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options for addressing possible limitations or changes in 
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§  NOMINAL (pile-up of 140 events / crossing) 
§  ULTIMATE (pile-up of 210 events / crossing) 

◆  The LHC physics programme will also provide lead collisions to 
ALICE & ATLAS & CMS (overall goal to accumulate 10 nb-1 during 
the whole LHC operating period after Run 2) 
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=> HL-LHC aims to achieve a “virtual” peak lumi much higher than 
the acceptable lumi from detectors (~ 20E34 cm-2s-1) and to control 
the instantaneous lumi by “luminosity leveling” 
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studies) 
§  Crab Cavities are active providing full compensation of the 

crossing angle in IP1&5. Reduction of the impedance of the 
Crab Cavities to the required level (and good control of the 
impedance of new equipment, in particular at large β values) 

§  All the existing circuits should operate at their nominal 
performance (e.g. non-conformities observed so far should be 
repaired by Run 4) 

THE 2 BASELINE HL-LHC OPERATIONAL SCENARIOS 
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◆  SPS extraction 
§  Q20 optics 
§  Gamma transition = 17.951 
§  10 MV in the 200 MHz RF cavities + 

1 MV in the 800 MHz RF cavities 
(in bunch shortening mode) 

In case of excessive 
emittance blow-up in 

HL-LHC  
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~ As used in 2012  
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Negative sign => Better  
for 1-beam impedance induced 

instabilities. ± 6.5 A used in 
2012 
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Maximum available current 

To keep the same tune spread 
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To limit luminosity 
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Separation preserved 
=> Better for stability 

diagram with octupoles 
(LOF < 0) and BBLR 
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To optimize the 
required octupole 

current and DA 
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ULTIMATE 
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3.5 TeV  
in 2010 and 2011 

4 TeV in 2012 

Some instabilities 
observed & cured 

Some instabilities 
observed & Not cured 

Flat-
top 

Some instabilities 
observed & cured 

Some instabilities 
observed & cured 

Some instabilities 
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Some instabilities 
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CONCLUSION (2/3) 

◆  The limit came from the end of squeeze => Particular attention 
should be paid to the  
§  Reduction of the impedance of the Crab Cavities (whose effect 

will be maximum at the end of squeeze) to the required level  
§  Good control of the impedance of new equipment, in particular 

at large β values 

◆  The negative sign of the Landau octupoles has been chosen 
§  Better for 1-beam stability 
§  OK for 2-beam stability diagram during the squeeze (with BBLR) 

due to ATS optics  
§  Better for the DA with beam-beam 

◆  A good control of the tunes and chromaticities (to be studied in 
detail during Run II) will be needed to push the performance 
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CONCLUSION (3/3) 

◆  What will be the lessons from LHC Run II? 
§  6.5 TeV 
§  25 ns 
§  e-cloud 
§  Interplay between the different mechanisms 
§  UFOs 
§  Others… 
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APPENDIX 
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Footnotes for the PLC parameters 


