Determining Ruthenium’s Optical Constants in the Spectral Range 11-14 nm
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Abstract
Ruthenium is one material that has been suggested for use in preventing the oxidation of Mo/Si mirrors used in extreme ultraviolet (EUV) lithography.  The optical constants of Ru have not been extensively studied in the EUV.  We report the complex index of refraction, 1 -  + i, of sputtered Ru thin films from 11-14 nm as measured via reflectance and transmission measurements at the Advanced Light Source at Lawrence Berkley National Laboratory. Constants were extracted from reflectance data using the reflectance vs. incidence angle method and from the transmission data by Lambert’s law.  We compare the measured indices to previously measured values. Our measured values for  are between 14-18% less than those calculated from the atomic scattering factors (ASF) available from the Center for X-ray Optics (CXRO).  Our measured values of  are between 5-20% greater than the ASF values.  
Keywords: Ru, multilayers, reflectance, index of refraction, extreme ultraviolet (EUV) lithography, Advanced Light Source

1 Introduction
It has been predicted that by 2009, the characteristic dimension (half-pitch) of DRAM features on commercial computer chips will be approximately 45 nm.  Projection extreme ultraviolet (EUV) lithography using light with a wavelength of 11-13 nm is a leading technology being developed to meet this need.1  Molybdenum-containing, particularly molybdenum/silicon, multilayer mirrors will be vital in EUV lithography as they reflect  greater than 67% of 13.4 nm light at 5° from normal incidence.  However, these mirrors suffer from reflectance losses due to oxidation.2  Ruthenium is one material that has been suggested for use as a capping layer to prevent the oxidation of Mo/Si mirrors.2  Ru is a likely candidate since it is the nearest neighbor on the periodic table to molybdenum that does not oxidize under normal conditions.  Ru, however, absorbs more light than molybdenum in the spectral range 11-14 nm.  The imaginary part of the atomic scattering factor (ASF), f2, for Ru is 2.89 at 13.5 nm, compared to 1.23 for molybdenum.3  
However, little data has been published on the optical constants of Ru in this spectral range.  Windt et al. published data from 2.4-121.6 nm, including data points at 11.4 and 13.5 nm.4  These are the basis of the ASF Henke et al. reported for Ru at 50 points in the range 0.04-124 nm.5  These ASF have been extrapolated to include 500 points over a uniform logarithmic mesh and are available from the Center for X-ray Optics (CXRO) website over the same spectral range.3  We here report our initial determination of the complex index of refraction, 1 -  + ifrom our measurements of the reflectance and transmission of sputtered Ru thin films from 11-14 nm.
 
2             Methodology

2.1 Depositions and Characterization

Three single-layer Ru samples were prepared in two depositions.  Two samples (called A and B) were deposited on silicon substrates for reflectance-as-a-function-of-angle [R()] measurements and one sample (C) was deposited on to an ultrathin membrane for transmission measurements at the same time B was deposited. The silicon substrates used for reflectance measurements were pieces taken from a polished silicon (100 orientation) test wafer.  AFM measurements showed the typical rms roughness of similar wafers to be ~0.2 nm over a 100 nm x 100 nm area.  Prior to each Ru deposition, the thickness of the native silicon dioxide on each of the silicon substrates was measured using a WVASE 32 spectroscopic ellipsometer from J.A. Woollam Inc.  Reflectance sample A was prepared in the first deposition.  In the second deposition, reflectance sample B, and a transmission sample, C, were coated side-by-side on the sample holder.  The transmission sample consisted of Ru deposited on an ultrathin (~150nm) polyimide membrane provided to us by MOXTEK, Inc.  These membranes are circular; about 1 cm in diameter.

The Ru was deposited via RF magnetron sputtering using a US Inc. Mighty Mak 4-inch gun.  We used a Plasmatherm 3KW RF power supply.  The incident power was set to 400 W and there was 10 W of reflected power once the plasma lit.  The deposition of the Ru films occurred in a high vacuum chamber.  The base pressure was less than 1 x 10-4 Pa (8 x 10-7 torr), with 1 mT of argon as the working gas pressure.
The deposition system had a crystal monitor positioned to see most of the flux which struck the substrates.  This allowed us to achieve the approximate film thickness desired.  We obtained a more accurate measurement of each film’s thickness using thin film interference.  Following each deposition we measured the low-angle (0.6-1.8°) x-ray reflection (XRR) spectrum of the reflectance sample, using a Scintag model XDS 2000 x-ray diffractometer.  We measured each sample’s low-angle reflectance with Cu-K radiation (0.154 nm).  To determine the thickness of the Ru layers we compared the observed position of interference minima in the measured XRR spectrum with those modeled for a range of Ru thicknesses on SiO2 on Si substrates. This was accomplished by loading the measured XRR spectrum into IMD.6   In our IMD model we assumed an rms roughness of 1 nm on the top of the Ru film.  The reflectance scale factor was adjusted until the experimental and theoretical curves could be compared on the same log scale.  The Ru thickness of the modeled film was varied manually until the width and positions of the peaks of the measured and the modeled data corresponded.  The thickness values obtained by this method were used as a constraint on the Ru thickness obtained by modeling EUV reflectance and transmission data.  

We did not attempt to measure the thickness of any Ru oxide layers as prior study had showed that the oxidation of Ru under normal conditions is negligible.  In the prior study, the deposition of Ru in the same system described above was examined via in situ spectroscopic ellipsometry.7  The Ru sample was exposed to atmospheric air without being removed from the deposition chamber while ellipsometric measurements were made over a 24-hour period.  After exposure, there were only slight changes in the ellipsometric Δ and Ψ data obtained when the sample was in vacuum.  The Ru oxide layer thickness was then fit to 0.3 nm using WVASE software.  

2.2 
ALS Reflectometry

Our reflectance and transmission measurements were made at the calibration and standards beamline 6.3.2 at the Advanced Light Source (ALS) at Lawrence Berkeley National Laboratory.  An in depth description of beamline 6.3.2 can be found on the CXRO webpage8 and in Underwood.9   The beamline provides nearly monochromatic light in the spectral range of approximately 1-25 nm.10   To determine a sample’s reflectance, five parameters must be measured:  the signal of the beam reflected from the sample (SR), the signal of the undeflected beam (S0), the background signal (N), the synchrotron beam current at the time of the reflectance measurement (I), and the beam current at the time of the S0 scan (I0).  The reflectance is then given by 
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2.2.1 
Reflectance vs. Incidence Angle Method


For the first reflectance sample, sample A, reflectance as a function of angle, R(), was measured in wavelength steps of 0.5 nm from 11.5 to 14 nm.  In a later experiment, R() of the second sample, sample B, was measured in 0.25 nm steps from 11-14 nm.  

Optical constants were then fit to the reflectance data using the reflectance vs. incidence angle method, which has been described by Windt et al.4  We used JFIT to fit the experimental data to a theoretical model.  JFIT is a program which uses the MINUIT algorithm to fit the optical constants and layer thickness(es) of a single layer (or a multilayer) structure to experimental reflectance or transmission data.11  The current version can also take into account the effects of roughness and non-abrupt interfaces.  The version we used, however, did not have the ability to include roughness in the computational model, and no attempt was made to account for roughness in fitting reflectance data.

The reflectance data from samples A and B were fit independently to obtain the film thickness and optical constants.  For each sample, an appropriate model of the film was created in JFIT using the measured silicon dioxide and Ru thicknesses as constraints.  The optical constants used for the silicon substrate and silicon dioxide layers, as well as the initial constants used for Ru, were taken from the IMD optical constant database.  The Ru layer thickness and the layer’s complex index of refraction were then determined in a sequential fashion. First the layer’s complex index of refraction were then determined using the R(() data at each of seven wavelengths in the range 11-14 nm. Then, these modified constants were then used to obtain a new “best” estimate of the Ru thickness for each of the seven wavelengths.  The results of each thickness fit were then weighted by their respective errors and, along with the initial XRR thickness value, were summed to obtain a best overall determination of the Ru thickness that was used in subsequent fits.  Using this thickness, the complex index of refraction was again fitted at each wavelength and is reported in section 3.  

2.2.2 
Lambert’s Law

Lambert’s Law provides an independent way to obtain beta. This allows us to check the numbers obtained by reflectance alone. Sample C’s transmission was measured at normal incidence from 11.2-13.8 nm in 0.1 nm steps.  At each wavelength, we measured the signal of the beam transmitted through the Ru film on the polyimide window (SRu), as well as the signal transmitted through an uncoated polyimide window (SPo).  S0 and background noise (dark current) scans (N) were also performed.  To obtain the transmission, T, through the Ru film, we used: 


[image: image2.wmf]Ru

Po

Po

Ru

I

I

N

S

N

S

T

-

-

=







(2),

where IRu is the synchrotron beam current at the instant of the Ru on polyimide transmission measurement, and IPo is the beam current at the instant of the uncoated polyimide transmission measurement.  The absorption coefficient, , was extracted from the transmission data using Lambert’s Law:12
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where d is the measured Ru film thickness and λ is the incident wavelength of light.  This equation allowed us to obtain a rather accurate value of the Ru film’s absorption coefficient without having to measure the polyimide film thickness.  The first assumption behind this approach is that the coated and uncoated polyimide windows were the same thickness. Various measurements indicate that the first assumption is substantially correct. The second assumption is that reflection from the various interfaces can be ignored.  That is, in order to obtain the correct value of our beta from transmission, we would have to correct for the reflections from the vacuum/Ru, Ru/polyimide, and polyimide/vacuum interfaces for the Ru coated membrane and for the reflections for both polyimide/vacuum interfaces for the uncoated membrane.12  However, these corrections can be seen to be small and partially cancel at normal incidence in the EUV.  In this spectral range, reflectance ≈ ¼ (δ2 + β2).  So the total reflectance correction required in calculating β from T is less than 0.5% at any wavelength we considered, and was ignored.

3
Results and Discussion

3.1
Ru Thickness

The initial XRR measurement of sample A at 0.154 nm is displayed in Fig. 1.  The discontinuity in the middle of the XRR spectrum corresponds to a time when we increased the current to the x-ray source by a factor of 4 to increase the signal to noise ratio.  It can be seen that the measured and calculated peaks in the spectrum do not line up exactly.  We found that for sample A, a Ru thickness of 32.1 nm with an uncertainty of 1 nm is the best fit to the XRR data.  In the same manner, the Ru thickness of sample B was measured as 21.9 ± 0.5 nm.  These uncertainties were used to weight the initial XRR measurements when summing them with the thickness values fit to the reflectance at 11-14 nm.  

The results of the Ru thickness measurements, along with the SiO2 thicknesses that were measured with ellipsometry, are shown in Table 1.  The thickness of the transmission sample, sample C, was assumed to be the same as sample B.  
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Fig. 1. Using IMD  (—) to determine Ru film thickness from XRR data (◊) of the first sample.

Table 1. Film composition of various sputtered Ru thin films.

SiO2 thicknesses are shown for the reflectance samples.  A—Ru

on SiO2 (first deposition).  B—Ru on SiO2 (second deposition).

C—Ru on polyimide (second deposition)—thickness same as B by assumption.

	Sample
	SiO2 thickness (nm)
	Ru thickness (nm)

	A
	3.0
	35.11

	B
	3.0
	21.32

	C
	-
	21.32


The values for the optical constants obtained from fitting the reflectance data are not strongly correlated to the thickness used for the Ru layer in the calculations.  The best-fit values for the index of refraction obtained using the Ru thicknesses shown in Table 1 changed inconsequentially from the values obtained using the Ru thickness determined by XRR alone.  Specifically, the difference of the real part of the index of refraction, , between the fit values was less than 0.1% at any wavelength.  In addition, the difference in the imaginary part of the index of refraction, , was less than 3% at each wavelength.  

3.2 
Issues relative to fitting reflectance data
Fig. 2 shows a typical fit of the theoretical curve to the experimental reflectance data.  The version of JFIT that we used allowed us to enter in a single error value as a percentage for each point in a data set.  The error value input into JFIT was the largest signal to noise ratio measured at the ALS for the given data set.  For sample A, the reflectance data was assigned an absolute error of 1% at each data point.  The data for the sample B was assigned an absolute error of 2%. 

We note that there are systematic errors in the reflectance fits.  Specifically, for Fig. 2a, there is poor agreement between the theoretical curve with the experimental data past 42°.  This feature was noticed in all the reflectance fits for sample A.  Another approach to fitting is to use relative error weighting.  Relative weighting did better at matching the shape of the experimental data, but the overall agreement between the theoretical and experimental curves was poor so we did not use it.   

Fig. 2b shows a fit of the reflectance data for sample B.  Notice that the reflectance minima for the experimental data lie lower than the minima in the theoretical curve.  We are at a loss on how to account for this fact.  Having lower reflectance at minima can occur if the indices of the film are very small or if they are such that the Fresnel coefficients from the top and bottom surfaces are roughly equal, but they cannot be explained by surface roughness or by thickness nonuniformity.  Both roughness and thickness nonuniformities would cause the opposite effect, i.e., the minima in the experimental data would not be as low as the theoretical curve that did not account for roughness or the averaging which occurs from nonuniform films. 


[image: image5]
Fig. 2.  Typical log plot of the reflectance fits of a) the first sample and b) the second sample.  The solid curve is the theoretical reflectance computed by JFIT.  The experimental data is shown by the solid shapes.  Vertical lines show the attributed error in the reflectance data at each point.

3.3  
Optical Constants

The best-fit values for  and  are shown in Figs. 3-6.  Also shown for comparison in Figs. 4 and 6 are constants measured by D. L. Windt,6 by Windt et al.,4 and as computed from the ASF.  These three sets of data were taken from the optical constant database in IMD.  IMD specifies the complex index of refraction as n + ik, where           n = 1 – , and k = The data from Windt is unpublished and comes from measurements made on sputtered Ru films.6  The values reported by Windt et al. are from reflectance measurements made on Ru films grown by molecular beam epitaxy (MBE).4  The ASF used to calculate the optical constants in the IMD database were taken from the CXRO webpage.6  The constants  and  computed from the ASF are hereafter referred to simply as the ASF values.

3.3.1 
   as determined from reflectance R(θ) 

Our measurements of  are shown in Fig. 3-4.  The best-fit values obtained from samples A and B are displayed in Fig. 3.  The expected error in these values, as given by JFIT, was less than 1%.  This error was used to obtain the weighted average of the best-fit value from the two samples together.  This weighted average is shown in Fig. 4, with data from the other authors shown for comparison.  We note in considering the data in Fig. 3 that the  best-fit values obtained from the two reflectance samples differ by 17% at 11.5 nm to 24% 14 nm. This is much larger than the error in the determination of  from R(θ), and we take the interpretation that the difference in  may be real. The difference between the samples is that B is significantly thinner than A, and may be less dense. In any case, the difference between the data sets increases monotonically with the wavelength.  Both data sets follow the same general trend, i.e.,  is an increasing function of the wavelength, as expected.
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Fig. 3.  Best fit values for  from sample A (■), and sample B (♦).  
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Fig. 4. Ru  from various sources: this study, weighted average of measured data (■), data from Windt et al.4 (Δ), the ASF values (●), and unpublished data from D. L. Windt (▲).

In Fig. 4, we see two general trends in the four data sets considered.  The unpublished Windt data taken from IMD agrees most closely with the ASF values, while the weighted average value of  agrees with the data published by Windt et al.  In particular, the difference between the ASF value and the weighted average value of  is 14% at 11.5 nm, and 18% at 14 nm.  The weighted average values differ from the unpublished Windt data by a nearly constant value of 18%.

It is interesting to note the difference between the data published by Windt et al. and the  values that were calculated from these ASF and used in the IMD database (the aforementioned ASF values).  We again note that the Windt et al. data was the basis for the ASF used by the CXRO.5   This discrepancy is likely due to differences in the methods used by Henke et al. in obtaining the ASF from the optical constants published by Windt et al. and the method used by Windt in converting the ASF into the ASF values used in IMD.  Finally, we observe that the difference between the ASF values and the Windt et al. data is roughly the same as the difference between our data and the ASF values.  
3.3.2
 as determined from reflectance R(θ) and from Lambert’s law


 was determined two ways.  First, for samples A and B, we used R(θ), as we did with δ.  Second, for sample C, we calculated  from transmission data using Lambert’s law.  To obtain  from the transmission data, we set d = 21.3 nm (sample B’s thickness).  The error in the absorption coefficient calculated from Lambert’s law is 5%.  This corresponds to an uncertainty in the thickness measurement of 0.6 nm and a 1% uncertainty in the transmission measurement, due to the signal to noise ratio.  The error in the best-fit values given by JFIT was typically 1.5%.  For the purpose of comparison, a sixth-order polynomial was fit to the  values calculated from Lambert’s law, and a value extrapolated at 14 nm.  These three sets of values for , along with the polynomial fit, are shown in Fig. 5.  For clarity, the error bars are not shown.  The weighted average of the absorption coefficient from these three measurements is shown in Fig. 6, along with values from the aforementioned sources. 
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Fig. 5.  Best fit values for  from sample A (x), and sample B (♦), values calculated from transmission data for sample C (●), and polynomial fit to data from sample C (-).
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Fig. 6. Weighted average of measured data for  (■), compared with data from Windt et al.4 (Δ), the ASF values (●), and unpublished data from D. L. Windt (▲).


In Fig. 5, it can be seen that the agreement between the various measured data sets is fairly good for wavelengths less than 13 nm.  At 13-14 nm, the values measured from sample A begin to increase with respect to the values measured from samples B and C.  Note that for sample C, the data shows steps in the absorption coefficient at 11.4 and 12.2 nm.  

Fig. 6 shows that the shape of weighted average curve is similar to the shape of the ASF curve.  The agreement between the two curves is best at 14 nm, where the difference is 6%.  At 11.5 nm, the two curves differ by 20%.  The shape of the unpublished Windt data is also similar to the ASF values at wavelengths greater than 12.4 nm, where the ASF values are roughly 15% greater than the unpublished Windt data.  Below 12.4 nm, the unpublished Windt curve becomes flat.  The difference between the Windt et al. data and the ASF values is again apparent.  The two curves vary by 18% at 11.4 nm, and by 25% at 13.5 nm.
In summary, we have used the reflectance vs. incidence angle method and Lambert’s law to measure the complex index of refraction of Ru over the spectral range 11-14 nm.  Comparison with other sources shows differences as great as 20% between our measured  and  values and those reported by other authors.  We will use these results to evaluate the feasibility of a Ru-Mo alloy as a capping layer for Mo/Si multilayer mirrors. 
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0.0108884815
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0.013153748
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0.0134727798
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0.0145929875

0.0157096389

0.0152628947

0.0164980649

0.0160992948

0.0173375549

0.0169832194
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0.0190985779
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0.0204026385
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deltapub_b

		11.000852		11.5		11		11.4

		11.090541		12		11.2		13.5

		11.180961		12.5		11.4

		11.272119		13		11.6

		11.364019		13.5		11.8

		11.456669		14		12

		11.550074				12.2

		11.644241				12.4

		11.739175				12.6

		11.834883				12.8

		11.931372				13

		12.028647				13.2

		12.126716				13.4

		12.225584				13.6

		12.325258				13.8

		12.425744				14

		12.52705

		12.629182

		12.732147

		12.835951

		12.940601

		13.046104

		13.152468

		13.259699

		13.367804

		13.47679

		13.586665

		13.697436

		13.80911

		13.921694



CXRO

weighted

windt 88

wavelength (nm)

delta

0.06371674

0.0590232452

0.063568

0.0583

0.0651466

0.0667868076

0.066794

0.0977

0.06660688

0.0755584335

0.070217

0.0681293

0.0856192267

0.073566

0.06967755

0.0951955209

0.076932

0.07123614

0.1074171259

0.080596

0.07282683

0.084442

0.07446543

0.088601

0.07613623

0.093214

0.07784644

0.098227

0.0795819

0.103405

0.08132252

0.108723

0.08309073

0.11417

0.08487541

0.119542

0.08669721

0.124778

0.08856615

0.129862

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287
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		llnl (from IMD)												llnl (A values converted from eV on CXRO)												Windt 88												Windt 92														measured Ru005 data--p. 130																										Ru005 fit results from jfit--see p. 138														Ru003 fit results from jfit--see p. 141-3

		A		nm		n		k		delta				A		n		k		delta				nm		A		n		delta		k						A		nm		n		k		delta				nm		A		n		k(d=219)		k(d=213.2)				k213 extrp (see T data anal.)										n		delta				w d=219														w/ d=321

		100.60878		10.060878		0.94979216		0.004519786		0.05020784				109.9443510508		0.9358615405		0.0057196832		0.0641384595				11.4		114		0.9417		0.0583		0.00543						100		10		0.950762		0.00892422		0.049238				11.1974817		112				0.0076197475		0.0078270389				11.25		1.125		0.0079654122				115		0.94424		0.05576				lambda		n		delta		sigma n		beta		sigma beta				lambda		n		delta		sigma n		beta		sigma beta

		101.42903		10.142903		0.94870243		0.004579649		0.05129757				111.7226804956		0.9329906933		0.0060107245		0.0670093067				13.5		135.5		0.9023		0.0977		0.0129						102		10.2		0.945947		0.00931743		0.054053				11.3010634		113				0.0079931985		0.0082106495				11.35		1.135		0.0081724285				120		0.9434		0.0566				110		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05				115		9.3400E-01		6.6000E-02		3.2800E-04		8.3410E-03		2.0500E-04

		102.25597		10.225597		0.94757388		0.004652402		0.05242612				113.5293287916		0.9299360192		0.0064776319		0.0700639808																		104		10.4		0.944871		0.00831849		0.055129				11.400843		114				0.0079800432		0.0081971363				11.45		1.145		0.0084055493				130		0.92		0.08				115		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05				120		9.2500E-01		7.5000E-02		3.8900E-04		9.9800E-03		2.2400E-04

		103.08966		10.308966		0.94642362		0.004726882		0.05357638				115.3653029003		0.9268101384		0.0070131501		0.0731898616																		106		10.6		0.942017		0.00780319		0.057983				11.501179		115				0.0082554097		0.008479994				11.55		1.155		0.0086644653				135		0.9086		0.0914				120		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04				125		9.1500E-01		8.5000E-02		4.6200E-04		1.1990E-02		2.6900E-04

		103.93014		10.393014		0.94525119		0.004827825		0.05474881				117.2316988275		0.9235238941		0.0075961972		0.0764761059																		108		10.8		0.939445		0.0074032		0.060555				11.6012369		116				0.0085534253		0.008786117				11.65		1.165		0.0089468669												125		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04				130		9.0400E-01		9.6000E-02		5.0000E-04		1.5280E-02		3.0300E-04

		104.77747		10.477747		0.94405712		0.004931128		0.05594288				119.1274197757		0.9200971316		0.0083726823		0.0799028684																		110		11		0.936432		0.0070383		0.063568				11.701202		117				0.0088270724		0.0090672085				11.75		1.175		0.0092494327												130		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04				135		8.9108E-01		6.7700E-04		6.1000E-04		2.0620E-02		4.4300E-04

		105.63171		10.563171		0.94283503		0.005036983		0.05716497				121.0547204452		0.9166094869		0.0092286712		0.0833905131																		112		11.2		0.933206		0.0069015		0.066794				11.8011671		118				0.0091873744		0.0094373123				11.85		1.185		0.0095686675												135		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04				140		8.7821E-01		6.3200E-04		5.7600E-04		2.6921E-02		4.46E-04

		106.49292		10.649292		0.94158999		0.005145303		0.05841001				123.0124463538		0.9130365589		0.0101489187		0.0869634411																		114		11.4		0.929783		0.00696025		0.070217				11.9011321		119				0.0095675878		0.0098278692				11.95		1.195		0.0099015884												140		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

		107.36114		10.736114		0.94030628		0.005273748		0.05969372				125.002011054		0.9092962503		0.0110543156		0.0907037497																		116		11.6		0.926434		0.00724711		0.073566				12.0010045		120				0.0099491306		0.0102197918				12.05		1.205		0.0102462611

		108.23645		10.823645		0.93899825		0.005404886		0.06100175				127.0237971213		0.9053311692		0.0120403762		0.0946688308																		118		11.8		0.923068		0.007133		0.076932				12.1008769		121				0.0102770463		0.0105566282				12.15		1.215		0.0106021845

		109.11889		10.911889		0.93765452		0.005542741		0.06234548				129.0783206026		0.901123834		0.0131144978		0.098876166																		120		12		0.919404		0.00733293		0.080596				12.2010274		122				0.0103091474		0.0105896026				12.25		1.225		0.0109705244

		110.00852		11.000852		0.93628326		0.005683382		0.06371674				131.1661140909		0.8965956253		0.014284359		0.1034043747																		122		12.2		0.915558		0.00780868		0.084442				12.3008071		123				0.0106001107		0.0108884815				12.35		1.235		0.0113541969

		110.90541		11.090541		0.9348534		0.005828297		0.0651466				133.2875848123		0.8915724494		0.0158402025		0.1084275506																		124		12.4		0.911399		0.00834117		0.088601				12.4010504		124				0.0111320877		0.0114349306				12.45		1.245		0.0117577999

		111.80961		11.180961		0.93339312		0.005984093		0.06660688				135.4434366366		0.8865302822		0.0179004955		0.1134697178																		126		12.6		0.906786		0.00904377		0.093214				12.50083		125				0.0117923351		0.0121131397				12.55		1.255		0.0121873946

		112.72119		11.272119		0.9318707		0.006216578		0.0681293				137.6341072683		0.8814278103		0.0202286969		0.1185721897																		128		12.8		0.901773		0.0101617		0.098227				12.6009806		126				0.0122414448		0.0125744672				12.65		1.265		0.0126501351

		113.64019		11.364019		0.93032245		0.006456958		0.06967755				139.8601949944		0.87623899		0.0228598433		0.12376101																		130		13		0.896595		0.0112221		0.103405				12.7009456		127				0.0126508658		0.0129950263				12.75		1.275		0.013153748

		114.56669		11.456669		0.92876386		0.006723708		0.07123614																												132		13.2		0.891277		0.0123895		0.108723				12.8006325		128				0.0131159664		0.0134727798				12.85		1.285		0.0137058604

		115.50074		11.550074		0.92717317		0.006997934		0.07282683																												134		13.4		0.88583		0.0138107		0.11417				12.9010613		129				0.0135909191		0.0139606533				12.95		1.295		0.0143131771

		116.44241		11.644241		0.92553457		0.007288389		0.07446543																												136		13.6		0.880458		0.0151356		0.119542				13.0008409		130				0.0142065066		0.0145929875				13.05		1.305		0.0149805071

		117.39175		11.739175		0.92386377		0.007599329		0.07613623																												138		13.8		0.875222		0.017193		0.124778				13.1010842		131				0.0148586719		0.0152628947				13.15		1.315		0.0157096389

		118.34883		11.834883		0.92215356		0.00798645		0.07784644																												140		14		0.870138		0.0194918		0.129862				13.2008639		132				0.0156729208		0.0160992948				13.25		1.325		0.0164980649

		119.31372		11.931372		0.9204181		0.008386415		0.0795819																																								13.3009217		133				0.0165334355		0.0169832194				13.35		1.335		0.0173375549

		120.28647		12.028647		0.91867748		0.008813194		0.08132252																																								13.4007013		134				0.0172770588		0.0177470726				13.45		1.345		0.0182125788

		121.26716		12.126716		0.91690927		0.009252269		0.08309073																																								13.5012228		135				0.0181546209		0.0186485083				13.55		1.355		0.0190985779

		122.25584		12.225584		0.91512459		0.009711496		0.08487541																																								13.6011879		136				0.0190623099		0.0195808906				13.65		1.365		0.0199600859

		123.25258		12.325258		0.91330279		0.010174164		0.08669721																																								13.701153		137				0.0198622947		0.0204026385				13.75		1.375		0.0207486983

		124.25744		12.425744		0.91143385		0.010626215		0.08856615																																								13.8011181		138				0.0205193259		0.0210775439				13.85		1.385		0.0214008913

		125.2705		12.52705		0.90951901		0.011093525		0.09048099																																																				13.95		1.395		0.0218356898

		126.29182		12.629182		0.90753698		0.011586094		0.09246302

		127.32147		12.732147		0.90550451		0.012095849		0.09449549

		128.35951		12.835951		0.90340054		0.012632673		0.09659946

		129.40601		12.940601		0.90123181		0.013188786		0.09876819

		130.46104		13.046104		0.89896648		0.013773747		0.10103352

		131.52468		13.152468		0.89660411		0.014427554		0.10339589

		132.59699		13.259699		0.89409007		0.015205887		0.10590993

		133.67804		13.367804		0.89155895		0.016079596		0.10844105

		134.7679		13.47679		0.88903428		0.017110733		0.11096572

		135.86665		13.586665		0.88648668		0.018198649		0.11351332

		136.97436		13.697436		0.88393054		0.019364536		0.11606946

		138.0911		13.80911		0.88134771		0.020596977		0.11865229

		139.21694		13.921694		0.87874713		0.02191526		0.12125287

		140.35196		14.035196		0.87613622		0.023301578		0.12386378
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		0		0		0		0		0.000145		0.000145		0		0.000389		0.000389

		0		0		0		0		0.000211		0.000211		0		0.000462		0.000462

		0		0		0		0		0.000257		0.000257		0		0.0005		0.0005

		0		0				0		0.000322		0.000322		0		0.00061		0.00061

		0		0				0		0.0004		0.0004		0		0.000576		0.000576

		0		0				0		0.000484		0.000484

		0		0
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CXRO

Windt

measured IMD fit

jfitRu005d219

jfitRu003d321

lambda (Å)
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Ru003

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0
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Windt

measured

l (Å)

b
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Ru005

		0		0		0
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		0		0		0

		0		0		0
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Windt
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COMPARISON
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		11.5		11

		12		11.5

		12.5		12

		13		12.5

		13.5		13

		14		13.5

				14



d351abs

d213

wavelength (nm)

delta

0.0657717633

0.0481362854

0.0749911155

0.0546786768

0.0850296036

0.0611902976

0.0963966683

0.0687

0.10886

0.0765451164

0.1216585366

0.0848624645

0.0932077183



		11.5		11.5		11		11		11.000852		11.5

		12		12		11.5		11.5		11.090541		12

		12.5		12.5		12		12		11.180961		12.5

		13		13		12.5		12.5		11.272119		13

		13.5		13.5		13		13		11.364019		13.5

		14		14		13.5		13.5		11.456669		14

						14		14		11.550074

										11.644241

										11.739175

										11.834883

										11.931372

										12.028647

										12.126716

										12.225584

										12.325258

										12.425744

										12.52705

										12.629182

										12.732147

										12.835951

										12.940601

										13.046104

										13.152468

										13.259699

										13.367804

										13.47679

										13.586665

										13.697436

										13.80911

										13.921694



d321

d351abs

d219

d213

CXRO

weighted

0.0655115717

0.0657717633

0.049

0.0481362854

0.06371674

0.0590232452

0.0745961482

0.0749911155

0.0552

0.0546786768

0.0651466

0.0667868076

0.0846559897

0.0850296036

0.0617

0.0611902976

0.06660688

0.0755584335

0.0961491051

0.0963966683

0.0693

0.0687

0.0681293

0.0856192267

0.1089163739

0.10886

0.0772

0.0765451164

0.06967755

0.0951955209

0.1217864283

0.1216585366

0.0855

0.0848624645

0.07123614

0.1074171259

0.09383

0.0932077183

0.07282683

0.07446543

0.07613623

0.07784644

0.0795819

0.08132252

0.08309073

0.08487541

0.08669721

0.08856615

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287



		11.5		11.5		11		11		11.5

		12		12		11.5		11.5		12

		12.5		12.5		12		12		12.5

		13		13		12.5		12.5		13

		13.5		13.5		13		13		13.5

		14		14		13.5		13.5		14

						14		14



d321abs

d351abs

d219abs

d213abs

weighted

0.0083411656

0.0083355611

0.008122

0.0079319993

0.0082529055

0.009980424

0.0100465025

0.0083846

0.0081635987

0.0097895041

0.011991277

0.0120344823

0.009756

0.0095126576

0.0117358294

0.0152812964

0.0152824239

0.01172

0.011424

0.0145759991

0.0206203232

0.020495

0.014264

0.0139514505

0.0187783588

0.0269213617

0.026773698

0.017804

0.0174699082

0.0241805571

0.022412

0.0220645463



		Ru003 fit results from jfit--see p. 141-3																						how did the

		w/ d=321																						fit value change with d?

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta

		11.5		9.3449E-01		6.5512E-02		3.2800E-04		9.3416E-01		9.3482E-01		8.3412E-03		2.0500E-04		8.1362E-03		8.5462E-03

		12		9.2540E-01		7.4596E-02		3.8900E-04		9.2501E-01		9.2579E-01		9.9804E-03		2.2400E-04		9.7564E-03		1.0204E-02

		12.5		9.1534E-01		8.4656E-02		4.6200E-04		9.1488E-01		9.1581E-01		1.1991E-02		2.6900E-04		1.1722E-02		1.2260E-02

		13		9.0385E-01		9.6149E-02		5.0000E-04		9.0335E-01		9.0435E-01		1.5281E-02		3.0300E-04		1.4978E-02		1.5584E-02

		13.5		8.9108E-01		1.0892E-01		6.7700E-04		8.9041E-01		8.9176E-01		2.0620E-02		4.4300E-04		2.0177E-02		2.1063E-02

		14		8.7821E-01		1.2179E-01		6.3200E-04		8.7758E-01		8.7885E-01		2.6921E-02		4.46E-04		2.6475E-02		2.7367E-02

		w/ d=351.1, absolute error weighting, p. 144

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9342282367		6.5772E-02		2.01E-04						0.0083355611		1.29E-04								1.0003E+00		9.9933E-01

		12		0.9250088845		7.4991E-02		2.80E-04						0.0100465025		1.62E-04								1.0004E+00		1.0066E+00

		12.5		0.9149703964		8.5030E-02		3.19E-04						0.0120344823		1.88E-04								1.0004E+00		1.0036E+00

		13		0.9036033317		9.6397E-02		3.48E-04						0.0152824239		2.13E-04								1.0003E+00		1.0001E+00

		13.5		0.89114		1.0886E-01		4.84E-04						0.020495		3.17E-04								9.9994E-01		9.9392E-01

		14		0.8783414634		1.2166E-01		4.45E-04						0.026773698		3.15E-04								9.9985E-01		9.9451E-01

		w/ d=351.1, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5				1.0000E+00

		12				1.0000E+00

		12.5				1.0000E+00

		13				1.0000E+00

		13.5				1.0000E+00

		14		0.8798949276		1.2011E-01								0.0262484611

		w/ d=321, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9404		5.9600E-02		0.000693						0.006435		0.000743

		12		0.93325		6.6750E-02		0.000783						0.0091499		0.000852

		12.5		0.9251		7.4900E-02		0.00093						0.00889		0.000922

		13		0.9171		8.2900E-02		0.00122						0.01139		0.00144

		13.5		0.8939		1.0610E-01		0.00117						0.023125		0.00177

		14		0.8809		1.1910E-01		0.000956						0.028107		0.00147





		d		sigma				1/sigma		d/sigma

		353.3		5.2				0.1923076923		67.9423076923

		348.6		4.8				0.2083333333		72.625

		349.3		4.4				0.2272727273		79.3863636364

		350.5		4.6				0.2173913043		76.1956521739

		363		8.8				0.1136363636		41.25

		367.4		7.2				0.1388888889		51.0277777778

		321		10				0.1		32.1

												351.0740192868

		Ru005 fit results from jfit--see p. 138

		w d=219, abs error weighting

		lambda		n		delta		sigma n		beta		sigma beta

		11		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05

		11.5		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05

		12		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04

		12.5		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04

		13		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04

		13.5		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04

		14		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

																								how did				how does that difference compare with

		w/ d=213.2, absolute error weighting, see p. 144																						best fit change with d?				the error

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta		beta

		11		9.5186E-01		4.8136E-02		0.000155						7.9320E-03		9.4000E-05								1.0009E+00		9.7661E-01		1.1851E-02

		11.5		0.9453213232		5.4679E-02		1.2940E-04						0.0081635987		7.59E-05								1.0006E+00		9.7364E-01		9.2998E-03

		12		0.9388097024		6.1190E-02		1.91E-04						0.0095126576		1.14E-04								1.0005E+00		9.7506E-01		1.1984E-02

		12.5		0.9313		6.8700E-02		2.31E-04						0.011424		1.41E-04								1.0006E+00		9.7474E-01		1.2342E-02

		13		0.9234548836		7.6545E-02		2.93E-04						0.0139514505		1.87E-04								1.0007E+00		9.7809E-01		1.3404E-02

		13.5		0.9151375355		8.4862E-02		3.66E-04						0.0174699082		2.48E-04								1.0007E+00		9.8124E-01		1.4196E-02

		14		0.9067922817		9.3208E-02		4.44E-04						0.0220645463		3.24E-04								1.0007E+00		9.8450E-01		1.4684E-02

		w/ d=213.2, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11

		11.5		0.9468491945										0.0055181142

		12		0.939158067										0.004522715

		12.5		0.9309312498										0.0041686333

		13

		13.5

		14





		delta		Ru003		Ru005		ratio

		110				0.0481362854

		115		6.5772E-02		0.0546786768		8.3134E-01

		120		7.4991E-02		0.0611902976		8.1597E-01

		125		8.5030E-02		0.0687		8.0795E-01

		130		9.6397E-02		0.0755526626		7.8377E-01

		135		1.0886E-01		0.0848624645		7.7956E-01

		140		1.2166E-01		0.0932077183		7.6614E-01																																		Windt 92		delta		beta

																																										11		0.063568		0.0070383

		delta		Ru003						Ru005																																11.2		0.066794		0.0069015

		lambda		delta		sigma delta		1/sigma delta		delta		sigma		1/sigma												weighted delta		n CXRO		delta CXRO		delta Windt (linear fit)		weighted/CXRO		weighted/Windt						11.4		0.070217		0.00696025

		11								4.8136E-02		0.000155		6451.6129032258																												11.6		0.073566		0.00724711

		11.5		0.0657717633		0.000201		4975.1243781094		5.4679E-02		1.2940E-04		7727.9752704791												0.0590232452		0.928026		0.071974		0.07185		0.820063428		0.821478708						11.8		0.076932		0.007133

		12		0.0749911155		0.00028		3571.4285714286		6.1190E-02		1.91E-04		5235.6020942408												0.0667868076		0.91919		0.08081		0.0805		0.8264671154		0.8296497838						12		0.080596		0.00733293

		12.5		0.0850296036		0.000319		3134.7962382445		6.8700E-02		2.31E-04		4329.0043290043												0.0755584335						0.09075		0		0.8325998184						12.2		0.084442		0.00780868

		13		0.0963966683		3.48E-04		2873.5632183908		7.6545E-02		2.93E-04		3412.9692832764												0.0856192267		0.899956		0.100044		0.1038		0.8558157082		0.8248480416						12.4		0.088601		0.00834117

		13.5		0.10886		0.000484		2066.1157024793		8.4862E-02		3.66E-04		2732.2404371585												0.0951955209		0.888496		0.111504		0.11685		0.8537408608		0.8146813944						12.6		0.093214		0.00904377

		14		0.1216585366		0.000445		2247.191011236		9.3208E-02		4.44E-04		2252.2522522522												0.1074171259		0.876946		0.123054		0.1299		0.8729267306		0.8269216775						12.8		0.098227		0.0101617

																						(5% for 11.5-13.5,																				13		0.103405		0.0112221

		beta		Ru003						Ru005												6% for 14 (extrp'd))																				13.2		0.108723		0.0123895

		lambda		beta		sigma		1/sigma		beta		sigma		1/sigma		%error(betaRu003)		%error(betaRu005)		beta lambert		sigma		1/sigma		weighted beta		beta CXRO		beta Windt				weighted/CXRO		weighted/Windt		WINDT/CXRO				13.4		0.11417		0.0138107

		11								7.9320E-03		9.4000E-05		10638.2978723404				1.1851E-02												(roughly)												13.6		0.119542		0.0151356

		11.5		0.0083355611		1.29E-04		7751.9379844961		0.0081635987		7.59E-05		13171.7597471022		1.55E-02		9.2998E-03		0.008479994		0.0004239997		2358.4922309273		0.0082529055		0.00685		0.00724711				1.2048037259		1.1387857398		1.0579722628				13.8		0.124778		0.017193

		12		0.0100465025		1.62E-04		6172.8395061728		0.0095126576		1.14E-04		8771.9298245614		1.61E-02		1.1984E-02		0.0102197918		0.0005109896		1956.9870325749		0.0097895041		0.008688		0.00733293				1.1267845411		1.3350058017		0.8440296961				14		0.129862		0.0194918

		12.5		0.0120344823		1.88E-04		5319.1489361702		0.011424		1.41E-04		7092.1985815603		1.56E-02		1.2342E-02		0.0121131397		0.000605657		1651.0995946546		0.0117358294				0.00904377				0		1.2976700414		0

		13		0.0152824239		2.13E-04		4694.8356807512		0.0139514505		1.87E-04		5347.5935828877		1.39E-02		1.3404E-02		0.0145929875		0.0007296494		1370.521284697		0.0145759991		0.013518		0.0112221				1.0782659454		1.2988655466		0.830159787

		13.5		0.020495		3.17E-04		3154.5741324921		0.0174699082		2.48E-04		4032.2580645161		1.55E-02		1.4196E-02		0.0186485083		0.0009324254		1072.4718375343		0.0187783588		0.017341		0.0151356				1.0828878864		1.2406748882		0.8728216366

		14		0.026773698		3.15E-04		3174.6031746032		0.0220645463		3.24E-04		3086.4197530864		1.18E-02		1.4684E-02		0.0219408815		0.0013164529		759.6170028897		0.0241805571		0.022872		0.0194918				1.0572121853		1.2405502366		0.852212312
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betapub_b

		10		10.060878		11.5		11.4

		10.2		10.142903		12		13.5

		10.4		10.225597		12.5

		10.6		10.308966		13

		10.8		10.393014		13.5

		11		10.477747		14

		11.2		10.563171

		11.4		10.649292

		11.6		10.736114

		11.8		10.823645

		12		10.911889

		12.2		11.000852

		12.4		11.090541

		12.6		11.180961

		12.8		11.272119

		13		11.364019

		13.2		11.456669

		13.4		11.550074

		13.6		11.644241

		13.8		11.739175

		14		11.834883

				11.931372

				12.028647

				12.126716

				12.225584

				12.325258

				12.425744

				12.52705

				12.629182

				12.732147

				12.835951

				12.940601

				13.046104

				13.152468

				13.259699

				13.367804

				13.47679

				13.586665

				13.697436

				13.80911

				13.921694

				14.035196



Wndt 92

CXRO

Windt 88

lambda (nm)

beta

0.00892422

0.004519786

0.0082529055

0.00543

0.00931743

0.004579649

0.0097895041

0.0129

0.00831849

0.004652402

0.0117358294

0.00780319

0.004726882

0.0145759991

0.0074032

0.004827825

0.0187783588

0.0070383

0.004931128

0.0241805571

0.0069015

0.005036983

0.00696025

0.005145303

0.00724711

0.005273748

0.007133

0.005404886

0.00733293

0.005542741

0.00780868

0.005683382

0.00834117

0.005828297

0.00904377

0.005984093

0.0101617

0.006216578

0.0112221

0.006456958

0.0123895

0.006723708

0.0138107

0.006997934

0.0151356

0.007288389

0.017193

0.007599329

0.0194918

0.00798645

0.008386415

0.008813194

0.009252269

0.009711496

0.010174164

0.010626215

0.011093525

0.011586094

0.012095849

0.012632673

0.013188786

0.013773747

0.014427554

0.015205887

0.016079596

0.017110733

0.018198649

0.019364536

0.020596977

0.02191526

0.023301578



betapub_a

		11.5		11		11.1974817		11.25

		12		11.5		11.3010634		11.35

		12.5		12		11.400843		11.45

		13		12.5		11.501179		11.55

		13.5		13		11.6012369		11.65

		14		13.5		11.701202		11.75

				14		11.8011671		11.85

						11.9011321		11.95

						12.0010045		12.05

						12.1008769		12.15

						12.2010274		12.25

						12.3008071		12.35

						12.4010504		12.45

						12.50083		12.55

						12.6009806		12.65

						12.7009456		12.75

						12.8006325		12.85

						12.9010613		12.95

						13.0008409		13.05

						13.1010842		13.15

						13.2008639		13.25

						13.3009217		13.35

						13.4007013		13.45

						13.5012228		13.55

						13.6011879		13.65

						13.701153		13.75

						13.8011181		13.85

								13.95



Ru003_1

Ru005

beta lambert

beta lambert fit

wavelength (nm)

beta

0.0083355611

0.0079319993

0.0078270389

0.0079654122

0.0100465025

0.0081635987

0.0082106495

0.0081724285

0.0120344823

0.0095126576

0.0081971363

0.0084055493

0.0152824239

0.011424

0.008479994

0.0086644653

0.020495

0.0139514505

0.008786117

0.0089468669

0.026773698

0.0174699082

0.0090672085

0.0092494327

0.0220645463

0.0094373123

0.0095686675

0.0098278692

0.0099015884

0.0102197918

0.0102462611

0.0105566282

0.0106021845

0.0105896026

0.0109705244

0.0108884815

0.0113541969

0.0114349306

0.0117577999

0.0121131397

0.0121873946

0.0125744672

0.0126501351

0.0129950263

0.013153748

0.0134727798

0.0137058604

0.0139606533

0.0143131771

0.0145929875

0.0149805071

0.0152628947

0.0157096389

0.0160992948

0.0164980649

0.0169832194

0.0173375549

0.0177470726

0.0182125788

0.0186485083

0.0190985779

0.0195808906

0.0199600859

0.0204026385

0.0207486983

0.0210775439

0.0214008913

0.0218356898



deltapub_b

		11.000852		11.5		11		11.4

		11.090541		12		11.2		13.5

		11.180961		12.5		11.4

		11.272119		13		11.6

		11.364019		13.5		11.8

		11.456669		14		12

		11.550074				12.2

		11.644241				12.4

		11.739175				12.6

		11.834883				12.8

		11.931372				13

		12.028647				13.2

		12.126716				13.4

		12.225584				13.6

		12.325258				13.8

		12.425744				14

		12.52705

		12.629182

		12.732147

		12.835951

		12.940601

		13.046104

		13.152468

		13.259699

		13.367804

		13.47679

		13.586665

		13.697436

		13.80911

		13.921694



CXRO

weighted

windt 88

lambda (nm)

delta

0.06371674

0.0590232452

0.063568

0.0583

0.0651466

0.0667868076

0.066794

0.0977

0.06660688

0.0755584335

0.070217

0.0681293

0.0856192267

0.073566

0.06967755

0.0951955209

0.076932

0.07123614

0.1074171259

0.080596

0.07282683

0.084442

0.07446543

0.088601

0.07613623

0.093214

0.07784644

0.098227

0.0795819

0.103405

0.08132252

0.108723

0.08309073

0.11417

0.08487541

0.119542

0.08669721

0.124778

0.08856615

0.129862

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287



Sheet1

		llnl (from IMD)												llnl (A values converted from eV on CXRO)												Windt 88												Windt 92														measured Ru005 data--p. 130																										Ru005 fit results from jfit--see p. 138														Ru003 fit results from jfit--see p. 141-3

		A		nm		n		k		delta				A		n		k		delta				nm		A		n		delta		k						A		nm		n		k		delta				nm		A		n		k(d=219)		k(d=213.2)				k213 extrp (see T data anal.)										n		delta				w d=219														w/ d=321

		100.60878		10.060878		0.94979216		0.004519786		0.05020784				109.9443510508		0.9358615405		0.0057196832		0.0641384595				11.4		114		0.9417		0.0583		0.00543						100		10		0.950762		0.00892422		0.049238				11.1974817		112				0.0076197475		0.0078270389				11.25		1.125		0.0079654122				115		0.94424		0.05576				lambda		n		delta		sigma n		beta		sigma beta				lambda		n		delta		sigma n		beta		sigma beta

		101.42903		10.142903		0.94870243		0.004579649		0.05129757				111.7226804956		0.9329906933		0.0060107245		0.0670093067				13.5		135.5		0.9023		0.0977		0.0129						102		10.2		0.945947		0.00931743		0.054053				11.3010634		113				0.0079931985		0.0082106495				11.35		1.135		0.0081724285				120		0.9434		0.0566				110		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05				115		9.3400E-01		6.6000E-02		3.2800E-04		8.3410E-03		2.0500E-04

		102.25597		10.225597		0.94757388		0.004652402		0.05242612				113.5293287916		0.9299360192		0.0064776319		0.0700639808																		104		10.4		0.944871		0.00831849		0.055129				11.400843		114				0.0079800432		0.0081971363				11.45		1.145		0.0084055493				130		0.92		0.08				115		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05				120		9.2500E-01		7.5000E-02		3.8900E-04		9.9800E-03		2.2400E-04

		103.08966		10.308966		0.94642362		0.004726882		0.05357638				115.3653029003		0.9268101384		0.0070131501		0.0731898616																		106		10.6		0.942017		0.00780319		0.057983				11.501179		115				0.0082554097		0.008479994				11.55		1.155		0.0086644653				135		0.9086		0.0914				120		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04				125		9.1500E-01		8.5000E-02		4.6200E-04		1.1990E-02		2.6900E-04

		103.93014		10.393014		0.94525119		0.004827825		0.05474881				117.2316988275		0.9235238941		0.0075961972		0.0764761059																		108		10.8		0.939445		0.0074032		0.060555				11.6012369		116				0.0085534253		0.008786117				11.65		1.165		0.0089468669												125		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04				130		9.0400E-01		9.6000E-02		5.0000E-04		1.5280E-02		3.0300E-04

		104.77747		10.477747		0.94405712		0.004931128		0.05594288				119.1274197757		0.9200971316		0.0083726823		0.0799028684																		110		11		0.936432		0.0070383		0.063568				11.701202		117				0.0088270724		0.0090672085				11.75		1.175		0.0092494327												130		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04				135		8.9108E-01		6.7700E-04		6.1000E-04		2.0620E-02		4.4300E-04

		105.63171		10.563171		0.94283503		0.005036983		0.05716497				121.0547204452		0.9166094869		0.0092286712		0.0833905131																		112		11.2		0.933206		0.0069015		0.066794				11.8011671		118				0.0091873744		0.0094373123				11.85		1.185		0.0095686675												135		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04				140		8.7821E-01		6.3200E-04		5.7600E-04		2.6921E-02		4.46E-04

		106.49292		10.649292		0.94158999		0.005145303		0.05841001				123.0124463538		0.9130365589		0.0101489187		0.0869634411																		114		11.4		0.929783		0.00696025		0.070217				11.9011321		119				0.0095675878		0.0098278692				11.95		1.195		0.0099015884												140		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

		107.36114		10.736114		0.94030628		0.005273748		0.05969372				125.002011054		0.9092962503		0.0110543156		0.0907037497																		116		11.6		0.926434		0.00724711		0.073566				12.0010045		120				0.0099491306		0.0102197918				12.05		1.205		0.0102462611

		108.23645		10.823645		0.93899825		0.005404886		0.06100175				127.0237971213		0.9053311692		0.0120403762		0.0946688308																		118		11.8		0.923068		0.007133		0.076932				12.1008769		121				0.0102770463		0.0105566282				12.15		1.215		0.0106021845

		109.11889		10.911889		0.93765452		0.005542741		0.06234548				129.0783206026		0.901123834		0.0131144978		0.098876166																		120		12		0.919404		0.00733293		0.080596				12.2010274		122				0.0103091474		0.0105896026				12.25		1.225		0.0109705244

		110.00852		11.000852		0.93628326		0.005683382		0.06371674				131.1661140909		0.8965956253		0.014284359		0.1034043747																		122		12.2		0.915558		0.00780868		0.084442				12.3008071		123				0.0106001107		0.0108884815				12.35		1.235		0.0113541969

		110.90541		11.090541		0.9348534		0.005828297		0.0651466				133.2875848123		0.8915724494		0.0158402025		0.1084275506																		124		12.4		0.911399		0.00834117		0.088601				12.4010504		124				0.0111320877		0.0114349306				12.45		1.245		0.0117577999

		111.80961		11.180961		0.93339312		0.005984093		0.06660688				135.4434366366		0.8865302822		0.0179004955		0.1134697178																		126		12.6		0.906786		0.00904377		0.093214				12.50083		125				0.0117923351		0.0121131397				12.55		1.255		0.0121873946

		112.72119		11.272119		0.9318707		0.006216578		0.0681293				137.6341072683		0.8814278103		0.0202286969		0.1185721897																		128		12.8		0.901773		0.0101617		0.098227				12.6009806		126				0.0122414448		0.0125744672				12.65		1.265		0.0126501351

		113.64019		11.364019		0.93032245		0.006456958		0.06967755				139.8601949944		0.87623899		0.0228598433		0.12376101																		130		13		0.896595		0.0112221		0.103405				12.7009456		127				0.0126508658		0.0129950263				12.75		1.275		0.013153748

		114.56669		11.456669		0.92876386		0.006723708		0.07123614																												132		13.2		0.891277		0.0123895		0.108723				12.8006325		128				0.0131159664		0.0134727798				12.85		1.285		0.0137058604

		115.50074		11.550074		0.92717317		0.006997934		0.07282683																												134		13.4		0.88583		0.0138107		0.11417				12.9010613		129				0.0135909191		0.0139606533				12.95		1.295		0.0143131771

		116.44241		11.644241		0.92553457		0.007288389		0.07446543																												136		13.6		0.880458		0.0151356		0.119542				13.0008409		130				0.0142065066		0.0145929875				13.05		1.305		0.0149805071

		117.39175		11.739175		0.92386377		0.007599329		0.07613623																												138		13.8		0.875222		0.017193		0.124778				13.1010842		131				0.0148586719		0.0152628947				13.15		1.315		0.0157096389

		118.34883		11.834883		0.92215356		0.00798645		0.07784644																												140		14		0.870138		0.0194918		0.129862				13.2008639		132				0.0156729208		0.0160992948				13.25		1.325		0.0164980649

		119.31372		11.931372		0.9204181		0.008386415		0.0795819																																								13.3009217		133				0.0165334355		0.0169832194				13.35		1.335		0.0173375549

		120.28647		12.028647		0.91867748		0.008813194		0.08132252																																								13.4007013		134				0.0172770588		0.0177470726				13.45		1.345		0.0182125788

		121.26716		12.126716		0.91690927		0.009252269		0.08309073																																								13.5012228		135				0.0181546209		0.0186485083				13.55		1.355		0.0190985779

		122.25584		12.225584		0.91512459		0.009711496		0.08487541																																								13.6011879		136				0.0190623099		0.0195808906				13.65		1.365		0.0199600859

		123.25258		12.325258		0.91330279		0.010174164		0.08669721																																								13.701153		137				0.0198622947		0.0204026385				13.75		1.375		0.0207486983

		124.25744		12.425744		0.91143385		0.010626215		0.08856615																																								13.8011181		138				0.0205193259		0.0210775439				13.85		1.385		0.0214008913

		125.2705		12.52705		0.90951901		0.011093525		0.09048099																																																				13.95		1.395		0.0218356898

		126.29182		12.629182		0.90753698		0.011586094		0.09246302

		127.32147		12.732147		0.90550451		0.012095849		0.09449549

		128.35951		12.835951		0.90340054		0.012632673		0.09659946

		129.40601		12.940601		0.90123181		0.013188786		0.09876819

		130.46104		13.046104		0.89896648		0.013773747		0.10103352

		131.52468		13.152468		0.89660411		0.014427554		0.10339589

		132.59699		13.259699		0.89409007		0.015205887		0.10590993

		133.67804		13.367804		0.89155895		0.016079596		0.10844105

		134.7679		13.47679		0.88903428		0.017110733		0.11096572

		135.86665		13.586665		0.88648668		0.018198649		0.11351332

		136.97436		13.697436		0.88393054		0.019364536		0.11606946

		138.0911		13.80911		0.88134771		0.020596977		0.11865229

		139.21694		13.921694		0.87874713		0.02191526		0.12125287

		140.35196		14.035196		0.87613622		0.023301578		0.12386378
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COMPARISON

		11.5		11

		12		11.5

		12.5		12

		13		12.5

		13.5		13

		14		13.5

				14



d351abs

d213

lambda (nm)

delta

0.0657717633

0.0481362854

0.0749911155

0.0546786768

0.0850296036

0.0611902976

0.0963966683

0.0687

0.10886

0.0765451164

0.1216585366

0.0848624645

0.0932077183



		11.5		11.5		11		11		11.000852		11.5

		12		12		11.5		11.5		11.090541		12

		12.5		12.5		12		12		11.180961		12.5

		13		13		12.5		12.5		11.272119		13

		13.5		13.5		13		13		11.364019		13.5

		14		14		13.5		13.5		11.456669		14

						14		14		11.550074

										11.644241

										11.739175

										11.834883

										11.931372

										12.028647

										12.126716

										12.225584

										12.325258

										12.425744

										12.52705

										12.629182

										12.732147

										12.835951

										12.940601

										13.046104

										13.152468

										13.259699

										13.367804

										13.47679

										13.586665

										13.697436

										13.80911

										13.921694



d321

d351abs

d219

d213

CXRO

weighted

0.0655115717

0.0657717633

0.049

0.0481362854

0.06371674

0.0590232452

0.0745961482

0.0749911155

0.0552

0.0546786768

0.0651466

0.0667868076

0.0846559897

0.0850296036

0.0617

0.0611902976

0.06660688

0.0755584335

0.0961491051

0.0963966683

0.0693

0.0687

0.0681293

0.0856192267

0.1089163739

0.10886

0.0772

0.0765451164

0.06967755

0.0951955209

0.1217864283

0.1216585366

0.0855

0.0848624645

0.07123614

0.1074171259

0.09383

0.0932077183

0.07282683

0.07446543

0.07613623

0.07784644

0.0795819

0.08132252

0.08309073

0.08487541

0.08669721

0.08856615

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287



		11.5		11.5		11		11		11.5

		12		12		11.5		11.5		12

		12.5		12.5		12		12		12.5

		13		13		12.5		12.5		13

		13.5		13.5		13		13		13.5

		14		14		13.5		13.5		14

						14		14



d321abs

d351abs

d219abs

d213abs

weighted

0.0083411656

0.0083355611

0.008122

0.0079319993

0.0082529055

0.009980424

0.0100465025

0.0083846

0.0081635987

0.0097895041

0.011991277

0.0120344823

0.009756

0.0095126576

0.0117358294

0.0152812964

0.0152824239

0.01172

0.011424

0.0145759991

0.0206203232

0.020495

0.014264

0.0139514505

0.0187783588

0.0269213617

0.026773698

0.017804

0.0174699082

0.0241805571

0.022412

0.0220645463



		Ru003 fit results from jfit--see p. 141-3																						how did the

		w/ d=321																						fit value change with d?

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta

		11.5		9.3449E-01		6.5512E-02		3.2800E-04		9.3416E-01		9.3482E-01		8.3412E-03		2.0500E-04		8.1362E-03		8.5462E-03

		12		9.2540E-01		7.4596E-02		3.8900E-04		9.2501E-01		9.2579E-01		9.9804E-03		2.2400E-04		9.7564E-03		1.0204E-02

		12.5		9.1534E-01		8.4656E-02		4.6200E-04		9.1488E-01		9.1581E-01		1.1991E-02		2.6900E-04		1.1722E-02		1.2260E-02

		13		9.0385E-01		9.6149E-02		5.0000E-04		9.0335E-01		9.0435E-01		1.5281E-02		3.0300E-04		1.4978E-02		1.5584E-02

		13.5		8.9108E-01		1.0892E-01		6.7700E-04		8.9041E-01		8.9176E-01		2.0620E-02		4.4300E-04		2.0177E-02		2.1063E-02

		14		8.7821E-01		1.2179E-01		6.3200E-04		8.7758E-01		8.7885E-01		2.6921E-02		4.46E-04		2.6475E-02		2.7367E-02

		w/ d=351.1, absolute error weighting, p. 144

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9342282367		6.5772E-02		2.01E-04						0.0083355611		1.29E-04								1.0003E+00		9.9933E-01

		12		0.9250088845		7.4991E-02		2.80E-04						0.0100465025		1.62E-04								1.0004E+00		1.0066E+00

		12.5		0.9149703964		8.5030E-02		3.19E-04						0.0120344823		1.88E-04								1.0004E+00		1.0036E+00

		13		0.9036033317		9.6397E-02		3.48E-04						0.0152824239		2.13E-04								1.0003E+00		1.0001E+00

		13.5		0.89114		1.0886E-01		4.84E-04						0.020495		3.17E-04								9.9994E-01		9.9392E-01

		14		0.8783414634		1.2166E-01		4.45E-04						0.026773698		3.15E-04								9.9985E-01		9.9451E-01

		w/ d=351.1, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5				1.0000E+00

		12				1.0000E+00

		12.5				1.0000E+00

		13				1.0000E+00

		13.5				1.0000E+00

		14		0.8798949276		1.2011E-01								0.0262484611

		w/ d=321, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9404		5.9600E-02		0.000693						0.006435		0.000743

		12		0.93325		6.6750E-02		0.000783						0.0091499		0.000852

		12.5		0.9251		7.4900E-02		0.00093						0.00889		0.000922

		13		0.9171		8.2900E-02		0.00122						0.01139		0.00144

		13.5		0.8939		1.0610E-01		0.00117						0.023125		0.00177

		14		0.8809		1.1910E-01		0.000956						0.028107		0.00147





		d		sigma				1/sigma		d/sigma

		353.3		5.2				0.1923076923		67.9423076923

		348.6		4.8				0.2083333333		72.625

		349.3		4.4				0.2272727273		79.3863636364

		350.5		4.6				0.2173913043		76.1956521739

		363		8.8				0.1136363636		41.25

		367.4		7.2				0.1388888889		51.0277777778

		321		10				0.1		32.1

												351.0740192868

		Ru005 fit results from jfit--see p. 138

		w d=219, abs error weighting

		lambda		n		delta		sigma n		beta		sigma beta

		11		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05

		11.5		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05

		12		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04

		12.5		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04

		13		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04

		13.5		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04

		14		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

																								how did				how does that difference compare with

		w/ d=213.2, absolute error weighting, see p. 144																						best fit change with d?				the error

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta		beta

		11		9.5186E-01		4.8136E-02		0.000155						7.9320E-03		9.4000E-05								1.0009E+00		9.7661E-01		1.1851E-02

		11.5		0.9453213232		5.4679E-02		1.2940E-04						0.0081635987		7.59E-05								1.0006E+00		9.7364E-01		9.2998E-03

		12		0.9388097024		6.1190E-02		1.91E-04						0.0095126576		1.14E-04								1.0005E+00		9.7506E-01		1.1984E-02

		12.5		0.9313		6.8700E-02		2.31E-04						0.011424		1.41E-04								1.0006E+00		9.7474E-01		1.2342E-02

		13		0.9234548836		7.6545E-02		2.93E-04						0.0139514505		1.87E-04								1.0007E+00		9.7809E-01		1.3404E-02

		13.5		0.9151375355		8.4862E-02		3.66E-04						0.0174699082		2.48E-04								1.0007E+00		9.8124E-01		1.4196E-02

		14		0.9067922817		9.3208E-02		4.44E-04						0.0220645463		3.24E-04								1.0007E+00		9.8450E-01		1.4684E-02

		w/ d=213.2, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11

		11.5		0.9468491945										0.0055181142

		12		0.939158067										0.004522715

		12.5		0.9309312498										0.0041686333

		13

		13.5

		14





		delta		Ru003		Ru005		ratio

		110				0.0481362854

		115		6.5772E-02		0.0546786768		8.3134E-01

		120		7.4991E-02		0.0611902976		8.1597E-01

		125		8.5030E-02		0.0687		8.0795E-01

		130		9.6397E-02		0.0755526626		7.8377E-01

		135		1.0886E-01		0.0848624645		7.7956E-01

		140		1.2166E-01		0.0932077183		7.6614E-01																														Windt 92		delta		beta

																																						11		0.063568		0.0070383

		delta		Ru003						Ru005																												11.2		0.066794		0.0069015

		lambda		delta		sigma delta		1/sigma delta		delta		sigma		1/sigma												weighted delta		n CXRO		delta CXRO		delta Windt (linear fit)		weighted/CXRO		weighted/Windt		11.4		0.070217		0.00696025

		11								4.8136E-02		0.000155		6451.6129032258																								11.6		0.073566		0.00724711

		11.5		0.0657717633		0.000201		4975.1243781094		5.4679E-02		1.2940E-04		7727.9752704791												0.0590232452		0.928026		0.071974		0.07185		0.820063428		0.821478708		11.8		0.076932		0.007133

		12		0.0749911155		0.00028		3571.4285714286		6.1190E-02		1.91E-04		5235.6020942408												0.0667868076		0.91919		0.08081		0.0805		0.8264671154		0.8296497838		12		0.080596		0.00733293

		12.5		0.0850296036		0.000319		3134.7962382445		6.8700E-02		2.31E-04		4329.0043290043												0.0755584335						0.09075		0		0.8325998184		12.2		0.084442		0.00780868

		13		0.0963966683		3.48E-04		2873.5632183908		7.6545E-02		2.93E-04		3412.9692832764												0.0856192267		0.899956		0.100044		0.1038		0.8558157082		0.8248480416		12.4		0.088601		0.00834117

		13.5		0.10886		0.000484		2066.1157024793		8.4862E-02		3.66E-04		2732.2404371585												0.0951955209		0.888496		0.111504		0.11685		0.8537408608		0.8146813944		12.6		0.093214		0.00904377

		14		0.1216585366		0.000445		2247.191011236		9.3208E-02		4.44E-04		2252.2522522522												0.1074171259		0.876946		0.123054		0.1299		0.8729267306		0.8269216775		12.8		0.098227		0.0101617

																						(5% for 11.5-13.5,																13		0.103405		0.0112221

		beta		Ru003						Ru005												6% for 14 (extrp'd))																13.2		0.108723		0.0123895

		lambda		beta		sigma		1/sigma		beta		sigma		1/sigma		%error(betaRu003)		%error(betaRu005)		beta lambert		sigma		1/sigma		weighted beta		beta CXRO		beta Windt				weighted/CXRO		weighted/Windt		13.4		0.11417		0.0138107

		11								7.9320E-03		9.4000E-05		10638.2978723404				1.1851E-02												(roughly)								13.6		0.119542		0.0151356

		11.5		0.0083355611		1.29E-04		7751.9379844961		0.0081635987		7.59E-05		13171.7597471022		1.55E-02		9.2998E-03		0.008479994		0.0004239997		2358.4922309273		0.0082529055		0.00685		0.00724711				1.2048037259		1.1387857398		13.8		0.124778		0.017193

		12		0.0100465025		1.62E-04		6172.8395061728		0.0095126576		1.14E-04		8771.9298245614		1.61E-02		1.1984E-02		0.0102197918		0.0005109896		1956.9870325749		0.0097895041		0.008688		0.00733293				1.1267845411		1.3350058017		14		0.129862		0.0194918

		12.5		0.0120344823		1.88E-04		5319.1489361702		0.011424		1.41E-04		7092.1985815603		1.56E-02		1.2342E-02		0.0121131397		0.000605657		1651.0995946546		0.0117358294				0.00904377				0		1.2976700414

		13		0.0152824239		2.13E-04		4694.8356807512		0.0139514505		1.87E-04		5347.5935828877		1.39E-02		1.3404E-02		0.0145929875		0.0007296494		1370.521284697		0.0145759991		0.013518		0.0112221				1.0782659454		1.2988655466

		13.5		0.020495		3.17E-04		3154.5741324921		0.0174699082		2.48E-04		4032.2580645161		1.55E-02		1.4196E-02		0.0186485083		0.0009324254		1072.4718375343		0.0187783588		0.017341		0.0151356				1.0828878864		1.2406748882

		14		0.026773698		3.15E-04		3174.6031746032		0.0220645463		3.24E-04		3086.4197530864		1.18E-02		1.4684E-02		0.0219408815		0.0013164529		759.6170028897		0.0241805571		0.022872		0.0194918				1.0572121853		1.2405502366
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_1152391581.xls
betapub_b

		11		10.911889		11.5		11.4

		11.2		11.000852		12		13.5

		11.4		11.090541		12.5

		11.6		11.180961		13

		11.8		11.272119		13.5

		12		11.364019		14

		12.2		11.456669

		12.4		11.550074

		12.6		11.644241

		12.8		11.739175

		13		11.834883

		13.2		11.931372

		13.4		12.028647

		13.6		12.126716

		13.8		12.225584

		14		12.325258

				12.425744

				12.52705

				12.629182

				12.732147

				12.835951

				12.940601

				13.046104

				13.152468

				13.259699

				13.367804

				13.47679

				13.586665

				13.697436

				13.80911

				13.921694

				14.035196



Wndt 92

CXRO

Windt 88

wavelength (nm)

beta

0.0070383

0.005542741

0.0082529055

0.00543

0.0069015

0.005683382

0.0097895041

0.0129

0.00696025

0.005828297

0.0117358294

0.00724711

0.005984093

0.0145759991

0.007133

0.006216578

0.0187783588

0.00733293

0.006456958

0.0241805571

0.00780868

0.006723708

0.00834117

0.006997934

0.00904377

0.007288389

0.0101617

0.007599329

0.0112221

0.00798645

0.0123895

0.008386415

0.0138107

0.008813194

0.0151356

0.009252269

0.017193

0.009711496

0.0194918

0.010174164

0.010626215

0.011093525

0.011586094

0.012095849

0.012632673

0.013188786

0.013773747

0.014427554

0.015205887

0.016079596

0.017110733

0.018198649

0.019364536

0.020596977

0.02191526

0.023301578



betapub_a

		11.25		11.5		11		11.1974817

		11.35		12		11.5		11.3010634

		11.45		12.5		12		11.400843

		11.55		13		12.5		11.501179

		11.65		13.5		13		11.6012369

		11.75		14		13.5		11.701202

		11.85				14		11.8011671

		11.95						11.9011321

		12.05						12.0010045

		12.15						12.1008769

		12.25						12.2010274

		12.35						12.3008071

		12.45						12.4010504

		12.55						12.50083

		12.65						12.6009806

		12.75						12.7009456

		12.85						12.8006325

		12.95						12.9010613

		13.05						13.0008409

		13.15						13.1010842

		13.25						13.2008639

		13.35						13.3009217

		13.45						13.4007013

		13.55						13.5012228

		13.65						13.6011879

		13.75						13.701153

		13.85						13.8011181

		13.95



beta lambert fit

Ru003

Ru005

beta lambert

lambda (nm)

beta

0.0079654122

0.0083355611

0.0079319993

0.0078270389

0.0081724285

0.0100465025

0.0081635987

0.0082106495

0.0084055493

0.0120344823

0.0095126576

0.0081971363

0.0086644653

0.0152824239

0.011424

0.008479994

0.0089468669

0.020495

0.0139514505

0.008786117

0.0092494327

0.026773698

0.0174699082

0.0090672085

0.0095686675

0.0220645463

0.0094373123

0.0099015884

0.0098278692

0.0102462611

0.0102197918

0.0106021845

0.0105566282

0.0109705244

0.0105896026

0.0113541969

0.0108884815

0.0117577999

0.0114349306

0.0121873946

0.0121131397

0.0126501351

0.0125744672

0.013153748

0.0129950263

0.0137058604

0.0134727798

0.0143131771

0.0139606533

0.0149805071

0.0145929875

0.0157096389

0.0152628947

0.0164980649

0.0160992948

0.0173375549

0.0169832194

0.0182125788

0.0177470726

0.0190985779

0.0186485083

0.0199600859

0.0195808906

0.0207486983

0.0204026385

0.0214008913

0.0210775439

0.0218356898



deltapub_b

		11.000852		11.5		11		11.4

		11.090541		12		11.2		13.5

		11.180961		12.5		11.4

		11.272119		13		11.6

		11.364019		13.5		11.8

		11.456669		14		12

		11.550074				12.2

		11.644241				12.4

		11.739175				12.6

		11.834883				12.8

		11.931372				13

		12.028647				13.2

		12.126716				13.4

		12.225584				13.6

		12.325258				13.8

		12.425744				14

		12.52705

		12.629182

		12.732147

		12.835951

		12.940601

		13.046104

		13.152468

		13.259699

		13.367804

		13.47679

		13.586665

		13.697436

		13.80911

		13.921694



CXRO

weighted

windt 88

lambda (nm)

delta

0.06371674

0.0590232452

0.063568

0.0583

0.0651466

0.0667868076

0.066794

0.0977

0.06660688

0.0755584335

0.070217

0.0681293

0.0856192267

0.073566

0.06967755

0.0951955209

0.076932

0.07123614

0.1074171259

0.080596

0.07282683

0.084442

0.07446543

0.088601

0.07613623

0.093214

0.07784644

0.098227

0.0795819

0.103405

0.08132252

0.108723

0.08309073

0.11417

0.08487541

0.119542

0.08669721

0.124778

0.08856615

0.129862

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287



Sheet1

		llnl (from IMD)												llnl (A values converted from eV on CXRO)												Windt 88												Windt 92														measured Ru005 data--p. 130																										Ru005 fit results from jfit--see p. 138														Ru003 fit results from jfit--see p. 141-3

		A		nm		n		k		delta				A		n		k		delta				nm		A		n		delta		k						A		nm		n		k		delta				nm		A		n		k(d=219)		k(d=213.2)				k213 extrp (see T data anal.)										n		delta				w d=219														w/ d=321

		100.60878		10.060878		0.94979216		0.004519786		0.05020784				109.9443510508		0.9358615405		0.0057196832		0.0641384595				11.4		114		0.9417		0.0583		0.00543						100		10		0.950762		0.00892422		0.049238				11.1974817		112				0.0076197475		0.0078270389				11.25		1.125		0.0079654122				115		0.94424		0.05576				lambda		n		delta		sigma n		beta		sigma beta				lambda		n		delta		sigma n		beta		sigma beta

		101.42903		10.142903		0.94870243		0.004579649		0.05129757				111.7226804956		0.9329906933		0.0060107245		0.0670093067				13.5		135.5		0.9023		0.0977		0.0129						102		10.2		0.945947		0.00931743		0.054053				11.3010634		113				0.0079931985		0.0082106495				11.35		1.135		0.0081724285				120		0.9434		0.0566				110		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05				115		9.3400E-01		6.6000E-02		3.2800E-04		8.3410E-03		2.0500E-04

		102.25597		10.225597		0.94757388		0.004652402		0.05242612				113.5293287916		0.9299360192		0.0064776319		0.0700639808																		104		10.4		0.944871		0.00831849		0.055129				11.400843		114				0.0079800432		0.0081971363				11.45		1.145		0.0084055493				130		0.92		0.08				115		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05				120		9.2500E-01		7.5000E-02		3.8900E-04		9.9800E-03		2.2400E-04

		103.08966		10.308966		0.94642362		0.004726882		0.05357638				115.3653029003		0.9268101384		0.0070131501		0.0731898616																		106		10.6		0.942017		0.00780319		0.057983				11.501179		115				0.0082554097		0.008479994				11.55		1.155		0.0086644653				135		0.9086		0.0914				120		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04				125		9.1500E-01		8.5000E-02		4.6200E-04		1.1990E-02		2.6900E-04

		103.93014		10.393014		0.94525119		0.004827825		0.05474881				117.2316988275		0.9235238941		0.0075961972		0.0764761059																		108		10.8		0.939445		0.0074032		0.060555				11.6012369		116				0.0085534253		0.008786117				11.65		1.165		0.0089468669												125		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04				130		9.0400E-01		9.6000E-02		5.0000E-04		1.5280E-02		3.0300E-04

		104.77747		10.477747		0.94405712		0.004931128		0.05594288				119.1274197757		0.9200971316		0.0083726823		0.0799028684																		110		11		0.936432		0.0070383		0.063568				11.701202		117				0.0088270724		0.0090672085				11.75		1.175		0.0092494327												130		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04				135		8.9108E-01		6.7700E-04		6.1000E-04		2.0620E-02		4.4300E-04

		105.63171		10.563171		0.94283503		0.005036983		0.05716497				121.0547204452		0.9166094869		0.0092286712		0.0833905131																		112		11.2		0.933206		0.0069015		0.066794				11.8011671		118				0.0091873744		0.0094373123				11.85		1.185		0.0095686675												135		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04				140		8.7821E-01		6.3200E-04		5.7600E-04		2.6921E-02		4.46E-04

		106.49292		10.649292		0.94158999		0.005145303		0.05841001				123.0124463538		0.9130365589		0.0101489187		0.0869634411																		114		11.4		0.929783		0.00696025		0.070217				11.9011321		119				0.0095675878		0.0098278692				11.95		1.195		0.0099015884												140		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

		107.36114		10.736114		0.94030628		0.005273748		0.05969372				125.002011054		0.9092962503		0.0110543156		0.0907037497																		116		11.6		0.926434		0.00724711		0.073566				12.0010045		120				0.0099491306		0.0102197918				12.05		1.205		0.0102462611

		108.23645		10.823645		0.93899825		0.005404886		0.06100175				127.0237971213		0.9053311692		0.0120403762		0.0946688308																		118		11.8		0.923068		0.007133		0.076932				12.1008769		121				0.0102770463		0.0105566282				12.15		1.215		0.0106021845

		109.11889		10.911889		0.93765452		0.005542741		0.06234548				129.0783206026		0.901123834		0.0131144978		0.098876166																		120		12		0.919404		0.00733293		0.080596				12.2010274		122				0.0103091474		0.0105896026				12.25		1.225		0.0109705244

		110.00852		11.000852		0.93628326		0.005683382		0.06371674				131.1661140909		0.8965956253		0.014284359		0.1034043747																		122		12.2		0.915558		0.00780868		0.084442				12.3008071		123				0.0106001107		0.0108884815				12.35		1.235		0.0113541969

		110.90541		11.090541		0.9348534		0.005828297		0.0651466				133.2875848123		0.8915724494		0.0158402025		0.1084275506																		124		12.4		0.911399		0.00834117		0.088601				12.4010504		124				0.0111320877		0.0114349306				12.45		1.245		0.0117577999

		111.80961		11.180961		0.93339312		0.005984093		0.06660688				135.4434366366		0.8865302822		0.0179004955		0.1134697178																		126		12.6		0.906786		0.00904377		0.093214				12.50083		125				0.0117923351		0.0121131397				12.55		1.255		0.0121873946

		112.72119		11.272119		0.9318707		0.006216578		0.0681293				137.6341072683		0.8814278103		0.0202286969		0.1185721897																		128		12.8		0.901773		0.0101617		0.098227				12.6009806		126				0.0122414448		0.0125744672				12.65		1.265		0.0126501351

		113.64019		11.364019		0.93032245		0.006456958		0.06967755				139.8601949944		0.87623899		0.0228598433		0.12376101																		130		13		0.896595		0.0112221		0.103405				12.7009456		127				0.0126508658		0.0129950263				12.75		1.275		0.013153748

		114.56669		11.456669		0.92876386		0.006723708		0.07123614																												132		13.2		0.891277		0.0123895		0.108723				12.8006325		128				0.0131159664		0.0134727798				12.85		1.285		0.0137058604

		115.50074		11.550074		0.92717317		0.006997934		0.07282683																												134		13.4		0.88583		0.0138107		0.11417				12.9010613		129				0.0135909191		0.0139606533				12.95		1.295		0.0143131771

		116.44241		11.644241		0.92553457		0.007288389		0.07446543																												136		13.6		0.880458		0.0151356		0.119542				13.0008409		130				0.0142065066		0.0145929875				13.05		1.305		0.0149805071

		117.39175		11.739175		0.92386377		0.007599329		0.07613623																												138		13.8		0.875222		0.017193		0.124778				13.1010842		131				0.0148586719		0.0152628947				13.15		1.315		0.0157096389

		118.34883		11.834883		0.92215356		0.00798645		0.07784644																												140		14		0.870138		0.0194918		0.129862				13.2008639		132				0.0156729208		0.0160992948				13.25		1.325		0.0164980649

		119.31372		11.931372		0.9204181		0.008386415		0.0795819																																								13.3009217		133				0.0165334355		0.0169832194				13.35		1.335		0.0173375549

		120.28647		12.028647		0.91867748		0.008813194		0.08132252																																								13.4007013		134				0.0172770588		0.0177470726				13.45		1.345		0.0182125788

		121.26716		12.126716		0.91690927		0.009252269		0.08309073																																								13.5012228		135				0.0181546209		0.0186485083				13.55		1.355		0.0190985779

		122.25584		12.225584		0.91512459		0.009711496		0.08487541																																								13.6011879		136				0.0190623099		0.0195808906				13.65		1.365		0.0199600859

		123.25258		12.325258		0.91330279		0.010174164		0.08669721																																								13.701153		137				0.0198622947		0.0204026385				13.75		1.375		0.0207486983

		124.25744		12.425744		0.91143385		0.010626215		0.08856615																																								13.8011181		138				0.0205193259		0.0210775439				13.85		1.385		0.0214008913

		125.2705		12.52705		0.90951901		0.011093525		0.09048099																																																				13.95		1.395		0.0218356898

		126.29182		12.629182		0.90753698		0.011586094		0.09246302

		127.32147		12.732147		0.90550451		0.012095849		0.09449549

		128.35951		12.835951		0.90340054		0.012632673		0.09659946

		129.40601		12.940601		0.90123181		0.013188786		0.09876819

		130.46104		13.046104		0.89896648		0.013773747		0.10103352

		131.52468		13.152468		0.89660411		0.014427554		0.10339589

		132.59699		13.259699		0.89409007		0.015205887		0.10590993

		133.67804		13.367804		0.89155895		0.016079596		0.10844105

		134.7679		13.47679		0.88903428		0.017110733		0.11096572

		135.86665		13.586665		0.88648668		0.018198649		0.11351332

		136.97436		13.697436		0.88393054		0.019364536		0.11606946

		138.0911		13.80911		0.88134771		0.020596977		0.11865229

		139.21694		13.921694		0.87874713		0.02191526		0.12125287

		140.35196		14.035196		0.87613622		0.023301578		0.12386378
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llnl

Windt 92

lambda A

delta

n for Ru from diff authors

0.05020784

0.049238

0.05129757

0.054053

0.05242612

0.055129

0.05357638

0.057983

0.05474881

0.060555

0.05594288

0.063568

0.05716497

0.066794

0.05841001

0.070217
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0.06371674
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0.093214

0.0681293
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0.06967755
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0.07123614

0.108723

0.07282683

0.11417

0.07446543

0.119542

0.07613623

0.124778

0.07784644

0.129862

0.0795819

0.08132252

0.08309073

0.08487541

0.08669721

0.08856615

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287

0.12386378
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llnl (IMD)

Wndt 92
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CXRO
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calc from Lambert's Law
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beta

		0		0		0		0		0.000163		0.000163		0		0.000328		0.000328

		0		0		0		0		0.000145		0.000145		0		0.000389		0.000389

		0		0		0		0		0.000211		0.000211		0		0.000462		0.000462

		0		0		0		0		0.000257		0.000257		0		0.0005		0.0005

		0		0				0		0.000322		0.000322		0		0.00061		0.00061
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CXRO

Windt

measured IMD fit
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Windt

measured
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COMPARISON

		11.5		11

		12		11.5

		12.5		12

		13		12.5

		13.5		13

		14		13.5

				14



d351abs

d213

lambda (nm)

delta

0.0657717633

0.0481362854

0.0749911155

0.0546786768

0.0850296036

0.0611902976

0.0963966683

0.0687

0.10886

0.0765451164

0.1216585366

0.0848624645

0.0932077183



		11.5		11.5		11		11		11.000852		11.5

		12		12		11.5		11.5		11.090541		12

		12.5		12.5		12		12		11.180961		12.5

		13		13		12.5		12.5		11.272119		13

		13.5		13.5		13		13		11.364019		13.5

		14		14		13.5		13.5		11.456669		14

						14		14		11.550074

										11.644241

										11.739175

										11.834883

										11.931372

										12.028647

										12.126716

										12.225584

										12.325258

										12.425744

										12.52705

										12.629182

										12.732147

										12.835951

										12.940601

										13.046104

										13.152468

										13.259699

										13.367804

										13.47679

										13.586665

										13.697436

										13.80911

										13.921694



d321

d351abs

d219

d213

CXRO

weighted

0.0655115717

0.0657717633

0.049

0.0481362854

0.06371674

0.0590232452

0.0745961482

0.0749911155

0.0552

0.0546786768

0.0651466

0.0667868076

0.0846559897

0.0850296036

0.0617

0.0611902976

0.06660688

0.0755584335

0.0961491051

0.0963966683

0.0693

0.0687

0.0681293

0.0856192267

0.1089163739

0.10886

0.0772

0.0765451164

0.06967755

0.0951955209

0.1217864283

0.1216585366

0.0855

0.0848624645

0.07123614

0.1074171259

0.09383

0.0932077183

0.07282683

0.07446543

0.07613623

0.07784644

0.0795819

0.08132252

0.08309073

0.08487541

0.08669721

0.08856615

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287



		11.5		11.5		11		11		11.5

		12		12		11.5		11.5		12

		12.5		12.5		12		12		12.5

		13		13		12.5		12.5		13

		13.5		13.5		13		13		13.5

		14		14		13.5		13.5		14

						14		14



d321abs

d351abs

d219abs

d213abs

weighted

0.0083411656

0.0083355611

0.008122

0.0079319993

0.0082529055

0.009980424

0.0100465025

0.0083846

0.0081635987

0.0097895041

0.011991277

0.0120344823

0.009756

0.0095126576

0.0117358294

0.0152812964

0.0152824239

0.01172

0.011424

0.0145759991

0.0206203232

0.020495

0.014264

0.0139514505

0.0187783588

0.0269213617

0.026773698

0.017804

0.0174699082

0.0241805571

0.022412

0.0220645463



		Ru003 fit results from jfit--see p. 141-3																						how did the

		w/ d=321																						fit value change with d?

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta

		11.5		9.3449E-01		6.5512E-02		3.2800E-04		9.3416E-01		9.3482E-01		8.3412E-03		2.0500E-04		8.1362E-03		8.5462E-03

		12		9.2540E-01		7.4596E-02		3.8900E-04		9.2501E-01		9.2579E-01		9.9804E-03		2.2400E-04		9.7564E-03		1.0204E-02

		12.5		9.1534E-01		8.4656E-02		4.6200E-04		9.1488E-01		9.1581E-01		1.1991E-02		2.6900E-04		1.1722E-02		1.2260E-02

		13		9.0385E-01		9.6149E-02		5.0000E-04		9.0335E-01		9.0435E-01		1.5281E-02		3.0300E-04		1.4978E-02		1.5584E-02

		13.5		8.9108E-01		1.0892E-01		6.7700E-04		8.9041E-01		8.9176E-01		2.0620E-02		4.4300E-04		2.0177E-02		2.1063E-02

		14		8.7821E-01		1.2179E-01		6.3200E-04		8.7758E-01		8.7885E-01		2.6921E-02		4.46E-04		2.6475E-02		2.7367E-02

		w/ d=351.1, absolute error weighting, p. 144

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9342282367		6.5772E-02		2.01E-04						0.0083355611		1.29E-04								1.0003E+00		9.9933E-01

		12		0.9250088845		7.4991E-02		2.80E-04						0.0100465025		1.62E-04								1.0004E+00		1.0066E+00

		12.5		0.9149703964		8.5030E-02		3.19E-04						0.0120344823		1.88E-04								1.0004E+00		1.0036E+00

		13		0.9036033317		9.6397E-02		3.48E-04						0.0152824239		2.13E-04								1.0003E+00		1.0001E+00

		13.5		0.89114		1.0886E-01		4.84E-04						0.020495		3.17E-04								9.9994E-01		9.9392E-01

		14		0.8783414634		1.2166E-01		4.45E-04						0.026773698		3.15E-04								9.9985E-01		9.9451E-01

		w/ d=351.1, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5				1.0000E+00

		12				1.0000E+00

		12.5				1.0000E+00

		13				1.0000E+00

		13.5				1.0000E+00

		14		0.8798949276		1.2011E-01								0.0262484611

		w/ d=321, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9404		5.9600E-02		0.000693						0.006435		0.000743

		12		0.93325		6.6750E-02		0.000783						0.0091499		0.000852

		12.5		0.9251		7.4900E-02		0.00093						0.00889		0.000922

		13		0.9171		8.2900E-02		0.00122						0.01139		0.00144

		13.5		0.8939		1.0610E-01		0.00117						0.023125		0.00177

		14		0.8809		1.1910E-01		0.000956						0.028107		0.00147





		d		sigma				1/sigma		d/sigma

		353.3		5.2				0.1923076923		67.9423076923

		348.6		4.8				0.2083333333		72.625

		349.3		4.4				0.2272727273		79.3863636364

		350.5		4.6				0.2173913043		76.1956521739

		363		8.8				0.1136363636		41.25

		367.4		7.2				0.1388888889		51.0277777778

		321		10				0.1		32.1

												351.0740192868

		Ru005 fit results from jfit--see p. 138

		w d=219, abs error weighting

		lambda		n		delta		sigma n		beta		sigma beta

		11		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05

		11.5		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05

		12		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04

		12.5		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04

		13		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04

		13.5		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04

		14		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

																								how did				how does that difference compare with

		w/ d=213.2, absolute error weighting, see p. 144																						best fit change with d?				the error

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta		beta

		11		9.5186E-01		4.8136E-02		0.000155						7.9320E-03		9.4000E-05								1.0009E+00		9.7661E-01		1.1851E-02

		11.5		0.9453213232		5.4679E-02		1.2940E-04						0.0081635987		7.59E-05								1.0006E+00		9.7364E-01		9.2998E-03

		12		0.9388097024		6.1190E-02		1.91E-04						0.0095126576		1.14E-04								1.0005E+00		9.7506E-01		1.1984E-02

		12.5		0.9313		6.8700E-02		2.31E-04						0.011424		1.41E-04								1.0006E+00		9.7474E-01		1.2342E-02

		13		0.9234548836		7.6545E-02		2.93E-04						0.0139514505		1.87E-04								1.0007E+00		9.7809E-01		1.3404E-02

		13.5		0.9151375355		8.4862E-02		3.66E-04						0.0174699082		2.48E-04								1.0007E+00		9.8124E-01		1.4196E-02

		14		0.9067922817		9.3208E-02		4.44E-04						0.0220645463		3.24E-04								1.0007E+00		9.8450E-01		1.4684E-02

		w/ d=213.2, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11

		11.5		0.9468491945										0.0055181142

		12		0.939158067										0.004522715

		12.5		0.9309312498										0.0041686333

		13

		13.5

		14





		delta		Ru003		Ru005		ratio

		110				0.0481362854

		115		6.5772E-02		0.0546786768		8.3134E-01

		120		7.4991E-02		0.0611902976		8.1597E-01

		125		8.5030E-02		0.0687		8.0795E-01

		130		9.6397E-02		0.0755526626		7.8377E-01

		135		1.0886E-01		0.0848624645		7.7956E-01

		140		1.2166E-01		0.0932077183		7.6614E-01																														Windt 92		delta		beta

																																						11		0.063568		0.0070383

		delta		Ru003						Ru005																												11.2		0.066794		0.0069015

		lambda		delta		sigma delta		1/sigma delta		delta		sigma		1/sigma												weighted delta		n CXRO		delta CXRO		delta Windt (linear fit)		weighted/CXRO		weighted/Windt		11.4		0.070217		0.00696025

		11								4.8136E-02		0.000155		6451.6129032258																								11.6		0.073566		0.00724711

		11.5		0.0657717633		0.000201		4975.1243781094		5.4679E-02		1.2940E-04		7727.9752704791												0.0590232452		0.928026		0.071974		0.07185		0.820063428		0.821478708		11.8		0.076932		0.007133

		12		0.0749911155		0.00028		3571.4285714286		6.1190E-02		1.91E-04		5235.6020942408												0.0667868076		0.91919		0.08081		0.0805		0.8264671154		0.8296497838		12		0.080596		0.00733293

		12.5		0.0850296036		0.000319		3134.7962382445		6.8700E-02		2.31E-04		4329.0043290043												0.0755584335						0.09075		0		0.8325998184		12.2		0.084442		0.00780868

		13		0.0963966683		3.48E-04		2873.5632183908		7.6545E-02		2.93E-04		3412.9692832764												0.0856192267		0.899956		0.100044		0.1038		0.8558157082		0.8248480416		12.4		0.088601		0.00834117

		13.5		0.10886		0.000484		2066.1157024793		8.4862E-02		3.66E-04		2732.2404371585												0.0951955209		0.888496		0.111504		0.11685		0.8537408608		0.8146813944		12.6		0.093214		0.00904377

		14		0.1216585366		0.000445		2247.191011236		9.3208E-02		4.44E-04		2252.2522522522												0.1074171259		0.876946		0.123054		0.1299		0.8729267306		0.8269216775		12.8		0.098227		0.0101617

																						(5% for 11.5-13.5,																13		0.103405		0.0112221

		beta		Ru003						Ru005												6% for 14 (extrp'd))																13.2		0.108723		0.0123895

		lambda		beta		sigma		1/sigma		beta		sigma		1/sigma		%error(betaRu003)		%error(betaRu005)		beta lambert		sigma		1/sigma		weighted beta		beta CXRO		beta Windt				weighted/CXRO		weighted/Windt		13.4		0.11417		0.0138107

		11								7.9320E-03		9.4000E-05		10638.2978723404				1.1851E-02												(roughly)								13.6		0.119542		0.0151356

		11.5		0.0083355611		1.29E-04		7751.9379844961		0.0081635987		7.59E-05		13171.7597471022		1.55E-02		9.2998E-03		0.008479994		0.0004239997		2358.4922309273		0.0082529055		0.00685		0.00724711				1.2048037259		1.1387857398		13.8		0.124778		0.017193

		12		0.0100465025		1.62E-04		6172.8395061728		0.0095126576		1.14E-04		8771.9298245614		1.61E-02		1.1984E-02		0.0102197918		0.0005109896		1956.9870325749		0.0097895041		0.008688		0.00733293				1.1267845411		1.3350058017		14		0.129862		0.0194918

		12.5		0.0120344823		1.88E-04		5319.1489361702		0.011424		1.41E-04		7092.1985815603		1.56E-02		1.2342E-02		0.0121131397		0.000605657		1651.0995946546		0.0117358294				0.00904377				0		1.2976700414

		13		0.0152824239		2.13E-04		4694.8356807512		0.0139514505		1.87E-04		5347.5935828877		1.39E-02		1.3404E-02		0.0145929875		0.0007296494		1370.521284697		0.0145759991		0.013518		0.0112221				1.0782659454		1.2988655466

		13.5		0.020495		3.17E-04		3154.5741324921		0.0174699082		2.48E-04		4032.2580645161		1.55E-02		1.4196E-02		0.0186485083		0.0009324254		1072.4718375343		0.0187783588		0.017341		0.0151356				1.0828878864		1.2406748882

		14		0.026773698		3.15E-04		3174.6031746032		0.0220645463		3.24E-04		3086.4197530864		1.18E-02		1.4684E-02		0.0219408815		0.0013164529		759.6170028897		0.0241805571		0.022872		0.0194918				1.0572121853		1.2405502366
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_1152387466.xls
betapub

		10		10.060878		11.5		11.4

		10.2		10.142903		12		13.5

		10.4		10.225597		12.5

		10.6		10.308966		13

		10.8		10.393014		13.5

		11		10.477747		14

		11.2		10.563171

		11.4		10.649292

		11.6		10.736114

		11.8		10.823645

		12		10.911889

		12.2		11.000852

		12.4		11.090541

		12.6		11.180961

		12.8		11.272119

		13		11.364019

		13.2		11.456669

		13.4		11.550074

		13.6		11.644241

		13.8		11.739175

		14		11.834883

				11.931372

				12.028647

				12.126716

				12.225584

				12.325258

				12.425744

				12.52705

				12.629182

				12.732147

				12.835951

				12.940601

				13.046104

				13.152468

				13.259699

				13.367804

				13.47679

				13.586665

				13.697436

				13.80911

				13.921694

				14.035196



Wndt 92

CXRO

Windt 88

lambda (nm)

beta

0.00892422

0.004519786

0.0082273084

0.00543

0.00931743

0.004579649

0.0097331588

0.0129

0.00831849

0.004652402

0.0116856353

0.00780319

0.004726882

0.0145736806

0.0074032

0.004827825

0.0187977361

0.0070383

0.004931128

0.0244522852

0.0069015

0.005036983

0.00696025

0.005145303

0.00724711

0.005273748

0.007133

0.005404886

0.00733293

0.005542741

0.00780868

0.005683382

0.00834117

0.005828297

0.00904377

0.005984093

0.0101617

0.006216578

0.0112221

0.006456958

0.0123895

0.006723708

0.0138107

0.006997934

0.0151356

0.007288389

0.017193

0.007599329

0.0194918

0.00798645

0.008386415

0.008813194

0.009252269

0.009711496

0.010174164

0.010626215

0.011093525

0.011586094

0.012095849

0.012632673

0.013188786

0.013773747

0.014427554

0.015205887

0.016079596

0.017110733

0.018198649

0.019364536

0.020596977

0.02191526

0.023301578



beta lambert

		11.1974817

		11.3010634

		11.400843

		11.501179

		11.6012369

		11.701202

		11.8011671

		11.9011321

		12.0010045

		12.1008769

		12.2010274

		12.3008071

		12.4010504

		12.50083

		12.6009806

		12.7009456

		12.8006325

		12.9010613

		13.0008409

		13.1010842

		13.2008639

		13.3009217

		13.4007013

		13.5012228

		13.6011879

		13.701153

		13.8011181



beta lambert

lambda (nm)

beta

0.0076197475

0.0079931985

0.0079800432

0.0082554097

0.0085534253

0.0088270724

0.0091873744

0.0095675878

0.0099491306

0.0102770463

0.0103091474

0.0106001107

0.0111320877

0.0117923351

0.0122414448

0.0126508658

0.0131159664

0.0135909191

0.0142065066

0.0148586719

0.0156729208

0.0165334355

0.0172770588

0.0181546209

0.0190623099

0.0198622947

0.0205193259



deltapub_b

		11.000852		11.5		11		11.4

		11.090541		12		11.2		13.5

		11.180961		12.5		11.4

		11.272119		13		11.6

		11.364019		13.5		11.8

		11.456669		14		12

		11.550074				12.2

		11.644241				12.4

		11.739175				12.6

		11.834883				12.8

		11.931372				13

		12.028647				13.2

		12.126716				13.4

		12.225584				13.6

		12.325258				13.8

		12.425744				14

		12.52705

		12.629182

		12.732147

		12.835951

		12.940601

		13.046104

		13.152468

		13.259699

		13.367804

		13.47679

		13.586665

		13.697436

		13.80911

		13.921694



CXRO

weighted

windt 88

wavelength (nm)

delta

0.06371674

0.0590232452

0.063568

0.0583

0.0651466

0.0667868076

0.066794

0.0977

0.06660688

0.0755584335

0.070217

0.0681293

0.0856192267

0.073566

0.06967755

0.0951955209

0.076932

0.07123614

0.1074171259

0.080596

0.07282683

0.084442

0.07446543

0.088601

0.07613623

0.093214

0.07784644

0.098227

0.0795819

0.103405

0.08132252

0.108723

0.08309073

0.11417

0.08487541

0.119542

0.08669721

0.124778

0.08856615

0.129862

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287



Sheet1

		llnl (from IMD)												llnl (A values converted from eV on CXRO)												Windt 88												Windt 92														measured Ru005 data--p. 130																Ru005 fit results from jfit--see p. 138														Ru003 fit results from jfit--see p. 141-3

		A		nm		n		k		delta				A		n		k		delta				nm		A		n		delta		k						A		nm		n		k		delta				nm		A		n		k						n		delta				w d=219														w/ d=321

		100.60878		10.060878		0.94979216		0.004519786		0.05020784				109.9443510508		0.9358615405		0.0057196832		0.0641384595				11.4		114		0.9417		0.0583		0.00543						100		10		0.950762		0.00892422		0.049238				11.1974817		112				0.0076197475				115		0.94424		0.05576				lambda		n		delta		sigma n		beta		sigma beta				lambda		n		delta		sigma n		beta		sigma beta

		101.42903		10.142903		0.94870243		0.004579649		0.05129757				111.7226804956		0.9329906933		0.0060107245		0.0670093067				13.5		135.5		0.9023		0.0977		0.0129						102		10.2		0.945947		0.00931743		0.054053				11.3010634		113				0.0079931985				120		0.9434		0.0566				110		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05				115		9.3400E-01		6.6000E-02		3.2800E-04		8.3410E-03		2.0500E-04

		102.25597		10.225597		0.94757388		0.004652402		0.05242612				113.5293287916		0.9299360192		0.0064776319		0.0700639808																		104		10.4		0.944871		0.00831849		0.055129				11.400843		114				0.0079800432				130		0.92		0.08				115		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05				120		9.2500E-01		7.5000E-02		3.8900E-04		9.9800E-03		2.2400E-04

		103.08966		10.308966		0.94642362		0.004726882		0.05357638				115.3653029003		0.9268101384		0.0070131501		0.0731898616																		106		10.6		0.942017		0.00780319		0.057983				11.501179		115				0.0082554097				135		0.9086		0.0914				120		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04				125		9.1500E-01		8.5000E-02		4.6200E-04		1.1990E-02		2.6900E-04

		103.93014		10.393014		0.94525119		0.004827825		0.05474881				117.2316988275		0.9235238941		0.0075961972		0.0764761059																		108		10.8		0.939445		0.0074032		0.060555				11.6012369		116				0.0085534253												125		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04				130		9.0400E-01		9.6000E-02		5.0000E-04		1.5280E-02		3.0300E-04

		104.77747		10.477747		0.94405712		0.004931128		0.05594288				119.1274197757		0.9200971316		0.0083726823		0.0799028684																		110		11		0.936432		0.0070383		0.063568				11.701202		117				0.0088270724												130		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04				135		8.9108E-01		6.7700E-04		6.1000E-04		2.0620E-02		4.4300E-04

		105.63171		10.563171		0.94283503		0.005036983		0.05716497				121.0547204452		0.9166094869		0.0092286712		0.0833905131																		112		11.2		0.933206		0.0069015		0.066794				11.8011671		118				0.0091873744												135		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04				140		8.7821E-01		6.3200E-04		5.7600E-04		2.6921E-02		4.46E-04

		106.49292		10.649292		0.94158999		0.005145303		0.05841001				123.0124463538		0.9130365589		0.0101489187		0.0869634411																		114		11.4		0.929783		0.00696025		0.070217				11.9011321		119				0.0095675878												140		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

		107.36114		10.736114		0.94030628		0.005273748		0.05969372				125.002011054		0.9092962503		0.0110543156		0.0907037497																		116		11.6		0.926434		0.00724711		0.073566				12.0010045		120				0.0099491306

		108.23645		10.823645		0.93899825		0.005404886		0.06100175				127.0237971213		0.9053311692		0.0120403762		0.0946688308																		118		11.8		0.923068		0.007133		0.076932				12.1008769		121				0.0102770463

		109.11889		10.911889		0.93765452		0.005542741		0.06234548				129.0783206026		0.901123834		0.0131144978		0.098876166																		120		12		0.919404		0.00733293		0.080596				12.2010274		122				0.0103091474

		110.00852		11.000852		0.93628326		0.005683382		0.06371674				131.1661140909		0.8965956253		0.014284359		0.1034043747																		122		12.2		0.915558		0.00780868		0.084442				12.3008071		123				0.0106001107

		110.90541		11.090541		0.9348534		0.005828297		0.0651466				133.2875848123		0.8915724494		0.0158402025		0.1084275506																		124		12.4		0.911399		0.00834117		0.088601				12.4010504		124				0.0111320877

		111.80961		11.180961		0.93339312		0.005984093		0.06660688				135.4434366366		0.8865302822		0.0179004955		0.1134697178																		126		12.6		0.906786		0.00904377		0.093214				12.50083		125				0.0117923351

		112.72119		11.272119		0.9318707		0.006216578		0.0681293				137.6341072683		0.8814278103		0.0202286969		0.1185721897																		128		12.8		0.901773		0.0101617		0.098227				12.6009806		126				0.0122414448

		113.64019		11.364019		0.93032245		0.006456958		0.06967755				139.8601949944		0.87623899		0.0228598433		0.12376101																		130		13		0.896595		0.0112221		0.103405				12.7009456		127				0.0126508658

		114.56669		11.456669		0.92876386		0.006723708		0.07123614																												132		13.2		0.891277		0.0123895		0.108723				12.8006325		128				0.0131159664

		115.50074		11.550074		0.92717317		0.006997934		0.07282683																												134		13.4		0.88583		0.0138107		0.11417				12.9010613		129				0.0135909191

		116.44241		11.644241		0.92553457		0.007288389		0.07446543																												136		13.6		0.880458		0.0151356		0.119542				13.0008409		130				0.0142065066

		117.39175		11.739175		0.92386377		0.007599329		0.07613623																												138		13.8		0.875222		0.017193		0.124778				13.1010842		131				0.0148586719

		118.34883		11.834883		0.92215356		0.00798645		0.07784644																												140		14		0.870138		0.0194918		0.129862				13.2008639		132				0.0156729208

		119.31372		11.931372		0.9204181		0.008386415		0.0795819																																								13.3009217		133				0.0165334355

		120.28647		12.028647		0.91867748		0.008813194		0.08132252																																								13.4007013		134				0.0172770588

		121.26716		12.126716		0.91690927		0.009252269		0.08309073																																								13.5012228		135				0.0181546209

		122.25584		12.225584		0.91512459		0.009711496		0.08487541																																								13.6011879		136				0.0190623099

		123.25258		12.325258		0.91330279		0.010174164		0.08669721																																								13.701153		137				0.0198622947

		124.25744		12.425744		0.91143385		0.010626215		0.08856615																																								13.8011181		138				0.0205193259

		125.2705		12.52705		0.90951901		0.011093525		0.09048099

		126.29182		12.629182		0.90753698		0.011586094		0.09246302

		127.32147		12.732147		0.90550451		0.012095849		0.09449549

		128.35951		12.835951		0.90340054		0.012632673		0.09659946

		129.40601		12.940601		0.90123181		0.013188786		0.09876819

		130.46104		13.046104		0.89896648		0.013773747		0.10103352

		131.52468		13.152468		0.89660411		0.014427554		0.10339589

		132.59699		13.259699		0.89409007		0.015205887		0.10590993

		133.67804		13.367804		0.89155895		0.016079596		0.10844105

		134.7679		13.47679		0.88903428		0.017110733		0.11096572

		135.86665		13.586665		0.88648668		0.018198649		0.11351332

		136.97436		13.697436		0.88393054		0.019364536		0.11606946

		138.0911		13.80911		0.88134771		0.020596977		0.11865229

		139.21694		13.921694		0.87874713		0.02191526		0.12125287

		140.35196		14.035196		0.87613622		0.023301578		0.12386378
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COMPARISON

		11.5		11

		12		11.5

		12.5		12

		13		12.5

		13.5		13

		14		13.5

				14



d351abs

d213

lambda (nm)

delta

0.0657717633

0.0481362854

0.0749911155

0.0546786768

0.0850296036

0.0611902976

0.0963966683

0.0687

0.10886

0.0765451164

0.1216585366

0.0848624645

0.0932077183



		11.5		11.5		11		11		11.000852		11.5

		12		12		11.5		11.5		11.090541		12

		12.5		12.5		12		12		11.180961		12.5

		13		13		12.5		12.5		11.272119		13

		13.5		13.5		13		13		11.364019		13.5

		14		14		13.5		13.5		11.456669		14

						14		14		11.550074

										11.644241

										11.739175

										11.834883

										11.931372

										12.028647

										12.126716

										12.225584

										12.325258

										12.425744

										12.52705

										12.629182

										12.732147

										12.835951

										12.940601

										13.046104

										13.152468

										13.259699

										13.367804

										13.47679

										13.586665

										13.697436

										13.80911

										13.921694



d321

d351abs

d219

d213

CXRO

weighted

0.0655115717

0.0657717633

0.049

0.0481362854

0.06371674

0.0590232452

0.0745961482

0.0749911155

0.0552

0.0546786768

0.0651466

0.0667868076

0.0846559897

0.0850296036

0.0617

0.0611902976

0.06660688

0.0755584335

0.0961491051

0.0963966683

0.0693

0.0687

0.0681293

0.0856192267

0.1089163739

0.10886

0.0772

0.0765451164

0.06967755

0.0951955209

0.1217864283

0.1216585366

0.0855

0.0848624645

0.07123614

0.1074171259

0.09383

0.0932077183

0.07282683

0.07446543

0.07613623

0.07784644

0.0795819

0.08132252

0.08309073

0.08487541

0.08669721

0.08856615

0.09048099

0.09246302

0.09449549

0.09659946

0.09876819

0.10103352

0.10339589

0.10590993

0.10844105

0.11096572

0.11351332

0.11606946

0.11865229

0.12125287



		11.5		11.5		11		11		11.5

		12		12		11.5		11.5		12

		12.5		12.5		12		12		12.5

		13		13		12.5		12.5		13

		13.5		13.5		13		13		13.5

		14		14		13.5		13.5		14

						14		14



d321abs

d351abs

d219abs

d213abs

weighted

0.0083411656

0.0083355611

0.008122

0.0079319993

0.0082273084

0.009980424

0.0100465025

0.0083846

0.0081635987

0.0097331588

0.011991277

0.0120344823

0.009756

0.0095126576

0.0116856353

0.0152812964

0.0152824239

0.01172

0.011424

0.0145736806

0.0206203232

0.020495

0.014264

0.0139514505

0.0187977361

0.0269213617

0.026773698

0.017804

0.0174699082

0.0244522852

0.022412

0.0220645463



		Ru003 fit results from jfit--see p. 141-3																						how did the

		w/ d=321																						fit value change with d?

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta

		11.5		9.3449E-01		6.5512E-02		3.2800E-04		9.3416E-01		9.3482E-01		8.3412E-03		2.0500E-04		8.1362E-03		8.5462E-03

		12		9.2540E-01		7.4596E-02		3.8900E-04		9.2501E-01		9.2579E-01		9.9804E-03		2.2400E-04		9.7564E-03		1.0204E-02

		12.5		9.1534E-01		8.4656E-02		4.6200E-04		9.1488E-01		9.1581E-01		1.1991E-02		2.6900E-04		1.1722E-02		1.2260E-02

		13		9.0385E-01		9.6149E-02		5.0000E-04		9.0335E-01		9.0435E-01		1.5281E-02		3.0300E-04		1.4978E-02		1.5584E-02

		13.5		8.9108E-01		1.0892E-01		6.7700E-04		8.9041E-01		8.9176E-01		2.0620E-02		4.4300E-04		2.0177E-02		2.1063E-02

		14		8.7821E-01		1.2179E-01		6.3200E-04		8.7758E-01		8.7885E-01		2.6921E-02		4.46E-04		2.6475E-02		2.7367E-02

		w/ d=351.1, absolute error weighting, p. 144

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9342282367		6.5772E-02		2.01E-04						0.0083355611		1.29E-04								1.0003E+00		9.9933E-01

		12		0.9250088845		7.4991E-02		2.80E-04						0.0100465025		1.62E-04								1.0004E+00		1.0066E+00

		12.5		0.9149703964		8.5030E-02		3.19E-04						0.0120344823		1.88E-04								1.0004E+00		1.0036E+00

		13		0.9036033317		9.6397E-02		3.48E-04						0.0152824239		2.13E-04								1.0003E+00		1.0001E+00

		13.5		0.89114		1.0886E-01		4.84E-04						0.020495		3.17E-04								9.9994E-01		9.9392E-01

		14		0.8783414634		1.2166E-01		4.45E-04						0.026773698		3.15E-04								9.9985E-01		9.9451E-01

		w/ d=351.1, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5				1.0000E+00

		12				1.0000E+00

		12.5				1.0000E+00

		13				1.0000E+00

		13.5				1.0000E+00

		14		0.8798949276		1.2011E-01								0.0262484611

		w/ d=321, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11.5		0.9404		5.9600E-02		0.000693						0.006435		0.000743

		12		0.93325		6.6750E-02		0.000783						0.0091499		0.000852

		12.5		0.9251		7.4900E-02		0.00093						0.00889		0.000922

		13		0.9171		8.2900E-02		0.00122						0.01139		0.00144

		13.5		0.8939		1.0610E-01		0.00117						0.023125		0.00177

		14		0.8809		1.1910E-01		0.000956						0.028107		0.00147





		d		sigma				1/sigma		d/sigma

		353.3		5.2				0.1923076923		67.9423076923

		348.6		4.8				0.2083333333		72.625

		349.3		4.4				0.2272727273		79.3863636364

		350.5		4.6				0.2173913043		76.1956521739

		363		8.8				0.1136363636		41.25

		367.4		7.2				0.1388888889		51.0277777778

		321		10				0.1		32.1

												351.0740192868

		Ru005 fit results from jfit--see p. 138

		w d=219, abs error weighting

		lambda		n		delta		sigma n		beta		sigma beta

		11		9.5100E-01		4.9000E-02		1.6300E-04		8.1220E-03		9.9500E-05

		11.5		9.4480E-01		5.5200E-02		1.4500E-04		8.3846E-03		8.5500E-05

		12		9.3830E-01		6.1700E-02		2.1100E-04		9.7560E-03		1.2700E-04

		12.5		9.3070E-01		6.9300E-02		2.5700E-04		1.1720E-02		1.5800E-04

		13		9.2280E-01		7.7200E-02		3.2200E-04		1.4264E-02		2.0640E-04

		13.5		9.1450E-01		8.5500E-02		4.0000E-04		1.7804E-02		2.7000E-04

		14		9.0617E-01		9.3830E-02		4.8400E-04		2.2412E-02		3.5400E-04

																								how did				how does that difference compare with

		w/ d=213.2, absolute error weighting, see p. 144																						best fit change with d?				the error

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta				delta		beta		beta

		11		9.5186E-01		4.8136E-02		0.000155						7.9320E-03		9.4000E-05								1.0009E+00		9.7661E-01		1.1851E-02

		11.5		0.9453213232		5.4679E-02		1.2940E-04						0.0081635987		7.59E-05								1.0006E+00		9.7364E-01		9.2998E-03

		12		0.9388097024		6.1190E-02		1.91E-04						0.0095126576		1.14E-04								1.0005E+00		9.7506E-01		1.1984E-02

		12.5		0.9313		6.8700E-02		2.31E-04						0.011424		1.41E-04								1.0006E+00		9.7474E-01		1.2342E-02

		13		0.9234548836		7.6545E-02		2.93E-04						0.0139514505		1.87E-04								1.0007E+00		9.7809E-01		1.3404E-02

		13.5		0.9151375355		8.4862E-02		3.66E-04						0.0174699082		2.48E-04								1.0007E+00		9.8124E-01		1.4196E-02

		14		0.9067922817		9.3208E-02		4.44E-04						0.0220645463		3.24E-04								1.0007E+00		9.8450E-01		1.4684E-02

		w/ d=213.2, relative weighting

		lambda		n		delta		sigma n		min n		max n		beta		sigma beta		min beta		max beta

		11

		11.5		0.9468491945										0.0055181142

		12		0.939158067										0.004522715

		12.5		0.9309312498										0.0041686333

		13

		13.5

		14





		delta		Ru003		Ru005		ratio

		110				0.0481362854

		115		6.5772E-02		0.0546786768		8.3134E-01

		120		7.4991E-02		0.0611902976		8.1597E-01

		125		8.5030E-02		0.0687		8.0795E-01

		130		9.6397E-02		0.0755526626		7.8377E-01

		135		1.0886E-01		0.0848624645		7.7956E-01

		140		1.2166E-01		0.0932077183		7.6614E-01

		delta		Ru003						Ru005

		lambda		delta		sigma delta		1/sigma delta		delta		sigma		1/sigma				weighted delta		n CXRO		delta CXRO		COMPARISON

		11								4.8136E-02		0.000155		6451.6129032258

		11.5		0.0657717633		0.000201		4975.1243781094		5.4679E-02		1.2940E-04		7727.9752704791				0.0590232452		0.928026		0.071974		0.820063428

		12		0.0749911155		0.00028		3571.4285714286		6.1190E-02		1.91E-04		5235.6020942408				0.0667868076		0.91919		0.08081		0.8264671154

		12.5		0.0850296036		0.000319		3134.7962382445		6.8700E-02		2.31E-04		4329.0043290043				0.0755584335						0

		13		0.0963966683		3.48E-04		2873.5632183908		7.6545E-02		2.93E-04		3412.9692832764				0.0856192267		0.899956		0.100044		0.8558157082

		13.5		0.10886		0.000484		2066.1157024793		8.4862E-02		3.66E-04		2732.2404371585				0.0951955209		0.888496		0.111504		0.8537408608

		14		0.1216585366		0.000445		2247.191011236		9.3208E-02		4.44E-04		2252.2522522522				0.1074171259		0.876946		0.123054		0.8729267306

		beta		Ru003						Ru005

		lambda		beta		sigma		1/sigma		beta		sigma		1/sigma				weighted beta		beta CXRO		beta Windt		weighted/CXRO		weighted/Windt

		11								7.9320E-03		9.4000E-05		10638.2978723404								(roughly)

		11.5		0.0083355611		1.29E-04		7751.9379844961		0.0081635987		7.59E-05		13171.7597471022				0.0082273084		0.00685		0.00724711		1.2010669198		1.1352536943

		12		0.0100465025		1.62E-04		6172.8395061728		0.0095126576		1.14E-04		8771.9298245614				0.0097331588		0.008688		0.00733293		1.120299125		1.3273219297

		12.5		0.0120344823		1.88E-04		5319.1489361702		0.011424		1.41E-04		7092.1985815603				0.0116856353				0.00904377		0		1.2921199075

		13		0.0152824239		2.13E-04		4694.8356807512		0.0139514505		1.87E-04		5347.5935828877				0.0145736806		0.013518		0.0112221		1.0780944357		1.2986589481

		13.5		0.020495		3.17E-04		3154.5741324921		0.0174699082		2.48E-04		4032.2580645161				0.0187977361		0.017341		0.0151356		1.0840053101		1.2419551311

		14		0.026773698		3.15E-04		3174.6031746032		0.0220645463		3.24E-04		3086.4197530864				0.0244522852		0.022872		0.0194918		1.0690925659		1.2544908714
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