Ground motion meeting minutes July 25, 07
John Kyle, Virgil Bocean, Rick Ford, Robert Ruland, Horst Friedsam, Will Oren, Norm Gelfand, Mike McGee, Paul LeBrun, Shavkat Singatulin

Paul LeBrun gave a talk on the Low Emittance Transport work that he has been doing. The slides are available at;

http://home.fnal.gov/~volk/waterlvl/ground-motion/presentations/
Paul’s charge is: Given a set of machine imperfections, static and dynamical, design and simulate the set of algorithms to steer the beam through the machine and mitigate the emittance dilution.

A static issue is simple misalignment of a component such as a cavity or cryo module. These are always the same during the model run. Dynamic imperfections can be ground motion due to tides or man made sources such as pumps or motors. Examples of instrument defects are improperly placed BPMs.

The purpose of the model is to develop steering algorithms, feed back systems and closed the loop to set alignment tolerances. Paul recommends that the quadrupole be mounted independently from the RF cryostats to improve resistance to vibration. There is still not enough good data on vibrations to understand the effects on dilution. 
Horst asked why the cryo modules were set so high from the floor. The lower mounting, the better to reduce the vibration. Mike McGee responded that the intent is to use LHC support system for adjustability that sets the beam elevation. This may change as time goes on. 

Paul suggest that there needs to be more control over the RF phase more than one knob per 25 cavities as currently planned. Eddie Nathan wrote a paper on this in PAC 07.

Paul is looking at 4 cases

1. Static no wake fields

2. Static with wake fields

3. Dynamic no wake fields

4. Dynamic with wake fields

The total allowable emittance growth is 40 nanometers and the allowable jitter is 2 to 5 micro meters. For the static case he is allowing a 200 micrometer error budget in the network and Cryo module installation and fiducialzation. In addition he allows for 300 micrometer error in the RF cavity to cavity alignment. These errors are assumed to be Gaussian with no correlation between them. The error in cool down is not accounted for. Paul is assuming that the machine is aligned cold. Each RF cavity has pitch and yaw of 300 micro radians (the RF cavities are 1.3 meters long or 390 micrometers misalignment end to end)
The roll of each RF cavity does induce some dispersion but it is hard to simulate and he has not worked too hard on this point yet. The wake fields depend on the Cavity displacement (what we would call offsets). The LINAC can meander more than 1 mm with respect to a perfect line. This can be corrected with the trim magnets. The pitch of the cavities makes modeling the wake fields’ displacement hard to model. He does not incorporate the pitch of the entire cryo module. Rick Ford noted that we need to have requirements for all 6 degrees of freedom for each RF cavity. 

Paul has not yet put in static or dynamic quadrupole rotation effects. 

The other part is to add Ground motion effects starting with the ATL law that describes how the distance between any two points on earth moves as a function of time. We are able to extract the A of the ATL law from the MINOS water level data and also the motion of the earth tides.  Paul found a software package from Dennis Milbert to help with modeling of the tidal motion. There was some discussion of the tidal motion models. It was agreed that what Paul is doing is correct. There is a need for data in the 0.1 Hz to a few hertz to add to the ground motion model. 
For the RTML there are different sets of problems, emittance growth must not exceed 1-3 nanometers. Currently he is observing 10 to 15 nanometers in his models. Not many people are working on this problem right now. The RTML is a simple FODO cells space charge and stray magnetic fields are the main problem. Paul is not ready to specify alignment tolerances.  
