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Foreword

The National Standard Reference Data Systern Is a government-wide effort to give to the
technical community of the United States optimum access to the guantitative data of physical
science, critically evaluated and compiled for convenience. This program was established in
1963 by the President’s Office of Science and Technology, acting upon the recommendation of th
Federal Council for Science and Technology. The National Bureau of Standards has been as-
signed responsibility for administering the effort. The general objective of the System is to
coordinate and integrate existing data evaluation and compilation activities into a systematic, com-
prehensive program, supplementing and expanding technical coverage when necessary, establish-
ing and maintaining standards for the output of the participating groups, and providing mecha-
pistos for the dissemination of the output as required. ’

The NSRDS is conducted as a decentralized operation of nation-wide scope with central co-
ordination by NBS. It comprises a complex of data centers and other activities, carried on in
government agencies, academic institutions, and nongovernmental laboratories. The independent
operational status of existing critical data projects is maintained and encouraged. Dlata centers
that are components of the NSRDS produce compilations of critically evaluated data, critical re-
views of the state of quantitative knowledge in specialized areas, and computations of useful
functions derived from standard reference data.

For operational purposes, NSBRDS compilation activities are organized into seven categories
as listed below. The data publications of the NSRDS, which may consist of monographs, loose-
leaf sheets, computer tapes, or any other useful product, will be classified as belonging to one
or another of these categories. An additional “General” category of NSRDS publications will
inciude reports on detailed classification schemes, lists of compilations considered to be Standard
Reference Data, status reports, and similar material. Thus, NSRDS publications will appear in
the following eight categories:

Category Title
1 General
2 Nuclear Properties
3 Atomic and Molecular Properties
4 Solid State Properties
5 Thermodynamic and Transport Properties
3 Chernical Kinetics
7 Colloid and Surface Properties
8 Mechanical Properties of Materials

The Present compilation is in category 3 of the above list. It constitutes the 14th publication
in the new IWBS series known as the MNational Standard Reference Data Series.

A V. Asmin,

Director.



Preface

The publication philosophy of the National Standard Reference Data System recog-
nizes that data compilations will be most useful if all available channels of publishing
and disseminating the information are employed. Selection of a specific channel—Govern-
ment Printing Office, a scientific journal, or & commereial publishing house—is deter-
mined by the circumstances for the individual document concerned. The goal is to reach
all of the appropriate audience most readily at minimum expense.

The two compilations which follow were first publighed in “Reviews of Modern
Physics.” The authors and the edifors felf that journal would reach the intended readers,
and the Office of Standard Reference Data agreed. However, all concerned underesti-
mated the demand for reprints, and the supply was exhausted soon after publication.

With the generous permission of the editors of “Reviews of Modern Physics,” and
the approval of the authors, the Gffice of Standard Reference Data has undertaken to
reprint the articles as a part of the National Standard Reference Data System-—National
Bureau of Standards series.
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X-Ray Wavelengths

J. A. BEARDEN

The Johns Hopkins University, Baltimore, Mosylond

. Inconsistencies in accepted values (in x units) of x-ray reference lines have recently been demonstrated, although all
are supposedly based on “good” calcite crystals, Factors supporting the selection of the W Ko line as the X-Roy Waove-
length Standard are critically discussed. A review is given of the experimental measurements which are used to establish the
wavelength of this line on an absolute angstrom basis. Its value is A W Koy == (0.2090100::5 ppm) A. This may be used to
define a new unit, denoted by &%, such that the W Ka; wavelength is exactly 0.2090100 A*; hence 1A*=1A45 ppm. The
wavelengths of the Ag Koy, Mo Ka, Cu Koy, and the Cr Ka; have been established as secondary standards with probable
error of approximately one part per million, Sizty-one additional x-ray lines bave been used as reference values in a com-
prehensive review and reevaluation of more than 2700 emission and absorption wavelengths. The recommended wavelength
values are listed in A* units together with probable errors; corresponding energies are given in keV. A second table Hsts
the wavelengths in pumerical order, and likewise includes their energies in keV.
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INTRODUCTION

The higher energy emission and absorption x-ray
wavelengths provide energy reference standards for
nuclear 8- and «y-ray spectroscopy. Crystallographic
dimensions are usually measured with the Mo Kay,
Cu Koy, and other longer x-ray wavelengths. Accurate
relative values of the occupied atomic energy levels
have been calculated® by the use of all the emission
z-ray wavelengths of an element, and the absolute
scale can be derived from the wavelength of the
absorption edge, or more accurately from x-ray emis-
sion wavelengths, and electron energy measurements
from photoionization experiments.?

Wavelength values for more than twenty-seven
bundred x-ray emission lines and absorption edges
have been measured and remeasured over the last
fifty years, Reviewers have published many critical
surveys, listing recommended values for x-ray wave-

t 1. A. Bearden and A, F. Burr, Rev. Mod. Phys. 39, 125 (1967),
following article, .

S, Hagstrom, C. Nordling, and K. Siegbahn, Alphe-, Bels ,
Gamma-ray Speciroscopy, Kal Siegbahn, Ed, ’(Notth-Hoﬁand
Publishing Co., Amsterdam, 1965), Vol. 1, p. 845,

lengths. The best known reviews are those of Sieghahn ?
Cauchois and Hulubei,? and Sandstrdm 5

A very serious discrepancy exists in each of these
tabulations (and all others): The shorter and longer
wavelengths are not on the same relative energy scale.
In general wavelengths less than 1.0 A are consistent
with a Mo Koy=707.831 xu scale, and those of longer
wavelength with a Cu Koy = 1537.400 xu scale. Recent
higher precision measurements® of the Mo Koy and
Cu Kay wavelengths, with carefully selected diffraction
crystals of various materials shows that the above
values are in disagreement by almost 20 parts per
milion (ppm)} or approximately iwenty times the
previous estimates’ of the probable error. If we assume
the xu defined by the first-order grating constant
of calcite (d:=3029.04 xu) the new measurements are
consistent with a Cu Koy value of 1537.400 xu. The
cause of the apparent errors in the Mo Kw; and other
short wavelengths is still unknown,

In additicn to the above discrepancy in the relative
values of the wavelengths, the xu? which was intended
to be 1073 A, differs from this absolute scale by more
than 200 ppm. Early measurements of x-ray wave-
lengths were made with NaCi crystals whose grating
constant d=2.814 A was calculated® from the crystal
geometry, molecular weight, demsity, and Avogadro’s
oumber. The latter was evaluated from the Faraday
and the oil-drop value of the electronic charge which
was in error by more than 600 ppm. Siegbahn® noted
the superiority of calcite crystals to NaCl for spectro-

M, Siegbahn, Spebiroskopic der Ripigensirahlen (Julius
Springer-Verlag, Berlin, 1931}, 2ad 2d.

¢Y. Cauchois and H. Hulubel, Zongueurs d’onde des Emissions
;X; 45:‘?} des Discontinuités & Absorption X {(Hermann et Cie., Paxis,
1947).

tA. E. Sandstrom, Hondbuchk der Physik, S. Fliigge, Ed.
(Springer-Verlag, Berlin, 1957}, Vol. 30, p. 164.

¢ J. A, Bearden, A. Henins, §. G. Marzclf, W. C. Sauder, and
J. §. Thowsen, Phys. Rev, 135, 899 (1964).

? See Rel, 5, p. 161.

5 M. Siegbahn and A. Leide, Phil. Mag. 38, 647 (1919); M.
Siegbahn, Arkiv Mat, Astron, Fys, 14, Nr. 9 (1920).

#H. G. S. Moseley, Phil. Mag. 26, 1024 (1913).
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scopic measurements, and therefore determined the
ratic of their grating constants. He assumned d;=
281400 xu for NaCl and obtained for calcite di=
3029.04 xu, which has been the accepted definition®
of the xu. Thus the wavelength values in all previous
tables are neither self-consistent nor are on an absolute
A scale.

In practice most xray wavelengths have been
measured relative to convenient lines whose values had
been established on an x-unit scale by other experi-
menters, Beginning in 1960, work in the x-ray labora-
tory of The Johns Hopkins University was undertaken
on a precise remeasurement of the most used reference
lines relative to a selected primary standard™ wave-
length, and also on new measurements to establish
the selected primary x-ray wavelength standard on
an absolute Angstrom scale.. A further part of the
work was to make a critical review of all x-ray wave-
length papers and recalculate the published values on a
single absolute scale with explicitly estimated probable
errors for all adopted wavelength values. In the com-
plete report on. that work, original published values
are listed, changes due to reevaluation of reference
lines, and weighting with respect to other values is
indicated and recommended wavelength values ob-
tained. Since most of’ the review and analysis on the
shorter wavelengths had been completed on a Mo Kay=
707.831 xu reference scale before the discrepancy
between the Mo Koy and Cu Koy wavelengths was
realized, the working data in: the appendices of the
above report? was continued on a Mo Kay=707.83
or its equivalent W Kea;=208.5770 xu scale. The final
recommended. wavelength values of that report were

readjusted to a W Kay=0.2090100 A* scale. These.
are the values (except for minor corrected errors and

a few new wavelengths) listed in the present review,

A PRIMARY X-RAY WAVELENGTH STANDARD

Inadequacy of the Caicite xu Standard

The x unit of length introduced by Sieghahn® con-
tains ome serious flaw: it assumes that every good
calcite crystal has the same grating constant. This was

recognized as & possible limitation by Siegbahn® in

1919 and has been under intermittent criticism -ever
since. Double-crystal® spectrometer measurements in
1930 indicated a variation of 6 ppm between different

samples of the best crystals then available. A more

recent investigation' on a wider selection: of clear so-
called “perfect” calcites gave a variation of approxi-
mately 20 ppm. A good calcite used by Merrill and

10 7M. Siegbahn, Nature 151, 502 (1943}, and Ref! 3, pp. 42-47;

it ¥ A. Bearden, Phys. Rev. 137, 455 (1968).

27, A. Bearden, X-Rey Wovelengths, NY0-10586 (Fed. Sci.
and Tech. Inf., U.S, Dept. of Commerce, Springfield, Va., 1964).

@ 7. A, Bearden, Phys. Rev. 38, 2089 (1931}).

¥ J. A, Bearden; Phys. Rev. 137, 181: (1964).

DuMend! gave a value of the Mo Ko; 25 ppim greater
than the accepted value of 707.831 zu reported by
Sandstrdm.?

This flaw has been particularly criticized by
DuMond,® who suggested that an emission line or
lines. would form a much better basis for defining a
unit of length than a species of crystal He suggested
the use of the Mo Ke: line or, alternatively, an average
of five x-ray wavelengths. Bergvall” also wvoiced a
similar opinfon and stated that the Mo Ko line had
indeed become the working standard at Upsala, How-
ever, recent measurements® Bave shown that their
adopted value for the Mo Kay=707.831 zu is in
serious disagreement with the calcite di=302%04 nu
definition and also as noted above with the xu value
of Cu Koy=1537.400. Thus we have two xu standards
and a third, the Angstrom used in crystallography.
Any attempt to redefine the zu for use as a primary
standard would certainly lead to further confusion in
the x-ray wavelength and crystallographic literature,

CONSIDERATIONS IN THE SELECTIOK OF A
WAVELERGTH STANDARD

In principle any x-ray line could be chosen and
assigned an arbitrary value; for example, Cu Keoy=
$.600000 Cu uanit. Then in every calculation of the
properties of matter involving knowledge of atomic
dimensions, a conversion factor would be required.
Since the vast majority of such calculations do not
attain an accuracy better than 10 ppm, this procedure
appears to be unpecessary, provided, However, an
absolute wavelength standard can be defined whose
wavelength in: centimeters or Angstroms is known
within a few ppm. Of course, for the most precise
calculations, e.g., atomic constants, a conversion factor
differing from unity by a few ppm will be required,
and this factor will change slightly as the accuracy of
absolite x-ray wavelength measurements is increased.

Wavelength Defined by Peak Intensity of Line

X-ray spectra are recorded by photographic, counter,
and ionization techniques. It would appear that the
asymmetry of a line would influence the measurement
of its wavelengths by these different techniques. How-
ever, this was not observed in the measurements®
made on the K-series elements from titanium to ger-
manium. Increased precision in the measuring tech-
nigues may make such effects. observablz, and: hence
only highly symmetrical lines have been considered

- for a wavelength standard.

%7, J. Merill and J, W. M. DuMond, Phys. Rev. 110, 84
(‘1193558? W. M. DuMond, Proc. Natl. Acad. Sci. (U.S.) 45, 1052
“3519’? Bergvall, O. Hornfeldt, and C. Nordling, Arkiv Fysik 17,
H’gf %@éwﬂeﬂ and.C.. H. Shaw,, Phys. Rev. 48, 18 (1935),



For a symmetrical line, it is inpnateriaj whether the
wavelength is defined by the peak (obtained by divi-
sion of chords®™) or the mean, i.e., centroid. In general
the peak position has been accepted as the wavelength
criterion for both symmetrical and asymmetrical lines,
and has been so employed in all measurements in ihe
Johns Hopkins x-ray laboratory. In the designation of a
wavelength standard the peak of the line has been
recommended as the most precise indicator of its
wavelength, 1t should be noted .that the use of a
symmetrical line 23:a standard does not eliminate all
problems involving different methods of measurement;
a great many lines are themselves asymmetric or have
been measured in terms of asymmetric lines,

Selection of 2 Wavelength Region

In selecting the wavelength to.be:used-as a stand-
ard, primary consideration should be given to the re-
searches which require the highest precision and are
most affected by errors arising in making the relative
measurements. The energy scale for the highly import-
ant §- and vy-ray spectrum is very dependent®® on
the use of short x-ray wavelengths. The most, precise
y-ray measurements have been those of Knowles?
who has measured the ratio of the third-order positron
annihilation radiation to the first order of a v ray of
Ta®, and then compared the third erder of this radia-
tion relative to the W Koy line. In this work the angles
were measured to the order-of 0.01 sec, indicating the
precision that .can ‘be attained in the measurement of
narrow, symmetrical lines where the diffraction angle
is only of the order of a few degrees. Another recent
problem® which required high accuracy in the short-
wavelength region was the location of the lead absorp-
tion edge for use in the p-mesen mass determination.
In x-ray spectroscopy, shorter wavelengths  have
frequently been used as referemce wavelengths® ‘for
the measurement of weak spectrdl‘lines.

It should-be emphasized that the designation of a
particular wavelength as the x-ray stondord dees not
imply that all crystals and -spectrometers must be
calibrated by direct «comparison to this wavelength.
Cenvenient secondary standerds® with probable errors
of the order of 1 ppm are avaiuble which are adeguate
for general use. The designated primary -wavelength
will be of most value in the highly ;precise researches
whose ebjective is: the establishoment of new or ‘better

.secondary standards.

873, A. Bearden, Phys. Rev. 43, 94 (1933).

® ¥ W. M. DuMond, Ann. Phys. (N.Y.) 2, 283 (1957);
E. L. Chupp, A. F, Clark, J. W. M. DuMond, F. J.:Gerden, and
H. Mark, Phys. Rev. 107, 745 (1957},

o], W. Enovwles,Can, J. Phys. 40, 237 (1962). International
Conference on Nuclear Bhysics with Reactor Neutrons '(AEC)
ANL-6797, F. E. Throw, Bd,, p.: 165

2 A, 1. Bearden, Phys./Rev. Letters4, 240 (1960).

( ;3% Awngelstam, Nova Acta Reg. Soc. Sci., Upsala 16, Nr. §
£1937).

‘Width and Symmetry Effects

The width of a line { E/AFE) is of prime importance
in the precision with which its wavelength can be
-measured. Gamma-ray sources, with narrow symmetri-
cal lines (£0%-107 ¢V}, would make ideal standards if
they could be produced at an intrinsic intensity com-
parable to that available from x-ray tubes. The width
of an x-ray line (in wavelength units) is approximately
proportional to its wavelength. In recent ~y-ray® and
x-ray® measurements, the centers of the observed
symmetrical line profiles were located to within 0.001
of the observed width (not, of course the natural
width of the v-ray line). Thus in principle the peak of a
narrow | e.g., W Koz in (2, +5) is 30 sec] short-wave-
length line can be located with a higher precision than
its angular position can be read on the divided circle.
The error in the reading of the divided circle (approxi-
mately 0.1 sec) is constant and hence its error in ppm
decreases with increased Bragg angle (the precision of
the interferometer angle measuring method® is 1 ppm
for angles from -3° to 30°). Disregarding other con-
siderations, .this ‘would suggest that. the long-wave-
length ~symumetrical lnes (e.g., Cr Koy} would be
measured more accurately with a divided circle than
the short wavelengths. However, this advantage is
offset by errors in large corrections due to index of
refraction and anomalous dispersion,® the effect of
surface treatment on the index of refraction correction,”
single-crystal diffraction pattern - asymmetry,” geo-
metrical imperfection of crystals,® and the very
important shift in wavelength due to the chemical
state of the x-ray tube anode. These conclusions are
completely substantiated® in the precision evaluation
of the wavelength ratio of five x-ray lines, W Kay,
Ag Kan, Mo Kay, - CuKey, and Cr Ke,, with five
selected crystals. A least-squares analysis of the meas-
urements showed that:.each of the wavelengths had
been measured with a probable error of approximately

1 ppm.
Source Reguirements

The x-ray wavelength should be independent of
chemical and . isotope effects in the source. The Koy
“Hines<of the elements of high atomic: number are much
less affected ‘by chemical combination than those of
tow Z. Rogoss and Schwarz?® were unable to observe
any shift in:the wavelength peak of the Mo Koy for
separated isotopes of ‘Mo%®, Mo, and Mo*™® greater
than 10 ppm. Shortly afterwards Wertheim and Igo®

2 ¥ G, Marzolf, Rev, Sci. Instr, 35, 1212 (1964).

% See Ref.5, p. 143.

% 1. A.:Bearden, Bull. Am. Phys. 8oc..7, 339 (1962),

2% . Renninger, Acta Cryst. }3,71067: (1960); }. G. Marzoif,
:8. ., Bull. ‘Am.: Phys.: Soc. 8,:313°(1963); also thesis, Dept. of
Physics, The Johns Hopkins University, 1963.

2.7 A, Bearden and A. Henins, Rev. Sci. Instr. 36, 334 (1965).

%G, L. Rogosa and G. Schwarz, Phys. Rev. 92, 1434 (1953).
3 M, 8, Wertheim and G. Igo, Phys. Rev, 98, 1 (1955).



Tasre I Fe¥ Mésshaner wavelength in A® and keV units measured with calcite and quartz crystals.

Drate Crystals Order d (A®25°C) Wavelength 4% keV
12/26/63 Calcite 4, B {1, £1) 3.035528 0.860239 14.41239
2/24/64 Calcite 4, B (2, £2) 3.035835 0.860241 14, 41235
2/26/64 Caleite 4, B (2, 22) 3.035833 0.860238 14.41240
8/7/64 Quartz Vs, Vi {1, 1) 3.336009 0.860223 14.41254
8/11/64 Quartz Ve, Vis (2, 42) 3.336412 0.860227 14.41259
Average 0.860234 4. 41247

tsudied the problem and showed from theory that the
expected shift for Mo Koy was of the order of § ppm,
about half the minimum value detectible by Rogosa
and Schwarz. The shift for W Koy should be sub-
stantially greater. However, as long as “natural abun-
dances” of the W or Mo isotopes remain constant
within 19, either line should furnish a satisfactory
standard.

A high-activity concentrated y-ray source of dimen-
sions comparable to an x-ray focal spot yields inten-
sities of the order of 10* smaller than that emitted by
an x-ray tube. The use of a 200-m{i Fe¥’ Mdssbauer
source as & wavelength standard has been evaluated™
by measurement of the wavelength of the 14.4-keV Fe?
v ray with calcite and guartz crystals in the (1, 41)
and (2, £2) orders. The area of the source was ap-
proximately 10 mm X 10 mm, positioned such that its
projected area was approximately 2 mm X 10 rom. The
adjustment of the spectrometer on the low-intensity
y-ray line was much more difficult than i the case
of an intense x-ray line. The recorded intensities at
peaks ranged from approximately 0.1 counts sec™! to
approximately 0.6 counts sec™), requiring the utmost
precaution to reduce the background to less than 0.01
counts sec™?, Two independent alignments of the spec-
trometer crystals and vy-ray source were made. The
results in the (1, 1) and (2, £2) with each crystal
were in excellent agreement, but the results with the
two crystals differed by approximately 20 ppm. Be-
tween the two sets of measurements, which were
several months apart, the spectrometer, crystals, and
source were completely realigned. The results are
fisted in Table I. Because of the large difference in
the two sets of measurements, no probable errors are
calculated.

From the experience with these measurements, it
could be seen that the scurce strength would have to
be increased by at least a factor of ten or one hundred
to make a y-ray standard experimentally feasible.
Imperfections present in most crystals would alse
require that the source dimensions be even smaller
than those used. These experimental considerations

# 7. A. Bearden, Bull. Am. Phys. Soc. 9, 387 (1964).

eliminate, st least for the present, the use of a v-ray
wavelength standard.

Crystal Considerations

The index of refraction cerrection for all crystals
used in the first diffraction order {most used in previous
wavelength measurements) is of the order of 160 ppm.
Very few refraction measurements have been made
which are of sufficient accuracy to be the basis for pre-
cise correction of wavelengths in low orders, Theories®
are available for calculating the index of refractiom,
but each leads to a significantly different walue.
Anomalous dispersion effects® may introduce errors
of the order of 20 to 30 ppm in the regions of crystal
absorption edges. In establishing a primary standard
or relating secondary standards to it, refraction effects
seriously limit the use of crystals of high atomic
number and also wavelengths greater than one or two
angstroms.

The index of refraction correction is reduced by the
square of the order of diffraction.® W Ko, can be easily
recorded in the 5th to 7th orders with calcite or silicon
crystals; the refraction correction is thus reduced to
3 to 6 ppm. An error of 109 in the measured value
of the index then introduces an error in the wavelength
of less than one ppm. The short wavelength of the
W Koy permits its use in transmission, and by proper
cutting of the crystal with respect to the atomic plane
such that the incident and diffracted beams make
equal angles with the crystal surfaces, the index of
refraction effect is zero.

Asymmetry in the Darwin-Prins® single-crystal
rocking curve affects the measured x-ray wavelength
to a much smaller degree than the index of refraction.
Its effect is wavelength-dependent and can be neg-
lected. for low atomic weight crystals used at the
shorter (e.g., W Ke;) wavelengths.

A more serious limitation to the accuracy of x-ray
wavelength measurements is due to the large scale

@ ¥, Kallmann and H. Mark, Ann. Physik 82, 585 (1927);
J. A. Prins, Z. Physik 47, 479 {1928); H. Honl, Z, Physik 84,
1 (1933); J. A. Wheeler and J. A. Bearden, Phys. Rev. 46, 755

(1934).
3 Reference 3, p. 138,



imperfection® of all natural and most synthetic crystals,
Large single crystals approaching geometrical perfec-
tion are exceedingly rare and, even in the best examples,
sharply bounded volumes occur whose planes differ
from the average orientation by as much as a second
of arc, Since all wavelength measurements, except those
made in transmission, require a rotation of the crystal
by (180°4:26), failure of the x-ray beam to be dif-
fracted from exactly the same crystal volume in both
positions may introduce anappreciable error in thewave-
length measurement. Grinding and etching a crystal
surface parallel to the atomic planes, precise alignment
of the crystal parallel to and on the rotation axis of the
spectrometer, and the use of a narrowly defined x-ray
beam minimize this error. The present availability
of good synthetic crystals of silicon alleviates many
of these difficulties.

THE W Eo; WAVELENRGTH STANDARD

A wavelength standard should possess characteristics
which permit its ready redetermination in other
laboratories by different techniques. Considering all
of the factors involved in the selection of a wavelength
standard, the W Ko line is superior to any other
x-ray or vy-ray wavelength., Its advantages as the
x-ray wavelength standard are:

{1) In diffraction measurements with W Koy in
transmission, the correction for index of refraction p is
negligible (0 for equal incident and emergent angles).
The anomalous dispersion correction is negligible (less
than i ppm) at this wavelength for either reflection
or transmission in crystals of low atomic number.

{2) The W Koy line is highly symmetrical, and
any wavelength dependence on chemical effects or
variations in the natural isotopic abundance of tung-
sten is well below present experimental errors.

(3) The measurement of the diffraction angle for the
W Koy line in transmission is affected by crystal
imperfections and asymmetries in the single-crystal
diffraction patterns considerably less than for lines
of longer wavelengths,

{4) The interferometer method® of measuring angles
is ideally suited to the transmission method; the re-
guirement of a high-precision divided circle is un-
DECessary.

(5) The short wavelength of the W Ke can be used
directly to calibrate y-ray lines if the latter are taken
in high orders. Hence nuclear energy level systems
can be calibrated.

(6) By secondary standards® (already determined)
x-ray wavelengths and parameters of individual crystal
samples can be placed on a precise scale relative to the
W Koy with probable errors of approximately 1 ppm.

The W Ko; Wavelength

In order to comnplete the discussion of the W Koy

wavelength standard, use will be made of the result

obtained in a following section on the ratio of the
absolute wavelength of the Cu Koyen (and to some
extent the Cr and Al Keye) lines to their xu value or
A=,/ /0 =1002056X10"% In the section on the in-
adequacy of the calcite xu standard, it was pointed out
that a value of Cu Key=1537.400 xu was consistent
with the calcite definition d,=3029.04 xu. Hence the
absolute wavelength of the Cu Koy is

Cu Keay=1.540562 A+5 ppm.

The precision (five crystals) measurement® of the
ratio of the Cu Koa; wavelength to the W Ko: gave
7.370757%1.2 ppm. Dividing the Cu Kon wavelength
by this factor yields the wavelength in angstroms of the
W Ko line or

AW Ka;=0.2090100 A5 ppm.

This numerical value of the wavelength of the W Koy
line is used to define the x-ray wavelenglh siandard by
the relation

MW Kay) =0.2090100 A%,

This is a new unit of length which may differ from
the angstrom by 5 ppm (probable error}, but as a
wavelength standerd it has wno error. In order to clearly
indicate that this unit is not exactly an angstrom, it
has been designated A*! and has been used for all
wavelength values appearing in this review. When
higher accuracyis attained in the absolute measurement
of the W Ke, line, a conversion factor slightly different
from unity will then be required for the extremely
precise calculations, for example in atomic constants.

SECONDARY STANDARDS

Secondary standards of wavelength are desirable to
provide suitable reference lines for various portions
of the x-ray spectrum. The recent study by Bearden
et al® was designed to establish a group of such stand-
ards to the highest precision presently attainable.
This investigation consisted of a long series of high
precision measurements using a spectrometer with a
graduated circle calibrated by means of an angular
interferometer2® The lines studied were: Cr Ko,
Cu Kon, Mo Eo, Ag Key, and W Koy Five different
crystals (one calcite, two quartz, two silicon) were
used, some in all wavelength measurements, giving a

Tasre IL Secondary standards.

Primary standard A W Koy =0.2090100 4*

» Ag Kou=(0.559407541.1 or 5.2 ppm) A*
» Mo Kou=(0.709300:£1.3 or 5.2 ppm) &*
» Cu Kay=(1.540562:+:1.3 or 5.2 ppm) A*
A Cr Kop=(2.293606:£1.3 or 5.2 ppm) &%




Tasrs II1. New experimental vaiues of emission Hines in A* units. The probable errer is that of the last digit. The oy of 47 Ag
is a secondary standard,

44 Ru 45 Rh 46 Pd 47 Ag 48 Cd 49 In 50 Sn 51 8b

@ Klp 0.647404:4 0.6176304 0.589820::4 0.563799:£3 0.530422::3 0.5165444 04950523 0.474827-3
o« KLm 0.643083::4 0.613278--4 0.585440:-4 0.5594075  0.535001::3 0.512112:64 ©.490599£3 0.470358--3
8 KMy 0.573067:4 0.546200:24 ©0.521123-04 ©.497685::4 0.574728-7 0.455185::4 ©0.43587145 0.417737+4
8 KM 0.57248224 0.54560524 0.520520:04 0.4970654 ©0.574106:7 0.45455004 0.43523145 0.417086-3
8 KMy (.49306+2

8: KNum 0.53503£2 0.510228+4 0.487032:4 0.4653197

8 LpMyy  4.6205843 4.37414:54  4.14622::5  3.93473::3  3.73823:4  3.55530-44 3.22567+4
v LpNsy 3.522604 3.16213£4 2.85159:£3
o LugMy  4.845753 £.36767£5 4.15443:3  3.95635::4  3.77192::4  3.5999443  3.4304044
Bi5 LmNivw 3.908874:4  3.70335:3 3.51408::4  3.338382=3  3.1750523  3.0233543

total of twenty different combinations, each one
vielding a value of 3/d. There then resulted twenty
equations for nine unknown quantities (four wave-
lengths and five grating constants). This system of
overdetermined linear equations was sclved by a least-
squares adjustment on an IBM 7094 computer.

The resulting wavelength values are given in Table
IL. Two probable errors in ppm are given; the first is
relative to the W Koy as the primary standard, and the
second takes into account the probable error of 435
ppim in the conversion factor A and hence is the prob-
able error of the wavelength in absolute angstroms.
These probable errors are borne out by the internal
consistency of the data in a x? test.

Additional Reference Standards

It was pointed out in the Introduction that most
x-ray wavelengths have been measured relative to a
few conveniently located lines whose values had been
determined directly. About sixty of these lines have
been remeasured in order to be able te reevaluate the
published values on a consistent wavelength scale.
These new values are the basis on which many wave-
lengths have been recomputed and hence are listed for
convenience in Table 1L

The instrumentation and method of measurement
were basically the same as in the determination of
reference wavelengths® Naturally less time and effort
were devoted to each individual wavelength. In most
cases only one crystal was used for each line and only
one or two “runs” were taken. Each run consisted of
about six curves taken alternately in the (m-n) and
{(m-—n) positions of the double-crystal spectrometer.

The K-series measurements were carried out with
the same calcite crystal used in the previous study®; its
grating constant was known to about 1 ppm from the
least-squares computation. In the L-series work a
helium atmosphere was used to minimize absorption;
physical limitations of the apparatus then dictated the
use of two smaller calcite crystais. These were cali-

brated against reference wavelengths and grating con-
stants of standard crystals determined in the least-
squares evaluation. The resulting grating constants
for the small calcite crystals involved prebable errors
of about 5 ppm.

Probable errors of the measurements in the X series
were determined by the statistical Auctuation of the
data and by the average systematic error associated
with a single series of runs; the latier was estimated as
about 4 ppm. In most cases the resulting wavelength
errors ranged from 6 to 8 ppm. Errors in the I-series
determinations were slightly greater, due to higher
statistical fluctuations and less accurately known
grating constants. For the most part probable errors
ranged from 8 to 10 ppm.

In many instances, these values were considered
sufficiently superior to all previous measurements to
be adopted without change. However, there were also
numercus instances in which these results were aver-
aged with other high-precision data to obtain a “rec-
ommended” value.

%-RAY WAVELENGTH CONVERSION FACTOR
Ao/

Two methods have been used for determining the
x-ray wavelength conversion factor: (a) the absolute
wavelengths of x-ray lines have been measured with a
ruled grating and divided by their known value in
x units; and (b) it has also been determined by com-
puting the absolute grating constant of crystals from
their density, molecular weight, and Avogadro’s
number,

Two ruled-grating measurements have been made
with an accuracy sufficient to be used in a precision
evaluation of the conversion factor: the early meas-
urements™ on the a and B lines of Cu and Cr, and the
remeasurement of the Al K« plates of Tyren by Edlen
and Svensson.® The value of the Al K« line in xu was

% 1. A. Bearden, Phys. Rev. 37, 1210 (1931).
% B. Edlen and L. A. Svensson, Arkiv Fysik 28, 427 (1965).


lpaek


taken from the work of Nordfors,® who used the L
Hnes of Ag as references. The Ag L series was, In turn
measured by Haglund¥ with respect to the Cu Kou.
The resulting values of A are shown in Table IIL

¥nless there is a serious ervor (greater than 50 ppm)
in Avogadro’s number as listed in a recent analysis of
atomic constants,® the measurement of crystal proper-
ties affords the most accurate method of evaluat-
ing the conversion factor. There is some question as
to the constancy of isotopic abundances in nature®
which needs further study. Precision density and
x-ray measurements® have been made on eighteen
high-purity silicon crystals obtained from various
sources. The results were highly consistent, and a2
careful analysis of the errors in atomic weight, isotopic
abundance, density, and Avogadro’s number gave a
final probable error of less than 5 ppm. In another
experiment® nine selected calcite crystals were used
and corrections made for the known chemical im-
purities in each crystal. The results were in excellent
agreement with the silicon values, giving some indica-
tion that the isotopic abundance question may not be
sericus. Smakula ef ¢l.# have measured the density
of seven crystals, Al, CaF;, Csl, Ge, TICl, TiBr, and
8i. Powdered semples of these were then used to
measure the diffiraction angles for Cu Kas x rays and
hence to determine A. Several older and less accurate
measurements® have been made with Mo Koz radia-
tion and are included with the other values in Table IV,

The high-frequency limit of the continuous z-ray
spectrum Ve=/kv may be rewritten

A=(h/e)/ VA, Akxu,

where A is the conversion factor, h/¢ the ratio of
Planck’s conmstant to the electromic charge, ¢ the
velocity of light, ¥ the x-ray tube voltage, and A, the
wavelength of the limit in xu, V), has been measured
using a mercury gas target x-ray tube in order to
avoid solid state fine structure at the high-frequency
limit. The resulting value of A is lower than any of the
others in Table IV but there is no reason for rejecting
this value-or increasing its probable error.

The final recommended value from Table IV (based

8 B, Nordfors, Arkiv Fysik 10, 279 (1936).

= Ph, Haglund, Z. Physik 94, 369 (1935).

#E, R, Cohen and J. W. M. DuMond, Rev. Mod, Phys. 37,
580 (1965).

#R. ]J. Allenby, Geochim. Cosmochim. Acta §, 40 (1954};
¥. Rankama, Iselope Geology (McGraw-Hill Bock Co., Inc.,
New Vork, 1954), p. 272, )

#7, Henins and J. A. Bearden, Phys. Rev. 135, 890 (1964);
and L. Henins, J. Res. Natl. Bur. Std. (U.S.) 68, 52¢ (1964).

4 ¥, A, Beavden, Phys. Rev. 137, 181 (1965).

44 Smakula and J. Kalpajs, Nuovo Cimento Suppl. 6, 2i4
(1957). Phys, Rev. 99, 1737 (1935); A. Smakula and V. Sils,
Phys. Rev. 98, 1744 (1955); A. Smakula, J. Kalnajs, and V. Sils,
Phys. Rev. 99, 1747 {(1955).

4 See Ref, 40, p. 897.

“j.\ J. Spitkerman and J. A. Bearden, Phys. Rev. 134, 871
{1964
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on  Cu Keay=1537.400 xu) is
A= (1.002056--0.000005) A-kxut.

RECOMPUTATION OF X-RAY WAVELENGTHS

Literature Data

In addition to the comparatively few measurements
described above, a vast amount of other x-ray wave-
lfength data covering a period of over forty years has
been reconsidered., Most of the measurements have
employed one of five experimental methods®—the
single-crystal spectrometer, the tube spectrometer, the
double-crystal spectrometer, the curved-crystal spec-
trometer, and the ruled grating (primarily in the soft
x-ray region). In general, the double-crystal and tube-
spectrometer results are considered more accurate,
along with a few of the curved-crystal measurements.

If one measurement seemed clearly superior to all
others by a significant margin, it was adopted without
change. When two or more values of comparable
accuracy were available, an average was taken. Such
an average can be computed on a rigorous basis in
comparatively few cases. This really requires a thorough

Tasre IV. Values of A based on Cu Koy =1.537400 kxu. The
mean value was calculated with statistical weighting and the
p.e. 4 is by internal consistency.

Experiment A p.e. {ppm)

Crystal constants

Henins® (81) 1.002057 5

Bearden? (CaC0y) 1.002055 9

Smakula® (Al Si, Ge, CaF;, Csl, 1.006207 i5

TICY, and TiBr)

Various® Mo Ko

(CalC0;, Qz, C) 1.00205 20
Ruled grating

Beardend—plain 1.00203 30

Edlene-Tyren—concave 1.002060 20
“kfe exptl”

Spijkermant 1.00201 26

Mean 1.002036 4

Noie: Atomic constants needed in calculation of the above values of A are
1zken from E. R. Coben and J. W. M. DuMond, Rev. Mod. Phys. 37, 537 {1963).

5 1. Henins and J. A. Bearden, Phys. Rev. 138, 800 (1964).

b 1. A. Besrden, Phys. Rev, 137, 181 (1965).

2 A. Smakula and J. Kalnajs, Nuovo Cimento Suppl. 6, 234 (1957); Phys.
Rev. 09, 1737 {1935); A. Smakuls and V. 5ils, Phys. Rev. 89, 1744 (1935); A.
Smekuls, J. Kalnajs, and V. Sils, Phys. Rev. 98, 1747 (1955); see also Ref. a.

4 3. A. Bearder, Phys. Rev, 37, 1210 (1931).

® B. Edlen and L. A. Svensson, Arkiv Fysik 28, 427 (1965).

£ 7. J. Spitkerman arnd . A. Bearden, Phys. Rev. 136, AST1 (1964).

# See Ref, 5, pp. 94 to 129,



discussion of both systematic and statistical errors
{the latter preferably supported by detailed data on
individual runs} by each of the workers involved. In
addition, it is desirable to have several measurements,
say four or more, so that the external consistency of the
data is subject to 2 meaningful check; it is particularly
helpful if the workers involved have all measured a
whole series of lines rather than an isolated one. In
such instances, one can form a weighted average with
reasonable confidence. In the case of spin doublets, a
check of the consistency of the doublet wavelength
separation was helpful in estimating the accuracy of
the measurements,

However, for the majority of measurements, the
available information is less than complete. There are
often just two precision measurements, both with
inadequate error discussion or with error estimates
which are clearly overly optimistic. In such cases one
has to combine intelligent guesswork and indirect
evidence, The latter may include error estimates
obtained from comparison with other lines measured
by a given worker in the same report, or simply from
those errors normally encountered with the same
general design of instrument.

Two other types of indirect evidence have been used
in many instances. One is energy-level data, which
give a measure of the same energy difference by an
indirect series of transitions between the twe levels
involved. This procedure rests on a rigorous basis,
although the indirect values are often less precise than
the direct ones. The second method is based on the
familiar Moseley diagram. Reasonably adequate data
are usually available to use this approach profitably.

In a few instances directly measured values have
been rejected entirely, and interpolated values, based
on the same line for neighboring elements, have been
adopted. Interpolated values are also given for some
cases where no direct measurements have been reported.

Conventions

Wavelengths tabulated normally refer to the pure
element in its solid form. However, there are many
instances in which such data are not available. For
example, rare gases are of necessity almost always
used in the gaseous form, while the rare-earth elements
were customarily used in the form of sslts. In many
instances the data are sufficiently crude or the partic-

ular lines are so insensitive to chemical effects that the

distinction becomes of no practical importance.

In high precision work there is some ambiguity as to
exactly what feature of a line profile should be taken
to be the “true wavelength.” In double-crystal work
the line peak is usually employed. In crystallography
the centroid is widely used; in photographic work with
visual observation of the plates, there is involved
some subjective criterion of the observer which it is
difficult to define precisely. In this survey the peak of

the line profile has beem adopted as the standard
criterion. This is one reason for giving preference to
double-crystal values in most cases. Of course for the
majority of lines the data are not sufficiently precise
and well-defined to make the distinction between the
various criteria at all meaningful.

The above criterion has been followed as consistently
as possible even in the case of rather broad emission
bands. In cases where the peak value could not be
established with any degree of certainty, a value
near the center of the band has been chosen and as-
signed a rather large probable error. In such cases the
peak is usually not the best-defined feature of the band.
The short-wavelength limit is often much sharper
and more reproducible. In such cases the original
experimental paper should be consulted to obtain a
better-detailed picture of the band structure,

Errors

Previously published x-ray wavelength tables have
usually not included any error estimates, except as
these were implied by the number of significant figures
stated. However, in order to give the maximum in-
formation on any experimentally determined quantity,
it should be accompanied by a statement of estimated
error. Hence it has been decided to Hst a probabie
error with each emission line in the accompanying

“tables.

The error criterion used is that of probable error. This
term must emphatically not be misinterpreted as a
limit of error. It is merely a rather crude estimate such
that, in the judgment of the author, roughly half the
true wavelength values lie within the assigned errors.
In most cases there is no implication of a Gaussian
error distribution. In particular, the probability of
large deviations may be substantially greater than
implied by Gaussian distributions; for example, it is
likely that the chance of a discrepancy exceeding five
probable errors is substantially greater than one in a2
thousand. As mentioned in the preceding section, there
are a few instances in which experimental errors are
fully discussed in the papers involved and in which
there are a sufficient number of measurements by
different workers to obtain a good check by external
consistency. In such cases a probable error can be
assigned om a reasonably rigorous basis. The greater
majority of cases fall short of this ideal, However, it
was considered more desirable to estimate probable
errors and risk some serious mistakes in judgment than
to omit this important information entirely.

WAVELENGTH TABLES V AND VI

In Table V all the emission lines of an element are
listed under the clement heading. The line and level
designation are shown in the first column. The wave-
lengths in the second column are in A* units (i.e.,
relative to the primary x-ray wavelength standard
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Tasie V. Xoray wavelengths in A* units and in keV. The probable error (p.e.) is the error in the last digit of wavelength. Desig-
nation indicates both conventional Siegbabn notation (if applicable) and transition, e.g., 8 LMy denotes o transition between the
Ly and Myy levels, which is the g line in Siegbahn notation,

Desig- Desig-
nation A*  pe.  keV A¥  pe. keV nation A*  pe. keV A* pe keV
3 Lithium 4 Beryliium 19 Potassium (Cont.) 28 Calcium (Cont.)
W KL 228, i 0.0543 114, t 0.4085 | LuM:  47.24 2 0.2625  40.46 2 0.3064
5, 35.94 2 0.3449
s Boron 6 Carbon ! Iy 47.94 1 0.25971  40.96 2 0.3027
1,0 LonMsvy 36.33 20,3413
e KL 67.6 3 0.1833 4.7 30277 iy 692 o 0.0179 525, 9 0.0236
7 Ritrogen 8 Oxygen 21 Scandium 22 Titenium
a KL 31.6 4 0.3924 23.62 3 0.524% Ky 3.0342 1 4.0861 2.75216 2 4.50486
o1 K Lapx 3.03097 1 4.0906  2.74851 2  4.51084
9 Fluorine 10 Neon Gs KMy 2.7796 2 4.4605 2.51391 2 4.93181
. 6 KMeyy  2.7634 34,4865 2.4985 2 4.9623
ana Kpm 18.32 2 6.6768 14‘6?3 é g'g‘gg 0 Lotz 35.13 2 0.3529  30.89 3 0.4013
8 KM 14.452 . 8 LuMry  31.02 2 0.3996  27.05 2 0.45%
| LMy 35.59 3 0.3483  31.36 2 £.3953
11 Sodium 12 Magnesium 0,2 Lyghryv38.35 3 0.395¢ 27.42 20,4522
ars Kimgn 119108 9 1.0410 9,800 2 1.25360 i y
g KM 11,575 2 10711 9.521 2 1.3022 23 Vanadium 24 Chromium
Lomdl 407.1 5 0.03045 251.5 5 0.0493 L, Kipy 2.50738 2 4.94464  2.293606 3  5.40551
Lilyg 376 1 0.0330 317 1 0.0392 |y K1y 2.50356 2 4.95220 2.2897C 2 5.41472
B KMo 2.28440 2 5.42729  2.08487 2 5.94671
13 Aluminam 14 Siticon 8 KMoy 2.26?51 6 5.4629  2.07087 6 5.9869
IsMpsm 21,19 9 0.588 18.96 2 0.654
o KLy 8.34173 9 1.48627 7.12791 9 1.73938 f‘gngh i 27 34 3 04535 24.30 3 0.21@2
e Klm 8.33934 9 1.48670 7.1242 9 173998, 0o 4 0.5192 2127 1 0.5828
8EM 7.960 2 1.5574  6.753 118850 b SN 1 04465 2478 1 0.5003
Ipm 1714 5 0.0724 1355 & 0.0915 | TinMryy24.25 3 0.5113  21.64 3 0.5728
Lilgm  290. i 0.0428 Mo mMery 337 9 0.037 309, 9 0.040
15 Phosphorus 16 Sulfur 25 Manganese 26 Iron
o Kin 6.160" 1 2.0127 5.37496 8  2.30664i,, K1, 2.10578 2 5.88765  1.93998C © 6.39084
oy KLy 6.157% 1 2.0137 5.37216 7 2.3078%4, Rl 2.101820 9 5.89875  1.936042 9 6.40384
8EM 5,996 2 2.13%0 Bia KMppy 1.91021 2 6.49045  1.75661 2 7.05798
& EM 50316 2 2.4640 |g KMryy  1.8071 1 6.5352 17442 1 7.1081
8. KM 5.0233 3 2.4681 lg, Iy 17.19 2 6.721 15.65 2 9.792
EnmM  103.8 4 0.1194 lnInMz  21.85 2 0.5673 19.7§ 4 0.628
% Lymbs 83.4 3 0.1487 lg roae 1911 2 0.6488  17.26 1 06.7i85
I LMy 22.29 1 6.55%3  20.15 1 0.6152
17 Chlorine 18 Argon a0 LMy 19.45 1 0.6374 17.59 2 8,700
MMy 273, 6 0.045 243, 5 90.051
oy Klg 4.9307 1 2.62078  4.19474 5  2.95563
o Kl 47278 1 2.62239  4.19180 5 2.95770 27 Cobait .
B KM £.403¢ 3 2.8156 ° 28 Rickel
Bus EMum 3.8860 2 3.1905 lee Ky 1.792850 9  6.91530  1.661747 8  7.46089
wInMy  67.33 9 0.1841 5597 1 6.2217 jm Kim 1.788965 © 6.93032  1.65791C 8  7.47815
PLmMy  67.90 9 0.1826 56.37 1 0.2201 |8 s KMpy 1.62079 2 7.64943  1.500135 8  8.76460
6 KMvy  1.60891 3 7.7059 1.48862 4 8.3286
1¢ Potassium 20 Calcium B3,0 JLIMK»HI 14.31 3 0,870 13.18 1 0.941
s LMy 17.87 3 0.6%4 16.27 3 6.762
R 3.7445 2 3.3111 3.36166 3 3.68809|8 InMrv  15.666 8 0.7914  14.271 6 ©0.888
o KLy 37414 2 3.3138  3.35830 3 3.691680 LMy  18.292 8 0.6778  16.683 9 0.7427
BioKMum 3.4539 2 3.5896  3.0867 2 4.0127 lays EMivv15.972 6 ©.7762  14.561 3 0.8513
6 KMy 3.4413 4 3.6027  3.0746 3  4.0325 |MyumMivy2i4. 6 0.058 190, 2 0.0651

9



Tasre V (Continued)

Desig- Desig-
nation A*  pe.  keV A*  pe. keV pation A*  pe.  keV A* p.e. ke¥
29 Copper 30 Zinc 35 Bromine {Cont.) 36 Erypton (Cont.)
o KLy £.544390 2 8.02783  1.439000 8 8.61578%.«LaMum 7.7677 2 1.596
o Kirg 1.540562 2 8.04778  1.435i55 7  8.63886/w lnMy 9.255 1 1.33%6
8 KMy 1.3026 £ 2.9020 6 LMy 8.1251 5 1.52500  7.5767 3 1.6366
Bie EMpyy 1.392218 9 8.90529 1.20525 2 9.5720 [vs 7.279 5 1.703
8 ENnm 1.28372 2 9.6580 U Imdfy 9.585 11,2833
B KMwy  £.38109 2 8.977C 1.2848 1 9.650f joue dmMivy 8.3746 5 £.48043  7.8877 3 1.3860
Bs,s LaMpyn 12.122 8 1.0228  11.200 7 1.1070 |6 7.510 4 1.6510
n LpMy 14.90 2 0.832 13.68 Z 0.966 |Loim 7.250 §  1.710
& InMyy  13.053 3 0.9498  11.983 3 1.0347 [MiMn 184.6 3 0.0672
} Lapbfy 15.286 9 0.8111 14.02 2 0.884 [MiMy 1647 3 0.0753
a2 LpgMvv13.336 3 0.9297 12,254 31,0817 MnMyy 1004 3 0.1133
MumM vy 173, 3 0.072 157, 3 0.0 (Mol 76.9 2 0.1613
My 113.8 3 0.1089
. . 79.8 3 0.1554
31 Geallium 32 Germanium s Mgy 1911 3 606488
o KLy 1.34399 1 9.22482  1.258011 9 ©.85532/MwAm  189.5 3 0.0654
ar KL 1.340083 O 9.25174  1.254034 9 9.88642i MyNm 192.6 Z  0.06437
B KMy 1.20835 5 10.2603 1.12936 9 10.9780
6 KMy 1.20780 2 10.2642 1,128%4 2 10.9821 37 Rubidium 38 Stromtium
B ENpm 119600 2 10.3663 1.11686 2 11.1008
B KMy  1.1981 2 10.348 1.1195 1 11.0745 wKlLg 0.92069 1 13.33%8 0.87943 1 14.097¢
Be ExM 4 9. 640 2 1.2861 lon KLy 0.925333 ¢ 13.3933 0.87526 1 14.1650
Bs LM 9.581 2 1.9941 1B KM 0.82921 3 14,9517 0.78345 3 15.8249
Bss LiMpm 10,3507 8 1.197 8 KMy 0.82868 2 14,9613 0.78292 2 15.8357
n Lnffy 12.597 2 (.9842 11.600 2 1.0680 B EBENpyn  0.81645 3 15.1854 077081 3 16.0846
& LMy 11.023 2 1.1248  10.175 1 1.2185 B KMwy  0.8219 1 15.085 6.7764 1 15.969
! Ly 12.953 2 0.9572 11.965 4 1.0362 B:KNwy  0.8154 2 15.205 0.76989 35 16.104
a2 LenMyvy11.292 1 1.09792  10.4361 8  1.188006 LiMn 6.8207 3 1.81771  6.4026 3 1.93643
G LM 6.7876 3 31.82659  6.3672 3 1.94719
. . ves LiNp e 6.0458 3 2.0507 5.6445 3 2.1965
33 Arsenic 34 Selenium 2 LM 8.0415 4 1.54177  7.517t 3 1.64933
s KLy 1.17987 1 10.50799  1.10882 2 11.1814 & LpMy  7.0759 3 §.75217  6.6239 3 1.87172
o KL 1.17588 1 10.54372  1.10477 2 11.2224 v IgNey  6.7555 3 1.83532  6.2961 3  1.96916
By KMy 1.05783 5 11.7203 0.99268 5 12.4896 ! L 8.3636 4 1.48238  7.8362 3 1.58215
8 KM 1.05736 2 11.7262 0.99218 3 12.4950 las IpdMpy  7.3251 3 1.60256  6.8697 3 1.80474
B KNpm  1.04500 3 11.8642 0.97992 5 12.6502 |m Lighfy  7.3183 2 1.69413  6.8628 2 1.80656
G EMyy  1.0488 1 11.822 0.9843 1 12.595 |8s Lyl 6.9842 3 1.77547  6.5191 3 1.9018%
B34 LiMpm 8.929 1 1.38%4 8.3217 O 1.490 MM @ 144.4 3 0.085%
w Ly 10.734 11,1550 9.962 1 1.2446 (MuMwy 91.5 2 0.1355  85.7 20,1447
B LuMy  9.4141 &  1.3170 8.7358 5 1.41923MnN, 57.0 2 0.2174 513 1 0.2416
! Ly 11.072 11,1198 10.294 1 1.2088 MMy 96.7 2 6.1282  91.4 2 0.1357
e LigMvy 9.6709 81,2820 8.9900 5 1.37910MmlV; 59.5 2 0.2083  53.6 1 0.2313
MyNeg 230, 2 0.0538 if MyNy 127.8 2 0.09%0
Ml 126.8 2 0.0978
35 Bromine 36 Krypton $2 Mvlom 108.6 Z 0.1148
& MyNm  128.7 20,0064 108.7 10,1140
o Ky 1.04382 2 11.8776 0.9841 1 12.598
o KLy 1.03974 2 11,9242 0.9801 1 12.649 B} .,
8 KMy 0.93327 5 13.2845  0.8790 1 14.104 3¢ Yitrium 40 Zirconium
8 KMm 0.9327¢ 2 13.2914 0.8785 1 14.112 e Ky 0.83305 1 14.8829 0.79015 1 15.6509
B KN ©0.92046 2 13.4695 0.8661 1 14.315 \wKILm 0.828%84 1 14.9584 0.78593 1 15.7751
B KMy  0.9255 1 13.396 0.8708 2 14.238 |8 KMn 0.74126 3 16.7258 0.70228 4 17.654
B ENrev 0.8655 2 14.328 18 KMm 0.74072 2 16.7378 0.70173 3 17.6678
8s LxMe 7.304 5 1.657 B KNpmm 0.72864 4 17,015 0.68093 4 17.970
8s LiMuy 7.264 5 1.707 B KMy 9.7345 1 16.879 0.605¢ 1 17.815
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Tasre V (Continued)

Desig- Desig-
ration A*  pe. keV A*  pe. keV nation A*  pe ke A*  pe. keV
39 Yitriwm (Cont)) 40 Zirconium (Cond.) 43 Technetinm 44 Rutheniom
8, ENrvy  0.72176 5 17.036 0.68901 5 17.994 |eeKlIn 0.679327 3 18.2508  0.647408 5 19.1504
8o LMy 6.0186 3 2.0600 5. 6681 3 2.1873 e Kl 0.67502% 3 18.3671 0.643083 4 19.2792
B LMy 5.9832 3 2.0722  5.6330 3 2.2010 B KMy 0.601887 4 20.599 0.573067 4 21.6346
vou LgNmamy 5.2838 3 2.3468 £.9536 3 2.5020 B KM 0.601307 4 20.51% 0.572482 4 21.6368
» LMy 7.0406 3 1.76095  6.6069 3 1.87654/%: KNpm:  0.590247 5 21,005 0.56166 3 22.074
G LMy  6.2120 3 1.9958%  5.8360 3 2.1244 B" KMy 0.5680 2 21.829
T 5.8734 3 2.1302 5.4877 3 2.2551 B KMy 0.56785 9 21.834
v Luliye 5.3843 3 2.3027 s 0.56089 9 22.104
2 LMy 7.3563 3 1.68336  6.9i85 2 1.79201[f: Iy 4.5230 2 2941
op Ly 6.4558 3 1.92047  6.0778 3 2.0399 [Be LiMm 4.4866 3 2.7634
a LipMy  6.4488 2 1.92256  6.0705 2 2.0423672: Lilpam 3.8977 2 3.1809
Be Lagsly 6.0942 3 2.0344 5.7401 3 2.1712 v LnM; 5.2030 2 2.38197
215 5.5862 3 2.2194 6 InMr  4.8873%7 8 2.5368  4.62058 3  2.68323
MMy 8t.5 2 6.1522  76.7 2 0.1617 pvs InlVx 4.28713 2 2.8918
Muls 46.48 9 0.267 v Lalry 4.3822 2 2.9645
MMy 80.9 30,1533 f Landly 5.5035 3 2.2528
MmN 48.5 2 .75 oy Lyegdey 4.85381 7 2.5543t
MinMyvv 86.3 2 0.1434 oy Dby 5.11487 32,4240 4.84575 5 2.5583%
t MrvoNpm93.4 20,1328 8.1 2 0.1511 )Bs LmlVy 4.4866 3 2.7634
MrvvOum 0.6 & 0.177 Bes LmNvy 4.3718 2 2.8360
MMy 62.2 i 0.1992
.. ] Ml 32.3 2 0.3%
41 NWiobium 42 Molybdenum Ml 25 50 0 0.4%6
o KLy 0.75044 1 16.5210 0.713590 6 17.3743 MMy 68.3 i 0.1814
oy Kl 0.74620 1 16.6151 0.709300 1 17.47534ly MmNy 26.9 1 0.462
8 KMy 0.66634 3 18.6063 0.632872 9 19.5903 f MyvyNnm 52.34 7 0.2360
B KM 0.66576 2 18.6225 0.632288 9 19.6083 |MwvyOnm 4.8 1 0.2768
B 0.62167 5 19.963
B KNpam  0.65416 4 18.953 0.62099 2 19.9652 45 Rhodium 46 Palladium
B KNy  0.65318 5 18.981
B KMy 0.62708 5 19.77% |wKlp 0.617630 4 20.0737 0.589821 3 21.0201
84 KMy 0.62692 5 19.776 |l KL 0.613279 4 20.2161 0.585448 3 21.1771
8. BN G.62001 9 19.996 /KMy 0.546200 4 22,6989 0.521123 4 23.7911
B LMy 5.3455 3 2.319%4 5.0488 3 2.4557 18 KMy 0.545605 4 22.7236 0.520520 4 23.8187
B LMy 53102 3 2.3348 5.0133 3 2.4730 QU ENy;  0.53513 5 23.168
vos Infipam 4.6542 2 2.6638  4.3800 2 2.8306 |8 KNpam  0.53503 2 23.1728 0.510228 4 24.2991
g Ly 6.2109 3 1.99620  5.8475 3 2.1202 |BM KMy  0.54118 $ 22,900
8 LuMyy  5.4923 3 2.25%4 517798 8 2.304818% Kidy 0.54101 ¢ 22.917
s LWy 5.1517 3 2.4066 4.8369 2 2.5632 |8 KNy  0.33401 9 23.217 0.5093 2 24.346
ywinNyw  5.0861 3 2.4618 4.7258 2 2.6235 |6 KMoy 0.51670 9 23.995
} LM, 6.5176 3 1.90225  6.1508 3 2.0156818 LMy £.2888 2 2.8908 4.0731 2 3.0454
es DMy 5,731 3 2.1630 5.41437 8 2.28985lg; LMy 42522 2 2.9487 40346 2 3.9730
o LBy 5.7243 2 2.1658%  5.40555 & 2.29316y0 LiNpm 3.6855 2 3.3640 3.4%2 2 3.5533
Bs Lan¥s 5.3613 3 2.3125 S.0488 5 2.4557 Iy Lufy 4.9217 2 2.5191 4.6605 2 2.6603
Beas LnNyew 5.2379 3 2.3670 4.9232 2 2.5183 % Inhyv  4.37414 4 2.83441  4.14622 5 2.99022
MaMy 72.1 3 0.1718  68.9 2 0.1798 lys LuN; 4.0451 2 3.0650 3.8222 2z 3.2437
My 38.4 3 0.323 35.3 3 6.351 lyLgNyy  3.9837 23,1438 3.7246 2 3.3287
Myl 33.1 2 0.375 ! LMy 5.2169 3 2.3765 49525 3 2.5034
My 78.4 2 0.1582 4.8 1 Q.1656 lon LMy 4.60545 O 2.69205  4.37588 7 2.83320
My 40.7 2 £.305 371.5 2 0.331 loy LypMy  4.59743 9 2.69674  4.36767 5 2.8386%
v Mulirvy 34.9 2 0.35 Ge LNy 4.2617 2 2.9229 4.0162 z 3.08W
¢ MyveNum72.19 S 0.1717  64.38 7 0.1926 i LNy 4.1310 2 3.0013 3.90887 4 3.1779
MivyOnm 61.9 2 0.2002  54.8 2 (.2262 B LaBry 3.9988 2 3.2637
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Tasre V (Continued)

Desig- Desig-
nation Ar p.e. keV A* pe. keV nation 4* pe. keV A e keV
45 Rbodium (Comni.) 46 Palladium (Cont.} 40 Indium (Condi) 50 Tin (Coni.)
B8s LMy 3.7920 2 3.2686 16 KMm 0.454545 4 27.27%9 $.435236 5 28.4860
MiNom 20.1 2 0.616 BeKNpp 0.44500 1 27.8608 .425215 8 29.1093
Myl 58.3 1 0.2000 56.5 i 8.21% (KOpm 0.44374 3 27.%40 0.42467 3 79.193
Myl 28.1 2 0.442 26.2 2 0.474 BMEMyy 0.43098 2 27.491 0.4318¢ 3 28.71¢
My Ny 22.1 i 0.560 188 Kify 0.45086 2 27.499 0.43175 3 28.715
Mu My 65.8 i 0.1892 62.9 1 0.1970 |8 KNwy 0.44393 4 27.928 0.42495 3 20.178
Mu'Hy 29.8 i 0.417 27.9 1 0445 18 LMy 3.30697 9 3.5353 3.34335 9 3.7083
v MypNeywy 2501 9  0.496 23.3% 1 0,531 18 LiMm 3.46084 9 3.5731 3.30885 3 3.7500
¢ MyyyNumd?.67 9 0.2601 43.6 1 0.2844 lvos LsNam 2.9800 2 4.1805 2.8327 Z  4.3768
MywxyOnm 40.9 2 0.303 37.4 2 0.332 wvaLOpam 2.9264 2 4.2367 2.9715 2 4.4638
g Loy 3.98327 ¢ 3.11254 3.7887¢ ¢ 3.2723%4
47 Sitver 468 Cadmium |8 ImMiy  3.55531 4 3.48721 3.38487 3  3.66280
vy Lyl 3.24907 9 3.8159 3.08475 9 4.0192
oy K Ly 0.363798 4 21.9903 0.5339422 3 22.9841 v LpNyy 3.16213 4 3.92081 3.00115 3 4.13112
oy Ky 0.5594075 ¢ 22.16292 0.535010 3 23.1736 §§ Lty 4.26873 O 2.90440 4.07165 9 3.04499
Bs KMy 0.497685 4 24.9113 0.475730 5 26.0612 lop LymMyy  3.7807%3 6 3.27929 3.60851 4 3.43542
B KMy 0.497069 4 24.9424 0.475105 6 26.095% |y LynMv 3.77192 4 3.28694 3.59994 3 3.44398
B: KNy 0.487032 4 25.4564 0.465328 7 26.6438 18 Ll 3.43606 9 3.60823 3.26901 9 3.7926
Bs EMpvy  0.49306 2 25.143 Ba1s LinNyyy 3.33838 3 3.71381 3.17505 3 3.90486
B. KNywy 0.48598 3 25.512 By LinOy 3.324 4 3,730 3.1564 3 3.9279
Bs LyMy 3.87023 5 3.20346 3.68203 9 3.3671980 LiMy 3.27404 9 3.7868 3.123176 9 3.97i6
Bs Lsly 3.83313 9 3.23446 3.64495 9 3.40145\8; LMy 3.26763 9 3.7942 3.11513 9 3.9800
e LNy 3.31216 9 3.7432 3.1377 2 3.9513 MMy 47.3 i 0.2621
veIgm  3.30635 ¢ 3.7498 My 20.0 i 0.619
n LMy 4.4183 2 2.8061 4.19315 9 2.93675MuNwv 16.93 3 0.733
61 LMy 3.93473 3 3.15094 3.73823 4 3.31657 M mMy 54.2 i 0.2287
vy Ly 3.61638 9  3.42832 3.42551 9 3.61935 MmNy 21.5 1 0.578
v LigNev 3.52260 4 3.51959 3.33564 & 3.71686y MyNivy 17.94 5 0.691
§ Ly 4.7076 2 2.6337 4.48014 9 2.767351MyOnm 25.3 1 0.491
as Iy 4.16284 5 2.97821 3.96486 6  3.126911¢ MyywNum 31.24 9 0.397
oy Ly 4.15443 3 2.98431 3.95635 4  3.133731MyO; 25.17 1 0.483
B¢ LNy 3.80774 9 3.25603 3.61467 9 3.429%4
Bos ImNrvy 3.70335 3 3.34781  3.51408 4  3.52812 51 Antimony 52 Tellurium
Be Lylpy 3.61158 9 3.43287 3.4367 2 3.6075
8y LMy 3.60497 9 3.43%17 3.43015 9 3.61445: KLy 0.474827 3 26.1108 0.455784¢ 3 27.2017
MyiNym 18.8 2 8,658 oy K Ly 0.470334 3 26,3591 0.451295 3 27.4723
Mok 54.0 1 0.2295 52.0 2 0.2384 8 KMy 0.417737 4 29.6792 $.400659 4 30.9443
Myl 22.9 2 0.540 8 KMm 0.417085 3 29.7256 0.399995 5 30.9957
MMy 20.66 7 0.600 19,40 7 0.639 | KNpay 0.407973 5 30.3895 $.391102 ¢ 31.7004
MMy 60.5 1 6.2048 58.7 2 0.2111 KOpm 0.40666 1 30.4875 0.38974 1 31.8114
MmN 26.0 1 0.478 24.5 1 0.507 18" KMy 0.41388 1 29.9560
v MmNy 21.82 7 0.568 20.47 7 0.606 8 KMy 0.41378 1 29.9632
MyvOnz 30.4 I 0.408 B KNwy 0.40702 1 30.4604
¢ MyvwNpm38.97 7 0.3117 36.8 T 0.3371 |8 LMy 3.19014 9 3.8864 3.04661 9 4.0695
MyNy 4.4 2 0.509 Bs LM 3.182%8 9 3.9327 3.00803 9 41204
MyOm 30.8 L 0.403 {yasLiNpm 2.6953 2 4.5090  2.5674 2 4.8290
MyvyOnm 33.5 3 0.370 vi LiO0nm  2.6398 2 4.6967 2.5113 2 4.9369
7 LpMy 3.60765 9 3.43661 3.43832 ¢ 3.60586
49 Indism 56 Tin 6 LubMre  3.22567 4 3.84357  3.07677 6 4.02958
) vs Ly 2.93187 ¢ 4.2287 2.79007 . 9 4.4437
s KLy 0.516544 3 24.0020 0.4953653 3 25.0449 |v; LpNw 2.85158 3 4.34779 2.71241 6 4.370%
oy Klgg 0.512113 3 24.2097 0.490599 3 25.2713 | Ly 3.88826 @ 3.18860 3.7169%6 9 3.33355
B KMp 0.455181 4 27.2377 0.435877 5 28.4440 o LyMyy  3.44840 6 3.59532 3.20846 9 3.7588




Tasie V (Continued)
Desig- Desig-
nation A* pe  keV A* pe  keV nation A*  pe.  keV A*  pe keV
51 Antimony {Cont.) 52 Tellurium (Conl.) 58 Cesium (Coni.) 36 Tellurium {Coni.)
o DipMy  3.43941 4 3.60472 2.28920 6 3.76933|vi LiOnan:  2.1741 2 5.7026 2.07% 3 5.9733
B LesNy 3.11513 9 3.9800 2.97088 9 4.1732 iy LpM: 2.9932 2 4.1421 2.8627 3 4.3309
Bews LnlNyvy 3.02335 3 4.10078 2.88217 84,3017 18 LuMyv 2.6837 2 4.6198 2.56821 5 4.82753
By LypOy 3.0652 3 4.123% 2.8634 3 4.3298 lvs Ly 2.4174 2 5.1287 2.3085 3 5.3707
Bio LiMyy 2.971917 9 4.1616 2.84679 9 4.355%1 vy LNy 2.3480 2 5.2804 2.2415 2 5.8311
Be LxMy 2.97261 9 4.1708 2.83897 9 4.3671 | Lyphiy 3.2670 2 3.7930 3.1355 2 3.9541
MuMwy 45.2 1 0.2743 o Ly 2.9020 2 42722 2.783553 3 4.45090
MeNy 18.8 1 §.658 17.6 1 0.703 low LynMy 2.8524 24,2865 2.77395 5 4.46626
Myl 15.98 5 0976 Bs Liply 2.5932 2 4.7811 2.4826 2 4.993%
MMy 52.2 i 0.2375 5.3 1 0.2465 (B35 LinNyvy 2.5118 2 4.935% 2.40435 6 5.1565
MmNy 20.2 i 0.612 19.1 1 0.648 By LinOs 2.4849 24,9893 2.3806 2 5.2079
v MmNy 16.92 4 0.733 15.93 4 0.778 (B LiMyy 2.4920 2 4.9732 2.3869 2 5.1941
MreOpm 21.34 5 0.581 |8 LiMy 2.4783 2 5.0026 2.3764 2 5217
¢ Myy yNy, 0 28.88 8 0.429 26,72 9 0.464 v MmNy 12.75 3 0.973
MyOm ~ 2%.78 5 0.369 MpOgn 15.9¢ 5 0.779
MyveOnx 15.72 2 0.789
£3 Jodine 34 Xenon ¢ MyNms 20.64 4 0.80t
My Oz 16.20 5 0.765
ez KLy 0.437829 7 28.3172 0.420877 2 29.458 NreOnt 188.6 1 0.06574 163.3 7 0.07590
ey KLy 0.433318 3 28.6120 0.41634"7 2 29779 NrvOm  183.8 i 0.06746 150.0 3 0.07796
Bs KMy §.384564 4 32.23%4 0.369417 2 33.562 NvOrm 190.3 1 $.06515 164.6 2 0.07330
B KMux 0.38390§ 4 32.2947 0.36872% 2 33.624
A KNyppm  0.375237 2 33.042 0.360267 3 34.415 .
84 Lshon 291207 0 4.2575 57 Lanthanum 58 Cerium
Bs LiM 2.87426 9 4.3134 s K Ly ©.375313 2 33.0341 0.361683 2 34.2789
o5 LiNpam  2.4475 Z  5.0657 oy K Ly 0.370737 2 33.4418 0.357002 2 34.7197
vs Ly0pm 2.3913 2 5.1848 s KMy 0.328686 4 37.7202 $.316520 4 39.1701
n Lyhdy 3.27979 9 3.780t 81 KM 0.327983 3 37.8010 0.315816 2 39.2373
B LulMyv 2.93744 6 4.22072 B: KNpyn 0.320187 7 38.7299 0.30816 1 40.233
vs LNy 2.65710 9 4.6660 KOnam 0.31864 2 38.%09 0.30668 2 40.427
71 LNy 2.58244 8 4.8009 Bt KM yy 0.32563 2 38.074 0.31357 2 39.539
i Lihfx 3.55754 9 3.48502 85t KMy 0.32546 . 38.094 0.31342 2 39.538
as LppMyy  3.15791 6 3.92604 Bs KNy 0.31931 2 s8.828 $.30737 2 40.337
ay LMy 3.14866 6 3.93765 3.061667 2 4.1099 18 LMy 2.4493 3 5.0620 2.3497 4 5.276%
Bs LVt 2.83672 9 4.3706 By LiM iy 2.4103 3 5.1434 2.3109 3 5.3651
Boys LimNyvy 2.750653 8 4.5075 v Lyl yx 2.0460 4  6.060 1.9602 3 6.3250
B1 LinCx 2.7288 3 4.5435 vs LN 2.0410 4 6.074 1.9553 3 6.3409
B LsMyy  2.72104 9 4.5564 v L0y 1.9836 4 6.252 1.8991 4 6.528
Be LiMv 2.71352 9 4.5690 n LMy 2.740 3 4.525 2.6203 4 4.7315
81 LuMry 2.45891 5 5.0421 2.3561 3 5.2622
=5 Cesium 56 Barium vs Lul¥x 2.2056 4 5.621 2.1103 3 5.8731
v: LnlNrv 2.1418 3 5.7885 2.0487 4 6.052
ay KLy 0.404835 4 30.6251 0.389668 5 31.8171 |ys InOr 2.0237 4 6.126
o KL 0.400290 4 30.9728 0.385111 4 32.1936 }} Linl; 3.006 3 4.124 2.8917 4 4.2875
B KMy 0.355050 4 34.9194 0.341507 4 36.3040 jo» LinMwv  2.67533 5 4.63423 2.5706 3 4.8230
81 KMo 0.354364 7 34.9869 0.340811 3 36.3782 |y Lyl 2.66570 5 4.65097 2.5615 2 4.8402
B ENpyn  0.34611 2 35.822 0.33277 1 37.257 \Bs LylNy 2.3790 4 52114 2.2818 3 5.4334
KOgm 0.33127 2 37.426 |Bess LinVivy 2.3030 3 5.3835 2.2087 2 5.6134
B Ky 0.33835 2 36.643 (B LinOy 2.275 3 5.450 2.1701 2 5.7132
Bt KMy 0.33814 2 36.666 (B LxMyv 2.2%0 3 5.415 2.1958 5 5.646
B ENwyw 0.33220 2 37.311 8, LiMy 2.282 3 5.434 2.1885 3 5.6650
Bs LMz 2.6666 2 4.6494 2.5553 2 4.8519 Iy My 12.08 4 1.027 11.53 1 1.0749
B3 LiM sz 2.6285 2 4.7167 2.5164 2 4.9269 B MwhNw  14.51 5 0.8%4 13.75 4 0.902
ve LiNy 2.2371 Z  5.5420 2.1387 2 5.7969 & MvNm 19.44 5 0.638 18.35 4 0.676
vs LiNg 2.2328 25,5527 2.1342 2 5.8092 o MyNvivey 14.88 § 0.833 14.04 2 0.883
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Tasue V {Continued)

Desig- Desig-
nation A*  pe  keV A*  pe keV ration A*  pe.  keV A% pe. keV
57 Lanthanum (Cond.) 58 Cerium (Cont.) 61 Promethivm(Cont.) 62 Samarium (Cont.)
MeOnm 14.39 5 (.862 fee LMy  2.2926 4 514078 2.21062 3 5.6084
NyywOmae 152.6 6 0.0812 144.4 6  0.085% jan LymMy 2.2822 3 5.4328 2.1998 2 5.6361
8s LNy 1.94643 3 6.3697
. . 8015 LNovw 1.9556 6 6.339 1.88221 3 6.5870
5¢ Praseodymium 60 Neodymium 87 LentOs 1.85%626 3 6.6701
as KLy 0.348749 2 35.3502  0.336472 2 36.88748:LmCrvy 1.84700 9 6.7126
o KL 0.344140 2 36.0263  0.331846 2 37.3610 |8 LiMrv 1.86990 3 6.6304
8 EMn 0.304075 5 40.6520  0.204027 3 42.1665 |8, LMy 1.86166 3. 6.6597
B KMy 0.304261 4 40,7482  0.293299 2 42.2713 |y MmNevy 9.600 9 1.291
B KNpp: 0.29679 2 41.773 0.28617 1 43.33 8 Mwln 11.27 1 1.0908-
B¢ LiMyy  2.2550 4 5.4981  2.1669 3. 5.7216 It MyNig 14.91 4 0.831
8 LMy 2.2172 3 5.5918  2.1268 2 5.8294 la MyNvivm 11,47 3 1.081
ve Liln 1.8791 4 6.598 1.8013 4 6.883 |NyyvNvivn 93. 1 0.126
ve ItV 1.8740 4 6.616 1.7964 4 6.902 |NyvvOmin 117.4 4 D.1056
ve IiOume  1.8193 4 6.815 17445 4 7.107
n LuMy 2.512 3 4.938 2.40%94° 45,1457 63 Europium 64 Gadolinium
A EH%W ;g;gi i g'ﬁi‘} féggg z g.gié w KLy 0.303118 2 40,9019  0.293038 2 42.3089
%LHEVI Uosti 3 et 1eme 2 o gop @ Elm 0.298446 2 41.5427  0.288353 2 42.9962
ke LHOW 1'9362 ] 6'%53 Lpss2 S 6‘683' 8 KMy 0.264332 5 46.9036 0i25534 2 48.53%
;’2 n Vrets 4 44532 2aree & gca P EMm 0263577 S 470378 0.2560 2 48.697
B ey ter ey S |eKNum  0.25623 8 48.256 0.24816 3 49.959
Zf L?;M? dasen 3 vomr  2sme 2 3 ayes [KOmm 0.255645 7 48.497 0.24687 3' 50.221
BsLmMN:  2.1906 4 5.660  2.1039 3 5.8930 gﬁgg” 10255 2 64389 ?:gzﬁs S 42‘%;1
Bo1s LayVyvyy 2.1194 4 5.850 20360 3 6.08%4 T Ms 1.8867 2 6.5713 1.8150 2 6'8311
8 Lm0 2.0916 4 5.927 2.0002 3 6.1708 [ LA ‘ : : :
B LiMyy  2.1071 4 5.884 2.0237 3 6.1265 | ° i‘j;f,“ ig% g ;';67i 1‘53% 2 8.087
8o LMy 2.1004 4 5.903 2.0165 3 6.1484 |° Lone 151w 1 8'0§g4 1.§§§§ Z 8105
v MmNy 10998 6 1.1273  10.505 9 1.180 “’1‘;“"” 21315 2 58166 I‘M% 2 8.355
8 MwNy:  13.06 2 0.95%  12.44 2 o0.907 |1FEMI ' ' 2. 1 6.0495
¢ MyNy  17.38 4 0.714  16.46 4 ogs3 [Primdfi 19203 26,4564 1.8488 2 6.7132
o MyNviy 13.343 5 0.9202  12.68 2 oorg |iu 17085 2 7256 16412 2 7.5543
o Ml 2 . ot 107 | oy [nlodrv 16574 2 7.4803°  1.5024 2 7.7858
Nw'vowmmés 4 00%s 1289 7 o 006z |7 Em0n 1.6346 2 7.5849  1.5707 2 7.894
wvyOnm 136. . . : ve LuOrv  1.6282 2 7.6147 15644 2 7.925
I LinMy 2.3948 2 5.1772  2.3122 2 5.3621
61 Promethium 62 Samarium o LMy 2.1315 2 5.8166  2.05/18 2 6.0250
o KLy 0.324803 4 38.1712  0.313698 2 39.5224 ;lfmz‘tf" f‘égg? g 2‘2‘3% f%és 2 6.0512
¢ s LV . ) 8054 2 6.8671
o KLimy 0.320160 4 38.7247  0.309040 2 40.1181 [N e 5 o iwss 2 71028
B KMn  0.283637 4 43.713  0.21376 2 45.280 [ DRV 045 320 7 %001
: B LiOr  1.7851 2 6.9453 17203 2 7.2071
B KNpnr  0.27597 1 44.94 0.2662 1 46.58 | VY] ey . :
el 0 oeaei 3 a6 mgy (ol 179933 6.890 1.7315- 3 7.160
&m«zlw 0ot s sy |6 Lxdty 1.7916 3 6.920 1.7240 3 7.192
8¢ Ll 2.00095 6 6.1963 Lﬁ%‘"}“’\, 0.211 0 1.346 1‘4527 5 8313
8 LiMm  2.0421 4 6.071 1.96241 3 6.3180 || qmiwy 9.2 . 8.84 o Loz
8 MmNy 10750 7 1.1533  10.254 6  1.2091
T ﬁ’fiﬁ“ i‘gg“g: g ;iggf ¢ MyNm  14.22 7 0.872  13.57 2 0.914
7s LaNem <656 : o My Ny 10.96 3 1131 10.46 3 1,185
Y4 LIOH.HI 1.60728 3 7.7137 »NWVGHIU 112.0 6 0. 1107
n LaMz 2.21824 3 5.5802 | OV .
‘ii E‘ﬁg}“’ 2.0797 4 5.9 i??ggg ; ggg?é 635 Terbiwm 66 Dysprosium
wi Ly 1.7989 9 6.892 1.72724 3 7.1780 ley KLn 0.283423 2 43.7441  0.274247 2 45.2078 .
vs LuOrv 1.6966 O 7.3076 lo KL 0.278724 2 44.4816  0.269333 2 45.9984
! LMy 4 4.9945 0.23862 2 51.957

2.4823

8 EMyp $.24683 - 2 .50.229
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"Fasre V {Continued)

Desig- Dresig-
pation A*  pe  keV A*  pe. keV nation. A*  pe.  keV A*  pe keV
65 Terbism (Cont.) 66 Dysprosivm {(Cond.) 67 Holmiumg {(Cont.) 68 Erbium (Cont.)
g KMy 0.24608 2 50.382 0.23788 2 32.119 (8w LM  1.5486 3 8.006 1.4941 3 3.298
S EWNpm ©.23977 2 51.72 023177 2 53.5t  |LiOwy 1.3208 3 9.387
KO £.23858 3 51.965 0.23056 3 53.774 i@, Ly 1.4885 5 R.346
B KMy 0.23618 3 52.494 |[MglNw 7.60 1 1,632
8y Lalfp 17866 2 .6.9463 172103 7 7.2038 iy MmNy 7.865 9 1.376
8 LMy 37472 2 7.0959 1.6822 2 1.3792 yMm v 7.586 8§ 1.643
s Lalg 1.4764 2 8.398 1.42278 7 B0 BMuwNy 8965 4 1,380 8.392 3 1.4430
e LifNgr 14718 2 8.423 141640 7 B.7532 jr MuyNem  11.86 1 10450 11,37 1 1.090%
v B0 1.4276 2 8.685% 137458 7 9.0195 lo MyNvve 9.20 2 1,348 8.82 1 1.406
9 Labfy 1.9730 2 6.283%  1.89743 7  6.5342 Fpeliyr 72.7 3 0.171
8 InMyy 17768 3  6.978 171062 7 7.3 [WMeMean 76.3 7 0.163
ve Ly 15787 2 7.853%  1.51824 7 8.1661 . .
v InNyy  1.5303 2 8.102  1.47265 7 B8 4188 | 69 Thulium 70 Ytterbium
vs En0s 1,597 2 8.212 lar KLy 0.245095 2 497726  0.241424 2 51.3540
s LGy 1.5635 2 B.246 1.44579 7 8.5753 ea KL D.244338 2 350.7416 0.236655 2 52.3889
! Lanehdy 2.2352 % 5.5467  2.15877 7 5.7431 |G KMy 0.21636 2 57.304 0.2096° 1 59.14
o DMy 19875 2 5.2380 1.9199% 3 6.4577 (B EMm O.21556 2 §7.517 0.208%4 8 59.37
o LMy, 1.9765 2 6.2728  1.90881 3 6.4952 BENnm 0.2008° 2 59.09 0.20337 2 60.98
BeLmNy  1.7422 2 7.1163  1.68213 7 7.3703 [KOuwm 0.20891 2 59.346 0.20226 2 ©61.298
o LonNrvw 1.6830 2 7.3667 1.62368 7 716357 & EMwy  0.21404 2 57.923 0.20739 2 59.782
B LmOr  1.6585 2 7.4753  1.60447 7 772 LMy 1548 2 8,026 1.49138 3 8.3132
8 LmOwy 1.6580 2 7.5094  1.58837 7 7.8055 1S LiMy  1.3063 2 8.23t 1.45233 5 8.5367
G LMoy 1.6673 3 7.436 1.60743 9 7.7130 ive LilNu 1.2742 2 9,730 1.22879 7 10.0897
8o LeMy 158673 9 7.7501 he LN 1.2678 2 9779 1.22232 5 10.1431
LOrvv 44228 3 &.714 e IOpan 1.2294 2 10.084 1.1855 1 10.4603
v MmNy 8486 9 1.461 8.144 9 1.322 jnighfy 16963 2 7.3088 1.63560 5 7.5802
8 el 9792 &  1.2861 9.357 & 1.3250 1B LnMw 1.3%8¢ 2 8.101 1.47565 5  8.4018
¢ Myl 12,98 2 0.955 12.43 2 0.998 ivs Inb: 1.3558 2 9.144 1.3063 1 9.4910
o MeNywn 10,60 2 $.240 .50 2 1.293 v Enlwy 1.3153 2 9.426 1.26768 5§ 9.8701
NpewNvzag 86, 1 9.144 £3. i 6.149 jvslaOr 1.24923 5 9.9246
FreaOum 102.2 4 69,1213 97.2 8 0.128 ;/nl-n(}zv 1.2308 2 9.607 1.2427§ 3 -9.9722
. . # Lty 1.9550 2 6.3419 1.89415 5 6.5¢
67 Holmium 68 Erbium los IsMry  1.7381 2 7.1331  1.68285 5 7.3673
o Kin 0.265486 2 46.6997  0.2571t8 2 48.2211 lm LimMv 172687 2 7.1799  1.67189 4 7.4156
@Bl 0260756 2 47.5457  0.252365 2 49.1277 I8 LWy 1.5862 2 8.177 1.4660 1 8.4563
8 Ky $.2308%3 2 53.7u1 0.22341 2 55.494 @y LimPhwy 1.46406 2 8.468 1.41850 5 8.7588
B KMy 0.23012 2 $3.877 9.22266 2 55.681 B LymOy 1.3948 1 8.888%
6 KNpm 0.2241% 2 3532 0.21677 2 5121 B ImOpy 1.4349 2 8.641 1.38696 7 8.9390
EOnm 832305 3 $5.584 B.21581 3 57.450 |8 LiMyy  1.8410 3 8.6M 13015 1 8.9100
8 EMpy 0.22855 3 53.246 0.22128 3 56.040 |8, LMy 1.4336 3 8.648 1.3838 1 8.9597
B Lghin  A6ESS 2 TIOR8 L4007 1 7.7453 |10, 1.1886 1 10.4312
B dalfry 16203 2 16519 1.3616 1 7.9392 |LiOmw 1.2263 3 10.110 1.1827 1 10.4833
v Lellg 1.3698 2 $.831 1,320 2 9,388 1.58844 & 7.8052
v Eaom 13843 2 9.087 1.3146 1 9.4309 1.2433 1 9.9561
o LfOnm  1.3325 2 9.31 12952 2 8722 1.83091 ¢ 6.7715
3 LRMI 1.8268 2 6.788%  1.7%66 1 7.0579 iLyfy 1.3898 ¢ 8.5200
B daMey  LBATS 2 .5253 L3873 1 TR0 MWy 8.470 9 1.464
ve Las¥y 1.4518 2 B.48L 1.4067 3 8.814 |y MmNy 7.024 8 1.765
o InNe L8174 2 B.THY 13641 2 9.08 BMyNyn 8.24% 7 1.503 7.909 2 1.5675
e T3x01 1.3883 2 8857 s 3Ny 10.48 1 1.183
vs E@ry  1.3923 2 8.%05 1.3397 3 9.355 |a MuNvivn 8.48 1 1.462 8.149 5 1.5214
1 Lt 2088 2 5.943& 2815 1 6.152 |Hpe 65.1 70,190
e LmmMw  1.8561 2 6.6795  1.7955 2  6.9056 |NyNewn 69.3 5 0.178
o Ly 18450 2 57198 178425 &  5.9487 . ’ .
8oLy 16237 2 T.635%  1.5675 2 1.909 | 71 Lutetivm 72 Hafuium
Boss Emslipee 15671 2 7.91% 1.51399 9 3.1898 |mEig 0.234081 2 52,9636  0.227024 3 54.6114
8 LinCa 1.8941 3 8.298 ley Kign 0.229298 7 54.0608  0.222227 3 55.7902
& Imlwy 1.5378 2 8462 1.4848 3 8.330° g KMy 020308 4 61.05 0.195851 4 62.98
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Tapie V (Comlinued)

Desig- Desig-
nation A*  pe  keV A*  pe. keV nation 4*  pe  keV A*  pe keV

71 Lutetium {Cont.) 72 Hafnium {Cons.) 73 Tantatum (Cont.) 74 Tungsten {Cont.)
8 KM p.202317 3 61.283 g.10607% 3 63.23¢ KOpm 0.184031 7 67.370 0.178444 5 69.47%
G KNnm  0.1968T 2 62.97 0.1908 2 64,98 KLy 0.21502 4 57.42
EOCum 0.1958% 2 63.293 B K My 0.188%20 & 65.626 0.183264 5 67.652
B KMww  0.20084 2 61.732 8.1 KMy 0.188757 6 65.683 0.183092 7 67.715
Bs LiMizs 1.44056 5 8.6064 1.39220 5 8.0054 B RNy  0.18451 1 67.194 0.17892 2 69.294
8 LiMyn 1.4014C 5 2.8469 $.35300 5 9.1634 8 LiMy 1.34581 3 9.2124 1.30162 5 9.5252
72 LiNp 1.1853 2 10,460 1.14442 5 10.8335 8 LsiMm 1.30678 3 9.487% 1.26269 5 0.8188
vs Lyl 1,17853 4 10.35110 1.13841 3 10.8607 [v: Lln 1.1053 1 11.287 1.06806 3 11.6080
¥ Laln 1.10876 5 11.2326 bvs LiNm 1.08936 4 11.2776 1.66200 6 11.6743
ve IOy 1.1435 1 10.8425 1.10363 5 11.2401 17 LiOn 1.0654¢ 3 11.6366 1.02863 3 12.0530
9 Ly 1.5779 {1  7.8575 1.52335 5 8.1393 [vs LiOm 1.06467 3 11.6451 1.02775 3 12.0634
B LuMp  1.42358 3 8.7090 1.37410 5 9.0227 v Lud 1.47106 5 8.4280 1.421160 3 8.7243
s LNy 1.2596 & 9.8428 1.26537 5 10.2011 1B LuMrw  1.32698 3 9.3431 1.281809 9  9.6723%
v LaNey  1.22228 4 10.1434 1,17900 5 10.5158 {vs LulVx 1.1729 1 10.3702 1.13235 3 10.9490
vs LnOx 1.2047 1 106.2915 1.16138 5 10.6754 [ LuNw 1.13794 3 10.8952 1.09855 3 11.283%9
ve LpOgv 1.1987 1 10.3431 1.15519 5 10.7325 [vs LuCh 1.1205 1 11.0646 1.08113 4 11.4677
¥ LMy 1.8360 1 6.7538 1.78145 3 6.9506 1ve LuOw 1.11388 3 11.1306 1.07448 5 11.3387
os DMy 1.63028 3 7.6049 1.58046 5 7.8446 U Ly 1.72841 5§ 7.1731 1.6782 1 7.38718
o LMy 1.61951 3 7.6555 1.56958 5 7.8990 joz LmmMry  1.33293 2 8.0879 1.48743 2 8.3352
B LNy 1.4182 1 8.731% 1.37410 5 9.0027 las LMy 1.52197 2 8.1461 1.47633 2 8.3976
B LNy 1.3715 1 9.0395 1.32783 5 9.3371 [Bs LDy 1.33094 8 9.3153 1.28989 7 9.6117
B2 Lanslw 1.37012 3  9.0489 1.32630 5 9.3473 Bu Ll 1.2861% 5 9.639%4 1.24631 3 9.9478
81 Ll 1.34949 5 9.1873 1.30564 5 9.4958 {B: Linfly 1.2845%¢ 2 9.6518 1.24460 3 9.9615
Bs LinOwy 1.34183 7 9.2397 1.29761 5 9.5346 {6 Lm0 1.26385 5 9.8098 1.22400 4 10,1292
Liby 1.43025 9 8.6685 16 LmOvy 1.2555 1 9.8750C 1.21545 3 10.2004
G LMy 1,363 2 9.232 1.20819 9 9,3503 (Zaly 1.3365 3 9,277
BoLiby £.3358 1 9.2816  1.29025 9 9.6090 [fo LMy 1.2537 2 9.889 1.21218 3 10.2279
LNy 1.16227 9  10.6672  1.12250 9 11.0451 |Bs Libly 1.2466 2 9.946 1.20479 7 10.2907
i LiNy 1.16107 9 10.6782  1.12146 9 11.0553 [Lal¥x 1.11521 9 11.13173
L0 1.10664 O 11.2034 [ Lslrv 1.08377 7 11.4398 1.0468 2 11.844
LiOw 1.10086 9 11.2622 ivu Ly 1.08205 7 11.4580 1.0458 1 11.856
Ly 1.53333 9 8.0858  1.48064 ¢ 8.3735 |Lidvivn 1.06357 9 11.6570
B InMin 1.43643 9  8.6312 {LaOs 1.06771 9 11.6118 1.0317 3 12.017
LNy 1.17788 ¢ 10.5258 {LaOwy 1.06192 9 11.6752 1.0250 2 12.085
v LulVyy 1.15836 ¢ 10.7037 {LnMn 1.43048 9 8.6671
LuOnm 1.2014 1 10.3198 By LuMuy  1.3864 1 8.9428 1.3387 2 9.26%
t LMo 1.7766 1 6.981C  1.72305 9  7.1954 |{LaMv 1.31897 9 9.3998 1,2728 2 9.741
s LinMm 1.66346 9 7.4332 {Lnin 1.1600 2 10.688 1.1218 3 11.0%2
LmNg 1.35887 9 9.1230 LpNm 1.1553 1 10.7316 1.13149 2 11.120
Ly 1.35053 9 9.1802 |[Infv 1.13687 9 10.9055
% LipNvivn 1.30165 9@ 9.5240 v InMw: 1.1138 1 11,1113 1.0771 i 11.510
EmOpm 1.34524 9 6.2163 LpCx 1.11780 9 11.0907
MrNe 7.887 8 1.573 HnOm 1.31693 9 11.100% 1.0792 2 11.48%
v MmNy 6.768 6 1.832 §.544 & 1.895 i Lo 1.67265 @  7.4123 1.6244 3 7.632
& 9.686 7 1.2800 s LM 1.61264 O 7.6881 1.5642 3 7.926
8 My Ny 7.601 2 1.6312 7.303 1 1.6976 {LmVn 1.3167 1 9.4158 1.2765 2 9.712
& 0.686 71,2800 EmNm 1.3086 1 9.4742 1.2672 2 9.7%
a MyNeavn 7.840 2 1.5813 7.539 1 1.6446 1% LeiNvivn 1.25778 4 9.8572 1.21868 5 10,1733
NevNor 63.0 5 §.197 LyOnm 12601 3 9.839 1.2211 2 10.153
NyNvivm  65.7 2 0.1886 My Ny 5.40 2 2.295 5.172 9 2.397

73 Tantalum 74 Tungsten ﬁg%é’m gg g f;?s

o K Lys (.220305 8 56.277 0.213828 2 57.9817 [MpNyy 5.570 4 2.226 5.357 4 2.314
o KL 0.213497 4 57.532 0.2000100 Std 59. 31824| MmNy 7.612 9 1.629 7.360 g 1.684
Bs KMy 0.190800 2 64.9488 0.18518% 2 66.9514 |MNoy 6.353 5 1,951 6.134 4 2.021
6 Kim 0.190089 £ 65.223 0.184374 2 67.2443 iy MmNy  6.312 4 1.964 6.092 3 2.035
&Y KNy  0.185188 9 66.94% 0.17960 1 69.031 |MmOr 5.83 2 2.126 5.628 2 2.203
BLENy  0.1850i1 8 67.013 0.179421 7 69.101 MmOy  5.67 3 2.19
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Tarre V {Continued)

Desig- Desig-
nstion A*  pe.  keV 3% pe keV nation A*  pe.  keV A*  pe. keV
73 Tantalum {(Cons.) 74 Tungsten (Cont.) 75 Rhenium (Cont.} 76 Osmium (Cont)
PaMwNe  9.336 51,3288 8.993 5 1.3787 |1 ar 1.2305 1 10.0753  1.18977 7 10.4205
By 2.90 Z 1.393 8.§?3 & LMS powmn 1.0839 1 11,438
BNy  7.023 1 19655 6957 1 18348 ., 1.0767 1 11.513 1.03973 5 11.9243
HreOn 7.09 z 1748 6.806 ¢ 1.822 lyrnmy; 10404 1 15,917 1.0050 2 12.337
hMyNgm  9.316 4 13308 8.962 4 1.3835 1.0, 1.0397 1 11.925 1.0047 2 12.340
o MyNogys 7.252 1 1.7096 ¢ LmMy  1.5789 1 7.8525  1.5347 2 8.079
o3 Myl 6.992 2 LTI s papnn 15178 18,1682  1.4735 2 8.414
o MylNvn 6.983 1 L7154 |1, 1.20086 7 10.3244
MO 7.30 2 L7090 7.005 9 LI \pnNm 1.9283 1 10.0933
NNy 5.0 2 02295y proWreny 101815 1 10,4931 114537 7 10.8243
Nyyllg:  58.2 i 0.2130  55.8 10.2228 fpppy 470 3 759
Nylpym 611 2 0.2028 Myh: 5.81 2 2.133
Nyl 59.5 3 0.208 prwgy 4.955 4 2.502
Nylen 58.4 b0.2122 yremny 6.89 2 1.798
MmNy 5931 5 2.09% 5724 5 2.166
75 Rheniam 76 Osmism v MmNy  5.885 2 2.1067  5.682 4 2.182
w KLy 0207611 1 59.7179  0.20163% 2 61.4867 i}”;ga’n g'ggi 2 i"égé@ 8.35% 5 t.4a3
o KL 0.202781 2 61.1403  0.196794 2 63.0005 g} g} 65 11 ., ..
g KMy 0.179697 3 68.996  0.174431 3 71.077 [PMwiwro 6. L.oget - 6.267 1 1.9783
. GMyNm  8.629 4 1.4368 8.310 4 1.4919
8 KMp:  0.178880 3 69.310 0.173611 3 71.413 pPlo Ty 67129 1 1825 649 1 10101
8U KNy  0.17425 1 71,151 0.16910 1 73.318 [ ;;“’”“ : i 1o L o3
Gl KNay  ©0.174054 6 71.232 0.168906 6 73.402 | ™ g 0.2588
KOum  0.17308 1 71.633 0.16798 1 43.808 | v vivm : z  0.2266
g KMy  0.17783 1 69,719 0.17262 1 71.824
BE KMy 017766 1 69.786 0.17245 1 71.895 77 Iridium 78 Platingm
8 KNwy  0.17362 2 71.410 0.16842 2 73.615
Be LMy 1.25087 5 9.8463  1.21844 5 10.1754 lew Kin 0.195904 2 63.2867  0.190381 4 65.122
By LMy 1.22031 5 10,1598  1.17955 7 10.5108 | Kim  0.191047 2 64.8956  0.185511 4 66.832
ve Ll 1.03233 5 12.0008  0.99805 3 12.4224 |8 KMy 0.169367 2 73.2027  0.164501 3 75.368
ve Lyl 1.02613 7 12.0824  0.9918 5 12.4998 |8 KMy  0.168542 2 73.5608  0.163675 3 75.748
Vs L0y  ©0.99334 5 12.4813  0.96033 8 12.910 |8 KNy  0.16415 1 75.529 0.1593¢ 1 77.785
veLsOm  0.99245 5 12,4920  ©.95938 8 12.923 |BIKNm  0.163956 7 75.61% 0.15920 1 77.878
» LnMy 1.37342 5 9.0272  1.32785 7 9.3370 [KOum 0.163019 5 76.053 0.15826 1 78.341
8 LoMw  1.23858 2 10.0100  1.19727 7 10.3353 U KMy  0.16759 2 73.980 0.16270 2 76.199
vs Ly 1.09388 5 11.3341  1.05693 5 11.7303 (B KMy  0.167373 9 74.075 0.16255 3 76.27
vi Luley  1.06099 5 11.6854  1.02503 5 12.0953 |8 KNy  0.16352 2 75.821 0.15881 2 78.069
vs InO 1.04398 5 11,8758  1.00788 5 12.3012 |8 LMy  1.17958 3 10.5106  1.14223 § 10.8543
v IpOw  1.03699 9 11,956 1.00107 5 12.3848 |8 LiMm  1.14085 3 10.8674  1.10394 5 11.2308
! LnsMy 1.63056 5 7.6036  1.58498 7 7.8222 {w» LN O0.96345 3 12.8418  0.93427 5 13.2704
ap Liphfey  1.44396 5 8.5862  1.40234 5 8.8410 |y LN 0.95931 5 12.9246  0.92791 5 13.3613
o ImMy 143290 4 8.6525  1.39121 5 8.9117 [Y. L;On  ©0.92831 3 13.3555  0.89747 4 13.8145
Bs LN 1.2500 5 9.9105  1.21349 5 10.2169 v LiOm  ©0.92744 3 13.3681  0.8965¢ 4 13.8281
Bs LN 1.20819 5 10.2617  1.17167 5 10.5816 |y Lub 1.28448 3 9.6522  1.2429 2 6.975
B LNy  1.20660 4 10.2752  1.16979 & 10.5985 |8 Inhfyy  1.1578% 3 10.7083  1.11990 2 11.0707
8 LigOy  1.1861C 5 10.4529  1.14933 8 10.7872 |vs LuN: 1.02175 5 12.1342  0.9877 2 12.552
8 LyOwy 1.17721 5 10,5318  1.1405 1 10.8711 v IpNyy  0.99085 3 12.5126  ©.95797 3 12.9420
B LMy 1.17218 5 10.577¢  1.13353 5 10.9376 |vs IOy 0.57409 3 12.7279  0.9411 1 13.173
8s I:My 1.16487 4 10.6433  1.12637 6 11.0071 jvs IpOry  0.96708 4 12.8201  0.9342 2 13.271
LNy 1.0420 1 11.899 ! LM 1.54004 3 8.0458  1.4995 2 8.268
LiNey 1.0119 1 12.252 0.9772 3 12.687 lop LmMpy  1.36250 5 9.0995  1.32432 2  9.3618
wn LNy 1.0108 1 12.266 0.9765 3 12.696 o LMy  1.35128 3 9.1751  1.31304 3 9.4423
L0y 0.9965 1 12.442 0.96318 7 12.8721 |8 LmMN:  1.17796 3 10.5251  1.14355 5 10.8418
L0y 0.9900 1 12.524 0.95603 5 12.9683 |fis LmNyy  1.13707 3 10.9036
LaMy 1.3366 1 ©.2761  1.2034 2 9.586 |G LMy  1.13532 3 10.9203  1.10200 3 11.2505
B IpMum 12927 1 9.5910  1.2480 2 9.93¢ |6 LmOy  1.11489 3 11,1205  1.08168 3 11.4619
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Tasre V (Continued)

Desig- Desig-
nation A* . pe. keV A*° pe keV nation A*  pe  keV A*  pe. keV
77 Iridium (Cont.) 78 Platinum (Cont.) 7% Geold (Comi) 20 Mercury (Coni.)
Bs LiyOrvy  1.1038%3 3 11.2134 1.0724 2 11.561 iy Ly 0.90434 3 13.7095 0.87544 7 14.162
LMy 1.2102 2 10,245 1.16962 9 10,6001 |ys LylVey (.8978%3 5 13.80%0 0.86915 7 14,265
Bio LMy 1.09702 4 11,3018 1.06183 7 11.6762 W'y L:0n 0.86816 4 14.2809 6.84013 7 14.757
B Liily 1.08975 5 11.3770 1.05446 5 11.7577 \v4 LiOm 0.86703 4 14.2996 0.83804 7 14,778
LNy 0.9766 2 12.695 0.9455 2 13.113 iy Lyhfy 1.20273 3 10.3083 1.1640 1 10.6512
LylNey 0.9459 2 13.108 B: Lnlyy 1.08353 3 11,4423 1.04868 5 11.3226
v LslNv 0.944¢6 2 13.126 $.9143 2 13.560 iy Lghy 0.9555% 3 12.9743 0.92453 7 13.410
LeOm $3.9243 3 13.413 vy-Lpye 0.92650 3 13.38%7 0.80646 5 13.8301
L3Oy $.8995 2 13788 lys LpOy 0.9098¢ 5 13.6260 $.87995 7 14.09¢
LyOry 0.8943 1 13.864 jve LuOry 0.90297 3 13.7304 0.87318 7 14.199
L:0v 0.8934 1 13.878 | Ly 1.45964 ©  8.4939 1.4216 i 8.7210
LMy 1.2502 3 9.917 1.213 110,225 jon Liphfyy 1,28772 3 9.6280 1,25264 7 9.8976
B LyMy  1.2069 2 10.273 1,1667 1 10.6265 lon LMy 1.,27643 3 9.7133 1.24120 5 5.9888
Ly 1.1489 2 10.791 1.1129 2 11,140 8s Lyl: $.11092 3 11.1602 £.07975 7 11.482%4
LulNp 1.0120 2 12.25% $.9792 2 12.661 B LigNpy  1.07188 5 11.5667 1.04151 7 11.9040
LNy 1.0054 3 12.332 0.97173 4 12.7588 |8 Liliv 1.07022 3 11.3847 1.03975 7 11.9241
2 LgNvy 0.97168 6 12.7603 $.93931 5 13,1992 & LimmOn 1.04974 8 11,8106 1.01837 7 12,1625
LnOng 0.9697¢ 5 12.7843 8s LisOrvyy 1.04044 3 11.9163 1,00887 7 12.2759
¢ Laduy $.4930 3 8334 1.4530 2 8.533 LM 1.313528 5 10.9210 1.0999 2 11.272
5 LMy 1.4318 2 B.659 1.3895 2 8.923 B LiMpy 1.02789% 7 12.0617 $.9962 2 12,446
LygNu 1.16545 5 10.6380 1.1310 210962 8y LMy 1.02063 7 12,1474 $.9871 2 12.560
LinNm 1.1560 3 10,728 1.1226 2 11.044 LNy 0.9131 1 13,578 0.8827 2 14.045
% LiNviye £.11145 4 11,1549 1.07896 5 11.4908 LNy 0.88563 7 13.99%
LyaOnim £.10923 6 11.1772 1.0761 3 11521 vy LNy 0.88433 7 14.020 0.85657 7 14.474
MyNm 4.6317% 9 2.677 4.460 9 2.780. |L;iO: 0.87074 5 14,2385 0.8452 2 14.679
Mol £.780 4 2.594 4.601 4 2.695 |LiOwy 0,86400: 5 14.3497 0.8350 2 14.847
My Ny 6.669 9 1.859 6.455 9 1.921 LpMy 1.1708 I 19,5892 1.1387 5 10.338
MmNy 5.540 5 2.238 5.357 5 2.314 By LuMm  1.12798 5 10.9915 1.0916 5 11,358
v M1 iNvy 5.500 4 2,254 5.319 4 2.331 |LgiMvy 1.0756 2 11.526
MmO 4.876 9  2.543 |ILpNm 0.9402° 2 13.186 0.90894 7 13.640
MmOy 4.869 g 2.546 4,694 8 2,641 v LnNys 0.90837 5 13.6487 0.87885 ¢ 14.107
b2 MyNy 8.065 5 1.5373 7.790 S 1.592 L0y 0.90746 7 13.662 0.8784 i 14,114
MyyNm 7.645 8 1.622 7.371 8 1.682 [LpCmy. 0.50638 7 13.679 .8758 1 14,156
8 MyyNvr 6.038 I 2.0535 5.828 1 2.1273 it LimMy 1.41366 7 8.7702 1.3746 2 9.019
& MyNemy 8.021 4 1.5438 7.738 4 1.6022 s Liphh 1.35131 7 9.1749 1.3112 2 9.455
as MyNwy 6.275 3 1.9738 6.038 3 2.047 |LmMn 1.09968 7 11.2743 1.0649 2 11.642
oy MyFyg  6.262 1 1.9799. 6.047 1. 2.0505" | LipNm 1.09026 7 11,3717 1.0585 i 11.713
MyOm 5.087 9 2.071 uLmNvien 1.04782 5 11.8357
FNywNvz 50.2 1 0.2470 48.1 2 0.238 ' Ly 1.0176% 7 12.1826
NyNyivn 52.8 I 0.2348 50:% 1 0.2436 ju LipNvy 1.61674 7 12.1940
LinOx. 1.0450 2 11.865
79 Goid 80 Mercury Lﬁ = 1.01558 7 12.2079
as KLy $.185075 2 66.9895 0.179958 3 68.895 Lm0 1.01404 7 12.2264
oy K Lyyy (.180195 2 68.8037 0.175068 3 - 70.819 " |ImPxrm 1.03876 7 11.9358
B: KMy 0.159810 2 77.580 0.155321 37 79.822° |MiNem 4,300 g 2.885%
B KM 0.158982 3 77.984 0.154487 3 80.233 | MuNpv 4,432 4 2797
B KNy 0.15483 2 80.08 0.15040 2 82.43 MmNy 6.259 9 1.98: 6.09 z 2.036
B2t ENgn 0.154618 ¢ 80.185 0.15020 2 82.534: | MinNpy 5.186- 5 2.391
KOnm 0.153694 7 80.667 0.14931 2 83.04 |y Mily  5.145 4 2.410  4.984' 2 2.4875
Kiy 0.18672 4 66.40 MmOs 4703 % 2.636
S KMw  0.158062 7 78.438 MisOrvw 4.522 6 2.742
8:t KMy 0.157880 5 78.529 s Myl 7.52% 5 1.648
Bs KMy 0.15353 2 80.75° |MwHNm 7.101 8 1.746 6.87 2 1.805
B: KNyvy 0.154224 35 80.391 0.14978  2:82.78 18 MywNw 5.624 I Z2.2046 5.4318' 9  2.2825
8 LMy 1.10658 3 11.2047 1.07222 7 11.5630 if, MyNm 7.466 4 1.6605
8s Ly 1.066785 9 11.6103 1.03358 © 7 11.9953 los MyNwz: 5.8 &  2.118
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TasLe V {Continued)

Desig- Desig-
pation A* pe  keV Ax pe. keV nation A* pe  keV A*  pe. keV
81 Thallium (Coni.) 82 Lead (Couni.)
7% Gold (Cont.) 80 Mereury (Cont) |7, wo 0.87996 5 14.0893 0.85192 7 14.553
. . Lnly 0.8382 2 14.791
o Myl¥ys 5.840 ooz 5.64767 9 2.1933 |y [y 0.85048 5 - 14.3777 $.82327 7 15.060
MyOm 3.767 ¢ 2150 InOn €.8490 1 14.604
Nevlyr 46.8 2 0.265 43,2 3 0.274 L 0.8200 1 15.120
Nyllypvn 49.4 102510 479 3025 i iy 1.34154 5 ©.2417 1.30767 7 9.4811
s LMy 127807 5 9.7007 1.24385 7 9.967%
81 Thaliiﬁm &2 Lead ﬂn{Nn 1.01040 7 12.2705
LN 1.0286 1 12.053 1.0005 1 12.392
ae Ky 0.175036 2 70.8319  0.170294 2 72.8042 |y LygNwive 0.9888 1 12.538 0.96133 7 12.8968
o KL 0.170136 2 72.8715 0.165376 2 74.9694 |LmOn 0.98738 5 12.5366  0.9386 1 12.934
8 KM §.150980 6 82.118 0.146810 4 84.450 |LynOm $.98538 5 12.5820  0.9578 1 12.943
8 KM 0.150142 5 82.576 0.145976 & 84.936 |LmPug:  0.97926 5 12.6607 0.95118 7 13.0344
&Y KNg  0.14614 1 84.836 0.14212 2 87.23 Mzl 4.013 9 3.089 3.872 5 3.202
Bl ENp — ©.14593 1 84.946 0.14151 1 87.364 |[Mni; 4,635 8 2.664
EOuwm 0.14509 1 85.451 0.141012 8 87.922 | MuNw 4.116 4 3.013 3.968 5 3.124
Kp 0.1408 1 88:06 Myl 5,88 & 2.107 5704 8 2.174
8 KMy  0.14917 1 83,114 MynNry 4,865 5 2.548 4.715 3 2.630
8% K Mry 0.14512 2 85.43 v Mumly  4.823 4 2571 4.674 1 2.6527
8¢t Kty 0.14495 3 85.53 |MmO: 4244 9 2.921
6 ENvw  0.14553 2 85.19 0.14155 3 87.59 M pGivy 4216 6  2.941 4.069 6 3.047
s LMy 1.03918 3 11.9306 1.0075 1 12.306 |t MpeNp  7.032 5 1.763 6.802 5 1.823
Gs Lsdary 1.00062 3 12,3904 0.96911 7 12.7933 MM 6.384 7 1.942
v LyNy 8.84773 5 14,6251 8.8210 2 15.101 |8 MyMNy;  5.249 1 2.3621 5.076 1 2.4427
ve LNy 0.84130 4 14,7368  ©.8147 1 15.218 |MuOn 5196 9 2.38 5004 9 2.477
v's I30n 0.81308 5 15.2482  0.78706 7 15.752 i MyNm @ 6.974 4 1.778 6.746 3 1.8395
vi LsOm 0.81184 5 15.2716  0.7858 1 15.777 law MyNwx  5.472 2 2.2656 5.299 2 2.3397
w LM 1.12769 3 10.9943 1.00241 7 11.3493 loy MyNem  5.460 1 2.2906 5.286 1 2.3455
B LpMery  1.01513 4 12.2133 6.98291 3 12.6137 [MyOm 5.168 9 2.399
v Lgl¥s 0.89500 4 13.8526  0.86655 5 14.3075 |NevBv: 42.3 2 ©6.293
v InNey  0.86752 3 14.2915  0.83973 3 14.7644 |WeNwivm 46.5 2 0.267 45.0 1 0.2756
va InOr 0.8513 2 14.564 0.82365 5 15.0527 NyyOry  115.3 2 0.1075 102.4 1 6.8211
ve LaOre  G.8447 2 14.685 0.81683 5 15.1783 [WnOv 113.0 1 0.10968 100.2 2 6.1237
LpP; 0.81583 5 15.1969 WynOv  117.7 1 0.10530 104.3 1 0.1189
7 1.38477 3 8.9532 1.34990 7 5.1845 . .
e LMry  1.21875 3 10.1728  1.18648 5 10.4495 83 Bismuth 84 Polonium
o LMy 1.20739 4 10.2685 117501 2 10.5515 jew Kig 0:165717 2 74.8148  0.161307 1 76.862
86 LiN: 1.04963 5 11.8118  1.0216 1 12.143 e KIm 0.160789 2 77.1079  0.156367 1 79.2%0
B LipNpy 101201 3 12.2510 0.98389 7 $2.6011 18 KMy 0.142779 1 86.834 9.138027 2 89.25
B Liny  1.01031 3 12.2715 £.98221 7 12,6226 |gr KMy 0.141948 3 87.343 0.138077 2 89.80
8 LmOr 0.99017 S 12.5212  ©6.9620 1 12.888 IBJI KNy  0.13817 1 89.733 8.134387 2 ©2.26
Bs LmOwy ©0.98058 3 12.6436  0.9526 1 13.015 |8FENm  0.137%7 1 89.864 0.134187 2 92.40
Ly 1.0644 2 11.648 1,0323 2 12.010 1KOpm 0.13709 . 1 90.435
B LMy 0.96389 7 12.8626  0:9339 2 13.295 I8 KMy  0.14111 1 87.860
8a ExMy $.95675 7 12.9585  0.9268 & 33.377 B KNpew 013759 2 90.1t
poA 0.8549 1 14.503 0.82859 .7 14963 |8, LM 0.97690 4 12.6912 - ©.9475 3 13.086
Lilwe 0.8300: 7 14.937 0.20364 7 15.427 '8 LiMem  ©.93855 3 13.2098  ©0.901 3 13.633
va Ly 0.82879 5 14,9593 §.80233 9 15.453 lys LiNp 0.79565 3 15.5824  0.772 1 16.07
Lifavm 0.7884 1 15,725 lya LilNgm - 0.78917 - 5 15.7102
L0y 6.8158 1 15.198 0.7897 1 15.69% 4 L;0n . 0.76i98 3 16.2709
L0y 0.80861 5 15.3327 0.78257 7 15.883 . Iy, LxOm 0.76087 3 16.2947
Ly 1.0997 1 41.274 1.0644 2 11.648 |y LaPoam 0.756%0 3 16.3802
B Lyl 1.05608 7 11.7397 1.0223 1 12.127 lp LnMs 1.05856 3 11.7122
Lysbfe 1.00722 5 12.3093  ©.9747 1 12.720 g LpMy  0.951978 § 13,0235  0.9220 2 13.447
Ly 0.882 2 14.057 0.8585 3 14.442 e IpM: 0.83923 5 14.7732
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Tapie V {Continued)

Desig- Desig-
nation A* p.e. keV i* pe keV nation 4*  pe. keV A* pe. keV

83 Bismuth (Cont.) 84 Pononium {Cont.) 835 Astatine 86 Radon
v LaNyw 081311 2 15.2477 0.78748 9 15.744 (e KlLn 6.157057 2 78.95 0.15204% 3 81.07
ve LpOr 0.9973 1 15.581 oy K L 0.15210% 2 81.52 0.14798% 3 83.78
vs LnyOry 0.79043 3 15.6853 0.7645 2 16.218 |G KMu 0.135177 4 91.72 G.131557 5 94.24
! Lty 1.31810 7 9.4204 1.2820 5 $.664 I KM 0.134327 4 92.30 0.130687 5 94,87
oy LinMry  1.15536 & 1073091 1.125487 5 11.0G158 B KNy  0.130727 4 94.84 o.12718% 3 97.47
o Dby 1.14386 2 10.8388 1.13386 4 11.1308 BT KNy 0.130527 4 94.99 0.12608% 5 97.64
Bs Ly 0.99331 3 12.4816 0.9672 2 12.819 8 LM 0.881337 9 14.067 0.854367 9 14.512
B Loy 0.95702 5 12.9549 0.9312 2 13.334 & IpMy  ©0.893457 9 13.876 0.866057 9 14.316
& Ly  0.95518 4 12,9799 0.92937 5 13.3404 v IpWy  0.75289% 9 16.251 6.73928% 9 16.770
87 LinOy 0.93505 5 13.2593 o LMy 1.09671%7 5 11.3048 1.06809T 5 11.5979
Bs EmOv  0.92556 3 13.3953 0.8996 2 13.782 | LMy 1.085007 5 11.4268 1.05723% 5 11,7270
Ly 1.0065 9 12.39
B laMyy  0.90495 4 13.7002 27 Franciom 28 Radium
8s LiMy 0.80798 3 13.8077
Ly 0.8022 1 15.456 o K Ly 0.14896% 3 83.23 0.145127 2 85.43%
Ly 6,775 5 15.904 o XL 0.1439%% 3 86.10 0.140147 23 38.47
o LilNy 9.77728 5 15.951 85 EMu 0.12807% 5 96.81 0.124697 3 99.43
Lylivray 0.7641 5 16.23 8 K Mg o.127187 5 o7.47 0.12382% 3 100.13
LiOwy 0.75791 5 16.338 SAEENy  6.123797 5 100.16 0.120507 3 102.8%9
LuM 1.0346 9 11.98 6% KNy ©.123587 5 100.33 g.120297 3 103.07
Bur InMin  0.98%13 5 12.5344 8 ExMy 0.84078 5 14,7472
Ly 0.94419 5 13.1310 G Lyt ©.827867 9 14,976 0.80273 5 15.4449
Lyl 5.8344 9 14.86 ve Lilg 0.68199 5 18.179
LpNm 0.8248 1 15.031 vs LNy 0.67538 5 18.357
v Lzly 0.7972¢ 9 15.552 v's L30n 0.65131 5 19.036
LOm 0.7938¢ 5 15.6178 vs LiOnt 0.64965 5 19.084
¢ By 1.2748 1 9.72152 vis LiPe 0.64513 5 19.218
s DMy 12105 1 10.2421 y Lz 0.90742 5 13.6630
LinNn 0.98280 5 12.6151 8 LoMw  0.83940F 9 14,770 0.81375 5 15.2358
LinNp 0.97321 5 12.73%4 vs £y 0.71774 5 17.274
1£Lva1mx $.93505 5 13.2593 ’y;Lnsz 0,71652? 9 17.303 $3.69463 5 17849
LinOu 0.9323 2 13.298 e 6.6801 1 18.230
LinOm 0.9302 2 13.328 ve LnOy 0.67328 5 18.414
LinPum  0.92413 4 13.4159 LuPy 0.6724 1 18.439
MiNn 3.892 9 3.183 | Lipiy 1.16719 5 10.6222
Ml 3.740 9 3.3t oo Lygly 1.04230 5 11.8950 1.01656 5 12.1962
MulNwy 3.834 4 3.23 o LM 1.03049 5 12,0313 1.00473 % 12.3397
Ml 5.537 8 2.239 85 LeralVy D.87088 5 14.2362
MuNey 4.571 5 2.712 B1s Loy 0.83722 5 14.8086
Y MmNy 4.532 2 2.735 8, Ly 0.838 Z 14.45 0.83537 5 14.8414
MmO 4.108 ¢ 3.021 81 LysxOy 0.8162 1 15.190
HmOwy  3.932 6 3.153 85 LinOrv v 0.80627 5 15.3771
e MwNg  6.5385 5 1.883 EmPs 0.8050 1 15.402
MyNm 6.162 8 2.012 Guo LiM ey 0.77546 5 15.988
8 MwNv:  4.909 i 2.5255 8y LMy 0.76857 5 16.131
MO 4,823 3 2571 Ly 0.6874 1 18.036
MwPam  4.59 2 2.7 Liley 0.6666 1 18.500
o Myl 6.521 4 1.991 i Ll 0.6654 1 18.633
o MyNer  5.130 2 2.4176 LiOww 0.6468 1 19.167
o MyNwy  5.118 1 2.4226 811 LnMin 0.8438 1 14.692
NePom  13.30 6 0.932 InNm 0.7043 1 17604
NuiOw 91.6 1 0.135 Lglly 0.6932 1 17.88
NeriOv 93.2 1 0.1330 LyOn 0.6730 1 18.286
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Tasre V (Conlinued)

Desig- Desig-
nation A* pe. keV A*  pe ke nation A* pe.  keV A*  pe  keV
87 Francium {Cont,) 88 Radivm (Cont.) 20 Actinivm (Cent.) 98 Thorium (Cont.)
IO 0.6764 1 18.330 v InNe 0.64064 ¢ 19.353
EgPpm 0.6714 1 18.466 |{LpOy 0.6368 1 19.466
Ema 0.8618 1 14.387 {LgOm 0.6356 1 19.506
LysgBlys 0.8512 1 14.566 |ZgPnm 0.6312 1 19.642
 LypNviva 0.8186 1 15.146 |t LMy 1.08008 ¢ 15.4788
Erp Py 0.8038 1 15.425 s LM g 1.0112 1 12.26%
o 0.8190 2 15.138
89 Actinium 99 Thorium Lyl 0.8082 1 15.34f
1 Lm‘Nvg VI 0. 7?661 5 15.964
o K Ly 0.141417 2 87.47 0.13782¢ 2 89.953 Lm0 8.771% ¢ 16.074
o KLy 0.1364177 & 90.884 0.132813 2 93.350 [finOm 0.7690 1 16.123
G K My 0.12143%Y 2 102,10 0.118268 3 104.831 |LyPrmm 0.7625 % 16.260
& KMo 0.12055% 2 102.85 0.117396 9 105.600 |3, Num 2.934 8 4.23
S KNy 0117321 2 105.67 0.11426 1 108.511 3,0 2.442 g9 5.08
BEENm  0.11711% 2 105.86 0.114040 9 108.717 BN, 3.537 3 3.505
EOnm 0.11322 1 109,300 |MnWw 3.011 2 4117
Bs EMrvy 0.116667 9 106.269 M50 2.618 5 4.735
8: ENww 0.11366 2 109.08  |ifyyN, 4,568 5 2.714
Be Loy 0.79257 4 15.6429 Ay 3.718 3 3.33
Bs LiMeg  0.778227 9 15,931 0.75479 3 16.4258 |y I iy 3.679 2 3.3710
vz Lyl 0.64221 4 19.305 00 3.283 9 3.78
vs LiNe 0.63339 4 19.507 MmOy 3.131 3 3,959
+'s 11O 0.61251 4 20.242 g, 3 oIy 5.340 5 2.3
vie LePrm 0.60705 8 20.424 g MyyNys 3.941 i 3.1458
7 Les . 0.85446 4 14.5099 |4ryOn 3.808 4 3.256
& InMy  0.789037 9 15.713 0.765210 9 16.2022 if, MyNyy 5.245 5 2.364
v Eay 0.67491 4 18.370 oy MyNu; 4.151 2 2,987
vi LoNye  0.67351%7 9 18.408 0.65313 3 18.9825 io, MyNyy 4.1381 9 2.9961
vs LpGx 0.63898 5 19.403 |py P 3.760 9 3.208
ve LuOre 0.63258 4 19.599 |y py 9.44 7 1.313
LuPy 0.6316 1 19.629 i Py 9.49 7 1.131
EnPyy 0.62991 9 19.682 |NpOp 11.56 5 1072
! Lynhy 1.11508 4 11.1186 ly,p, 11.07 71,120
o LMy 0.99178 5 12.5008 0.96788 2 12.8096 (NyOy 13.8 1 0.897
o LipMy 0979931 5 126520 0.95600 3 12.9687 |NyHy 33.57 9 0.3693
8¢ Lymly 0.82/90 8 14.975 |WyNyivn 36.32 9 0.3414
B LNy 0.7953% 5 15.5875 |Ny:0r 49.5 i 0.2505
B2 Liny 0.7935¢ 3 15.6237 |N,10v 48.2 1 0.2572
87 LanyOy 0.77437 4 16.0105 |y, L0v 50.0 1 0.247¢
B LinOvw 0.76468 5 16.213 gy Pryy 68.2 3 0.1817
Lin Py 0.76338 5 16.241 0y O 181, 5 0.068
LigPwy 0.76087 & 16.295
bro LMy 0.7301 1 16.981 91 Protactinium 92 Uranium
8 LMy 0.723¢ 1 17.13% ]
Ly 0.64755 5 19.146 lewKLn 0.1343437 9 92,287 0.130068 4 94.665
LNy 0.6276 1 19.755 las KlLny; 0.1293257 3 95.868 0.125947 3 98.439
vu Liliy 0.62636 9 19.794 8 KMy 0.11523" 2 107.60 0.112296 4 110.406
Lifvivm 0.6160 1 20.128 8 KM 0.1143457 8 108.427 $.111394 5 111.300
L0y 0.6146 1 20.174 BN KNy  0.111207 2 111,40 0.10837 1 114.40
L0y 0.6083 1 20,383 &1 ENg  o0.11307% 2 11162 0.10818 1 114.60
LMy 0.8338 1 14.869 KOum 0.10744 1 115.39
Ber LMz 0.79257 4 15.6429 |8 KMy 0.110669 1 112,81
Lnly 0.7579 1 16.359 8, KNy 0.10780 2 115.01
InlNm 0.6620 1 18.720 B LM, 0.7699 1 16.104 0.747985 ¢ 16,5753
Lyly 0.6521 1 19.084 g LMy - 0.7323¢ 5 16.930 0.71029 2 17.45%
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Tasre V {Continued)

Desig- Desig-

nation i*  pe  keV A*  pe. keV nation A*  pe  keV A= pe. ke
21 Protactinium (Cont.) 92 Uranium {Cont.) 91 Protactinium (Cont.) 92 Uranium {Cont.)

ve LNz 0.6239 1 19.872 0.605237 9 20.4847 MOy 3.691 2 3.35% 3.576 1 3.4666

ve LiNem  0.6169 1 20.098 0.598574 © 20.7127 |ty MyNgr  5.092 2 2.4356 4.946 2 2.507

+'s L0 0.576700 O 21.4984 |aw MyNy;  4.035 3 3.072 3.924 1 3.1595

we IOy 0.5937 1 20,882 0.57499 9 21.562 oy MvNym  4.022  ©  3.0822  3.910 1 3.1708

v 0.5706 1 21.729 |W;Om; 10,09 7o1.228

n LuMy £.8205 1 14.946 0.80509 2 15.3997 \NyPy 8.81 7 1.41

B LuMpy  0.74232 5 16.702 0.719984 8 17.2200 |N;Py 8.76 7 1.42

vs LgNy  0.6550 1 18.930 0.63557 2 19.5072 |NuP; 10.40 7 1.192

mIn¥yw  0.633587 9 19,568 0.614776 9 20.1671 [NimOy 12.96 9 0.9t

vs LuCs 0.60125 5 20.621 NN 31.8 1 6.390

ve EnOre  0.6133 1 20.216 0.594845 O 20.8426 |NyNvivi 34.8 1 0.357

LuPry 0.59203 5 20.942 NeyOpy 43.3 Z 6.286

! Lty 1.0608 1 11.366 1.06712 2 11.6183 |NyiOv 42.1 2 0.295

oy LMy 0.944821 5 13.1222  0.922558 9 13.4388 |NyPry 8.60 7 1.4

o Lypbfy  0.93284 5 13.2007  ©.910639 9 13.6147

Bs Lily 0.8070 1 15.347 G.78838 2 15.7260 93 Neptunium %4 Plutonium

0.756642 ¢ 16.3857

i;“fgﬁ” 0.3 1 16.024 0“7522; ¢ 16;223 BoliMs  0.72671 2 17.0607  0.70620 2 17.5560

6 Lm0y 07546 2 16.431 0.73602 6 16.845 |f LM  0.689%07 5 17.989 0.66871 2 18.5405

B LyOwy ©0.7452 2 16.636 0.726305 ¢ 17.0701 [2L¥m  0.5873 5 2811 5.57068 2 21.7251

LaiPr 0.72521 5 17.096 va Lyl 0.5810 5 21.34 0.564001 9 21.9824

LinPry 0.72246 5 17.162 [V¢1a0nm 0.5432 1 22.823

B LMy 07088 2 17.492 0.68760 5 18.031 [v¢[:0nm 0.385 5 22.20 0.5416 1 22.801

B LMy  ©.7018 1 17.667 0.681614 8 18.2054 |7 lndfa 0.7809 2 15.876 0.7591 1 16.333

Lo 0.50006 5 20970 |5 InMry  0.698478 9 17.7502  0.67772 2 18.2987

o Loy 058986 5 21.019 |vs Inls 0.616 1 20.12 0.5988 1 20.704

LaOm 05725 1 21657 mImNiv  0.596498 © 20.7848  0.578882 9 21.4173

Br LM 0.74503 5 16.641 |78 i ) 0.5656 1 21.914

LN 0.6228 1 19007 |simOnv  0.57699 5 21.488 0.55973 2 22.1302

» LN 06031 1 20556 | LmMs 1.0428 6 11.890 1.6226 1 12.124

Ly 0.59728 5 20 75¢ | LmMry  0.901045 © 137507  0.88028 2 14.0842

LnPpm 0.5030 2 20.006 | [mMvy  0.880128 O 13.0441  0.86836 2 14.2186

Lot 10347 1 1108 |BImMy 0768 1 16.13 0.75148 2 16.4983

s LapMin 0.9636 t 12.866 (B Lmilry ) $.7205 i 17.208

Lol 078017 o 15897 | LmMv  0.736230 9 16.8400  ©.71851 2 17.2553

LMo 0.7691 1 16.120 B1lmOs 0.7003 1 17.765

% LmNyivr 0733603 O 16 7850 B Lm0y 0.70814 2 17.5081  0.69068 2 17.9506

LOn 0.7333 1 16.007 |G Ll 0.6482 1 19.126

L 0.7308 1 16062 |B Lady 0.6416 1 19.323

impﬂ,m 0‘72426 5 17 . 118 18 LmNVLVII G. ?031 1 1?.635

Ml 2.9 2 4.25 05 Americium

J I - 2753 8 4.5

MiOm 2,304 7 5.3%8 s LMp  0.68639 2 18.0627

MPr 2.2535 6 5.50 8 LM  0.64891 2 19.105¢

Mul; 3.441 5 3.603 3.3 4 3.724 |y LNy 0.554 2 22.361

Mgy 2.910 2 4.260 2.817 2 4.401 |g IuMy  ©.657655 9 18.8520

MOy 2527 4 4.906 2.443 4 5.095 |y LpNyy  0.561886 9 22.0652

My 4.456 4 2.786 4.330 2 2.863 |y InOw  0.54311 2 22.8282

Mmlre 3.614 2 3.4 3.521 2 3.521 §i Limy 1.0012 6 $2.38%

v MmNy  3.577 1 3.4657  3.479 1 3.563 o LipMry 0.860266 O 14.4119

MmO 3.45 9 3.82 3415 7 3.980 lm LmMy  0.848187 O 14.6172

MmOy  3.038 1 4.081 2.948 2 4.205 |8 LNy  0.73418 2 16.8870

Yo MyNg  5.193 2 2.3876  5.050 2 2.4548 I8 ImNry  0.70341 2 17.6258

Mol 4.625 5 2.681 |8 LmMNv  0.701390 9 17.6765

8 MoNe; 3827 1 32397 3716 1 3.3367 8 LmmOww 0.67383 2 18.3986
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TasiLe VI. Wavelengths in numerical order of the emission lines and absorption edges.

Wavelength Wavelength

4= p.e. Element Designation ke¥ A* p.¢. Element Designation ke¥
0.10723 1 92U K Abs. Edge  115.62 0.1408 1 829 KP 88.06
0.10744 i 92U KOman 315.39 0. 140830 5 82Pb K Abs. Edge 88.005
0.10780 2 92U K BNy 115.01 0.141012 8 82Pb KOy pix 87.922
0.10818 1 920  EBf KNy 114.60 0.14111 1 8Bi XK KMy 87.860
0.10837 1 92U EgH ENg: 114.40 0.14141 2 8% Ac Eay Kiyg 87.67
0.11069 1 92U  Kgs KMy 112.01 0.14158 3 8Pb Epg ENyvyw 87.59
0.11107 2 9% Ps K8t KN 111,62 0.14198 i 82Pb Kgd KN 87.364
0.11129 2 %1Pa KBH ENg 111.40 $.141948 3 83BI K& KMy 87.343
0.11139%4 5 %2V K EMy 111.300 0.14212 2 82Pb EgH KNy 87.23
0.112296 4 92U Kg EMn 110.406 $.142779 7 83Bi KB KMy 86.834
9.11307 1 9%Th K Abs. Edge  109.646 0.14399 3 87TFr Ke KLz 86.10
$.11322 1 %0Th KO m 109.500 $.14495 i 87Tl K Abs. Edge 85.533
0.11366 2 9WTh K8 KNy 169.08 0.14495 3 82Pb Egi KMy 85.53
g.11 S 9Th Kgt KNy 108,717 §.14509 1 8171 EOm 85.451
0.11426 1 90Th K& KNy 108.511 0.14512 Z 82Pb KgH KMy 85.43
0.114343 8 91Pa Kp KM 108.427 0.14512 2 8Ra Ka KLy 85.43
$.11523 2 91 P2 Kf KMwu 167.60 $.14553 2 81Tl Eg Ky 85.19
8. 116667 9 9Th KB KMy 106.269 §.14595 1 817TI Kgt KNy 84.946
g.11711 2 8%Ac KB# KNy 105.36 0.145970 6 82Pbv Kp KM 84.936
0.11732 Z 85 Ac KpE KNu 105.67 0.14614 i 81ITL KWk KNy 84.836
0.1173%6 9 9Tk K& KM 105.609 0.146810 4 82Pb Kgs KMy 84.450
0.118268 3 90Tk K& E¥My 104.831 0.14798 3 8Rn Ka KLy 83.78
0.12029 3 B88Ra Kgf KN 103.07 $.14896 3 87Fr K KLy 83.23
0.12050 3 38Ra K@U KNy 102.89 0.14917 1 8171 K EMwy 83.114
©.12053 2 8 Ac KB KMy 102.85 0.14918 i 80Hg K Abs. Edge 83.109
0.12143 2 8 Ac KB Ky 102.10 0.14931 2 80Hg EOu,m 83.04
$.12358 5 87 Fr KgF KNy 100.33 0.14978 2 80Hg KEs ENwvw 82.78
0.12379 5 87TFr KgH KNy 100.16 0.150142 5 81Tl Kg KM 82.576
0.12382 3 8Ra KB KM 100.13 0.15020 7 80Hg Kgt! KNy 82.54
0.1246% 3 8Ra Kpf KMy 99.43 0.15040 2 80Hg Kgu KNy 82.43
0.125947 3 92U Ko KL 98.439 0.150980 6 81Tl K8 KMy 82.118
0.12698 5 8 Rn KEg! KNy 97.64 $.15210 2 85At EKm KLy 81.52
0.12719 5§ 86Rn KM KNy 97.47 0.15294 3 8 Rn Ka KLy 81.07
0.12719 5 81Fr KB KMy 97.47 $.15353 2 80Hg K8 KMy 80.75
0.12807 5 87TFr KB KMy 96.81 0.153593 5 9Au K Abs. Edge 80.720
0.129325 3 91Pa Ka ELm 95.868 $.153694 7 79 Au KOunm 80.667
0.13052 4 85Ar KBt KNy 94.99 0.154224 5 19Au  Kg, KNyyv 803.391
0.13069 5 86Rn K KMay 94.87 0.154487 3 8Hg Ka KM 80.253
0.13072 4 85At KEp=- Kl 94.84 0.154618 ¢ 79 Au Kgt KN 80.185
0.130968 4 92U Ko KLy 94.665 0.15483 2 79Au Kt KNy 86.08
0.13155 5 8Rn KB Ky 94.24 0.155321 3 80Hg K KMy 79.822
$.132813 2 90Th Ko KLy 93.350 $.15636 1 84Po Ku KLy 79.29¢
0.13418 2 8P KEs! Kl 92.40 ©.15705 2 85At K Ky 78.95
©.13432 4 85At Ka KMy 92.36 $.157880 § SAu Kgd KMy 78.529
0.134343 % 91Pa K Kig 92.287 0.158062 7 79Au KU EM 78.438
$.13438 2 8Ps KpgH ENg 92.26 G.15818 1 187 Xk Abs. Edge 78.381
0.13547 4 8541 KB Kz 91.72 0.15826 i 78pt KOum 78.341
0.1356417 8§ 89Ac Ewm Ky 90.884 $.1588¢ 2 18Pt Kp KEdwy 78.069
0.13694 1 8B K Abs. Edge 90.534 0.158982 3 9An Ks KMy 77.984
8.13709 1 83Bi KOs 90.435 0.1592¢ 1 18Pt Kgf KN 77.878
$.13759 2 83Bi Es KHwvw 90.11 ©. 15939 1 78Pt EpgH KNy 77.485
0.137829 2 WTh Ka Kig 89.953 ©.159810 2 79As KB Ky 77.580
0.13797 1 83Bi Kgt ENm 89.864 0.160789 2 83Bi K Kim 77.1079
§.13807 2 8P K KM 89.80 0.16130 1 84Po Koy KLy 76.862
0.13817 i1 83Bi K¢ KNy 89.733 §.16255 3 18Pt  KgF KMy 76.27
$.13892 2 3P0 KB EMy 89.25 $.16271 2 18Pt Kp¥ Kb py 76.199
0. 14014 2 88Rz Ko KL 88.47 0.16292 1 7 X Abs. Edge 76.101




Tanre VI (Continued)

Wavelength Wavelength

A p.e. Element Designation keV * p.e. Element Designation keV
0.163019 5 1Tk KO 15y 76.053 0.190381 4 8Pt Ka Kl 65.122
(.16352 2 i1 E KB KNywy 75.821 §.1908 2 728f KB KN 64.98
0.163675 3 18Pt Ks KM 75.748 $.190890 2 73%Ta KB KMa 64,9488
0.163956 7 77Ir Kgd KN 75.619 $.191047 2 7TIr EKea Kl 64.8956
0.16415 1 77Ixr  EgH KNy 75.529 0.19585 5§ Mtiw X Abs. Edge 63.31
3.164561 3 8Pt K KM 75,368 0.19389 2 7ilLlu KOs, 057 63.293
$.165376 2 82Pb Ko KLy 74.9694 0.195904 2 7TIr Ko KLy 63.2867
G.165717 2 83BfF Ko KLy 74,8148 0.19607 3 72HI K KM 63.234
0.167373 g TIr Kgd KMy 74.G75 €.196794 2 7608 Ko KLy 63.0005
§.16759 2 77Ir  KaH KMw 73.980 €. 19686 4 12Hf K& Ky 62.98
0.16787 1 760s X Abs. Edge 73.856 0.1969 2 MMiuw Kg BNy 62.97
G.16798 1 760s EOpan 73.808 0.20084 2 M1iu Kj KMy 61.732
0.16842 2 160s K ENwwy 73.615 0.201639 2 7608 Koy KLn 61.4867
$.168542 2 MTIr KB KM 73,5608 0.20224 5 WY¥p K Abs. Edge $1.30
0.168906 6 760s Kgf KN 73.402 0.20226 2 0Vb KO 151 61,298
0.16910 1 760s Kt KNy 73.318 0.20231 § 71Llu KEg KM 61.283
0.169367 2 7ir Kgs KMy 73.2027 0.202781 2 75Re EKm K Lgys 61.1403
0.170136 2 8Tl Ko Kl 72.8715 0.20309 4 71iu KB KM 61.05
0.170204 2 82Pb Ko Kin 72.8042 0.2033 2 Y¥b KB ElNnm 60,89
0.17245 1 760s KB KMy 71.895 0.20739 2 7GYb A8 KMy 59,782
0.17262 1 760s KU KMy 71.824 0.207611 1 75Re Ka KLy 59.7179
$.17302 1 75Re K Abs, Edge 71.638 0.20880 5 69Tm X Abs. Edge 50.38
$.17308 i 75Re KOn 71.633 0.20884 8 WYb Ka KM 5%.37
0.173611 3 760s K KMy 71.413 0.20891 2 69Tm QO 59.346
0.17362 2 75Re K8 ENwy 71.410 0.2090100 Std. 14 W Ko KLy §9.31824
5.174054 6 75Re KpB! KNm 71.232 6.20%6 1 Yy KB KM 59.14
0.17425 1 73Re KEgH KNy 71.151 T 6.2008 2 69Tm Kg KNy 59.09
6.174431 3 60s K KM 71.077 (.213828 2 14W Ka KLy 57.9817
0.175036 2 81Tt Ken KLy 70.8319 0.21464 2 69Tm K8 KMy 57.923
0.175068 3 B0Hg Ko KLy 70.819 0.215497 4 73Ta Ea KL 57.532
0.17766 1 75Re Kpgd KMy 69.786 0.21556 2 69Tm Ks KM 57.517
0.17783 1 75Re KgiH! KMy 69.719 0.21567 i1 68Er K Abs. Edge 57.487
0.17837 i 14w X Abs, Edge 69.508 0.21581 3 68 Er KOnan 57.450
0.178444 5 14W KOu1mx 69.479 $.21592 4 T4W RKiy 57.42
0.178880 3 75Re Kp KMy 69.310 0.21636 2 69Tm KB EMy 57.304
0.17892 2 74W K KNrew 69.294 0.2167 2 68Er Kg KNpm 57.21
0.179421 7 T4W KBt RNz 69.101 0.220305 8 73Ta Kay KLy 56.277
0.17960 1 74W KgH KNy 65.031 $.22124 3 68Er K8 KMyvy 56.040
0.179697 3 75Re Kps KMy 68.994 $.222227 3 72HI Ko Kl 55.7902
$.179958 3 80Hg Ko Kip 68.895 0.22266 2 68Er KB KM 35.681
0.180195 2 79Au Ko KLy 638.8037 $.22261 1 67THe K Abs. Edge 53.619
0.183092 7 14W KB} EMv 67.715 0.22305 3 67 Ho ROp1x 55.584
0.183264 5 4w EgH KMy 67.652 0.22341 2 68FEr Kps KMn 55.494
0.18394 i 73Ta K Abs. Edge 67.403 0.2241 2 67He KB ENpm 55.32
0.184031 7 13T KOs 50 67.370 $.227024 3 712H{ Eea Eiy 54.6114
0.184374 2 14W KB EMm 67.2443 0.22855 3 67Ho KB EMyy 54.246
0.18451 1 7372 KB KNy 67.194 0.229298 2 1lu Ke KL 54.0698
$.185011 8 73Ta Kgd KN 67.013 0.23012 2 67THo K5 KMy 53.877
0.185075 2 79Au Ko Klig 66.9895 * | 0.23048 i 6Dy X Abs. Edge 53.793
6.185181 2 7AW KB KMy 66.9514 0.23056 3 66Dy KOs 33.774
0.185188 9 73Ta KpH ENn 66.949 0.23083 2 67Ho KB KMy 53.71%
0.185811 4 78Pt K KLny 66.832 0.2387 2 66Dy K KRy 53.47
0.18672 4 79 Aun KLy 66.49 0.234081 2 71ily Keas Kiy 52.9650
0.188757 6 73Ta KB KMy 65.683 0.23618 3 66Dy KB KMy 52.494
0.188920 6 73Ta KB& KMy 65.626 0.236655 2 Vb Ee ELm 52.38890
0.18982 5 72Hf K Abs. Edge 65.31 ©.23788 2 66Dy KB KMy 52.119
0.1%0089 4 73Ta Kg KM 65.223 0.23841 i 68Th K Abs. Edge 52.002




Tantr VI (Continyed)

Wavelength , Wavelength

A p.e. Element Designation keV As p.e. Element Designation keV
$.238538 3 657h EOp i 51.965 $.315816 2 58Ce Ka KMy 39.2573
$.23862 2 66Dy KB EMy 51.957 $.316520 4 58Ce KB KMy 38.1701
$.2397 2 65T Ep KN 51.68 0.31844 5 57La K Abs. Edge 38.934
$.241424 2 0¥ Ko Kig 51.3540 0.31864 2 57la EOnm 38.909
$.244338 2 68Tm Koy KLy 50,7416 $.31931 2 57La KEgd ENwyw 38.828
$.24608 2 65Th Kp EMwm £0.382 0.320117 7 57La K8 KW m 38.7299
§.24681 1 64Gd K Abs, Edge 50.233 $.320160 4 61Pm Ko KLy 38.7247
$.24683 2 65Th  KEps KM 50.22% $.324803 4 61 Pm Ka KLy 38.1712
§.24687 3 64Gd ROpm 56,221 $.32546 2 571la K& KMy 38.094
$.24816 3 64Gd KB KNy 49,958 §.32563 2 57La KEg¥ EMyw 38.074
0.245085 2 69Tm Koo KLy 49.7726 §.327983 3 571la Kg KM 37.8010
$.252365 2 68Er Eum KEilm 49,1277 0.328686 4 37%La Kg KMy 37.7202
§.25275 3 64Gd K5 EMwveyw 49.052 $.33104 1 56Ba KX Abs. Edge 37.452
§.25460 2 64Gd KB KM 48.697 $.33127 2 56 Ba KOnm 37.42¢
0.25534 2 64Gd KB KMy 48.555 0.331846 2 Nd Ka KLy 37.3610
§.25553 i1 63Ee K Abs, Edge 48.519 0.33229 2 56Bas KpHM KNyy 37.311
0255@5 7 63 Eu KGIX.III 48.497 033277 i 56Ba Kﬂg KNILIIZ 3?257
0.255923 8 63Ec KBt KRym 48.256 0.336472 2 ONd Ko KLy 36.8474
0.257110 2 68 Er Kag KLy 48,2211 0.33814 2 36Ba Kgd Kify 36.666
§.260756 2 687THo Ka Kl 47.5467 0.33835 2 56Ba Kgit KX 36.643
$.263377 5 63Eu Xg KMy 47.0379 0.340811 3 56Ba KB KMy 36.3782
0.264332 5 63Eu KB KMy 46.9036 0.341307 4 56Ba K@ KM 36.3040
0.26464 5 628m K Abs. Edge 46.849 0.344140 2 59Pr Ka KLy 36.0263
0.26491 3 628m KO 46.801 0.34451 1 5885¢ K Abs. Edge 35.987
0.265486 2 67Ho Kas KLy 46.6597 0.34611 2 35Cs Kp ENwm 35.822
0.2662 1 625m KB, KNy 46.57 0.348749 2 59Pr Ka KLy 35.5502
0.269533 2 66Dy Ko Kl 45.9984 $.354364 7 55Cs K KMy 34.9869
§.27111 3 623m KB KMy 45.731 0.355050 4 35Cs KB KMy 34.9194
0.27301 2 62Sm Kp EMur 45.413 $.357092 2 58Ce Ko KLy 34.7197
§.27376 2 625m Eg KMu 45.289 0.3584 5 54Xe X Abs. Edge 34.59
0.274247 2 66Dy Koy KLy 45.2078 $.36026 3 54Xe K8 KNu 34.415
0.27431 5 6t Pm K Abs. Edge 45.198 0.361683 2 58Ce Ka KLy 34,2789
0.2759 1 61Pm KB KN, 44,93 0.36872 2 5%4Xe Kp KMy 33.624
0.278724 2 65Th Ko KLy 44,4816 0.36941 2 34Xe K8 KMy 33.562
0.28290 3 61 Pm KB KM 43.826 0.370737 2 57La Ko KLy 33.4418
$.283423 2 65Th Ko KLy 43.7441 $.37381 1 531 K Abs. Edge 33.1665
0.28363 4 61 Pm K8 EMu 43.713 0.37523 2 531 K@, KN 33.042
0.28453 5 60Nd X Abs, Edge 43.574 0.375313 2 57La Ken KLy 33.0341
0.2861 1 0ONd EKp KNeam 43.32 0.383905 4 531 Kg EMuys 32,7947
$.288353 2 64Gd K Kim 42.9962 0.384564 4 531 KBs KMy 32.2394
©$.293038 2 64Gd Ko Kl 42.3089 §.385111 4 36Ba Ko Kim 32.1936
0.29329% 2 60Nd Kg KM 43.2713 0. 385668 5 56Ba Ka KLy 35.8171
0.294027 3 60Nd K8 KMy 42.1665 0.38974 i 527Te KO 31.8114
0.20518 5 $9Pr K Abs. Edge  42.002 0.38974 1 52Te K Abs.Edge  31.8i14
0.29679 2 5Pr KB BNy 41.773 0.391162 6 52Te KB KNy 31.7004
(.298446 2 63Eu Ko KLy 41.5422 0.399995 5 52Te Kf KMy 30.9957
$.303118 2 63Eu EKa KLp 40.9019 0.400290 4 55Cs Ko KL 30.9728
0.304261 4 39Pr KB KM 40.7482 0.400659 4 32Te Kps KMy 30.9443
$.304973 5 59Pr KB KMy 40.63529 0.404835 4 55Cs Koy Kip 30.6251
0.30648 5 58Ce K Abs. Edge 40.453 0. 40666 i 518b KOp 30.4875
$.30668 2 58Ce KOpm 40.427 0.40668 1 5isk K Abs, Edge 30.4860
$.30737 2 58Ce Kgd KNwww 40.337 0.40702 1 51Sb Kgd ENwww 30.4604
$.30816 i 58Ce K& ENnn 40.233 0.407973 5 518 Kg ENyam 36.3895
0.309040 2 628m Ko Kl 40.1181 0.41378 I 518b Egd My 29.9632
0.31342 2 58Ce Kad KMy 39.558 0.41388 1 5i8b EgH KMy 29,9560
0.31357 2 58Ce KBt EMe 39.539 0.41634 2 54Xe Ko KLy 29.779
0.313698 2 6285m Kea Kin 39.5224 0.417085 3 3518h Ks KM 29.7256
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Tansrs VI {Continued)

Wavelength Wavelength

A p.e. Element Desigpation keV A* p.e. Element Designation keV
0.417737 4 518h K8 KMy 25.6792 ©.546200 4 45Rh Kpg KMy 22,6589
§.42087 2 34%e Ko KLy 26.4538 0.5544 2 95Am Ly Lilly 22.361
0.42467 3 5580 KOpm 29.193 0.58572 1 %Py Ly Abs. Edge 22.253
0.42467 1 585 X Abs. Edge 29.1947 0.5585 5 %3Np Iy L3O, 133 22.20
0.42495 3 35n K KENyyw 29.173 0.5594075 6 47 Ag Key KL 22.16292
0.425915 8 303a KB ENvw 29.1093 0.55973 2 94 Pu Ly LpOry 22.15062
0.43175 3 50S8n KB KMy 28.716 0.56051 1 #4Rue K Abs. Edge 22,1193
©.43184 3 508n KU KMy 28.716 0.56089 S 44Ru Kg ENwy 22.104
(.433318 5 531 Koy Kl 28.6120 6.356166 3 4Ru K8 KNy oy 22.074
$.435236 5 05 Xs KM 28,4860 0.561886 9 95 Am ILw LNy 22.0652
(.435877 5 5052 KB K¥y 28.4440 G.563798 4 47Ag K KLy 21.9903
0.437829 7 831% Koy Kin 28.3172 §. 5064001 9 %4 Pu Ly Lelyx 21.9824
0.44371 i 49In K Abs. Edge 27.9420 $.5658 1 94Pu Ly L0y 21.914
0.44374 3 45In KO 27.940 0.56785 9 44Ru Kg' KMy 21.834
0.44393 4 49In KB KNy 27.928 0.5680 2 44Ru KEpHU KMy 21.82%
D.44500 1 49In KB KNy 1 27.8608 0.5695 1. 920 L Abs. Edge 21,771
0.45086 2 49In K KMy 27.499 0.5706 1 92U Ly LiPugn 21,729
$.45098 2 49Ic KgH KMy 27.491 0.57068 2 %4 Py Ly LNy 21.1251
0.451295 3 52Te Ko Kl 27.4723 0.572482 4 44Ru K8 KM 21.6568
0.454545 4 49In KB KM 27.2739 0.5725 i 920 L0y 21.657
0.455181 4 49In KB K¥n 27.2377 0.573067 4 44Ru Kg; KMy 21.6346
0.455784 3 52Te Ke KLz 27.2017 0.57499 9 92U Ly LiOmy 21.562
0.46407 1 48Cd X Abs, Edge 26.7159 0.576700 S 92U Ly L0y 21.4984
0.465328 7 48Cd KB ENpm 26.6438 0.5769% 5 93Np Ly LDy 21.4828
0.470354 3 51Sb Key KLy 26.3591 0.578882 9 94 Pu Ly LNy 21.4173
0.474827 3 518b Koy KLy 26.1108 0.5810 5 93Np Ly Ly 21.34
0.475105 6 48Cd K@ KM 26.0955 0.585448 3 46P¢ Ko Kl 21,3774
0.475730 5 48Cd KB KMn 26.0612 0.5873 5 93Np Ly LNy 21,11
0.48589 1 47TAg K Abs, Edge 25.5163 0.58906 1 43Te K Abs, Edge 23.0473
(.4859 9 47 Ag KB KNyyv 25.512 0.589821 3 46Pd Ka Kip 21.0201
0.487032 4 47Ag KB KNy 25.4564 0.58986 5 92U  ILvys LiNy 21.019
9.490599 3 508 Ke K L 25.2713 0.59024 5 43Tc KB KNy 21.005
§.49306 2 47Ag KB KMy 25.145 0. 59096 5 92U Lilyy 26.979
$.495053 3 30Sn Ko KLy 25.0440 0.5919 1 929 Ly Abs. Edge 20.945
0.49706% 4 47 Ag K& KM 24.9424 0.59203 5§ 92U Ly Pry 20.942
0.497685 4 47 Az KB KMy 24.9113 0.5930 2 920 Ly Prain 20.906
0.5092 i 46Pd X Abs. Edge 24.348 0.5937 1 91 Pa Iy LiOum 20.832
0.5093 2 46Pd KB, ENww 24,346 0.594845 9 92U Ly L 20.8426
0.510228 4 46Pd KB KNum 24.2991 0. 556498 $ W Np Ln LyNsy 20,7848
0.512113 3 49In  Key KLm 24.2097 0.59728 5 92y LpOm 20.758
0.516544 3 499In Koy KLy 24.0020 0.598574 9 92U Ly Lyl 20.7127
0.51670 ¢ 46Pd KB EMivy 23.993 0.5988 1 94Pu Ly LNy 20.704
0.520520 4 46Pd KB KM 23.8187 0.60125 8 92U Ly LyOy 20.621
0.521123 4 46Pd KB KMn 23.791% 9.60130 4 43Tc K KM 20.61%
0.53395 i 45Rh X Abs. Edge 23.2198 §.60188 4 43Tc Kg KMn 20.599
0.53401 9 45 Rh Kgd ENwy 23.217 0.6031 1 92U Iy Lyl 20.356
0.535010 3 48Cd Ex KL 23.1736 0.605237 9 920 In Ly 20.4847
$.53503 2 45Rh Kﬁz K.Nu’u;( 23.1728 $.6059 1 9 Th Lz Abs, Edge 20464
0.53513 5 45Rh Kgkt KNy 23.168 §.60705 8 9Tk Lys L3 Pyan 20.424
0.5365 1 94Pu L Abs. Edge 23,109 0.60683 I 907Th LiOwy 20.383
£.539422 3 48(Cd Ko KLy 22.9841 0.61098 4 90Th Iws E30m 20.292
0.54101 9 45Rh K@ KMy 22.917 0.61254 4 90Th Iy L1205 20.242
(.54118 9 45Rk  KBHU KMy 22.909 0.6133 1 %1 Pa Ly LyOw 20.216
0.5416 1 %4Pu Ly LyOmys 22.851 0.613279 4 45Rh Ke Kim 20.2161
0.54311 2 95Am Ly LyOry 22.8282 0.6146 i 30Th L0y 20.1%4
0.5432 1 94Pu Ly LyOx3 22.823 0.614770 9 R2YU Im Ll 20.1671
0.545605 4 45Rh KB KM 22.7236 $.6160 i %7Th LiNvian 20.128




Tavie VI {(Continued)

Wavelength Wavelength

A* p.e. Element Designation keV A* p.e. Element Designation keV
0.616 1 93Np Iy LuHy 20.12 $.67383 2 95Am I8 LyniCrvy 18.3996
0.6169 1 91 Pa Ly LNy 20.098 §.67491 4 %Th Ly Llly 18.370
0.617630 4 45Rh K KLy 20.0737 {.67502 3 43Tc Ea Eirm 18.3671
0.61978 1 42Mo K Abs. Edge 23.0039 0.67538 5 8Ra Lys Ll 18.357
0.62001 9 42Mo Kgd KNy 19.996 0.6764 i 88Ra L3110 18.330
$.62099 Z 42Mo KB ANy 19.9632 0.67772 2 94Pu I Lygdhry 18.2937
0.62107 5 42Mo Ka.it KNy 19.963 0.6780 1 88Ra LuOn 18.286
0.6228 1 92U LNy 19.907 0.67932 3 437Tc Kay Kig 18.2508
0.6239 1 91P2 Ly LNy 19.872 0.6801 1 88 Ra Iy LnOr 18.230
0.62635 9 937Th Zwn LNy 19.7%4 0.681014 8 92U IS LMy 18.2054
0.62692 5 42No KBl EMy 19.776 0.68199 5 B8Rs Ly Lilex 18.17%
8.62708 5 42Mo KgY KMy 19.771 0.68639 2 $5Am LB Ly 18.0627
0.6276 i1 90 Th LNy 19.755 0.6867 1 94Pu  Lin Abs. Edge 18.054
0.6299 1 90Th Iy Abs, Edge 19.683 0.6874 1 83Ra LNy 18.0386
0.62991 9 90 Th Ly Pry 19.682 0.68760 5 92U  Lfn Ly 18.031
0.6312 i 907Th Ly Prram 19.642 0.68883 1 40Zr K Abs. Edge 17.9989
0.6316 1. 907Th Ly Py 19.629 0.68901 5 40Zr KB KNy 17.994
0.632288 9 42Mo Kp KM 19.6083 0.68920 9 93 Np Lps LiM ey 17.989%
0.63238 4 90Th Ly LyiOry 19.599 0.68993 4 40Zr KB KNy 17.970
0.632872 2 42Mo KB KMy 19.5%03 . 69068 2 %Pu LB LisOrvyv 17.9306
0.63358 9 91Pa Iy LytNyy 19.568 $.6932 i 88Ra Luliy 17.884
0.63557 2 920 Ly Luly 19.5072 0.69463 5 B88Ra ILw LN 17.849
0.63559 4 WTh Ly LyNix 19.507 0.6959 1 40Zr KB EMyvy 17.815
0.6356 1 $07Th LyOrpy 19.506 0.698478 9 93 Np I LMy 17.7502
0.636% 1 %07k LaOgn 19.466 §.7003 1 %4 Pu LB L0 17.705
0.63898 5 90Th Lvs Ly0y 19.403 0.70139C $ 95Am LB LyiNv 17.6765
0.64064 9 99Th Ly Lyl 19.333 §.70173 3 40Zr Kp KM 17.6678
0.6416 1 %4 Pu LB LMy 19.323 6.7018 1 91Pa IL§s Lilty 17.667
0.64221 4 90Th Iny Lyl 19.305 0.70228 4 40Zr KBs KMy 17.654
0.643683 4 44Ru Ko KLy 19,2792 0.7031 1 %4Pu  Lu Lyanlvive 17.635
0.6445 1 88Ra Ij Abs. Edge 16,236 0.70341 2 95Am I8 LNy 17.6258
0.64513 5 8Ra Iy LiPy 19.218 §.7043 1 88Ra Lyl 17.604
0.6468 1 8Ra LiOwy 19.167 $.70620 2 9% Pu ILg, LMy 17.5560
0.647408 5 4Ru Ko KLy 19.1504 0.70814 2 93Np LB LImOw,v 17.5081
0.64755 5 90Th LNy 19,146 £.7088 2 91 P2 LB LiMyy 17.492
0.6482 1 %4 Pu LB LMy 19.126 §.769300 1 42Mo Ke KLy 17.47934
0.64851 2 95Am 1B Lsbyzs 19,1059 ¢.71029 2 92U Iss Lybfynx 17,4550
0.64955 5 8Ra Ly L0y 18,084 0.713590 6 42Mo Koz KLy 17.3743
0.65131 5 88Ra Ly Lx0p 12.036 §.71652 9 BT Fr Ly LNy 17.303
4.6521 1 90Th Lyliy 19.014 8.71774 S 88Ra Iws EnBy 17.274
0.65298 i 4INb X Abs. Edge 18.9869 §.71851 2 %4Pu Ip LNy 17.2553
0.633213 3 WTh Ly Lulye 18.9828 $.719984 8 920 is Lalyy 17.2200
0.65318 5 41Ny Kg KNy 18.981 0.7205 1 94Pu  IBs Ly 17.208
0.55416 4 44Ny KB KNy n 13.953 0.7223 1 920  Im Abs. Edge 17.185
$.6550 i 91 Pa Iy Lylis 18.930 0.72240 5 920 Lt Prey 17.162
$.657635 9 95 Am I Lyl ey 18.8520 0.7234 1 90Th LB Lty 17.13%
0.6620 1 %7Th Lyl 18.729 0.72426 3 9270 LinPyum 17.118
0.6654 1 8Ra ILyn LNy 18.633 0.72521 5 920 LiiPy 17.096
B.66576 2 4Nb KB B3y 18.6225 0.726305 9 92U i LinCOrey 17.0701
G.66634 3 41Nb KB KMy 18.6063 0.72671 2 93 Np I8 Egdilys 17.0607
0. 6666 1 88Ra LilNyy 18. 600 0.72766 5 Y K Abs. Edge 17.038
§.66871 7 94Pu Igs LMy 18. 5498 0.72776 53 39Y K& KWy 17.036
G.6707 i 8Ra Ip Abs. Edge 18.486 0.72864 4 39Y Kg EWNgam 17.0134
6.6714 1 88 Rs Ly Pry 1z 18.466 {.7301 1 0T: LB Libiy 16.981
0.6724 1 88Ra LnPy 18.43% 0.7309 1 92U EyyiOrix 16.962
$.67328 5 88Ra Iy Ly 18.414 ©2.73230 5 %1 P2 Igs Ls#m 16.930
©.67351 S 8 A Im Lusllyy 18.408 $.7333 1 8290 L3300 16.987
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Tasre VI {Continued)

Wavelength Wavelength

A* p.e. Element Designation keV A* p.e. Element Designation keV
0.73418 2 95Am LB Lyl 16.8875 $.78292 2 385 K KMz 15,8357
0.7345 1 39Y Ks KMy 16.879 0.78345 3 385 Kss EMy 15.8249
§.73602 6 92U Lg: LzryOy 16.845 0.7858 1 82Pb L L0 15,777
§.736230 g 93Np Lg Lyuly 16.8400 0.78593 1 40Zr Ko KL 15.7751
$.738603 9 92U L Lynlvivn 16,7859 0.78706 7 82pPh Ly E:0s; 15.752
0.73928 Q@ 8 Rn Im Il 16,770 0.78748 ¢ 84Pe Ly Ll 15,744
0.74072 2 3Y K& KMy 16.7378 $.78838 2 92U LI Lyl 13.7260
0.74126 3 Y K KMy 16.7258 0.7884 1 82¥Fb LsNyy v 15.725
$.74232 5 91 Pa Lf Ly 16.702 $.7887 i 83B Iy Abs. Edge 15.719
0.74503 5 %20 Iy Lyl 16.641 0.78%G3 g 8% Ac ILg Ly 15.713
0.7452 2 91 Pa LB LinOw .y 16.636 0.78917 5 83BL  ILys Ll 15,7102
0.74620 1 41 Nb Kg KLy 16.6151 0.7897 1 8Ph L; 0 15.699
0.747985 ¢ 92U Lg LMy 16.5753 0.79015 1 40Zr Ku KLy 15,6909
§.75044 i 41 Nb Ko KLy 16,5210 0.79043 3 83Bi Ly LiOry 15.6853
0.75148 2 94Pu LB Lyl 16.4983 $.79257 4 90Th Ig Lrdy 15.6429
0.7546 2 91 Ps  Lf L0y 16,431 0. 79257 4 90Th Igy LMy 15.6429
0.734681 9 92U Ig Ly 16.4283 0.79354 3 907Th Lg, Lynv 15.6237
0.75479 32 9WTh I LMy 16.4258 0.79384 5 83Bi L0z 15.6178
0.756642 9 92U LB LNy 16.3857 0.79539 5 90Tk L8 LygNey 15.8875
0.736%C 3 83Bi  iIve LiPrror 16.3802 0.79565 3 83BiI Ly LilNy 15.5824
0.7571 i 8B Iy Abs, Edge 16.376 §.79721 g 83B1L Iv LyHvyz 15.352
0.7579 i 90Th LMy 16.359 0.7973 I 83Bi Ly Ly 15.551
8.75791 5 83Bi LyOpy v 16.358 G.8022 1 83Bi LaNy 15.456
0.7591 1 94Pu  In Ly 16.333 0.80233 9 82Pb Ly EilNv 15,453
0.7607 1 90Th ILm;m Abs. Edge 16,299 0.80273 5 88Ra IS LMy 15.4449
0.76087 3 S90Th LiiPrvy 16.295 0.8028 i 88 Ra ILm Abs, Edge 15.444
(. 76087 3 83Bi Ly LiOmz 16.2947 §.80364 7 8Pb LNy 15,427
0.76198 3 83Bi Lv/ Ly0gx 16,2709 -0.8038 1 88Ra LyPrm 15.425
0.,7625 2 901h LytPrm 16.260 0.8050 I 8Ra Ly Py 15.402
0.76289 9 85At Im LygWyy 16.251 0.8050% 2 92U Iy LMy 15.3997
0.76338 5 9Tk Ly Py 16.241 0.80627 5 88Ra I LiiOw v 15.3771 °
0.7641 5 83 8Bi Ly vir 16.23 0.8079 I 91Pa I8 LZynNy 15.347
0.7643 2 84Po Ly LyOw 16.218 0.8081 1 817TL %L Abs. Edge 15.343
0.76468 5 90Th I LinOwv vy 16,213 (.8082 i 90Th LynNym 15.341
$.765210 9 9Th La LaMyy 16,2022 0.80861 5 81711 LiCiv v 15.3327
$.76857 5 8Ra Lgs LiM+ 16,131 §.81163 g 9 Th LMy 15.276
0.759 1 9 Np L8 LNy 16.13 0.81184 5 81Tl Ly LyOi 15,2716
G.7690 i 90Th LinnOr 16.123 0.81308 5 81711 Lvd L0 15.2482
0.76%1 i 927 LN 16,120 0.81311 2 8Bi Inm Lule 13,2477
0.76973 5 38sr K Abs. Edge 16.107 0.813758 5 88Ra Ip LMy 15.2358
0.7699 1 91 Pa LB LMy 16.104 0.8147 1 82Pb Ly LsNyy 15.218
$.76985 5 38Sr Kps KNy 16.104 0.81538 5 82Pb In Abs. Edge 15.2053
0.77081 3 3885 K& KNgm 16.084¢6 0.8154 2 3TRb Kp KNy 15.205
0.7713 i 90Th LiOn 16.074 0.81554 5 37Rb K Abs. Edge 15.2023
0.772 1 84Py Ly LilNw 16.07 0.8158 1 81T L:04 15.198
$.7737 i 91Pa LB Lynlv 16.024 0.81583 5 8zPb Ly Py 15,1969
0.77437 4 9Th L Ly 16.0105 0.8162 i1 8Ras L& L0y 15.1%0
0.77546 5 88Ra Lpw LMy 15.988 0.81645 3 37Rb KB ENwsn 15,1854
0.7764 1 388 KB KMy 15.969 0.81683 5 82Pb Lws LyOrwv 15.1783
0. 77661 5 90 Th Ly L};}vi,vn 15.964 0.8186 i 88 Ra Lz’d LHINVI;VH 15. 146
0.77728 5 83Bi ZLmwn LNy 15.951 0.8190 2 %07Th Loy 15.138
0.77822 9 8% Ac LS LMy 15.931 0.8200 1 82Pb LG 15.120
0.77954 5 83Bi LiNgy 15.904 0.8210 2 82Pb Lwe LN 15.101
0.,78017 9 92U LNy 15.892 $.8219 1 3"Rb KB KMy 15.085
0.7809 2 93Np Iy Laly 15.876 0.82327 7 82Pp Iz LWy 15.060
0.78196 5 8P I Abs. Edge 15.855 0.82365 5 8P Ly L0y 15.0527
$.78287 7 82Pb LyOwy 15.843 0.8248 i B3Bi LxxlNexs 15.031




Tasry VI (Continued)

Wavelength Wavelength
Ax p.e. Element Designation keV A* p.e. Element Designation keV
0.82789 9 8TFr Ig Lil sz 14.976 0.87088 5 88Ra I8 LNy 14.2362
0.82795 8 90Th I8 Lgulx 14.975 0.8722 1 80Hg LIy Abs. Edge 14,215
0.82859 7 82¥%b LNy 14.963 0.87319 7 80Hg Iy LsiOre 14.19%
$.82868 2 31Rb KB KMy 14.9613 0.87526 1 388 Ka K Lss 14.1650
0.82879 5 81Tl Lwva Ly 14,9593 0.87544 7 80Hg Ly LiNw 14,162
$.82884 1 3%9Y Ko KL 14.9584 (.8758 i 80Hg L3530 14.156
©.82921 3 37Rb K8 KMy 14.9517 0.8734 1 80 Hg Ly:Ony i4.114
§.8295 1 91 Pa Iy LyMy 14.946 0.8785 i 36Kr Kg KMy 14.112
0.83001 7 8171 Ly 14.937 0.87885 7 80Hg Iin LyNys 14.107
$.83305 1 39Y Ko Kiy 14.8829 0.8790 I 36Kr K@ KMy 14.104
0.8338 1 907Th LMy 14.869 0.87943 i 3885r Ko Kin 14.0579
0.8344 9 83 Bi LyNy 14.86 0.87995 7 8Hg Lvs LyiOr 14.090
9.8350 2 80 Hg L0y v 14.847 0.87996 5 81Tl LNy 14.0893
0.8353 1 80Hg I Abs. Edge 14.842 0.88028 2 94Pu Loy LynMry 14.0842
0.83537 8§ 88Ra I8 LNy 14.8414 0.88135 9 85At I Ly 14.067
0.83722 5 88Ra LBy LNy 14,8086 0.8827 2 80 Hg LNy 14.043
0.8382 2 82Pb Ly 14.79% 0.83433 7 WAuw  Lys Ly 14.020
0.83894 7 80 Hg Ly LyOnys 14.778 0.88563 7 79 Au Lilyy 13.999
0.83923 5 83IBi Ly LNy 14,7732 0.8882 Z 811 LMy 13.959
0.83940 9 81Fr ILp LMy 14.770 0.882128 9 9B Np L Ly 13.9441
0.83973 3 8P Iy LNy 14,7644 0.8931 1 78Pt Ly Abs, Edge 13.883
0.84013 7 80Hg Ly Ly 14.757 0.8934 i 78Pt LyOy 13.878
0.84071 5 88 Ra Lgs LMy 14.7472 0.89349 9 85At L LMy 13.876
0.84130 4 81Tl ILvs Lyl 14,7368 0.8943 i 18Pt LiOry 13.864
0.8434 1 8171 Iy Abs. Edge 14.699 0.89500 4 81T1 Ly LNy 13.8526
0.8438 1 88Ra L8 Lydl 14.692 0.89646 5 80Hg Imnm LulNyy 13.8301
0.8442 2 BITL Ly LyiOry 14.685 0.89659 4 8Pt Ly LyOyiy 13.8281
0.8452 2 80Hg L300 14.670 0.89747 4 8Pt Lyd Ly0xn 13.8145
0.84773 5 81Tl Ly LiNgp 14.6251 (.89783 5 VAun Ly LiNys 13.8090
0.848187 9 95Am Lo LMy 14.6172 6.89791 3 83Bi L@ LM 13.8077
0.8490 1 8171 LysOry 14.604 0.8995 2 18Pt Ly0y 13,784
$.85048 5 8171 ILs LNy 14,5777 0.8%96 2 84Po L LigOwy 13.782
0.8512 1 88Ra LNy 14.566 0.901043 9 93 Np L LMy 13.7597
0.8513 2 81Tl Ly InOy 14.564 0.90259 5 79Au Ly Abs, Edge 13.7361
(.85192 7 82Pb LN 14,553 0.90297 3 9Au Ly LyxOry 13,7304
0.85436 S 8Rn ILp Ly 14.512 0.90434 3 19Aun Ly LNy 13.7095
§.85446 4 90Th Iy LMy 14.5099 0.90495 4 83Bi LB LiMyy 13.7002
0.8549 8171 Ly 14,303 0.90638 7 79 Au LG 13.679
$.85657 7 80Hg L LNy 14.474 0.90742 5 8Ra Ig Lyl 13.6630
0.858 2 81Fr I LynNv 14.45 0.90746 7 79 Au L0 13.662
(.8585 3 82Pb LNty 14,442 0.90837 5 Aun Ly Lyslivy 13.6487
0. 860266 9 95Am Loy LMy 14.4119 0.50894 7 80 Hg LyNu 13.640
0.8618 1 8% Ra Lyl 14.387 0.9091 3 84Po I Ll 13.638
- 0.86376 5 WAun L Abs. Edge 14.3537 0.90989 5 79Au Ly, Ly 13.6260
0.86400 5 79 Au Li0w v 14.3497 0.910639 9 92U Lo LM~ 13.6147
0.86353 2 36Kr Kp KNy 14.328 0.9131 1 79 Au LNy 13,578
0.86552 1 36Kr K Abs. Edge 14.3244 0.9143 2 78Pt  Lyy LNy 13.560
0.86605 9 8Rn Is Lydlry 14.316 0.9204 1 35Br K Abs. Edge 13.470
0.8661 1 36Kr K8 KNy i4.315 0.92046 2 35Br KB KNy 13.4695
0.86655 5 82Pb Ly Ly 14.3075 0.9220 2 8P Lg LMy 13.447
0.86703 4 79Au Ly LyOm 14.2996 0.922558 9 92U  Le LMy 13.4388
0.86752 3 81T Im LyNyy 14.2515 0.9234 1 83Bi Lip Abs. Edge 13.426
$.86816 4 9Aun Ly LiOn 14,2809 0.9236 1 77y Iy Abs. Edge 13.423
0.86830 2 9%4Pa Le LyiMy 14.2786 0.92413 4 83Bi Lyt Prronn 13.4159
©.86915 7 3 Hg Ly LiK 14.265 0.9243 3 Mir L0y 13.413
0.87074 5 79 Au L0y 14.2385 $.92453 7 8Hg Ly Lyt 13.410
$.8708 2 3Kr KB KMy 14.238 $.9253 1 35Br K5 KMy 13.396
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Tasre VI {Continved)

Wavelength Wavelength

A% p.e. Element Designation keV Ax p.&. Element Designation keV
0.925553 9 37TRb Ea K Ly 13.3953 . G.96788 2 90Th Lo LMo 12.8096
0.92556 3 838BL Ig LiiOwv v 13.3933 0.96911 7 82Pb Igs LM ysx 12.7933
0.92650 3 BAu Im LWy 13.3817 0.9697¢ 5 7Ir LyxOryz 12.7843
©.9268 1 82Pb I8, LM~ 13.377 0.97161 6 MMk Ly LaHvy 12.7603
0.92744 3 Wk Ly L0y 13.3681 0.97173 4 8Pt Lyl 12.7588
0.92791 5 98Pt Ly Ll 13.3613 $.97321 5 83Bi Lyl 12,7394
0.92831 3 NI Ly LsOy 13.3555 4.97460 3 WTIr Ly Inta 12,7279
0.92937 5 8P Lg LyslNvy 13.3404 0.9747 i 82Pb Loty 12.720
§,92969 1 37Rb Ko Kiy 13.3338 G.9765 3 0s I LNy 12.696
0.9302 2 83Bi L0y 13.328 0.9766 2 i Lily 12.695
0.9312 2 84Po LB LynNoy 13.314 0.97690 4 83BI  Lg, Lyl 12.6912
0.9323 2 83Bi LyyyOyy 13.298 0.,9772 3 760s LyNyy 12.687
0.93279 2 35Br Kgs KMy 13.2914 0.9792 2 78pt LNy 12.661
0.93284 5 61 P Lo LM 13.2907 $.97926 5 81Tl LanPun 12.6607
$.93327 5 35Br K KMy 13.2845 0.9793 1 8171 Ly Abs. Edge 12.660
0.9339 2 82Pb LB LiMyy 13.275 0.97974 i 348 K Abs. Edge 12.6545
0.93414 5 18Pt Ly Abs, Edge 13.2723 0,97992 5 348 Kgs ENypan 12.6522
0.9342 2 8Pt Ly LiOry 13.2711 0.97993 5 82Ac L Lyndfy 12.6520
0.93427 5 98Pt Ly LNy 13.2704 §.9801 1 36Xr Ko KL 12.649
$.93505 5 83Bi Lp LiyiOr 13.2593 $.980358 3 8171 Lgs LintOre v 12.6436
$.93508 5 83Bi  Iu LinWvivn 13.2593 (.98221 7 82Pb Lg LNy 12.6226
0.93855 3 83BI  Ig LyMyyy 13.2098 0.98280 5 83Bi LNy 12,6151
0.93931 5 78Pt Ly LygNys 13.1992 0.98291 3 82Py Lg LMy 12,6137
0.9402 2 79 An LN 13.186 0.98389 7 82Pb  Lg: LyniNyy 12.6011
0.9411 1 18Pt Ly LyxOx 13.173 (.9841 1 36Kr Koy Ky 12.398
0.94419 5 83Bi LMy 13.1310 $.9843 1 34Se Kg KMy~ 12.595
0.9446 2 77Ir  Lyy LNy 13.126 $.98538 5 a7 LyriCurx 12.5820
0.94482 5 91Pa L LMy 13.1222 0.9871 2 8GHg I LiMy 12.560
0.9455 2 18Pt LNy 13.113 0.98738 5 81711 LigyOrx 12.5566
0.9459 2 71 LiNpv 13.108 0.9877 2 I8Pt Ly Ly Ny 12.552
0.9475 3 84Po LB, LMy 13.086 0.9888 1 81Tl L LausNvivn 12.538
0.95073 5 82pb Ly Abs. Edge 13.0406 0.98913 5 83Bi  Lgy LM 12.5344
0.65118 7 82Ppb Ly Prsare 13.0344 $.989%4 1 T5Re L Abs, Edge 12.530
$.051978 9 83Bi I LMy 13.0235 0.9900 1 75Re LGy 12.524
0.9526 i 82Pb ILg LyiOrey 13.015 0.99017 5 81TT Ly LipOr 12.5212
0,95518 4 83Bi 18 LNy 12.9799 0.99085 3 Thr Ly LsiNyv 12.5126
0.95559 3 79 Au Ly LNy 12 .‘9743\ 0.99178 5 8Ac Lo LMy 12.5008
0.9558 1 760s L Abs. Edge 12.972 0.99186 5 7608 I LNy 12.4998
$.95600 3 WTh I LyysMvy 12.9687 $.99218 3 34Se Ka KM 12.4959
0.95603 5 76 0s L0y 12.9683 0.99249 5 75Re - Ly LiCur 12.4920
0.95673 7 81TL  Lgy LiMv 12,9385 0.99268 5 3 Se Kg KMy 12.4896
0.95702 5 83Bi Las LNy 12.9549 6.99331 3 83Bi  Igs LNy 12.4816
0.9578 1 82Pb LysOux 12.945 0.99334 5 735Re Ly L10n 12.4813
0.95797 3 8Pt Im LNy 12.9420 0.9962 2 80Hg Ly LMy 12.446
0.9586 i 82%b LaiOn 12.934 0.9965 1 75Re L30y 12.442
{.95931 5 77Ir L’ya LxN;n 12.9240 {. 99805 5 76 Os £:Y3 L{Nn 12.4224
$.95938 8 760s Ly, LDy 12.623 1.0005 i 8 Pb Ly Ny 12.392
0.96033 8 760s LIy LiOy 12.910 1.0005 9 83Bi FPY S, 12.39
0.96133 7 8Pb Lu LinNvive 12.8968 1.00062 3 81Tl LB LyMgy 12.3904
0.9620 1 8P 1Ig LyyOr 12.888 1.00107 5 760s Iy LiyOry 12.3848
0.96318 7 760s L0y 12.8721 1.0012 6 95Am LI Lyvedy 12.384
0.9636 1 920 Ls LM 12.866 1.0014 1 760s Ix Abs. Edge 12.381
0.9638% 7 81Tl I LiMw 12.8626 1.0047 2 760s Ly O 12.340
0.96545 3 T Ly Lily 12.8418 1.00473 5 88Ra Lm Ly 12.3397
0.96708 4 TTr Ly LuOv 12.8201 1.0059 2 760s Ix LNy 12.337
0.9671 1 T Iy Abs, Edge 12.820 1.0054 3 Thr LNty 12.332
0.9672 2 84 Po L Lkl 12.81¢ 1.00722 5 81 T1 Ly 12.3093




Tasre VI (Conlinued)

Wavelength Wavelength

A p.e. Element Designation ke¥V A ‘p.e. Element Designation keV
1.0075 1 8Pb ILg, Lydfgy 12.306 £.04500 3 33As KB BNy s 11.8642
1.00788 5 760s Lvs Ly 12.3912 1.0458 1 74w Iy LylNy 11.85%
1.0091 1 8Hg Iy Abs. Edge 12.286 1.0468 2 94w LilNwy 11.844
1.00087 7 8 Hg LB LynxOrv v 12.2769 1.04752 53 7%Aun Lu Ly Nyr v 11.8357
1.061031 3 81Tl Lge Ly 12,2718 1.04868 5 80Hg I LynMyy 11.8226
1,01040 7 8°Pb Lyys gz 12.2765 1.0488 1 33As KB KMoy $1.822
1.0108 1 75Re Ly Ly 12.266 1.04963 5 8iTL I8 Ly 11.8118
1.0112 1 9Th Ls LyriMysy 12.261 1.04974 8 19An 18, LysOy 11.8106
1.0119 1 75Re Ly 12.252 1.05446 5 18Pt Igs LMy 11,7577
1.0120 2 Mk Lyl 1%2.251 1.0565% 7 81T  IBn EysMyr 11.7397
1.91201 3 81711 Igs Lyl 12.2518 .1,05693 5 760s Lvs LNy 11,7303
1.01404 7 80 Hg L0y 12.2264 '1.05723 5 86 Rn Ley LyaMy 11.7270
1.01513 4 B81ITI If Loy 12.2433 1.05730 2 3As K& Ky 11.7262
1.01558 7 80Hg LUy 12.2079 1.05783 5-33As - Kps EMy 1£.7203
1.01656 5 88Ra Lo LinMyy 12.1962 1.0585 1 80 Hg LansNw $1.713
1.01674 7 B0Hg iz Ly 12.1940 1.05856 3 83BI Iy Ly 11.7122
1.01769 7 80Hg Lu LyrsNwy 12.1826 1.06099 5 75Re Ly: Lyl 11.6854
1.01937 7 8Hg Lg: L0y 12,4625 1.0613 1 73Ta Iy Abs. Edge 11.682
1.02063 7 %Au Lgs LMy 12.1474 1.06183 7 18Pt LB LiMyy 11.6762
1.0210 i 82Pb L8 Ly 12.143 '1.06192 9 737Ta LiOww 11.6752
1.02175 5 Iikr Loy Ly 12,1342 1.06200 6 T4W Iy Lol 11.6743
1.0223 i 82Pb LBy Ly M sy 12.127 1.06357 9 737Ta ExRvy vy 11.6570
1.0226 1 % Pa LI Lyndly 12.124 1.0644 2 8P EnMy 11.648
1.02467 § 14W L Abs. Edge 12.09%6 1.0644 2 817l LiMy 11.648
1.0250 2 AW LiOwy 12.095 1.06467 3 713Ta Ly E:Om 11.6451
1.02503 5 760s Ly Ly 12.0953 1.0649 2 80Hg LypiNyy i1.642
1.02613 7 75Re ILv: Lyl 12.0824 1.06544 3 73Ta  Lv/ LiOn 11.6366
1.02778 3 74W Ly LiOnr 12.0634 1.06712 2 92V i Lyl 11.6183
1.02789 7 19Au  Lfwe LyMyy 12.0617 1.06771 9 73Ta L0 11.6118
1.0286 i 81T LiniNiw 12.053 1.06785 9 79 Au  Lf LiM s 11.6103
1.02863 3 MW Ly 301 12.0530 1.06806 3 14W Ly Lilsr 11.6080
1.03049 5 87TFr La Linkv 12.0313 1.06899 5 8Rn La Linlyy 11.5979
1.0317 3 14w L;04 12.017 1.07022 3 79Aa I8 LytNvy 11.5847
1.03233 5 15Re Ly LilNp 12.0098 1.07188 5 %A LB LysiNyy 11.5667
1.0323 2 82Pb LMy 12.010 1.07222 7 8Hg Ig Ly 11.5630
1.03358 7 8 Hg 1 LiMm 11.9953 1.0723 I 18Pt Lin Abs. Edge 11.562
1.0346 9 83Bi LMy 11.98 1.0724 2 18Pt LB LiyiOre v 11.561
1.0347 i %20 Lt Lyt 11.982 1.07448 5 14W Ly LypOw 11,5387
1.03699 9 75Re Lvys LiOw 11,956 1.0745 1 14W  in Abs. Edge 11.538
£.037% 1 75Re Ly Abs. Edge 11.954 1.0756 2 79 Au Lyl i1.526
£.03876 7 79 Au L Py 1£.9355 1.0761 3 8Pt LiixOrrxnx 11.521
1.03918 3 BITL Lg, Lyslny 11.9306 1.0767 1 75Re LyNm 11.518
§.,0397 1 75Re Lnaxu 11,923 i, 0771 1 74 W Ly LHNVI 11.510
1.03973 5 760s Lol 11.9243 1.07896 8Pt Iu LiiNvi v 11.4908
1.03974 2 35Br Ko KL 11.9242 1.0792 2 4w LiOm 11.488
1.03975 7 8 Hg LB LyslNvw 11,9241 1.07978 7 80 Hg LB LNy 11.4824
1.04000 5 79As Ly Abs. Edge 11.9212 1.08009 9 9OTh L Lypsh vy 11.4788
1.0404 1 75Re Iv Ly Nvy 11.917 1.08113 4 T4AW Ly, L0y 11.4677
1.04044 3 Au LB LmOre v 11.9163 1.08168 3-98Pt I Lm0 11.4619
1.04151 7 80Hg ILBs LynlNv 11,9040 1.08205 7 #3Ta ILvy L:Nvy 11.4580
1.0420 1 73 Re LNy 11.899 1.08353 3 Au L LMy 11,4423
1.04230 5 8TFr Lo Ly 11.8950 1.08377 7 737Ta LiNyv! 11.4398
1.0428 § 93 Np L Ly 11.8%0 1.0839 1 75Re Ly 11.438
1.04382 2 35Br Ko Kiy 11.8776 :1.08500 5 B85At Lay LaiMv 11.4268
1.04398 5 75Re Ly L0y 11.8758 1.08975 S TiIr L8 LidMy 11.3770
1.0436 2 7% Au Iznx@n,zg 11.865 1.09026 7 79 Au LIHN I 11, 371 7
1.6450 i 34 K Abs. Edge 11,865 1.0908 1 91Ps L LMy 11.366
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Tanrz VI (Continued)

- Wavelength Wavelength

A* p.e. Element Designation keV A* p.e. Element Designation keV
1.0916 5 80Hg Ig» Py 11.358 1.13687 9 737Ta Ly 10.9055
1.09241 7 82Ph Iy Luhy 11,3493 £.13707 3 TIr LB Ly ey 10.9036
1.09388 5 75Re Ly EpNy 11,3341 1.137%4 3 737Te Im LNy 10,8952
1.09671 5 85At Lo LMy 11,3048 1.13841 5 T2Hf Iy LiNig 10,8507
1.09702 4 171 LB LMy 11.3016 1.1387 § B0 Hgz Ly yy i0G.888
1.09855 3 MUW Ly Luliry 11,2859 1.1402 P 71l L Abs. Edge 10.8740
1.09936 4 73Ta Ly LilNyn 11,2776 1.1408 1 760s  Lés LitOwe v 10.8711
1.0997 1 8171t LMy 11,274 1.1408 1 760s L Abs, Edge 13.8683
1.0097 1 728f I Abs, Edge 11,274 1.14085 3 ik L Libf ey 10.85674
1.09968 7 79 Au LspsNey 11,2743 1.14223 5 8Pt Lg LMy 10.8543
1.9599 2 80 Hg LiMy 11.272 $.1435 1 T1Lly Ly LyOnm 10.8425
1.10086 9 72H: L30w 11.2622 1.14355 5 18Pt I Linly 10.8418
1.10200 3 Pt Is Lty 11.2505 1.14386 2 83Bi I LMy 10.8388
1.10303 5 T2HL Ly L3Oy 11.2401 1,14442 5 T2Hf Iw LalNy 10.8338
1.10376 5 T1Ht Iy EyOsx 11.2326 1.34537 7 160s Iu Lyeal¥vy vy 10.8245
1.10394 5 78Pt LB LiMyn 11.2308 1.1489 2 NIr Lnkdy 16.791
1.10477 2 348 Ka Kl 11.2224 1.14933 8 760s Ip, L0y 16.7872
1.1053 1 737Ta Ly LiNp £1.217 1.1548 1 T2Hf Iy Abs, Edge 10.7362
1.1058 i 775 Eypy Abs, Edge 11.212 1.15519 5 T2Hf Ly LyzOry 16.7328
1.10885 3 I L8y LinOwy 11.2114 1.1553 i 737Ta LNy 10.7316
1.190651 3 1%Aun  Lg Ly M5y 11.2047 1.15836 1 83Bi L Lyilyy 10.73091
1.10664 9 7zHf L3Oy 11.2034 1.1560 3 Tk LNy 16,725
1.10882 2 34S Ko Kin 11.1814 1.15781 3 Mir I8 LMy 10.7083
1.10923 6 771 LyyiOxr 1ax 13,1772 1.15830 9 72Hf Is LitNvyy 10.7037
1.11092 3 TQAu LB Ly 11,1602 1.1600 2 737Ta Loy 10.638
§.81145 4 77 Ir Lu Lynyy v 11.1549 1.16107 9 Tilue Ly LNy 10.6782
1.1129 2 18Pt Lyl 11.140 1.16138 5 72Hf Ly LGy 10,6754
1.1137 I 73Ta Iy Abs. Edge 11.132 1.16227 9 7ilu LNty 10.6672
1.11386 4 84Po La LinMy 11.1308 1.1640 1 8Hg In LMy 10.6512
1.11388 3 13Ta Ly LyCrwy $1.1306 1.16487 4 75Re LB LiMy 10,6433
1.11489 3 T L8 LayOx 11.1205 1.16545 5 7 Ir LNy 16,6380
§.1149 2 14W LxsNyys 11.120 1.1667 1 78Pt  IBn LyMsp 10.6265
1.11508 4 90Th L Ly 11.1186 1.16719 5 8Ra L Lysihy 10.6222
1.11521 9 737Ta LyNy 11,1173 1.16562 9 78 Pt iy 10.6001
1.1158 1 73Ta v LyiNvy 11,1113 1.16979 8 760s LB LNy 10.5985
1.11658 S 32Ge K Abs. Edge 11.1636 1.1708 1 79 Au LMy 10,5892
1.11686 2 32Ge KB KNy 11,1008 1.17167 5 760s L LygrNye 10.5816
1.11693 9 737Ta L0 11,1001 1.17218 5 75Re Ifuw LiMvy 18.8770
1.11789 9 73Ta LyOry 11.0907 1.172¢9 i1 73Ta ILws Ly 10,5702
1.1195 1 32Ge K& KMy 11.0745 1.17501 2 82Pb Le LMy 10,5513
1.11990 2 18Pt s LMy 11.0707 §.17588 I 33As Ko K Ly 10.54372
£.1205 I 73Ta Zvs Lulk 11.0646 1.17721 5 75Re Ips LiiOery .y 10.5318
1.12146 9 72Hf Lyn LNy 11.0553 1.1773 1 75Re Ly Abs. Edge 10.5306
1.1218 3 T4W Ly 11.052 1.17788 9 72Hf LNy 10.5258
1.12250 9 72Hf LiNyy 11,0458 1.177%6 3 i LB Lyuly 10,5251
1.1226 2 78Pt Lyt 11.044 1.17800 S 28t ILm LNy 10.5158
1.12548 5 84 Po L LMy 11.0158 1.17953 4 7iilu Ivs LNy 10,5110
1.12637 6 7608 LB Ly 11.0071 1.17955 7 760s LB Ly 10.5108
1.12769 3 31Tl Iy LMy 10,9943 1.17958 3 Ir £8: LMy 10.5106
£.12798 5 7%Au  LBn LM 10.9915 1.17987 i 33As Kay Kin 10.5079%
1.12894 2 32Gs KB KMy 10.9821 1.1813 1 75Re Ix Lylvivn 10.4931
1.12936 9 321Ge KB KMy 10.9780 1.1818 1 70Yb L Abs. Edge 10.4904
1.1310 2 78Pt Lyl 10.962 1.1827 1 8Yb LiOry 10.4833
1.13235 I W Lw LylNy 10.9490 1.1853 1 70Yb Ly LzOm,oms 10.4603
$.13353 5 7608 LB LMy 10.9376 1.1853 2 7iilu Iy FylNys 10.460
1.13525 5 %A Ly My 16,9210 1.18610 5§ T5Re ILf LyniCs 10.4529
1.13832 3 T L8 Ly 10,9203 1.18648 5 82Pb Lo LynMyy 10,4495
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Tanee VI (Continued)

Wavelength Wavelength

A* p-e. Element Designation keV A* p.e. Element Designation keV
1.1886 i 70VYh Ly 10,4312 1.254054 9 32Ge K K Exy 9.88642
1.18977 7 760s Luly 10.42G5 1.2553 1 73Ta Ly Abs, Edge 9.8766
1.1958 1 316 X Abs, Edge 10,3682 1.2555 1 737Ta I IOy 9.8750
1.19600 2 31Gs KB ENpnr 10.3663 1.25778 4 73Ta Iu Ly v ©.8572
1.19727 7 1608 L@ LMy 16,3553 1.258011 9 32Ge K KLy $.85532
1.1981 2 31Ga KB KMy 10.348 1.25917 S 75Re LB LiMyy 9.8463
1.1985 1 71Lu  In Abs, Edge 10,3448 1.2596 1 71Lu Ly Lol 9.8428
1.1987 i YLu I LnOre 10,3431 1.2601 3 737Ta Ly Or 1y ©.839
1.20086 7 76 0s Ly 10.3244 1.26269 S AW LB Eiben 9,8188
1.2014 i 7iLlu LaOnm 10.3198 1.26385 5 73%a Ly LinOx 9.8098
1.20273 3 19Au Iy LMy 10.3083 1.2672 2 AW Lyl 9,784
1.2047 1 TiLa  Lvs Iar 10.2915 1.26768 5 Yh In LyNee $.7801
1.20479 7 4w 1 Libfy 10,2007 1.2678 2 69Tm Lys LiNgs 9,779
1.20660 4 95Re 1B LinNv 10.2752 1.2706 1 688r Iz Abs, Edge 9.7574
1.2069 2 I Lfn LaMux 10.273 1.2728 2 4w Luldv 9,741
1.20739 4 81TY  Les LyssMy 10,2685 1.2742 2 689Tm Ly LWy 9,736
1.20789 2 31Ga Kg KM 10.2642 1.2748 1 83BI  IL: Ly 9.7252
1.20819 3 75Re LBu LWy 10.2617 1,2752 2 68Fr Ly L:Op3.101 9,722
1.20835 5 31Ga Kg KMy 10.2603 1.27640 3 As Les LinMy 9.7133
1.2102 2 T LM 10,245 1.2765 2 AW LN 9.712
1.21058 1 83 Bi Ls Ly My 10.2421 1.27807 5 81711 Ls LMy ¢, 7007
1.21218 3 W IBw LiMyy 16.2279 1.281808 9 MW I8 LaMry 9.67235
1.213 1 78P¢ Ladfn 16.225 1.2829 5 84Ps Il Lan By 9.664
1.24349 5 760s LB Lin¥: 10.2168 1.2834 1 3Zs K Abs. Edge 9.6607
1.21537 5 728f Ivw Loy 10.2011 £,28372 2 30Zn KB ENpams 9.6580
1.21545 3 14W LG LinOpev 10.2004 1,28448 3 TR Iy Lukfy 9.6522
1.2155 1 74W Im Abs. Fdge 10.1999 1.28454 2 13Ta Ip LNy o.6518
1,21844 5 760s Lg LMy 10,1754 1.2848 1 30Zn K8 EMyyy 9.6501
1.21868 5 14W Lu LysNviva  10.1733 1.28619 5 73Ta  Lfs LN 9.6394
1.21875 3 81Tl Las LinMyy 10.1728 1.28772 3 7%Au L LMy 9.6280
1.22031 5 75Re ILfs LM 10.1598 1.2892 1 69Tm Ip Abs, Edge 9.6171
1.2211 2 4W LpsOnm 18.153 1.28989 7 W Lgs Ll 9,6117
1.22228 4 7Miu Im LNy 10.1434 1.29025 9 MHE I LMy 9.6090
1.22232 5 0Yb Iy LiNta 10.1431 1.2905 2 8 Tm L L0y 9.607
1.22400 4 14W LB LinnOr 10.1292 1.2927 i 75Re Lgn LM 9.5910
1.2250 1 89Tm I Abs, Edge 10.1206 1.2934 2 760s LM 9.586
1.2263 3 69Tm LiOwy 10.110 1.29525 2 30Zn KB, EMum 9.5720
1.2283 1 75Re LrpN 10.0933 1.2972 1 72Bf L Abs. Edge ©.5577
1.22879 7 WYVh Ly Lyl 10.0897 1,29761 5 728f 18 LinOwvy 9.5546
1.2204 2 69Tm Ly LiOnax 10.084 1,29819 9 72Hf LBy LiMre 9.5503
1.2305 1 75Re LMy 10.0753 1.30162 5 MW Ig LiMy 9.5252
1.23858 2 5Re If Ly 10.0100 1.30165 9 28f I Lyl v 9.5249
1.24120 5 86Hg L Loy . 9.9888 1.30564 5 12Hf Lg LyuOs $.4958
1.24271 3 Vb Ly LaxOry $.9766 1.3063 1 70Yb Ly LnNy 9.4910
1.2428 1 0¥y Ly Abs. Edge 9.9761 1.30678 3 73Ta LB LiMm 9.4875
1.2429 2 8Pt Iy L 9,975 1.30767 7 8&Pp Lt Liniyy 9,4811
1.24385 7 82Pb Ls Lappbfany 9.9675 1.3086 1 737Ta LN 9. 4742
1.24460 3 AW LIs LNy 9,9615 1,312 2 80Hg ILs LysMyn 9.455
1.2453 i 70Yb LyyOny i 9.93561 1.31304 3 8Pt Loy LynMy $.4423
1.24631 3 74W LB LinNyy 9.9478 1.3146 1 68Er Ly LiNm $.4309
1.2466 2 73T LB LMy 9,946 1.3153 2 &8Tm Im InNey 9.426
1.2480 2 760s  Lgn LaMu: 9.934 1.31610 7 838Bi I Lyky 9.4204
1.24923 5 70Yb Ly InOr 9,9246 1.3167 1 737Ta Lyl 9,4158
1.2502 3 I Lubfey 9.917 1.31897 % 737Ta LMy 9.3998
1.25100 5 75Re L Ly 9,9105 1.3190 1 §7Ho I Abs, Edge 9.3994
1.25264 7 80Hg L LMy 9.8976 1.3208 3 67 He L0 w g.387
1.2537 2 3Ts  Lbw LiMyy 2,859 1.3210 2 68Er Ly Ly 9.385




Tasie VI (Continued)

Wavelength Wavelength

A* p.e. Element Designation keV A» p.e. Element Designation keV
1.3225 2 67Ho Iwa LyCry, e 9.374 1.3948 1 0Ys Ig, Ly O &.8880
1.32432 2 8Pt L Lgiyy 9.3618 1.3983 2 67Ho Ly Lx30 8.867
1.32639 5 V2HE LB Lylly 9.3473 1.40140 5 7ilu LB Lellyiy 8.84569
1.32698 3 137Ta LB Lgrlvy 9.3431 1.40234 § 7608 Ley Lyl vy 3.8410
1.32783 5 72HE L LynpNyy 9.3371 1.4067 3 68Er Lvw Lyt 3.814
1.32785 7 7608 ILn LMy $9.3370 1.41366 7 % Au It Ly 8.7702
1,.33094 8 737Ta IBs LWy 9.3153 1.41550 5 WYL LB EmiVNrvw 8.7588
£.3358 I tLu L Lyl 9.2816 1.41640 7 66Dy Ly LilN v 8.7532
1.3365 3 4w LMy 8.277 1.4174 2 67Ho Im LyNyy 8.747
1,3366 1 75Re Ialy 9.2761 1.4189 I 71iu LB Lynle 8.7376
1.3386 i 68Er Ip Abs, Edge 9.2622 1.42110 3 T4W In LMy 8.7243
1.3387 2 14W  Lfn LMy 9.261 1.4216 I 80Hg LI Lypddy 8.7210
1.3397 3 6BEr Lvs LyyCry 9.255 1.4223 i1 65T Iy Abs. Edge 8.7167
1.340083 9 31Ga Ko K Ly 9.25174 1.42278 7 66Dy Ly, LNy 8.7140
1.3405 T Tilu Ly Abs. Edge 2.2490 1.4228 3 657Th LiOwvyy 8.714
1.34154 5 81711 Lt LyysMszs 9.2417 1.42359 3 7ilu Ig Ly ry 8.7090
1.34183 7 Tilu IBs LysOry w4 52397 1.4276 2 65Tb Ly LyOp 8.685
1.3430 2 1Ly L LyMyy 9,232 1.43025 9 J28i LMy 8.6685
1,34399 i 31 Ga Ko KLy 9.22482 1.43048 9 737Ta LyxMyy 8.6671
1.34524 g 71in LyeyOnm 9.2163 1.4318 2 17 Ls LMoy 8.65%
£.34581 3 73Ta LB LyMyy $.2124 1.4329¢ 4 75Re L LynMy 8.6525
1.34949 § 71la i LypsOy 9, 1873 1.4334 I 89 Tm LI Abs. Edge 8.6496
1.34990 7 8pb i Laye by 9.1845 1.4336 3 68Tm ILgs LiMy 8.648
1.35053 9 72Hf Ly ugx 9.1802 1.4349 2 69Tm L LyxxOgy v 8.641
1.35128 3 Nhr Loy Lty 9.1751 1.435155 7 3078 Kea KLy 8.63886
1.35131 7 79As ILs Lyl 9.174% 1.43643 9 72Hf I8 LMy 8.6312
1.35300 5 128 I LMy 9.1634 1.439000 8 30Zn Ka Kiy 8.61578
1.3558 2 9Tm Lys Ly 9,144 1.44056 5 MMie 18 LyMyy 8.6064
1.35887 9 72Hf Lol $.1239 1.4410 3 69 Tm LB LMy 8.604
1.36250 5 7k Lay LMy 9.0995 1.44396 5 73Re Lo LyaMyy 8.5862
1.3641 2 88Er ILm LNy 9$.089 1.4445 1 66Dy Ly Abs. Edge 8.5830
1.3643 2 6? Hﬁ Zo"{s LINIH 9. 087 i .445?9 7 66 Dy L‘ys L}]Orv 3. 5753
1.3692 1 66Dy I Abs. Edge ©.0548 1.45233 5 0Ys 1If Lildyy 8.5367
1.3698 2 67THo L LilNy 9.051 1.4530C 2 I8Pt Lt Lnbiy 8.533
1.37012 3 71iu LB LNy 9.0489 1.45964 9 79 Au LI Lyp My 8.493%
1.3715 1 71la  ILBs LyneNyy 9.0393 1.4618 2 67THo ILvs LNz 8.431
1.37342 5 75Re Iy Ly 9.0272 1.4640 2 8Tm LB LigNwvy 8.468
1.37410 5 72Hf Lg LMy 9.0227 1.4661 1 70Yb I8 LygHy 8.4563
1.37410 5 72Hf LB LNy 9.0227 1.47166 5 713Ta Iy Lyl 8.4280
1.37459 7 66 Dy .L’Y@ Lx@z}‘ni 9.0193 1.4718 2 657Thb L’Vs L‘KNIH 8.423
1.3746 2 8Hg IL: Lynpld+y $.019 1.47266 7 66Dy Lyn LN 8.4188
1.38059 5 25Ca K Abs. Edge 8,9803 1.4735 2 160s  ILs LinMm 8.414
1.38109 3 9Cu KB KMy 8,870 1.47565 5 70Yb LB Ly sy 8.4018
1.3838 i 70Vh LB LiMy 8.9597 1.4764 Z 65Th Ly LiNg 8.398
1.38477 3 8171t L Ly 8.9532 1.47639 2 MW La Liniy 8.3976
1,3862 1 0Yy ILm Abs. Edge 8.9441 1.4784 I 64Gd Iy Abs. Edge £.3864
1.3864 1 73Ta LBy LMy 8.9428 1.48064 g 72Hf Ly 8.373%
1.38696 7 WYL L§ Ll v 8.93%0 1.4807 3 64 Gd LiOwy 8.373
1.38095 2 18Pt Ls Ly 8.923 1.4835 1 68Er Ly Abs. Edge 8.3575
1.3898 1 MYk LiniOu oz 8.9200 1.483% 2 64Gd Ly, LIOII,III 8.355
1.3903 1 67Ho In Abs. Edge 8.9164 1.4848 3 68 Er 18 LysOry iy 8.350
1.38121 5 1608 Ley Ly 8.9117 1.4855 5 68 Er 1§ LMy 8.346
1.3918 i 0Yb LB LiM vy 8.9100 1.48743 2 4w Lexg LMy 8.3352
1.39220 5 128f i LMy 3.9054 1.48807 I 28N K Abs. Edge 8.33165
$.392218 9 29Cu KB KMy 8.90529 1.48862 4 28Ni KB KMy 8.3286
1.3923 2 67Ho Iwm LDy 8.903 1.49138 3 WVYb L LM yx 8.3132
1.3926 i 2Cu KB KMu 8.9029 1.4930 3 7T Lt Ly gy 8.304
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Fanre VI (Continued)

Wavelength Wavelength

A p.e. Element Designation keV 4* p.¢. Element Designation keV
1.4941 3 6BEr L Lintk 8.268 1.60891 3 271Ce KEBs EMvyw 7.7059%
1.4941 3 68Er  Lfw LiMyy 8.298 1.61264 9 737%a I6s LMo 7.6R8%
1.4993 2 8¢ I3 Ly 8,268 1.61951 3 Hin Lo Lysllv 7.65855
1.500135 8 28NWNi KB, My 8,.26460 1.6203 2 61Ho L Lxllyey 7.6518
1.5023 1 857Tb Lgpe Abs, Edge 8.2527 1.62079 2 2Z1Co Epa E¥om 7.64843
1.5033 2 65Tb Ly LyyCry 8.246 1.6237 2 $7Hoe I8 Ly 7.6359
1.5063 2 69T LB Lyl vy §.231 £.62369 7 6Dy LBy LyaNpew 7.6357
1.5097 2 65Th Ine L0y 8.212 1.6244 3 MW Lz LMy 7.6324
1.5139% ¢ 68Er Lfen Lii¥ryw 8.1890 C1.627% i 63Eu Iy Abs. Edge 7.6159
1.5162 2 69Tm Lfs LN+ 8,177 1.6282 2 63Eu i LyOry 7.6147
1.5178 i 75Re Ls LMy 8.1682 1.63029 S 1in Lo LMy 7.6649
1.51824 7 66Dy  Lvs LNy 8.1661 1.63056 5 75Re U LineMdy 7.6036
1.52197 2 73Ta  Le Ly 8.1461 1.6346 2 63Eu Ly Oy 7.5849
1.82325 S T2HL Iy Lty 8.1393 1.63560 S MWYVL In Ly by 7.5802
1.5287 2-64GE Ly LN 8.105. © §.6412 2 4Gd Iws LNy 7.5543
1.5303 2 65Thb Iy Loty 8.102 1.6475 2 67Ho ILm EygMyy 7.525%
1.5304 2 685Tm Lp LMy &.101 1.6497 1 65Th I Abs. Edge 7.5153
1.53293 2 73Ta Lo Lypebry 8.0879 1.6510 2 63Th Ifs LGy 7.5004
1.5331 2 BGd I Ly 8.08Y 1.65601 3 628m Ly Lol 7.487
$.53333 9 7ilu Ly 8.0858 1.6574 2 63Enr Ly LylNyy 7.4803
1.5347 2 760s L LMy 8079 - 1.6579190 8 NI Ke KLy 7.47818
1.5368 1 67He Lig Abs. Edge 3.8676 1.6585 2 85Th Lfy Ly Oy §.4753
1.5378 2 6THo Ifs LosCrvy 8.062 1.6595 2 67Hs If EiMor 7.4708
1.5381 1 63Eu Ly Abs. Edge 8.0607 1.66044 6 628m Ly Iy 7.467
1.540562 2 29Cu Koy Elm 8.04778 1.661747 8 28Ni Ko Kiyg 7.4608%
1.54094 3 77ir Lk LMy 8.0458 1.66346 9 TZHf UILs Lyl 7.4532
1.5439 1 63 Eu Ly L1Ogy mx 8.0304 1.6673 3 65Th LB LaMyy 7.436
1.544390 9 29Cu Koy Kin 8.02783 1.6674 5 61Pm Iz Abs. Edge 7.436
1.5448 2 69 Tm LB, LiMyy 8.026 1.67189 4 WYk I LMy 7.4156
1.5486 3 67THo Lpgn LMy 8.006 T 1.67265 % 13Ts L Ly Myx 7.4123.
1.5616 1 68Er LB LaM sy 7.9392 1.6782 1 74w U Lars Mz 7.3878
1.5632 i 64Gd Ly Abs. Edge 7.9318 1.68213 7 66Dy ILps LNy 7.3708
1.5642 3 W ILs LM 7.926 1.6822 2. 668Dy I LMy 7.3702
1.5644 2 64Gd Ly Lyl 7.928 1.68285 5 Y Lo LyniMyy 7.3673
1.5671 2 67Ho LBon Ll 7.911 1 .6830 2 65Th LBoss LN 7.3667
1.5675 2 68Er I Ly 7.909 1.6953 1 628m Iy Abs. Edge 7.3132
1.56958 5 12Hf Lo LMy 7.8990 1.6963 2 69 Tm iy Ly 7.3088
1.5767 2 64Gd Ly LyrOx 7.894 1.6966 9 628m L LGy 7.308
1.5779 I im In LyxMy 7.8575 1.7085 2 63Eu Ly Laly 7.2566
1.5787 2 65Th Ly Ly 7.8535 1.71062 7 66Dy IB LMy 7.2477
1.5789 1 75Re It LMy 7.8525 1.7117 1 64Gd Irm Abs. Edge 7.2430
1.58046 5 72Hf Les LMy 7.8446 1.7130 2 64Gd LB LiniOpy v 7.2374
1.58498 7 760s L Ly My 7.8222 1.7203 2 64Gd LB LyryOy 7.2071
1.5873 1 68Er UIg LMy 7.8109 1.72103 7 66Dy Lg LMy 7.2039
1.58837 7 66D y LB LiiOrv iy 7.8055 1.72308 9 T2Hf It Lagp i vx 7.1954
1.58844 5 0V LagMyy 7.80652 1.7240 3 64Gd 1B Ly~ 7.192
1.5903 2 63EBu Ly LN ysx 7.7961 1.72724 3 625m Iy Ll 7.178
1.5916 1 66Dy L Abs, Edge 7.7897 1.7288 Z 68 Tm Le LMy 7.1798
1.5924 2 64Gd Im LNy 7.7838 1.72841 5 737Ts L LyyMy 7.173%
1.5961 2 63 FEu L’yg LINH 7 . 7677 i. 7315 3 64 Gd Lﬁm L;sz 7 16D
1.59673 9 66 Dy L[Sg Lsz 7 N 7501 i. 7383 2 69 Tm Lo LIHMIV 7.1331
1.6002 I 628m Iy Abs. Edge 7.7478 1.7390 1 60Nd Iy Abs. Edge 7.1294
1.6007 1 68Er LB LM 7.7453 1.7422 2 65Th LB LynlNy 7.1163
1.60447 7 66Dy LB L5y Oy 1.7272 1.74346 1 26Fe K Abs. Edge 7.1112¢
1.60728 3 628Sm Ly a0 7.714 1.7442 I 26Fe KB KMy 7.1081
1.60743 9 66Dy Lfw LMy 7.7130 1.7445 4 6ONd Lv LyOnm 7.107
1.60815 1 21Ce K Abs. Edge 7.70854 1.7455 2 $4Gd LB LxaNyew 7.1028
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Tasre VI {Continued)

Wavelength Wavelength

A* p.e. Element Designation keV ¥ p.e. Element Designation keV
1.7472 2 65Th LB LiMyy 7.0959 1.9255 2 63EBu  Lg LMy 6.4389
$.75661 2 26Fe Kpfis KMy 7.05798 1.9255 5 5P Ip Abs. Edge 6.439
1.7566 i 68Er Iy Lyghdy 7.0579 1.9355 4 60Nd Ly Ly ANy 5.406
1.7676 5 61 Pm ILgp Ahe. Edge 7.014 1.936042 9 Z6¥Fe Ko KLy 6.40384
1. 776@ i 71 Lu p £1114W13 6. 9810 i, 9362 4 59 Pr L’}fg 14130: 6.403
1.7761 1 63Ex Ly Abs. Edge 6.59806 1.939980 9 26Fe FEes K Lyy 6.39084
1.7768 3 65T L LyMyy 6.978 1.94643 3 628m Ifs LinNy 6.3693
1. 7??2 2 63 Eu L{S'a LHIUIV,V 6. 9763 1. 9550 2 &9 Tm pos L};I.Mr} 6.3419
1.77934 3 628m Ly Ly 6.968 1.9553 3 58Ce Ly ExH gz 6.3409
1.78145 5 72Hf LI Lyubdy 5.9596 £.9559 6 61 Pm LB LiiNev v 6.339
1.78425 9 68Er L Landdv 6.9487 1.5602 3 58Ce Ly Tyl 6.325¢
i. 7351 2 63 Eu Lﬁq LGol 6. 9453 1.9611 3 59Pr L’n Lnﬂ?n’ 6.3221
1.7864 2 65Th LB LMy 6.9403 1.96241 3 628m Lg, Lybfyry 6.318
1.788965 9 271 Co Ka KL 6.93032 1.9730 2 65Th In Laghfy $.2839
1.7916 3 63Eu L LMy 6.920 1.9765 2 65Th Loy LMy 6.2728
1.792850 9 271 Co K Ky 6.91530 1.9780 5 57La Iy Abs, Edge 6.268
1,.7955 2 68Er L LyaM ey 6.90350 1.9830 4 57%a Ly LyOn .y 6.252
1.7964 4 6O0Nd Ly LyNypx 6.902 1.9875 2 65T Lo Lynbry 6.2380
1.7989 9 61 Pm Lm Lyiyy 6.892 1.9967 1 60Nd Ly Abs. Edge 6.2092
1.7993 3 63Eu LB LMy .39 1.993806 3 628m L LMy 6.2051
1.8013 4 60Nd Lvy LNy 6.883 2.00055 6 6Z8m Lg, Lyl v §.196
1.8054 2 64Gd L8 LNy 6.8671 2.0092 3 60Nd L Ly 6.1708
1.8118 2 63Ea L LygiNyvy 6.8432 2.6124 5 88Ce Iy Abs. Edge 6.161
1.8141 5 39Pr L Abs. Edge 6.834 2.015 1 68Er LI Ly My 6.132
1.8150 2 64Gd LB ExMs 6.8311 2.0165 3 60Nd ILgs LiMv 6.1484
1.8193 4 89Pr Ly L:0nm 6.815 2.0205 4 59Pr Ly LNy 5.136
1.8264 2 67THe Ly Lyt 6.7883 . 2.0237 4 38Ce Ly LGy 6.126
1.83091 9 0Yb L& LinkMu 6.7715 2.0237 3 60Nd L, LiMixy 6.12658
1.8360 T 71ila 4 LyiMy 6.7528 2.0360 3 60Nd LBss LNy 6.0894
1.8440 I 60Nd Ln Abs. Edge 6.7234 2.0410 4 §71la Ly Lyl 6.074
1.8450 2 67THoe L Emidly 6.7198 2.0421 4 61 Pm ILss LiMyr 6.071
1.8457 i 6285m Ly Abs. Edge 6.7172 2.0460 4 57La Ly LNy - 6.060
1.8468 2 64Gd L LMy 6.7132 2.0468 2 84Gd Ly LinMvy 6.0572
1.84700 G 628m L LiOw vy 6.7126 2.0487 4 58Ce Im IV 6.052
1.8540 2 64Gd LB LMy 6.6871 2.0494 1 64Gd Iy LMy 6.0495
1.8552 5 60Nd Ly L3Oy 6.683 2.0578 2 64Gd L Ly My 6.0250
1.8561 2 67Ho Ly LMy 6.6795 2.0678 5 56Ba I Abs. Edge 5.996
1.85626 3 628m Lgy LynOy 6.679 2.07020 5 24Cr K Abs. Edge 5.9888
1.86166 3 625m LB LM~ 6.660 2.07087 6 24Cr KB KMywy 3.986%
1.86990 3 628m LB LiMyy 6.634 2.0756 3 56Ba Lv LyOgr 1z 5.9733
1.8737 2 63 Eu Lﬁe LHE.N{ 6.6170 2 0791 5 5 Pr .Lu; Abs. Edge 5.963
1.8740 4 59Pr Ly LNy 6.616 2.0797 4 61 FPm Lg; LMy 5.961
1.8779 2 60Rd Lw LNy 6.6021 2.08487 2 24Cr KB KMy v 5.94671
1.8791 4 59Pr Ly Ly 6.508 2.0860 2 67Ho ILi LMy 5.9434
1.8821 3 628m ILBoss LNy vy 6.586 2.0919 4 59Pr Lg LyprOy 5.927
1.8867 2 63Eu LB LiMn 6.5713 2.1004 4 59Pr LB LiMv 5.903
1.8934 5 58¢Ce I; Abs. Edge 6.548 2.101820 9 25Mn Ko KLz 5.89875
1.89415 5 6Yy L LMy 6.5455 2.1039 3 60Nd Lgs LinlNy 5.8930
1.89643 5 25Mn X Abs. Edge 6.5376 2.1053 5 57La Iy Abs. Edge 5.889%
1.8971 1 25Mn KB KMy 6.5352 2.10578 2 25Mn Ke KLy 5.88765
1.89743 7 66Dy Iy Ly 6.5342 2.1071 4 39Pr LB LMy 5.884
1.8991 4 58Ce Im L:0m 30 6.528 2.1103 3 58Ce Lys Lyl 5.8751
1.50881 3 66 Dy Loy LIHM v 6.4952 2.1194 4 59Pr Lﬁz,w LIIIATIV,V 5.850
1.91021 2 25Mn XKBis KMy 6.49045 2.1209 Z 63FBu L LMy 5.8457
1.9191 1 61 Pm L Abs. Edge 6.4605 2.1268 2 60Nd ILg LyMysx 5.8294
1.91991 3 66Dy L Lysiyv 6.4577 2.1315 2 63Eu Iy Ly 5.8166
1.9203 2 63Eu LB Ll 6.4564 2.1315 2 63EBu Le Lyl vy 5.8166
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Tapre VI (Condinmed)

Wavelength Wavelength

A* p.e. Element Designation keV As p.e. Element Designation keV
2.1342 2 56Ba  Lys ExNyn 5.8092 2.3913 Z 531 Ly, LiOr 1 5.1848
Z.1387 2 56Ba  Lve LNy 5.7969 2.3948 2 63Eew I Lypedfy 5.1772
2.1418 3 Bia Ly LuNyy 5.7883 2.,403435 6 56Ba LB LNy 5.1565
2.15877 7 66Dy L Lypidfy 5.7431 2.4094 & 60Nd Iy LMy 5.1437
2.166 1 38Ce L Abs, Edge 5,723 2.4105 3 57%La L Lybyn 5.1434
2.1669 3 6ONd Igs Ly ex 5.721¢ 2.4174 2 35Cs Ly Lyl 5.1287
2.1669 2 60Nd Ip LMy 5.7216 2.4292 I 54Xe Ly Abs. Edge 5.1037
2.1673 5 35Cs ILj Abs. Edge 5,721 2.442 9 90 Th MyOyey 5.08
2.1701 2 38Ce Ly L0y 5.7132 2.443 4 9207 MGy 5,075
2.1741 2 385Cs Ly L0 11z 5.7026 2.4475 Z 831 Lrys Lyl vnx 5.0657
2.1885 3 58Ce ILfs Lidv 5.6630 2.4493 3 &7la I3 Ly 3.0620
2.1906 4 59Pr I8 Ly 5.660 2.45891 5 57La I8 Lkl 5.0421
2.1958 5 58¢Ce Lpu Lyl yy 3.646 2.4630 2 58Pr ILx Lyl 5.0337
2.1998 2 625m Les Ly 5.6361 2.4725 3 5%Pr Lo LyaMyy 5.0135
2.2048 1 56Ba Lp Abs. Edge 5.6233 2.4740 1 55Cs  Lmx Abs, Edge 5.0113
2.2056 4 57La Lwys Lpxly 5.62% 2.4783 2 55Cs 1B Ly 5.0026
2.2087 2 38Ce Lfows LNy 5.6134 2.4823 4 628m I LMy 4.9945
2.21062 3 628m Los LM vy 5.6090 2.4826 2 56Ba LB Ly 4.9939
2.2172 3 5Pr I Lyl 5.5918 2.4849 2 55Cs  Lg Ly 4.9893
2.21824 3 628m iy Ly 5.589 2.4920 2 55Cs  Lfw LiMyy 4,9752
2.2328 2 35Cs Iy LN 5.5527 2.49734 5 2271 K Abs. Edge 4.96452
2.2352 2 65Th L Lrpy 5.5467 2.4985 2 22TT Kgs KMy 4.9623
2.2371 2 58Cs Ly LNy 5.5420 2.50356 2 23V Ko KL 4.95220
2.2415 2 36 Bs Im Ly 5.5311 2.50738 2 23V Ka Kiy 4.94464
2.253 6 920 MyPx 5.50 2.5099 I 52Te I Abs, Edge 4.9397
2.2550 4 59Pr LB LMy 5.4981 2.5113 2 527Te Ly, LyOrs, 353 4.9369
2.2588 3 5P Ip LMy 5.4889 2.5118 2 35Cs LB LV y 4.9359
2.261 1 S7La L Abs. Edge 5.484 2,512 3 3Pr Iy Ly My 4.935
2.2691 1 23v K Abs. Edge 5.4639 2.51391 2 2271 KB EMum 4.93181
2.26951 6 23V KB KMy 5.4629 2.5164 2 56Ba I LiMy 4.9269
2.2737 1 34Xe Iy Abs. Edge 5.4528 2.527 4 91Pa MO 4.906
2.275 3 37La LB LynOx 5.450 2.5542 5 531 Ly Abs. Edge 4.8540
2.282 3 S7La  1p LiMv 5.434 2.5553 2 3Ba Lg LMy 4.8519
2.2818 3 58Ce LB LypNy 5.4334 2.5615 2 38Ce L Ly 4.8402
2.2822 3 61 Pm L Ly 5.4325 2.5674 2 532Te Lyeg LN 4.82%0
2.28440 2 23V KBz KMy 5.42729 2.56821 5 56Ba Is LMy 4.82753
2.28570 2 24Cr Ko Kl 5.41472 2.5706 3 58Ce I LynMyv 4.8230
2.25%0 3 57La LB Lyl vy 5.415 2.58244 8 531 Iy Lol 4.8009
2.2926 4 61 Pm Ly Luihtry 5.4078 2.5926 I 54Xe Lig Abs, Edge 4.7822
2.293606 3 24Cr Ko KLy 5.403309 | 2.5932 2 55Cs LB LNy 4.7811
2.3030 3 571a Lﬂg,m Ln‘}N vy 5.3835 2.618 5 9O Th M HOgv 4.735
2.304 7 92U M0z 5.38 2.6203 4 58Ce Iy Ly dy 4.7315
2.3085 3 56Ba Ly LNz 3.3707 2.6285 2 55Cs LB Lidyn 4.7167
2.3108 3 58Ce LB Ly 5.3651 2.6388 i1 518 Iy Abs. Edge 4.6984
2.3122 2 64Gd L Lypddy 5.3621 2.6398 2 518 Ly LyOn 31 4.6967
2.3139 i 55Cs In Abs. Edge 5.3581 2.65710 9 531 Lys LNy 4.6660
2.3480 2 55Cs. Lm LulNwy 5.2804 2.66570 5 57La Le LMy 4.65097
2.3497 4 858Ce LB Lyl 5.2765 2.6666 2 55Cs LB LyMyy 4.6494
2.3561 3 38Ce I LyMey 5.2622 2.67533 § 37La Lo Lyl vy 4.63423
2.3629 I 56Ba Lz Abs. Edge 5.2470 2.6760 4 6O0Nd L Lyyshx 4.6330
2.3704 2 60Nd L Lyl 5.2304 2.6837 2 55Cs  Lg LMy 4.6198
2.3764 2 56Ba LB LMy 5.2171 2.6879 1 32Te ILp Abs. Edge 4.6126
2.3790 4 57La IBs LypNy 5.2114 2.6953 2 518b Ly LWy 4.5999
2.3806 2 56Ba L LyryOy 5.2079 2.71241 6 52Te Im LNy 4,5709
2.3807 3 6O0Nd Le LypiMyy 5.2077 2.71352 $ 531 L8 LM 45690
2.38369 2 36Ba Lfue Lyl v 5.1941 2.7196 3 53 Ly Abs. Edge 4.5587
2.3880 5 531 Iy Abs. Edge 5.192 2.72104 9 531 Lpre LMy 4.5564
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Tarie VI {Lontinued)

Wavelengith Wavelength

A® o.e, Element Designation keV A* p.e. Element Designation keV
2.7288 3 53% LB Lspr0x 4.35435 3.04661 8 52Te £8s Fudlys 4.0G695
2.740 3 57Lla in LMy 4.528 3.068 5 90Th M Abs. Edge 4.041
2.7485% 2z 22Ti K Kigny 451084 3.6703 i #a X Abs. Edge 4.0381
2.75653 8 531 L LinNay v 4.5075 3.0746 3 20Ca KB EMyy 4.0325
2.75216 2 22T Koz K Ly 4.50486 3.097677 6 532Te Lf LeyM ey 4.02958
2.783 8 92U E P I 4£.50 3.08475 9 5Sn  ins Laly 4.0192
2.762 i 218 K Abs. Edge 4,489 3.0849 1 48Cd L Abs. Edge 4.0190
2.7634 3 218 K& My 44865 3.0G897 2 20Ca Kgigs KMy 4.0127
2.77595 5 5Bz ILea LMy 4.46026 1 3.6%¢ 5 83Bi My Abe. Edge 4.007
2.7768 1 308& i Abs. Edge 4.4648 3.11513 9 Sn i My 3.9800
2.7775 2 308 Ly L0 4.,4638 3.11513 9 548k I8 LyyrgNy 3.9800
2.7795 2 218 Kfis KM 44605 3.113 7 92y MOy 3.980
2.788% 4 pPr I Ly~ 4.4532 3.121% 9 308n ILgws LaxMyy 3.9716
2. 78553 5 55 Be Lag LGng 4.4&390 3.13% 3 907Th Mw@;v,v 3. G359
2.78097 9 5Te Iy Ll 4.4437 3.1353 2 36Ba 1% Expy iy 3.9541
2.817 2 920 My 4.401 3.4377 2 48CE I Lyl 3.9513
2.8794 3 518k ILp Abs. Edge 4,381% 3.1473 1 81n Iy Abs. Edge 3.9393
2.8327 2 08 Ly LWy 4.3768 3.14860 6 531 Loy Ly 3.93765
2.83672 g 551 L8, LgiNy 4.37086 3.15258 9 318b Lg; LiMg 3.9327
2.83897 ¢ 52Te 4iB LMy 4.3671 3.1537 i 308n Ly Abs. Edge 3.9288
2.848679 9 32Te Ifwe Labfyy 4.3551 3.1564 3 505n Iy Ly 3.927%
2.8515% 3 35S Ly Lozl 4.3477% 3.15791 & 331 F Liney 3.92604
2.8553 i 527Te¢ Iy Abs. Edge 4.3418 3.16213 4 45In Iw LNy 3.92081
2.8627 3 56Bs Iy Lyl 4.3309 3.17365 3 508n ILgs Ly ey v 3.98486
2.8634 3 827Te LSy La530; 4.3298 3.19014 9 51Sh LB, LiMny 3.8364
2.87429 9 331 LB LaM iy 4.3134 3.217 5 82P My Abs. Edge 3.854
2.88217 8 527Te ILfsas Ly 4.3017 3.22567 4 5i8b ILp Iablry 3.84357
2.884 5 929 M Abs. Edge 4.299 3.245 9 91 Pa Mys04 3.82
2.8017 4 58Ce Ll LBy 4.2875 3.24907 9 49In Ly Iy 3.8159
2.8924 2 35Cs L LynMy 4,2868 3.2564 1 47TAg I Abs. Edge 3.8072
2.5020 2 55Cs Lo LMy 4.2722 3.267¢ 2 850s W LyyiMy 3.7850
2.91¢ 2 91 Pa Ml 4.260 3.26763 9 49In I8 Lyl 3.7942
291207 ¢ 531 L3, Tl 4£.2575 3.26901 2 5085a iss LyneNy 3.7926
2.92 2 92U Ml 4.23 3.27404 S 493In LB, Lidday 3.78068
2.9260 1 49In I Abs. Edge £.237% 3.27979 9 331 iy Ledds 3.7801
2.9264 2 49In L LyOg 31y 4.2367 3.283 9 S0 Th MOy 3.78
2.53187 9 318  Lys Igly 4.2287 3.28%920 & 52Te Loy LMy 3.76933
2.934 g 90Tk BNy 4.23 3.29846 8 527e Lo LMy 3.7588
2.93744 6 331 g LysMyy 4.22002 3.30585 3 505 I L 3.7500
2.948 2 929 MHyaOw v 4. 25 3.30635 & 47 Ag Ly LaNepy 3.7498
2.97088 9 52Te I8 el 4.3732 3.3121¢6 9 Az Lm LiNy 3.7432
2.97261 9 518 Lge VEY 4.1708 3.3237 1 4%9In Iiy Abs. Edge 3.7302
2.57817 9 318 IBw LMoy 4.1616 3.324 4 49In LB Ly 3.730
2.9860 2 29%  Iws  LiNpm £.1605 | 3.3257 1 48Cd Im Abs, Edge 3.7280
2.9823 ¥} 38 Iy Abs. Edge 4.1573 3.329 4 920 Ml 3.724
2.9932 2 55Cs Iy Lol 4.1421 3.333 5 82U My Abs. Edge 3.720
3.0003 1 518 Ly Abs. Edge 4.1323 3.33564 & 4844 Lwm La#y 3.71686
3.0011% 3 305 Iy Iy 4.13112 ¢ 3.33832 3 49In LBes LWy 3.71381
3.0052 3 83318 Lg LiCr 4.1255 3.34335 S 508 I8 LxMs 3.7083
3.006 3 57ia L LypM s 4. 124 3.346 5 81711 My Abs. Edge 3.785
3.00893 9 52Te L& LM 4.1204 3.35839 3 Ca Kes KLy 3.65168
3.011 2 80Tk My £.117 3.35% S 83BI Mn Abs. Edge 3.691
3.0166 2 54 Xe L LMy 4.1099 3.36166 3 22 Koy KLz 3.68809
3.02335 3 315 LBen LinlNvyw 4.10878 3.38487 3 50Se I8 LM 3.66280
3.0369 1 218 &Ke Kign 4.0906 3.42551 2 48Cd I LNy 3.61935
3.0342 i 288 K Kip 4.0861 3.43015 9 48Cd I8, L3y 3.61445
3.038 2 9iPa MHi:0w vy 4,081 3.43606 g 48In L8 Lyl 3.60823
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Tasre VI {Continued)

Wavelength Wavelength

A* p.e. Element Designation keV i» p.e. Element Designation keV
3.4365 I 18K K Abs. Hdge 3.6078 3.77192 4 49In  im Eyehly 3.28694
3.4367 2 48Cd LB LiMyy 3.6073 3.78073 6 49In  Low LMy 3.2792%
3.437 i 46Pd Iy Abs. Edge 3.607 3.783 5 8 Hg Mn Abs. Edge 3.277
3.43832 9 527%e Iy Lyhfy 3.60586 3.78876 9 538 Iy LegBly 3.27234
3.43941 4 518 Lo iy 3.60472 3.792¢ 2 46P3d Lp Lghiv 3.2696
3.441 5 21 Pa Myl 3.603 3.7988 2 46Pd Lfw LMy 3.2637
3.4413 4 19K KB KMy 3.6027 3.80774 9 47T Ag LB Ean¥y 3.25603
3.44840 6 51Sb Loy Ly 3.59532 3.808 4 9GTh MO 3.256
3.453% 2 19K  EBs KMy 3.589¢6 3.8222 2 468d Ly LyrHy 3.2437
3.46984 g 49In LB LMy 3.57311 3.827 i 91Pa MB Mgz 3.2397
3.478 5 8GHz M Abs. Edge 3.565 3.83313 9 47Ag LB LBy 3.23446
3.479 1 920 By Mauliv 3.563 3.834 4 83Bi Mfry 3.234
3.4892 2 46Pd  Lyes ExlNay urx 3.5533 3.835 5 4Ry Ly Abs. Edge 3.233
3.492 5 82Pb Mp Abs. Edge 3.550 3.87023 5 47Ag Lp LMy 3.20346
3.497 5 929 My Abs, Edge 3.545 3.8709G 5 184A K Abs. Edge 3.20290
3.5047 1 48Cd I Abs, Edge 3.5376 3.872 g 82P9b Myl 3,202
3.50697 9 4In I LiMix 3.53528 3.8860 2 184 KB KMy 30 3.1905
3.51408 4 48Cd Lfans Ly v 3.52812 3.8882¢6 g 518k U Lo by 3.18860
3.5164 1 4TAg In Abs. Edge 3.5258 3.892 g 83 Bi Ny 3.185
3.521 2 92U My 3.521 3.8%77 2 4Ru Ly L3N mve 3.1809
3.52260 ¢ 47Ag Im Ly 3.51959 3.904 5 83Bi Mg Abs. Edge 3.176
3.537 9 9% Th Myl 3.505 3.9074 1 46Pd ILmm Abs. Edge 3.17298
3.55531 4 49In If LaMyy 3.48723 3.90887 4 46Pd Lfasw LuilNyvw 3.17179
3.557 5 90Tk My Abs. Edge 3.485 3.910 1 92U M My¥yn 3.1708
3.55784 9 531 Li LM+ 3.48502 3.915 5 M My Abs. Edge 3.167
3.57¢6 1 929 MO 3.4666 3.924 i1 929U Mg Myl 3.1595
3,877 1 91Pa My My 3.4657 3.932 6 83Bi MmO,y 3.153
3.59994 3 0% I LMy 3.44398 3.93473 3 4TAg LG Ly 3.15004
3.60497 9 47Ag LB LM~ 3.43917 3.936 5 T9An My Abs. Edge 3.15
3.60765 9 518t In Lyhiz 3.43661 3.941 I 90Th Ms Mrylyy 3.1458
3.60801 4 508 Lo Ly 3.43542 3.9425 5 45Rh  In Abs. Edge 3.1448
3.61158 9 47 Ag Lfw LiMry 3.43287 3.9437 2 45Rh im Laliyy 3.1438
3.614 2 91Ps Miulyy 3.430 3.95635 4 48Cd La LyaMy 3.13373
3.61467 9 48Cd ILss Lyghs 3.42094 3.96496 6 480d Ley LaeMry 3.12691
3.61638 9 47Ag Lvs LNy 3.42832 3.968 5 82Pb MulNyy 3.124
3.616 S 79 Ae M Abs. Edge 3.428 3.98327 9 49In Iy Ludy 3.11254
3.629 5 45Rh Iy Abs, Edge 3.417 4.013 g 81Tl My 3.089
3.634 5 81Tl B3n Abs, Edge 3.412 4.0162 2 46Pd L Lanliy 3.0870
3.64495 9 48Cd Lss LiMy 3.401453 4.022 P 9 P2 My MyNyn 3.0823
3.679 2 9OTh My My 3.31 1 4.0346 2 4674 I LMy 3.0730
3.68203 9 48C4d Lg LMy 3.36719 4.035 3 %P2 M Mylvy 3.072
3.6835 2 45Rh  Lvs LiW¥ e 1mx 3.3640 4.0451 2 45Rh Ly Loy 3.0650
3.691 Z 91 Ps MiyOn 3.359 4.047 1 82Pb M Abs, Edge 3.0632
3,699%9 1 47Ag Lm Abs, Edge 3.35096 4.058 3 43Te Iy Abs. Edge 3.055
3.7033% 3 47Ag LBuws Lyl 3.34781 4£.069 6 82Pb MuOwy 3.047
3.716 1 920 MB HyyNy: 3.3367 4.0711 2 46P4  Lp, Ly 3.0454
3.71696 g 52°Te L Ly My 3.3353% 4.071 5 7608 M: Abs. Edge 3.045
3.718 2 90Th My 3.335 4.07165 9 508 L Lyl 3.04499
3.7228 1 46Pd Iin Abs. Edge 3.33031 4.083 5 789t My Abs, Edge 3.02%
3.7246 2 46Pd Im Loy 3.3287 4,108 9 83 Bi MOy 3.021
3.729 5 90Th My Abg, Edge 3.325 4,116 4 83111 Myl 3.013
3.73823 4 483C4 Ip LMy 3.31637 4,1299 5 4A5Rb Ly Abs. Edge 3.0021
3.740 9 83Bi MiNm 3,315 4,1310 2 45%h Ipu Lothyy vy 3.0013
3.7414 2 19K Eu KL 3.3138 4.1381 9 %0Th Ma MyFvwn 2.9961
3.7445 2 8K Ko KLz 3.3111 4.14622 5 46Pd Im LyBivy 2.99022
3.760 9 90Th My P 3.298 4.151 2 8Tk Mo, MyNys 2.987
3.762 5 18Pt My Abs. Edge 3.206 4£.15443 3 47Ag Lo Lyssdy 2.98431
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Tanrg Vi (Continued)

Wavelength Wavelength

A® p.e. Element Designation keV A p.e Element Designation keV
4.16294 53 4TAg Lo LMy 2.97821 4.6543 2 41Nb Ly LWy 2.6638
4.180 1 4Ru Iy Abs. Edge 2.9663 4.655 8 82Pb Myl 2.664
4,.1822 2 4Ry Im LNy 2.9645 4.6605 2 46Pd In Ly 2.6603
4.19180 5 184 Koy KLy 2.95770 4.674 i 82Pb My Moy 2.6527
4.19315 9 48Cd Iy Luly 2.95675 4.685 1 8Pt M Abs. Edge 2.6459
4.19474 5 18A Koo Kz 2.95563 4,694 8 78Pt MmO 2.641
4,198 i 81T M Abs. Edge 2.9535 4.703 9 79 Au MO 2.636
4.216 6 8171 MOy 2.941 4.7076 2 47Ag LI Lyl 2.6337
4.236 5 7T5Re My Abs. Edge 2.927 4.715 3 829> Mgy 2.630
4.2417 2 45Rh LB Lyl 2.922¢ 4.719 1 42Mo In Abs, Edge 2.6274
4,244 9 82Pb MMyOy 2.921 4,7258 2 42Mo Im LNy 2.6235
4,2522 2 45RhR L L 2.9157 4.7278 1 17¢ Ken KLy 2.62239
4,260 5 7Ty Mo Abs, Edge 2.910 4,7307 I 17Cl K Kig 2.62078
4.36873 9 48In L Lyl 2.90440 4.757 5 82Pb My Abs, Edge 2.606
4.2873 2 44 Re Ly Luly 2.8918 4.7 5 83BI My Abs. Edge 2.603
4.2888 2 45Rh L8 Db 2.8908 4,780 4 7Tir MulNv 2.5%4
4,300 g 79 Au My Z.883 4,79 2 760s MiNyx 2.59
4.304 5 42Mo I Abs. Edge 2.881 4.815 5 W Mp Abs. Edge 2.573
4.330 2 920 MmNy 2.863 4.823 2 83Bi MwyOn 2.571
4.355 i 80Hg Mm Abs. Edge 2.8469 4,823 4 81Tl My MypNv 2.571
4.36767 5 46Pd Les Lk~ 2.83861 4.83¢69 2 42Mo ILvs LNy 2.5632
4.369 1 44Ru Iy Abs. Edge 2.8377 4.84575 5 4 Ru L Ly~ 2.55855
4.3718 2 44Bu LB Lynllsy v 2.8360 4.85381 7 4RBu Las LygM v 2.55431
4.37414 4 43Rh I LpMyy 2.83441 4,861 1 77y M Abs. Edge 2.5505
4,37588 7 46Pd Loy Ly 2.83329 4,863 5 81711 MyulNye 2.548
4.3800 Z2 42Mo Imgy LNy 31z 2.8306 4.869 ¢ 77 i MO v 2.546
4.3971 1 17¢t K Abs. Edge 2.81960 4.876 9 18Pt MO 2.543
4.4034 3 17C1 Ep KM 2.8156 4.879 5 40Zr Iy Abs. Edge 2.541
4.407 5 14W M Abs. Edge 2.813 4.8873 8 43TFc Ip LMy 2.5368
4.4183 2 47Ag Iy Lydfy 2.8061 4.909 1 83Bi M8 MyryNvy 2.5255
4.432 4 79 Au MuNwy 2.797 4.911 5 90 Th MywNi 2.524
4.433 5 760s My Abs. Edge 2.797 . 4.913 1 42Mo I Abs. Edge 2.5234
4.436 1 43Te In Abs. Edge 2.7948 4.9217 2 45Rh Iy Ly My 2.5i%1
4.44 2 4w MO 2.79 4.9232 2 42Mo LB LiiNywvy 2.5183
4.450 4 91Pa Myaly 2.786 4.946 2 920 Mi Myl 2.507
4.460 9 78Pt MiF 2.780 4.952 5 81Tt My Abs. Edge 2.504
4.48014 9 48C4d U LynMy 2.76735 4.9525 3 46Pd Ll LMy 2.5034
4.4866 3 4Ry L LiM F151 2.7634 4.9536 3 40z L’yg_s LN LI 2.5029
4.4866 3 44Ru LB Ly 2.7634 4.955 4 760s MulNyy 2.502
4,518 1 A M Abs. Edge 2.743% 4.955 5 82Pb My Abs. Edge 2.502
4.522 6 79 Au M}z][GIv,v 2. ?42 4. 984 2 8 Hg M’y M{nﬁv 2. 4875
4.5230 2 44Ru Ip Fila 2.7411 5.004 9 82Pb MOy 2.477
4.532 2 B83BI M~y MinNy 2.7358 5.0133 3 42Mo LS Lyl oy 2.4730
4.568 5 90Th MnNy 2.714 5.0185 i 168 X Abs. Edge 2.47048
4.571 5 83Bi MmNy 2.712 5.020 5 73Ta Mn Abs. Edge 2.470
4.572 5 8 Bi My Abs, Edge 2.7i1 5.0233 3 168 KB M 2.4681
4,575 5 41 Nb Iy Abs. Edge 2.710 5.031 1 41 Nb Ip Abs. Edge 2.4641
4.585 5 73Ta My Abs. Edge 2.704 5.0316 2 168 Ep KM 2.46404
4.59 2 83Bi My Py 2.7¢ 5.0361 3 4INb Im LNy 2.4618
4.59743 9 45Rh Ly Lyl 2.69674 5.043 5 160s M Abs. Edge 2.458
4.601 4 78P: Ml 2.695 5.0488 3 42Mo 18 LyM+y 2.45857
4.60545 9 45RE  Leas LinMyey 2.65203 5.0488 5 42Mo IBs Ly 2.4557
4.620 5 75Re Mnp Abs, Edge 2.684 5.050 2 92U HMh MrNin 2.4548
4.62058 3 4Ru LI InMyy 2.68323 5.976 1 82Pb M8 MyyNvi 2.4427
4.625 5 92U MyyNy 2.681 5.692 2 %9 Pa MyH MyNyn 2.4350
4.63¢ 1 43Tc Iy Abs. Edge 2.6780 5.1148 3 43Tc L LinMv 2.4240
4.631 9 7Tix Ml 2.677 5.118 1 83Bi Mea MyNvyx 2.4226




Tanre VI (Continued)

Wavelength
. Element Desigpation keV A p.e. Element Designation keV
2 83Bi Mo MWy 2,417 5.6445 3 388 Ly LNy 2.1965
4 79 Au My Ny 2,410 5.6476 9 80Hg Mo MyNvyy 2.1953
3 4INb Ins LNy 2.4066 5.650 5 137Ta My Abs, Edge 2.3
5 8171 My Abs. Edge 2.406 5.6681 3 0Zr Lg Ll 2.1873
5 B0Hzg My Abs. Edge 2.404 5.67 3 7137Ta MO v 2.19
9 82Pb MvOpy 2.399 5.682 4 7608 M~y Myaly 2.182
9 74w MiNp 2.397 5704 8 82Pb MmNy 2.174
& 42Mo Lf Loy 2.39481 5.7101 3 40Zr LB LynNy 2.1712
5 79 Au MinNyy 2.391 5.724 5 760s My 2.166
2 91 Pz HMp Myl 2.3876 5.7243 2 41Nb L Ly 2.16589
9 81T MyyOyy 2.386 5.7319 3 41 Nb Loy LMoy 2.1630
2 44Ru Iy Ly 2.38197 5.756 i 38Y Lyz Abs, Edge 2.1540
5§ %Y Iy Abs. Edge 2.377 5,767 9 79 Au By Oy 2.150
3 45Rh L Lyl 2.3765 5.784 1 15Pp K Abs, Edge 2.1435
I 41Nb Ly Abs. Edge 2.3706 5.796 2 15p Eg KM 2.1391
S5 75Re M Abs. Edge 2.369 5.81 2 760s MylNy 2.133
3 41Nb LB LNy v 2.3670 5.81 1 789t My Abs. Edge 2.133
5 80Th Mo MyFy 2.364 5.828 1 78Pt M8 Mgy 2.31273
I 81T Mp MeyNy; 2.3621 5.83 2 737Ta MOy 2.126
3 38Y Lo s Lil s 2.3468 5.83 LI I V3 My Abs. Edge 2.126
1 82%b Mo MyNyy %.3455 5.8360 2 40Zr LG LMy 2.1244
2 82Pb Mo My 2.33957 5.846 I 79Au Mo MyNyrs 2.1229
3 4iNb L Lydyyy 2.3348 5.8475 3 42Mo Iy Ly 2.1202
4 78Pt My MinNy 2.331 5.854 3 5Au Mo MyNvyy 2.118
5 80Th Mo Ml 2.322 5.8754 3 38Y Ly LyNy 2.1102
3 41Nb Ls LiMy 2.31%4 5.884 8 8171 MmNy 2.107
4 74w M}ZNIV 2,314 5.835 2 75Re M’y MH};NV 2.1067
5 78%Pt MnlNyy 2.314 5.931 5 75Re MmNy 2.090
1 8Hg My Abs. Edge 2.313 5.962 1 3BY Ly Abs, Edge 2.07%4
3 41Nt ILgs LinlNy 2.3125 5.9832 3 32Y LB i 2.0722
7 168 Koy ElLpy 2.30784 5,987 9 78Pt MvOm 2,071
5 1%Aun My Abs. Edge 2,307 6.008 8 3TRb Iz Abs, Edge 2.063
8 168 Kas Kiy 2.30664 5.0186 3 39Y LB, LMy 2.0600
1 40Zr I Abs. Edge 2.3053 6.038 1 7k M8 MyryNvy 2.0535
3 40%r Ly LylNyy 2.3027 6.0458 3 3TRb  Lyes LWy iy 2.0507
2 737Ta Ny 2.295 6.047 i 78Pt Mo MyNyn 2.0505
. 8 42Mo L Ly 2.29316 6.05 1 77 My Abs. Edge 2,048
5. 8 42Mo I LyiMyy 2.28985 6.058 3 8Pt Me MyNyy 2.047
5. 9 80 Hg Mp Myl 2.2825 6.0705 2 407Zr Len LynMv 2.04236
5. I 14w Mug Abs. Edge 2. 2811 6.073 5 760s .32'1\' AE}S. Edge 2.042
5. I 81T Mo MyHvyy 2.2706 6.0778 3 40Zr L LMy 2.0399
5. 2 BT Mo, Myl 2.2656 6.09 2 8 Hg MV 2.036
5. 3 41 Kb I Lty 2.2574 §.092 3 14W My MmNy 2.035
5. 3 407Zr Ly LylNy . 2.2551 6.0942 3 3/Y LBs LNy 2.0344
5. 4 771Ir My My 2.254 6.134 4 74W My 2.621
5. 3 44Ru L Lyl 2.2328 6.1508 3 42Me L LyyiMy 2.01568
s. 8 83Bi MynNy 2.239 6,157 1 15P Ko K Ly 2.0137
5. 5 1ir MNve 2.238 6.160 i i5P Koo K iy 2.0127
5. 4 737Ta MulNw 2.22 6.162 8 83iBi MygNi 2.012
5. 1 40%r L Abs. Edge 2,2225 6.173 1 385r Ly Abs, Edge 2.0085
5. 5 79 Ae My Abs. Edge 2.220 6.2109 3 41Nb Iy LMy 1.99620
5. 3 40Zr LB Lo v 2.2194 6.2120 3 39Y LB LMy 1.99584
5. 1 78Pt My Abs. Edge 2.21% 6.259 9 79 Au Myl 1.981
5. 5 388 Iy Abs. Edge 2,287 6.262 i 97 Moy MyNviy 1.9799
5. 1 79 Au M3 Myvliyy 2.2046 6.267 1 760s Mg MyreNvy 1.9783
5. 8 74W HaOr 2,203 6.275 3 1Tk Moy MHyNyy 1.9758
5. 3 40Zr L LiM i 2.2010 5.28 2 1AW Myl 1.973




Tasre VE (Continued)

Wavelength Wavelength

A% p.e. Element Designation keV A% p.e. Element Designation keVY
5.2961 3 38 5r L",/:; Lnﬁz 1.96216 7.101 8 79 Au M}WZVIH 1. 7‘?‘}6
6.30 1 760s Ay Abs, Edge 1.967 7.11 1 737a My Abs, Edge 1.743
6.312 4 73Ta My Mlv 1.964 7.12542 9 48 Ko KL 1.73998
6.33 1 73Re My Abs. Edge 1.958 7.12791 9 148 Ko Ly 1.73938
6.353 5 737a My 1.951 7.168 I 36Kr Iy Abs. Edge 1.7207
6.3672 3 38S5r Lps LibMyyy 1.94719 7.250 5 36 Kr Lyt Ny 1.710
6.384 7 82Pb MyyNm 1.942 7.252 1 713%a Mo MyNvivn 1.7096
6.387 i 388 Egy Abs. Edge 1.9411 7.264 5 36Kr LB Lyl gy 1.707
6.4026 3 388 Ls Lyl 1.93643 7.279 5 36Kr Ly Ly 1.703
6.4488 72 3%Y Lo Lyl 1.92256 7.30 2 737Ta MyOm 1.700
6.453 9 78 Pt MylNy 1.921 7.303 1 I2Hf MB MeylNvy 1.6976
6.4558 3 %Y Loy LinMyy 1.92047 7.304 5 BKr Lis Lyl 1.697
6.47 i 36Kr Ig Abs. Edge 1.915 7.3183 2 37TRb Iey LM~ 1.69413
6.490 1 7608 Ma MyNviva 1.0102 7.3251 3 37TRdY Ly Lonidf vy 1.69256
6.504 i 75Re MB MyyNvy 1.9061 7.3563 3 3Y L Lyn My 1.68536
6.5176 3 41Nb L Lynfdy 1.90225 7.360 8 74W My 1.684
6.5191 3 38¢%r LB Lypy 1.90181 7.371 8 78 Pt MNm 1.682
6.521 4 83Bi Mn MyNg 1.901 7.392 1 36Kr Lin Abs. Edge 1.6772
6.544 4 72Hf M~y Mipliv 1.895 7.466 4 79 Au Mn Myl 1.6605
6. 560 5 75Re My Abs. Edge 1.890 7.503 I 348e Iy Abs. Edge 1.6525
5.585 5 83Bi M MreNy 1.883 7.510 4 36K: Ifs LNy 1.6510
5.59 1 74W My Abs. Edge 1.880 7.5171 3 388 Iy FalMy 1.64933
6.6069 3 8ZLr In Lypiy 1.87654 7.523 5 An Mp MwNzx 1.648
6.6239 3 385r I LyMyy 1.87172 7.539 1 728f MHe MyNvyiva 1.6446
6.644 1 3TRb LIy Abs. Edge 1.8661 7.546 8 68Er My My 1.643
6.66% 9 I7Ir Myl 1.85% 7.576 3 36Ky Ip LyMre 1.6366
6.72% 1 75Re Ma MyNyyvi 1.8425 7.60 1 68 Er MuyNry 1.632
5.738 1 148 K Abs, Edge 1.8400 7.601 2 71iuw M8 MryNvr 1.6312
6.740 3 82Pb Mhn MeNps 1.8395 7.612 9 737Ta MyNs 1.629
5.7530 1 148 KB KM 1.83594 7.645 & i MyvlNi 1.622
6.755 3 37TRb Ly Ll 1.83532 7.738 4 8Pt MH MvNm 1.6022
6.757 1 4w  MB MzvNvy 1.8349 7.753 5 35Br ip Abs. Edge 1.599
6.768 6 7iiu My MulNv 1.832 7.767 9 35Br LB Lill s im 1.596
6.7876 3 3TRb L Ly vy 1.82659 7.790 5 18Pt MHp MyolN 1.592
6.802 5 82Pb M Hrvln 1.823 7.817 3 36Kr Lo LinMvy 1.5860
6.806 9 4w MrvOn 1.822 7.8362 3 38S8r W LMy 1.58215
6.8207 3 37Rb L3 Libyy 1.81771 7.840 2 Milan Mo MyNvivi 1.5813
6.83 1 74W My Abs. Edge 1.814 7.865 9 67Ho My Moy 1.576
5.862 i 37TRb Ly Abs. Edge 1.8067 7.887 9 728f Moy 1.572
6.8628 2 388r LIy Lyply 1.80656 7.909 2 70¥b M8 MeyNvy 1.5675
6.8697 3 388  Les Loy 1.80474 7.94813 5 i13Al ¥ Abs. Edge 1.55988
6.87 1 73Ta My Abs. Edge 1.804 7.960 2 13Al Kp KM 1.55745
6.87 2 8Hg 3 Myl 1.805 7.984 5 35Br L Abs. Edge 1.5530
6.89 2 760s MmNy 1,798 8.021 4 WWiIr HMn MyNi 1.5458
6.9185 3 402r U Layidly 1.79201 8.0415 4 3IRd In LMy 1.54177
6.939 5 385Br L Abs, Edge 1.781 8.065 5 TTIr M MRy 1.5373
6.974 4 B1TT Mu MyNs 1.778 8.107 1 33As Iy Abs. Edge £.5293
6.983 1T 14w Moy MyNys 1.7754 ®.1251 5 35Br Ls InMw 1.5256%
6.9842 3 37TRb  igs Lanad¥y £.77517 §.144 9 66Dv My My 1.522
6.992 2 T4W Mo MMyNvyy 1.7731 8.14% 5 BYb Ma MyBrvy v 1.8214
7.0605 9 T4W MvyOsn 1.770 8.239 8 75Re MoyNm 1.505
7.623 i 73%z2 Mp MyvNvy 4.7655 8.24% 7 9 Tm M MowNwy 1.503
7.624 8 BYbh My My 1.765 £.310 4 760s Mn BN 1.4919
7.032 S 8171 e MyyNn 1.763 &.321 9 348 Is. Libg 1.49%0
7.0406 3 /Y Iy LMy 1.76095 &.33934 9 13A1 Ko Kigy 1.48676
7.015% 3 378 ILs Lpndyv 1.75247 8.34173 % i3Al Ko KLy 1.48627
7.69 2 737Ta MyyOnm 1.748 8,358 5 7608 Mpn Moy 3.4831



lpaek


Tanre VI (Condinued)

Wavelength Wavelength
A* p.e. Element Designation keV Ax p.e. Element Presignation keV
8.3636 4 37TRb L Lyl 1.48238 | 10.2%4 6 4GE HMp Byl 1.200%
8.3746 5 35Br  Loss LinMwy 1.48043 | 10.294 1 348 U EypiMy 1.2044
8.407 1 348 Ix Abs. Edge 1.4747 i0.359 9 31Ga LB LMy 1,197
8.470 g 70VYh MyalNy 1.464 10.40 7 920U HulPy 1.192
8.48 i 89Tm Me MyBvivi 1.462 10.4361 & 32Ge Lo, LinMrey 1. 18800
8.486 & 65Th My MV 1.461 10.46 3 64GE Mo By wn £.185
5.487 S 68 Tm My Abs, Edge 1.4609 10.43 i Yb Mt MyN 1.183
8.573 8 74W My 1.446 16.503 9 6ONd My Ml 1.138
8.592 3 6BEr MB Moy 1.4430 10.718 5 63Eu My Abs. Edge 1,.1575
8.60 7 920 NePryy $.44 10.734 I 334 Iy Enly 1.1550
8.601 S 68Er My Abs. Edge 1.4415 16.75G 7 63Ee MB Byeliyx 1.1533
8.629 4 75Re Mn Myl 1.4368 183.828 5 31Ge Ly Abs. Edge 1.1456
8.646 I 348e Iy Abs. Edge 1.434¢ 10.96 3 83Fu Mo MeNyrvm 1.13%
8.664 5 75Re M HMyyNyy 1.4310 16.998 9 59Pr My MynNww 1.1273
8.7358 5 348 ILpy LMy 1.41923 | 11.013 5 63Fu My Abs, Edge 1.1258
2.76 7 920 Ny Prsx 1.42 11.023 2 31Ga LB LMy 1.1248
8.773 1 32Ge Iy Abs. Fdge 1.4132 11.072  334As i Lty 1.1198
8.81 7 92y NPy 1.41 11.07 7 %GTh Ny Py 1.120
8.82 1 68Er Ma MyvFNyrvir 1.406 11,506 P 31 Gs Ly Abs. Edge 1.1169
8.844 9 64 Gd M’y .M'nzivrv;v 1,402 11.200 7 30Zn ws,é LzMﬁ,ggg 1,187
8.847 5 68Er My Abs. Edge 1.4013 11.27 i 6ZSm Mp Myl 1.0998
8.90 2 737Ta My Ny 1.3%3 11,288 5 618m My Abs. Edge 1.0983
3.929 1 33As LB LaMyz 352 1.3884 1£.292 t 31Ga Laps LenMyey 1.09792
$.962 4 74w  Mh MvNm 1.3833 11.37 1 68Er HMr MyNyyy 1.0901
8.963 4 67He Mp MyvNyy 1.3830 11.47 3 628Sm M« Myl v 1.08%
8.99500 5 3458 Loy Laviblvey 1.37910 | 11.53 1 58Ce M~y MmNrev 1.0749
8.993 5 714W Mg Myl 1.3787 11.5852 5 628m My Abs. Edge 1.0732
9.125 I 33As Ip Abs. Edge 1.3587 11.56 5 90 Th NyOre 1.072
9,20 2 61Ho M« MyNyive 1.348 11.569 1 1INz KX Abs. Edge 1.07167
9,211 9 63Fu My Ml 1.346 11.575 2 i Nas KB K3 1.0711
9.255 1 35Br Iy LMy 1.3396 11.609 2 32Ge Iy Ly 1.0680
9.316 4 73Ta Mo MvNn 1.3308 11.862 1 38Zn Ip Abs. Edge 1.04523
9.330 3 ?3 Ta Mfg M}'an 1.3288 11.85 1 67 Ho M§" ‘MVNIH 1.045C
9,357 & 66Dy Mg MyyNvy 1.3250 11.9:81 % 1iNa Koz Kigan 1.04098
9.367 1 33As L Abs. Edge 1.3235 11.965 2 32Ge L& Lyppdy 1.0362
©.4G 7 9Th NPy 1.319 11,983 3 30Zn Lf LoMve $.0347
g.4141 8§ 33As Ip LMy 1.3175 12.08 4 57Lla My MumBww 1.027
9.44 7 90Th NPy 1.313 $2.122 3 29Cue L8, LMy ;s 1.0228
9.5122 I 1zMg K Abs. Edge 1.3033% | 12.131 I 3BZn Ly Abe. Edge £.02208
9,517 5 31Gs L Abs. Edge 1.3028 12.354 3 30Zn Lue LMy :.0887
9.521 2 12Mg KEpB M $.3922 12.43 2 66Dy My el 998
9.581 2 32Ge Lfs LyMyny 1.2941 £2.44 2 GONd Hp Mol 0.997
9,585 1 35Br L} Egp by 1.2835 £2.459 5 $ONd My Abs. BEdge §.9951
9,59 2 66Dy Ha MyNvive 1.283 12.597 2 31Ga In Eysdi+ §.9842
9.600 9 62Sm By Myl 1.29% £2.68 2 ONd Mo MyFgr v 3.978
G648 2 32Ge ip ExMp 1.286%1 £2.737 5 6NE My Abs. Edge 0.9734
9.6769 8 3388 Eoup Egrslfzyy 1.2828 $2.75 3 56Bs By My v $.973
2.686 7 1ZHf Mo MrNu 1.2800 12.98 Q@ 92y KeOg 8.96¢
9.6386 7 TZHE Mt MyNn 1.2860 12.953 2 3Ga KL Ly $.9572
$.792 § 65Tb HMp Myl 1.2661 i2.98 2z &5Th Mt MolNax 8,955
9.8900 2 12Mg Eapq Kipm 1.25360 | 13.914 P 29Ce ILp Abs. Edge 0.95268
$.924 i1 32Ge Ig Abs, Edge 1.24%4 $3.653 3 29Cu IB LyBfry 0.9488
2.962 1 3#Se Ly § 251 P 1.2856 13.86 2 S%Pr Mp Mol 8.950
16.00 2 651 Ha MeNvivm 1,240 £6.31 P 0Zn L Abs. Edge 1.137
16.0% 7 92y Byl 1.22% 13.122 5 38Pr My Abs. Edge 5448
10.175 I 32Ge i Enbly 1.2185 13.18 2 28N LBse Lty pnx 6,941
10.187 1 32Ge Ly Abs. Edge 1.2170¢ 13.288 I 29Ce  Eip Abs. Edge §.93306
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Tasig VI (Continued)

Wavelength Wavelength
A* p.e. Element Designation keV A¥ p.e. Element Designation ke¥
13.30 6 B3Bi NIPII,HZ 0.932 i8.8 2 47 Ag M;(Nn,nx 0,658
13.3%6 3 29Cu  Lesg Lyzelryy 0.9297 18.96 4 24Cr  Lths Libym 0.654
13.343 5 58Pr Me MyNvyva $.9292 19.11 2 25Mn L8 Lkl 3.6488
13.394 5 59Pr My Abs. Edge (.9257 9.1 1 527 My Ny 0.648
13.57 2 4G4 MU Myl 0.914 19.40 7 48Cd Ml 4.639
13.68 2 38in In Loty 0.906 i9.44 5 87%La Mt Myl .638
£3.75 4 58Ce M3 MyyNvys 0.902 19.48 1 25Mo Lo LygMyv v 0.6374
13.8 1 997Th NmOv 0.897 i8.66 5 831 vy Abs. Edge 8,631
14.02 2 3Zn L LMy 0.884 18.75 4 26Fe Iy Ly G.628
14.04 2 58Ce Mo MylNvivn (.883 20.¢ i 508n My 0.619
14,22 2 63Eu Mt Myl (.872 20.1 2 467P¢ MyNy 0.616
14.242 5 28Ni  ILp Abs. Edge 0.8706 26.15 1 26Fe NI Lyphy 0.6152
14.271 6 28Ni  Lp Ly 0.8688 20.2 1 518b MNy §.612
14,3018 1 BNe K Abs. Edge . 866885 | 20.47 7 48C3 M~y MypNeyw 8.606
14.31 3 27Co LB Lidf s 0.870 20.64 4 56Ba Mt MyN §.601
14.39 5 38Ce MyOan 0.862 20.66 7 47 Ag MulNyw 0.600
14.452 5 0Ne Kg KM 0,8579 26.7 1 24Cr Ly Abs. Edge 3,598
i4.51 5 57La Mp MyyNvyy $.854 21.19 5 23Va L. LMy 1y §.585
14,528 5 28Ni L Abs. Edge $.8536 21.27 i 24Cr 1o Lysilyy $.5828
14,561 3 28Ni Lo LyiMyv v 03,8515 21.34 5 527e MieOp 1yz .58
14.610 3 10Ne Ko Kl (.8486 1.8 i 508%n Myniy $.575
14.88 5 57ia Ma MvNvivi 0.833 21.64 3 24Cr  Lase LMy $.5728
14.90 2 29Cu Iy LMy $.832 21.78 5 527Te MyOrex 8,569
14.91 4 628m My MyNyy 3,831 21.82 7 47T Ag My MoNew 0.568
15.286 9 29Cu L LMy 0.8111 21.85 2 25Mn Iy Lyghx Q.5675
15.56 »1 56Ba My Abs. Edge 0.7967 22.1 1 46Pd MyNy $.560
15.618 5 21Co Ip Abs, Edge 0.7938 22.28 I 25Mn LI Loy G, 5563
15.65 4 26Fe Lfsa LMy m 0.792 22.9 2 48C4 MuNy 3,549
15.666 8 27Co LB LMy 0.7914 23.32 i 80 K Abs, Edge 0.5317
15.72 2 56 Ba MvOm 0.789 23.3 I 46Pd My My 0.531
15.89 1 S6Ba My Abs. Edge 0.7801 23.62 3 80 Ke EL 0.5249
15.91 5 36 Ba MyOn 0.779 23.88 4 23Va L& LysMyy 0.5192
15.913 5 27Co ILmn Abs. Edge 0.7790 24.25 3 23Va Loy LMy $.5113
£15.93 4 527Te M"/ MIIINIV,V 0. 778 24,28 5 50 Sfi Mw}v Abs, Edge @.SM
15.972 6 27 Co La';,g LGMxv,v 0.7762 24.30 3 24Cr L?j LHMI 0.5102
15.98 5 318 Ml 0.776 24.4 2 47 Ag MyNy 0.509
16.20 5 56Ba MyOux 0.765 24.5 I 48(Cq MyaNy 3,307
. 16.27 3 28Ni Iy Lnbly 0.762 24.78 1 28Ce 4 LyolMy 3.5003
16.46 4 60Nd Mt MoNysy 0.753 25.01 9 45Rh My MmNy $.496
16.693 9 28mi U Ly 0.7427 25.3 i 50 5n MeyOry ez $.491
16.7 i 24Cr Iy Abs. Edge 0.741 25.50 G 44 Ry Myl $.486
16.92 4 518 My MmN v 0.733 25.7 I 30Sn MyOnz {3.483
16.93 5 53Sn MuNwv 0.733 26.0 1 47 Ag Myaly $.478
17.19 4 25Mn LB, Eslyr 0.721 26.2 2 46Pd MpHy G.474
17.202 5 26Fe Iy Abs. Edge 0.7208 26.72 9 32Te Mr My vNeox 0.464
17.256 I 26Fe LB LMy 0.7185 26.9 1 4 Ru My MmNy 0.462
17.38 4 59Pr MY MyNyg 0.714 27.03 2 2T Lp LMy $.4584
17.528 5 26Fe Ly Abs. Edge 0.7074 27.29 1 22Ti Ly Abs. Edge 0.4544
17.59 2 26 Fe Laa,e Lz:;sz,v Q. ?@50 27 .34 3 23 Va L?g Lan 04535
17.6 1 527Te Ml 0.703 27.42 2 227TF Less LiiMre v 0.4522
17.87 3 21Co In Lyedfy 0.6%4 21.77 1 23Va I} Ly 0.4465
17.94 5 508 My MmNwy 0.691 27.9 1 46 Pd Moy 0,445
17.9 1 24Cr Ip Abs. Edge 0,691 28.1 2 45Rh Mul; 0.442
18.292 8 271Ce LI Lyry My 0.6778 28.13 S 483Cd Mpw Abs. Edge 0.4408
18.32 Z 9F Ea KL $.6768 28.88 & BiS8b My Mool 0.429
18.35 4 58Ce Mr Myl $.676 25.8 1 45Rh Myzi+ 0.417
i8.8 1 5i5b Ml $.658 30.4 1 48(Cd MeyOnm §.408
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Tasre VI (Continued)

Wavelength Wavelength

A p.e. Element Designation keV A= p.e. Element Degignation keV
3.8 1 48¢Cd Mv(}zn (.403 49.4 i 79 Au Nva};’vn 3,250
30.82 5 47TAg My Abs, Edge 0.4022 49.5 I %0Th NgOp 0.2505
36.89 3 27T In Lyxbdy $.4013 50.0 I 90Th NynOvy 0.2479
30.99 i TN K Abs. Edge §. 4000 50.2 1 ¥ ir Ky Nvx $.2470
31.02 2 218 ILp LM 0.3996 50.3 I 527 Ml (.2465
31.14 5 47Ag My Abs, Edge $.3981 55.9 i 18Pt NyNyiyn (.2436
31.24 9 508 Mr Myv Ny $.397 51.3 1 388« My 0.2416
31.35 3 21 8¢ Lexge LysMvew $.3954 51.9 1 760s NeyNyy 0.2388
31.36 2 22T Ik Ly 0.3953 52.¢ Z 48Cd MM 0.2384
31.60 4 TN Ko KL (.3924 52.2 1 518h Mubv 0.2375
31.8 1 920 Hyyllyy $.390 52.34 7 44Re Mr My N (.2369
32.3 2 44Ru Myl 8.384 52.8 1 I Ny va 0.2348
33.1 2 412p MulNry 6.375 53.6 i 385r My 0.2313
33.5 3 47 Ag Mye w0y 8.370 54.0 2 AW Nyl 0$.2295
33.57 9 907Th £VI§¥AYV§ $.3693 54.0 1 47 Ag 2 iy (.2295
34.8 i 920 Nv?fvg,vu $.337 54.2 1 508n ﬁfInMv 0.2287
34.9 2 41 Nb M~y Myl v 0.356 54.7 2 760s NyNyrva §.2266
35.13 2 218 Iy Lyl $.3529% 54.8 2 42 Mo MwvvOnm 0.2262
35.13 1 20Ca Iy Abs, Edge $.3529 55.8 1 4w NyyNyy 0.2221
35.3 3 42 Mo Myl 0.351 55.9 1 18A Ly Ly Ms 0.2217
35.489 1 20Ca Iy Abs, Edge $.34931 | 56.3 1 i8A Ii Liphfy ¢.2201
35.59 3 218 LI ExpiMy $.3483 56.5 i 46Fd MuMw 0.2194
35.63 1 20Ca Iy Abs. Edge 0.34793 | 57.0 Z 37TRb Muly 0.2174
35.94 2 20Ca Is LMy 0.3449 58.2 1 737Ta Neglvyy 0.2130
36.32 2 9%0Th NylNvysve 0.3414 58.4 1 14w Nylyix 0.2122
36.33 2 20Ca  Lay, LinMwvy 0.3413 38.7 2 48¢Cd Myl 0.2111
36.8 1 48Cd My MrovNgm  0.3371 | 59.3 1 45Rh MMy 0.2690
37.4 2 46Pd MryyOn,m 0.332 59.5 3 4w NyNvy 0.208
37.5 2 42Mo MV 0.331 59.5 2 37TRb MyNy 0.2083
38.4 3 4iNb My 0.323 60.3 1 47 Ag MMy 0.2048
39.77 7 47 Ag My MW,an,uz 0.3117 61.1 2 737Ta NVN?LVII (.2028
40.46 2 20Cs Iy LysM 0.3064 61.9 2 41Nb My vOnan 0.2002
40.7 2 41 Nb Myl 0.30% 62.2 i 44 Ru Myl 0.1992
40.9 2 45Rh MrovOnm 0.303 62.9 1 46%d MMy 0.1970
40.96 2 26Ca L Ly 0.3627 63.0 5 71Lu Hyylyy 0.197
42,1 2 9270 NVIOV 0.295 64,38 7 42 Mo Mﬂ' }rfw'vau,zn 0.1926
42.1 1 9K Iy Abs. Edge 0.2946 65.1 7 WYL VrvlVvy 0.150
42.3 2 82Pb NevlNys 0.293 65.5 i 45Rh MyMv 0.1892
43.3 2 920 N3O0y 0.286 65.7 2 71Lu NyNvivi 0.1886
43.6 1 46Pd My My yNum 0.2844 67.33 9 .17C1 In Lardy 0.1841
43.68 1 6C X Abs, Edge §.28384 : 67.6 3 5B Ko KL 0.1833
4.7 3 6C Ra KL 0.277 67.90 9 11¢t n Ly 0.1826
44.8 i 4Ru M vOnm 0.2768 68.2 3 9Tk OmProv 0.1817
45.0 1 8Pb Arvﬁw,vn 0.2736 68.3 I 44Rwu JWIHMV 0,1814
45.2 3 80Hg Nyl 0.274 68.9 2 42 Mo Mol 0.1798
45.2 1 318 Mol 0.2743 69.3 5 Vb ByNyi v 0.179
46.48 9 3%Y MuNy 0.267 70.0 4 40%r MyyvOnm 0.177
46.5 2 BT NyNvyivn 0.267 72.1 3 41 Nb MpMw 0.1718
46.8 2 19 A NywlNvy 0.265 72.19 9 41Nb My MryNam 0.1717
47.24 z 19X U LyedMy 0.2625 72.7 9 68 Er NywNyy 0.3171
47.3 1 508n Myl 0.2621 74.9 i 42 Mo MMy 0.1656
47.67 9 45Rbh My Mye vl 0.2601 76.3 7 68Er NyNvivn 0.163
47.74 1 19K L Lty 0,2597 | 76.7 2 47Zr Ml 0.1617
47.9 3 8 Hg Nylyrva 0.259 76.9 2 35Br MyNy 0.1613
48.1 2 18Pt Nyylvr 0.258 78.4 2 41 Kb MMy 0.1582
48.2 1 90Th NyiOy 0.2572 79.8 3 35Br My Ny 0.1554
43.5 2 %Y Mgy 0.256 80.9 3 407Zr MayMy 0.1533



lpaek


TasLe VI {(Conidnued)

Wavelength Wavelength
A* p.e. Element Designation keV A p.e. Element Designation keV
81.5% 2 8% Ml 0.31522 {157, 3 367s HumMyy 0.079
82.1 2 40Zx My By el 6.1511 159.0 Z 56 Ba NyyOp G.07796
83. i 66 D}’ NN.‘JNVE,WE 0,149 1595 5 29Cu fvfn Abs. Eégﬁ 0.0777
83.4 3 168 Iy - 0.1487  1163.3 2 36Ba NiyOg 0.07550
85.7 Z 388r Myl 0.31447 1154.6 Z 56Ba NyOm 0.07530
86. 1 65 Th Nw,va},vﬁ §.144 164.7 3 35 Br M}Mﬂx (}.@753
86.5 2 39Y MIHM;:VN 0.1434 i166.0 5 29 Cu fx{ni Abs. Edgﬁ G. 3?47
$1.4 2 3865 Mﬂ}MﬁV#V ag. 135? 170.4 I 13 Al Z;}L}}I Abs. Edge 3. 07273
915 2 31Rb Mplfv §.1355 li71.4 5 13Al Lyg il 0.0724
1.8 1 83Bi NyiOww §.135¢ 173 3 29Cu My My 6.072
93.2 1 83Bi BrypOv ©.133¢ 181, 5 90 Th Oy vOrr,p0x 0.068
93.4 2 39Y Mr My N1 0.1328 [183.8 1 55Cs NrvOg 0.06746
94. 1 15p Lyryix Abs. Edge 0.132 184.6 3 35Br MyMy 0.0672
96. 7 2 37 Rb MKIMW,V (.1282 188.4 1 28 N1 fbf;n Abs, Edge 0.06581
87.2 8§ 66 Dy FrvvOuman (.128 188.6 i 55Cs NevOn 0.06574
98. i 62 5m NyywlNvyvn  0.126 189.5 3 35Br MyylNyx 0.0654
106.2 2 82Pb N0y 6.1237  190.3 1 55Cs NyOnx 0.06515
162.2 4 657hb Ky v O 0.1213 (190, Z 28 N3 MusmMvy 0.0651
192.4 1 82Pb NgiCre $.121 11011 2 35Br Mo MyyNsx 0.06488
103.8 4 I8P Lgyanld 0.1194  192.6 2 35Br ML My Ny 0.06437
104.3 i 8Fb NyuOvy (G.118%  [197.3 1 12Mg Iy Abs, Edge G.06284
107. 1 60Nd NevvBvivn 0.116 202. 5 27Co Musu Abs. Edge 0.061
108.¢ 2 386Sr M{Q ‘gff;v}h’g‘ﬁ; $.1148 203. I 168 LELII,IIE 3.061
108.7 1 385r Mﬁ'; Mvﬁnx ©,1140 214. 6 27 Co MH.HIMIV.V $.058
109.4 3 35Br Myl 0.1133 224 i 531 Nyvw Abs. Edge 0.0532
118.6 5 29Cu My Abs. Edge §.1121  |226.5 1 3L K Abs. Edge 0.05475
111, i 4Be K Abs. Edge 0.111 227.8 1 348Se My Abs. Edge 0.05443
112.0 6 63 Eu Ky vOiin 0.1107  |228. 1 3Li Ka KL 0.0543
113.¢ 1 81T FyyOv §.10%68 1230. 2 34 Se My $.0538
113, 1 59Pr FrvvNwiyn  0.1085  [230. 1 26Fe Mpmm Abs. Edge 0.0538
113.8 3 35Br MMy v 0.1089  1243. 5 26 Fe MuaymMyy 0.051
114. 1 4Be Ko KL 0.1085 1249.3 I 12Mg In Abs. Edge $.04973
$15.3 2 8171l NyiOw G.1075  250.7 1 12Mg L Abs. Edge 0.04945
117.4 & 62Sm NovwOnm  G.1056  [251.5 5 12 Mg LM 0.04929
117.7 1 8171 NypOv ©.10530 1273, & 25 Mn MumMey 0.045
123. f 148k Lg;,nz Abs. Edge €.1006 290, i 13 Al LILn,m (.0428
126.8 2 37Rb MrNm 0.0978 1309, 9 24Cr MumMwvy 0.040
$27.8 2 3IRb Mp Mvln 0.097¢ 1317, 1 12 Mg LyEyr $.0392
128.% 2 37Rb Mn HvNmp 8.0968 1337 9 23V My Moy 0.0368
$28.9 ¥ 6 Nd FeevOum 0.0962 1376, $ 1INa Ly Lyy sy $¢.03289
335.5 4 148Si Ly yulf $.0915 1399, 5 33Br M Abs, Edge §.0311
136.5 4 39Pr NIV.VGH,IH §.0508 405, 5 1iNa Ln,;n Abs. Edge $.0306
137.¢ 5 30Zn Mg Abs. Edge ¢.0905 1407.% 3 (i1 Na Ly yunld 0.03045
342.5 1 B3AY k& Abs, Edge §.08701 417. 5 17C My Abs. Edge 6.0297
$43.9 5 30Zn By Abs. Edge $.0862 444 5 53% O Abs, Edge $.027%
i44.4 6 38Ce NevwOn $.085% (525, g 20Ca My Ny 0.0236
144.4 3 3IRb B My ¢.0859 2. g 9K Byl 8.0179
152.6 6 37ka BrwvOnan §.0812 rg

46



W Eay=0.2090100 A*) and the probable errors in the
third column, which apply to the last listed figure, are
based on the error in the wavelength relative to the
W Ko line. The probable error on an absolute scale
{angstroms) can be easily calculated by converting
the listed error imto parts per million and adding
statistically an error of five ppm which is due to the
uncertainty in the wavelength of the primary W Koy
standard. In more than 989 of the Hsted wavelengths,
the errors shown in the third column are so large that the
added error due to the primary standard is insignifi-
cant. The energy of the lines in keV {(VA=12398.10+
0.13 €V — A*) are shown in column four, This probable
error includes that of the primary wavelength standard,
and hence this ten ppm error combined with that in
the last figure in the wavelength values vields the
absolute probable errors in the keV energy values,
The values for a second element are likewise shown in
columns five, six, and seven. Data for other elements
follow in 2 similar format.

In the study of the x-ray literature, the wavelengths
of a number of lines were noted which appeared in-
consistent with the remaining data. A Moseley-type
diagram was constructed, and if the value was clearly
cutside estimated probable error, it was assumed that
an experimental or typographical error had occurred,
and the interpolated value was listed in the table,
Such cases are marked with a daggerf as & superscript
to the wavelength, For elements of atomic number
835 through 89 and 91, there are no measured lines of
the K series and very few of other series except for
88 radium and 91 protactinium. Likewise there are
very few measurements for 43 technetium and 54
xenon. In these cases, interpolated values are listed
for the mere prominent lines and marked with a
dagger t. More recent measurements® of the L lines of

% G. D. Deodhar and R. C. Karnatak, J. Sci. Ind. Res. 13B,
615 (1956).
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61 samarium have been brought to our attention.
Since these appear to be substantially more accurate
than all the L data previously used for samarium®,
they are listed in Tables V and VI (corrected to A*
units) in place of the former values. A few misprints
and incorrect line designations, discussed in the ap-
pendices of Ref. 12 of the succeeding paper, have been
corrected in Tables V and VL

For the convenience of those interested in x-ray
cherical analysis and nuclear conversion problems, the
zray wavelengths of both the emission lines and
absorption edges are Hsted in numerical order in Table
VI. The wavelengths are given in A* units, together
with their energy equivalents in keV. The probable
ervor applies to the last wavelength figure. The inter-
polated lines and edges have not been marked by a
dagger t in this table.
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Reevaluation of X-Ray Atomic Energy Levels

J. A, BEARDEN, A, F. BURR*

The Johns Hopkins University, Boltimore, Maryland

All of the x-ray emission wavelengths have recently been reevaluated and placed on a consistent A% scale. For most
clements these data give a highly overdetermined set of equations for energy level differences, which have been solved by
least-squares adjustment for each case. This procedure makes “best” use of all x-ray wavelength data, and also permits
calculation of the probable error for each energy difference. Photoelectron measurements of absolute energy levels are
more precise than x-ray absorption edge data. These have been used to establish the absolute scale for eighty-one elements
and, in many cases, to provide additional energy level difference data. The x-ray absorption wavelengths were used for
eight elements and ionization measurements for two; the remaining five were interpolated by a Moseley diagram involving
the output values of energy levels from adjacent elements. Probable errors are listed on an absolute energy basis. In the
original source of the present data, a table of epergy levels in Rydberg units is given. Difference tables in volts, Rydbergs,
and mili-£* wavelength units, with the respective probable errors, are also included there,
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INTRODUCTION

Manne Sieghahn? developed the first extensive
evaluation of atomic energy levels from x-ray absorp-
tion edges and emission lines. The energy of the well-
defined L1 absorption edge was chosen as the funda-
mental reference level for most of the periodic system;
K edges were used for the lower atomic numbers. Other
levels of each element were determined from the
wavelengths of the emission lines as suggested by
Ideid

As improved x-ray data have become available,
several reviews have appeared.*® Different energy
units have been used to facilitate use by special groups.
Cauchois®? improved the consistency of the rare-earth
evaluations by a series of controlled absorption meas-
urements. Theoretical calculations of many param-
eters often require ionization energies. Slater® has

* Pregsent address: Physics Department, New Mexico State
University, University Park, N.M. 88070,

M. Siegbahkn, Spekiroshopie der Rénigensirahlen {Julius
Springer-Verlag, Berlin, 1931).

*D. L. Webster, W. W, Nicholas, and M. Siegbahn, Infer-
nattonal Critical Tobles, E. W. Washburn, Ed. (McGraw-Hill
Book Co., Inc., New York, 1929), Vol. §, p.35.

3 8. Idei, Sci. Rept. Tohoku Univ. 19, 641 (1930).

4 E. Saurl, Landoli-Bornstein, A. Eucken, Ed. {Springer-Verlag,
Berlin, 1930}, 6th ed., Vol. &, p. 226.

5R. D, Hill, E, L. Church, and J. W. Mihelich, Rev. Sci.
Instr, 23, 523 (1932).

8Y. Cauchois, J. Phys. Radium 13, 113 {1952).

7Y. Cauchois, J. Phys. Radium 18, 253 (1955).

8 A, E. Sandstrdm, Encyiopedic of Physics, S. Fligge, Ed
(Springer-Verlag, Berlin, 1957), Vol. 30, p. 78.

¢ 1. C. Slater, Phys. Rev. 98, 1039 (1955).
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calculated these for all atomic numbers less than 42.
For the outer electrons he used optical data, for the
inner electrons, x-ray data.

Magnetic spectrometer’ measurements of the kinetic
energy of photoelectrons released by irradiation with
x rays of known wavelength furnish a method for
direct measurement of energy levels. Recently Kai
Siegbahn' and co-workers have used a high-precision
iron-free spectrometer to determine energy levels di-
rectly from x-ray photoelectron measurements. For
elements where photoelectron values are not available
and x-ray absorption edge values existed, the latter
are used to help complete the table; in other instances,
interpolated or extrapolated values are listed. All values
are given to the nearest eV,

X-ray emission wavelengths provide accurate data
for evaluating the atomic energy levels on a relative
scale® but only recently® has full advantage been
taken of all the information available. The number of
available lines is usually considerably greater than the
number of energy levels involved. For such preblems,
which vield an overdetermined set of linear equations,
the method of least squares furnishes a convenient and
consistent means of cbtaining “best” values and also
probable errors for each of the values. Recently re-
evaluated wavelengths'® of the x-ray emission lines
provide most of the input data. In place of the x-ray
absorption edge values, previously used to establish
the absolute scale, photoelectron measurements are
substituted, wherever available.

®H. R. Robinsonr, J. P. Andrews, and E. J. Irons, Proc. Roy,
Soc. {London} 4143, 48 (1933); H. R. Robinson: Proc. Phys.
Sec. (London) 46, 693 (1934); Phil. Mag. 18, 1086 (1934);
also see Kretschmar, Phys. Rev, 43, 417 (1933).

S, Hagstrom, C. Nordling, and X, Siegbahn, 4iphe-, Betu-,
and Gemma-Ray Spectroscopy, B. Siegbahn, Ed. (North-Holland
Publ. Co., Amsterdam, 1965{ Vol. 1, p. 845,

2. A. Bearden and A. F. Burr, diomic Energy Levels, NYO
2543-% (Federal Sci. and Tech, Inf., U.S. Dept. of Commerce,
Springfield, Va. 122151).

B ¥ A. Bearden, Rev. Mod. Phys. 39, 78 (1967}, preceding
article. J. A, Bearden, X-Ray Wavelengths, NYQO 10586 (Federal
?giz.i??d Tech. Inf., U.S. Dept. of Commerce, Springfield, Va.

)
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Fig. 1. Schematie of the principles involved In evaluating
atomic energy levels,

METHODS OF EVALUATING ENERGY LEVELS

The principles involved in evaluating atomic energy
levels are shown schematically in Fig. 1. The energy of
a Koy emission photon is just the difference between
the K and Lgs levels; similadly the Ha, corresponds to
that difference between K and L;;. Usually the energy
difference between a pair of levels can be cbtained in
twe or more ways. For example, the difference between
Lyy and Ly can be evalnated from Koy— Koy (ex-
pressed im energy wunits), Alternatively it can be
found from' LBi— Lay, which represent the LypyMy and
LysMyv tramsitions, respectively (omitted from Fig. 1
in the interest of simplicity). Inx the case of thorium,
ninety-nine equations (including sixteen photoslec-
tron measurements as discussed befow) can be set up
with only twenty-five unknown levels. A least-squares
solution of this set yields the desired energy levels.

In order to determine these values on an abselute
scale, the energy required to raise an clectron from at
least one energy state to the Fermi level energy {zere)
must be included among the input data. ¥n the center
of Fig. 1 a X ansd an Ly absorption edge are indicated;
experimental measurements of these edges give {ap-
proximaiely) the energy difference between the Fermi
fevel and the K and Zin states, respectively. The
theoretical corrections that must be made to these
values for fine structure effects in the edges {due to
differing transition probabilities and other causes)
constitutes the principal sncertainty®® in the use of
present x-ray absorption edge measurements.

The photoeleciron methodd measures the energy of
various -states relative to the Fermi level, In this case
the incident photon (usually orighnating Irom an x-ray
spectral ¥ine) has an energy by, nowsally much larger

ML, G. Parrait, Rev, Mod. Phys. 31, 616 (1959).
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than that of the energy level under study. If, for
example, the photoelectron comes from the X level,
it emerges with an energy {(v— Ex). To determine the
exact kinetic energy, a work function correction is
required. This is more amenable to analysis®® than the
corrections to x-ray absorption measurements. This
fact constitutes & major advantage of this method.
This procedure is discussed in a later section.

EXPERIMENTAL MEASUREMENTS

Z-Ray Measurements of Wavelengths and
Absorption Edges

The principles of precise measurement of xz-ray
wavelengths have been summarized in the foregoing
paper.® Absorpiion edge wavelength measurements
require the same techniques, but are subject to addi-
tiopal complications. The thickness¥'® of the absorber
can displace the observed edge and, of course, the
chemical state of the absorber is important. However,
in spite of the uncertainty in the correction for fine-
structure effects and difficulties of precise x-ray meas-
urements, a mumber of the results are In excellent
agreement with the photoelectron values. Thus it
appears that with sufficient care the x-ray sbsorption
measurements could be made competitive with the
photoelectron method.

X-Ray Photoeleciron Beasurements

The precision §-ray spectrograph developed by Kai
Siegbahn! and his cellaborators at Uppsala ‘provides
an instrument of high accuracy for the measurement
of photoelectron energies. The precision of these meas-
urements is approximately one hundred times that of
the older magnetic spectrometer values'®; for some
elements they are as order of magnitude better than
existing x-ray ones.

X-RAY SOURCE

£-SPECTROMETER
. it MR »
~ Exin g

Fie. 2. Gchematic of the use of a A-ray spectrometer for deter-
mining energy levels.

% E. Sokelowski, Arkiv Fysik 15, 1 {1959).

¥ 0. Beckman, B. Axelsson, and P, Bergvall, Arkiv Fysik 15,
567 (1989).

K. Sieghahn, Alpha-, Bele-, and Gemma-Ray 8 pectroscopy,
fl(il Siﬁg;%}khfﬁ, Ed. (North-Helland Publ. Co., Amsterdam, 1965},
Lhap. 111



The use of a f-ray spectrometer for determining
energy levels is shown schematically in Fig. 2. X rays
strike the material under study (the converter) and
release photoelectrons, whose kinetic energy is measured
by the spectrometer. In its simplest form Einstein’s
photoelectric law states that E,.=hv— Ejp, where £,.
is the kinetic energy of the photoelectron, Z» that of
the incideng photon, and Eg the binding epergy of
the electron.

However, the measured phetoelectron energy is
decreased by the work function of the converter,
$. Since the converter and the slit ave electrically
connected, ‘their Fermi levels aze identical. Thus, if .
is the work function of the spectrometer slit system,
there is an increase in kinetic energy, $—¢,, due to
contact potential. With these corrections, the photo-
electric equation becomes

Epe’: hy— Eg—o¢+ (é’“‘iﬁs) =hy— Fg—¢s.
Hence the net correction invelves only the work
function of the slits {oxidized Cu) and is independent
of the work function of the converter.
In general, intense K lines were used to produce

photoelectrons, Each x-ray line ejects photoelectrons.

from all levels whose energies are less than hv—¢ in
absolute value (e.g., photons energetic enough to
remove K electrons also eject these from Ls, Lgi, Lam,
and other levels). The observed S-ray spectrum is

composed of 2 number of lines due to the multiplicity

in both the primary x-ray wavelengths and the energy
levels of the converter. The resolution of the spectrom-
eter was sufficient to exclude the influence of the ay
lines on oy measurements.! Likewise the electrons
undergoing discrete energy losses did not displace the
observed spectra to dower energies.

Calculation of the electron energy in terms of the

observed corrent in the magnetic colls.of the spectrom~

eter requires an involved precedure which has been

discussed ‘in several papers and recently reviewed, in~

detail, by Kai Siegbahn¥ This treatise should be

_consulted for. theory, .procedures, and resulting ref--

- erence standards, which are used for all subsequent
measurenments. -

‘Hagstrom and Karlsson'® showed that the method is
net limited to conductors or even semiconductors.

They found that, i the sample under study was in- -

sulated with thin mylar-from the alumisum backing
plate, {which was electrigally sonnected to the spec-
trometer slit), the intense ionization due.to the direct
x-ray beam kept the potential of the insulating sample
constant::Hence, evenin this case, the-observed bind:
ing energies were still measured with respect to the

zero or Fermi emergy. Thus insulating compounds:

could be agtached in thin layers directly to the alumi-

numn backing plate and their level “energies measured

in this manner,

# 8, Hagstrom and S.-E. Karlsson, Arkiv Fysik 26, 451 (1964);
and S. Hagstrém, Z. Physik 178, 82 (1964).

INPUT DATA USED IN EVALUATIRG ENERGY
LEVEL VALUES

A separate least-squares evaluation was carried out
on each element for which an overdetermined set of
data was available. Wavelengths and probable errors of
emission lines (all expressed in eV units) are taken
from the previous paper.® If photoelectron measure-
ments are available for two or more levels, they are
mcluded in the least-squares adjustment for that
clement. H only a single level is determined by the
photoelectron method, this establishes one energy
level; the others are found from energy differences
obtained by a least-squares adjustment of the emission
live data.

Wavelength measnrements® of critical absorption
edges are used to establish the absclute scale for eight
elements for which no photeelectron measurements are

;available. In a few cases, where neither photoelectron

nor x-ray measurements exist, a Meoseley diagram of the
final output walues of adjacent elements is used to
establish one level of the element. The remaining
levels are then calculated with emission lines'as above.
I two or.more absorption wavelengths are available
for an element, these are also treated by the least-
squares method.

The values of the x-ray photeelectron measurements
used are listed in brackets in Table I, together with
references to the original publications. The published
values have been adjusted slightly to make them
consistent with the new x-ray emission wavelengths®®
and more recent values of the atemic censtants.’® In
the original data most of the errors are 2¢ walues;
these have been changed to prebable errors as shown
in Table I. For comparison, all the more agourstely
measured x-ray absorption wavelengths (converted to
€V by the factor 12398.1 A*—&V) are listed in paren-
theses in Table I. The x:ray absorption data are used
for establisliing the absolute energy level scale in-only
¢ight elements; the other listed wvalues-are for com-
parison only.

EVALUATION OF THE ATOMIC ENERGY LEVELS

Since nearly all elements involve many emission
line measurements interconnecting a lesser number of
energy levels, an owerdetermined set of eguations
results. As indicated above, a least-squares adjustment

-provides an appropriats way of solving this set of

eguations in order to obtain maximum information
from the available data. Justification for this procedure
and derivations of the equations inwolved have been
presented in‘many seurces.® % A clear explanation of

BE. R, Cohen and 7. W. M. DuMond, Rev. Mod. Phys. 37,
537 (1865).

2 F, Whittaker and G, Robinson,. The Calesdus of Dbservaiions
(New York, 1944}, 4th ed., Chap. 9.

# 1, F. Sckolnikoff and R. M. Radheffer, Mathematies of Plhysics
and Modern Enginsering (MeGraw-Hill Book Ca., Inc., New
York, 1958), Chap. IX, Sec. 1. .

#E, R. Coben, Rev. Mod. Phys. 28, 709 (1853).
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the procedure followed here is given by Bearden and
Thomsen®

Two methods are used to check the consistency of
the input data with the output data. The first is the
use of the x* test, where

=2.(di/a)?, ®
with d; representing the difference between the ith
experimental input value and that computed from the
adjusted energy levels, and o, representing the cor-
responding standard deviation. It is well known® that,
in any least-squares adjustment of data with Gaussian
error distribution, x* can be expected to equal the num-
ber of degrees of freedom; that is, the difference be-
tween the number of equations and the number of
unknowns which the system possesses. When all the
data for all elements are considered as a group, the
resultant system possesses about 1300 degrees of free-
dom and a x® of approximately 3308,

The procedure discussed above is strictly applicable
only when the errors are known to be Gaussian®
A second check is made by calculating the ratio, #, of
the residuals, d;, to the wvalue %o be expected from
consideration of the input errors. This ratio can be
estimated by following and extending the arguments
presented by Cohen and DuMond.® Let ¥ stand for a
particular energy level difference and p stand for the
corresponding probable error. Let a subscript 1 indicate
the experimental input value, either an emission line or
a photoelectric measurement, subscript 2 indicate the
least-squares output value, and subscript 3 indicate
the output value of a least-squares adjustment made
withou! including the experimental datum y,. The
probable error of the difference y—9; is desired;
however, this error cannot be found directly, since the
fact that 3 was included in the set of data which
produced v, means that their errors are correlated.
However, y» can also be obtained by an appropriate
average of y; and ¥;. Since y; is obtained from 2 set of
data which excludes 3, they are independeant, and
ys and Py can be computed by simply taking a weighted
average of y; and vy, with weights inversely proportional
to- the squares of the probable errors. Hence the sum
of the weights is

1/ =1/ 02+1/ps? (2)
and
ye=p2L {3/ i) + (9s/ 22} 1 (3)
From {Z) omne obtains
p= P/ (P p?) {4)
and

= plps/ (o —pP) . (5)
{1’5}}&. Bearden and J. 8. Thomsen, Nuove Cimento 3, 267
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% 1. 8, Thomsen, Bull. Am. Phys. Soc. 10, 547 (1965).

% g R.Cohen and J. W. M. Dthmd Pm: of International
Conference on Nudidic Masses 1963, W. B. Yohmson, ¥r., Ed.
(Springer-Verlag, Wien, 1964).

Since ¥ and y; are independent, the probable error
squared of the difference y—v; can be written down
immediately as p2- 5%, but the probable error squared
of the difference Yr—yp must be computed hy first
expressing v—3 in terms of y; and . By using (3)
and (4} to express v, we cbtain

== 92/ (92292 J(n— ) - (6)
hence pi»®, the probable error squared of wi—1v,, is
o= 02/ (p*+ p?) P25 (7

Substituting (5) inte (7) to eliminate % gives the
desired probable error in the form

Pe= {pP— gyt (8)

Thus the desired ratio » between the actual difference
and its statistically expected value is given by

r=(31—y2)/ (p2— )% %

A study of r as calculated for each input datum reveals
the extent to which each datum fitted in with the data
as a whole. X the input errors are chosen properly, then
according to the definition of probable error, fifty
percent of the ratios should be less than one, For all
the elements as a group, the actual percentage of error
ratios less than one is just 50; the extremely close
agreement is doubtless partly fortuitous,

. The conclusion from this percentage is that the errors
assignec% to the input data, including the data from the
previous article, are substa ntmlly correct. On the
other hand, from the fact that x? exceeded the degrees
of freedam it would appear that there are a greater
number of large deviations than would be expected
from a Gaussian error distribution. The likelihood of
this had been emphasized by the authors.

Mot only are half the error ratios less than one for the
whole mass of the data, but the figure for each element
individually is usually clese to 30%; hence output
errors as calcnlated divectly by the computer (on the
basis of internal consistency) are used. In a few cases
(32 Ge, 33 As, 34 Se, and 80 Hg) the percentages are
unusually low; in erder to avoid understating any
errors, all errors for these elements are reported on the
basis of external consistency.

The comparison of the residuals (differences between
the input values amd the corresponding wvalues as
calculated on the basis of the adjusted energy levels)
with the statistically expected differences proved very
useful in other ways. When this error ratic is very
large, a remewed imvestigation of that input often
revealed a misprint, misidentification, or other mistake.

‘However, in some cases this ratio- is uncomfortably

Iarge, and no specific reason can be found for rejecting
that input item. Those items which have an error
ratic greater tham 5.0 are rejected @

There appears to be no significant patiemn in these
rejected input data. Almost as many have negative



error ratios as positive ones; no level or pair of levels
predominates in the list. The rejected data are distri-
buted among the K, L, and M, and photoelectron
categories roughly in proportion to the amount of
input data in each category. As one progresses up the
periodic table, it seems that the initial measurement
of various lines is often accompanied by high errors.
This is not surprising, since these kines are weak and
sometimes diffuse, making their identification and
detection unusually difficult and subject to errors
which are easy to underestimate,

It is interesting to note that no Kuy, Koy, nor any
of the best measured L lines appear in the rejected
group, despite the fact that they had been assigned
the lowest errors. Furthermore, in no case did the error
ratic for these lines become suspiciously large. A few
difficulties, particularly with the value of the Ly level
in the light elements, did appear, and are discussed
further in the detailed energy level report.”?

ENERGY LEVEL TABLE

The adjusted values for the various energy levels,
together with the respective probable errors, are listed
in Table I. These errors are primarily due to three
causes: {1} those due to the photoelectron measure-
ments, which may be subdivided inte two parts:
{a) random variations introduced by counting statistics
which affects evem the spacing between levels of a
single element, and (b) systematic errors in the main
calibration line (usually common to 2 group of ele-
ments) and the spectrometer slit work function, which
affect the absolute accuracy relative to the Fermi level
energy and amount to approximately 0.3 eV for all
elements; (2) the probable errors in the x-ray emission
wavelengths relative to the W Ko standard and that
of the primary standard to the absolute angstrom
scale (5 parts per million); (3) the probable error in
the wavelength to energy (VA=12398.1040.13 eV
A*%) conversion factor.

Recently® photoelectron measurements of the Ly
energy in the elements sodium (Z=11) to copper
{Z=129) have been reported. The values from sodium
(Z=11) to vanadium (Z£=23) have been used to
replace the interpolated values shown in our previous
report.”® The remaining new values have been used
with the older K-level values to redetermine new
level energies for the elements vanadium (Z=123) to
copper {Z=29). The K-level energies of the elements
from sodium to chromium were also redetermined.
Agreement with previous values’® to within 0.5 eV was
obtained for all elements except titaniwm. The new
value for titanium is 1.2 eV higher than that of the
earlier work, and while no explanation of the dis-
crepancy is available, this new value has been sub-
stituted for the older value, This indicates a need for

# R, Nordberg, K. Hamria, A, Fablman, C. Nordling, and
K. Siegbshn, Z. Physik 192, 462 (1966).
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further redeterminations of all the older values as a
check on the estimated accuracies and on unsuspected
experimental variations.

For some elements the & level alone has been used
to determine the absolute values. In these cases when
new photoelectron measurements are available, all
the remaining levels can be adjusted by the difference
in the new and old values for each element. However,
three or more level energies have been measured for the
heavier elercents (sixteen for thorlum) and when
new measurements are available for these, a new
least-squares readjustment will be necessary to obtain
corrected energy level values for an element.

Some energy levels were obtained by interpolation
or calculation, The interpolation was performed by
passing a fourth order polynomial through the nearest
fifteen energy values. The level for atomic numbers
96 and 98 through 103 were obtained from a relativistic
self-consistent Slater-Dirac energy level calculation?
The results of an extrapolation vary greatly with the
order of the polynomial used, and therefore should be
considered rough values only.

The best of the x-ray absorption edge measurements,
listed in parentheses { ), are generally in good agree-
ment with the photoelectron values, From these it
would appear that the x-ray measurements have been
made relative to the Fermi energy level with higher
accuracy than previously estimated. New x-ray meas-
urements with modern techniques should certainly be
competitive with the photoelectron measurements.

ERROR CORRELATION AND ENERGY
DIFFERENCES

The errors shown in Table I are not statistically
independent and hence can not be combined without
some knowledge of the correlation coefficients. For
example, consider the Lp—Lyr energy difference of
chromium. As in the case of other lighter elements,
the K level energy was determined by the photo-
electron method. The error involved in this measure-
ment, item (1) in the first paragraph of the preceding
section, is considerably greater than that in the emis-
sion line wavelengths, item (2); cobsequently all
stated errors, are strongly correlated through this
common source. Thus, since in Table I the value of the
Ly level is (583.7::0.3) ¢V, and that for the L
level is {574.54-0.3) eV, one might erroneously con-
clude that the difference is (9.22:0.4) eV, which would
be true caly if the major errors were uncorrelated.
However, the wavelengths of chromium Koa; and
Koy emission lines which connect the Ly and Ly
levels to the K level are known with probable errors of
ten and one parts per million respectively; hence
most of the errors in both the Ly and Ly levels come
from the errors in the absolute value of the K level.

77T, Waber (%rivate communication, 1964); D, Liberman,
J. T. Waber, and D, T, Cromer, Phys. Rev. 137, A27 (1965).



Tapie I, Examples of energy level differences and corresponding probable errors for the case of 24 chromium. Entries above
the principal disgonal represent differences while those below give corresponding probable errors.

Energy level differences in electron volts

24 Cr

K i L2 L3 M1 323 M45
K 5292.77 5405.51 5414.72 5615.09 3946.7¢ 5686.93
Lt 0.70 112.74 121,95 622,31 653.93 694.16
Lz $.08 0.69 9,21 509,58 $43.20 581.42
L3 6.07 0.70 0.05 500.36 531.98 572.21
M1 0.21 0.72 0.26 6.19 31.62 71.85
323 0.08 $.69 0.06 0.07 0,28 40.23
M43 0.18 6.71 0.17 ¢.17 0.26 $.18
24 Cr Energy level difference errors in electron volis

Epergy level differences in Rydberg units

24 Cr

e Il £2 3 M1 23 245
K 389.022 397.308 397,985 434.762 437.086 440.043
it 131 8.286 8.963 45.740 48.064 51.02%
L2 5.1 6152 0.677 37.454 36.778 42.735
£3 16 S0 5179 36.777 39,101 42.038
M1 33 1158 387 385 2.324 5.28%
M23 16 1457 106 132 6497 2.957
245 28 1628 282 304 3603 4403
24 Cr Energy level difference errors in ppm Rydberg units

Energy level differences in wavelength (mA*)

24 Cr

K Li L2 L3 M1 M23 345
K 2342.45% 2293.606 2288.703 2096.01 2084.86 2076.86
1 131 109975 101666 19922 18955 17860
L2 1.3 6152 1345646 24330 22908 21323
L3 8.7 5700 5179 24778 23305 21667
21 33 1158 387 385 392094 172564
23 9.6 1957 106 139 6497 308210
M45 28 1028 28% 304 3603 4403
24 Cr Energy level difference errors in ppm A»

Indeed the correlation coefficient between these two
levels is almost unity. When this is taken into account,
the value of the above difference becomes (9,214£0.05)
eV.

Thus energy level differences and corresponding
errors can not in general be accurately obtained from
the data in Table I alone. For this reason the original
report included thres tables of energy level differences,
in units of electron-volts, Rydbergs, and equivalent
wavelength in mili A* (abbreviated mA*). Tahle 11
shows examples of each, presented in matrix form, for
the specific case of chromium {Z=24),
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For example, the Lyl difference which was
discussed above is found in the first matrix at the
intersection of the L2 row and the L3 column, above
the principal diagonal, and is 9.21 eV, The correspond
ing element in the lower half of the matrix gives the
probable error {calculated with proper consideration
of error correlation}, viz. 0.05 eV, The last two matrices
are similar in form, but errors are given in parts per
million rather than absclute units.

It will be noted that the equivalent wavelength
values in the mA* units carry the smallest probable
errors. Since all the x-ray emission Hne input data used



in this report were given in A* values on this scale
involve little or no error due to conversion factor
uncertainties. These energy level differences represent
possible x-ray emission lines; therefore this table should
be of value to investigators looking for new lines or
secking possible identification of observed lines. One
should note, however, that all possible differences are
listed, no matter how the transition may be forbidden
by selection rules. The values in this table will differ
slightly from the corresponding entries in the pre-
ceding article,” because the latter values are a weighted
mean of the acfual observations on a given line, while
the former represent values based on all the available
information for the given elemens. Usually any dif-
ference is within the experimental error; in the few
cases where a definite disagreement arose, the value
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based on direct observation was discarded in this
work.
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