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Magnetization of Wires K2 001T4 and G2 001T6

1.  Introduction

The note presents a (belated) analysis of the magnetization measurements made at Twente on two fine filament wire samples made by EAS.  Both samples were measured up to 4T, so I am able the get the magnetoresistance of et (B) and compare magnetization Jc (B) with transport current  Jc (B) and thereby make some estimate of filament distortion.  Only K2 001T4 had an etched measurement, which allows an estimate of proximity effects.

2. Analysis of the data

Appendices 23-1 and 23-2 present my analysis of the data provided by Andries den Ouden (emails 1 July 04 and 2 July 04).   The sheets named 'etched', '80mT_s' etc are the data supplied by Andries at the field points chosen for analysis, ie 0T, 0.05T, 0.1T, 0.2T, 0.4T,0.6T,1T, 1.5T, 2T, 2.5T, 3T, 3.5T, 3.8T.   Apart from some re-formatting, nothing has been done to the original data apart from deleting the unwanted lines not at the chosen fields.  The sheet 'M vs B` summarizes data in the 4 quadrants of the hysteresis loop at the chosen field levels.  Note that the 240mT_s data in 23-1 did not have lines at the required fields, so interpolation was used between lines on either side.

The sheets 'M sumry' sumarize the mean magnetization at each field and plot it as a straight line vs B`. The intercept is used in sheets Jc(B) to current density.  For wire K2 001T4, where an etched sample was measured, the sheet 'prox' derives the proximity coupling.  The gradient is used in sheets @Rhoet' to get et (B).  The sheets 'geom' give geometrical data for analyzing the results.

Appendix 23-3 derives the self field correction for transport current  Jc (B) and Appendix 23-4 gives details of heat treatments.
3. Sample K2 001T4

Fig 1 shows a cross section of the wire.
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Fig 1:Cross section of K2 001T4 (G2 001T6 is similar)

In order to discuss the  Jc  results, we must first look at the proximity magnetization as illustrated in Fig 2.
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Fig 2: Magnetization of K2 001T4 before and after etching.

It may be seen that, at high fields, the etched sample is higher than the un-etched.  This makes no sense and must be a calibration error somewhere, so I applying one of my notorious cooking factors.  Because the intercept comes from many measurements, I assume that this is correct and apply a factor ( f = 0.879) to the etched sample.  As shown by the pink line in Fig 2, this factor makes the two magnetizations equal at high fields.  However, we must remember that this is an arbitrary assumption which affects all that follows on Jc (Andries please comment).

With the above value of f , sheet 'prox' shows that the proximity component of magnetization may be represented by:
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where 
 Mpo = 18800A/m and k = 13T -1.

Using the same f value, sheet 'Jc(B) calculates the critical current density from the etched magnetization and fits it with the usual modified Kim Anderson formula:
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where:
Jo = 3.5 x 1010 Am-2


Bo = 0.26T


Ao = 3 x 10 9 Am-2

A 1 = -3 x 10 8 Am-2T-1 

the simple KA formula
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which gives a worse fit has: 


Jo = 3.2 x 1010 Am-2


Bo = 0.50T

Fig 3 plots the data and fitted lines.
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Fig 3: Critical current density from magnetization for K2 001T4

In Fig 4 we compare this current density with that derived from transport current (K2_001T4.pdf Stefan Tittel 12 Jun 04).  Appendix 23-3 gives details of the self field correction applied to the transport current data.  Fig 4 plots the results and table 1 lists the ratio between the two values.  This ratio is a measure of filament distortion.
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Fig 4: Critical current density from magnetization and transport current for K2 001T4

Table 1: Ratio (Jc magnetization ) / (Jc transport) for K2 001T4
	B (T)
	0.93
	1.34
	2.24
	3.19
	4.16

	ratio
	1.15
	1.16
	1.16
	1.14
	1.13


Finally, sheet 'Rhoet' uses the fitted gradient of M vs B` to calculate et (B).  Note that the zero field result has been ignored in this calculation because the gradient is negative, implying a negative resistivity!  Presumably this result has something to do with proximity coupling, which appears to get weaker at high ramp rates.  Fig 5 plots the results, fits them to straight line and compares it with the RHIC wire of Rep 21(1).  As discussed in Rep 19, for this calculation the magnetization is normalized within the filament boundary radius.   
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Fig 5: Effective transverse resistivity for K2 001T4.

3. Sample G2 001T6

In this case we have no etched sample results, so for  Jc (B) I have fitted the intercept of the M vs B` lines at fields above 0.4T.  Fig 6 shows the results.  For the modified KA fit (eq 2) I find:


Jo = 3.5 x 1010 Am-2


Bo = 0.27T


Ao = 3 x 10 9 Am-2

A 1 = -3.5 x 10 8 Am-2T-1

and for the simple KA fit:

Jo = 3.2 x 1010 Am-2


Bo = 0.51T

Both very similar to sample K2 001T4
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Fig 6: Critical current density for G2 001T6, with KA fits and K2 001T4 for comparison 

Fig 7 compares the fitted magnetization Jc with that measured via transport current.  Unfortunately, the two curves only overlap between 3 and 4T; table 2 lists the ratios of magnetization/transport Jc.
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Fig 7: Critical current density for G2 001T6, measured via magnetization and transport current. 

Table 1: Ratio (Jc magnetization ) / (Jc transport) for G2 001T6

	B (T)
	3.25
	4.20

	ratio
	1.11
	1.08


As before the sheet 'Rhoet' calculates the effective transverse resistivity; Fig 8 plots the result
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Fig 8: Effective transverse resistivity for G2 001T6.

4. Discussion of the Results

i) Critical current density is as expected and almost identical for both wires

ii) Taking the ratio (Jc magnetization) / ( Jc  transport) as a measure of filament distortion, Table 3 compares with previous data.

Table 3 filament distortion

	wire
	2A212
	3N7
	RHIC
	K2 001T4
	G2001T6

	Ratio (Jc magnetization ) / (Jc transport)
	1.40
	0.94
	0.92
	1.15
	1.10


 It may be seen that the present wires are better than the previous double stack wire 2A212, but not as good as the single stack 3N7 or RHIC.  Drawing this wire down to finer filament size seems to have made the filament distortion slightly worse.

iii) The dependence of transverse resistivity on field et (B) is similar to RHIC wire for K2001T4, but quite different for G2001T6.  I can think of no explanation for this - same wire at different size.  Different heat treatments would change the value of et , but the variation with B should still be the same.  The data is self consistent, good straight line fits etc - could we have a systematic error?  Andries please comment.
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