
Transverse (Betatron) Motion 
 Linear betatron motion   
 Dispersion function of off momentum particle 
 Simple Lattice design considerations 

      Nonlinearities 
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Effect of quadrupole field error: 

!!x +Kx (s)x =
"By

B!
,    !!y +Ky (s)y = #
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   $   !!X + (K0 + k)X = 0

We assume that the transfer matrix of the unperturbed betatron can 
be described by  
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An accelerator with circumference 360 m is made of 18 FODO 
cells. The betatrontunes of the synchrotron are ! x=4.8 and 
! z=4.8 respectively.  If one of the 36 dipoles has an error of 1%, 
estimate the maximum closed orbit deviation from the designed 
orbit.

! xF 35.0
! xD 5.17
f 6.73
DxF 4.33
DxD 1.99
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Using the data, we estimate the maximum closed orbit to be about 37 mm.

Fourier expansion:
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The betatronamplitude function diverges at an integer or half-
integerthebetatrontune! We expand the perturbation as
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Betabeat Can you spot the locations of quadrupole error?



What can you say about the betabeat?



+2% and -2% errors with phase advance about 2pi 
Qx = 4.406299    Qy = 4.391029 18FODO cells



Qx=4.406

What happens if the ! 2% is changed to +2%?
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1. Betatron amplitude function measurement 

2. Tune jump 

Applications of quadrupole error 
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