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A phase trombone has been designed that could operate in the 
Bypass Straight Section (BSS) of the Recycler Ring. This design is 
based on the current design of that straight section by David Johnson, 
Figure 1. That insertion design has lengthened dispersion 
suppressors to make the bypass displacement and four FODO cells 
made up of equal-gradient quadrupoles in the straight section itself. 
These non-bending cells have the same length as those of the arcs. 

The first step of the design was to improve the matching from 
the dispersion suppressors (DS). To do this we began by fitting the 
empty straight section cells (CO) to 900 Phase advance in each Plane. 
We then varied the eight quadrupoles that Johnson had put in the DS 
and constained the orbit functions starting from the last normal arc 
quadrupole, through the DS, to the beginning of the BSS to have the 
lattice function values of the CO cells at that point. This imposes six 
constraints. Two more were added: maximum values of betax and 
betay through the DS. The result is shown in Figure 2, which shows 
the upstream half of the insertion and half of an arc cell at the 
beginning (the downstream half insertion is the reflection of the 
upstream one). The matching is shown by the zero dispersion 
through the BSS and the periodicity of betax and betay there. These 
eight different quadrupole strengths are not altered when the 
trombone is ‘set to different tune-shift values. 

The next step was to make the nine BSS quadrupoles variable, 
but with reflection symmetry about the center, which makes five 
families. These were adjusted by tracking betax, betay from the 
beginning of the BSS, using the values of the CO cell, to the center of 
the BSS where four strong and two weak constaints were applied: 
alphax=alphay=O (reflection symmetry constraints); mux, muy set to 
specified values to obtain desired tune shifts; and maximum values 
of betax and betay applied through the trombone. Figure 2 shows the 
trombone in its ‘rest state’, where the quadrupoles are set for goo 
phase advance per cell, in each plane. 



The results are summarized in Figure 3 and Table 1. The nine 
points in the tune diagram of Figure 3 represent tune shifts obtained 
with the trombone, and the attached numbers show the maximum 
beta values in the trombone corresponding to each point. Table 1 
gives the gradients of the five quadrupole families for each of the 
nine tune points calculated, which cover a tune spread of +- l/2. 

Thus it looks quite feasible to control the tune working point 
with a phase trombone located in the bypass straight section. 
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