CMS COLLABORATION  CERN-RRB-2017-060

Considering that

The constructmn of the CMS detector 'Is“governed by a Memorandum of
Understanding, along with' its Am dments and Addenda, setting out the
responsibilities of the P ting Institutes and Funding
Agencies for the construction of ‘,the tector*,_(Constructlon MoU).

\/IS/ detector is governed by a
! k:mtenance and era’aon M&O

Maintenance and Operatzon of th
* Memorandum ¢ of Under ta:ndmg for

‘In order to be able to take full adv ta e of the Planned ngh-Lummosl’fY
the CMS n (hereafter referred to as “the
er ”Fmanaal Plan for CMS

,'replacements of ex15t1ng Sub-
,tector This process will start in

; have_been rev1ewed by the LHCC,
-E RN-LHCC—ZOIS—OIO)

the prmaple o equlty

portlonate share of PhD
~ physicist autho )

—gﬁAamcy |
irector-G Veral ‘individual Sub-
~of addenda to the
gencies contributing to

nhas created a Common
Collaboration has agreed to

"Memorandum of Undezjstandmg for Collabora kkon the Constructlon of the CMS Detector

RRB CMS-D 98-31

: Memorandum of Uﬁderstandmg for Mamtenance and Operatlon of in the Construction of the
CMS Detector CERN-RRB~2002—033 / 2007 e
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" CERN-RRB-2017-060

It is agreed as follows -

Article 1: Purpose

1.1 The purpose of t}us Addendumkand its az
'governing contributions to and executic
conformity with the Co,. S tructlo ‘
addenda.

12 All the annexes arean inté

,exes is to lay down the rules
of the Common Fund in

Article 2: Parties

eferred as ”the Instltutes”) and

e Host Laboratory. The current
s is given ‘"dj the current hst of Fundmg

Agenc1es is glven in Armex 2 . '

Article 3: Duratlon

3.1 This Addendumv,‘takes effect from
remain valid untll the start-up of fhe ]
3. G

3.2 Any institute ~and 1ts respectx,
Collaboration subsequent to the signa
the agreements'm‘force and shall be

"d"' te of its s1gnature and shall
C followmg Lang Shutdown

dmg Agency that joins the
e of this Addendum shall accept
ected to make an ‘appropriate
be spec1f1ed ina correspondmg

reqmred compx
Phase II Upgr
CMS Resourc

anag d and operated by the-‘
CM Techmcal Coordmator,

s and thelr respechve Institutes
areasfollows :

44 The obhgatlons ff"the Fundmg“A eh
towards the Pha 1T Up},
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CMS 'COLLABORATION __ CERN-RRB-2017-060

llaboration the Phase Il Upgrade
ccordance with the principle
U (CERN-RRB-2002-033/2007)
the number of PhD physicist
g Agency. The actual sharing
established for the M&O-A -

Gefined in Atticle 9.2 of the M
stipulating that it is ',PrQPQ?ﬁonél

authors supported by each

ive Institutes, not included in the
being included in the M&O
ed in September 2015 in view
this date), is also expected to
und. This contribution
o the lowest Common
current member of the CMS

to approximately 36000 CHF
The actual level of this
_individually with each new
ering to the principle specified in
| of contribution corresponding to
hD physicist authors).

sharing at |
of having joined
make a ca

(thirtY'Six% _ thousand Swiss

contribution would be negotia

45 As the bulk of the financial comm @
the period of 2018-2026, the full
Common Fund hquld‘;be ade in

forthe Common Fund fall on
ats due into the Phase II Upgrade

46 Payments into the Co > in
start of the Phase 1I “or spre er a longer period as agreed
between the CMS Management and t respective Funding Agency, with
an emphasis on making every effort o collect the contributions in the
early stage of the Phase Il Upgrade et

47 All Phase Tl Upgrade Common Fund

‘ pendltureSW111 be reported to the

Annex 1:
Annex 2:
Annex 3:
Annex 4:

| Annex 5:
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CMS COLLABORATION CERN-RRB-2017-060
ANNEX 1: List of Institutes and Contact Persons
Country/ Region | Code Institute Contact Person
Armenia AR1 |Yerevan Physics Institute - Sirunyan, Albert
Austria AT1 |Institut fiir Hochenergiephysik Dragicevic, Marko
Belarus BY1 |Byelor State University Suarez G lez, Juan
BY2 |Institute for Nuclear Problem
BY4 |Research Institute of Applied Physical Probl
Belgium BE1 - |Universite Catholique de Lnuvam L s Lemaitre, Vincent
BE2 - |Universite de Mons Daubie, Evelyne
BE3 |Universite Libre de Bmel.les Vanlaer, Pascal
BE4 {Universiteit Antwerpen . = . Van Mechelen, Pierre
BE5 |Vrije Universiteit Brussel - D'Hondt, Jorgen
BE6 {Ghent University .. " .+ Tytgat, Michael
Brazil BR1 |Universidade do Estado do Rio de J Santoro, Alberto
BR2 - |Centro Brasileiro de Pesquisas Fxsxcas Alves, Gilvan
BR3 | Universidade Estadual Paulista (a), Universidade Federal do ABC () Novaes, Sergio
Bulgaria BG1 _|Institute for Nucléar Research and Nuclear Energy Sultanov, Georgi
BG2 |University of Sofia: ) ; Litov, L d
CERN | CERN.{CERN, European Or; t;on for Nuclear R 51_1‘ Geneva, Switzerland Camporesi, Tiziano
China CN1 L Chen, Hesh
CN2 . Zhang, Zi-ping
CN3 Mao, Yajun
CN4 {Chengping, Shen
CNG ~[Wang, Yi _
CN6 ) ; " |You, Zhengyan_
Colombi. CO1 “|Universidad de Los Andes’ | Avila, Carlos
Croatia ~CR1 Umve___lx 6f Spllt, FES’B ‘ Puljak, Ivica
a ~CR2 " |{Univi i 5 Kovac, Marko
‘CR3 |k Brigljevic, Vuko
Cyprus ~CYT: 'Razis, Panos
Czech Republic - CZY |Finger, Miroslav
Ecuador KK 1. {Es : f.éﬂ.h' Edy
SEC2 |0 * |Carrera Jarrin, Edgar
Egypt EGTL A« ot | Khalil, Shaaban
Estonia _.EE1 |Na ‘|Raidal, Martti
Finland FIL {Voutilainen, Mikko
- FI7 Tauva, Tuure
France - ~|Sirois, Yves
Besan Mare
ité 1 Bloch, Daniel
RS Gt |Chierici, Roberto
- FRG - {Gadrat, Sebastien
pro—— SEL T amalaidze, Zviadi
. GE2 50
Germany DE2. 27 I Midiller, Th
DE3 i |Feld, Lutz
DE4 Hebbeker, Th
DE5 | |Stahl, Achim
DE6’ |Schleper, Peter
: DE7 Gallo, Elisabetta
Greece - 'GR1: Loukas, Demetrios
GR2 Sphicas, Paraskevas
GR3 Fountas, Konstantinos
GR4 Tsipolitis, Yorgos
| Hungary S'HU1 .{Sikler, Ferenc
(o HL2 | Ujvari, Bal
" HU3 ‘|Molnar, Jozsef
HU4 Pasztor, Gabriella
|India IN1. Pant; Lalit Moh
N2 " [Kaur Lal, Manjit
IN3. Aziz, Tariq
JINS Ranjam, Kirti
~IN6 Sarkar, Subir
IN7 Swain, Sanjay Kumar -
INS Komaragiri, Jyothsna Rani
24 October 2017
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CMS COLLABORATION

M dar, Kajari

Tata Inshtnie‘of Fundamental Research-B- .

N9
IN10. |Indian Institate.of Teclum!ogy Madras’ Behera, Prafulla Kumar
IN11_|Indian Institute of Scierice Eduocation and Research (I!SER) _|Sharma, Seema
Iran IR1. |Institute forR chm f mental Sci fIPM) School of Particles and - |Najafabadi, Mojtaba
. |Accelerators v - 0
Treland IE1. |University-Colle ege Dub Grunewald, Martin
Ttaly IT0L |INEN Sezione di Bari (2); Universita'di Bari (b), Pnhtecmco d1 Bm (c) . My, Salvatore
IT02 - |INFN Sézione di Bolomfa)' Universita di Bologna (b) - Fabbri, Fabrizio
TT03 |INFN Sezione di Catania {a); Universita-di Catania (b) Tricomi, Alessia
TT04 |INEN Sezione di Firenze {a); Universita di Firenze nze (b) Paoletti, Simone
1705 |INFN Sezione di Genova (a); Universita di Genova (b) _ Robutti, Enrico
1T06 |INFN Sezione d1 Padmra (a), Umversm di Padova (b). Umverslu di Trento Simonetto, Franco
(Trento) () .
1707 {INEN Sezione.di Pavia Salvini, Paola
1708 |INFN Sezione di Peru; vet 3 Pl Fand, Livio
1Te9 [INFN Seﬂ&he-.di Pisa (a), \vemka dl Pisa (b), Scuola Normale Supenore di. |Bagliesi, Giuseppe
o [pisadey \ : v
IT10.-{INEN Saxone di Roma (a), Universita.di Roma(b) -+ - Del Re, Daniele
IT11  [INFN Sezione di Torino (2); Umverslta di Torino (b), Umverslta del Piemonte - {Sol Ada
Orientale (N ovara) ) ED )
IT12 |INFN Sezione'di Milanio-Biccoca (a), Universita di M:Iano-B:cocca {b) Tabarelli de Fatis, To
IT13 | INFN Sezione di Napoli (a); ‘Universita'di Napoli"Federi ' (b); Universita - |Lista, Luca
©  ldella Basxhcata {(Potenza) (c); Universita G. Marconi (Roma) (d) - T
IT14  {INEN S di Trieste (a.)' Umversrfa ch Trieste (b) : Della Ricca, Giuseppe
IT15 |INEN Laboratori Nazionali di Frascaf B i, Luigi
Korea KRO1- {Chonnam Natxonal University, Inshtuhe fur Umvetse and E.lementary Parhcles Moon, Dong Ho
KR06 - [ Korea University - {Park; Sung Keun
KRO7 |Chonbitk National University Kim, Tae Jeong
KR11_ {Kyungpook National University Son, Dong-Chul
KR12 |Seoul National University .. | Yang, Unki
KR13 |Sungkyunkwan University Choi, Young-11
KR15 |University of Seoul - -{Park, Inkya
KK16: |Hanyang University . Kim, Tae Jeong
KR17 |Sejong University Kim, Hyunsoo
Latvia LV01 {Riga Technical Institute (RTI) Toms, Torims -
'LV02 {University of Latvia (LU) | KaSgejevs, Vjadeslavs
Lithuania LTI | Vilniis Universlty y Bernotas, Andrius
LT02 [Lith ian A of Sci =
Malaysia MA1 Umvensxty of Malaya e ‘|Wan Abdullah, Wan Ahmad
L Tajuddin
Mexico MX1 Centm de Investi; sa_gon y de Estudms Avanzados del PN Castilla Valdez, Heriberto
"MX2 [Universidad Iberoamericana - - ‘| Carrillo, Salvador
MX3 _|Benemerita Universidad A na de Puebla Salazar Ibarguen, Humberto
MX4 - |Universidad Autonioma de San Lms Potosx -{Morelos Pineda, Antonio
Montenegro “MO1_|University.of Montenegro: Railevié, Natasa
New Zealand NZ1 ' {University of Auickland' Krofcheck, David
. NZ2 | University of Canterbury. .. .~ : Butler, Philip
Pakistan “PK1 |National Centre for Physxcs, Quaxd -1~ Azam Umvexsrty Ahmad Ashfag; Hooram,
: Hafeez R.
Poland PL1 Insutute of Expemnenfal l’hym:s, I-‘aculty of Physxcs, Umversny of Waxsaw Krélikowski, Jan
PL3 | National Centre for Nuclear Research Gérski, Maciej
Portugal PT1 |Laboratorio de Instrumentacdo e Fisica Exnenmental de Parhcnlas _{Varela, Joao
Russia JINR_|Joint Institute for Nuclear Research - ...~ "|Gotutvin, Igor
‘RUL _ |State Reseaxch Center of Russian Russlan Federaﬁon, Inshtute for ng__;_ugy Physu:s Tyurin, Nikolay
RU2 | Institute for Nuclear Res esearch. Matveev, Victor
RU3 |Institute for Theoretical and Expenmental P‘ i “|Gavrilov, Viadi
RU4 . »Skobmmsﬁmte of Nuclear l’hysms, Lumonosov Moseow State Univelsxty Boos, Edouard
~RUS. PN L Ledev Physical Tnstitute. . R Dremin, Igor
RUG6 | Petersburg Nucléar ____ysk.s Imhtum R : ’, i ) Vorobyev, Alexey
RU7 Nahonal Reseamh Nuclear Univ 'Bngmeering ?hysigs Insﬁt@te' Daniloy, Mikhail
RUS: {Moscow Institufe of ?h ics and Tech.'ﬁnl g ‘Aushev, Tagir ‘
RU9 irs] te L 2 i Skovpen, Yuri )
RU10 |National Research Toms Polzgchnic Lxmvasly_ Baidali, Sergei
Serbia SE1 ‘|University of Belwaculty "of Physics and Vinca In: i! : Adzic, Petar
Spain SP1 - |Centro de Investigaciones En ehcas Medmambxenh!es y ‘l'ecno! ogica Alcaraz Maestre, Juan
SP2” ‘{Universidad Automma de Madnd = Fernindez De Troconiz Acha,
orge
SP3 - |Universidad de Qviedo ' : N i : “{Cuevas Maestro, Javier
SP4 - {Instituto deFxsma de Canfzbrla m), CSIC-I.uu rsidad de Cantabria Martinez Rivero, Celso
Sri Lanka LXK01 IK\lverslty uf Ruhuna : o e | Welathantri, Dhar tn
24 October 2017
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CMS COLLABORATION ~ CERN-RRB-2017-060

LK02

University of Colombo : . S dara, Upul J.

Switzerland

Swi

Institute for Particle Physics, ETH Zu.nch Dissertori, Gunther

SwW2

Paul Scherrer Institut = Kotlinski, Danek -

SW3

Universitit Zurich - Canelli, Florencia

Taipei

‘TA1

National Central University (NCU) . ) . : Kuo, Chia-Ming

National Taiwan University (NTU) ) . Hou, George Wei-Shu

Thailand

Ch alongkorn University - ) Asavapibhop, Burin

Turkey

University . : . Du glu, Isa

Mlddle East Technical Umverslty, Physms Department - Zeyrek, Mehmet !

‘| Bogazici University, Department of Physxcs . Giilmez, Erhan

Istanbul Technical University : Cankocak, Kerem

Ukraine

National Scientific Center, Kharkov Insmnte of Physics and Technology Levchuk, Leonid

Kharkov State University

Institute for Scintillation Materials of National Anademy of Science of Ukraine |Grynyov, Boris

United Kingdom

Brunel University ) L Hobson, Peter

Imperial College, University of London . Davies, Gavin

Rutherford Appleton Laboratory Shepherd-Themistocl
Claire

University of Bristol - : ‘ . : Goldstein, Joel

USA

Uso2

Boston University - . " Rohlf, James

US03

University of California; Davis .~ : . Conway, John

Uso4

University of California, Los Angel B Cousins, Robert

| University of California; Riverside G H. Gail

University of California; San Diego '~ 0~ .= E Branson, James G.

California Instituté of Technology /i . PR |Newman, Harvey B.

‘CamegeMellonUmversity L |Paulini, Manfred
{Fairfield University ~ N

Winn, Dave

"[Fermi auum.AcoeleratorLaboﬁt‘og“f T 7 |Burkett, Kevin

U ver !yofFlonda L e | Mitselmakher, G kh
e — 0 - ST Harrioon

‘| Gerber, Cecilia Elena

~|Onel, Yasar
-1Swartz, Motris
_{Wright, Douglas

£ Skn]_a_‘ Andris

Paus, Christoph

[ Rusaclq Roger

“{Cremaldi, Lucien Marcus

: Snow, Gregory R.
Barberis, E el
Velasco, Mayda

_ {Jessop, Colin

Durkin, Lloyd Stanley
+{Olsen, James -

== Neumeister, Norbert
“{Padley, Brian Paul
|Gershtein, Yuri

- |Akchurin, Nural

. {Smith, Wesley H.
{Maravin; Yurii 4
- IBean, Alice

Incandela, Joe
Baarmand, Marc M.

Markowitz, Pete

Alexander, James

I Narain, M kshi
|Johns, Willard

-|Cumalat, John Perry
’Mﬂl_&f‘mdhn’
i Parashat, Neeti
' /IMesropian, Christina

Kharchilava, Avto

af , Alexei

7|Cox, Bradley
- ~{Karchin, Paul Ed d

.- {Spanier, Stefan
d Conor

Uzbekistan

Hatakeyaima, Kenichi
Dominguez, Aaron

- |Yuldashev, Bekhzad S.

24 October 2017
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ANNEX 2: List of Funding Agencies and Repre_éentatives 7

Austria Federal Ministry of Science, Research and Economy - D. Weselka
Belgium Fonds voor Wetenschappelijk Onderzoek (FWO) - v H. Willems
Fonds de la Recherche Scientifique (F.R.S. FNRS) ‘| V. Halloin
Brazil Rede Nacional dﬁs}_c_a_de;__ARasEgggx_a_S;(l}E_N_l_\_FﬁE) 11 Bediaga -
Fundagdo d¢ Amparo Pesquisa do Estado de Sao Paulo (FAFESP) C. H. de Brito Cruz
Bulgaria Ministry of Educatlon and Science : K. Valchev
CERN European Organization for Nuclear Research "'|E. Elsen
China National Natural Sclence medahon N SFC) Y. Zhang
Colombia Colciencias P. Patino
Croatia Ministry of Science, Educatlon and Sports B. Divjak
Cyprus Ministry of Education and Culture’ S V. Tsakalos
Ecuador ’ (Sserc:‘;e;asncajle') Educacmn Supemor, C1enc1a, Temologna e Innovacmn X. M. Ponce Leén
Academy of Scientific Research and Technology -Egyphan Network :
Egypt of High Energy Physics (ASRT-ENHEP) M:M. Sakx
Estonia National Institute of Chemical Physics and Bmphysxcs (NICPB) ~'IM. Kadastik
Finland Helsinki Institute of Physics (HIP) : P. Eerola .
France-CEA Commissariat 3 1'Energie Atomique (CEA) Saclay AL Etienvre
France-IN 21,3‘ :gs:]lltét- l;I:I;x;:)al de Physique Nudeaxre et de Phy51que des Partlcules R Pa‘in,b P Verdier
Germany-BMBF |Bundesministerium fiir Blldung und Forschung V. Dietz
Germany- Helmholtz Association M., Fleischer
Helmholtz ’ L
Greece General Secretariat for Research and Technology - P. Kyprianidou
Hungary National Office for Research and Technology, (NKTH) J. Palinkis
India Department of Atomic Energy (DAE) ' S.Basu
Department of Science & Technology (DST) A.‘Sharma
School of Particles and Accelerators; Institute for Research ifi . .
Iran Fundamental Science (IPM) ' : M. Alishahiha
Ireland University College Dublin (UCD) IM. Griinewald
Ttaly | Istituto Nazionale di Fisica Nucleare (INFN) |F. Ferroni
Korea ‘| Ministry of Science, ICT and future Planning: (MSIP) ML Kim -
| National Reséarch Foundation (NRSF) _{K.W. Lee
Latvia Ministry of Education and Science K. Sadurskis
Lithuania Ministry of Education and Saence J. Petrauskiené
Malaysia University of Malaya M. Amin Bin Jalaludin
Mexico CONACYT - 1], Tagiiefia Parga
Montenegro _ |Ministry of Science S. Damjanovié
g University of Canterbury L Wright
New Zealand 1y - eity of Auckland 1. Ha‘r%%g
Pakistan Pakistan Atomic Energy Commission ™ M. Naeem
Poland Ministry of Science and Higher Education |D. Drewniak
Portugal Fundacio para a Ciéncia e a Tecnologia® P: Ferrdo
RDMS-DMS Joint Institute for Nuclear Research (JINR) 'V. Matveev .
RDMS-Russia__ | Ministry of Education and Science of Russian Federation 0. Vasilyeva
Serbia Ministry of Education;, Science and 'fechnologmal Development § V. Popovic
Spain Secretaria de Estado de Imreshgacx_on, Desatro]lu e Innovaclén, M inez Pérez
Programa de Fisica de Particulas - ’
Sri Lanka Ministry of Science, Technolggy ogy and Research e U:R. Senevirathne
Rat der IELclggnSmschen Techrl;lschen Hochschulen i K. Baltensperger
Switzerland  [oaliZirich RN D. Ginther
University of Ziirich M. Schaepman
Paul Scherrer Instit: Institut (PSI) - K. Kirch
Taipei Ministry of Science and Technology IGW.S.Hou
Thailand Chulalongkern University (CU)._ |B. Eua-arporn
Turkey Turkish Atomic Energy Aiithority (TAEK) ) Z. Demircan
United Kingdom |Science and Technology Facilities Council (STFC) A, Medland
USA-DOE US Department of Energy (DOE) A. Patwa, S. Rolli
USA-NSF National Science Foundation (NSF) M. W. Coles
24 October 2017 " Page 8 413> CMS-MoU-Upg Add#10
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ANNEX 3: Components of Common Items

CERN-RRB-2017-060

Cost Estimate

Ref.

Deliverables '

Estimated Total Cost

9.1.1

Control & Safety

(kCHF)
g 319]

9.1.2

T 1

F eel thyristor

634

9.13

Cryogenics & Vacuum

290|

9.14

Powering system

171

9.15

56

9.16

Cooling system

{Design, simul and

9.1

Magnet power and eryo

1'671

921

Flanges (Al+bi-met)

100)

922

Ext Vac chamber material

923

Central Be chamber

924

Bellows

925

Machining

9.2.6

Welding/ fabrication "'

927

Ion pump module cells

928

NEG coating

9.29

Ton pumps, gauges and ancillaries

9.2.10

support pillars/spider

9.2.11

9.2

specific manpower support

9.3.1

Structural mods

9.32

Additional Shieldin

933

UXC crane 2

Access systemns

Counting Rooms & Racks " ;

JHVAC & i <

,{Underground lnfrastn;etnm

1'600

- 3'100,

- 1'500]

- 1'550)

1'900

4'950]

25'000)

24 October 2017
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ANNEX 4: Sharing of Upgrade Phase‘II Common Fund

Institute FA PhD # = {PhD%
Austria PRI 18 -+ '1.3%
Belgium-FNRS 27 2.0%
Belgium-FWO - 23 179%|
Brazil 28 2.0%
Bulgaria s 10} 0.7%
CERN - 73 53%
China 14 1.0%|
Colombia 4 03%|
Croatia - w8 0:6%|
Cyprus 7 0.5%]) .
Egypt o3y 0.2%
Estonia 3 0.2%!
Finland 13l . 09%
France-CEA =~ - 17 12%|
France-IN2P3 51 3.7%)|
Germany-BMBF - - | .66 4.8%
Germany-DESY - 35¢ 25%
Greece 18 1.3%

* |Hungary o 10f 0.7%

_ |India 33 2:4%
Iran ' “, 8l . 0.6%
Ireland , 2 - 0.1%
Italy 166 12.0%
Korea 31| 22%
Lithuania A 2| 0.1%

~ |Malaysia 5 0:4%
Mexico : 11 0.8%
New Zealand ‘ 2 0.1%

* |Pakistan b 2| 0.1%
Poland ’ : 15 11% :
Portugal S 6] 04%|
RDMS-DMS 24 1.7%
RDMS-Russia | 60|  43%
Serbia ; 3 02%
Spain 43 3.1%
Switzerland-ETHZ 21 1.5%
Switzerland-PSI [ 7 0.5%1
Switzerland-UNIV 1} 08%|
Taipei b 15l 11%|
Thailand - S8l 02%
Turkey 12 09%| ‘
United Kingdom | =~ 57|  41%|
USA-DOE - - |~ 300| 217%|
USA-DOE-NP- 290 21%|
USA-NSF 76} - 55%]|
USA-OTHER ~ 8l . 0.6%
Grand Total Lo 1380} . 100%

24 October 2017 N “Page 10 /13 CMS-MoU-Upg Add#10



CMS COLLABORATION CERN-RRB-2017-060

ANNEX 5: Summary of Main Common Item Categories

9.1 Magnet Power and Cryogenics

With the prospect of operations continuing for a least another 20 years, with the
same performance requirements, several modifications are needed to ensure the
magnet system reliability with a particular aim of avoiding major down-time
and minimizing magnet ON-OFF cycles. The main focus of Phase II is the
addition of a cooled freewheel thyristor, making the magnet operation immune
to short-term power converter faults and the control system necessary to
engage the redundant helium compressors (installed as a Phase I Upgrade),
without having to shut-down the cryogenic plant.

9.2 Beampipe

The existing beam-pipe has to be completely replaced in LS2 in preparation for
the Phase II Upgrade. Replacement of all stainless steel parts will reduce
activation and the radiation dose to personnel at the beginning of LS3. The
central beryllium section has also to be replaced for compatibility with the
Phase II Tracking system geometxy In consequence of these changes and the
anticipated LHC performance, various changes are also needed in the vacuum
system, support structures and shielding in operahons and maintenance
scenarios. . i . :

9.3 Underground iﬁ‘

Structural modlﬁca

accommodate the
I subsystems. A’
simultaneous work
timetables for upgra
Streamlined, simultaneon
work is provided using a va
scaffoldings).

rns are needed to
t?]s,'rac‘:ks),of the Phase
cavern will allow for
scessary to meet the
tdowns LS2 and LS3.
qdetector for upgrade
orms, lifts and custom

9.4 Detector servic

ire increased electrical
heir cooling strategy
1d room temperature
C‘Q, systems and a
Substantial changes
ded, as well as to the

- water, mtroduc
dependence on w.
to primary electric
- distribution to the ex

Efficient logisties fc
1500t objects) is a.
' system based on ¢ c

ent (movement of 300t —
52 and LS3. The existing
by a hydraulic system
his should lead to faster,
and should be able to be
/hmaans Similarly, the
g doors and the 2000t pit-
and precxse systems to reduce
ort shutdowns s

opemngk and. clas'b‘
head cover will be replaced wit
the time overheads of accesses in 15t

240ctober2017 B Page 1 /13 T CMS-MoU-Upg Add#10
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9.6 Heavy installation to_oling,

The Phase II detector upgrade logistic concept is consistent with the long-

standing CMS philosophy - of pre-assembling and testing large detector

elements in surface labs at P5 and then using novel lifting techniques to transfer
them to the underground experimental cavern. The required heavy lifting and

" handling techniques and tasks naturally comprise part of the Common Project.

In the case of Phase II, the main challenge is the replacement of the two 250t

end-caps. The existing units will be detached onto transport cradles as single

pieces, transported below the PX56 and PM54 shafts respectively, lifted to the

surface & through the roofs of the respective pit-head buildings using a mobile

heavy-lift crane and then stored for later de-commissioning and eventual

dismantling. The reverse process is then used to install the Phase Il endcap
units assembled in the surface building on specialist tilting tables, which form
part of the heavy tooling.

9.7 Test facilities

Suitably adapted facilities using beams, irradiation facilities or cosmic rays are
vital to qualify the Phase II detectors. Similarly vital are realistic electronics test

beds, which duplicate (in Prevessin Hall 904) the CMS working environment

without impacting the running experiment. - S

9.8 Surface facilities

Almost all the Phase Il Upgrade projects except the Tracker (but including the
pixel), rely on new assembly & testing facilities to be installed at the LHC P5
site. These labs are being provided in the existing (and already partially
equipped) SX5 assembly building by shifting workshops, maintenance areas,
-~ cabling shops and key tooling storage into a new adjacent building SXA5 and
also providing substantial temporary storage buildings during the Long
Shutdowns of LHC (LS2, LS3). For SXA5, CERN is providing building shell and

the CMS Common fund all the specific internal fittings and services.

9.9 Safety Systems and Radio-protection

The safety of personnel and the protection of the installed detector are of
paramount importance. The beam-related conditions produced by HL-LHC
~ require substantial upgrades of personnel shielding and beam safety
instrumentation, while the residual activation of the’ existing detector during
the upgrade requires a substantial reinforcement of the effort devoted to

 radiation simulations, radioprotection management, training to minimize doses
to personnel, and provisions for de-commissioning and dismantling. Extension
of the existing remote surveillance and remote’ handling systems are also
required to adapt to the Phase II challenges. The detector safety systems have to
be brought up to date and applied to the new Phase IT technologies.

9.10 Electronics Integration

The Electronics Integration team in Technical Coordination has to ensure
coherence of power, readout and triggering systems, firmware, controls, cabling
and connector choices and routing of services. They are also tasked with
identifying and implementing common solutions, as well as oversight of
installation and the smooth operation of- various related test facilities.
Experienced = electronic & electrical engineers and technicians, with
management and supervisory capability are needed at CERN. for the duration
of the upgrade to reinforce the existing team. , o
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Reasonable estimates, based on previous experience, have been made of the
amount of this long-term effort that can be provided by Collaboration
personnel.

9.11 Engmeenng Integration

The Engineering Integration team is a crucial part of the Technical Coordmatmn
task, which has to ensure that parts of the experiment, including services and
auxiliary equipment, come together in coherence (mechanics, thermal balance
etc) to form a scientific instrument performing as specified. Phase II is a
complex upgrade with several completely new systems and technologies to be
integrated, subject to the constraints provided by the unchanged features of the
experiment. Effective Engineering Integration will depend on a strong central
- team at CERN (partly composed of long-term visitors from collaborating
institutes) embedded in an Engineering Integration Centre that facilitates the
contribution of engineers and designers from institutes in the Collaboration.
Reasonable estimates have been made of the effort that can be provided by
Collaboration personnel, based on previous experience.

9.12 Contract support'

As has been the case throughout the construction, operation and maintenance
of CMS, the technical team for Phase II will include a substantial fraction of
paid contractors, whether through CERN frame contracts (e.g. transport, field

support) or specific contracts (e g plpework speaahst scaffolding, minor
mechanical work). : : , :

9213 Installatlon common tasks o

Based on long experlence'“ rom
upgrade, the précise removal ai
pipework), whether detecto
teams of specialist techmcx
teams also prepare the a
teams from Institut
well-defined and ti
maintenance or up
shutdown period). °
Collaborating Insti
Coordination team
the full duration of
exceptionally comp
re-cabling of the ce:
the Tracker and the
The other, similar
calorimeter end-caps,

e‘ mostly composed of
within the Technical
N for long periods (typically
hase II Upgrade requires two
d re-integration. One is the
ed with the replacement of
lectromagnetic Calorimeter.
1plete replacement of the

S, W re—cablmg of the two (YE1)
end-cap disks, an effor YBO services re-work. As a
reference for cost estima 1g construction in 2006-2008
(a simpler mstallatm" due acuum insulated coolant pipes)
the amount of in the .mstallatxon ‘of YBO alone was
approximately 60, 000: TE-hours.z L
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