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LHC Injectors Upgrade

Equipment Installation, Planning,
Layout, organisation and updates

Simon Mataguez, Julie Coupard with contributions of the LIU-PLI team

Table of contents:
« LIU installation activities
« Organisation of the LIU Planning, Layout and Installation activities
« Space Reservation Requests, Engineering Change Requests, layout
database, layout drawings and integration studies
« Work planning for (Extended)Year End Technical Stops and Long

Shutdown 2
« Summary and outlook
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LIU-IONS activities (Linac3 and LEIR)
U

EYETS 2016-2017

Depuis LINAC 2

2 new BPMs
« SEM grids ETL: new electronics to measure ITE
injected and extracted beam properly
» Upgrade of LEIR ring orbit system
@y | LS2 »
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YETS 2017-2018

LIU-IONS activities (Linac3 and LEIR)
U

SEM grids ITL-ITM: request ——e—o

for new wire layout ITF Faraday Cup

LEIR Dump

/
7 new BPMs
ETL and El
@y | LS2 -
7th & 8th November 2016 http://indico.cern.ch/event/564604/ 4



l JJ LIU-PSB activities

EYETS 2016-2017,

Renovate electronics for
4 BR.BCTDC (section 9)

4 New monitors BR.TMD (8L1)

New ring Trajectory
Measurement System
(PSB-TMS)

New BLMs New prototype wire Scanner BWS (4L1)

(FIC detectors)

New Tune pick-up BPM (3L1)

Exchange Septum SMH (15L1)
New kicker KSW (16L1)

Replace kicker KSW (16L4)
Move kicker KSW (from 16L4 to 2L1)

. —
k/ - Relocate Monitor BTV (BT.BTV30)
Enlargement of the shaft L\ﬁ\\

\
e

[Depuis Switch-Yard

New wideband electrostatic pick-up BPM (BTP.BPMW15)

@ Lsz Vers Isolde / TT70
7th & 8th November 2016 http://indico.cern.ch/event/564604/ 5
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lJJ LIU-PSB actlvmes

YETS 2017-2018 _, . .

New SEMGrid (4L1 ring 3)

[Depuis Switch-Yard

@ Lsz Vers Isolde / TT70
/) 7th & 8th November 2016 http://indico.cern.ch/event/564604/ 6
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l JJ LIU-PSB activities

LS2

New Absorber/Scraper

Under studies:
- Change of the beam stoppers
- New vacuum window before the PSB Dump

New Wire Scanner x4 (11L1)

* New RF bypasses

* Laminated side plate on bending (BHZ MAIN)

» Parallel shunt resistors on quadrupoles
(QDE, QF0) and bending (BHz MAIN) magnets

* Transverse Feedback

* New interlock system PSB extraction to PS

New finemet cavities
* BR2&4.C02 7L1

* BRr.C0O4 13L1

e BR.C16.5L1

_________ | _ / New Wire Scanner x3 (4L1)

New extraction kicker (BEr.KFA14L1)

New PSB Injection Region
* Remove the current sector (1L1)
* New H- charge exchange injection systems

PSB Injection Systems:

* New Injection bending (BHZ INJ)
* New Distributor (BI.DIS10)

*  New Septa (BI.SMV10)

» Relocate beam instrumentation

(BI.BTV30) I

PSB Extraction and Transfer:
* New BHZ EXT
New septum (BT.SMV10 and BT.SMV20)
* Relocate beam instrumentation (BT.BTV10)
* New kicker (BT.KFA10)
» Change the magnets

» Change of the magnets

=

@ Lsz Vers Isolde / TT70
7th & 8th November 2016 http://indico.cern.ch/event/564604/ 7
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U

Relocation skew quadrupole
(MU42 > MU52)

Upgrade injection kicker generator
Installation of short-circuit (krF45)

New vacuum chambers
(MUA41, MU42)

New BLMs (Diamond & lonization)
(Diamond detectors in SS14, 15, 17, 18, 40, 41, 42,
43, 44, 45, 46, 49, 71, 75, 79, 83 and 100 ionization

chambers in each section)

C\ERN Lsz

4 Days

|lU-PS activities
YETS 2016-2017

SECTEUR 06 ——

_Ps_LM___anT

{0 m— )

y
SCTEUR DS \/_ =

SECTEUR 07
PS_LM__ 0008

a8 N X 55 60 %4 :
NN o 65 / /
q:j N N ) e /’\ stéitun "
.__4 || \\\. 45 70 s S FS_LH_...':'CW
i V/ /S o
d /. \ Y New horizontal
LA R | ionization profile
I i 2 : monitor BGI and
B | o I magnets
) . 85 - ' (Ss82)
- '\. J'I‘\ PSE_ELEJEU_Rncgn'n
A\ New Wideband
A\ Electrostatic
N\ — N ~__ pick-up
N b o e - RO o (SS90)
O NN, Ny 4
SEcTER S C/ /15 Y 4 //
Ps_LM__oon : oy ;o ) o i 7 FAISCEAY
\ ol " Repair and development of
New prototype N S - P
tast tuner SOMHz Aeael | = longitudinal damper
(33508) N 2 = — & (SS02)
Xy L — NN
L , RImI /1] N\
r 1r 11 r Ll I 1T | o
SECTEUR 02 )
PS_.N_HOH___ . Az SECTEUR G —
———P5_LM___0002
7th & 8th November 2016 http://indico.cern.ch/event/564604/ 8



U

LIU-PS activities

SECTEUR 06 ——

YETS 2017-2018 e
o / S
I P \ -
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lJJ LIU-PS activities

es w1 "_’}." —
LSZ New injection septum + L j S
bumper SMH42 (SS42): ' \ -
« New BTV (MU41) e T
+  New SEMGrid (MU42) e —= | N,
+  New bumper (SS42) w R . oY . / i
£ W U ss 60 % s Sy SN
Replace injection N\ 50 es\1/ A X TN\
(spare) kicker KFA45 NN NN \
# || " 70 FSiEL(I‘;IﬂeOHCU?
New bumpers / _F y R New beam dumps
(40, 41, 43, 44) | 4 P . (SS75)
Psiﬂﬂ?}gpa ,_/." i 40 o : ..
- New insertion New beam wire B\ -
/4l quadrupoles AL/ scanners BWS ) !
Sy il (SS33, 5549 N W (SS64, SS65, SS68, SS85) |
[
LY L .-S.\V ;-I ‘
* Replace skew quadrupoles i) - : ; NG i
(03,07,19,23,29,33,37,41,43,47,53,57,69,73,79,83,87,91,93,97) il 30 )
+ Replace vertical correctors AL A ‘ i
(02,04,08,12,20,22,24,30,34,38,44,54,64,70,76,80,88,94,98) SRR N int b d
- Replace 2 magnets in extraction lineto SPS  WlF> (S‘a’g é?sg.ga eam dumps 503
(TT2) 3 N\ - Remove dump in SS12 and
* Upgrade of the 10 MHz feedback amplifiers \ SS47 or 48 RN —
o “ e . - y A ",‘ /, 20 - \\\
I\/_Iodlflcatlon of the 10 MHz water cooling | 7 /% New 80 MHz fast tuner
circuit - N\ L NN (SS88 or 89)
(SS36, SS46, SS51, SS56, SS66, SS76, SS8L, SS86, SS91, SS96) 3 N\ )5 SO /
* Longitudinal beam control = NI ZK A/ 0 RPN T
 1-turn delay feedbacks 20/40/80 MHz TLJ . W N~y g ey RN—
« New feedback amplifier for the 40/80 MHz A <~ , Ry e
+ Upgrade of the cooling plant AW AR = . 2\
. . . . . L"‘-. i . I T T :___/J:_;.,\
Modify the copper secondary cooling circuit A\l o ﬁﬁléé#% N
PsiEcmrEi?oti ] l'I SECTEUR D1 — T
CERN LSZ o
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EYETS 2016-2017

lJJ LIU-SPS activities

* New Vacuum sectorization
* Optical fibres for the orbit systems

2 New fast BLMs (Diamond)

1761

New Fast BCT
(LSS5)

aC coating (9 QFs, 2 cells MBB,10% drifts)

) and impedance reduction
* Renovation of the over head crane (ECX5)
» Civil engineering for new beam dump 4 '

Lsz 7th & 8th November 2016 http://indico.cern.ch/event/564604/ 11
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YETS 2017-2018

lJJ LIU-SPS activities

New RF power feeder line
New 1 GHz slotline kicker

aC coating (8 QFs, 1 cell MBB, drifts)
and impedance reduction

Lsz 7th & 8th November 2016 http://indico.cern.ch/event/564604/ 12

Days

+ Installation kicker platform
+ Installation of kicker transmission lines
* Dump platform reinforcement



lJJ LIU-SPS activities

LS2

ZS improvement
(LSS2)

200 MHz RF power upgrade
(LSS3, BA3, BAF3)
LLRF (new FC electronics)

New Fast BCT

Reconfiguration of (LSS3)

LSS1 (LSS1, BAL)

aC coating (QF, drifts) and
Impedance reduction

et Extraction protection devices:

* Replacement of TPSC4 (LSS4)
* Replacement of TPSG6 (LSS6)

* New collimators TCDI (T12, TI8)
* Replacement MOPOS electronics
(Sextants 1,2,3,4,5,6)

PS

New Beam Dump

Reconfiguration of LSS5 New Wire Scanners

(LSS4, LSS5)

New BGI (LsS5)

Lsz 7th & 8th November 2016 http://indico.cern.ch/event/564604/ 13
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l Organisation of the LIU Planning,

JJ Layout and Installation activities

The Planning, Layout and Installation (LIU-PLI) working group ensures
dispatching of all information and efficient work progress.

LIU Planning and Installation www.cern.ch/LIUPLI Indico 5706

Integration www.cern.ch/project-Integration-Accelerateurs Indico 579563

Configuration www.cern.ch/cfg
Layout www.cern.ch/layout

Organization and Scheduling www.cern.ch/Is1tols2
ntegration

. . . . Studies
Planning and coordination meeting

Joint Linac2&3,PSB, PS indico 7157
SPS indico 3213

Coordination
Planning
www.cern.ch/PACS/Projects.aspx

@y | LS2
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Layout drawings and integration
J studies

The integration office is working on 2 versions of 3D models (current situation and
post-LS2 situation) and provides differential layout drawings of the beam line when
engineering changes take place.

The layout drawings are controlled, approved and stored in the CERN Drawings

Directory (CDD).

Current

Future

The validation of the integration studies is part of the approval process of the
Engineering Change Requests.

Integration studies are also done for the facility surface buildings.

@y | LS2
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Space Reservation Requests, Engineering
Change Requests: Documentation status

- Space Reservation Request (SRR)

A Space Reservation Request is sent for approval and released at least 1 year in advance in order to reserve the

space and inform the different stakeholders.

- Engineering Change Request (ECR)

A Engineering Change Request is sent for approval and released before the installation in order to get the

agreement of all the stakeholders and to perform the work in due time.

- Status of the LIU Project :

Total

50
a5
40
35
30
25
20
15

9o

Linac4

\

(5]

October 2016

LIU-IONS
PSB

PS&TT2

SPS

Quantity of Space Reservation and Engineering Change Requests

ECR for LS2
ECR for YETS 2017-2018
ECR for EYETS 2016-2017
SRR to provide
m IN WORK
UNDER APPROVAL
W RELEASED

C\ERN Lsz

7th & 8th November 2016 http://indico.cern.ch/event/564604/
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l _J) Work planning (EYETS 2016-2017)

| 1470895 v.2.3 | ATS-PM-M5-0001 v.2.3 " Under Approval

EYETS 2016-2017
2016 2017
Q4 Q1

GCTGBER| NOVEMBER | DECEMBER JANUARY | FEBRUARY
Accelerators 43 46 - T 6 T 8
Linacz B Linc N | |
PS8 s8ring (I | N /. \ " [ N N N N N <N
Linac Y I N | N \ T
LEIR L A [ ¢ W | [ ' [ | [ | [ [ [ __[KJ
PSETT2 I N Y | S N | G | O .\ [ [ M <IN
55 | N N | [ | I I N - N AN O N NN N <3N I
LHE /2 | | TSN | N [ N " I N N S N

'
4 | 6 T 8 9 0 n 12 13 14 15 16 7 18 19 20 21

Primary Pb to North Area tﬁ f Iﬂ'\l'ﬂ‘lh;ﬂﬂhﬂ' |close PSB |c|ose PS, SPS close the LHC |heam to LHC
Protons - Lead to LHC ety b Start Linac3 |start Linac2 |beam to sps
Start AWAKE beam to PS
beam to PSB

The master schedule has been more precisely defined, especially the
estimation of the hardware commissioning tests and the beam re-
commissioning of the accelerators chain.

Machines Opening of the machine (weeks)
not including the xmas break of 2 weeks

The EYETS will allow us to:

PSB 11.5
- Anticipate upgrade activities s .
- Carry out the de-cabling campaigns sps 12.5 (BA1,BA2) — 13.5
5 end?;top of the beam -pmtons operation -technical stop (access to be defined) LHC 15
clasure ions run hardware commissioning + cold check-out
beam Mrp cooling time before access | beam commissioning
ZRP survey before access mTraining guench inthe LHC
@) | LS2 y
\ 7th & 8th November 2016 http://indico.cern.ch/event/564604/ 17
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l ) Work planning (YETS 2017-2018)

YETS 2017-2018 | 1470895 v.2.3 | ATS-PM-MS-0001 v.2.3 ) Under Approval
2017 2018
Q4 Q1
ocT | NOVEMBER | DECEMBER JANUARY \ FEBRUARY \ MARCH APRIL
Accelerators 23 a 25 [ a7 8 29 50 51 52 1 [ 2 [ 3 [ & [ s [ s [ 7 [ 8 [ o [ 1w [ u [ 12 | 13 1w [ s
Linac2 Linac2

PSB PSB|ring

Linac3

I;z:ﬁz PSring & TT2
f:z LHCS.?‘-J,b?r;:Ii ITs
No high ntensity 1 2 3 4 5 6 7 k] -] 10 11 12 13
43 44 45 46 47 48 4‘9 50 51 52 1 2 3 4 5 6 7 B ‘Closz - PS’l;PS 1 12 13 14 15
Start Linac2 ‘close the LHC beam to LHC
The master schedule has be estimated and shall be reviewed next year and
will take into account physics and operation needs.
Machines Opening of the machine (weeks)
The YETS W|” a.”OW us to: not including the xmas break of 2 weeks
. . .o PSB 7.5
° Ant|C|pate any minor upgrade activities
. . PS 7.5
. Carry out the de-cabling campaigns
SPS 7 (BA1, BA2) - 7.5
legend LHC 9
?zrz:u?zt“e e S SR
beam mrp cooling time before access | beam commissioning
ZRP survey before access mTraining guench inthe LHC
@y | LS2 .
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General Master Schedule

Work planning (Ls2)
L y p 9

l 1687788 v.1.0 | ACC-PM-M5-0002 v.1.0 .REIEEEE[I'

2019 2020 2021

oCcT NOV DEC JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOWV DEC JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC JAN FEB MAR

AnﬂAzl)ut;AsﬂAsnsnanz 245 4 1 ;mucznu1scswmmznzczzz:uzszsz:zsze:nu:zn:Ans:sn:sn-un«424:«454s414e«sn;<mM2 345 6 78 9m111z|314|51‘ﬁwmzn21zzz)uz;zsz?zsza)n:i323334:;3‘3?3:39mu124:«451‘471:4@50;|M| 2345 ¢ 7 % a0 oue

)] 8
. - g
' L) & =]
| = o o
i ] S ]
. = | Linac3 Shutdown = £
Linac3 o g Linac3 and LEIR Hardware g
H ~ -
2 New LBS magnet - PS Switch Yard - Tests -
2 2 2
E E =
= = ]
LEIR

: 3 months
LEIR Shutdown : EARLIEST DATE ESTIMATION

1 '
_ Linac2 Surface work i |
Linac4 Beam i PR
. i ests - Linac4 Beam commissioni
Linac2 RP cooling Linac4 connection - Linac2 Underground :'::M G el 1 inaca shutdown commissioning [LBE dur'np] =
i | + { B = L4 main dumy
Linac4 i New LBE line - PS Switch Yard 2.5 months 6 months + 2 weeks of xm: !175 rrin du ) ——
4 Transfer tunnel |

PSB Surface work Cold PSB Beam

PsB PSB Shutdown . - s e commissioning
15 months + 2 weeks of xmas break 2019-20 eI 2.5 months

PS&TT2 Surface work

PS | 1 PS Switch Yard CLOSED PSETT2 Hardware tests
e PS&TT2 Shutdown
T2 11.5 weeks
18.5 months + 2 weeks of xmas break 2019-2020
. y Beam

5P5 Surface work $PS Hardware P

SPS e 5PS Shutdown tests ning
" - - 203 2
19.5 months + 2 weeks of xmas break 2019-2020 2 months e Foradlic
i

LHC lHF Bufcehvork LHC Cool-down whle machine | LHC Hardware Comi

LHC Tests and Warm-up LHC Shutdown + Tests Machine chek out

| 3 months + 2 weeks of xmas 12 weeks 16 weeks

LHC3,7,1T i break 2018-2019 15 months + 2 weeks of xmas break 2019-2020 ’ s RS
Experimental

SCHEDULES UNDER DISCUSSIONS
Areas

end of bea c2, PSB, ISOLDE, East Area, nTOF, AD, AWAKE, HiRadMat
end of high sity beam North Area

Oen

R =]

| |
| I
| i
| |
eam Linac3, LEIR, PS, SPS, North Area, LHC | i

!
R e e - I R - - e

|
ocT NOV DEC JAN FEB MAR APR MAY JUNE | JuLy AUG SEPT ocT NOV DEC JAN FEB MAR APR MAY JUNE Juy AUG SEPT ocT NOV DEC JAN FEB MAR

[stop coaling inLinac2 | Stop cooling in LHC Start of work in the high radiological risk areas Closepse  |Close Ps switch Yard |ClosePs | [Close sps LHCPROBE beam
Stop cooling in Linac3, LEIR defined by HSE-RP \close LHC LHCPROBE beam |ready for SPS
|Smp cooling in PSB, P§ Close Linac3, LEIR Beam ready for PS
|5‘top cooling in SPS ready for PSB

C\ERN Lsz
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Work planning (Ls2)

l_) Linac4 connection

Stop Beam Beamto Beam Beam
Protons to Linac4 Linac4 to Linac4 to PSB
Version 1.0 transfer line transfer line
201 2020 2021
DEC JAN FEB

ocT NOV DEC JAN FEB MAR JUNE SEPT
IR e = - BRI )

JAN FEB MAR APR MAY JUNE JuLy AUG SEPT OCcT NOV
B3 45 6 T & % W N T W 15| % T s 19 20 21 2 23 24 25 26 27 2 @3 30 1 32 33 34 35 36 31[30 39 40 1 42 43 44 45 46 47 dE @8

sssssssss

_ Linac2 Surface work
Linac2 Linac4 connection - Linac2 Undergrou nd Illnaod Beaan Tests to LAE
! '

i
Linac4 Shutdown = issioning Linac4 Beam commissioning
nnnnnnnnnnn
& months + 2 weeks of xmy{ 8 (L4 main dump] (LBE dump)
15 months 3.5 months

Linaca ! | New LBE Ime PS Switch Yard 2.5 months
.
® >
1.5 months 6 months 2.5 months
radiation protection shutdown time available Linac4 and
cool-down (not including the transfer line

2 weeks of closure) beam tests

. A detailed schedule has been presented at the Linac4 connection readiness

review in August 2016.
. The integration studies is

> < > @
6 months 1.5 months 3.5 months
shutdown Linac4 beam Linac4 and

commissioning transfer line beam
commissioning

completed.

. ECRs covering the work needed for the full connection have been circulated for

first verifications.

. Sequence of beam tests during LS2 has been defined.

The shutdown duration is not critical for the Linac4 to the PSB connection activities
during LS2. The resource needs are being identified by the LS2 committee (PLAN tool)

and resource levelling still needs to

) LS2

SZ Days

be done through all of the facilities.

7th & 8th November 2016 http://indico.cern.ch/event/564604/
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Work planning (Ls2)
L y p 9

PS Booster upgrade

Stop Beam LHCI;IZ;?BE
Protons to PSB to PS
Version 1.0
2019 2020 2021
III_ == 1
> < @
1.5 months 14.5 months 5 months 2.5 months
radiation protection shutdown time available Hardware tests LHCPROBE beam
cool-down (not including the 2x2weeks of closure) Cold check-out ~ commissioning
. Anticipated works before LS2 (= reduced the LS2 workload)
. Identified, labelled and disconnected all of the obsolete cables to be removed
. Shall carry out the removal of the obsolete cables during the EYETS 2016-

2017

The shutdown duration is no more critical for the upgrade of the PSB during LS2. The

resource needs are being identified by the LS2 committee (PLAN tool) and resource
levelling still needs to be done through all of the facilities.

- It is important to respect the shutdown duration of the PSB.

) LS2
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Work planning (Ls2)
L y p 9

PS and TT2 upgrade LHCPROBE
Stop LH(éPROBE tEesalgns
Protons toegrg
Version 1.0
2019 2020 2021
ocT DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC APR MAY JUNE JULY A G SEPT 0 NOV FEB
' PS&TT2 surface work . _ Beam
ﬁweeksi 3 wks 18.5 months + 2 weeks of xmas break 2019-2020 I i
‘ »a > <
1.5 months 18 months 4 months 1.5 months
radiation protection shutdown time available Hardware tests LHCPROBE beam
cool-down (not including the 2x2weeks of closure) Cold check-out  commissioning

. Anticipated works before LS2 (- reduced the LS2 workload)

. Shall identify, label and disconnect all of the obsolete cables which are to be
removed during the EYETS 2016-2017

. Shall start the removal of the obsolete cables during the YETS 2017-2018

The shutdown duration is not critical for the upgrade of the PS and TT2 during LS2. The

resource needs are being identified by the LS2 committee (PLAN tool) and resource levelling
still needs to be done through all the facilities.

- It is important to respect the shutdown duration of the PS and TT2.

) LS2
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Work planning (Ls2)
U

SPS upgrade e
to LHC
Stop LHCPROBE
Protons Beam
Version 1.0 to SPS
2019 2020 2021
QocT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT QocT NOV DEC APR MAV JUNE JUL\" AUG SEPT JA FEB
[ SPS Surface work SPS Hardware Beam S
Sps RPl:ooIii sPYtests | SPS Shutdown tests ':':"‘k ﬁ:;m'ssm
[ weeksi 4 19.5 months + 2 weeks of xmas break 2019-2020 2 months e & weeks
o > < > <
1.5 months 19.5 months 3.5 months
radiation protection shutdown time available Hardware tests
cool-down (not including the 2x2weeks of closure) Cold check-out

1.5 months
LHCPROBE beam
commissioning

. Anticipated works before LS2 (- reduced the LS2 workload, i.e. aC coating,
impedance reduction, civil engineering for the new beam dump)

. Identified, labelled and disconnected all of the obsolete cables to be removed during
the LS1 and the YETS 2015-2016

. Shall start the removal of the obsolete cables during the EYETS 2016-2017

The shutdown duration is not critical for the upgrade of the SPS during LS2 but the logistics for
transport will be challenging. The resource needs are being identified by the LS2 committee
(PLAN tool) and resource levelling still needs to be done through all the facilities.

= It is important to respect the shutdown duration of the SPS.

) LS2
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lJ Outlook

The LHC injectors upgrade fits in the long shutdown 2 master
schedule but it is important to note that the hardware tests and
beam commissioning are planned in a critical path

Possible impacts on the master schedule:

- The resource allocation (manpower and material) between the
facilities

- The additional work (consolidation and maintenance)

- The consolidation requests shall be approved by the planning and installation
team

- The groups shall continue informing the planning and installation team of any
maintenance or additional work to be carried out during LS2

- The logistic and safety constraints between the facilities

- The identification of co-activities and safety aspects in a facility which could
adversely affect other facilities is under study

@y | LS2
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