Accelerator Physics Homework #3
1. S&E 3.27
2. We have a ring consisting of N simple FODO cells.  Assume that the drifts are completely filled with bending sector magnets;  that is,, where  is the bend of the magnet in one drift.  Show that the dispersion in the middle of the quads is







(hint: start by showing  and use this to simplify the matrix that we derived in the lecture)
3. Our assumption about the chromaticity due to a sextupole implicitly assumed that the motion due to momentum offset is large compared to the ordinary betatron motion, such that the gradient is ~constant for a particle of a particular momentum.  Derive an expression for this condition in terms of , and , where the latter is the RMS of the distribution of .
4. Recall that the expansion of a normal sextupole (Lecture 2, p. 15) is given by




so an offset in x will produce a linear slope in  vs y. Use this to calculate the chromaticity in the non-bend plane (), in terms of , and .
5. Show (trivally) that for our simple FODO lattice, the maximum and minimum  functions will be the same in the other plane, but that the locations will be reversed; that is,  will be at the location of  and  will be at the location of .
6. Based on the previous result, we see that a small quadrupole placed at the location of  will effect the tune in both planes, but it will have the maximum effect on  and the minumum effect on  of any location.  To control the tunes in our N-FODO ring, we install two “families” of “trim” quads next to the main quads, one family next to all the quads which focus in the horizonal plane and one family next to all the quads which focus in the vertical plane [footnoteRef:1].  All N trim quads in each family have the same strength


where the F and D denote whether they are near the magnets which focus or defocus, respectively, in the horizontal plane. [1:  Or equivalently, we can think of this as a small trim current which we can make independently on the two types of quads. ] 

a. Calculate the tune changes  and  as a function of   and .
b. Write an expression for the required  and  to make a change  and 
c. Repeat for  and 
7. All of our discussions of acceleration have implicitly assumed that the behavior of the accelerating RF is exactly synchronized with the changing magnetic fields, such that B always scales linearly with p.  In practice, this is very hard to achieve, so some sort of feedback is generally used.  A common technique is to monitor the radial position at a dispersive point and use this correct the synchronous phase angle .
a. What is the energy error  associated with a radial deviation  at a location with dispersion ?
b. What change  would I make to  to return the beam to its nominal energy (and therefore position) in a single turn, in terms of  and the magnitude of the total accelerating voltage ? (you may assume )

8. Derive an expression for the slip factor  near transition in terms of , the change in synchronous energy per turn and show that if the synchrotron phase is  just below transition, it will need to go go to  just above transition to keep constant and motion stable.
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