Landau Damping with Space Charge in the LHC s
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e During early LHC commissioning, LHC was operated without Landau octupoles: injection was ’
stable, but an instability occurred during ramp. The reason for this was never fully ascertained.
* Two possible explanations: residual nonlinearities or space charge contribution
* Forintense beams at small transverse emittance, tune shift from SC can be larger than from
external nonlinearities

Without space charge

10

With space charge | Tune shift measurements at injection were used to estimate residual detuning:

Bl © Coefficients combined with formulae from Burov and growth rate simulations
to estimate overall stability of LHC at injection without space charge as a
function of intensity and emittance
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» Effect of space charge was incorporated following formulae of Macridin et al
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