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”Residual” longitudinal impedance after MKE shielding

(F. Caspers and T. Kroyer):

resonant peak at fr = 48 MHz with

Rsh = 0.9 kΩ/m × 8× 2.2 m ' 16 kΩ



Coupled-bunch instability of LHC beam

File: ...�2004-07-01�mr210.asc
Version MR-TI 1.04; Date: 2004-07-01; Time: 22:20:49; Correction: NONE ;
Time between traces: 21000 turns; First trigger: 0 ms;
Time interval per data point: 200.000000E-12 HsecL; Acquire mode: SAMPLE;
Filter: SINX; Trigger holdoff time: RANDOM;250.0000E-9;
Vertical scale HV�divL: 200.0000E-3; Input coupling: DC;
Input impedance: 50.0000; Vertical bandwidth: 2.5000E+9;
Scale Factor HdBL: 30;
original data scaled by: 31.62, mrw.nb v13.46; 2004-07-28 09:22:39;
reduced to relevant data: mrw.nb v13.46; 2004-07-28 09:25:40;
new number of traces: 43; new horizontal frame length: 10001;
selected turns: 0 - 882000; selected time HsL: 7.000e-7 - 2.700e-6;
selected traces: 1 - 43; trace selection threshold: overall Max ; thresholdN;

fit-Gauss.nb v04.13; 2004-07-28 09:40:07; $f19894
BNum: 72; stdInfo: SD
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T. Bohl et al.

• Threshold: single batch with 2×1010 ppb

is unstable at ∼ 280 GeV

• Source: fundamental and HOMs of

200 MHz RF system (629, 912 MHz...)

• Cures:

– the 800 MHz RF system in bunch-

shortening mode through the cycle

– controlled emittance blow-up by

(1) mismatched voltage at injection:

ε2σ = 0.35 eVs → 0.45 eVs

(2) beam excitation at 200 GeV with

band-limited noise: → 0.6 eVs



Intensity limitations

Threshold impedances for nominal intensity in the SPS
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• Controlled emittance blow-up: ε ∝
√

IA ⇒ nominal LHC intensity:

ε = 0.6 eVs at 450 GeV, ultimate: ε = 0.73 eVs.

• 200 MHz RF system: HOM at 629 MHz, Rsh ' 380 kΩ, Q ∼ 500



Dependence on resonant frequency

Threshold for coupled-bunch instability

(equally spaced bunches) due to reso-

nant impedance with frequency

fr = f0nr = pMf0 + nf0 + mfs
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I0 is the average beam current, F ∼ 0.3

Minimum threshold at fmin
r ' 0.43/τ

⇒ For fr = 48 MHz and τ = (2 − 4) ns

factor 2-3 better

Function

xG(x) = x min{J
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Broad-band longitudinal impedance

Quadrupole frequency shift
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Summary

• Very good overall result for longitudinal impedance of

MKE with shielding

• The resonant peak is not a limitation even for the

ultimate LHC intensity

• Nevertheless the low-frequency resonant peak should

be minimised, if possible...


