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What I will be talking about…

• Feasibility of using CLEAR to study effects of Very
High Energy Electron (VHEE) beams

• Ground Vibration Effects on the beam dynamics of 
the LHC and HL-LHC



VHEE Study

• Study of beam
propagation 
through water 
tank 
(approximation to 
human tissue)



How to achieve this convergence?



CLEAR Layout

VESPER

STLINE



Simulation

• Simulation 
performed using
MAD

• Used the MATCH 
function with
constraints at
certain points



Results for converging large beam

• Desired convergence: 
50000μm to <1000μm in x
10000μm to <1000μm in y

• ]



Results for converging multiple pencil beams

• Desired convergence: 
50000μm to <1000μm in x
10000μm to <1000μm in y



Conclusion

• Greatest convergence is:
3060μm to 100μm in x
190μm to 100μm in y
(Placing an extra quadrupole after the CA.BHB0900 dipole at the end of STLINE 
section)

• Desired convergence: 
50000μm to <1000μm in x
10000μm to <1000μm in y

Perhaps the CLEAR facility is still useful for the experiment…



Ground Vibration Effects on the beam dynamics of the 
LHC and HL-LHC



Closed Orbit Separation

• The closed-orbit separation is the distance of 
the beams from the ideal interaction point. 
This can affect luminosity of the accelerator

• Particularly important for High Luminosity LHC



Initial work

• MAD used to calculate closed orbit perturbation but it is slow 
For a reasonable computation time,  only offset the quadrupoles that
comprise the triplets in LHC. This is only 32 of the 844 quadrupoles that
comprise LHC. 
Need to validate this assumption that triplets are dominant

• Example of triplets at IP5:



Effect of a quadrupole vibrating



What do we do with this equation?

• For loop in MATLAB running over all quadrupoles

• With each run of for loop, offset a quadrupole and calculate
the orbit perturbation this causes at the 4 IPs (for both
beams). Store numbers in a matrix

• Take the difference between the two beams and normalise by 
dividing by quadrupole offset – dimensionless amplification 
factor obtained

• Sum in quadrature the results for the different quadrupoles



Results – are the triplets dominant?



Triplets Vibrate in Modes

Central Axis of 
quadrupole



Simulated triplet modes



Results of vibration in different modes

• 0.1mm maximum offset of the quadrupole

• Lower order oscillations that with large antisymmetry over 
the central axis have dominant effect



Vibration effects on measured beam parameters

• Three vibration 
sensors recently
installed:

- on the surface

- underground near IP1 

- underground near IP5

• Can pick up large 
vibration effects, 
e.g. earthquakes



Effect on Luminosity



Effect on some other measurements



Conclusion and Future Work

• Triplets have dominant effect on closed orbit
separation at IPs 1 & 5

• Possible to see earthquakes. Try to see and 
determine effect of larger earthquakes

• Transfer function between source of ground
motion and triplet cold mass is known –
convolve with vibration sensor data to 
determine vibration offset caused





Any questions… Thanks



Back up slides



LHCHL-LHC









Back Up Slides



Back up slides



Back up slides





HL-LHC to describe

• Outline the issue. Vibration of quadrupoles
affects the HL-LHC and LHC

• What are the most important quadrupoles? Is 
it the triplets?

• What about the different modes of 
oscillation?

• Study of real data

• Future work


