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This memo reports the results of sextupole measurements performed on the Tevatron dipole magnet TB-269 using a system developed at CERN, and based on the use of Hall plates to achieve a fast read-out. The system has been shipped, installed and verified in the course of a measurement campaign that took place between February 19th, 2003 and February 27th, 2003. 

The main motivation for the use of this probe on Tevatron dipoles came from the fact that during a workshop on correction of dynamic effects in Tevatron, in November 2002, an apparent difference was found between the snap-back behaviour of Tevatron and LHC dipoles. In particular while the data on the LHC magnets, taken with the Hall probes set-up, indicated a strong correlation between snap-back amplitude and field change necessary to resolve the fast sextupole change, the data on the Tevatron dipole, taken with rotating coils, indicated that the time needed to complete the snap-back (for the same acceleration ramp) was essentially independent on the snap-back amplitude.

The aim of the measurements was hence to provide a cross comparison of results by using different measurement techniques (rotating coils vs. Hall plates), and, if possible, resolve the above difference. As detailed in this memo, both aims have been achieved.

Measurement conditions

The standard current cycle for the measurement of decay and snap-back in the Tevatron dipoles, together with the nomenclature of the various phases, is shown in Fig. 1. The cycle is based on the typical operation of the accelerator. The magnets are quenched to erase previous history (as done at CERN for similar measurement on the LHC dipoles). Nominal injection level is 663 A (corresponding to about 0.66 T) and flat-top level is 4333 A (corresponding to about 4.3 T). The ramp-rate during acceleration and ramp-down is 53 A/s, and a full energy swing (from injection to flat-top) takes about 80 s, This is extremely fast, as compared to the 20 minutes planned for the LHC. Acceleration starts with a parabolic time dependence lasting few s, before reaching full speed. 

The purpose of the back-porch is to extract anti-protons, while the reset ramp is used, as is the case for the LHC magnets, to de-magnetise and re-magnetise the superconductor in order to prepare the magnet for injection.
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Figure 1. Standard current cycle for the measurement of injection decay and snap-back in Tevatron dipoles.

The parameters varied during the measurement campaign reported in this note were the following:

· flat-top current during the pre-cycle, of 4333 A (standard) and 2000 A;

· flat-top time during the pre-cycle: 20 minutes (standard), 1 minute and 60 minutes;

· back-porch time: 1 minute (standard), 10 minutes and 30 minutes;

· injection time: 30 minutes (standard) and 5 minutes.

A catalog of the measurements taken and the associated file name is reported in Appendix A.

All measurements reported here were performed with the probe placed at approximately 3 m from the end of the warm bore, on the magnet cryogenic feed-box side. This location is well inside the body field of the magnet, and the measurements are not affected by end field contributions.

 Measurement preparation and electronics settings

After installing the system in the warm bore of the Tevatron dipole TB-269, the system was prepared for measurement and checked-out. The main steps for the preparation were the calibration of the amplifier gains (reported in Appendix B) and setting of the data acquisition channels (details in Appendix C). A reading of the current in the magnet was added to the data acquisition system, so that the current cycle could be recorded at the same time of the measurement.

Calibration of the Hall-probe readings

The nominal Hall plate sensitivity was verified comparing the reading of the dipole signal to measurements performed with rotating coils. During this measurement it was found that the sensitivity of the dipole Hall plate was approximately 7 % higher than the nominal calibration established on the single probes. This could be due to errors in the determination of the absolute amplifier gains, or an input current from the current source higher than expected. Because the dipole compensation was accurate, as set during the initial adjustment at CERN, we think that this additional sensitivity must be the same for all probes. The Hall plate characteristics (voltage generated per unit field) obtained correcting the nominal calibration by a 7 % increase are listed in Appendix D.

The calibration of the dipole reading, based on direct comparison with rotating coil measurements, is 0.927 T/V.

The theoretical calibration of the two sextupole rings was then computed taking the corrected Hall plates sensitivities, the nominal geometry of the triangular arrangement, and the amplifiers gains in the analog conditioner. Details of this calculation are presented in Appendix E. The resulting calibration coefficients are reported below together with those derived (“measured”) from a calibration on rotating coil data (see discussion later). They express the relation between the sextupole component of the field measured (in T @ 25.4 mm) and the read-out voltage at the output of the analog conditioner (in V). A small calibration coefficient corresponds to a high signal from a given sextupole field.

	Output signal
	K -measured

(T @ 25.4 mm / V)
	K -calculated

(T @ 25.4 mm / V)

	ring 1
	0.0582
	0.0601

	ring 2
	0.0581
	0.0600

	total
	0.0095
	0.0098


These values, and in particular the value for the total sextupole reading obtained from the two rings, was found to be accurate to 3 % when compared to rotating coils measurements, as described later. The error on the calibration could be due to several error sources, and in particular:

· sensitivity of the Hall plates;

· sensitivity of the Hall plates arrangement to higher order harmonics;

· amplifier gains in the analog conditioner;

· geometry of the arrangement.

With regard to the second point, it is worth noting that the Tevatron dipole magnets have 12 units @ 25.4 mm of geometric 18-pole. Based on the results reported in Appendix E, the signal associated with the 18-pole is expected to be the order of 10% of the signal due to the sextupole only. The 18-pole in the Tevatron dipoles is mostly of geometric origin, and its effect is a voltage proportional to the current in the magnet. This is the same effect produced by an un-bucked dipole component, that is discussed in the next section.

Given the acceptable agreement between expected and measured calibration coefficients, the error sources were not quantified further.

Dipole bucking

One of the main issues for the accurate direct measurement of sextupole using Hall plates arrays is the proper compensation of the dipole component in the field. Figure 2 reports the voltage readings from the single rings as well as the total voltage from the two rings plotted as a function of the voltage reading of the dipole field. The calibration factor between dipole voltage reading and dipole field is approximately 1 (0.927 T/V, see previous section), hence the x scale is in practice identical to the dipole field. 

The voltage has a dependence on the dipole field, due to compensation errors, and shows a clear hysteresis that corresponds to the persistent current contribution to the sextupole error. Using the data reported in Fig. 2, it is possible to estimate the dipole bucking ratio assuming that the average reading is due to the un-bucked dipole, while the hysteresis is due solely to the sextupole. The average reading of -0.15 V at injection field (0.66 T) corresponds to a residual dipole sensitivity of -0.22 V/T. 

The reading of single, un-bucked Hall plates in the two rings in the same dipole field, and after the amplifiers in the analog conditioner, would be about –107 V/T. The dipole bucking ratio is hence of the order of 700. Although moderate (balanced rotating coils achieve dipole bucking in excess of 1000), this bucking ratio is sufficient to deduce the sextupole component by analysis, as discussed later.

[image: image3.wmf]
Figure 2. Example of voltage readings as obtained during the measurement of the standard accelerator simulation cycle. The voltages refer to the output of the analog conditioning electronics. The x scale is the voltage reading of the dipole signal, in practice identical to the dipole strength in (T).

Measurement noise

The noise of the measurement system was verified and found to be equivalent to the measurements at CERN. The noise on the total sextupole reading (sum of ring 1 and ring 2) is limited by the quantization error in the ADC of the data acquisition. The noise has dominant random appearance, and with the gains settings reported in Appendix C it is in the range of 0.2 mV peak-peak. Based on the calibration of the Hall plates and the electronics, this corresponds to a random sextupole field of 2 T @ 25.4 mm. Normalised to the injection field (0.66 T) this corresponds to an electronic noise of the order of 0.03 units @ 25.4 mm, much smaller than the expected effect (1 unit @ 25.4 mm). 

Later, during the measurements, a periodic signal superimposed to the slow variations corresponding to the magnetic field signal was observed. An example of this noise is shown in Fig. 3, reporting the total sextupole signal from the sum of the two rings during the end of the injection porch and the beginning of the energy ramp. The amplitude of this noise, translated into normalised sextupole field, is 0.1 unit @ 25.4 mm peak-peak. The periodic structure of the signal is clear, and the highest frequency resolved is of the order of 3 Hz. This noise is thought to have mechanical origin, associated with the vibration of the magnet and of the warm bore caused by a cryogenic pump very close to the measurement stand.

[image: image4.wmf]
Figure 3. Example of total sextupole signal, converted to units of sextupole @ 25.4 mm, demonstrating the periodic modulation.

Calibration of Hall plate results on rotating coil results

As discussed above, an un-bucked dipole component is present in the voltage reading of the sum of the two sextupole rings. In addition the amplifiers, as well as the Hall plates, have voltage offsets that are not necessarily constant (temperature dependent). Finally, the Hall plate field-voltage characteristics is known to be non-linear over a wide enough range of field (at best 0.1 % deviation from linearity in the range 0 to 1 T). All these sources contribute to spurious signals that could only be eliminated using a complex set-up and operation (high-precision calibration of the Hall plate sensitivity in a 3-D field, temperature controlled probe and electronics, zero-gauss chamber for offset adjustment, high precision reference field for compensation). 

To simplify the probe and its operation, we have chosen to measure the signal as-is (see Fig. 2), and to eliminate the spurious contributions by analysis, using as a reference the results of the persistent current hysteresis (ramp-up and ramp-down branches) obtained using rotating coils. The result of this matching is shown in Fig. 4, where the Hall plates sextupole is compared to rotating coils results for the same powering cycle. 

[image: image5.wmf]
Figure 4. Comparison of rotating coils results and matched Hall plates reading, after data reduction. Both measurements are taken during a standard powering cycle following a cleansing quench

The Hall plates data is reduced using the following conversion formula:
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where b3 is the normalised sextupole, V3 is the sextupole voltage from the analog conditioning electronics (e.g. the sum of the two rings), V1 is the voltage from the dipole Hall plate, B1 is the dipole field strength (deduced from the dipole voltage V1 using the conversion factor 0.927 T/V discussed above), Voffset is the electronics offset from the amplifiers, K3 is the calibration constant for the voltage of the sextupole read-out, Kbucking is the dipole voltage bucking ratio and Knon-linear is a parabolic correction for the Hall plate non-linearity as a function of field. The parameters Voffset, Kbucking, Knon-linear and K3 are obtained by an unconstrained optimization procedure that aims at minimising the root mean square of the difference among Hall-plates reading and rotating coils results throughput the cycle. In this procedure the value of K3 was found to be within 3 % of the theoretical value reported previously (0.0098 T @ 25.4 mm / V), which indicates that the matching and data reduction is sound. The conversion constants for the dipole and total sextupole readings are summarized below.

	
	Voffset
(V)
	Kbucking
(-)
	Kn
(T/V)
	Knon-linear
(1/V)

	dipole
	0
	0
	0.92674
	0

	total sextupole
	0.18615
	-0.30539
	-0.0095
	-0.0967


As a further confirmation of the accuracy of the data reduction, Fig. 5 shows the comparison of Hall plate and rotating coils results for the snap-back during the standard powering cycle. The snap-back phase is very well matched, both in amplitude and in time scale, with differences of the order of 0.1 units @ 25.4 mm. Note that thanks to the static nature of the Hall plates reading, the time resolution of this measurement is high (10 Hz in Figs 4 and 5, and in all following data). More detailed comparison of Hall plates and rotating coils results is reported in Appendix F.

[image: image7.wmf]
Figure 5. Details of the snap-back during a standard powering cycle following a cleansing quench, measured with rotating coils and Hall plates (after data reduction).

An additional, and necessary remark is on the offset between the ramp-up branch to injection, and the ramp-up branch after snap-back. The offset between the two curves, in the range of 1 unit, cannot be explained based on the expected physical behaviour, confirmed by the rotating coils results, and must hence be attributed to a measurement artifact. In fact, all multipoles in superconducting magnets wound with Rutherford cables are known to have a longitudinal periodic dependence whose amplitude and phase change in time over very long time constants (in excess of hundreds of s). The wavelength of this periodic pattern is the cable twist pitch. For this reason the two sextupole rings have been placed at a distance close to half the expected cable twist-pitch (approximately 33 mm). Small deviations from this nominal setting, or cable twist pitch deviations from the expected value, can result in incomplete compensation of the change of periodic pattern and another source of spurious signal. 

A verification of the longitudinal distance between the rings, and of the cable twist pitch, was discussed and could be performed in a future measurement, provided the mechanical set-up is modified to allow precise sliding of the probe along the magnet bore. Note however that the change of the periodic pattern is slow, so that during the snap-back (10 s) this effect can be neglected.

Snap-back measurement results

We have focused in the analysis of the measurements on the evolution of the normal sextupole as a function of dipole field and time during the snap-back. To compare different measurements we have computed the change in sextupole with respect to the baseline ramp, as would be measured with no injection porch. This last was estimated directly from the measurements of each cycle, fitting the data after the end of the snap-back with a parabola and extrapolating the fit down to the injection field. 

[image: image8.wmf]
Figure 6. Measured sextupole and fit of the baseline ramp-up branch extrapolated to injection field.

In Fig. 6 we report the measured points for the standard powering cycle as well as the fitted parabola for the ramp-up baseline ramp extrapolated down to injection field. The quantity discussed later in this section is the difference between the measured points and the fitted ramp-up branch. Clearly the fit deviates only slightly from linearity and the extrapolation of the ramp-up branch should introduce only small errors.

The main result of this analysis is shown in Fig. 7, where we report the change in sextupole during the snap-back as a function of the dipole field for all powering cycles tested. The sextupole change is clearly correlated with the powering history, and in particular longer flat-top at higher energy result in deeper snap-back, while waiting times before injection reduce the phenomenon. This is consistent with the behaviour observed in the LHC magnets. Note finally that the dipole field change needed to resolve the snap-back phase is also a function of the powering history, and that in general a larger sextupole change is associated with larger dipole field change to reach the baseline ramp.

[image: image9.wmf]
Figure 7. Summary of the sextupole change for all cycles tested, plotted as a function of the dipole field.

[image: image10.wmf]
Figure 8. Summary of the sextupole change for all cycles tested, plotted as a function of time (t=0 corresponds to the start of the parabolic ramp).

Once plotted as a function of time, as reported in Fig. 8, the picture is in fact less clear. We have plotted there the normalised sextupole change, i.e. the sextupole change divided by b3, the total snap-back amplitude (defined later). There is little difference in the total time needed to resolve the snap-back. This is due to the fact that the current ramp accelerates quickly after few s from the start, and all field changes in the range of 10 s are compressed with respect to the beginning of the ramp. This fact would advocate for a time-based scaling, as presently used at the Tevatron. However, the shape of the normalised curves is not constant throughout the sample, with maximum dispersion at intermediate times during the snap-back.

A more satisfactory result can be achieved using a scaling based on the dipole field change. One obvious possibility, given the shape of the curves in Fig. 7, is the use of an exponential curve fitting:
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where b3snap-back(t) is the sextupole change during snap-back, B1(t) is the instantaneous value of the dipole field, initially at the injection value Binjection. The snap-back amplitude b3 and the dipole field change B1 are the two fitting constants.

A theoretical background for this choice is not established, but direct and numerical experience seems to indicate that an exponential function of the dipole field change should apply well to the snap-back. A fitting example is reported in Fig. 9, for the standard powering cycle. The typical maximum error during snap-back is of the order of 0.1 units, for an rms error of 0.05 units.

[image: image12.wmf]
Figure 9. Exponential fitting of the sextupole change during snap-back.

A very interesting remark is that the fitting parametersb3 and B1 in the exponential are strongly correlated. This result was already found during tests of the LHC magnets, and can be seen clearly in the scatter plot of Fig. 10, reporting the fitting parameters for all cycles tested in the Tevatron dipole TB-269. This correlation could have a major significance for devising a simple, flexible and yet robust correction algorithm for the sextupole snap-back. In practice, if the average correlation line for the magnets in the accelerators could be established, e.g. through sampling, it would be possible to correct sextupole changes during snap-back using the simple interpolation above, deducing the dipole field change B1 from the expected sextupole snap-back amplitude b3. This, in turn, could be estimated based on relatively slow chromaticity measurements during injection, i.e. using directly an information from the beam that integrates over the whole accelerator and includes the effect of powering history.

[image: image13.wmf]
Figure 10. Scatter plot of the snap-back amplitude b3 vs. the dipole field change B1 for all cycles tested. The plot indicates a strong correlation between the two parameters.

Conclusions and perspectives

As outlined in this report, the work performed at Fermilab has been fruitful and successful in several aspects. 

From the point of view of the physics of the decay and snap-back, the measurement of a Tevatron dipole has brought additional background for the understanding. The behaviour was confirmed to be essentially the same as measured in the LHC dipoles. The apparent discrepancy pointed out in November 2002 between rotating coils measurements of Tevatron dipoles and Hall plate measurements of LHC dipoles is resolved. Its origin was in the fast acceleration used in the Tevatron, that tends to squeeze the time scale of snap-back and minimise differences among different powering histories. It is clear. However, that in the Tevatron as in the LHC, the snap-back is a field driven phenomenon with a clear correlation between snap-back depth and the field change necessary to resolve it.

From the point of view of the measurement technique, the installation and set-up of the probe was relatively uneventful, thus giving confidence that a probe of this type is sufficiently robust to be used in the LHC multipoles factory. A simple and self-contained data acquisition system (a National Instruments ADC card read by a LabView program running on a Mac-OS) was used for the tests reported here. Also this experience was very successful and this system, or a similar one based on the same principle and performances, can be regarded as a low cost solution for further work at the LHC test stations.

The sextupole probe is at present at Fermilab. The distance between the rings should be adapted to the measured cable twist pitch. This last can be obtained scanning a magnet bore to measure the periodic pattern wavelength. This operation could be delicate and requires additional mechanical work. Although this adjustment could expand the range of validity of the measurement (in particular the measurement of decay), it is not strictly necessary when focusing on the snap-back phase only. 

A modification was proposed for the snap-back compensation algorithm in the Tevatron using the exponential interpolation, on the basis of the results reported here as well as several other measurements performed using rotating coils (see Fermilab Technical Division internal note TD-03-008 and/or Fermilab Beams Division note Beamsdoc-480, March 03 for further details). The plan is to proceed with the measurement of other Tevatron dipole magnets, depending on time schedule and availability. Once additional data is available from these measurements it will be useful to convey a dedicated review to summarise and draw conclusions from the measurement campaigns, and especially to examine the potential for an improvement in the control algorithm of the Tevatron sextupole compensation.

Appendix A – Measurement summary

The following list contains a summary of the measurements executed and the relative file names

	measurement type
	comments
	file name

	standard cycle
	
	Mini2003-02-26-09h52s27

	magnetization loop
	cycles of current between minimum current (380 A, 530 A, 663 A, 800 A) and 2000 A
	Mini2003-02-26-10h32s30

	Influence of back-porch time
	10’ back-porch at 663 A
	Mini2003-02-26-16h35s54

	Influence of injection time
	5’ injection at 663 A
	Mini2003-02-27-09h48s35

	Influence of flat-top time
	1’ flat-top at 4333 A
	Mini2003-02-27-11h20s24

	Influence of flat-top time
	60’ flat-top at 4333 A
	Mini2003-02-27-14h22s04

	Influence of flat-top current
	20’ flat-top at 2000 A
	Mini2003-02-27-16h46s30

	Influence of back-porch time
	30’ back-porch at 663 A
	Mini2003-02-27-18h39s10


Appendix B – Calibration of gains of the analog conditioner

The signal from the 3 Hall plates of each sextupole ring is amplified with a variable gain amplifier and sent to an adder. The variable gain of the first amplification stage was adjusted in a reference dipole magnet (at CERN) to remove the dipole component of the total signal (after the adder). The second amplification stage, the adder, has a nominal gain of 20 (selected through jumper settings). The total gain of these two amplifier stages was verified setting the input voltage corresponding to a single Hall plate to 10 mV (with the other inputs open), and measuring the output voltage. The average total gain obtained for ring 1 (after the adder) was 73.5, while for ring 2 it was 72.2. This corresponds to average gains of 3.68 (ring 1) and 3.61 (ring 2) on the variable gain input stage of the two rings.

After the compensation stage at the single ring level, the signal is added and amplified to produce an average sextupole signal readable by the data acquisition card. The gain of this stage was verified in the same manner as above, and was measured to be 3.06 when the setting for the final amplifier stage corresponded to a gain of 1 (selected through jumper settings).

A schematic of the conditioning electronics is reported in Fig. B-1
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Figure B-1. Schematic of the read-out electronics for the Hall-plate sextupole measurement probe with the gains of the amplifier stages (as measured in Fermilab).

Appendix C – Data acquisition settings

The data acquisition was set to read a total of 5 channels. The correspondence among channel and signal is reported in the table below. The corresponding amplifiers gains are also reported. Note that during the measurements, a voltage signal proportional to the magnet current was added to the original set of 4 channels.

	channel
	signal
	gain

	1
	dipole field
	1

	2
	sextupole-ring 1
	10

	3
	sextupole-ring 2
	10

	4
	total sextupole (ring 1 + ring 2)
	10

	5
	current
	1


With the gain set as above, the total sextupole signal (channel 4) saturated at approximately 2 T in the cycle. As the relevant measurement range was around 0.7 T, this setting was kept to maximise the signal quality. 

The data acquisition frequency for all experiments reported was set to 10 Hz, which proved a good compromise between speed and accuracy.

Appendix D – Hall plates sensitivity

The in-situ Hall plate sensitivity coefficients were determined taking the nominal values (verified at CERN on the single probes) and correcting them for a scaling factor. The scaling factor was obtained for the Hall plate 9, used to measure the dipole field, by comparison with rotating coils results.

	Hall


	S

(V/T)

	3
	0.239

	10
	0.238

	1
	0.238

	9
	0.244

	8
	0.241

	2
	0.244


Appendix E – Array sensitivity to sextupole and higher order harmonics

The three Hall plates are mounted on the probe support (a ring) so that they sample the radial field at three positions located on a circle of radius R = 14.3 mm and equally spaced in angle. The probe is oriented so that the Hall plates are placed at is 90 degrees, 210 degrees and 330 degrees, measured from the horizontal. 

Using the standard harmonic expansion of the magnetic field, the radial component Br is given by:
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(E.1).

Here, Bn and An are the normal and skew multipoles of order n and Rref is the reference radius at which the multipoles are referred. The first coefficient B1 is the normal dipole. 

An ideal ring array consists of identical Hall plates with linear sensitivity S, with the Hall plates perfectly oriented to sense only the radial field component and positioned at the same radius R. In this case the signal obtained adding the signals from the three Hall plates would be:
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(E.2).

Only the normal multipoles of order 3(2k-1) (i.e. B3, B9, B15, ...) and the skew multipoles of order 6k (i.e. A6, A12, A18, ...) contribute to the total sum signal V. Note in particular that the normal dipole B1 is perfectly cancelled.

Deviations of the geometry of the ring array from the ideal one, and differences among the sensitivities of the Hall plates cause the array to be sensitive to other harmonics (e.g. the dipole).

For the calculation of the sextupole calibration coefficients of the two rings and of the total sum signal we have modified the equation above to take into account different Hall plate sensitivities as well as the effect of the amplifier stages. With these adjustments the signal from the ring j in a pure sextupole field is given by:
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(E.3).

where Sji is the sensitivity of Hall plate i in ring j, Gjbucking is the gain of the adjustable amplifier at the input of the conditioner and Gjadder is the gain of the amplifier following the first adder (see Fig. B.1). The calibration coefficient for a ring Kj3 (the ratio of the sextupole field to the expected voltage signal) is hence given by:
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(E.4).

The sum signal from two rings is obtained using Eq. (E.3) for each ring and taking into account the effect of the amplification stages:
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(E.5)

where Gsum is the gain the amplifier following the adder of the two rings and Goutput is the gain of the output amplifier (see again Fig. B.1). The calibration coefficient for the sum signal K3 is finally given by:
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Appendix F – Comparison of Hall plate and rotating coil results

As discussed above the Hall-probe measurements presented here were calibrated on measurements performed with rotating coils for the Tevatron standard case, with a 20 minutes flat-top and a 1 minute back-porch dwell in the precycle (Report on Recent Magnetic Measurements on Tevatron Dipole Magnets, Fermilab, Technical Division Note, in preparation). The following plots present a comparison of snap-back data recorded with the Hall-probe array and the rotating coils for different pre-cycle conditions. As can be seen in Fig. F.1 the comparison yields excellent results also in the cases of a longer and shorter flat-top (60 minutes and 1 minute), longer back-porch (10 minutes and 30 minutes), and otherwise unchanged conditions during the pre-cycle. Therefore, from this comparison we can conclude with good confidence that the Hall-probe sensor array, once calibrated on an arbitrary rotating coil measurement on the same magnet, produces good results. 

[image: image21.wmf] [image: image22.wmf] [image: image23.wmf][image: image24.wmf]
Figure F.1. Comparison of the snap-back measured with rotating coils and Hall plates. The baseline ramp has been removed from both measurements to allow better comparison of the data. Four measurement cycles are considered: 1 minute flat-top (top left), 60 minutes flat-top (top right), 10 minutes back-porch (bottom left) and 30 minutes back-porch (bottom right)
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