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Fermilab[1] and KEK[2] have recently released new versions of reference harmonics tables, which will be used to set the strength requirements for the LHC inner triplet correctors.  In this note I compare the two tables and present estimates of the relative impact of several combinations of reference tables on the expected corrector strengths.  

Table 1 shows the current versions of the two reference harmonics tables (high-field values) for the two quadrupoles.  Reference [2] presents the KEK version 4.0 reference harmonics in two different tables.  I have used the values from Table 2 in [2], which displays more significant digits for some of the higher order harmonics.  In cases where an upper limit is presented, for example <0.009 for d<B7> at the lead end, I have entered the upper limit as a value in my Table 1.  Figures 1-4 shows the data from Table 1 in graphical form.  

The ratios of KEK to FNAL uncertainties and random errors are shown in the right hand section of Table 1 all of the multipoles.  The uncertainties and random errors in the body harmonics are generally, although in not all cases, larger in the KEK table than the FNAL table.  In the magnet ends, the relation between the KEK and Fermilab tables is less simple.  In some cases the KEK values are more than an order of magnitude smaller than Fermilab’s, and in other cases more than five times larger.  The means and uncertainties are very much a function of the specific coil and structural designs and of the specific tooling and construction methods.  Thus there is no reason to expect any correlation between the two magnet types in these quantities.  Also, since only one KEK model of the final cross-section has been measured, one expect the KEK uncertainties to be larger than Fermilab’s, which are based on measurements of five models (four for the ends).  On the other hand, the random errors result from the tolerances on coil and component manufacturing, and ought to be similar between the two magnet types.  Thus the Fermilab data may provide a guide to the expected magnet-to-magnet variations in the KEK harmonics.  

Table 2 shows the quantity |Mean| + Uncertainty + 3*Random, expressed in unit-meters for the body as well as the ends, which is a figure of merit for the relative impact of different elements of the reference harmonics tables on the required corrector strengths.  Table 3 shows the same quantity, but with the KEK random errors replaced by the Fermilab values. In the first case, the KEK values are generally larger than the Fermilab numbers, while in the second the two are comparable.  

The impact on the required corrector strength can be estimated more quantitatively by weighting the end and body integrated harmonics shown in Tables 2 and 3 according to the beta function values at the ends and center of each magnet, using the weights for each harmonic shown in [3].  Table 4 summarized the results of such a calculation for the current versions of the harmonics tables.  Table 5 compares the results of this calculation for several combinations of versions of the KEK and Fermilab reference tables.  Here K V4.x refers to the KEK V4.0 table with the random errors set equal to the Fermilab values.  There are a number of significant difference in relative corrector strengths, as estimated by this simple calculation, between the last two columns.  It is important to verify this by more exact calculations.

To validate this method of estimating relative corrector strengths, Figure 5 plots the estimate in Table 5 for the case of KEK V3.0 and Fermilab V2.0 with the results presented in [4], which correspond to the same error table versions.  Some differences are  expected, since the results in [4] are from a statistical calculation, which includes the beam separation dipole D1 as well as the quadrupoles, and computes the corrector strengths including the beta function weights at the positions of the correctors. For six out of the eight harmonics, the correlation is good.  It is not understood why the a3 and a4 lie so far from the other harmonics.
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Table 1.  Current versions of MQXA (KEK) and MQXB (FNAL) reference harmonics tables.
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Table 2.  |Mean| + Uncertainty + 3*Random for the current KEK and FNAL reference harmonics tables.
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Table 3.
|Mean| + Uncertainty + 3*Random for the KEK reference harmonics table, with the random errors set equal to those in the Fermilab table.
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Table 4.
Beta function weighted integrated harmonics (|Mean| + Uncertainty + 3*Random) for KEK V4.0 and FNAL V3.1 reference harmonics tables.  (The results have an arbitrary overall normalization.)
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Table 5.  Relative corrector strengths computed from beta function weighted integrated harmonics (|Mean| + Uncertainty + 3*Random) for several combinations of reference harmonics tables.
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Figure 1.
Comparison of uncertainty ranges in the FNAL and KEK reference harmonics tables for normal multipoles.  The first set of bars (“B”) are the body harmonics, the second (“L”) are the lead end harmonics, and the third (“R”) are the return end harmonics.
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Figure 2.
Comparison of uncertainty ranges in the FNAL and KEK reference harmonics tables for skew multipoles.  The first set of bars (“B”) are the body harmonics, the second (“L”) are the lead end harmonics, and the third (“R”) are the return end harmonics.
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Figure 3.
Comparison of random errors in the FNAL and KEK reference harmonics tables for normal multipoles.  The first set of bars (“B”) are the body harmonics, the second (“L”) are the lead end harmonics, and the third (“R”) are the return end harmonics.
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Figure 4.
Comparison of random errors in the FNAL and KEK reference harmonics tables for skew multipoles.  The first set of bars (“B”) are the body harmonics, the second (“L”) are the lead end harmonics, and the third (“R”) are the return end harmonics.
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Figure 5.
Comparison of estimated relative corrector strength requirements as computed from beta function weighted integrated |Mean| + Uncertainty + 3*Random harmonics (JBS) versus a more sophisticated calculation (J.Wei)[4].  
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