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INTRODUCTION
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CERN accelerator complex
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Upgrade procedure
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1. Lack of reliability:

Ageing accelerators (PS is 48 years old !) operating far beyond initial 

parameters

 need for new accelerators designed for the needs of SLHC

2. Main performance limitation:

Excessive incoherent space charge

tune spreads QSC at injection in the

PSB (50 MeV) and PS (1.4 GeV) because

of the high required beam brightness N/*.

 need to increase the injection energy in the synchrotrons

• Increase injection energy in the PSB from 50 to 160 MeV kinetic

• Increase injection energy in the PSB from 25 to 50 GeV kinetic

• Design the PS successor (PS2) with an acceptable space charge effect for the 

maximum beam envisaged for SLHC: => injection energy of 4 GeV
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(LP)SPL: (Low Power) 

Superconducting Proton 

Linac (4-5 GeV)

PS2: High Energy PS

(~ 5 to 50 GeV – 0.3 Hz)

SPS+: Superconducting SPS

(50 to1000 GeV)

SLHC: “Superluminosity” LHC

(up to 1035 cm-2s-1)

DLHC: “Double energy” LHC

(1 to ~14 TeV)

Proton flux / Beam power

Present and future injectors

PS2
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Overall layout of the new injectors (1/2)
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Overall layout of the new injectors (2/2)
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Connections to ISOLDE and EURISOL
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TARGETS RADIOACTIVE

IONS LINAC

EURISOL

EXPERIMENTAL

HALLS

ISOLDE OR

EURISOL HIGH

ENERGY

EXPERIMENTAL

HALL

TRANSFER

LINES SPL to

EURISOL

TRANSFER

LINE SPL to

ISOLDE



20 May20089R. Garoby

THE NEW LINACS
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Ion species H-

Output  kinetic energy 160 MeV

Bunch frequency 352.2 MHz

Max. repetition rate 1.1 (2) Hz

Beam pulse duration 0.4 (1.2) ms

Chopping factor (beam on) 62%

Source current 80 mA

RFQ output current 70 mA

Linac current 64 mA

Average current during beam pulse 40 mA

Beam power 5.1 kW

Particles / pulse 1.0 1014

Transverse emittance (source) 0.2 mm mrad

Transverse emittance (linac) 0.4 mm mrad

Linac4 beam 

characteristics

Stage 1: Linac4 (1/2)

H- source RFQ chopper DTL CCDTL PIMS

3 MeV 50 MeV 102 MeV

352.2 MHz

160 MeV
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Milestones

 End CE works: 

December 2010

 Installation: 

2011

 Linac 

commissioning: 

2012

 Modifications 

PSB: shut-down 

2012/13 (6 months)

 Beam from PSB: 

1rst of May 2013

Stage 1: Linac4 (2/2)
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H- source RFQ chopper DTL CCDTL PIMS

3 MeV 50 MeV 102 MeV

352.2 MHz

β=0.65 β=1.0

643 MeV 4 GeV

704.4 MHz

180 MeV

Linac4 (160 MeV) SC-linac (4 GeV)

Stage 2: LP-SPL (1/2)

Kinetic energy (GeV) 4

Beam power at  4 GeV (MW) 0.16

Rep.  period (s) 0.6

Protons/pulse (x 1014) 1.5

Average pulse current (mA) 20

Pulse duration (ms) 1.2

LP-SPL beam 

characteristics

Length: 460 m
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Construction of LP-SPL and PS2 will not interfere with the regular operation of Linac4 + PSB for 

physics.

Similarly, beam commissioning of LP-SPL and PS2 will take place without interference with physics.

Stage 2: LP-SPL (2/2)

Milestones

 Project proposal: June 2011

 Project start: January 2012

 LP-SPL commissioning:  mid-2015

 PS2 commissioning: mid-2016

 SPS commissioning: May 2017

 Beam for physics: July 2017
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H- source RFQ chopper DTL CCDTL PIMS

3 MeV 50 MeV 102 MeV

352.2 MHz

β=0.65 β=1.0

643 MeV 5 GeV

704.4 MHz

180 MeV

Linac4 (160 MeV) SC-linac (5 GeV)

Stage 3: HP-SPL (1/2)

Option 1 Option 2

Energy (GeV) 2.5 or 5 2.5 and 5

Beam power (MW) 3 MW (2.5 GeV)

or

6 MW (5 GeV)

4 MW (2.5 GeV)

and

4 MW (5 GeV)

Rep.  frequency (Hz) 50 50

Protons/pulse (x 1014) 1.5 2 (2.5 GeV) + 1 (5 GeV)

Av. Pulse current (mA) 20 40

Pulse duration (ms) 1.2 0.8 (2.5 GeV) + 0.4 (5 GeV)

HP-SPL beam 

characteristics

Length: 460 m
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 The upgrade from LP-SPL to HP-SPL will depend upon the approval of 

major new physics programmes for Radioactive Ion beams (EURISOL-type 

facility) and/or for neutrinos (Neutrino factory).

 Staged hardware upgrade during shutdowns

 Earliest year of operation: 2020

Stage 3: HP-SPL (2/2)
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POTENTIAL FOR

FUTURE RIB FACILITIES

AT CERN
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ISOLDE (and REX-ISOLDE)

 Linac4 + PSB (2013):

 ~ 2x the intensity per pulse (6.4 E13 p/p)

 Cycling rate increased because of faster filling of the PS

 Possibly 0.9 s basic period?

 LP-SPL (2017)

17R. Garoby

Beam energy ~ 1.4 GeV

Pulsing rate (0.6 s B.P.) ~ 1.25 Hz

Beam current during pulse 20 mA

Pulse length 1.2 ms

Number of protons/pulse 1.5 E14 p/p

Average beam power 42 kW
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EURISOL (1/2)

 Phase 1 with LP-SPL (2017)
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Beam energy ~ 2.5 GeV

Pulsing rate (0.6 s B.P.) ~ 1.25 Hz

Beam current during pulse 20 mA

Pulse length 1.2 ms

Number of protons/pulse 1.5 E14 p/p

Average beam power 75 kW
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EURISOL (2/2)

 Phase 2a with HP-SPL for EURISOL only

 Phase 2b with HP-SPL for EURISOL + n Factory
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Beam energy ~ 2.5 GeV

Pulsing rate (20 ms B.P.) ~ 50 Hz

Beam current during pulse 20 (40) mA

Pulse length 1.2 ms

Number of protons/pulse 1.5 (3) E14 p/p

Average beam power 3 (6) MW

Beam energy ~ 2.5 GeV

Pulsing rate (20 ms B.P.) ~ 50 Hz

Beam current during pulse 40 mA

Pulse length 0.8 ms

Number of protons/pulse 2 E14 p/p

Average beam power 4 MW
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References
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“New Initiatives 2008-2011” (1/2)

 Formal request of the CERN direction to the Council in June 2007:

 3 high priority themes (the study of SPL and PS2 are parts of the 2nd

theme together with the construction of Linac4)

“ Scientific Activities of CERN and Budget Estimates for the years 2008-2011

and provisional projections until 2016” – CERN/2728/Rev.

White Paper

page 21
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“New Initiatives 2008-2011” (2/2)

White Paper

page 22

White Paper

page 24

 A lower priority theme to be financed with 10 MCHF/year in 2010 and after
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Long Term Plan [DG’s talk after Council approval (slide 46)]
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Linac4 accelerating structures

Linac4 accelerates H- ions up 

to 160 MeV energy: 

 in about 80 m length

 using 4 different accelerating 

structures, all at 352 MHz

 the Radio-Frequency power 

is produced by 19 klystrons

 focusing of the beam is 

provided by 111 Permanent 

Magnet Quadrupoles and 33 

Electromagnetic Quadrupoles

PIMS

A 70 m long transfer line 

connects to the existing 

line Linac2 - PS Booster

 RFQ DTL CCDTL PIMS  

Output energy 3 50 102 160 MeV 

Frequency 352 352 352 352 MHz 

No. of resonators 1 3 7 12  

Gradient E0 - 3.2 2.8-3.9 4.0 MV/m 

Max. field 1.95 1.6 1.7 1.8 Kilp. 

RF power 0.5 4.7 6.4 11.9 MW 

No. of klystrons 1 1+2 7 4+4  

Length 6 18.7 25.2 21.5 m 
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Linac4 civil engineering

Linac4 

tunnel

Linac4-Linac2 

transfer line

Equipment 

building

Access 

building

Low-energy 

injector

ground level
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Equipment Hall (Bld. 400)

False floor 500mm (all along equipment hall) 
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Tunnel cross-section

700mm

RF

Services Généraux

Sécurité

Final position of cable trays:
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Linac4 Building (400)


