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1.  Introduction
This report compares the calculations of Rep 31 with new measurements at GSI of loss in Dip001.  A new feature of these measurements is the presence of a stainless steel bore tube for the anti-cryostat, which adds a significant eddy current loss.
2. Eddy currents in the bore tube.

Appendix 36-1 presents a simple theory of the eddy loss in the bore tube.   At 1T/s, I calculate a loss of 0.502W, which is half the calculated value presented by INFN at the 23rd May GSI meeting – comments? 

3. Calorimetric Measurements.
Appendix 36-2 calculates the losses using exactly the same spreadsheet as Rep 31, but with the addition of eddy losses in the bore tube.  The sheet ‘calorimetric’ compares these calculated losses with the calorimetric losses reported by Claus Shroeder [1].  In this calculation, I include the eddy current losses calculated by Hanno Liebrock [2] for the shell and cryostat inner wall, but not the outer wall.  Ideally these calculations should be repeated for the inner wall of the GSI cryostat, which is probably different.

Fig 1 compares the experimental and theoretical results.  It may be seen that there is good agreement at 4T maximum field but, at lower fields, the experimental data is below the theory – for the first time ever!  
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Fig 1: Comparison of measured calorimetric losses with calculation. 

4. Electrical Measurements.

Sheet ‘electrical’ of Appendix 36-2 presents a comparison of the calculation with the electrical measurements of Andrzej Stafiniak [3].   Because the electrical measurements were not made at constant dB/dt,  the data is presented as a function of 
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, although the calculations were actually done for constant dB/dt.  Fig 2 presents the results, where it may be seen that the measurements are now considerably higher than calculation

[image: image3.emf]0

20

40

60

80

100

120

140

160

180

0 5 10 15 20 25 30 35

Int (dB/dt)^2 dt

Loss J/cycle

Bmax = 2T

Bmax = 3T

Bmax = 4T


Fig 2: Comparison of measured electrical losses with calculation.

5. Discussion.

In Report 31, I found that the calculated losses were lower than measured at BNL.  As a ‘what if’ exercise, I repeated the calculation with Ra adjusted to be 28 which was the value needed to match the experimental data.  This was widely interpreted as ‘proving’ that Ra in the magnet was less than that measured on short samples.  The present measurements show that this conclusion was premature.  Taking Ra at its mean measured value of  64  the calculation gives a reasonable match to the calorimetric data.  
The discrepancy between calorimetric and electrical measurements may perhaps be explained by the fact that calorimetry measures only those losses which occur within the helium enclosure.  By contrast, the electrical measurement picks up all losses because it measures the net work done by the power supply – so it measures eddy current losses in the cryostat radiation shield (copper) the cryostat outer vacuum vessel (aluminium) and anything else which happens to be in the vicinity.  In general therefore we would expect the electrical measurement to measure more than the 4.5K loss – and this seems to be the case.  It would be useful to repeat the OPERA eddy current loss calculation including all elements of the GSI cryostat. 

6. Appendices
App 36-1:  Eddy Current Loss in the bore Tube
App 36-2:  Losses in Dipole 001
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