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Stability Limits on Bend Fields in the NuMI 

Primary Proton Beamline
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The NuMI primary proton beamline contains seven bends. Of these four are purely vertical and three are for strings of rolled magnets. Of the three rolled strings only one, HV101, has its primary bend component in the horizontal. Two different criteria have been developed to set stability limits on the excitation currents for these bend strings. One is that no current variation lead to an excursion from the design trajectory along the line greater than 1mm RMS. The second is that no single string lead to RMS motion at the target of greater than .25mm. The first criterion comes from the need of having a stable beamline with well defined tuning characteristics, and the second is related to the physics of the experiment. These criteria lead to the following stability limits for the supplies powering these bend strings.

String
Instability in ppm
Corresponding target RMS in microns

Lam60
200
240

V100
400
200

HV101
65
250

V104
200
75

V105
60
170

V109
200
250

V110
55
250

A number of comments are in order concerning these values.

· The time scale over which the variability occurs affects how large that variability is allowed to be. Any drifts which have a time scale of minutes or longer will be corrected in the tuning procedure by trims. Thus the variability on this time scale is allowed to be larger. If the variability time scale is related to power line ripple, the full effect will not be seen in that the extraction takes place over 10(s and will be at the same line phase for each cycle.

· How the effects of the several strings combine with each other affects the level at which any string may vary. If the changes are truly random, then the RMS deviations at the target in particular would add in quadrature. This would lead to a targeting precision of 565 microns, which exceeds the allowed error budget by 25%. If the corrections were to add linearly, there would be almost complete cancellation among the different vertical contributions, since different strings contribute in different directions. But, as is noted above, if the variations are slow enough they will not combine by either of these methods as each variation will be corrected by a trim.

