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• roll errors of normal quads
• closed orbit distortion
Randomness in linear optics

Random error sources

Ripken Twiss
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• Two modes, four sets of Twiss
function

• Turn-by-turn data seen by BPMs

Off-resonance tune
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Harmonic analysis
• Extracting tunes, Twiss functions, 

and phase advances at BPMs

FFT or NAFF

• Twiss from complex amplitudes

• Absolute calibration at one location

RMS Errors 2~3 cm with BPM error

Beam experiment

Measured coupled Twiss for one supercell
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Re-constructing lattice model, fitting 
quadrupole roll errors
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Asymmetric, random 

• Ripken parameterization

Round
beam

• Complex amplitude: cosine and sine


