
PHY 554
Fundamentals of Accelerator Physics

Lecture 8: Quadrupole Errors and Beta Beat

From quadrupole errors to tune shift, beta beating and correction



Closed orbit conditions (start from x=x’=0):

Injection/extraction channel: 
unperturbed closed orbit xc/bumped 
orbit xb/incoming beam orbit xk







Dipole error changes orbit; quadrupole error changes the optics.



In reality, this is how beta functions are measured -- tune response.



Beta beating means the lattice from model is not the lattice the beam sees

with errors.





What can the beta beat pattern tell us?







Homework #3: Lab report III, due next Wednesday 9/30/26

Use the Elegant files from Lab I. Answer following questions (30 pts, each 6):

1. In .ele file, modify it to include energy spread (use 1e-3), calculate beam size 

again. Compare the beam size with your expectation with formula in class, do 

they agree (any single location will work)?

2. Install closed_orbit module in .ele file, re-run Elegant and check what are the 

closed orbit (x, y columns) for base lattice. Introduce a 0.01 rad dipole error 

(element ”HKICK”) at the beginning of the lattice, now check what are the 

closed orbit again. 

3. Do the closed orbit agree with your expectation (comparing at the kick 

location is sufficient)? Why? Try again with 0.001 rad error, how about now? 

Can you explain why you see the difference?

4. Now return to base lattice. Change first quad’s k1 by 0.05 unit: 1/m^2. What 

are the tune changes? Do they agree with your estimation? 

5. Now try change k1 by 0.001 unit from base value. Compare again what are 

the tune changes, do they agree better? Why?
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