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Statistical analysis of cell best gradient in DESY/TTF data

Abstract

I analyzed DESY/TTF/Vertical (CW) passband mode data to determine whether any cell pair (or cell 5) showed a statistically different gradient than others, when separated into individual production numbers.

1. Data Selection and Analysis Technique
The data selection and analysis technique for finding the cell(s) gradient from the mode measurements are the same as described in the breakdown-cell note of Sept.6.  The cell gradients are calculated by the software during the test, assuming field flatness, and may or may not be corrected afterward.

In the present note, I have included all 105 Q vs. Eacc cavity tests, independent of test limitation: 26 tests for Production 1, 27 tests for Production 2, 33 tests for Production 3, and 19 tests for Production 4.
2. Gradient Distributions
The individual best-test maximum cell gradients, separated by cell(s) and by production number, are shown in Figures 1-5.  The average and standard deviation for each distribution are written on the plots, and are summarized in Table 1 and Figure 6.  In all cases, the bin size is 2 MV/m. The averages and standard deviations are calculated from the unbinned data.
The gradient dependence on production number is far more significant than the dependence on cell number(s).

2. Gradient Distributions, plotted differently
The individual best-test maximum gradients for the cells, separated by cell(s) and production number, are shown in Figure 7.  These are the same data shown in Figures 1-5.  The bin size is 2 MV/m.  For completeness, all four production batches are lumped together in Figure 8.

3. Results

No matter how the data are plotted, the gradient dependence on production number is far more significant than the dependence on cell number(s).  To quantify this effect, I calculated the Kolmogorov-Smirnov (K-S) probability that pairs of (unbinned) gradient distributions are compatible with being random samplings of the same unknown parent distribution.  The K-S probability ranges from zero to one, with one (zero) meaning most (least) probably deriving from the same parent distribution.  Table 2 shows the K-S probability that the gradient distributions from the different productions are compatible with representing the same parent distribution; the probabilities are negligible, except, interestingly, for that between production 3 and 4 (and the check that the diagonal elements are one).  By construction, the matrix is symmetric; this is another check.  Table 3 shows the K-S probability that the gradient distributions from the different cell(s) are compatible with representing the same parent distribution; most elements indicate a very high probability of coming from the same parent distribution.

4. Summary
I analyzed DESY/TTF vertical CW test data to study the cell dependence of cavity gradient. A clear improvement in gradient occurred for all cell(s) with each subsequent production batch.  No pair of cells (or cell 5) reaches significantly higher (or lower) gradient than the others.  The gradient data support the previous hypothesis of random breakdown cell location.
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Figure 1: The distributions of maximum gradient in cell 1 or 9, separated by production number.  The average and standard deviation for each distribution are shown.
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Figure 2: The distributions of maximum gradient in cell 2 or 8, separated by production number.  The average and standard deviation for each distribution are shown.
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Figure 3: The distributions of maximum gradient in cell 3 or 7, separated by production number.  The average and standard deviation for each distribution are shown.
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Figure 4: The distributions of maximum gradient in cell 4 or 6, separated by production number.  The average and standard deviation for each distribution are shown.
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Figure 5: The distributions of maximum gradient in cell 5, separated by production number.  The average and standard deviation for each distribution are shown.
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Figure 6: The average best gradient, separated by cell(s) and by production number.  The error bar is the standard deviation of the best gradient distribution.
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Figure 7: Distributions of maximum gradients for all cells, separated by production number.
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Figure 8: Distribution of maximum gradients for all cells, all production numbers.

Table 1: Average and standard deviation for each of the best-test maximum gradient distributions.

	Production
	Cell(s)
	Average gradient [MV/m]
	Standard deviation [MV/m]

	1
	1 or 9
	22.65077
	8.274465

	1
	2 or 8
	22.84615
	8.259508

	1
	3 or 7
	21.79923
	8.817727

	1
	4 or 6
	23.31038
	8.482587

	1
	5
	22.89769
	9.245171

	2
	1 or 9
	26.66074
	2.454498

	2
	2 or 8
	27.11444
	2.254157

	2
	3 or 7
	27.08481
	2.651137

	2
	4 or 6 
	27.44185
	2.867716

	2
	5
	27.20111
	3.795398

	3
	1 or 9
	30.07364
	6.237612

	3
	2 or 8
	29.60727
	5.867669

	3
	3 or 7
	30.20848
	6.27723

	3
	4 or 6
	30.2903
	6.249751

	3
	5
	31.05152
	6.790942

	4
	1 or 9
	32.16789
	4.323806

	4
	2 or 8
	32.11211
	4.459019

	4
	3 or 7
	33.37053
	5.190218

	4
	4 or 6
	33.40263
	4.514148

	4
	5
	35.73421
	5.843486


Table 2: Kolmogorov-Smirnov probability for gradient distributions with all cells combined, separated by production number.

	K-S probability
	 Prod 1
	 Prod 2
	Prod 3
	Prod 4

	Production 1
	1.000000
	0.000483
	0.000127
	0.001883

	Production 2
	0.000483
	1.000000
	0.000406
	0.026475

	Production 3
	0.000127
	0.000406
	1.000000
	0.422991

	Production 4
	0.001883
	0.026475
	0.422991
	1.000000


Table 3: Kolmogorov-Smirnov probability for gradient distributions with all production numbers combined, separated by cell(s).

	K-S probability
	cells 1&9
	cells 2&8
	cells 3&7
	cells 4&6
	cell 5

	cells 1&9
	1.000000
	0.968798
	0.909878
	0.818339
	0.373931

	cells 2&8
	0.968798
	1.000000
	0.994219
	0.373931
	0.114970

	cells 3&7
	0.909878
	0.994219
	1.000000
	0.588237
	0.216172

	cells 4&6
	0.818339
	0.373931
	0.588237
	1.000000
	0.818339

	cell 5
	0.373931
	0.114970
	0.216172
	0.818339
	1.000000


