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Introduction
• The SPS is a multi-user machine 

‣ Large Hadron Collider 

‣ North Area (NA) Fixed Target (FT) 
experiments  

‣ HiRadMat => Experimental facility for 
high radiation material testing 

‣ AWAKE => plasma acceleration 
experiment 

• Many different beam characteristics 
to deal with  

• Different optics (Q20, Q26LHC, 
Q26FT, Q22, …for now…)
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Introduction
• The SPS is composed by 1317 room temperature electromagnets 

• 744 main dipoles (each 6.2 m long) and 216 laminated 
quadrupoles 

• During its history, it has accelerated a variety of particles, i.e. 
sulphur and oxygen nuclei, Xenon, Lead, electrons, positrons, 
protons and antiprotons. 

• The SPS has a circumference of 6911 m 

• The SPS started to operate in 1976 

• In 1983 the SPS reached the most famous result of its operation 
with the Nobel-prize winning discovery of the W and Z bosons 
when working as proton-antiproton collider
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Introduction
• The SPS is based on a periodic FODO lattice with a super-symmetry of six 

• Each period is formed by an arc of sixteen FODO cells with a central long straight section (LSS) of two 
cells 

• Insertion elements are installed in each LSS 

‣ The injection, the scraper and the dump systems are installed in LSS1 

‣ The LSS2 is dedicated to the slow extraction channel towards the NA 

‣ the LSS3 to the RF system (Fig. 3.2) 

‣ The LSS4 and 6 host the fast extraction systems (Fig. 3.2) used to deliver beam to the LHC, AWAKE and to the 
HiRadMat area 

‣ LSS5 instead, the UA9 experiment and other instrumentation are grouped (the dump system will be moved here 
during LS2)
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Introduction
• Three different optics are usually used during normal 

operations:  

‣ Q20, Q26 and SFTPRO optics  

‣ The first is the one used to deliver beams to the LHC.  

‣ Together with the Q26 (previous optics for LHC beams), are the 
optics used for high intensity bunched beams (LHC type). The 
SFTPRO optics is used for slow extraction towards the NA for 
fixed target physics.
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FT Beams
• FT beam injected at 14 GeV - 2 

batches from the PS 

‣ 200 MHz structure (5 ns bunch 
spacing) with 1.1 us batch 
spacing 

• Accelerated up to 400 GeV 

• Optics: Q26 (.62/.58) 

• After ramp, RF gymnastic to 
increase momentum spread  

• Then, RF OFF => no BPMs anymore 

‣ Tune swept trough the beam 
tune spread for slow extraction  

‣ => extraction to TT20
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• FT beam injected at 14 GeV - 2 
batches from the PS 

‣ 200 MHz structure (5 ns bunch 
spacing) with 1.1 us batch 
spacing 

• Accelerated up to 400 GeV 

• Optics: Q26 (.62/.58) 

• After ramp, RF gymnastic to 
increase momentum spread  

• Then, RF OFF => no BPMs anymore 

‣ Tune swept trough the beam 
tune spread for slow extraction  

‣ => extraction to TT20
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• FT beam injected at 14 GeV - 2 
batches from the PS 

‣ 200 MHz structure (5 ns bunch 
spacing) with 1.1 us batch 
spacing 

• Accelerated up to 400 GeV 

• Optics: Q26 (.62/.58) 

• After ramp, RF gymnastic to 
increase momentum spread  

• Then, RF OFF => no BPMs anymore 

‣ Tune swept trough the beam 
tune spread for slow extraction  

‣ => extraction to TT20
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• FT beam injected at 14 GeV - 2 
batches from the PS 

‣ 200 MHz structure (5 ns bunch 
spacing) with 1.1 us batch 
spacing 

• Accelerated up to 400 GeV 

• Optics: Q26 (.62/.58) 

• After ramp, RF gymnastic to 
increase momentum spread  

• Then, RF OFF => no BPMs anymore 

‣ Tune swept trough the beam 
tune spread for slow extraction  

‣ => extraction to TT20
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LHC Beams
• LHC beam are injected at 26 

GeV and accelerated up to 
400 (AWAKE), 440 
(HiRadMat) and 450 (LHC) 
GeV 

• 25 ns bunch spacing for a 
max of 288 bunches  

‣ Batch spacing from 200 to 250 
ns 

• Optics: Q20 (.13/.18) 

• Fast extraction from LSS4 
(AWAKE and LHCB2) or LSS6 
(HiRadMat or LHCB1)
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LHC Beams
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• LHC beam are injected at 26 
GeV and accelerated up to 
400 (AWAKE), 440 
(HiRadMat) and 450 (LHC) 
GeV 

• 25 ns bunch spacing for a 
max of 288 bunches  

‣ Batch spacing from 200 to 250 
ns 

• Optics: Q20 (.13/.18) 

• Fast extraction from LSS4 
(AWAKE and LHCB2) or LSS6 
(HiRadMat or LHCB1)



Beam parameters

• Parameters achieved and foreseen for LHC beam 
in the SPS from injection to extraction 
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Beam parameters
• Parameters foreseen for present and future 

operation of FT beams
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• Minimum intensity - used the value for FT setting up (T. Bohl) 
• Maximum intensity from max achievable with RF


