, ,  at CEBAF - What has been measured?  How well do others do?

Jay Benesch

Abstract

Definitions of these beam parameters will be given.  and  measurements at the entrances to the experimental halls will be summarized, the latter normalized to design values.  Measured emittances and their ratios to design values will be summarized.  Best published values from KEKB and SLC will be summarized.  Goals for CEBAF versus time will be suggested.  

Definitions  [1]

Equation of motion:  


u'' + k(s)*u = 0 

where k(s) is a lattice function and u is either x or y.  Let 
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then (1) becomes 
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where the last is the Courant-Snyder invariant of motion and describes an ellipse of area . 

The beam envelope is E(s) =  
[image: image3.wmf])
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 where the 
[image: image4.wmf]±

indicates the envelope is on both sides of the beam centroid.  This is what must fit in the pipe.  

In CEBAF, the only dissipative mechanism which irreversibly increases emittance  is due to synchrotron radiation; the term of art in accelerator physics is quantum excitations.  Let 
[image: image5.wmf]h

(s) be the dispersion function for the lattice.  Define a lattice function H 
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BPAM Results for and 

The program BPAM was written by Y. Chao and is used in CEBAF to calculate beam parameters from data taken with multiple wire scanners in a line with a few quad settings instead of many quad settings with one wire scanner.  The only documentation is the online manual [2].

Calculated and  are shown in the table on the following page and in figures 1-4.  Since the design beta at the start of each hall line is 10m for passes 1-4 and 20m for pass 5, the ratio of measured to design is shown for .  is shown directly since all passes are designed to have zero alpha at the start of the hall lines.  The spreadsheet accompanying this paper includes as well emittances, energy, momentum spread, "fractional 2" [2], and rms errors for beam parameters for 20 of the 36 lines, all the error values in the elogs.  Five x pairs and two y pairs were removed from the table and figures due to large error bars.  Elog numbers are included as well so those interested can review the circumstances of each measurement.  

Clearly there are outliers in each plane in each of the figures.  Unfortunately, the outliers are not coincident in data set across the four variables.  There is a strong correlation between y and y, as seen in figure 5.  

JMP output

All of the figures in this paper were produced with JMP, data exploration software from SAS.  I've spent so much time with the program since 1991 that I forget that others might need an introduction.   A reader of the second draft asked for one.  Figure 1 is used as an example.   

The type of graph, in this case a distribution, is given at the top.  The variable being graphed is on the next line.  Three graphs are given.  Left to right, these are a simple histogram, a box-outlier plot, and a normal quantile plot.  The histogram has the variable value on the Y axis and the number of counts on the unlabeled horizontal axis.  Total number of observations is given as N in the Moments table.   The horizontal lines in the box and ends of the diamond in the box-outlier plot label particular quantiles; I don't use it much.   The normal quantile plot is defined so a normal distribution gives a straight line.   The highlighted ranges in figures 1-4 were chosen to include straight portions of the normal quantile plots.    Normal quantile plots in figures 2 and 4 suggest there are two normal distributions in alpha, one relatively tight in range [-1,1] and a much broader one with a larger slope.   The quantile table gives the actual value in the data closest to the indicated percentage.  The moments table gives moments.   The "upper 95% Mean" and "lower 95% Mean" give the 95% confidence interval for the mean, roughly the mean plus and minus two times the standard error.   No distributions are fitted to any of these data.  Were one to take the highlighted subsets in figures 1-4 and replot, fitting normal distributions would be appropriate.  

Figure 5 is a graph type admired by Edward Tufte.  The variable names on the diagonal apply to the vertical axis when following a row and to the horizontal axis when following a column.   The graphs are in 1:1 correspondence to the elements in the correlations matrix at the top of figure 5.  

	Date
	hall
	pass
	betaX/design
	alphaX
	betaY/design
	alphaY

	07/27/05
	A
	3
	0.49
	-0.45
	1.24
	-0.43

	07/19/05
	A
	3
	1.14
	0.26
	0.37
	0.75

	07/19/05
	A
	3
	1.09
	-0.25
	0.47
	0.83

	07/18/05
	A
	3
	5.34
	2.28
	
	

	07/18/05
	A
	3
	1.92
	4.02
	3.94
	0.78

	07/17/05
	A
	3
	1.62
	3.72
	
	

	07/16/05
	A
	3
	2.53
	5.71
	2.12
	0.35

	07/16/05
	A
	3
	1.32
	2.9
	1.56
	0.29

	07/16/05
	A
	3
	1.71
	4.39
	1.16
	0.04

	06/22/05
	A
	3
	1.7
	-0.02
	0.83
	0.15

	06/04/05
	A
	4
	
	
	2.12
	-0.64

	06/03/05
	A
	4
	
	
	5.87
	8.06

	09/21/04
	A
	5
	8.19
	7.27
	5.94
	3.78

	07/12/04
	A
	3
	0.35
	1.08
	1.75
	-0.7

	06/24/04
	A
	3
	
	
	1.45
	-0.25

	06/12/04
	A
	3
	0.66
	0.47
	54.28
	18.8

	06/12/04
	A
	3
	1.27
	0.59
	41.12
	13.58

	06/11/04
	A
	3
	
	
	26.12
	9.37

	06/11/04
	A
	3
	1.6
	-0.93
	21.08
	7.73

	05/05/04
	A
	5
	0.61
	3.84
	0.45
	0.67

	04/20/04
	A
	5
	0.18
	1.01
	1.54
	-0.07

	04/19/04
	A
	5
	0.27
	0.67
	5.32
	1.65

	04/10/04
	A
	5
	1.23
	3.34
	0.63
	-1.28

	04/07/04
	A
	5
	0.4
	0.14
	3.05
	1.67

	01/28/04
	A
	4
	4.28
	1.71
	0.75
	0.15

	01/26/04
	A
	4
	
	
	2.92
	1.89

	01/21/04
	A
	4
	3.01
	0.03
	18.59
	7.91

	07/15/03
	A
	2
	1.14
	0.19
	0.92
	0.08

	06/20/05
	B
	5
	16.7
	0.84
	1.25
	1.74

	06/20/05
	B
	5
	17.27
	0.88
	1.03
	1.54

	06/20/05
	B
	5
	4.49
	-0.27
	0.87
	0.69

	10/28/04
	B
	5
	3.79
	0.73
	0.84
	0.86

	06/16/05
	C
	2
	4.07
	-8.41
	0.8
	-1.16

	10/28/04
	C
	5
	3.34
	0.46
	0.26
	-0.58

	04/28/04
	C
	4
	0.77
	-2.37
	3.87
	-5.7

	11/22/03
	C
	3
	1.94
	-1.63
	1.37
	0.24
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Figure 1. Distribution of ratios x measured/design.  Fifteen of the values are in the range [0.5,2], 48%.  These are highlighted.  Five values excluded due to large error bars.  
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Figure 2.  Distribution of measured x values.  Sixteen are within range [-1,1].  In only 7 of 31 likely valid measurements is this criterion satisfied simultaneously with the beta condition in figure 1.  Mean and median are rather far from design value zero.  Mean falls outside the range of interest.  
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Figure 3.  Distribution of ratios y measured/design.  Sixteen of the values are in the range [0.5,2], 47%
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Figure 4.  Distribution of measured y.  Nineteen are in range [-1,1].  These are highlighted.  In twelve cases this constraint and that in figure 3 are simultaneously satisfied.  
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Figure 5.  Correlations among four variables in measured data.  Correlation coefficient is 0.9 between y and y but only -0.06 between x and x.  Seven rows with large error bars on either x or y values were not used.  

BPAM results for emittance


BPAM also calculates values for geometric emittance.  In the literature, emittance normalized to energy is generally used because it's supposed to be constant.  In the two graphs that follow I further normalize normalized emittance by dividing it by the value at 100 keV (0I05 harp) for typical beams (0.05 mm-mr) or G0/HAPPEX-He beam (0.15 mm mr).  These can be taken as design values for normalized emittance for the machine.  In other words, the graphs [image: image12.png]Distributions
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following show normalized emittance divided by design.  The first two figures show all measurements.   

Figure 6.  X normalized emittance measurements divided by design value.  
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Figure 7.  Y normalized emittance measurements divided by design value

As mentioned above, normalized emittance is supposed to be constant across the machine for CEBAF at/below 6 GeV - quantum excitation is not a significant effect.  It is very far from constant.  Given that normalized emittance increases through the machine, the inclusion of injector measurements in figures 6 and 7 distorts the situation.  They are removed in the next two figures. 

The next two graphs might be thought to continue to distort things as they contain 2 measurements from pass two beam, 17 from pass three, 6 from pass four and 11 from pass five.  However, there is no correlation between the values in the next two figures and pass number, so it's appropriate to simply present the distributions.  This lack of correlation and observations not presented here suggest that most of the emittance growth in CEBAF is due to x-y coupling in the injector and betatron mismatch between the injector and North Linac.  x-y coupling may also be introduced by cavity gradient calibration errors and resulting errors in compensating skew quad settings, but these are observed to be small starting after the first pass through the North Linac.  Thus most of the emittance growth is thought to originate in the first 500m of the machine.  This is consistent with the lack of correlation of normalized emittance with pass number.  
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Figure 8.  X normalized emittance divided by design, measurements done in the halls
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Figure 9.  Y normalized emittance divided by design, measurements done in the halls

Speculation on causes of emittance growth

There are three causes of emittance growth thought relevant to CEBAF: 

1. quantum excitations, aka growth driven by synchrotron radiation

2. x-y coupling in injector and North Linac

3. betatron mismatch, principally at the interfaces between the linacs and arcs, aka the spreaders and recombiners
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The first is inevitable; the second and third are not.   In figure 10 emittance growth through the end of the 5 MeV region is shown.  Both distibutions are consistent with normality.  

Figure 10.  Distributions of doubly normalized emittances at 0L04 (5 MeV).  If the values were all unity, normalized emittance would have been constant as desired in an accelerator.  The unphysically low minimum in the X data is a measurement in the 5 MeV region.  The next lowest X value is 0.6 and corresponds to the minimum Y value of 0.6.  If I got the laser spot wrong in mormalizing , the 0.6 values would be 1.8, closer to the center of the distributions.  
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Figure 11 X geometric emittance (mm-mrad) measured in the halls as a function of energy.  The energy dependence is NOT significant at the P=0.05 level as the F ratio is under 4, as the "Prob > F" value of 0.0922 in the table indicates.  Similar lack of significance is seen if one plots this variable or the corresponding normalized emittance against pass number.  Thus distance traveled by the beam, at least for passes 2-5, doesn't appear to change emittance.  
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Figure 12.  Y geometric emittance (mm-mrad) measured in the halls as a function of energy.  No dependence at all on energy or pass number 2-5.  Eliminated the outlier at the top doesn't change the validity of this statement.  

As mentioned just before figure 8, it is not known how much of the emittance growth is due to x-y coupling and how much to betatron mismatch.  There are strongly held opinions; I'm agnostic.  It is known that most of the growth is in the first 500 m of the machine, before the 1S region where 30 Hz corrector excitation for "Courant-Snyder" matching begins.  A hardware change which will help distinguish among the two hypotheses is discussed below in the section on meeting proposed goals.  

Comparison with other labs

A literature search was done to learn how well normalized emittance is held in other machines.  It was soon learned that proton accelerator complexes are not relevant for comparison because collimators are placed in transfer lines to ensure that the beam coming out of one machine fits in the acceptance aperture of the next ring in the sequence at the latter's injection energy.  Often 20% or more of the beam is scraped off.  A paper [3] examining placement of wire scanners in one of the SSC transfer lines looks at achievable measurement error and the emittance growth the resulting mismatch may cause.  Best case found was 6% growth with 20% measurement error.  In the hall lines BPAM reports ~15% measurement error for and ~5% for using more wire scanners than assumed in [3].  Beyond this, emittance values for SLC at SLAC and KEKB electron machines were the only ones found that are useful for comparison.  

KEKB [ref 4, figure 3]

19 to 1500 MeV in linac, 1 nC bunch

horizontal: 
factor of three growth in normalized emittance

vertical:
factor of six

SLC [ref 5, caption of figure 1]


At entrance to damping rings, three times design, but not a lot of care taken as damping rings define emittance for the rest of the system.  Damping rings at 1.15 GeV 

SLC exit of damping rings to interaction point  (1.15 to 47 GeV) [ref 5, figure 9]


February 88 through August 89, measured/design improved as follows



X from 6.5:1 to 1.3:1



Y from 4.5:1 to 1.3:1

SLC 1997 run [ref 6, table 1]

	location
	x 10-5m
	ratio
	y 10-5m
	ratio

	linac start
	3.5
	
	0.5
	

	linac end
	4.5
	1.3
	0.9
	1.8

	interaction point
	5.3
	1.5
	1.3
	2.6

	design at IP
	3
	IP: 1.8 design
	3
	IP 0.4 design


For CEBAF measurements in the halls, in only three of 36 cases was the ratio of normalized emittance to design less than ten in both planes.  All of the values in these pairs were greater than five.  Only one of the Y values was less than two and the error bar on the associated X value was so great as to exclude it from the set, suggesting the Y value is also questionable.  

 and  comparisons with other labs aren't shown because they all have sufficient degrees of freedom immediately before their interaction points to set these variables as they wish.  CEBAF does not have the four needed degrees of freedom (DOF) in halls B and C but space is available to add the one DOF needed in each.  Hall A has sufficient DOF if the Moller quads are unconstrained but only two DOF if Moller quads are set for Moller measurements.  Space is not available in hall A to improve this situation.  [7]

Possible goals for CEBAF


The author suggests the following goals based on this work.  All of the emittance goals will likely require the installation of wire scanners in arcs.  Wire scanners originally installed there were moved to the hall lines a few years ago to assist in betatron matching using BPAM.  

for all setups after Jan. 1, 2007


 within range [-1, 1] at entrance to hall lines A, B and C


/design within range [0.5,2] at entrance to hall lines A, B and C


/design < 10 at entrance to hall lines A, B and C

with additional instrumentation and/or injector rework (mid-2008??)


 within range [-0.5, 0.5] at entrance to hall lines A, B and C


/design within range [0.5, 1.5] at entrance to hall lines A, B and C


/design < 3 at entrance to hall lines A, B and C

2010


 within range [-0.5, 0.5] at entrance to hall lines A, B and C


/design within range [0.5, 1.5] at entrance to hall lines A, B and C


/design <2 at entrance to hall lines A, B and C 

What is needed to reach these goals? 

The principal reason for this tech note is to stimulate effort to answer this question.  A few comments will be made now: 

During the first week of October 2005 two additional skew quads will be installed in the 5 MeV region of the injector.  This will provide four normal and four skew quads to deal with phase space from the 0I05 BPM through the middle of the 5 MeV region.  This region is rarely changed and it is hoped that once a new solution with minimum coupling is developed it will remain unchanged forever.  After the installation there will also be four normal and four skew quads to deal with coupling and emittance growth from 5 MeV through the two full cryomodules in the injector to the end of the 0L06 girder.  Normal quads 0L07-0L10 will then be left to match the resulting beam into the North Linac.  Should skews be added to 0L07-10 or in the chicane? 

There is a harp at the end of the 1E03 girder, just before arc 1, which may be used to measure emittance growth from the injector through the first pass in the North Linac.  There is another at 2E03 to check first pass through the South Linac.  

The only skew quads unassociated with the 5 MeV region or cryomodules are one at 8S01 and one at 9S02.  There's room for groups of four skew quads to manipulate phase space in 3E, 5E, 7E and 9E as these are symmetric with the extraction regions on the west end.  One might take a page from the hadron accelerator handbook and install a collimator system in 9E instead.  

Installation of additional diagnostics, magnets and collimators are among the topics that should be discussed in answering the question asked in the section head.  

Summary

and  measurements at the entrances to the experimental halls were summarized.  Ratios of measured to design emittances were summarized, for all measurements including injector and the halls alone.  Best published values from KEKB and SLC were provided.  Goals for CEBAF versus time were suggested.  
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BPAM results

		Date		elog		time		Location		Pass		Energy		FitPoint		X_geom_emit_mmmr		x_norm_emit_mmmr)		X_beta(m)		X_alpha		X_DP/P_(E-3)		dp/p_sigma		X_frac _chi-sqr		Y_geom_emit_mmmr		Y_norm_emit_mmmr)		Y_beta(m)		Y_alpha		Y_frac_chi-squ				Xbeta/design		Ybeta/design		person		errXemit		errXnbeta		errXalp		errXdp/p		errYemit		errYbeta		errYalp		RerrXemit		RerrXbeta		RerrXalpha		RerrXdp/p		RerrYemit		RerrYbeta		RerrYalp

		At cathode, normalized emittance 0.11 mm-mrad per PARMELA																0.11														0.11

																mass e ->		0.511

		11/29/04		1246868		1809		100 keV				0.1		MARKGUN		1.21E-01				1.044		5.21						0.048		1.12E-01				0.3296		2.80		0.0163								Chao		1.81E-02		0.1554		0.8386		0.0000		4.23E-03		0.0057		0.0819		0.15		0.15		0.1609577735				0.0376580588		0.0171723301		0.0292186943

		11/04/04		1243118		1205		100 keV				0.1		MARKGUN		7.45E-02				1.953		9.70						0.119		5.50E-02				0.376		3.77		0.07								Jay																0.00		0.00		0				0		0		0

		07/12/05		1279902		1015		5 MeV				5		MARKINJ		1.71E-02		0.17		38.59		-28.96						0.162		1.70E-02		0.17		34.48		23.22		0.373								Jay		1.23E-03		2.9961		2.2550		0.0000		5.23E-04		1.5318		0.9918		0.07		0.08		-0.0778656768				0.0307647059		0.044424594		0.0427131783

		02/03/05		1258412		534		5 MeV				5		IPM0L01		6.29E-03		0.06		4.916		-1.00						0.0956		1.30E-02		0.13		9.28		0.13		0.133								Chao		9.40E-05		0.8930		0.0344		0.0000		3.52E-04		0.3226		0.0244		0.01		0.18		-0.03439				0.0270769231		0.0347643319		0.1920472441

		12/02/04		1247426		1425		5 MeV				5		MARKINJ		9.24E-04		0.01		8.009		-2.44						0.064		1.56E-02		0.15		8.22		-0.52		0.185								Chao		1.32E-04		0.1278		0.0452		0.0000		4.71E-04		0.2792		0.0396		0.14		0.02		-0.0185361248				0.0301923077		0.0339695864		-0.0767751938

		10/28/03		1176020		1836		5 MeV				5		MQJ0L02		3.22E-02		0.31		5.45		-4.95						0.108		2.32E-02		0.23		8.96		4.55		0.076								Chao

		07/19/05		1281596		1241		Inj		5		64.1		MQJ0L04		9.29E-03		0.09		4.198		1.17		0.318		3.18E-04		1.035		1.59E-02		0.15		2.483		1.43		0.419								Jay		2.95E-03		1.3950		0.4632		0.2844		1.78E-03		0.2225		0.2550		0.32		0.33		0.3947749744		0.8943396226		0.1119496855		0.0895972614		0.1789473684

		07/19/05		1281592		1233		Inj		5		64.1		FIT1		9.29E-03		0.09		4.198		1.17		0.318		3.18E-04		1.035		1.59E-02		0.15		2.483		1.43		0.419								Jay		2.93E-02		1.3955		0.4632		0.2844		1.78E-03		0.2225		0.1992		3.15		0.33		0.3947749744		0.8943396226		0.1119496855		0.0895972614		0.1397824561

		07/06/05		1279022		2211		Inj		5		51.3		MQJ0L04		5.04E-03		0.05		2.011		0.38		1.284		1.28E-03		0.1794		2.76E-02		0.27		2.61		1.00		0.1677								Jay

		05/05/05		1269196		1132		Inj		5		64.1		FIT1		2.65E-02		0.26		19.678		-2.49		0.177		1.77E-04		0.29		1.37E-03		0.01		105.65		2.55		0.414								Chao		1.28E-04		0.6394		0.1228		0.0069		9.68E-04		75.4280		1.9750		0.00		0.03		-0.0493052209		0.0389830508		0.7065693431		0.7139422622		0.7745098039

		03/31/05		1264665		1318		Inj		5		64.1		MQJ0L04		2.49E-02		0.24		6.56		-3.60						0.225		2.33E-02		0.23		43.47		-2.93		0.28								Chao		6.43E-03		0.1897		0.1196		0.0000		1.99E-03		5.3079		0.2783		0.26		0.03		-0.0332222222				0.0854077253		0.1221048999		-0.0949829352

		03/15/05		1262283		1256		Inj		5		64.1		MQJ0L04		3.38E-02		0.33		3.792		0.46		0.859		8.59E-04		0.728		8.15E-02		0.79		5.6447		-0.68		0.3044								Jay

		03/15/05		1262283		1339		Inj		5		64.1		MQJ0L04		9.29E-03		0.09		8.91		3.46		1.000		1.00E-03		0.3007		5.40E-02		0.53		6.34		-1.05		0.4117								Jay

		03/01/05		1259994		1309		Inj		5		64.1		MQJ0L04		3.43E-02		0.33		2.855		-0.21						0.439		5.20E-03		0.05		9.355		0.16		0.417								Chao		4.35E-03		0.2120		0.1408		3.9700		1.50E-04		0.3528		0.0048		0.13		0.07		-0.6578971963				0.0288461538		0.0377103153		0.0308974359

		03/01/05		1259994		1422		Inj		5		64.1		MQJ0L04		3.80E-02		0.37		3.36		-0.29		0.259		2.59E-04		0.402		5.80E-03		0.06		7.8		0.13		0.391								Chao		3.76E-03		0.224		0.108		0.099		1.60E-04		0.285		0.045		0.10		0.07		-0.3686006826		0.3822393822		0.0275862069		0.0365384615		0.3442999235

		02/03/05		1258413		638		Inj		64.1		64.1		IPM0L06		3.10E-03		0.39		66.22		-4.60						0.218		1.00E-03		0.13		14.18		-1.39		0.198								Chao		1.30E-04		3.2308		0.2294		0.0000		9.20E-05		1.2013		0.1658		0.04		0.05		-0.0498673913				0.092		0.0847150917		-0.1197111913

		12/09/04		1249355		1740		Inj		5		64.1		MQJ0L04		4.98E-02		0.48		24.33		-11.94						0.818		3.16E-02		0.31		7.33		1.92		0.298								Chao

		09/02/04		1231048		1548		Inj		55.7		55.7		MQD0L06		9.10E-04		0.10		272		33.70		0.194		1.94E-04		0.1066		5.74E-04		0.06		6.31		-1.59		0.0309								Jay

		05/21/04		1213593		02:43		Inj		5		55.7		MQJ0L04		1.79E-02		0.17		4.89		-3.07						0.521		2.06E-02		0.20		5.769		-0.66		0.155								Chao

		05/21/04		1213593		03:31		Inj		5		55.7		MQJ0L04		1.60E-02		0.16		3.83		-2.48						0.552		1.90E-02		0.18		5.83		-0.74		0.157								Chao		7.81E-04		0.1060		0.0962		0.0749		7.13E-04		0.1623		0.0410		0.05		0.03		-0.0387862903				0.0375263158		0.027838765		-0.0554054054

		04/15/04		1206873		1007		Inj		5		42		MQJ0L04		3.31E-02		0.32		10.46		-6.02						0.708		2.28E-02		0.22		1.5		1.56		0.825								Jay

		04/15/04		1206873		1043		Inj		5		42		MQJ0L04		9.29E-03		0.09		10.412		3.07						0.434		9.45E-03		0.09		3.62		-1.63		0.259								Jay

		01/20/04		1191277		1824		Inj		5		55.7		FIT1														26.35		3.73E-04				14.95		-6.38		0.331								Chao

		11/26/03		1182292		1646		Inj		5		55.7		MQJ0L04		5.80E-02		0.56		4		-0.65						0.337		8.70E-03		0.08		2.11		-1.95		0.205								Chao		1.03E-03		0.0592		0.0261		0.9979		2.02E-04		0.0571		0.0756		0.02		0.01		-0.0399969325				0.0232183908		0.0270383886		-0.038754359

		11/16/03		1180418		1145		Inj		5		55.7		MQJ0L04		8.20E-03		0.08		3.93		0.07		1.360		1.36E-03		0.185		2.01E-02		0.20		3.836		-0.83		0.297								Chao		1.02E-03		0.1569		0.1570		0.8625		7.19E-04		0.1023		0.4651		0.12		0.04		2.3221893491		0.6341838235		0.0357711443		0.0266569343		-0.5617149758

		Design						All Halls		1-4										10		0.00												10		0.00

										5										20		0.00												20		0.00

		07/27/05		1283237		1006		A		3		2753		start		2.21E-04		1.19		4.92		-0.45		0.026		2.58E-05		0.4956		1.22E-03		6.57		12.43		-0.43		0.6975				0.49		1.24		Jay		1.00E-05		0.2749		0.0850		0.0035		8.40E-05		1.1400		0.0320		0.05		0.06		-0.1889308735		0.1356589147		0.068852459		0.0917135961		-0.0740569313				0.0558853425		-0.1889308735		0.0917135961		-0.0740569313

		07/19/05		1281675		1814		A		3		2753		start		7.56E-04		4.07		11.37		0.26		0.035		3.50E-05		0.801		1.50E-04		0.81		3.68		0.75		2.29				1.14		0.37		Jay		3.50E-05		0.5165		0.0802		0.0057		1.80E-05		1.2808		0.3455		0.05		0.05		0.3108527132		0.164		0.12		0.3482300163		0.4600665779				0.0454221636		0.3108527132		0.3482300163		0.4600665779

		07/19/05		1281663		1711		A		3		2753		start		1.76E-04		0.95		10.94		-0.25						0.587		1.50E-04		0.81		4.65		0.83		2.18				1.09		0.47		Jay		8.00E-06		0.6533		0.0664		0.0025		2.10E-05		0.2489		0.1944		0.05		0.06		-0.2665060241				0.14		0.0535333333		0.2344993969				0.0597184644		-0.2665060241		0.0535333333		0.2344993969

		07/18/05		1281439		1912		A		3		2753		start		4.44E-04		2.39		53.42		2.28						0.862		1.50E-04		0.81		172.10		1.65		0.4386				5.34		17.21		Jay		2.00E-05		2.4835		0.4990		0.0050		1.48E-04		173.4230		1.5127		0.05		0.05		0.2188596491				0.9866666667		1.0076873911		0.9167878788				0.0464897042		0.2188596491

		07/18/05		1281432		1816		A		3		2753		start		2.14E-04		1.15		19.24		4.02						0.576		5.34E-04		2.88		39.44		0.78		0.997				1.92		3.94		Jay

		07/17/05		1281091		00:44		A		3		2753		start		4.66E-04		2.51		16.23		3.72						0.798		4.40E-05		0.24		28.94		1.53		0.458				1.62		2.89		Jay		1.80E-05		0.6930		0.1529		0.0074		4.30E-05		20.6233		1.9781		0.04		0.04		0.0410887097				0.9772727273		0.7126226676		1.2954158481				0.0426999384		0.0410887097

		07/16/05		1281066		2246		A		3		2753		start		2.90E-04		1.56		25.30		5.71						0.542		1.02E-04		0.55		21.23		0.35		0.368				2.53		2.12		Jay		3.40E-05		3.1709		0.6600		0.0047		4.40E-05		10.6890		0.0179		0.12		0.13		0.1156271899				0.431372549		0.5034856335		0.0512893983				0.1253320158		0.1156271899		0.5034856335		0.0512893983

		07/16/05		1281056		2138		A		3		2753		start		4.02E-04		2.17		13.17		2.90						0.802		8.20E-05		0.44		15.60		0.29		2.945				1.32		1.56		Jay

		07/16/05		1281049		2041		A		3		2753		start		1.83E-04		0.99		17.06		4.39						1.327		8.20E-05		0.44		11.56		0.04		0.849				1.71		1.16		Jay

		06/22/05		1276692		1808		A		3		2753		start		1.19E-04		0.64		17.03		-0.02		0.024		2.40E-05		0.3422		4.20E-05		0.23		8.29		0.15		0.5748				1.70		0.83		Arne

		06/04/05		1273465		02:06		A		4		3653		start		1.10E-04		0.79		139.70		-16.73		0.019		1.89E-05		3.12		3.70E-05		0.26		21.20		-0.64		0.468				13.97		2.12		Arne		3.49E-04		448.6600		51.8745		0.0082		9.00E-06		5.8360		0.0101		3.17		3.21		-3.1006873879		0.4343915344		0.2432432432		0.2752830189		-0.015604157								0.2752830189		-0.015604157

		06/03/05		1273217		01:45		A		4		3653		start		5.00E-05		0.36		95.29		-14.90		0.006		6.13E-06		0.218		1.00E-05		0.07		58.71		8.06		1.939				9.53		5.87		Chao		2.85E-03		17677.0000		7102.0000		0.0204		1.00E-06		17.3994		0.0432		57.00		185.51		-476.644295302		3.3278955954		0.1		0.2963617782		0.0053617972								0.2963617782		0.0053617972

		09/21/04		1234749		1041		A		5		5748		start		1.65E-04		1.86		163.76		7.27		0.011		1.07E-05		0.172		4.60E-05		0.52		118.78		3.78		2.55				8.19		5.94		Jay

		07/12/04		1223920		1558		A		3		3026		start		1.40E-04		0.83		3.53		1.08		0.021		2.13E-05		1.47		5.00E-05		0.30		17.47		-0.70		1.09				0.35		1.75		Jay

		06/24/04		1220581		1950		A		3		3026		start		1.40E-04		0.83		66.40		-0.29		0.042		4.16E-05		0.531		7.60E-05		0.45		14.47		-0.25		0.526				6.64		1.45		Jay		5.72E-04		276.7700		1.3116		0.0107		1.30E-05		3.4539		0.1230		4.09		4.17		-4.5227586207		0.2572115385		0.1710526316		0.2386938493		-0.4878968254								0.2386938493		-0.4878968254

		06/12/04		1218064		1427		A		3		3026		start		1.80E-04		1.07		6.57		0.47						0.357		1.40E-04		0.83		542.80		18.80		0.959				0.66		54.28		Jay

		06/12/04		1218043		1259		A		3		3026		start		1.40E-04		0.83		12.70		0.59						0.484		1.10E-04		0.65		411.20		13.58		1.66				1.27		41.12		Jay

		06/11/04		1217923		2216		A		3		3026		start		1.86E-04		1.10		39.68		-2.74		0.023		2.30E-05		0.626		1.40E-04		0.83		261.20		9.37		1.1				3.97		26.12		Jay		2.80E-05		7.8790		0.6451		0.0068		6.00E-06		13.5020		0.4956		0.15		0.20		-0.2350947522		0.2947826087		0.0428571429		0.0516921899		0.0528922092				0.1985635081		-0.2350947522		0.0516921899		0.0528922092

		06/11/04		1217917		2111		A		3		3026		start		1.10E-05		0.07		16.02		-0.93		0.025		2.45E-05		0.769		1.28E-04		0.76		210.80		7.73		0.372				1.60		21.08		Jay		1.30E-05		19.2182		0.6452		0.0016		9.00E-05		8.0291		0.2793		1.18		1.20		-0.6937634409		0.0656734694		0.703125		0.0380887761		0.0361319534								0.0380887761		0.0361319534

		05/05/04		1210649		1106		A		5		3772		start		3.40E-04		2.51		12.12		3.84		0.010		1.00E-05		0.172		6.28E-04		4.64		9.05		0.67		0.337				0.61		0.45		Chao		1.02E-04		2.2381		1.0188		0.0233		4.60E-05		0.6860		0.0627		0.30		0.18		0.2650460458		2.3268		0.0732484076		0.0758373867		0.0935820896				0.1846575908		0.2650460458		0.0758373867		0.0935820896

		04/20/04		1207930		1527		A		5		3772		start		9.50E-05		0.70		3.50		1.01		0.033		3.31E-05		0.491		1.28E-04		0.94		30.83		-0.07		0.794				0.18		1.54		Chao		9.00E-05		0.2663		0.0575		0.0016		1.50E-05		2.2856		0.1238		0.95		0.08		0.0569207921		0.0480664653		0.1171875		0.0741355822		-1.6961643836				0.0760914286		0.0569207921		0.0741355822		-1.6961643836

		04/19/04		1207754		1954		A		5		3772		start		1.13E-04		0.83		5.30		0.67		0.060		6.05E-05		0.224		1.02E-04		0.75		106.40		1.65		0.457				0.27		5.32		Chao

		04/10/04		1205829		2135		A		5		3772		start		1.32E-04		0.97		24.59		3.34		0.020		1.99E-05		0.294		6.50E-05		0.48		12.64		-1.28		0.75				1.23		0.63		Chao		3.60E-05		6.4475		1.0569		0.0024		1.20E-05		1.5360		0.3367		0.27		0.26		0.3169235382		0.1219095477		0.1846153846		0.1215189873		-0.2628415301				0.2621996747		0.3169235382		0.1215189873		-0.2628415301

		04/07/04		1205316		2355		A		5		3772		start		2.18E-04		1.61		7.98		0.14						0.302		1.06E-04		0.78		61.01		1.67		0.671				0.40		3.05		Chao

		01/28/04		1192864		1422		A		4		4016		start		1.36E-04		1.07		42.84		1.71		0.017		1.73E-05		0.48		1.71E-04		1.34		7.47		0.15		0.337				4.28		0.75		Chao		2.00E-05		6.5462		0.2613		0.0005		5.00E-06		0.2109		0.0513		0.15		0.15		0.1528788765		0.0286127168		0.0292397661		0.0282374833		0.340331565				0.1528063959		0.1528788765		0.0282374833		0.340331565

		01/26/04		1192461		1435		A		4		4016		start		5.00E-04		3.93		3.45		-0.66		0.044		4.41E-05		0.286		1.09E-04		0.86		29.22		1.89		4.53				0.35		2.92		Chao		3.93E-03		7.0424		6.4180		0.0014		1.70E-05		7.1977		0.4152		7.87		2.04		-9.71981675		0.0320408163		0.1559633028		0.2463270705		0.2200084791								0.2463270705		0.2200084791

		01/21/04		1191353		08:45		A		4		4016		start		5.19E-04		4.08		30.11		0.03		0.033		3.26E-05		0.37						185.90		7.91		0.873				3.01		18.59		Chao

		07/15/03		1160628		1355		A		2		2134		start		6.37E-04		2.66		11.37		0.19						1.93		2.48E-04		1.04		9.15		0.08		2.04				1.14		0.92		Chao		2.10E-05		0.6508		0.0525		0.0290		1.20E-05		0.7296		0.0404		0.03		0.06		0.2706701031				0.0483870968		0.0797430601		0.4838203593				0.057237467		0.2706701031		0.0797430601		0.4838203593

		06/20/05		1276389		1739		B		5		4553		start		7.20E-05		0.64		333.90		0.84						0.2845		7.10E-05		0.63		24.94		1.74		0.277				16.70		1.25

		06/20/05		1276366		1638		B		5		4553		start		7.00E-05		0.62		345.40		0.88						0.3655		5.70E-05		0.51		20.67		1.54		0.699				17.27		1.03		Chao		1.20E-05		58.8600		0.1102		0.0000		1.20E-05		2.0136		0.1129		0.17		0.17		0.1257990868				0.2105263158		0.0974165457		0.0733116883				0.1704111175		0.1257990868		0.0974165457		0.0733116883

		06/20/05		1276341		1455		B		5		4553		start		1.34E-04		1.19		89.75		-0.27						0.389		4.60E-04		4.10		17.32		0.69		0.6367				4.49		0.87		Jay

		10/28/04		1241566		1736		B		5		5766		start		1.28E-04		1.44		75.85		0.73						0.605		4.16E-04		4.69		16.88		0.86		0.239				3.79		0.84		Jay

		06/16/05		1275806		941		C		2		1853		start		1.29E-04		0.47		40.74		-8.41		0.030		3.03E-05		0.2855		8.60E-05		0.31		7.98		-1.16		0.396				4.07		0.80		Arne		9.20E-05		16.1360		3.1287		0.0025		8.00E-06		0.6142		0.2385		0.71		0.40		-0.3721098953		0.0818481848		0.0930232558		0.0769674185		-0.2064935065				0.3961115475		-0.3721098953		0.0769674185		-0.2064935065

		10/28/04		1241590		2034		C		5		5766		start		2.48E-04		2.80		66.86		0.46		0.036		3.55E-05		0.1466		1.59E-04		1.79		5.15		-0.58		0.1873				3.34		0.26		Jay

		04/28/04		1209397		09:55		C		4		3026		start		1.50E-04		0.89		7.70		-2.37		0.021		2.08E-05		0.231		2.47E-04		1.46		38.65		-5.70		0.317				0.77		3.87		Chao		1.60E-05		1.3231		0.3543		0.0025		2.50E-05		3.6271		0.5336		0.11		0.17		-0.1492468408		0.1182692308		0.1012145749		0.0938447607		-0.0936760885				0.1719191788		-0.1492468408		0.0938447607		-0.0936760885

		11/22/03		1181590		1516		C		3		3026		start		6.80E-05		0.40		19.40		-1.63		0.021		2.10E-05		0.15		4.50E-05		0.27		13.70		0.24		0.347				1.94		1.37		Chao

																																																																														0.1363697025		0.0441852212		0.1550616937		-0.0436354393
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