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Dipole 001 Field Harmonics with no Iron
1.  Introduction
For Dipole 001 without iron, this report compares the field harmonics measured at BNL with the harmonics computed by Vector Fields using OPERA.  The BNL results are taken from the workbook ‘GSIC01_Summary_Wilson.xls’ supplied by Animesh Jain in an email dated 3 Nov 05.  The Vector Fields results are from the workbook ‘VF Results-5.xls’ supplied by Eddie Moore in an email dated 20 Dec 05.
2. The Computed Results

Report 6(2) describes the magnetization formulae and computing methods used, Report 24(1) updates the cable data used and Report 27(1) uses a more accurate geometry for the coils and a better representation of the anisotropy of magnetization fields.  For the present Report, the only change from 27(1) has been to switch off the iron.
The data as supplied by VF is presented in App 30-1 sheet 'VF res', where the three sections give the harmonics with no superconductor magnetization 'coil only', with dc superconductor magnetization and with total superconductor magnetization at 2T/s.  Subtracting the 'coil only' terms from the other two sections gives the error contributed by magnetization of the superconductor, and this is summarized in the sheet 'VF sum'ry'.  Finally, these terms are copied onto the sheet 'global sum'ry for comparison with the measurements.

3. The Measured Data

App 30-2 is a modified copy of the workbook supplied by Animesh Jain.  The first sheet 'sum'ry' summarizes the data in a format suitable for comparison with VF.  
For the harmonics coming from the coil alone (no superconductor magnetization), I take the mean of bup and bdown.    

For the superconductor contribution, I take the values 'b3_diff', 'b5_diff' etc provided by Animesh, divide by 2 and reverse the sign to get the contribution from the superconductor in an upward ramp.  
For the special case of superconductor contribution to b1 I take:
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ie half the change in dipole between up and down divided by the mean dipole, which is (I think) the correct number to compare with the computed value.   For the dc case, because the currents up and down are not identical, I use linear interpolation to get B1 at the exact 600A, 1200A etc.
I do not treat any of the symmetrical harmonics because, although significant levels are measured, they are of course computed to be zero. 
Plotting the measured values against ramp rate, one expects a straight line whose intercept is the hysteresis and gradient is the coupling component.  Fig 1 presents these plots with least squares straight line fits.  It may be seen that the sextupole and decapole are reasonably well behaved, but b1 and b7 are all over the place.  We would expect b1 to be most influenced by external fields, so perhaps it is picking up some strange effects from the steel cryostat.  The b7 measurement is probably just noisy anyway.
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Fig 1: Superconductor component of harmonic terms as measured at BNL versus ramp rate.
4.  Comparison between Measured and Computed Harmonics
Table 1 presents the finally reduced data, as derived on sheet 'global sum'ry' of App 30-1.  
Section a) gives the harmonics due to the coil shape alone and shows reasonable agreement.  Presumably any residual differences are because the coils are not quite the shape as we think they are.
For the measured harmonics from the superconductor, I give two values: 'spot' is the measurement at dc or 2T/ and 'fitted' comes from the least squares line.  I have the feeing that 'fitted' are the better numbers to take, but am not sure.

Section b) shows the hysteresis terms.  There is poor agreement for b1 which, as already noted, seems to have a lot of scatter.  Good agreement is seen for b3 and fair agreement for b5 and b7.

Section c) shows the numbers for 2T/s.  Here again there is poor agreement for b1, good agreement for b3 and fair agreement for b5, but b7 shows no agreement at all.

Table 1: Comparison between Computed and Measured Harmonics

	
	
	600A
	
	
	1200A
	
	
	6000A
	

	
	VF
	BNL
	
	VF
	BNL
	
	VF
	BNL
	

	
	
	spot
	fitted
	
	spot
	fitted
	
	spot
	fitted

	a) Magnet only no superconductor magnetization
	
	
	
	
	

	sextupole b3
	-66.8
	-55.4
	
	-66.8
	-54.6
	
	-66.8
	-54.6
	

	decapole b5
	6.13
	6.02
	
	6.13
	5.83
	
	6.13
	5.59
	

	b7
	-2.69
	-0.828
	
	-2.69
	-0.883
	
	-2.69
	-0.897
	

	b) Superconductor contribution dc (coil field subtracted)
	
	
	
	
	

	dipole b1
	-12.9
	-17.7
	-8.50
	-4.65
	6.89
	2.87
	-0.407
	-6.1
	-5.8

	sextupole b3
	-11.7
	-9.64
	-10.2
	-4.27
	-3.67
	-3.93
	-0.378
	-0.418
	-0.414

	decapole b5
	-1.068
	-0.478
	-0.609
	-0.418
	-0.372
	-0.431
	-0.043
	0.022
	0.024

	b7
	-0.696
	-0.430
	-0.335
	-0.258
	-0.212
	-0.183
	-0.024
	-0.017
	-0.025

	c) Superconductor contribution at 2T/s (coil field subtracted)
	
	
	
	
	

	dipole b1
	-14.2
	-84.2
	-51.7
	-5.32
	-28.3
	-29.9
	-0.452
	-10.5
	-7.15

	sextupole b3
	-13.9
	-15.1
	-15.0
	-5.25
	-6.39
	-5.98
	-0.455
	-0.029
	-0.635

	decapole b5
	-0.685
	-0.975
	-1.171
	-0.311
	-0.679
	-0.808
	-0.038
	-0.029
	-0.029

	b7
	-0.760
	0.762
	-0.274
	-0.301
	0.216
	-0.194
	-0.027
	-0.104
	-0.086


5.  Concluding Remarks
The sextupole measurements have a good straight line fit and agree with the computation – we can probably believe these numbers!  The dipole terms do not fit well, but there does seem to be a consistent difference between computed and measured values at 2T/s.  Similar differences were seen with iron in Rep 27 and would seem to indicate some external eddy currents – originally in the iron yoke or, in this case, in the cryostat wall.   The decapole agrees not too badly, unlike the iron case where there were big differences at 2T/s.   Could this indicate a local short in the iron yoke assembly?   I can't think of a sensible remark about the b7 terms.
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