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ABSTRACT

The upcoming upgrade/reconfiguration of the Booster injection girder will require three magnets, of the six which have been built by the Technical Division.  In order to choose the best configuration, all possible three magnet combinations were investigated.  The figure of merit was the absolute value of the maximum closed orbit diction at any point in the ring caused by the net dipole moment of the three magnet combination, both at injection and while the fields are ramping down.  In the end, the combination 4-5-1 was chosen, both because of the small closed orbit distortions that this combination leads to, and because there exist alternatives for each of the three magnets, which also yield acceptable orbit distortions and can be substituted in the case of a magnet failure.
Background

Both calculations and detailed modeling have shown that magnetic field imperfections of the ORBUMP system have a negligible effect on the optics of the Booster beam.  The only effect that must be considered is the net dipole moment that the beam sees when passing through the three magnets.  This must be calculated both at injection and as the magnetic field ramps down and the beam moved back toward the circulating orbit position.

Procedure

There are 120 possible ordered configurations for three magnets out of six, and all were calculated.  In each case, the net dipole moment was calculated as a function of current based on the falling field measurements of Jim Lackey and the beam position as a function of current. The horizontal magnet offsets which were used were (from upstream to downstream) -22.5, 38.1, and 0.0 mm
, where a positive value corresponds to a displacement radially outward.

The net, integrated, dipole was used to calculate the maximum closed orbit distortion, using the formula
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is the angular deflection caused by the dipole, 
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 the horizontal tune, 
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 is the horizontal beta function at the point of injection, and 
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is the maximum horizontal beta function.  
Results and Conclusions

For each magnet combination, the maximum closed orbit distortion was calculated as a function of falling magnet current, and the peak absolute value of this distortion was recorded and used as a figure of merit.

This value varied greatly for different magnet combinations. The best combinations were on the order of half a millimeter and the worst were over four millimeters.  In general, any combination with less than 1 mm of beam motion should be acceptable, and these are shown in Table 1.

The best combination is 4-1-6 (from upstream to downstream), which results in a maximum beam distortion of .46 mm.  Unfortunately, in this configuration, if either the second or the third magnet fails, there is no alternate which will give less than 1 mm beam motion.  This means that we would either have to accept worse performance, or rearrange magnets in an area which will certainly be very radioactive.
For this reason, the search was restricted to combinations for which there existed a replacement for each of the three magnets which still kept beam motion to within one millimeter.  There were several such configurations, but in the end the combination 4-5-1 was chosen. This configuration gives a maximum closed orbit distortion of .77 mm.  Replacement configurations for the first, second, and third magnets are 3-5-1, 4-3-1, and 4-5-2, which give maximum distortions of .84, .64, and .83 mm, respectively.

The closed orbit distortions for each of these configurations are shown in Figure 1 as a function of the fraction of maximum magnet current.  For comparison, the distortion is shown for the worst combination, 1-4-6, which gives a maximum closed orbit distortion of 4.1 mm.
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Figure 1: Maximum closed orbit distortion is shown as a function of the fraction of maximum magnet current.  The best combination (416) is shown, as is the proposed configuration (451) and its alternates.  For comparison, the worst combination (146) is also shown.
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Table 1: Maximum absolute closed orbit distortion for all magnet combinations for which it is less than one millimeter.








� Based on alignment data obtained from Fernanda Garcia.
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