
PHY 554
Fundamentals of Accelerator Physics

Lecture 7: Orbit correction and dispersion

From dipole field errors and orbit bumps to off-momentum closed 

orbits and dispersion in FODO lattices.



Outline: orbit response and dispersion
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• Review emittance, normalized emittance, 

Gaussian beams and localized dipole errors.

• Move from one dipole error to distributed errors 

and orbit correction.

• Introduce closed orbit bumps for local orbit 

control, injection and extraction.

• Define off-momentum closed orbit and the 

dispersion function.

• Dispersion and lattice design.

field errors → orbit response → correction

Core idea: linear optics lets us predict how local kicks and momentum 

errors become global orbit shifts.
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Reminder: emittance numbers are only meaningful with a definition (RMS?95%? Etc).
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Normalized closed orbit can distinguish errors 

more easily.



How about many distributed errors?
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• Real machines contain many dipole 

errors and alignment errors.

• In linear optics, the closed orbit is a 

superposition of all error responses.

• The pattern depends on the local beta 

function and the betatron phase from each 

error.

• Orbit correction uses BPMs and 

correctors to minimize the measured 

closed orbit.

Orbit correction is global, even when each error is local.



How to make use of dipole errors?
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Local bumps for injection/extraction
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Off-momentum particles do not follow the same closed orbit
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DISPERSION
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Dispersion can be transported in a similar fashion as x and x prime.

Superposition works again here
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Example: dispersion in a thin-lens FODO cell
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AGS: machine example in a FODO-like lattice
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• The AGS is an example of a large 

proton synchrotron with a repeated 

FODO-like structure.

• The upper plot shows horizontal and 

vertical beta functions.

• The middle plot shows horizontal 

dispersion around one superperiod.

• Combined-function magnets make 

the relation between bending and 

focusing especially visible.

𝜎𝑋
2 = 𝛽𝜀𝑟𝑚𝑠 + 𝐷𝛿 2

In real machine, both beta function and 

dispersion play a role in beam size
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lattice design = beta control + dispersion control + aperture + hardware

𝜎𝑋
2 = 𝛽𝜀𝑟𝑚𝑠 + 𝐷𝛿 2



SUMMARY

What to remember from Lecture 7
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• Closed-orbit distortion is the Green-function response of the ring to dipole kicks.

• Orbit bumps deliberately combine kicks to create a local displacement while closing the 

orbit elsewhere.

• Kicker strength depends on integrated field and beam rigidity; useful separation also 

depends on the lattice lever arm.

• Dispersion is the off-momentum closed orbit: x = xβ + Dδ.

• Dipoles generate dispersion, quadrupoles transport it and FODO design sets its scale.

Questions to think about: where should dispersion be large, where 

must it be small, and what errors make the orbit hard to correct?
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