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LIU Project Definition 

Mandate (December 2010) 

“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.” 

Web site: https://espace.cern.ch/liu-project/default.aspx 
Meetings/workshops etc.: http://indico.cern.ch/categoryDisplay.py?categId=3208 
EDMS: https://edms.cern.ch/nav/P:LIU-000363:V0/P:LIU-000363:V0 

https://espace.cern.ch/liu-project/default.aspx
https://espace.cern.ch/liu-project/default.aspx
https://espace.cern.ch/liu-project/default.aspx
https://espace.cern.ch/liu-project/default.aspx
http://indico.cern.ch/categoryDisplay.py?categId=3208
http://indico.cern.ch/categoryDisplay.py?categId=3208
https://edms.cern.ch/nav/P:LIU-000363:V0/P:LIU-000363:V0
https://edms.cern.ch/nav/P:LIU-000363:V0/P:LIU-000363:V0
https://edms.cern.ch/nav/P:LIU-000363:V0/P:LIU-000363:V0
https://edms.cern.ch/nav/P:LIU-000363:V0/P:LIU-000363:V0
https://edms.cern.ch/nav/P:LIU-000363:V0/P:LIU-000363:V0
https://edms.cern.ch/nav/P:LIU-000363:V0/P:LIU-000363:V0
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Importance of the Injectors… 

• Luminosity in LHC depends directly upon the characteristics of the injected beam: 

 

 

 

 

 

 

 

• More precisely , the critical parameters for the injectors are: 

 

 

 

 

• Beam transverse brightness (Nb/en) is an especially important quantity which governs 

space charge effects at low energy in the injectors 
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To increase performance  
 

Brightness  
  

 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 ~2035!) 
  (tightly linked with consolidation) 

 

  

 Upgrade/replace ageing equipment (power supplies, magnets, RF…) 
 

 Improve radioprotection measures (shielding, ventilation…) 

Goals § Means 
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INJECTOR COMPLEX 
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Ion species    H− 

Output Energy   160 MeV 
Bunch Frequency   352.2 MHz 
Max. Rep. Frequency  2  Hz 
Max. Beam Pulse Length 0.4 ms 
Max. Beam Duty Cycle 0.08  % 
Chopper Beam-on Factor 65  % 
Chopping scheme:      222 transmitted /133 empty buckets 
Source current   80  mA 
RFQ output current  70 mA 
Linac pulse current  40 mA 
Transverse emittance  0.4  mm mrad 
 
Max. repetition frequency for accelerating structures  50 Hz  

Linac4 

Surface building 

LEP 1.3MW klystron 

Equipment hall 

New 2.8MW klystron 
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Linac4 architecture 

160 MeV 

100 MeV               

 

50 MeV 

 Linac4 is a normal-conducting H- linear accelerator with an energy of 160 MeV, made of: 

1. Pre-injector (source, magnetic LEBT, 3 MeV RFQ, chopper line) 

2. Three types of accelerating structures, all at 352 MHz. 

3. A 70 m transfer line towards the PS Booster (plus a dump line at linac end). 

Transfer line to PSB 

 
Energy 

[MeV] 

Length 

[m] 

RF 

power 
[MW] 

Focusing 

RFQ 0.045 – 3 3 0.6 RF focusing 

DTL 3 – 50 19 5 112 perm. quads 

CCDTL 50 – 102 25 7 21 EM quads 

PIMS 102 – 160 22 6 12 EM quads 
 

Linac length ~ 80 m 3 MeV 
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Linac4: Achievements in 2012 

• RFQ completed and installed in the 3 MeV test stand – RF coupler fabrication 
started, RF high-power tests January 2013. 

• New H- source being tested. Plasma production optimized, problems with HV 
extraction (bad ceramics insulator received from industry, being 
cleaned/repaired – reassembly in progress) 

• Prototypes 2.8 MW klystron successfully tested, first unit delivered to CERN by 
CPI, Thales unit to be delivered before end of year. 

• 1st DTL tank section (half Tank1) completed, alignment checked. Components 
for other tanks in production. 

• 1st batch of 2 CCDTL modules from BINP Novosibirsk received: remaining 5 to be 
delivered beginning 2013. 

• Production of PIMS modules started in Poland. 

• Final large orders (magnets) placed, production so far on schedule.  
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Linac4: Tunnel 

- Waveguide network completely installed 
- Cabling and piping completed 
- Ion source Faraday cage and support installed 
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Linac4 hardware construction (1) 

DTL RFQ 

CCDTL source 
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• cavity #1, length 1.4 m, weight ~700 kg 

•  ZT2: 26.5 MΩ/m (95% of HFSS calculation) 

•  cell to cell coupling k:  5.6% to 4.8% 

•  ES,max =  1.8 Kilpatrick  (33.2 MV/m @ 352MHz) 

PIMS prototype 

RF coupler design short circuit 
(matching) 

short circuit 
(matching) 

RF window 

Linac4 hardware construction (2): PIMS… 
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PSB upgrade 
Management (M resources) PBU-PRJ LIU-PSB 67020 BE-OP LIU-PSB 1 38 77 77 77 77 77 77 38 0 538

Integration studies (added to first budget version) PBU-PRJ LIU-PSB 89122 EN-MEF LIU-PSB 1.5 18 18 8 44

Beam Dynamics PBU-PRJ LIU-PSB 61020 BE-ABP LIU-PSB 2 3 7 7 7 7 7 7 0 48

Magnets PBU-PRJ LIU-PSB 99281 TE-MSC LIU-PSB 3 134 435 463 698 292 134 97 2,253

RF-HL (from CONS) PBU-PRJ LIU-PSB 69234 BE-RF LIU-PSB 4.1 270 149 562 46 203 5,332 4,443 841 4 11,850

RF-LL (from CONS) PBU-PRJ LIU-PSB 69020 BE-RF LIU-PSB 4.2 & 4.4 1 315 447 29 0 80 80 34 0 986

RF-TFB (from CONS 69710) PBU-PRJ LIU-PSB 69021 BE-RF LIU-PSB 4.3 69 279 175 116 17 657

Power Converters (Injection) PBU-PRJ LIU-PSB
68734-41-42-43-44 

Grand Total
TE-EPC LIU-PSB 5.1 222 377 423 233 97 0 0 136 0

1,489

Power Converters (PSB) (5 MCHF coming from CONS) PBU-PRJ LIU-PSB
99237-38-39-40 

Grand Total
TE-EPC LIU-PSB 5.2 0 418 1,615 1,328 5,565 6,266 2,480 958 0 18,631

Beam Instrumentation PBU-PRJ LIU-PSB 64020 BE-BI LIU-PSB 6 85 612 1,252 12 1,961

head and tail dump and the H0/H- dump PBU-PRJ LIU-PSB 63125 EN-STI LIU-PSB 7 19 214 233

L4 on LBE/LBS and shielding PBU-PRJ LIU-PSB Existing 55152 EN-STI LIU-PSB 7 0

Vacuum System PBU-PRJ LIU-PSB 99271 TE-VSC LIU-PSB 8 2 580 579 579 0 1,739

Injection
PBU-PRJ LIU-PSB

65730 to 65740 

Grand Total
TE-ABT LIU-PSB 9 1,365 2,168 2,860 1,141 362 0 0 0 0 7,896

Extraction, Transfer PBU-PRJ LIU-PSB 99236 TE-ABT LIU-PSB 10 471 1,230 630 100 47 2,477

Controls PBU-PRJ LIU-PSB 66020 BE-CO LIU-PSB 11 244 187 41 6 0 477

Electrical Systems PBU-PRJ LIU-PSB 54247 EN-EL LIU-PSB 12 1,070 243 243 24 24 24 24 0 1,653

Cooling & Ventilation PBU-PRJ LIU-PSB 53661 EN-CV LIU-PSB 13 1,500 23 68 882 2,473

Transport and Handling PBU-PRJ LIU-PSB 54360 EN-HE LIU-PSB 14 50 113 50 34 24 0 271

RP and Safety PBU-PRJ LIU-PSB DGS-RP LIU-PSB 16 0

Machine Interlocks (added to first budget version) PBU-PRJ LIU-PSB 99290 TE-MPE LIU-PSB 17 2 16 12 12 38 38 38 0 158

Survey PBU-PRJ LIU-PSB 61021 BE-ABP LIU-PSB 20 1 16 16 16 0 48

Commissioning PBU-PRJ LIU-PSB 67021 BE-OP LIU-PSB 21 32 65 18 30 0 145

2,096 6,501 9,539 7,268 7,850 12,379 8,231 2,158 4 56,027

1,756 5,758 8,354 5,909 6,370 4,180 3,708 1,284 0 37,320

160 MeV 
H- 

injection 

Doubling of density 
in transverse phase 

planes 

Increased intensity 

2 GeV upgrade 

All details are available at: https://espace.cern.ch/liu-project/liu-psb/default.aspx 

https://espace.cern.ch/liu-project/liu-psb/default.aspx
https://espace.cern.ch/liu-project/liu-psb/default.aspx
https://espace.cern.ch/liu-project/liu-psb/default.aspx
https://espace.cern.ch/liu-project/liu-psb/default.aspx
https://espace.cern.ch/liu-project/liu-psb/default.aspx
https://espace.cern.ch/liu-project/liu-psb/default.aspx
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PSB H- injection chicane concept 

`

66 mrad Chicane dipoles

380 380 380 380

316 316

148

H-

H0

p+

H-

Stripping
foil

Waste beam
dump

Main dipole
Main dipole

Septum

2654 
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PSB H- injection chicane design 
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PS upgrade 

Management (M resources) PSU-PRJ LIU-PS 61030 BE-ABP LIU-PS  1 0 109 86 78 78 78 78 78 0 584

Beam Dynamics PSU-PRJ LIU-PS 61031 BE-ABP LIU-PS  2 0 18 21 19 19 19 19 19 0 136

Magnets PSU-PRJ LIU-PS 99282 TE-MSC LIU-PS  3 0 0 0 0 653 321 0 0 0 974

RF - LL PSU-PRJ LIU-PS 69030 BE-RF LIU-PS  4 51 78 186 243 185 185 146 0 0 1,074

RF - HL PSU-PRJ LIU-PS 69031 BE-RF LIU-PS  4 0 90 1,262 876 4,923 3,697 1,460 973 0 13,281

RF - TFB (From CONS BC 69710) PSU-PRJ LIU-PS 69032 BE-RF LIU-PS  4 0 82 122 117 0 0 0 0 0 321

EPC PSU-PRJ LIU-PS 99263 TE-EPC LIU-PS  5 0 90 406 788 584 78 214 204 0 2,364

Beam instrumentation PSU-PRJ LIU-PS 64030 BE-BI LIU-PS  6 0 45 193 487 68 68 68 0 0 929

Intercepting device PSU-PRJ LIU-PS 63123 EN-STI LIU-PS  7 0 0 0 19 19 19 0 0 0 58

Vacuum system PSU-PRJ LIU-PS 99272 TE-VSC LIU-PS  8 0 118 58 292 1,362 1,411 438 0 0 3,678

Injection PSU-PRJ LIU-PS 99253 TE-ABT LIU-PS  9 0 58 189 1,099 798 501 43 0 0 2,688

Controls PSU-PRJ LIU-PS 66030 BE-CO LIU-PS  11 0 14 16 15 15 15 15 0 0 88

Electrical system PSU-PRJ LIU-PS EN-EL LIU-PS  12 0 0 73 0 0 0 0 0 0 73

Cooling and ventilation PSU-PRJ LIU-PS EN-CV LIU-PS  13 0 0 0 0 0 0 0 0 0 0

Transport PSU-PRJ LIU-PS 54363 EN-HE LIU-PS  14 0 0 49 0 0 0 0 856 0 905

Civil engineering PSU-PRJ LIU-PS 76800 GS-SE LIU-PS  15 105 244 2,840 0 0 0 0 0 0 3,189

RP PSU-PRJ LIU-PS 57393 DGS-RP LIU-PS  16 0 81 94 88 88 88 0 0 0 438

Machine Interlocks PSU-PRJ LIU-PS TE-MPE LIU-PS  17 0 0 0 0 0 0 0 0 0 0

Alarms PSU-PRJ LIU-PS LIU-PS  18 0 0 0 0 0 0 0 0 0 0

Access doors PSU-PRJ LIU-PS LIU-PS  19 0 0 0 0 0 0 0 0 0 0

Survey PSU-PRJ LIU-PS 61032 BE-ABP LIU-PS  20 0 0 0 0 0 0 0 49 0 49

OP PSU-PRJ LIU-PS 67030 BE-OP LIU-PS  21 0 208 16 0 0 0 0 0 0 224

PS Total 157 1,236 5,609 4,121 8,792 6,480 2,480 2,180 0 31,055

Increased 
transverse 
brightness 

2 GeV 
injection 

Increased 
intensity / 

bunch 

Radioprotection 

J.B. Adams – 25 Nov. 1959 – Design intensity: 3 1011 p/p  
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One four sections cavity 
(four power couplers and two terminating power loads) 

One section = 11 drift tubes 

SPS upgrade 

Management (M resources) SPU-PRJ LIU-SPS 99241 TE-ABT LIU-SPS  1 0 90 104 78 78 78 78 39 0 545

Beam dynamics studies and simulations SPU-PRJ LIU-SPS 69042 BE-RF LIU-SPS  2 0 14 16 10 10 10 10 10 0 78

MKDV/H impedance reduction SPU-PRJ LIU-SPS 99242 TE-ABT LIU-SPS  9.2 0 45 101 0 0 0 0 0 0 146

Beam instrumentation SPU-PRJ LIU-SPS 64040 BE-BI LIU-SPS  6 60 543 625 523 292 0 0 0 0 2,043

Extraction protection upgrade SPU-PRJ LIU-SPS 99243 TE-ABT LIU-SPS  9.1 0 45 101 389 389 146 0 0 0 1,070

New high bandwidth damper SPU-PRJ LIU-SPS 24 195 657 584 292 0 0 0 0 1,751

Existing damper power upgrade (power + LL) SPU-PRJ LIU-SPS 0 90 445 292 146 0 0 0 0 973

Existing damper removal to LSS3 SPU-PRJ LIU-SPS 0 0 195 292 0 0 0 0 0 487

RF 200 MHz upgrade SPU-PRJ LIU-SPS 69041 BE-RF LIU-SPS 4.2 97 679 1,608 2,724 11,822 7,249 1,605 0 0 25,785

ecloud mitigation: aC coating (in magnets) SPU-PRJ LIU-SPS 99273 TE-VSC LIU-SPS  8.2 58 362 596 491 603 1,022 1,751 584 0 5,468

New collimation system SPU-PRJ LIU-SPS 99244 TE-ABT LIU-SPS  7 0 45 247 778 2,627 2,627 1,460 1,168 0 8,952

STI SPU-PRJ LIU-SPS 63122 EN/STI LIU-SPS  7.1 0 0 0 0 0 0 0 0 0 0

New MKE and extraction channel upgrade SPU-PRJ LIU-SPS 99245 TE-ABT LIU-SPS  9.4 0 0 292 681 1,849 1,654 1,168 584 0 6,227

Beam dump upgrade SPU-PRJ LIU-SPS 99246 TE-ABT LIU-SPS  9.5 0 45 295 778 2,433 2,043 1,265 973 0 7,833

TL protection upgrade SPU-PRJ LIU-SPS 99247 TE-ABT LIU-SPS  9.3 0 90 201 1,460 1,460 1,460 973 195 0 5,838

SPS Total 240 2,244 5,481 9,081 22,000 16,288 8,309 3,551 0 67,195

69040 BE-RF LIU-SPS 4.3

Increased 
transverse 
brightness 

Increased 
intensity 

200 MHz Travelling Wave Accelerating Structures 
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Linac4 Masterplan 

Ready for 50 MeV 
protons as backup 

to Linac2 

Ready for  
connection 
to the PSB 

2012/16 Masterplan (as of June 2012) 

Reliability run during 2016, Connection of Linac4 to the PS Booster any time after 2016… 

Start high-energy 
commissioning (12 MeV) 

1 year 
reliability run 

End high-energy 
commissioning 

(160 MeV) 
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Linac4 to PSB Connection 

2012 2015 2016 2017 2013 2018 

LS1 for 
injectors 

LS2 for 
injectors 

2019 2014 

• The planning of LHC shutdowns is being revisited. 
• One important goal is to implement and commission H- injection in the PSB before 
proceeding with the other upgrades. 

=>  Linac4 must be fully ready by the end of 2016! 
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SPARE SLIDES 
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Potential beam characteristics after LS2 

with 25 ns 

Performance after LIU: 2.3 1011 p/b in 3.6 mm.mrad at SPS extraction 

to be compared with 

HL-LHC objective (450 GeV): 2.2 1011 p/b in 2.3 mm.mrad 
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Batch compression 
might also bridge 
the gap (but with 

10% less bunches)… 

Limited by space 

charge in the PS 
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Performance after LIU: 2.7 1011 p/b in 2.7 mm.mrad at SPS extraction  

to be compared with 

HL-LHC objective (450 GeV): 3.5 1011 p/b in 2.7 mm.mrad 

 

Potential beam characteristics after LS2 

with 50 ns 

Limited by longitudinal 

instabilities in the PS and SPS, 

and by brightness in SPS 


