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Context & Outline

Context:

Operating the LHC with an additional 200 MHz RF system has some advantages but 
also comes with a couple of disadvantages. We will look into:

• Potentially reduction electron cloud activity as one of the advantages

• Lowering of the TMCI thresholds as one of the most critical performance limitations
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Outline:

1. Clarification of the parameters

2. TMCI thresholds for 400 vs. 200 MHz

3. Impact of the transverse damper on TMCI

4. Open questions and plans



Parameters

• Some changes occurred compared to the past
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Among the largest impact originates from the 
slightly lower transition gamma compared to LHC:
• 55.68  53.86
• Increase in Qs – good (TMCI)
• Increase in bunch length – good (TMCI)
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• Some changes occurred compared to the past
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Taken from:
HL-LHC OPERATIONAL SCENARIOS
(CERN-ACC-NOTE-2015-0009)

RF parameters from E. Shaposhnikova
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2013

2016

Among the largest impact originates from the 
slightly lower transition gamma compared to LHC:
• 55.68  53.86
• Increase in Qs – good (TMCI)
• Increase in bunch length – good (TMCI)
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• From pure scaling we can assume an increase of the TMCI threshold by:

 an increase by roughly 15% (~4.5e11 ppb)

• Additional changes:
• Refined impedance model:

Allthemachine_HL-LHC_15cm_7TeV_5umMo+MoC_IP7_TCT5_B1

• Modeling of non-linear synchrotron motion to take into account 
synchrotron tune spread



400 MHz TMCI
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200 MHz TMCI
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Bunch shortening mode
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200 MHz 400 MHz



Collision scenarios

• What happens during collisions 
when bunch parameters are 
changing?

• Worst case: bunch shortens and 
voltage constant  check 
dependence on bunch length for 
extrapolation.

• Remember: stabilisation expected 
from the head-on collisions
though.
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Thresholds summarized
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• Both the effect of Qs and the bunch length are included, here.



Thresholds normalized
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• Nonlinear synchtrotron motion makes scaling and extrapolation to bunch lengths 
tricky…



Thresholds vs. Qs and bunch length
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400 MHz with damper
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200 MHz with damper
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Growth rate comparison
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Growth rate comparison – close-up
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Conclusions

• 200 MHz TMCI threshold, for current parameters at roughly 4e11 ppb

• Extrapolation to scenarios during collision (bunch shorting) still to be 
completed

• Damper still needs more detailed checks in particular in view of 
possibility of stabilsation

• Still, 200 MHz gives lots of additional flexibility (bunch profiles, 
longitudinal stability). With the previous limits becoming less critical this 
option may have considerable benefits.
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Thresholds vs. Qs and bunch length
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