. Rossi, M. Verdecchia





Italy, BARI, Univ. di Bari e Sez. dell' INFN, Bari


M. Abbrescia,  A. Colaleo,  G. Iaselli, F. Loddo, M. Maggi, B. Marangelli, S. Natali, �S. Nuzzo, G. Pugliese, A. Ranieri,  F. Romano, F. Ruggieri, G. Zito





Italy, BOLOGNA, Univ. di Bologna e Sez. dell' INFN, Bologna


A. Benvenuti, P. Capiluppi, F. Cavallo, M. Cuffiani, I. D'Antone, G.M. Dallavalle, F. Fabbri, P.L. Frabetti, G. Giacomelli, P. Giacomelli�, C. Grandi, M. Guerzoni, S. Marcellini, �P. Mazzanti, A. Montanari, F. L. Navarria, F. Odorici, A. Perrotta, A. M. Rossi, T. Rovelli, �G. Siroli, G. Valenti





Italy, PADOVA, Univ. di Padova e Sez. dell' INFN, Padova


M. Benettoni, A. Bettini, G. Busetto, R. Carlin, S. Centro, E. Conti, M. De Giorgi, �A. De Min, U. Dosselli, C. Fanin, F. Gasparini, U. Gasparini, P. Guaita, I. Lippi, �R. Martinelli, A.T. Meneguzzo, M. Pegoraro, L. Pescara, P. Ronchese, A. Sancho Daponte,�P. Sartori, L. Stanco, E. Torassa, L. Ventura, P. Zotto, G. Zumerle





Italy, PAVIA, Univ. di Pavia e Sez. dell' INFN, Pavia


V. Arena, G. Belli, G.L. Boca, G. Bonomi, G. Gianini, E. Imbres, M. Merlo, S.P. Ratti,�C. Riccardi, A. Vicini, L. Viola, P. Vitulo





Italy, TORINO,  Univ. di Torino e Sez. dell' INFN, Torino


M. Arneodo, F. Benotto, F. Bertolino, M. Bigi, R. Cirio, M. Costa, D. Dattola, F. Daudo, �G. Dughera, M. I. Ferrero, S. Maselli, E. Migliore, V. Monaco, C. Peroni, M. C. Petrucci,�A. Romero, R. Sacchi, A. Solano, A. Staiano, A. Zampieri





Korea, CHEJU, Cheju National University, Cheju


Y.J. Kim





Korea, CHONNAM, Chonnam National University, Kwangju


H.I. Jang, J.Y. Kim, T.I. Kim, I.T. Lim





Korea, CHOONGBUK, Choongbuk National University, Chongju


Y.U. Kim





Korea, DONGSHIN, Dongshin National University, Naju, Chonnam


M.Y. Pac





Korea, KANGNUNG, Kangnung National University, Kangnung


Y. Ho, K.S. Kang, D.W. Kim, D.S. Kim, S.-C. Lee





Korea, KANGWON, Kangwon National University, Chungchon


S.K. Nam





Korea, KONKUK, Kon-Kuk University, Seoul


J.T. Rhee





Korea, KOREA, Korea University, Seoul


B. Hong, S.J. Hong, Y.S. Kim, K.S. Lee, S.K. Park, K.-S. Sim





Korea, KYUNGPOOK, Kyungpook University, Taegu


H. Jeon, D. Kim, W.Y. Kim, I.H. Park, D. Son





Korea, POHANG, Pohang Univ. of Science and Technology, Kyungbuk


G.N. Kim





Korea, SEONAM, Seonam University, Chonbuk


S.J. Lee





Korea, SEOUL, Seoul National University of Education, Seoul


D.G. Koo





Korea, WONKWANG, Wonkwang University, Iri


S.Y. Bahk





Latvia, RIGA, Inst. of Elec. and Comp. Science, Riga - Salaspils 


Y. Bilinskis





Poland, WARSAW-IEP, Institute of Experimental Physics, Warsaw


M. Cwiok, W. Dominik, A. Fengler, M. Konecki, J. Krolikowski, I. Kudla, P. Majewski, �K. Pozniak





Poland, WARSAW-INS, Soltan Institute of Nuclear Studies, Warsaw


R. Gokieli, M. Gorski, P. Zalewski





Russia, DUBNA, Joint Inst. for Nuclear Research, Dubna


D. Belosludtsev, A. Chvyrov, Y. Erchov, I. Golutvin, N. Gorbunov, I. Gramenitsky, �V. Karjavin, S. Khabarov, V. Khabarov, Y. Kiryushin, A. Koutov, V. Lyssiakov, �G. Mechtcheriakov, I. Melnichenko, P. Moissenz, S. Movchan, V. Palichik, V. Perelygin, �S. Selunin, D. Smolin, A. Zarubin





Russia, PROTVINO, Institute of High Energy Physics, Protvino


Azhgirey I., Talanov V., Uzunian A.





Russia, ST-PETERSBURG, Petersburg Nucl. Phys. Inst., Gatchina (St Petersburg)


N. Bondar, G. Gavrilov, O. Kisselev, O. Prokofiev�, V. Razmyslovich1 , D. Seliverstrov, �I. Smirnov, S. Sobolev, V. Soulimov, G. Velitchko, A. Vorobyov





Spain, CIEMAT, Centro de Investigaciones Energeticas Medioambientales y Tecnologicas, Madrid


M. Aguilar-Benitez, J. Alberdi, J.M. Barcala, J. Berdugo, C. Burgos, M. Cerrada, N. Colino, M. Daniel, M. Fernandez Garcia, A. Ferrando, M.C. Fouz, M.I. Josa, P. Ladron De Guevara, J. Marin, F. Martin Suarez, J. Mocholi, A. Molinero, J. Navarrete, J.C. Oller, J.L. Pablos, �L. Romero, J. Salicio, C. Willmott





Spain, SANTANDER, IFCA-Instituto de Fisica de Cantabria, CSIC-Univ. de Cantabria, Santander


J. Cuevas, C.F. Figueroa, N. Garcia, I. Gonzalez, J.M. Lopez, J. Marco, F. Matorras, �T. Rodrigo, A. Ruiz, I. Vila





Switzerland, CERN, European Laboratory for Particle Physics, Geneva


G. Bencze�, L. Brunel�, I. Crotty�, L. Gorn�, H. Reithler�, J. C. Santiard, G. Wrochna





USA, ALABAMA, Univ. of Alabama, Tuscaloosa, AL


L. Baksay�, B. Fenyi, J. Huang, J. Li





USA, UC DAVIS, Univ. of California at Davis, Davis, CA


R. Breedon, Y. Fisyak, G. Grim, S. Hershman, P. Hession, B. Holbrook, W. Ko, F. Lin, �P. Murray, J. Rowe, J. Smith





USA, UCLA, Univ. of California, Los Angeles, CA


K. Arisaka, Y. Bonushkin, F. Chase, D. Cline, J. Hauser, J. Kubic, S. Lazic, M. Lindgren, �C. Matthey, S. Otwinowski, J. Park, Y. Pischalnikov, H.C. Shankar, P. Schlein, Y. Shi, �B. Tannenbaum, J. Zeng





USA, UC RIVERSIDE, Univ. of California, Riverside, CA


D. Chrisman, J.W. Gary, W. Gorn, J.G. Layter, B.C. Shen





USA, CARNEGIE MELLON, Carnegie Mellon Univ., Pittsburgh, PA


I. Brock, R. Edelstein, A. Engler,T. Ferguson, R. Kraemer, M. Procario, J. Russ, R. Sutton, �H. Vogel





USA, FERMILAB, Fermi National Accelerator Lab., Batavia, IL


E. Borisov, N. Chester, D. Denisov, D.P. Eartly, M. Lamm, K. Maeshima, G. Mitselmakher�, N. Mokhov, O. Prokofiev�, V. Razmyslovich�, V. Yarba





USA, FLORIDA, Univ. of Florida, Gainesville, FL


D. Acosta, P. Avery, R.D. Field, L. Gorn�, J. Konigsberg, S. Klimenko, A. Korytov, �G. Mitselmakher�, A. Nomerotski, P. Ramond, J. Yelton





USA, STONY BROOK, State Univ. of New York, Stony Brook, NY


M.M. Baarmand, R. Engelmann, K.-K. Ng, J. Steffens, S.-Y. Yoon





USA, NORTHEASTERN, Northeastern Univ., Boston, MA


E. von Goeler, J. Moromisato.





USA, PURDUE, Purdue Univ., West Lafayette, IN


A. Bujak, D. Carmony, L. Gutay, T. Hieatt, S. Medved





USA, OHIO STATE, The Ohio State Univ., Columbus, OH


B. Bylsma, L.S. Durkin, D. Fisher, J. Hoftiezer, R. Hughes, M. Johnson, D. Larsen, �P. Lennous, T.Y. Ling, C.J. Rush, V. Sehgal, B. Winer





USA, RICE, Rice Univ., Houston, TX


D.L. Adams, M. Corcoran, G. Eppley, H.E. Miettinen, B.P. Padley, E. Platner, J. Roberts, �P. Yepes





USA, TEXAS-DALLAS, Univ. of Texas at Dallas, Dallas, TX


R. Chaney, E. Fenyves





USA, WISCONSIN, Univ. of Wisconsin, Madison, WI


D. Carlsmith, F. Feyzi,  R. Loveless,  D. Reeder


11.2	Organization


The organization of the Muon Project is structured similar to the CMS Collaboration.  This organization is completely described by the Constitution of the Muon Group which was ratified by the entire muon group in Sept. 1995.  The present organization chart of the Muon Project is shown in Fig. 11.2.1.


11.2.1 Institute Board (IB)


This is the highest decision-making body in the muon subsystem and must ratify all important decisions.  In particular, it must assess the costs of the muon subsystem and balance these against the expected funding.  Each institute involved with the construction of the muon subsystem has a member on the IB.  In addition, the Project Managers and Technical Coordinators are also members of the IB.  The Chairman and Deputy Chairman of the IB are elected by the members of the IB for a term of 2 years.    


11.2.2 Project Managers


The Project Manager of the muon system is appointed by the Spokesman of CMS as are the Project Managers of the Barrel and the Endcap Muon Projects.  The Technical Coordinators for the Barrel and Endcap Projects are nominated by the respective Project Managers and appointed jointly by the CMS Spokesman and the Project Managers. 


11.2.3 Muon Technical Board


The Muon Technical Board is composed of the Muon Project Managers, the Technical Coordinators, and by all the Coordinators of the various subsystems.  Two largely independent subsections of this Board exist; the Barrel and Endcap Technical Boards.  Members are the respective Project Managers, Technical Coordinators, and the Barrel and Endcap Subsystem Coordinators.  The Technical Boards provide a forum for technical discussions and formulate proposals and recommendations to the Muon Institution Board.


11.3	Construction responsibilities


The construction of the muon system is a large task requiring the efforts of many institutions.  In the tables below we delineate the responsibilities for each phase of the construction.





Table 11-1


Responsibilities for the Barrel Muon subsystem


Barrel Muon Chambers�
Institutes�
�
Chamber construction�
Aachen, Bologna, CIEMAT, Padova, Torino, Wien�
�
Electronics�
Padova, Bologna, CIEMAT, Torino�
�
High voltage�
Padova, Bologna, Torino�
�
Services�
Aachen, Bologna, Padova, Torino, Wien�
�
Other participating Insts.�
Aquila�
�



Table 11-2


Responsibilities for the Endcap Muon subsystem


Endcap Muon Chambers�
Institutes�
�
Chamber construction�
UC Davis, UCLA, UC Riverside, Fermilab, Florida, IHEP-Beijing, PNPI-St. Petersburg, Purdue, Wisconsin�
�
Electronics�
UC Davis, UCLA, Carnegie Mellon, CERN, Ohio State, PNPI-St. Petersburg, Wisconsin�
�
High voltage�
Florida�
�
Services�
Wisconsin�
�
Other participating Insts.�
Alabama, MIT, SUNY-SB, Texas-Dallas�
�



Table 11-3


Responsibilities for the ME1/1 Muon subsystem


Endcap Muon Chambers�
Institutes�
�
Chamber construction�
JINR Dubna�
�
Electronics�
JINR Dubna, NCPHEP Minsk (in cooperation with Ohio State & other US groups)�
�
High voltage�
JINR Dubna, INRNE Sofia, SU Sofia�
�
Services�
JINR Dubna, NCPHEP Minsk, INRNE Sofia, SU Sofia�
�



Table 11-4


Responsibilities for the RPC subsystem


RPC Chambers�
Institutes�
�
Barrel chamber construction�
Bari, Kangnung, Kyungpook, Pohang�
�
Endcap chamber construction�
Cheju, Choongbuk, Kangwon, Chonnam, Dongshin, Konkuk, Korea, Seoul, Seonam, Wongkwang�
�
Electronics�
Bari, Korea, Pavia�
�
High voltage�
Bari, Korea, Pavia�
�
Services�
Bari, Korea, Pavia�
�
Other participating Insts.�
Beijing, IHEP-Beijing, Rice, Warsaw�
�



Table 11-5 


Responsibilities for the Alignment subsystem





 Alignment task�
  Institutes�
�
 Barrel�
  CERN, Debrecen�
�
 Endcap�
  Northeastern, Fermilab�
�
 Link�
  Ciemat, Santander�
�
11.4	Muon schedule and milestones


The planning for the Muon System has been developed in coordination with CMS planning to minimize conflicts with other subsystems during installation and commissioning. The overall CMS plan has the iron return yoke constructed from 2001 to 2003 in the above-ground assembly building.  Once some of the barrel rings and endcap disks have been assembled installation of muon chambers can begin.  We expect to install a majority of chambers in the above-ground hall prior to the magnet test which is scheduled for the 3rd quarter of 2003.  Once the magnet tests and mapping are complete, the first endcap return yoke will be lowered into the hall.  Then each of the 5 barrel rings will be lowered, and finally the last endcap during the first quarter of 2004.  During the remainder of 2004 the muon group will install the final chambers and perform the commissioning of the system.


The schedules for the construction of the CMS Muon System is given in Figs. ??.  


11.4.1 Prototypes


11.4.1.1 Barrel subsystem


A full-size drift tube chamber (MB96) was completed in early 1997.


11.4.1.2 Endcap subsystem 


The endcap subsystem has developed a number of prototypes (see chapter 4) including a full-size CSC during Ô96 and the largest CSC during Ô97.  During 1998 we plan to build a preproduction ME2/2 CSC chamber using the tooling developed for the factory production.  We also plan to build a 2-layer prototype of the ME2/1, 20-degree chamber, at Fermilab and a full-size version of ME2/1 at PNPI (St. Petersburg).  During 1999 prototypes of ME1/2 and/or ME1/3 will be built.


11.4.1.3 ME1/1 Station


The ME1/1 group has developed a number of prototypes (see chapter 4) including the P3 full-size CSC during 1996 and the P4 preseries prototype during 1997 using the major mass production facility.  During 1998 the P4 prototype will be tested and development will continue on the mass production tooling.


11.4.1.4 RPC subsystem


A large size barrel chamber was produced and tested in 1997; results are presented in section 5.9.  During 1998 full-size MB1 and ME2 chambers will be built using mass production tools.  Full details of the front-end board location and services will be studied and fixed.


11.4.1.5 Alignment subsystem


Prototypes of the individual components have been built and tested in the participating institutes.  A full-scale test of the alignment system is scheduled for 1998.  It will be done at CERN where an alignment stand will be built to integrate the different parts of the system. 


11.4.2 Production of chambers


11.4.2.1 Barrel subsystem


The barrel drift tube chambers will be assembled at three sites: CIEMAT (Madrid, Spain), INFN LNL (Padova, Italy), and RWTH (Aachen, Germany). Assembly of the 250 chambers will start in the first half of 1999. The anticipated time for construction is 4.5 years.  Assembled chambers will be sent to CERN after basic tests at the assembly sites.  They will be installed according to the CMS installation schedule.


11.4.2.2 Endcap subsystem


All panels will be produced at Fermilab beginning in early Ô99 and shipped to the various assembly sites.


Assembly of the 220 ME234/2 CSC chambers will begin at Fermilab during 1999.  The production is estimated to take roughly 4 years and be finished around mid-2003.  Since the initial rampup is expected to go slowly, we must plan to complete a chamber every 3-4 days during the height of production.


As the chambers are completed they are shipped to the FAST sites, UCLA and Florida, where the electronics will be added and the chambers tested.  The chambers will be shipped to CERN as the installation schedule requires.


At PNPI (St. Petersburg) the assembly and testing of the ME2/1(36), ME3/1(36), ME4/1(36) will begin late in 1999 and be finished by mid-2003.  At  IHEP (Beijing) the assembly and testing of ME1/2 (72) and ME1/3 (72) chambers will begin in 2000 and finish near the end of 2003.  All chamber parts, electronics, and critical tooling will be provided by the US institutes to the assembly sites.


11.4.2.3 ME1/1 Station


The production of 75 ME1/1 CSC chambers will begin in Dubna during 1999.  The production will take roughly 4 years and will be finished in 2003.  The chambers will be instrumented with electronics and tested in Dubna.  The chambers will be shipped to CERN according to the CMS installation schedule.


11.4.2.4 RPC subsystem


The full RPC barrel production of 300 chambers will be produced by an industrial vendor.  The front-end installation and final testing will be done in Bari.  Recent interest of Korean and Chinese groups could eventually lead to barrel RPC production outside Europe.  The endcap RPC chambers will be produced in Korea, where a major endcap RPC production facility will be established.  It is possible that China may also contribute to the endcap production.  Endcap RPC production will start in the middle of 1999 and finish in about three years.


11.4.2.5Alignment subsystem


The alignment components will be built, tested, and calibrated at the participating institutes.  Calibrated elements will be mounted on the chambers at each chamber construction site.  Assembly and calibration of the alignment structures will be done at CERN and they will be installed in CMS according to the installation schedule. 


�


Fig. 11.1:  Schedule for the muon alignment subsystem.


�


Fig. 11.2:  Schedule for the barrel muon drift tube production.


�


Fig. 11.3:  Schedule for the endcap muon CSC production and installation.


�


Fig. 11.4:  Schedule for the ME1/1 production and installation.


�


Fig. 11.5:  Schedule for the RPC and installation.


11.4.4  Muon milestones


Table 11-6


Key milestones for the Muon System


Milestone�
Date�
�
Drift Tubes (Barrel)�
�
�
prototype�
4th quarter Ô98�
�
begin production�
2nd quarter Ô99�
�
begin installation�
3rd quarter Ô01�
�
CSC (Endcap)�
�
�
final CSC design review�
Dec Ô98�
�
system test of electronics�
1st quarter Ô99�
�
begin Fermilab production�
2nd quarter Ô99�
�
begin PNPI production�
4th quarter Ô99�
�
begin electronics production�
1st quarter Ô00�
�
begin IHEP production�
1st quarter Ô00�
�
begin CSC installation�
3rd quarter Ô02�
�
finish installation�
3rd quarter Ô04�
�
CSC (ME1/1)�
�
�
test P4 prototype�
4th quarter Ô98�
�
begin production�
4th quarter Ô99�
�
begin installation�
3rd quarter Ô02�
�
finish installation�
3rd quarter Ô04�
�
RPC�
�
�
full-size prototype�
3rd quarter Ô98�
�
begin production�
2nd quarter Ô99�
�
begin installation�
3rd quarter Ô02�
�
finish installation�
3rd quarter Ô04�
�
Alignment�
�
�
full-scale prototype test�
3rd quarter Ô98�
�
begin production�
1st quarter Ô02�
�
11.5	Estimated costs








Item #�



Item�
Total Cost (KCHF)�
Institute Manpower (myears)�
�
5.1�
Barrel drift tubes�
22329�
178�
�
5.1.1�
detectors & components�
6678�
�
�
5.1.2�
electronics�
12090�
�
�
5.1.3�
mechanical structure & supports�
336�
3�
�
5.1.4�
assembly/installation�
2700�
165�
�
5.1.5�
monitoring�
300�
5�
�
5.1.6�
service systems�
225�
5�
�
5.2�
ME1 station�
5160�
238�
�
5.2.1�
detectors & components�
1793�
�
�
5.2.2�
electronics�
2579�
90�
�
5.2.3�
mechanical structure & supports�
60�
3�
�
5.2.4�
assembly/installation�
578�
132�
�
5.2.5�
monitoring�
50�
3�
�
5.2.6�
service systems�
100�
10�
�
5.3�
Endcap CSCs�
23633�
181�
�
5.3.1�
detectors & components�
10807�
101�
�
5.3.2�
electronics�
11423�
62�
�
5.3.3�
mechanical structure & supports�
490�
3�
�
5.3.4�
assembly/installation�
230�
7�
�
5.3.5�
monitoring�
33�
1�
�
5.3.6�
service systems�
650�
7�
�
5.4�
Barrel RPCs�
4377�
19�
�
5.4.1�
detectors & components�
2247�
�
�
5.4.2�
electronics�
1401�
�
�
5.4.3�
mechanical structure & supports�
210�
�
�
5.4.4�
assembly/installation�
340�
13�
�
5.4.5�
monitoring�
60�
3�
�
5.4.6�
service systems�
120�
3�
�
5.5�
Endcap RPCs�
2573�
17�
�
5.5.1�
detectors & components�
939�
�
�
5.5.2�
electronics�
1083�
10�
�
5.5.3�
mechanical structure & supports�
150�
�
�
5.5.4�
assembly/installation�
242�
5�
�
5.5.5�
monitoring�
40�
1�
�
5.5.6�
service systems�
120�
1�
�
5.6�
Alignment�
3235�
18�
�
5.6.1�
barrel�
1300�
4�
�
6.6.2�
endcap�
929�
10�
�
5.6.3�
link�
1006�
4�
�
5�
Total Muon System�
61307�
651�
�






*** missing figure  11.2.1  Org chart
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� Also at Alabama
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