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Organization

https://espace.cern.ch/liu-project

> Two projects have been created at the end of 2010 for studying and
implementing the High Luminosity Upgrade of the LHC:

— “HL-LHC” for the LHC itself

“This new study combines all work related to the provision of a peak luminosity of five times the design
luminosity of the LHC (i.e. 5x103* cm2s-') and with an enhanced luminosity lifetime by “luminosity leveling””.

= “LHC Injectors Upgrade” (LIU) for the injector complex

“The LHC Injectors Upgrade should plan for delivering reliably to the LHC the beams required for reaching the
goals of the HL-LHC. This includes LINAC4, the PS booster, the PS, the SPS, as well as the heavy ion chain.”
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Project Tools

https://espace.cern.ch/liu-project

R.G.
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Goals § Means

https://espace.cern.ch/liu-project

To increase performance

Brighthess 7

Increase injection energy in the PSB from 50 to 160 MeV, Linac4 (160 MeV
H-) to replace Linac2 (50 MeV H*)

Increase injection energy in the PS from 1.4 to 2 GeV, increasing the field
in the PSB magnets, replacing power supply and changing transfer

equipment

Upgrade the PSB , PS and SPS to make them capable to accelerate and
manipulate a higher brightness beam (feedbacks, cures against electron
clouds, hardware modifications to reduce impedance...)

To increase reliability and lifetime (until ~2030!)

U

U

U

R.G.

(tightly interleaved with consolidation)

Upgrade/replace ageing equipment (power supplies, magnets, RF...)
Procure spares
Improve radioprotection measures (shielding, ventilation...)
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Linac4

https://espace.cern.ch/liu-project
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Linac systems

Source and LEBT construction, test
Cravings, material procurerrent

RFQ constuction and commissioning
Accelerating structures construction
Kystron prototype production

Klystrons prod udtion

Trander line construction and installation
IMagnets construction

Pover converters congudion

| Building and infrastructure

Building design and construction
Infrastructure installation

| Ps Booster systems

PSB injedtion elements consruction
Installation and commissioning

Test stand operation

Cavities testing, conditioning

Cabling, weveguides installation

Accelerator installation

Kystrons, modulatorsinstal ation

Hardvare teds

Front-end conmissoning

DOTL1 commissioning
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End CE works:

Infrastructure:
Installation:

Commissioning:

Modifications
PSB commis
Operation:

Milestones

December 2010

2011

2011-2012

2013 till Q1-2014
PSB: Q1-2014
sioning: Q2-2014 ?
Q3-2014 ?

TENTATIVE SCHEDULE - CONNECTION LINAC4 DURING LONG SHUT-DOWN 2013/2014 - version 10.2.11

2013

2014

COMMENTS

123 456 7 89101112 1 2 3 4 5 6 7 8 91011 12

Linac4 commissioning/

decision
point

Transfer line commissioning

PSB modifications

PSB commissioning

PS/SPS commissioning

L4 commissioning

standard duration
standard duration
standard duration
decision point: sta

LHC shut-down ca

as in old schedule -1 month

rt PSB modifications only of Linac4 ready

n be shortened if LHC can restart with ions
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PSB Upgrade

https://espace.cern.ch/liu-project

K. Hanke

Task Force

R.G.

Geneva 23

Switzerland

The

PSB Upgrade
Working Group

PSB Upgrade Working Group Document No.
[ 1082646-0003 ]
CERN Div./Group or Supplier/Contractor Docurnent No.
[ BE-OP j
EDMS Document No.
[ 1082646 v.3 J

DATE: 2010-09-23

PS BOOSTER ENERGY UPGRADE
FEASIBILITY STUDY
FIRST REPORT

This document summarises a survey of the CERN PS Booster systems with regard to a
possible energy upgrade to 2 GeV. Technical solutions are proposed along with a pre-
liminary estimate of the required resources and the time lines.

Feasibility Study

~
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RCS option

https://espace.cern.ch/liu-project

C. Carli Tentative RCS parameters

Energy range 160 MeV to 2 GeV
Circumference (200/7) tm = 89.76 m

Repetition rate ~10 Hz
RF voltage 60 kV

Harmonics

Frequency range

Beam parameter

R.G. 10 24/03/2011



S. Gilardoni

PS Upgrades

https://espace.cern.ch/liu-project

Injection, magnets,
power converters...

Injection elements

Injection septum
Injection bumpers
Eventual extra kicker

Low energy correctors

100 horizontal correctors
30 vertical correctors

Low energy skew quadrupoles

45 magnets

Low energy quadrupoles

40 magnets

Transverse damper

Power part of existing system

e-cloud attenuation system

Chamber coating or electrode
Installation

Instrumentation

BWS, BCT, Orbit system,
profile monitors.

Improved shielding on top
of route Goward and on top
of SMH16

Shielding elements

R.G.

RF

(1]

New coupled-bunch FB

2012

Dedicated kicker cavity

2015-2020

[1] 1-turn delay FB 2011
1 Renovate FB amplifiers 2011-2015 (?)
Slow phase loops around each cavity 2013-2014

N

New power amplifier (1 tube/gap)

2014-2018 (?)

1 1-turn delay FB 2012
2 Slow phase loops around each cavity 2012
dowwz
[1] Automatic tuning system 2011
1 1-turn delay FB 2012
2 New feedback amplifier in grooves 2014
2 Slow phase loops around each cavity 2012
3 Study more voltage per cavity 2013
3 New power supplies 2014-
sowwz
1 1-turn delay FB 2012
1 Automatic tuning system - PLC, prot./ions switching |2011-2012
2 Slow phase loops around each cavity 2012
2 New feedback amplifier in grooves 2014
2 Fast ferrite tuner 2016
3 Study more voltage per cavity 2013
3 New power supplies 2014-
3 Extra 80 MHz cavity ???

11

24/03/2011



SPS Upgrades

https://espace.cern.ch/liu-project

B. Goddard

Baseline for LIU-SPS

* RF 200 MHz upgrade: completed for 2018

+ ecloud mitigation: aC coating, 1 sextant LS1, completed for 2018
* New high bandwidth damper: completed for 2016

« Existing damper power upgrade: completed for 2014

« Beam instrumentation upgrade : completed for 2014

« Scraper upgrade: completed for 2014

« Extraction and TL protection upgrade: completed for 2015

+ MKE impedance reduction: completed for 2012

« MKDV/H impedance reduction (transitions): completed for 2014

+ Beam dump design study: completed by end 2013
*+ New MKE design study: completed by end 2013

R.G. 12 24/03/2011
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Preliminary comments

https://espace.cern.ch/liu-project

R.G.

Beam parameters are given at injection in LHC: beam loss and blow-up in LHC
are not counted.

All proposed improvements are implemented in the injectors

Based on observations in 2010, the following estimates are made in the
accelerator chain:

— PS:5% beam loss, 5 % transverse blow-up

— SPS: 10 % beam loss, 5 % transverse blow-up.

RF gymnastics being kept, imperfections are unchanged: +-10 % in all bunch
parameters within a given PS bunch train. Traces of ghost bunches.

14 24/03/2011



Beam parameters at LHC injection [25 ns]

https://espace.cern.ch/liu-project
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Beam parameters at LHC injection [50 ns]

https://espace.cern.ch/liu-project
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(Draft) Planning

https://espace.cern.ch/liu-project

Linac4

PS injector, PS and
SPS

Beam characteristics at

2011 - 2012

2013 - Q2/2014
(Long Shutdown 1)

Q3/2014 - 2016

2017 - Qx/2018
(Long Shutdown 2)

Qy/2018 -2020

R.G.

Continuation of construction...

* Linac4 beam commissioning
* Connection to PSB ?

* Progressive increase of Linac4
beam current

* Progressive increase of PSB
beam brightness ?

* Beam stu
t

* Investiga

. HardwareW[

* Design § construction of some
equipment
* TDR

* PSB modification (H" injection) ?
* PSB beam commissioning ?

* Modifications and installation of
prototypes in PS and SPS

* Beam studies
* Equipment design § construction

* Installation in PS and SPS
* Beam commissioning

18

LHC injection

25ns, 1.15 10*p/b, 3.5 mm.mrad
50 ns, 1.7 10'1p/b, <3.5 mm.mrad
75ns, 1.2 10! p/b, <2 mm.mrad

PS
l[imitation

* Improved beam from PSB ?

* Some improvement of PS beam

* Little gain for the SPS (pending SPS
hardware upgrades)

After ~1 year:
All beam characteristics expected for
the HL-LHC...

24/03/2011
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Summary

https://espace.cern.ch/liu-project

R.G.

Experience with beam in the LHC and its injectors during 2011-2012 will
help refine the needs of HL-LHC and the required upgrades.

Well-identified improvements shall be implemented as soon as possible
to allow studying the other limitations (e.g. RF upgrade in the SPS).

Decision about connection of Linac4 to the PSB during the first long
shutdown will be taken in the Summer as part of the plan for LS1.

The feasibility study of an RCS replacing the PSB will conclude in the
Summer 2011. Decision in September.

20 24/03/2011
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