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The field of the Q2P1 collared coil was recently measured, and results have been published.
 In this note a comparison to collared coil measurements of HGQ05-09 is made. 

Measurements of the prototype were made with the 1m warm mole at 7.5A current. Measurements were made at 6 positions, 1m apart to allow construction of the field integral. For comparison to the straight section field of the model magnets, I average the 4 measurements in the body of the prototype  (1, 2, 3, 4m axial position). These should contain no end field. Data for HGQ05-09 are taken from the measurements at 0.75m axial position made at 10A current. 

Q2P1 field harmonics are given in Table 1. Figures 1 and 2 show these measured harmonics along with those of the last 5 model magnets. Harmonics are given for only the 4 lowest order harmonics. Harmonics measurements for n>6 aren't very accurate due to the small signal size at small excitation current. In Fig. 3, harmonics for the prototype are compared to those of the ensemble of 5 models.
 All are within 2 standard deviations of the ensemble average; four of the 8 are between 1 and 2 standard deviations. (We would expect 3.)  Note that the discrepancy in the normal sextupole measured in the prototype may be due to the change in the way coils were arranged based on their relative size. I have long suspected, and there is some evidence that the systematic way in which model magnet coils were arranged produced the systematically positive b3. 

In Fig. 3, I make a statistical comparison of the difference between the prototype harmonics and that of the model magnet ensemble. Differences between the Q2P1 harmonics and the average of the 5 magnet ensemble are weighted by the standard deviation of the ensemble and plotted as a histogram in Fig. 3 (left). Fig. 3 (right) is similar except that the differences are given relative to zero rather than the ensemble average. (The b6 difference is given relative to the measured average as a non-zero value is expected.) This corresponds to the situation if the systematic b3 present in model magnets has been eliminated by the change in coil arrangement as was discussed previously. Superimposed on both histograms is that expected for a normal distribution. In both cases the measured field in Q2P1 is quite consistent with expectations based on collared coil measurements of HGQ05-9. Given that the models were "accelerator quality", I would expect the field quality of the prototype measured cold to be acceptable as well. 

Table 1 Field Harmonics - Q2P1
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n

normal skew

3 -0.31 0.07

4 -0.31 1.30

5 -0.08 -0.17

6 -2.15 -0.18
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Figure 1 Comparison of Normal Harmonics
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Figure 2 Comparison of Skew Harmonics
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Figure 3 Comparison of Q2P1 Harmonics to the Ensemble
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Figure 4 Differences between Q2P1 and Ensemble Relative to a Normal Distribution










� The error bar for the ensemble is the standard deviation of the measured harmonic. Ensemble normal and skew harmonics are plotted offset on the horizontal axis by 0.25 and 0.5 so the prototype measurements aren't obscured. 





�HTTP://wwwtsmtf.fnal.gov/~dimarco/usrAnalysisHGQ/web_summaries/MQXBC001/magneticMeasurements/MQXBC001_mag_meas.html
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