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Ground Motion Power Spectral DensityGround Motion Power Spectral Density

Courtesy of D.Gamba
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How ground motion affects in the LHC



  

Effects of Ground Motion

 Low frequency

– Slow orbit drifts

– Realignments

 Intermediate frequency

– Closed orbit jitter

– Intensity and luminosity loss

 High frequency

– Emittance growth

– Lifetime reduction



  

Effects of Ground Motion

From the ground to the beam

What is the response of the beam to an excitation?

Orbit distortion

A quadrupole displacement is translated 
into an orbit shift

which translates into an orbit separation and 
luminosity decrease



  

Transfer function for dummiesTransfer function for dummies



  



  



  



  

Transfer function for LHC quadTransfer function for LHC quad



  

Effects of HL Civil Engineering worksEffects of HL Civil Engineering works

T-Rex

Diplodocus

Triceratops

Stegosaurus

Courtesy of 
M.Schaumann
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operational impactoperational impact

Courtesy of 
M.Schaumann

 Orbit jitter

 Luminosity loss

 Particle losses



  

About HL



  

Energy stored in the beam tailsEnergy stored in the beam tails

Beam transverse distribution is not purely Gaussian:

 Overpopulated tails

 More accurate models:

 Double Gaussian distribution.
 Levy-Student distribution.

In case of orbit jitter at the primary collimator:

 Is there a risk of beam dump?
 Is there a risk of collimator damage?

Need to evaluate the energy 
stored in the beam tails

5% of the beam beyond 3 sigma
34 MJ of stored energy

Expected max. rms orbit



  

High Luminosity LHC IR layoutHigh Luminosity LHC IR layout



  

Transfer function for LHC DipoleTransfer function for LHC Dipole

Coming soon...



  

But we have some simulationsBut we have some simulations

HL-LHC seems less sensitive to GM than the LHC
(to be benchmarked with measurements)



  

Open questions

 What is the transfer function of the HL-LHC IT quadrupoles?

 What are these 10Hz oscillations observed in operation?

 Can we avoid future beam dumps due to orbit jitter?

 Is it required a new orbit feedback system for HL-LHC?
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