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LS2 Scope — Mandate

W=l | = M. . L

Def|n|t|on of main works over the LSZ for the whole CERN accelerator facilities
and of potential arbitrations based on priorities given to activities.

s Definition of a CERN-wide “resource-loaded planning”, ensuring compatibility of resources and
'?’ planning across Injectors, LHC Machine, LHC and Non-LHC Experiments.

Flexibility to use the end-of-year technical stops before and after the LS2 to decrease the load of

= 3,000 the LS2. 2015 2016 2017 2018 2019 2020 2021 g
R Q1Q2 Q3 Qft|Q1Q203{04|Q1/Q2{03,04|Q1,Q2{Q3Q4|Q1 Q2 Q3 Q4|Q1 Q203 Q4|Q1[Q2 Q3 Q4

LHC
= | mmfl |

Injectors
2022 2023 2024 2025 2026 2027 2028
Q1{Q2{Q3{Q4|Q1/Q2{Q3/Q4|Q1{Q21Q3|04|Q1{Q2{Q3{Q4|Q1Q2|Q3!Q4|Q1{Q2!Q3|Q4|Q1{Q2|Q3|Q4 r—

LHC
Injectors
CE/RW LSZ 2015-2020
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LS2 Scope — Main objectives

Increase Intensity & Brightness in the injectors
to match HL-LHC requirements

% LIU Project

Increase injector Reliability and Availability
to cover HL-LHC run

# Consolidation Project

Anticipate Civil Engineering works
and beam equipment

% HL-LHC Project

Perform major Maintenance &
Infrastructure Consolidations

& M&O activities

CE/RW
g

7z A Coordination

Maintenance & Consolidation _

The main projects during LS2

L AWAKE
(incl. L4 connection)

HL-LHC

Consolidation ©

€ DISMAC
® e ®
> ® L
LHC experiments ¥ @ @
upgrade =) @ ] (-] ELENA
© ©
SPS Access East Area
SPS Fire Safety consolidation
LHCC Feb’2020




LS2 Master Schedule (epms 1687788 - rev. 2.4)

2018 2019 2020 2021
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PSB Surface work
PSB
8112 Surface work
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m RP coolin PS tests | | pog 117 shutdown
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|
'
[5PS Surface work
5pS SPS Hardware tests
LHC : LHC Hardware Comm| fng + Machine chek
LHC Shutdown
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NOV | DEC JAN FEB MAR APR MAY JUNE | JuLY AUG SEPT ocT NOV DEC JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC JAN FEB MAR APR MAY JUNE JuLy
|stop cooting in Linac2 | |stop cooling in SPS @ start of work in the high radidlogical risk areas |close psB |ctoseps | |closeses | LHCPROBE beam [LHCPROBE beam IONS beam
|Sto9 cooling in Linac3, LEIR defined by HSE-RP Close Linacd |dose PS Switch Yard Cose Linac3 |Beam ready for PSB  |ready for PS ready for SPS I ready for LEIR
i Istnpcmlingin PS8, PS (except b.359) Close LHC |IONE beam ready for Linac3
Oend of beam LHC |lJoseLEIR

Last time updated at 2/6/2020 4:39:45 PM
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Safety Coordination
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ashing lights & signs to warn during tests @ PS Switch Yard & ) Electrical lock-out @ PS Ba
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Safety — LS2 Accidents

Facility Total Minor With  Total
days of days

absence
PS 5 2 3 36
SPS 17 8 9 227
LHCinc.LEX 22 7 5 56
Surface 21 9 12 193
Total 65 36 29 472

Frequency Rate:

Accidents with absence per million hours worked
Severity Rate:

Days of absence per thousand hours worked

LS2 ... November 2019

Coordination

LS1 Accidents

» 3.7 Million Hours worked
» 64 minor accidents (no absence)

» 31 accidents with total 273 days
absence

10 93
50 34 16 151
6 B 3 20

95 64 31 273

Frequencyrate: 8.4
Severity rate : 0.07

Frequency Rate = Number Accidents (with absence) per Million Hours worked
Severity Rate = Number of days Absence per 1,000 Hours worked

LHC Long Shutdown 1 {L51) Status and Outlook
F. Bordry HL-LHC and LIU Cost and Schedule Review

12" December 2014 November'19

LHCC Feb’2020



Safety — Operational Dosimetry
Personal Dosimetry

Collective personal dose:
Maximum individual dose:

1%t of January 2019 - 30* of November 2019

251.6 person - mSv
1.3 mSv (4 pers.)

Dose distribution per category of personnel

Values in person - mSv

- 58.2
23%

Dose occurrence

Users
Contractors

Others: VISC,TRNE,TEMC,TECH,SASS, RETR, RETP, PJAS, PART,

GPRO, FELL, EXTN, EXMP, DOCT, COS,CASS,APPR,ADMI
(iE/RW LS 2 2015-2020

7z A Coordination

Dose occurrence per dose class

LS2 1st of January to 30th of November 2019
. 8656 pers.

939
‘ 227
0 0.1 0.2

Doseclass [ mSv]

4

13

LHCC Feb’2020



Safety — Operational Dosimetry

Dose by complex in person mSv

Operational Dosimetry

Dose (person.mSv)

B ps W LHC Other M SPS

1t of January 2019 - 31¢ of January 2020

Collective operational dose: 192.8 person - mSv

PS complex” SPS complex” LHC complex”
es sooster || North Area Beam Lines ] s -
AD-Target - AWAKE Io
s [
soroe [ HiRadMat |0
LHCb Io
East Hall Target . GIF | 0
Alice |0
nTOF l NA62 | 0
MEDICIS & Target Area I Neutrino Platform | 0 LIGHT | 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 3 6 9 12 15 18 21
Dose (person.mSv) Dose (person.mSv) Dose (person.mSv)

“Top 7 contributors

C E/RW LS 2 2015-2020
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Equipment readiness, Schedules & Milestones

Readiness just in time or if late delaying the installation date . .
. Equipment Readiness LHC
Readiness in advance compared to actual installation date

Waiting for Group confirmation Equipment ready for installation

" s . Decision not to install TCPP.C6L7.81 and to keep the old collimator TODAY
Equipment Readiness on PS ring MKI
TODAY ~
[
! I d SD47/48 : : |

2 ntemaldumps K Delays related to $ !

g collimators readiness § < ‘
. SMHA42/BSW SD42 inP7 11T Arc67

= O BGI SD84 T

SEM Grid SD42 % = ESTCAPS

Corrector magnets SD84
TCLD.1112.82

t

Eaenticon 2 Possible option to install a pre-series
— 11T Arc78
KFA SD45 aseline T
R Readiness late
: Bumper magnets SD40,41,43,44 Readiness in advance
Readiness just in time or if I3 g b= 8 = g g 3 8 < g S S g S g g S
5 Readiness in advance comp B z 6 g Z g z g 3 $ 3 2 2 g 3 5 z
Waiting for Group confirmatior] g E b - ) 2 5 5 = - h 2 3 &
Equipment Readiness on SPS LSS
1 o TODAY

7 : r
36 1
3¢ TIDVGLSS5

JI —_— BTV LSS5

|
- I
32 | — ZS LSSs2

BCTDC LSS5
Masks LSS1
Masks LSS5

- https://acc-dashboard.web.cern.ch/ls2
o (CERN Single Sign On required)

CERN LS2 ....

<7 Coordination LHCC Feb’2020



https://acc-dashboard.web.cern.ch/ls2

PSB U pdate Transfer lines General Services

: - * Injection (Bl line) e Cabling completed
i S I mmwmmlsﬁmm%mmmm“mm ° Fl'na/. smoothing/alignmentlthi..s W€€k Of . Cooling System being
the line before starting the individual
tested
systems tests
e m e =  Ejection to PS (BT line)
_ * Final smoothing/alignment next week of the line before starting the individual
systems tests
— * Ejection to ISOLDE (BTM line)
5 e 5 * Final smoothing/alignment in two weeks of the line before starting the individual
Broken Line systems tests
Ring beam lines
. oy e 2020
* New RF Finemet Cavities L e | e | A | e e e | e | s oo Ty [ e
* The whole systems are installed and operational. . ﬁm. Ifﬁﬁ.ﬁii’s-"lm-ng
Individual system tests started [T R o
. . . ps ! g PS Switch Yard CLOSED Beam )
* New Injection Region (H-) B _ O -y
* Ready for individual system tests el |
* New Beam Instrumentations
* Detectors being vacuum tested before installation .
* New Absorbers el et
*  Final equipment to be installed in March e sepssuitchvod |l s Blf,‘:iiiﬂifc:,:ss oo™

LS2 ...

Coordination LHCC Feb’2020
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PSB Update

New Wire Scanners New RF Finemet Cavities

(iE/RW LS 2 2015-2020

i Coordination LHCC Feb’2020




* Most of the LS2 activities are on track or in advance
* Individual Systems Tests (ISTs) already started in some specific locations
* Most of ISTs will start with the availability of the water cooling the 3" of March 2020

Surface buildings

Surface
building and
TT2

C LS 2 2015-2020

Coordination LHCC Feb’2020

New RF transverse feedback system under insta



* Most of the LS2 activities are on track or in advance
e GQGalleries cleaning completed
Individual Systems tests (ISTs) will start soon for some specific equipment in the ring

rrrrrrrrrr

2018

PS Ring and
PS
SwitchYard

2019

2020

2021

LHCC Feb’2020
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* CE works in ECX5 completed on Schedule.
* Installation of Auxiliary systems in ECX5 is ongoing.

* De-Cabling/Cabling & Installation of Auxiliary systems in LSS3 are

completed.
* Re-installation of RF cavities in LSS3 is ongoing.

e Re-installation of Beamline in LSS1 has started.

* PPS Project:
10 0f 12 new access systems installed.

* aC Coating project:
e 11 of 12 sectors are completed.

%E/RW LSZ 2015-2020
i Coordination

WP1: Fire Doors
11 of 21 doors installed.

WP2: Fire Detection
* 75% installed. (2 of 6 zones fully operational)

WP3: Dry Risers
*  80% completed. (Only BA3 shaft, TT20, Arc 4+, Arc 5- to complete)

WP4: Sprinklers
 70% Completed. (6 of 11 circuits fully operational)

SPS U pd ate Fire Safety Project:

SPS Vacuum Sectors Dashboard Sectors Closed
Baseline  e=====Baseline v2 Forecast &= Current situation

100 96

90
80 -
70
60 =
50 —
40 —
30
20
10 i
0

1 6 11 16 21 26 31 36 41 46 51 4 9 14 19 24 29 34 39 44 49
Week numbers

Overall delay of 6 sectors (will be caught up in March)

Number of vacuum sectors

LHCC Feb’2020



SPS Udate

1] 1

[ il . b ‘
.“.I‘ :i I E=.
| [

shiisl) 102 LSRR e ‘ l:"
¢ - E=mgaaripeEs
e "\t

aC coating about to start its final sector

LS2 ...

Coordination

WP1 installed in LSS6+

LHCC Feb’2020




Sector 12 \ ‘ _Sector 23 | Sector 34 Sector 45 \ \ Sector 56 | Sector 67 | Sector 78 \ Sector 81

ARC 12
P1 P18 LSS1R ~ [B2Z LSS 2L P2

LSS 2R

3 ARC 34 ARC 45 ARC 56 ARC 67
P32| LSS3L | P33| LSS3R : LSS4L P4 | LSS4R . LSSS5L |(P5||LSSS5R| _LSS6L| P6| LSS6R
2 H Fl 2

e
ness

ARC 78 ARC 81
LSS7L || P7 | LSS7R f LSS8L P8 | LSS8R Ti8 i LSS 1L

2018

2019

aintel

BSRTERain

JAN

- ear 3010

FEB

Maintenanc

2020

|
. .
Prassure e nd = = - JUL

SEP

 (300-80K)

Einal canl.down.

Cool-down 80-20K)

| R — NOV

Powering Tests i = T : ; z Hows+noSaerelyl bEC

Tests
JAN

Status 7th February 2020 wrt baseline 2.4

Powering Tests I
Training quenches S. 1-2

Training quenches S. 2-3 Truining Gtienches 51324 Training quenches S. 5-6 Training quenches S. 6-7 Training quenches S. 7-8 Train uenches S. 8-1

FEB

2021

i MAR
Recommissioning with beam

(iERN LS2

<7 Coordination

2018

2019

2020

2021

LHCC Feb’2020



Courtesy J.Ph.Tock + M Pojer

DISMAC

DISMAC : Diodes consolidation

—Baseline (Mar-19)

—Achieved

[diode-equivalent]

462

308

154

Updated 13-Feb-20

o

Jul-19
Jan-20
ar-20

Mar-19
May-19

o o
E a
a 3

8
v =

DISMAC : Diodes Consolidation : LHC

Jul-20

M:
May-2(

1232

1078

Updated 13-Feb-20

Open Interco.

Cut container

[diode-equivalent]
@
2
)

Consolidate

= Weld container

— L ocal Leak Tests
= Close Interco.

— Final Leak Tests
------- Baseline Mar-2019 === Achieved

=)

Apr-19
Jun-19
Aug-19
Oct-19 | 7]
Dec-19
Feb-20

Mar-19
Jun-20

Apr-2

* Sector 8-1 all works done
* Diodes electrical insulation consolidation fully completed
* DISMAC progression shows a small delay according to the baseline

C E/RW LS 2 2015-2020

\ 28t January 2020: Last Diode box consolidation
g Coordination

LHCC Feb’2020



Courtesy J.Ph.Tock
DISMAC

DISMAC : Special Interventions DISMAC : Special Interventions : Cryomagnets Replacement (#22)

100%

100% -
Baseline Mar-19

—Baseline Sep-19

90%

: 80% —Baseline (Mar-19)
80%  —Achieved

70% —Achieved

60%
60%

50%
20% 40%
30%
20% 20%

10%

Updated 05-Feb-20
Updated 13-Feb-20
0% 0%

Mar-19
May-19
Jul-19
Sep-19
Nov-19
Jan-20
Mar-20
May-20
Jul-20
Mar-19
May-19
Jul-19
Sep-19
Nov-19
Jan-20
Mar-20
May-20
Jul-20

DISMAC : Special Interventions : Cryomagnets Replacement

12 23 3-4 45

o
(iE/RW LS 2 2015-2020 - SEGio) )

7z A Coordination

Updated 05-Feb-20

*  All cryomagnets (not including HL WP11 — LSS7) have been disconnected, removed and
reinstalled; last pressure tests remain to be done
* Reconnection almost completed for the magnets that have been reinstalled.
* CC-11R2 showed a NC but has been already fixed and currently being connected

HTotal ®Completed

] 6-7 7-8

LHCC Feb’2020




LHC external beam dump block (TDE) works during LS2

* At the end of January the two spare dumps have been successfully removed from the
UD62/68 to the UX65

[
3%

N (Z ¢ ‘ N\
25

Spare TDEs in the ad-hoc LHCC Feb’2020
space in UX65



LSS5 Realignment = Planning consolidated

Sector 45 Sector 56
Phase | — Realignment from Q7 to Q5 - 14" Sep to 10" Oct 2019 ARC 45 ARC 56
Phase Il — Realignment between Q5 to Q5 = in progress (From January 2020 to May 2020) o o LSS5L || P5 || LSS 5R =
- Q5-D1(6 MBWX, 1 Q4, 1 D2, 1 TAN, 4 pick-ups and 4 Collimators) — -
+ QI1L-Q1R (2 TAS, VAS and 2 BPMWK) 2
e In tntal RR cnrlinment JAN i
Vertical position of LSS5
. 5
ogn . 6
LRSS Uf{l l,dt':,k i EFR. 7
L‘u _ : : &, = p
E ~_ b )| 10
E,: y w0000 ‘\:“?\- J; ~ m-_.:\'m”m- ™ T Seeme s 10000 MAR 11
8 N I g 12 |4
: _ ,g;‘ w 13
15
T APR |
Phase Il - Q5-D1 and Q1L-Q1R before alignment 17
18 |4
19
_ ) ) MAY | 2
Q1 - DFBX = Alignment on the Inner Triplet area project (V Parma) LSS5L w5, LSS5R w11l 2

TAS (Right side) (F Sanchez Galan) = w11 in // with the DFBX LSS5R

CE/RW
g

g

LS2 ...

Coordination LHC coordination meeting, 18th February 2020
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IT Consolidation

On all 8 triplets (starting with Pt2 and 8, learning in low radiation areas)

1 working day per triplet for a team of 4 (from SIT) + support by Survey team

March-April

C{E/RW LS 2 2015-2020

g

Coordination

Trial assembly with mock-up tie-rods in Pt.5

s P =]

Mongnet long. movement {mm)
&

-10

-12

=

Magnet position vs. vacuum level
additionnal tie-rod installed

Vacuum level (mbar)

100 200 300 400 500 600 700 800 900 1000
 ————
| i g

—— —

— -
o

v
-
——Depl Q1 DOMS (mm)  ——Depl Q2 DOMS (mm) Depl Q3 DOMS (mm)

LHC coordination meeting, 18th February 2020 LHCC Feb’2020



WCC Hose exchange

RR53 & RR57 replacement completed
- waiting Short Circuit Tests

Point 4
Point 5 "

uwss /1
Point 6

AN

=%=

LSS2L: DFBX + DFBA + DFBM = LS2 critical path

Point 8

S

PGCL pN uwss

LA UsEs

TCC  UJ8T  RHE

RR13 & RR17 in progress

* DFBA And DFBL cables replacement completed,
new water hoses installed.
- Waiting for Dielectric tests

1S2 ..

Coordination
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Magnet + support

(dark grey)

(yellow)

26 LHCC Feb’2020



HL-LHC civil engineering

STATUS: 2020.02.07

@ EXISTING STRUCTURES
@ T0 BE EXCAVATED

@ ALREADY EXCAVATED
@ PRECAST INVERT

@ FINAL LINING

LHC P1

o
||
]

1
HH

"
1

LHC P5

STATUS: 2020.02.17

@ EXISTING STRUCTURES
@ T0 BE EXCAVATED

@ ALREADY EXCAVATED
@ FINAL LINING




HL-LHC civil engineering

“\--‘.. ieg de la voute et
R paroi- 50cm

Distance par
—_—'_/_C—

N
>

LS2 ...
Coordination HL-LHC Civil Works| CERN Site Visit | 18.02.2020 LHCC Feb’2020




Cryostat Connection HL-WP11 LSS2

CE/RW
g

g

Coordination LHCC Feb’2020




Cryostat Connection HL-WP11 LSS2

Installation completed!!!!
Re-Connection in progress

C{E/RW LS 2 2015-2020

i Coordination LHCC Feb’2020




Idown, to be tested wk8-9

LE Large Magnet Facility

Im;?=m'- a i’
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Handover to RUN 3 and beyond (psB case)

b.361

PS Booster

BHP mume. BAT  BCER BRF1  BRF2  BOR

DEC NC
2018

JUN MAY APR MA FEB JAN
= ==
JUN MAY APR MA FEB JAN DEC NC

LS2 ends before HC

DEC NOV OCT SEP AUG
DEC NOW OCT SEP AUG JUL

[

s

........f....... o o o o s s s s el s oo e el ‘

v PSBULCPO8 = jcticn
. AT 7T o
L3
x J G L5
: o
: eamonian H:
A - sl am
: I ewiaa T PMENLIESE
R —— | S — ™

BE-OP Coordination

NOW OCT SEP AUG JUL JUN MA APR MAI FEB
-
-

NOW OCT SEP AUG JUL JUN MA APR MAlI FEB



2018

2019

2020

2021

Handover to RUN 3 and beyond (LHc case)

Sector 12 ‘ Sector 23 Sector 34 Sector 45 | Sector 56 | Sector 67 ‘ Sector 78 Sector 81

ARC 34 ARC 45 ARC 56 C 78 ARC 81
LSS3L P33 LSS3R ) LSS 4L LSS 4R . LSS 5L LSS 8L P8 LSS 8R Ti8 LSS 1L

ARC 12 ARC 67
LSS 1R Ti2 P4 P5 LSS 5R P6 | LSS 6R B LSS 7L P7 LSS 7R

ARC 23
P1| P18 LSS2L | P2| LSS2R 7 P32 LSS 6L

e

i
e

T
e

Ui

OCT [z

NOV |3

VA T e e e e v

LS2 Coordination

[ mnams

B

e T e e

LS2 ends before Powering tests

]
e

AUG |5 il AUG

SEP

- BE-OP Coordination

MAR

2018

2019

2020

2021



Closing remarks g . .
o o L e ae——
Excellent progress and follow-up
v'Changes in linear schedule to cope with minor delays / problems
v Equipment readiness followed closely and so far no strong showstopper identified
v “Safety First” remains LS2 priority and intensification of support / controls

v'Master resource-loaded schedules reviewed to version 2.5 by end of February 2020
with no date change for Hardware Commissioning (end of LS2)

QA and documentations just on time
3D integrations, differential layout drawings and ECRs available on time.

Daily follow-up towards a successful completion of LS2 activities
v'Intensive field coordination and safety follow-up (tunnel and surface)
v'Radiation dose to personnel perfectly handled, same for radioactive transports

| S
’ l HL-LHC and LIU Cost dR@Schedule Review
- - B tovember’lQ

< q
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