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Outline

The CERN injectors complex

« Production scheme for LHC beams — protons and ions

The LHC Injectors Upgrade (LIU) project
« Goals and means of LIU
- Expected beam performance vs. current performance

The LIU project phases

« A collection of main achievements

« Long Shutdown 2 (LS2): Equipment readiness and installation

« Return to operation and beam performance ramping up after LS2

Conclusion

CEfW
\ 23/05/2019 IPAC, Melbourne, 19-24 May 2019
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LHC Injectors Upgrade

The CERN injectors complex: protons

Super Proton Synchrotron

NG (SPS) /
ng 6.9 km The CERN injectors complex is
Eyin =490 GeV by itself one of the largest
accelerator facilities in the world
PS-Booster (PSB) It is used to feed Cas well as to
4 rings of C =157 m Proton Syilchrotron (PS) serve a number of fixed target
EOUt = 1.4 GeV Ogt— 628 m experiments
Eliy =25 GeV
Linac 2
E2M = 50 MeV
cgfw
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LHC Injectors Upgrade

Production scheme of LHC beams

Linac2 > PSB SMUERL

t injection of -
Eiggl 50 MeV coasting beam
Super Proton Synchrotron
\ (SPS)
C=6.9km
E2Ut = 450 GeV
PS-Booster (PSB)
4 rings of C =157 m Proton gyn%rzlgotron (PS)
EZY = 1.4 GeV m
Fiein EZY = 25 GeV
Linac 2
E2M = 50 MeV
cgfw
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LHC Injectors Upgrade

Production scheme of LHC beams

Linac2 > PSB Multi-turn

r injection of —
Eiggl 50 MeV coasting beam
Super Proton Synchrotron PSB = PS
N\ (SPS) FOUt — 1 4 GeV 4+2 272
C=6.9km Elein
E2Ut = 450 GeV
PS-Booster (PSB)
4 rings of C =157 m roton gyn%rzlgotron (PS)
EXY = 1.4 GeV m
Fien EZY = 25 GeV
Linac 2
E2U =50 MeV
CEfW
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LHC Injectors Upgrade

Production scheme of LHC beams

Linac2 > PSB SMUERL

t injection of -
Eiggl 50 MeV coasting beam
Super Proton Synchrotron
NG (SPS) ont e ey, 4+2 272
C =6.9km Elein
E2Ut = 450 GeV
PS-Booster (PSB)
4 rings of C =157 m roton gyn%rzlgotron (PS)
EQM = 1.4 GeV m
P EgUt = 25 GeV
Linac 2
E2M = 50 MeV
CEfW
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LHC Injectors Upgrade

Production scheme of LHC beams

Linac2 > PSB SMUERL

r injection of —
Eiggl 50 MeV coasting beam
Super Proton Synchrotron
PSB 2> PS
N\ (SPS) FOUt — 1 4 GeV 4+2 272
C =6.9km Elein
Egin =450 GeV PS > SPS - -
E2Nt = 25 GeV
PS-Booster (PSB)
4 rings of C =157 m Proton gyn%rzlgotron (PS)
EQM = 1.4 GeV m
P EgUt = 25 GeV
Linac 2
/W E2M = 50 MeV
CERN
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LHC Injectors Upgrade

LHC beam performance before upgrade

- Intensity and brightness of the LHC beams at the SPS extraction (450 GeV)
result from intensity and brightness limitations of all injectors in the chain

2 . Brightness

30 f - PSB brightness determined by space charge at
Tosl injection
g  Limit for PS space charge at injection
2" . Intensity
g 15| - SPS is limited by beam loading and longitudinal
% 10| instabilities on the ramp and flat top

« PS is limited by longitudinal coupled bunch instability
on the ramp and flat top

=
(3

o
o

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Intensity at 450 GeV [p/b] 1e11
CERN y
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LHC Injectors Upgrade

Motivation for the LHC Injectors Upgrade (LIU)

- Challenge - Modify injectors such that beam parameters at SPS extraction
match the High Luminosity LHC (HL-LHC) target

TR | N,(x10"plb)
sof HL-LHC target 2.3 2.1
Tas - - X Before upgrades 1.3 2.7
8,00 1 . Main goals of the LHC Injectors Upgrade
> | (LIU) project
¢ e 4 - Define and deploy means to overcome performance
E ]| — 5 limitations in all injectors and achieve the HL-LHC
target parameters
o0 - Ensure and improve injectors’ availability/reliability for
0.0 operation during the HL-LHC era — complementary to

00 05 10 15 20 25 30 35 consolidation (CONS) activities

@ Intensity at 450 GeV [p/b] 1e11
23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 9
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A qu ICk overview on the LIU project
) 2 GeV injection - Reduced

space charge at PS injection

* New RF equipment including

broad-band feedback -

Increased instability threshold

. Maln RF system (200 MHz) upgrade >
Increased RF power and improved controls

* Longitudinal impedance reduction & partial
a-C coating - Increased instability

out —
km

450 GeV

thresholds A lerati f H-to 160 MeV
« New beam dump and protection * Acceleration of H™ 1o e
pandp PS-Booster (PSB)  Target 25 mA within 0.3 um

devices
; 4 rings of C =157 m

L Qi ESU = 2.0 GeV
. 160 MeV H- charge exchange\

injection - Reduced space charge |
at PSB injection

 Acceleration to 2 GeV with new main
power supply and new RF systems -

Proton Synchrotron (PS)
C=628m
E2N =25 GeV

L|nac 4

L Linac 4 Linac 2
KEK/J-PARC Japanese Contribution
,?}if =160 MeV E,?}if 50 MeV

CERN
\ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 10
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A quick overview on the LIU project

For all injectors :

* Replacement of ageing/sensitive hardware
* New/upgraded beam instrumentation and
diagnostics devices, vacuum systems,

software tools, machine protection,

Super Proton Synchrotron

\ (SPS) electrical services, cooling and ventilation
C =6.9km
EP¥ = 450 GeV

PS-Booster (PSB)
4 rings of C =157 m

Out — 2 V
B = 2.0 Ge Proton Synchrotron (PS)
C=628m
EQut = 25 GeV
Linac 4
EC% = 160 MeV
CERN
\/w 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 11



Motivation for the LHC Injectors Upgrade (LIU) UJ

Emittance at 450 GeV [um]

LHC Injectors Upgrade

- Challenge - Modify injectors such that beam parameters at SPS extraction
match the High Luminosity LHC (HL-LHC) target

3.5
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o

1.0 1.5 2.0 2.5
Intensity at 450 GeV [p/b]

23/05/2019

3.0

3.5
1e11

- Scaling laws as well as advanced simulation

models of the injectors (e.g. optics, impedance,
electron cloud) can be applied to predict
performance limitations after LIU upgrades

- LIU parameter reach matches the HL-LHC

target

IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 12
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LHC Injectors Upgrade

Not only protons ...

- CERN injectors complex also accelerates heavy ions (Pb) > See next slide

—To fulfil the HL-LHC requirement for heavy ions, LIU is requested to produce
beams with these parameters at the SPS extraction

HL-LHC target 1248

cgfﬂl
\\_/ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 13
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The CERN injectors complex: Pb ions
Linac3 - LEIR Multi-turn injection
E2Mt =42 MeV/u  of coasting beam B
Super Proton Synchrotron
& (SPS) ot II\D/IiV N 2 (3) 354 (472)
C=6.9km Elein
EQ¥t =176.4 GeV/u
km PS > SPS
EOUt = 5.9 GeV/u 4 (3) 100 (75)
SPS > LHC 12x4 100/ 150
Low Energy lon Ring (LEIR) E2U = 450 GeV (12 x 3) (757 150)
C=78m
E2M =72.2 MeV/u Proton Synchrotron (PS)
C=628m
EQ =59 GeV/u
Linac 3
E2U = 4.2 MeV/u
cgfﬂl
\ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 14
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Performance reach for Pb ions

N

EfW
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LHC Injectors Upgrade

Achieved
(2018, nominal)

HL-LHC target 1.9 1.5 1248

2.0 1.5 648

- Single bunch parameters at SPS extraction already match requested ones

with 5% margin
« As a result of an LIU dedicated effort in 2015-2018

- Number of bunches only achievable with momentum slip stacking in the

SPS, which relies on SPS 200 MHz RF system upgrade

- Mitigation (already demonstrated) -2 70% of HL-LHC luminosity target is in

reach without slip stacking by using 3 bunches with 75 ns spacing from PS

23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 15
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LHC Injectors Upgrade

LIU timeline on CERN accelerator schedule

2009 2010 2011 2012 2013 2014

Q1Q2:Q3{Q4|Q1,Q2:Q31Q4|Q11Q2:Q3iQ4|Q1:Q2:Q3.Q4|Q1:Q2:Q3.Q4|Q1:Q2:Q3.Q4

LHC
Injectors

| START |
e “_ 2010: The start

Launch of the LHC Injectors Upgrade project
Definition of goals
Initial planning and costing

@ Proton Runs Technical Stops Long Shutdowns
Q 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 16



LIU timeline on CERN accelerator schedule

U

LHC Injectors Upgrade

2009 2010 2011 2012 2013 2014
Q1iQ2IAQ31Q4\Q1,Q2:Q3,Q4|Q11Q21AQ31Q4)Q1:Q2:Q3:Q4|Q1:Q2:Q3.04|Q1:.Q2:Q3.Q4
LHC |
Injectors
B Run 1 .
2015 2016 2017 2018 Run 1+ LS1 + Run 2 (2010 — 2018)
Q1Q2/Q3104)Q11Q21Q3/Q4|Q11Q21Q31Q4|Q11Q2:Q31Q4 Preparing, defining, testing, executing

LHC

Run 2

pd
~

Proton Runs

Technical Stops

23/05/2019

v

Injectors —

Long Shutdowns

IPAC, Melbourne, 19-24 May 2019

Beam studies and development of simulation
models to improve understanding of performance

limitations and refine the LIU baseline items
Equipment specification, design, prototyping,
procurement, advanced installation and testing
Construction of new buildings (e.g. new PSB
power supply) and improvement of services;
Linac4 commissioning and quality/reliability runs

Malika Meddahi 17



LHC
Injectors

LHC
Injectors

LIU timeline on CERN accelerator schedule

2009

2010

2011

2012

2013

2014

Q2:1Q3

Q4

Q1

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Run 1

LS1

N

N

v

2015

2016

2017

2018

2019

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Q1

Q2:Q3

Q4

Q1

Run 2

today

LS2

7

Mainly LIU work _

Proton Runs
&)

Technical Stops

23/05/2019

pd
7N

Ll

Long Shutdowns

IPAC, Melbourne, 19-24 May 2019

U

LS2 (2019 — 2020)
Peak of LIU execution phase

End of LIU equipment production

LIU equipment installation
across all injectors
Preparation of commissioning
phases

Beam Commissioning

Malika Meddahi 18
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LIU timeline on CERN accelerator schedule U

LHC Injectors Upgrade

2009 2010 2011 2012 2013 2014
Q11Q2i{Q3.Q4Q11Q2:0Q31Q4|Q11Q2/Q31Q41Q1:Q2Q3.0Q4|Q1:Q21Q3.Q4|Q1:Q2Q3:Q4
LHC
. B LS1
Injectors .
_ Run 1 P -
2015 2016 2017 2018 2019 2020 2021 Run 3 (2020 — 2024)
Q1:02Q3.Q4|Q1:Q21Q3.Q4)Q1
LHC today  Recommissioning of
Injectors LS2 7R | ~ upgraded injectors

Mainly LIU work e

2022 2023 2024 2025 2026 2027 2028
Q1Q2i{Q30Q4|Q1i1Q2:Q3i1Q4|Q1:021Q3/Q4|Q1:Q210Q3:0Q4|Q11Q2:Q31Q4|Q1:Q21Q3:Q4|Q1iQ2:Q31Q4

pd
7N

— Beam commissioning

to LIU specifications

LHC throughout Run 3
Injectors
Run 3 < R >
@ Proton Runs Technical Stops Long Shutdowns Beam Commissioning
) 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 19



2010 lj

Run 1+ LS1 + Run 2 (2010 — 2018)
Preparing, defining, testing, executing

LHC Injectors Upgrade

« Studies, advanced installation and testing, new buildings
« Linac4 commissioning and quality/reliability runs

LS2 (2019 — 2020)
Peak of LIU execution phase

2018
» End of LIU equipment production

2020 * LIU equipment installation across all injectors
* Preparation of commissioning phases

2024 Run 3 (2020 — 2024)

« Recommissioning of upgraded injectors

— Beam commissioning to LIU
specifications throughout Run 3

@) 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 20
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LHC Injectors Upgrade

2010

Run 1+ LS1 + Run 2 (2010 — 2018)
Preparing, defining, testing, executing

Q

Cla
(04
60/7 /@ l/e
Ne
Nts

« Studies, advanced installation and testing, new buildings
« Linac4 commissioning and quality/reliability runs

2018

2020

2024

@) 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 21
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LHC Injectors Upgrade

Achievements (1): PS intensity reach

- Broadband cavity to act as kicker for longitudinal feedback system in PS
was studied during Run 1 and installed during LS1 (2013-14) "z and

8o M
=
% 3.0 1e11
e | _LWWtarget _________
825 bu h av
g .ng of couplee Z. 1k
= o
é 20 CommISSIgn(;avity and opera
2 dban
'E 15 pbroa
Q
£ |
n 1.0
o
E 0.5
(&]
@©
£ 0.0
Ll 2015 2016 2017 2018
Year
23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 22
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Achievements (1): PS intensity reach

ﬂ

R

U

LHC Injectors Upgrade

- Broadband cavity to act as kicker for longitudinal feedback system in PS was

studied during Run 1 and installed during LS1 (2013-14)

- Thanks to operational deployment + further RF improvements, LIU target

intensity at PS extraction has been already achieved with margin
« Disclaimer: LIU brightness only available after LS2 with Linac4 and 2 GeV PSB upgrade

- Lesson learnt - Full exploitation of new hardware, i.e. up to delivery of the

benefits anticipated on paper, requires time and extensive machine studies

23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 23
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LHC Injectors Upgrade

Achievements (2): SPS RF system upgrade

- Design of Solid State Power Amplifiers (SSPA) for
upgrade of SPS 200 MHz RF system was an important
challenge and required development + several iterations
with producer

- Upgraded version of the SSPA in 80 module tower
successfully passed the required tests in mid 2018

- Module series production currently in progress
« Now emphasis on quality assurance and control

- Firmly on track for baseline installation of the new
power plant based on SSPA during LS2

cgﬁw
\\_/ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 24



Achievements (3): Electron cloud in SPS

- Electron cloud mitigation in SPS will mainly rely on

« Beam induced scrubbing

U

LHC Injectors Upgrade

- Industrialisation of in-situ a-C coating of magnet chambers developed and
demonstrated for potential application after LS2

w
(=)
L

iy
o

Emittance blowup [%]

101

lell

w
o
1

N
o
1

== Horizontal
s Vertical

mes |njected intensity

F3.5

T
N
[3.]

0.5

19:00 21:00 24:00 2:00 5:00 7:00 10:00 12:00

Time [hh:mm]

23/05/2019

w
=)

N
=)

-
wn
Injected intensity per bunch [p]

=
=)

0.0

IPAC, Melbourne, 19-24 May 2019

et

In-situ
hollow cathode

: Electron multipacting
threshold

Malika Meddabhi 25



Achievements (4): Wideband Feedback System U

LHC Injectors Upgrade

- Prototype of vertical (V) WBFS deployed at SPS — acknowledgement of US
LARP collaboration

« Using stripline pick-ups + two stripline kickers and a slotline kicker, bandwidth up to
1 GHz, power > 1 kW

- Damping of Transverse Mode Coupling Instability (TMCI) with single bunch

demonstrated in machine experiments in 2017-18

105
< 100
95
90
85
80
75

Transmission [

CE/RW
\ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 26
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Achievements (5): Linac3 + LEIR Performance . .2....
- Intensive study program combined
with hardware upgrades during 1e10 LEIR cycle leg
Run 2 led to an impressive ' ’: ’ 5 ’
performance boost

« Higher current after removal of aperture
bottleneck in Linac3 source

« Optimised injection into LEIR thanks to
the new BPMs in injection line

« Automatised monitoring of injection
efficiency into LEIR and correction

- Mitigation of space charge and IBS at % 500 1000 1500 2000 2500
RF capture through working point Cycle time [ms]
optimization, bunch flattening and
resonance compensation

=
=

=
%)

i
o

LEIR intensity [charges]
o

LEIR intensity [Pb54+ ions/bunch]

CE/RW
\ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 27



2010 lJJ

LHC Injectors Upgrade

« Start of LIU project

LS2 (2019 — 2020)
Peak of LIU execution phase
2018
» End of LIU equipment production
* LIU equipment installation across all injectors
* Preparation of commissioning phases

2020

2024

@) 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 28
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nstallation readiness for LIU equipment

Tests of equipment _ . * Installati di
without beam Most of the equipment will be ready at the start of LS2 nstallation readiness
2018 2019 2020
ocT N@V DEC IAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC IAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC JAN FEB MAR

4041 42 4T 44 45 4L 47 4% 49 50 B
1

= R B D B L - B e e B L L ey . I T PRI

[ . .
Installation readiness

=] =]
o § E lons: Start of Linac3 Source Te documents
] =
Li § Linac3 Shutdown §
nac 3 Modification on LBS line - PS Switch YarS E LR o R
3 - : ‘ 5 3 months LIU-PM-SCD-0004
2 | LEIR Shutdown = EARLIEST DATE ESTIMATION
o g < LIU-PM-SCD-0005
Linac2 M| >  Linacd Beam Tests I;:n:n.::::.g Linac4 Bﬂ:iam commissioning LI U 'P M 'S C D -0 0 0 6
Linaca T to LBE line (L4 main (LBE dump)
=T Voot |3 MoNs LIU-PM-SCD-0008
i 1
PSB commissioning
2.5 months
pS PS Switch Yard CLOSED
TT2 "
HE
i
| Beam
5PS ift sPs 5PS Hardware tests commission
2 months ing
| B weeks
!
LHC

LHC Cool-dowmn whole machine LHC Hardware Comm| ing + Machine chek
arm-Up utd +Tests out
LHC3, 7,1T C 4 months + 2\weeks of xmas break 2018-2019 ol 12 weeks 16 weeks

| . i |
| ] 1 ! ! i
Rt - - BRI R R E R R e E R R e - B DR e L e T Tt - - DR
OCT | 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
|stop codiing in Linac2 | [5top cooling in 5P5 @ start of work in the high radiological risk areas |close psB |close Ps switch Yard  |close Ps | |close SPS LHCPROBE beam | LHCPROBE beam

defined by HSE-RP

|S(up cooling in Linac3, LEIR |(Jose LHC Beam |

|5top coaling in PSB, PS (except b.359) Close Linac3, LEIR ready for PSB
<>end of beam LHC

. 223Ei.jigaﬁni‘?ﬁ;i;Zii’r'fﬁéi'i'ii’éé”ea'"’°F”*°"‘W“E‘ A Master schedule of LS2

H end of beam Linac3, LEIR, PS, SPS, North Area

ready for PS ready for SPS

23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 29



LIU installation during LS2 UJ

LHC Injectors Upgrade

- LS2 schedule

« LIU project globally on time

« LS2 linear views for schedules of all machines correctly include resources and highlight
coactivity in some areas (within LIU project and with other projects)

Linacd Linac2
Transfer tunnel | Platform Building 363 before LT-BHZ20  from LT.BHZ20
ina LT/LTB LBE
Linac4 Reliability Run m
i e 1

2018
2018

Tahleai

EEREE L]

weeBREEESS

EEERERcwuowsuN~

Example:
Linear view of

JuL JUN  MAY APR MAR FEB  JAN DEC  NOV

YRERERNBEESS
2019

the Linac4 to
PBS connection

2019

BEwE

REER

OPEN DAYS

Low-Energy Beam Tests

Beam Test

DEC NOV ocT SEP AUG JuL JUN MAY APR  MAR FEB JAN DEC NOV

e N e N e B PR R BN B RN RREENEEvmvows

LR E-E R -
DEC NOV  OcT SEP AUG

s

@\ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 30



LIU installation during LS2 UJ

LHC Injectors Upgrade

- LS2 schedule

« LIU project globally on time

« LS2 linear views for schedules of all machines correctly include resources and highlight
coactivity in some areas (within LIU project and with other projects)

« Daily follow up of the work on-site and weekly meeting to keep the schedules up-to-date
« Monitoring reports edited with dashboards

SPS Vacuum Sectors Dashboard
Sectors Closed

= Bmeline =& Current situation == Forecast

https://lhcdashboard.web.cern.ch/lhcdashboard/Is2/

Example: Closure and
pumping of the SPS
vacuum sectors

@) 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 31



LHC Injectors Upgrade

Work progress: PSB injection region UJ

e ) K } ] 7 ot »
N Al 4 ; A 5
: q / i 7
Y- A . » J <
. - | st o
. % y r A
3 i 3 Gy %
A & 4 4l
i
i %
Y

Injection system mock-u B Reemd e —
- Installation inithe RSBIWT NGe B | == b o “ N

2

Tunnel for new injection
system

L 4

IPAC, Melbourne, 19-24 May 2019 Malika Meddahi
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LHC Injectors Upgrade

Time lapse

Emptying part of PSB injection
area, before installing the new
H- charge exchange injection
system

CE/RW
\ 23/05/2019

33
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LHC Injectors Upgrade

Work progress SPS new beam dump

Mock-up of SPS Beam Dump shielding assembly

Sketch of the new
SPS Beam vo_ S

CERN £
\ 23/05/2019 Malika Meddahi



2010

« Start of LIU project

A4 e
Run 3 (2020 — 2024) Yo, %
()

« Recommissioning of upgraded injectors

— Beam commissioning to LIU
specifications throughout Run 3

23/05/2019 IPAC, Melbourne, 19-24 May 2019

LHC Injectors Upgrade

Malika Meddahi
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LHC Injectors Upgrade

Recommissioning preparation: hardware and beam

o Individual System
Tests during shutdown

"
p e rI Od ocT NOV DEC JAN FEB MAR APR MAY JUNE Jury AUG SEPT ocT NOV DEC JAN FEB MAR APR MAY JUNE Juy AUG SEPT ocT NOV DEC JAN FEB MAR

O L - B e D eI A e I - - s
| '

 Critical transitional
phase to be planned in
detail o

LEIR

Ions: Start of Linac3 Source Tests

Shutdown

Xmas break 2018-2019
Xmas break 2019-2020

o Hardware

" " " Linac2 " ; Unecspeam Tess e s L:“"“’:_i""“_"": :{E:“:u':.f:,’" ,
commissioning/cold S S |

Lo - W PSB Beam
0 commissioning
Tl 2.5 manths

check out
« Check lists being

prepared including new = i ]
LIU equipment -
o Stand-alone beam S . |l Ry

arm-Up +Tests out
commissioning

sM18 Stop for i | ; ; |
: :

1

N . .
° B eam commissionin g OCT | Nov | DEC AN | FEB  MAR | APR | MAY | IUNE JULY | AUG | SERT | OCT | NOV | DEC | UAN  FEB | MAR | APR | MAY  JUNE  JULY = AUG  SEPT | OCT  NOV | DEC AN | FEB  MAR
. |step commg intinacz | |Stop cooling in SPS @ start of work in the high radiological risk areas Close PSB |close pS Switch Yard  |Close PS | |close 5PS LHCPROBE beam |LHCPROBE beam
Ste S Outl I ned and ! |stop eooling in Linac3, LER defined by HSE-RP |closeLHC ~ |Beam | ready for PS ready for SPS
p ‘Smp cooling in PSB, PS (except b.359) Close Linac3, LEIR ready for PSB

<>end of beam LHC

added to CheCk Iists <>endufheam Linac2, PSB, ISOLDE, East Area, nTOF, AD, AWAKE, HiRadMat

L & ent of beam Linac3, 1E, P, 595, North Area
- Cross-machine
dependencies included

23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 36
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Beyond LIU: LIU beam ramp up

LIU beam commissioning plan: a gradual intensity ramp up all through Run 3

2020-21 2022
\ * Commissioning of all pre-LS2 proton beams \ Commissioning of 1.8 101 p/b
with Linac4 and newly installed LIU equipment with the desired brightness

 Commissioning of HL-LHC Pb ion beams and loss budgets out of SPS

2023 2024
\ Commissioning of 2.1 10! p/b up to SPS Commissioning of 2.3 10! p/b up to SPS
extraction and tests of higher intensity extraction with the desired brightness
at least up to the SPS injection and loss budgets

@\ 23/05/2019 IPAC, Melbourne, 19-24 May 2019 Malika Meddahi 37



U

CO n CI u S i O n LHC Injectors Upgrade

- LIU project baseline fulfils the HL-LHC target parameters

« Phase of hardware definition, design and production drawing to a close — installation,
testing and commissioning already done for a few devices

« Important milestones achieved both in beam parameters and technology development

- LIU currently in the middle of its peak execution phase
« CERN accelerator complex shut down for less than ~2 years to mainly implement LIU

upgrades
« Work is on track to complete installations and restart injectors in cascade as from mid 2020

« Active preparation of the commissioning phases

- LIU hardware and beam commissioning execution will then start in less than a
year

cﬂ
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U

LHC Injectors Upgrade

- We will be sailing in uncharted waters for some time

- But hopefully the fog will gradually
clear up!

- Looking forward to the challenges
of beam commissioning and to
turning all our model projections
into real beam!

ThHanKks £or your attention
and stay tuned’
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