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Introduction and context 

• Ground motion, vibrations and drifts, affect the beam quality and harm the beam 
stability 

 

• Trajectory Orbit Feedback can typically correct frequencies less than a fraction of 
the repetition frequency, higher frequencies remain uncorrected 

 

• Intra-train feedbacks can help at the IP, but when the intra-bunch spacing is very 
short (e.g. CLIC, 0.5 ns), global orbit distortions remain uncorrected (banana 
effects) 

 

• Active and passive stabilization of the components might be considered (CLIC), 
but its large mechanical setup (hundreds of tons of concrete) limits its 
applicability to specific systems (e.g. the final doublet) 

 

• Novel idea: use Ground motion sensors to anticipate and counteract the induced 
misalignments via feed-forward loops. Quite a large project: split into two parts:  

 

• first, the prediction of the ground motion effect on the beam orbit 

• second, the correction of the predicted orbit changes  

 





Ground motion effects and mitigation schemes 

• Intra-train feedback systems:  
 

- Very efficient for ILC. 

- Not sufficient for CLIC, due to the 

very short bunch spacing.  

- Also no spatially distributed 

corrections possible. 

 

• Active and passive stabilisation 

systems: 
 

- Baseline for CLIC. 

- Relative costly.      

- Complex integration. 

 

• Ground motion effects: 
 

- Problem for performance of future 

linear colliders. 

- Misaligned quadrupoles create 

beam oscillations.  

- Mitigation methods are necessary. 

 

• Orbit feedback systems and 

transverse damping systems:  
 

- Very efficient for frequencies 

significantly below the beam (train) 

repetition rate fR. 

- Higher frequencies cannot be 

suppressed. 

- fR is small at linear colliders:           

5 Hz (ILC), 50 Hz (CLIC). 
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Ground motion mitigation via feed-forward control 

• Advantages: 

1. System is faster than orbit feedback systems. 

2. It is cheaper and easier to implement than stabilisation systems. 

3. It is also efficient, when the bunch spacing is very short and when the beam 

oscillations have to cured distributed along the machine (CLIC).   

• Concept is similar to an 

orbit feedback system. 
 

• But ground motion 

measurements are used 

to predict the orbit 

changes. 
 

• Orbit offsets are already 

corrected before the 

beam train arrives (feed-

forward vs. feedback). 



Experimental setup at ATF2 

• 14 vibration 

sensors have 

been installed. 

 

• National 

Instruments data 

acquisition 

hardware. 

 

• Synchronisation 

signals for BPM 

and ground 

motion data are 

formed.   
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Experimental results at ATF2 

 

• Full demonstration split into two parts:  
 

1. Prediction of orbit change due to 

ground motion measurements. 

2. Correction of the predicted 

changes (future work). 
 

• Measure: correlation coefficient r 

computed from the measured orbit 

changes (BPMs) and the predictions. 
 

• Results: 
 

1. High correlations observed: r up to 0.7 in the vertical direction. 

2. Prediction of orbit changes due to seismometer measurements was successful. 
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Ground motion analysis 

• Simulation forecast: only a small 

fraction of the orbit jitter at ATF2 

is due to ground motion.  
 

• Small r was expected, which is in 

contradiction to measurement 

results. 
 

• Explanation of discrepancy: 

strongly increased vibrations 

measured by sensor 1.  
 

• Local vibrations source with 

frequencies from 10 Hz to 100 Hz.   
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Orbit jitter reduction 

• Beamline around sensor 1 has 

been inspected.  

 

• Two vibration sources (water 

cooling pipes) could be identified. 

 

• After the removal of the two 

sources, the RMS orbit jitter was 

reduced by a factor 1.4.  

 

• This corresponds to halving the 

excitation power.  
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Update on GM measurements 
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Conclusions on the ground-motion measurement 

• Ground motion mitigation via feed-forward control is designed to suppress ground 

vibrations of high frequencies.  
 

• It has significant advantages compared to existing methods (cost, speed, 

distributed correction) 
 

• The prediction of ground motion has been successfully performed at ATF2. 

• The predicted beam oscillations were much higher than expected and 

originated from one local vibration source (water cooling pipe).  
 

• After removing the source the beam jitter was reduced by a factor of 1.4. 

• However, only correlation from one localised source was observed. Without 

the data of the corresponding sensors, the correlation is much lower than 

predicted by simulations. 



Slow drifts and incoming angle and position offsets 

Observed periodic slow drift, during one run in December. Later removed by the ATF2 team. 

An incoming offset and angle (even if not drifting) will induce emittance growth. This should be 

counteracted as early as possible. Fit of the incoming angle and position offsets must be performed 

and countermeasures must be taken. 



Summary 

Ground motion mitigation via feed-forward control is designed to suppress ground 

vibrations of frequencies higher than those covered by trajectory orbit feedbacks: 

– Correlations between orbit measurements and ground motion have indeed 

been seen 

– Should we consider to test phase 2 of the the GM project? 

 

Jitter: amplified by large beta functions, need keep it small 

– Intra-bunch feedback should help (second bunch beam size measurement) 

 

Beam-based techniques and data analysis tools can be envisaged to estimate and 

counteract the impact of slow drifts and jitter (noise) on the orbit 

 

Additional BBA methods can be envisaged to improve orbit stability (e.g. DFS 

removes energy dependence from the orbit, WFS removes charge dependence) 

 


