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Overview

Study of the double harmonic RF system

We include a number of damping mechanisms

Chromaticity

Octupoles

Transverse damper

What are the new instability thresholds?

Study the impact of the additional impedance introduced by 
crab cavities

Can we reproduce the single bunch growth rates 
computed earlier with DELPHI?
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Parameters
HL-LHC parameters used for 
the simulations

Free parameters:

Intensity

Chromaticity

Relative phase between RF 
harmonics

Damper gain
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RF parameters
HL-LHC parameters used for 
the simulations

Free parameters:

Intensity

Chromaticity

Relative phase between RF 
harmonics

Damper gain
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TMCI and growth rates
Q': 0 → TMCI
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Parameters
HL-LHC parameters used for 
the simulations

Free parameters:

Intensity

Chromaticity

Relative phase between RF 
harmonics

Damper gain

HL-LHC parameters used for 
the simulations

Free parameters:

Intensity

Qx', Qy' = 15

Relative phase between RF 
harmonics

tau_x, tau_y = 50

Octupoles, LOF = +550 A
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G-rates with damping mechanisms
Q': 15; LOF: +550 A; Damper gain: 50 turns
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G-rates with damping mechanisms
Scan range increased: 7e11 ppb → 20e11 ppb
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Fits automatised – reliability
acceptable but not perfect
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G-rates with damping mechanisms
Scan range increased: 7e11 ppb → 20e11 ppb
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G-rates with damping mechanisms
Scan range increased: 7e11 ppb → 20e11 ppb

Intensity threshold for BLM:
~ 16e11 ppb

Intensity threshold for BLM:
~ 16e11 ppb
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The impact of crab cavities – comparison 
with previous studies (DELPHI)
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DELPHI results
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Parameters
HL-LHC parameters used for 
the simulations

Free parameters:

Intensity

Chromaticity = 15

Linear single RF

Damper gain = 50
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Simulation setup
Used classical HL-LHC 
impedance wake table

Wake table with crabs was 
not (yet) available

Trivially solved in 
PyHEADTAIL by simply 
concatenating a resonator 
wake to the existing wake 
fields
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Compare PyHEADTAIL - DELPHI
Crab cavity impedance 
leads to a factor ~2 
increase in growth rates
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Compare PyHEADTAIL - DELPHI

Crab cavity impedance 
leads to a factor ~2 
increase in growth rates

Crab cavity single 
bunch growth rates 
reproduced from 
DELPHI (horizontal)
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Compare PyHEADTAIL - DELPHI

Crab cavity impedance 
leads to a factor ~2 
increase in growth rates

Crab cavity single 
bunch growth rates 
reproduced from 
DELPHI (horizontal)

HOM damping has 
marginal effect for 
single bunch

HOM damping has 
significant effect for 
multi-bunch

HOM damping of >50 
reduces growth rates to 
single bunch growth 
rates
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Conclusions

Stability thresholds with damping elements:

Q' = 15, LOF = 550 A, Damper gain = 50 turns

Single RF: 4e11

BSM: 3.5e11

BLM 16e11

PyHEADTAIL vs. DELPHI imaginary tuneshift evaluation with 
crab cavities

Excellent agreement (single bunch)

Addition of crab cavities increases the single bunch instability growth 
rates by roughly a factor 2
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