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Crab Cavity RF Noise

▪ The HL-LHC requirement1 is 2%/hour transverse emittance 

growth induced due to CC noise (amplitude & phase)

▪ In 20152 analytical estimates derived to estimate the effect of 

RF noise

▪ The SPS test stand with CCs to validate simulations & 

projections for HL-LHC

▪ Emittance growth in the SPS test should be much larger (noisy RF, 

lower energy, smaller 𝑓𝑟𝑒𝑣, but 𝛽𝑐𝑐is much smaller. 

FCC-EIC Joint Workshop, 2022
1. HL-LHC TDR & Run 4 operational scenarios
2. P. Baudrenghien and T. Mastoridis, Phys. Rev. Accel. Beams 18, 101001(2015)
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RF noise spectrum

▪ With significant improvements from the current LHC-RF 

accelerating system (regulation bandwidth reduction, RF 

reference noise, IQ demodulator level)

FCC-EIC Joint Workshop, 2022

-143 dbc/Hz

RF Noise No Damper
With 

Damper

Amplitude 4.2 % 4.2%

Phase 11% 1%

Simulations*

Feedback system with CC as kicker in 

addition to ADT is required for amplitude 

noise reduction*

P. Baudrenghien, T. Mastoridis, CERN-ACC-NOTE-2019-0006, 2019-03-08
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MDs before installation of CCs (2016-17)

FCC-EIC Joint Workshop, 2022

Energy: 𝟐𝟕𝟎 𝐆𝐞𝐕, 𝜷𝒚 = 𝟕𝟕𝐦



SPS as test bench for crab cavities

▪ A 2-cavity cryomodule with vertical crabbing (DQW) in the 

SPS-LSS6 as a demonstrator was installed in 2018

FCC-EIC Joint Workshop, 2022

LSS6 before

2018 LSS6 after

Y chambers + By pass chamber
DN160



Measurements with CC, 2018

▪ Emittance growth measurements 

a function of phase noise (small 

level of amplitude noise as well)

▪ Scaling with the noise power as 

expected from the analytical 

estimates

▪ However, up to factor 4 lower 

growth measured than calculated

▪ Several error analysis did not 

yield the source of discrepancy

FCC-EIC Joint Workshop, 2022

~ factor 4

270 GeV, low intensity



Injected RF Noise Example

FCC-EIC Joint Workshop, 2022

1st beatron 

sideband

Harmonics of 

revolution 

frequency due to 

bunch crossing
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Long shutdown 2 

and 4 years later

FCC-EIC Joint Workshop, 2022
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Effect of Machine Impedance

FCC-EIC Joint Workshop, 2022

Schottky noise 

spectrum: long tracking 

for 106 turns and apply an 

FFT algorithm on the 

motion of the centroid.

(*1) Y. Alexahin, “On the Landau Damping and decoherence of transverse dipole oscillations in colliding beams”, CERN-SL-96-064-AP
(*2) X. Buffat, Suppression of emittance growth by a collective force: Van Kampen approach, IPAC22.

Suppression of emittance growth due to strong vertical impedance in SPS was observed in simulations



Effect of Impedance, Measurements

▪ By addition of octupoles one can 

remove the suppression

▪ This was tested in 2022 where at a 

given noise level the octupole 

strengths in the machine were varied

▪ Very good qualitative agreement of 

the mechanism but several 

uncertainties remain (wire scanners, 

exact voltage etc..) 

FCC-EIC Joint Workshop, 2022N. Triantafyllou, Ph.D. thesis, 2022



Crab Cavity Impedance in SPS

▪ No significant HOM 

impedance or power is 

expected in SPS 

▪ Feedback gain adjustment of 

fundamental mode to 

investigate stability (0.9 GΩ/m
w/o feedback)

Energy [GeV] 26 450

Intensity [p/b] 1.3 × 1011p/b

# of Bunches 288

Bunch length [ns] 4.0 1.0

HOM Power [W] 0.02 200

FCC-EIC Joint Workshop, 2022

2018 estimates, HOM power
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DQW HOM Measurements

FCC-EIC Joint Workshop, 2022

HOM1

HOM2

HOM3

HOM coupler

J. Mitchell, Ph.D. thesis, 2019

Broadband spectra

Single & multi-bunch measurements 

show good agreement within the 

uncertainty of bunch profile and 

intensity

960 MHz

# of bunches

https://eprints.lancs.ac.uk/id/eprint/137752/1/2019mitchellphd.pdf
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Energy Ramp with Cavities ON 

Vertical tune: 𝑄𝑦 = 0.18

RF Freq:

Cavity 1: 400.787 MHz (~1 MV)

Cavity 2: 400.528 MHz (almost zero)

Resonant excitation observed as the 

betatron sideband crosses cavity frequency 

(black dotted lines). 

With cavities at zero voltage before reaching 

flattop energy, beam circulated w/o any issue

FCC-EIC Joint Workshop, 2022



HL-LHC Longitudinal Impedance & CCs

14

LHC: 𝐸 = 450 GeV

Injection being the tightest limit, 

thresholds are similar for 6 MV and 

8 MV of RF voltage for the same 

bunch parameters

Instability thresholds with BB 

impedance1 included in the LHC to be 

studied more precisely in MDs soon

Crab cavity HOMs:

DQW × 4 & RFD × 4

mode reduced by x2

I. Karpov, HL-LHC annual meeting, 2022

https://indico.cern.ch/event/1161569/contributions/4921673/attachments/2513550/4321527/12HLLHC_22092022_IK.pptx


Transverse Impedance Budget for HL-LHC

▪ Single bunch thresholds are well above the crab cavity HOMs 

▪ For multi-bunch, the impedance budget is specified to be acceptable below the stability 

curve which implies an additional increase in octupole current by +10 A (EDMS 2488213)

FCC-EIC Joint Workshop, 2022

horizontal vertical

N. Mounet et al., WP2 Meeting, 2020

https://indico.cern.ch/event/934794/contributions/3927359/attachments/2080855/3496934/NMounet_20200728_HLLHC_imp_WP2_crab.pdf


More Recently

▪ The big impedance of the 

fundamental mode could potentially 

drive transverse coupled bunch 

instability

▪ The stability with the assumed 

feedback gain shows in simulations 

that it requires an additional octupole 

current of a factor 10 higher than 

acceptance threshold

FCC-EIC Joint Workshop, 2022



Measurements for Crabbing Mode

▪ Scanning the cavity frequencies (RF OFF) to approx. −8.4 𝑘𝐻𝑧 (negative betatron

sideband), increased significantly the instability growth rate (𝜈𝑦 = 0.18, 𝑓𝑟𝑒𝑣 = 43.34 kHz)

▪ With RF-ON and RF feedback, no instability observed. Slow losses during crab-RF ON 

were observed – source of which is under investigation (direct beam coupling ?)

▪ Voltage ramp & closing feedback requires more studies with high intensity beams

FCC-EIC Joint Workshop, 2022

RF Feedback 

closed

Slow losses

Programmed 

dump


