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2.1. X-ray Cross Sections and Attenuation Coe5cients

2.1.1. Introduction
.’.. Uncertainties in the values of absorption corrections

represent perhaps one of the most serious systematic
errors in the derivation of structure factors from Bragg

-w. intensity data. Critical to these corrections are reliable
values of the attenuation coefficients Tfor the elements.
Recent experimental and theoretical work has pro-
duced values for these coefficients which are mnsider-
ably more reliable than those that appear in Volume
III, Tables 3.3.2. Tabulations of X-ray cross sections a
in 10-Z4 cmz/atom (barns/atom) are given in Table
2.1B, and attenuation coefficients @/p) in Cma S--l are
given in Table 2.lC for the wavelengths commonly used
in crystallography, These wavelengths and energies
are identified in Table 2.1A. Users who wish to com-
pare these values with those in Volume III should note
carefully that although the values in Table 2.1C may
be directly compared with those in Table 3.2.2A of
Volume 111, the cross sections a(called p in Volume
11~ have units of 10-’8 cmz in Table 3.2.2B of Volume
Iff but 10-z4cm2in Table 2.1Bofthis volume, Users
should also read carefully Section 2.1.4 regarding the
reliability of these values.

The linear absorption coefficient p maybe obtained
in. two ways. From the attenuation coefficients (mass

. absorption coefficients), we have

#= Pzdw/P)t ..,.(1)

.. where g, is the mass fraction of element i, with attenua-
tion coefficient (p/p) I, and p is the density of the ma-
terial. The summation is over all constituent elements.
Foracrystal with unit-cell volume V., we may obtain
p from the cross sections,

The summation is over all atoms in the cell. (Note that
ifu, isinbarns/atom and V, isin ~?,~isincm--l.)

The values in Tables 2.lB and 2. lC are interpolated
from an evaluated cross-section compilation by
McMaster et al [33] over the photon energy range
1 keV to 1 MeV (124 to 0124 ~).

That compilation was constructed by subtracting
theoretical scattering cross sections from measured
total cross sections (attenuation coefficients). The
differences obtained from this subtraction process were,
for the purpose of this compilation, assumed to be
photoeffect$ cross sections. In addition to photo-

>“ effect cross sections (a) inferred from measured total
attenuation coefficients, two other types of photo-
effect data were included in the analysis: (b) explicitly

. . measured photoeffect cross sections and (c) available
-. numerical theoretical estimates of the photoeffect.

Fitting and interpolation procedures were then applied
to a combination of these three types of photueffect

data. In the fitting procedures, weights ranging from 1
to 10, based on an evaluation by McMaster et al,

of each experiment or calculation, were assigned to
the various data sources, This weighting procedure
allowed the use of a broad base of input data and at
the same time maximized the impact of avaiIable
high-accuracy data on the compilation.

2.1.2. Sources of Irrformatinn

The input information to the compilation of ref-
erence [33], from which this compilation is derived,
includes principally the following.

2.1.2.1. EXPERIMENTAL ATTENUATION COEFFICIENT

DATA

Experimental total attenuation coefficient data for
69 elements were extracted in numerical form from
71 published and unpublished sources listed in
References [52]-[123]. These sources were judged by
McMaster et al. [33] to contain data of adequate
accuracy to be useful as input to the compilation.
Some of the points considered as bases for rejection
of data in this evaluation include:
(1) Inadequate correction for sample impurities,
(2) Poor collimation resulting in unwanted detection

of small-angle scattering,
(3) X-ray source insufficiently mono-energetic,
(4) Obvious typographical errors, and
(5) Unexplainable systematic errors.
This compilation ignores Kossel-type, Kronig-type, or
other fine structure$ in the photoeffect near absorption

fAlthough the name absorption coqficiezt has had wide use i“
thelite~ature inrefeming to the total photo” i“terxction cross
sect,on m macroscopic units, we here follow the prer-smt nomen-
clature of the International Commission on Radiation Units and
Measurements m“taimd in ICRU Report 11 [26] (see also [12],
[19], [49]) in using the name attenuation coe.@icient for this
quantity. This nomenclature allows a clear distinction from the
absorption coeflcienr used in X-ray dosimetry (see, for example,
[2], [5], [48], [17]) to denote the product of the attenuation coeffi-
cient and the average fraction of incident photon energy not lost
from the interaction site in the form of scattered secondary
photons.

~“Photodfect,, a“d “photoelectric effect” are used inter-
changeably inthisa.rticle.

$See, e.g., theearly studies of edge structure by Stenstrom
[46], Kossel [28], and Kronig [29], and the later reviews of
experimental and theoretical information by fluchois [7],
Faessler [18], Sandstrom [43], Parratt [37], and Aztiofl [3].

The structure very close to an absorption edge (fess than
-30eV above the edge) is generally referred to as “Kossel
structure,9. Peaks andtrencbes inthisregion, which can differ by
a factor of two ormme from the smoothly extrapolated values
in thk compilation, can occur even for isolated atoms, as has
been shown, for example, for Ar gas by Parratt [36]. Kossd strut.
ture can be described in terms of transitions of the (very-low-
ener~)ej=ted electron toufilld discrete energy states of the
atom (m molecule), rather than to the continuum of Mater
beyond a characteristic energy. Superimposed on the close-in
Koswl structure is the so-called “Kronig structure” which persists
afewhundred eVabove theabsorPtionedEe (usually to -2M
or3cx3eV but occmion.llytoneady lkeV above an edge [31],
[13]) (see [151] added in proof) .This more extendfd Kronig
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2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

edges, but rather extrapolates smoothly back to an
idealized “single sawtooth” for each edge. Hence,
some high-resolution data of otherwise adequate
accuracy were omitted from the input. For example, in
the detailed L-edge studies by Nordfors and Noreland
[104], and Ekstig [82], only the data points furthest
from the edges were used for this compilation.

2.1.2.2. EXFERIMBNTAL PHOTOBFFECTDATA

The explicit total photoeffect cross sections measured
by Titus [50] and by Parthasaradbi et al. [38] were
included as input to the compilation.

2.1.2.3. THEORETICALPHOTOBFFECTDATA
The numerical theoretical values of Schmickley and

Pratt [44], which combine their own results with those
of Rakavy and Ron [41] and Hultberg, Nagel, and
Olsson [24], were used, and also the values calculated
by Brysk and Zcrby [6]. The Schmickley–Pratt results
include screening and relativistic effects in a central-
field approximation andprovide Kthrougb Mv sub-
shell cross sections of Fe, Sn, and U for 412 to 1332 keV
pboton energies. Similar results by Rakavy and Ron
[24] provide K through Ov subshell cross sections of
Al, Fe, Sn, W, and U for 1 to2000 keV photon energies,
The unscreened Coulomb-field results of Hultberg,
Nagel, and Olssonprovide K-shell cross sections only
for H, Be, C, N, O, Al, Cu, Zn, Se, Mo, Ag, Sn, Ta,
Pt, Au, Pb, Po, Th, U, Cm, and Fm for photon energies
1 keV to 10 MeV. Schmickley and Pratt were able to
use the latter data by noting that the ratio of screened
to unscreened pbotoeffect cross section for a given
subshell is, to a good approximation, equal to the
square of the renormalization factor in going from the
unscreened to a screened bound-state wave function.
These renormalization factors were computed using
the results of Llbennan, Waber, and Cromer [30]
based on the relativistic Hartree-Fock-Slater potential.
Schmickiey and Pratt also included the theoretical
results of Pratt et al. [40], Ailing and Johnson [1], and
Hall and Sullivan [21] in their analysis.

2.1.2.4. THEORETICAL COHERBNT SCATTERING DATA

Coherent (Rayleigh) scattering cross sections were
evaluated using the relativistic Dira&Slater atomic
scattering factors calculated by Cromer and Waber
[10].

2.1.2.5. THSGRETICAL INCOHERENT SCATTERING DATA

Incoherent (Compton) scattering cross sections
were evaluated using the relativistic Dira_S1ater
(with exchange) incoherent scattering factors calcu-
lated by Cromer and Mann [9] and Cromer [8].

2.1.3. Compilation Procedure
2.1.3.1. SYNTHESISOF PHOTOEFFECT CROSS SECTIONS

FROM THB EXPBRIMSNTALANDTHSOR!&TICALINPUT
INFORMATION

The mass attenuation coefficient, p/p, is related to

the total photon-atom interaction cross section, .w,,
according to

‘(cmZ/g) = (N,/M)wtit(cm2/atOm)
P

. ...(1)

= (N./M) 10-%tot(barns/atOm) .’
where

N,= .4vOgadro,snumber= 6.02252x 10” atoms) ~
gram atom

and, for this value of NJ,
M= atomic weight relative to
l’f(W)=12@300.

The “barn”:
1 barn= 10-~ cmj

is a convenient unit for expressing values of the atomic
cross sections.

Tbe total atomic cross section, otot, in turn, can be
represented in this energy range by the sum

otat ‘T+ Vcoh + UL.W,LI . ...(2)

in which the photoeffect cross section, ~, the coherent
scattering cross section, ocoh, and the incoherent
scattering cross section, nt~,ob, depend in different
ways on the atomic number, Z, and the photon
energy, E (or wavelength, A). For purposes of con-
structing this compilation, the scattering cross sec-
tions o,on and uin,o~ were considered “known”?
and calculable according to (SCC,for example, [19],
[16], [12], [51], [23]): +“

1

J~co.=;r.z (1 +cos~ +) ’J’(x, z)2r d(cos +) (3) .

–1 . .

and
1

J{
LW.,=;,02 [1+k (1 –COS +)]-2

–1

r

ka(l –COS +)8 )

1x l+cOs’4+l+k(l –cosd) i
x;. s(x, z).27rd(c0s+) ‘“-:...(4)

structurecan be described in terms of interference effects on the
de BrogJie wave of the ejected electron by tbe molecular (see, e.g.,
H.Wr&, Kromg, and Peterson [22]) or crystalhne spatml order-
ing of neighbmmg atoms. Kronig structure oscillations of the
order of 50% sometimesmrsist as far as 5L.50 eVabove an
absomtion &s H41. H8wever. based on the literature ex-
amin;d, this st;ucim” in the region beyond - 2W3eV above an
edge is usually [18] confined to an envelope of the order of 15 %
above and below the smoothly extrapolated compiled cros-
section values (SW [151] added in proof). Both the Kossel- and
the Kronig-type fine structures can vary widely in magnitude and
in energy displacement of the features, depending on the molec-
ular, crystalline,, or thermal environment of the atom, as has
bee” reomtlv dwxssed bv Deslattes [141.

t For photon energies.above 100 ke~ there is experimental
evidence [35], [15] suggesting that pre$ent incoherent scattering
theory for whole atoms, which neglects the effects of initial
electron velocitim. underestimates scattering into backwsrd
directions, and, iri turn, the totat incoherent scattering cro-
section. However,in the energy rsnge considered here we a.wme
that this prccsss is adequately descriM by present theory.

“=-
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2.1. X-RAY CROSS SBCTIONS AND ATTENUATION COBFF1C1!3NTS

in which
r~z= 7.9398 x 10–26 cmz, the square of the

classical electron radius,
@=the angle between the incident and scat-

tered photon directions =2@ where 8 is~.
the Bragg-angle parameter used, e.g.
by Ibers [25], Curien [11], and Cromer

.. [8],
2nd (COS.+)= dil = the solid angle between cones with

angles ~ and # +d$,

k= incident photon energy in mcz nnits =
E(keV)/51 14X)6= [12398/A(~)]/51 14306,

Z= atomic number,
~(x, Z)= atomic scattering factor given by Cromer

and Waber [10] as a nine-parameter mm.
lYtical fit to their theoretical data,

S(x, Z)=incoherent scattering factor tabulated
by Cromer and Mann [9] and Cromer
[8], and

()
x= sin; /,l(A)=(sin 8)/,)(,A)

=momentum transfer parameter.

For hydrogen the analytic expressions from Pirenne
[39] were used:

y(x, 1)=(1 +%2 ao~x~)-z . ...(5)
and

S(X, 1)=1 – ~(x, 1)]~ ,.,. (6)
where

a~=the first Bohr radlus=O.529167 A

The remaining term on the right side of equation (2),
the photoeffect cross section, ~, was evaluated from....
available experimental andtheoretical information for
~PPrOxlmatelY 10,OOOcombinations of Zand ECKWer-
mg87elements andthe energy range 1 keVto 1 MeV,
The following paragraphs describ-$ the methods by
which these 10,000 values of 7 were obtained.

(1) Measured mass attenuation coefficient data (of
acceptable accuracy) were utilized throughout the
region in which the sum of the scattering cross sections,
o..h +01.c.h comprises less than 95”A of the total
cross section, ctot, From these measured data, values
of the photoeffect cross section were evaluated
according to

7= Utot—(%?h + %mh) . ...(7)

(2) The measured explicit pbotoeffect data of Titus
[50] for Cu, Mo, Ag, Ta, and Au at 662 keV and of
Parthasaradhi et al. [38] for Cu, Ag, Sn, Ta, Pt, and Pb
at 145, 320, and 662 keV were used directly.

(3) The theoretical photoeffect data of Scbmickley

>’ end Pratt [44] for energies above 10 keV were used for
elements with 2=13, 20, 26, 29, 42, 47, 50, 60, 74,
78,79, 82,84, and92. Also included intbe theoretical

. photoeffect data were the results of Brysk and Zcrby
:- [6], Rakavy and Ron [41], and for hydrogen the results

of Samson [42] and Seltzer [45].

(4) A third-order log-log least-squares fit to the above
theoretical values of r was made across Z to obtain
interpolated theoretical values of r for the remaining
compilation elements.

(5) Two types of further tbird-order log-log least.
squares fits were made: (a) using all elements in the
compilation and (b) using only those elements for
which the best experimental data (uncertainties less
than 2%) exist.

2.1.3.2. PHOTOBFFECTDATA FITTING
The values of the photoeffect cross section, r,

obtainsd as above were, for each of the 87 compilation
elements, fitted by least squares to a log-log polyno-
mial in incident photon energy between each absorp-
tion-edge region:

1,2.,3

lnrj=~a,, {ln[ll(kev)]}i
1=0

,(1)

In this polynomial, the total photoeffcct cross ssction
,{ represents one of the sums:

T1=.E+, L+,.M+.N+
T2=. L+ TM+TN+ . .
Ta=TM+TN+ . .
T4=TN+ . . .

over contributions from the K shell, L shell, or higher
shells of the atom where applicable.

It was in making the fit in equation (1) that the
values of ~ were weighted from 1 to 10 depending on
claimed experimental accuracy or the accuracy as
evaluated by McMaster et al. Theoretical and inter-
polated r-data were all weighted 1. In Section 111 of
Reference [33] McMaster et al. list all these data-
points, their assigned weights, and the total (compila-
tion) cross sections, reconstructed using equation
2.1.3. 1(2), in tbe form of per cent differences from the
listed source-identified input values of p/p.

The fitted coefficients a,, for the log-log representa-
tion in equation (1) are given in Section II of Ref-
erence [33]. These may be used for generating cross
sections consistent with this compilation at additional
wavelengths or photon energies.

No fits were made within multiple-edge regions
[e.g. between the L, and& edge-energies or between
the MI and Mv edge-energies) indicated in Fig.
2.1.3.2, The cross sections in these regions were ob-
tained by using “jump ratios” (Tjust above an absorp-
tion edge divided by ~just below that absorption edge)
calculated from the theoretical individual subshell data
of Rakavy and Ron [41]. The fit in equation (1) to tbe
energy region just above each edge-group was succes-
sively divided by the appropriate jump ratio to extend
the compilation down in energy through the edge-
group region. The edge-region cross sections thus
obtained for the compilation were checked graphically

49



2.1. X-RAY CROSS S~CTIONS AND ATTENUATION COEFF1C1J3NTS

Fig, 2.1.3.2. Regions (indicated by hash marks) of
Tables 2. IB and 2. lC likely to have >5 % uncertain-
ties because of photoeffect absorption-edge fine
structure. The edge-values are taken from Hagstrom
et al. [20] and Bearden and Burr [4].

and found to lie within the spread of available experi-
mental data-points. The edge energies used are those
of Hagstrom et al. [20].

2.1.4. Uncettsitrty of the Compilation Values
The authors have estimated the ranges of uncer-

tainties in values of the total photon interaction cross
section Utot (or mass attenuation coefficient, p/p), in
Reference [33] and in Tables 2.lB and 2.lC. These
ranges of uncertainties fall into four categories:

A:k <2%
B:~2-5%
C:+ S15% and
D:+>15%

Caregory,4 ( + <2%): This category applies (except
near absorption edges as noted in Categories C and D,
below) over the energy region 6 to 40 keV for the fol-
lowing elements: C, Mg, Al, Ti, Fe, Ni, Cu, Zn, Zr,
Mo, Pd, Ag, Cd, Sn, La, Gd, Ta, W, Pt, Au, Pb, Th,
and U. For these elements in this energy range, in the
authors’ opinion, there are an adequate number of
independent experimental data-sources, with stti%cient
overlap and consistency to assign a + 2 % envelope of
uncertainty.

The authors also include in Category A the region
above 1W keV for all elements where incoherent
scattering comprises more than 90% of the total cross
section.

Category B ( + 2–5 %): Except for the low-Z elements
singled out for Category C, below, Category B applies
to the energy region 2-6 keV for all elements, 643 keV

for elements not specified in Category A, above, and
above 40 keV except for the scattering-dominated
region specified in Category A, above. For energies
above 2 keV, it was noted that available experimental
data could be represented by least-squares third-order
log-log fits across Z. The degree of consistency of the “y”
individual data-points for well-measured elements with
these fits formed a partial basis for the + 5 % ttncef-
tainty assigtted to Category B data, since the compila- .“-
tion relies on such fits in interpolating data from well
measured elements to intermediate poorly measured
elements.

Category c ( f 5–15 %): The authors include in
category c:

(1) the elements hydrogen, helium, and lithium,
(2) the energy region 1-2 keV for all elements, and
(3) the regions containing K, L, M, and N absorption

edges, and the fine-structure regions extending
1 keV above each of these regions, as indicated
in Fig. 2.1.3.2. An exception is the (+ >15 %)
region extending -200 eV just above each edge
which the authors place in Category D, below.

In (1) and (2), above, the experimental uncertainties
or inconsistencies in some cases great] y exceed 15%.
However, the total cross section in these regions is
considered known theoretically, except for the edge-

,

structure regions, to within this uncertainty. . .
Category D (+ >15 %): Kossel- and Kronig-type

fine structure within -200 eV of an absorption edge,
as has been discussed in Section 2.1.2 (footnote), can
exhibit peaks and(or) trenches which can vary by a ‘“’~
factor of two or more from the smoothly extrapolated
values in this compilation, Examples of such features,
and their comparison with this compilation, are shown
in Figs. 2.1,4(l)-(2) (from [84], [151]). These features,
both in magnitude and energy displacement, depend
critically on the molecular, chemical, crystalline,
thermal, or other environment of the atom.

Figs. 2,1.4(3)-.(6) show a comparison of the present

I

compilation and another recent extensive umpilation
(Storm and Israel [48]) with available e p.timetttaI
data and with theoretical photoeffect data i the region
where at.t w Tw, These comparisons contai examples
of Category A, B, and C data as described hove, and
may be helpful in allowing an independe judgment
by the reader of the uncertainties in values of uw and
p/p in Tables 2.1B and 2. lC.

The atot values in Figs. 2.1.4(3)46) abo 1000 keV
are taken from NSRDS-NBS Report 29 23]. These
values are not significantly different from hose given
in the LASL report by Storm and Israel [ 8]. -
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2.1. X-RAY CROSS SECTIONS AND ATTBNUATION COEFFICIENTS
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Fig. 2.1 .4(l). Values of p/p for germanium, meaaursd
with a double-crystal distraction spectrometer, in
Ge,H$ (digermsrre), GeH4 (germane), GeBr4 (ger-
msnium tetrabromide), and GeC~ (germanium tetra-
chloride) in the vicinity of the GeK-sdge(11.104 kev)
(Glaaer [84]). The dashed lines are Ge p/p values taken
from referenm [33] from which Tables 2.lB and 2. lC
are derived.
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2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

&

Del Grande&OliveC1972 lRef.1511
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Fig. 2.1.4(2). Recent total attenuation-coefficient mea-
surements for the enemv region extendhg almost
1 keV above the respe;;ive ~-absorption-edges of
titanium, iron, cobalt, nickel, copper, and zinc by
Del Grande and Oliver[151 ] are shown together with
previous measurements evaluated by McMaster et al.
[33]. The discrepancies are within the uncertainties
discussed in Section 2.1.4 (i.e. see Categories C and D).
Also included for purposes of comparison are the
Storm and Israel values [150] based predominantly
on relativistic HartrefiFock-Slater calculations.
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2.1. X-RAY CROSS SECTIONS AND ATTBNUATION COBFFICIENTS

10m

Xib.
Energy (kcV)

Fig. 2.1 .4(3). Total photon interaction cross section,
otot, for hydrogen. The theoretical photoeffect cross
section (—.—.—) calculated independently by Samson
[42], S.hmickley [149], and also by Seltzer [45],
e~tends above 1 keV, and was the primary source of
photoeffect data for this element in constructing the
compilation of reference [33] shown by the solid line.
The Storm and Israel [481 compilation (-----), where
si~ificantly different, is shown for comparison [1.50].

,. The experimental values are from [88], [132], [56],
[1311, [106], [126], [1131, [144], [1461, [1371, [651, and
[128].

...

53

Energy (keV)

Fig. 2.1 .4(4). Total photon interaction cross section,
mt~t,for sOdium. The McGuire WI theoretical photo-
effect results (—.—.—) and the Storm and Israel [150]
values (...... ..) not included in the analysis of reference
[33], are shown for comparison here and in F~gs.
2.1.4(5)-(6). The experimental values are from [127],
[113], [73], [109], [128].
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2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

10. I I .,,,,,,1 I
01 1.0 10 Im ““m “;

Enemv (keV )-..
Fig. 2.1.4.(5). Total photon interaction cross section,
WOt,for iron. In using the theoretical photoeffect data
of Rakavy and Ron [41] contributions from missing
subshells were estimated and applied, a correction not
negligible at the lowest ener~>s. The experimental
values are from [143], [63], [74], [81], [77], [69], [99],
[79], [125], [127], [121], [124], [148], [141], [95], [118],
[136], [111], [145], [142], [147], [70], [138], [140],
[135], [137], [128], [129].

Energy (keVj

Fig. 2.1.4(6). Total photon interaction cross section,
ot~t, for uranium. The theoretical photoeffect results
by Rakavy and Ron [41] for this element fall within
experimental uncertainties throughout the energy
range of measured data. The increasing cross section
at high energies results from the transformation. of
photons into electron-positron pairs, a process which _
has a threshold of 1022 keV when it takes place in the
ekctrostatic field of an atomic nucleus and 2044 kek’
in the field of an electron (see, e.g., Motz et al, [34]),
The experimental values are from [59], [113], [95], ‘.”
[76], [77], [133], [130], [101], [123], [65], [138], [135],
[137], [139], [141].

TABLE 2.1A

Wavelengths and Energies Used for Tables 2.lB and 2.lC

Target
radiation

A keV I Target
radiation A keV

Ag

Pd

Rh

Mo

Zn

Cu

0.5608
04970

0.5869
05205

06147
0.5456

0.7107
0.6323

I .4364
1.2952

1.5418

22105
24942

21.125
23.819

20169
22.724

17444
19+508

8.631
9.572

84341

. .

k.

Ni

co

Fe

Mn

Cr

Ti

1.6591
15001

1.7SQ2
1.6208

1.9373
1.7565

2.1031
1.9102

2.2909
2,0848

2.7496
2.5138

7.472
8.265

6.925
7.649

6400
7.058

5.895
6.490

5.412 “-”-
5.947

4.509 ,
4,932K & 1.3922 8905
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2.1, .X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.lB

Total Cress Section in10-z4cma prAtom. KAand KBare Identical to K&and K8, of Table 2.lA

1 2 4
Helium L&n

6 6 7
Radiation

8
Hydrogen Beryllium Boron Carton Nitrogen Omen

11 KA .1215 4.392 24.22
r[ K8

.$4.18 230.6 510.6 999.3 1721
.7060 3.657 18.66 63.58 174.0 386.0 758.2

CR KA
1312

.68SS 3.089 14.32 47.63 129.8 288.3 568.1 988.0
IIN KA .6782 2.694 11.37

., CR NE .6773
36.70 99.31 220.3. 415.7

2.659 11.11 J5.76
760.9

96,66 214.6 424.0 740.8
FE KA .6700 2.406 9.193 28.67 76.8S 170.4 337.1 590.6

31N KB .6688 2.361 8.81a 27.51 73.59 163.1
C9 KA .6638 2.185

322.7 565.7
7.594 22.18 60.26 133.3

FE W bbz~ 2.160
263.7 463.3

1.266 21.57 56.86
Ml KA

125.6 26S..5 437.0
.6588 z. 017 6.40o 18.38 47.86 105.3 208.3 366.9

CO KB .6574 1.971 6.02.8 17.26 44.60
Cu CA

98.02 193.8 341.5
.6548 1.884 5.496 15. 07 38.65 84. L3 166.1 293.1

N1 K8 .6533 1.843 5.207 16.01 35.46 77.33
ZN K6

152.6 269.1
.6512 1.783 6.800

CU KB
12.53 31.23 67.78 133.5 235.7

.6497 1.744 6.539 11.58 28.54 61.67 121.3
ZN KS

214.2
.6467 1.663 +.027 9.739 .?3.28 49.12 97.38

3!0 K& .6238 1.342 2.260 3.668 6.194 10.67
171.8

MO KS .6192 1.311 2.150
18.37 30.48

3.316 5.256 8.566 14.08 22.70

RH Kh .6179 1.304 2.126 ‘2.247 5.075 .s,160
PO Kfi .6155 1.291 2.0’+1

13.26 21.21
1.149 4.815

he K6
7.556 12.08 19.05

.6131 1.284 2.061 3.062 4.s.9.? 7.0s6
13H KS

;;::: 17.21
.6117 1.278 2.04) 3.014 4.669 6.781 16.21

Po Ke .6093 i. 268 2.014 2.939 b. 281
AC KB .6069

6.363 9.673 14.69
1.259 1.988 2..s73 4.117 6;005 8.958 11.19

9 11 !2 13
Radiation Fluorine N& sodium Magnesium Aluminum S&n Phw:horus s;l?”r

;1 M
-“

T1 KB
CR KA
mv Kh
CR K8
FE KA

41S2 6195 8900
6905
5283
4126
6023
3239

11840
9214
1014
5544
5601
436s

4194
)472
3.?86
2784
2601
2269

15670
12260

9456
7439
7258

19870 2, ?20
1213
2436
1380
1860
167+

6939
1761
2926
2.S51
2289

15630 19190
12110 I501O

9570 11850
9341 11570

1676
1295
lzbz
1008 S878 7590

7296
6070
5? 52
4894
4581
3? 75

9602

IIN X8
CO Kfi
Ff KB
Nl KA
CO KB
Cu KA

966.2
792.6
7W. O
628.9
585.7
503.2

1413
116>
1098

9Z6.6
*1.8
7+1.6

.?196
1808
1708
1661
1344
11 =,7

3108
2s66
2626
2050
1913
1651

5646
4684
4414
3764
3519
30+7

9031
r520
rt26
6065
5677

462.4
404.9
367.9
295.1

49.99
36.42

b.zl. z 1065
598.1 913.3
544.1 848.9
417. + 682.3

74.02 112.2
53.50 80.11

1520
1336
1215

918.1
160.7
11+.1

2074
1824
1661
1364

225.8
160.5

28to
26?1
2256
1825

306.7
215.7

3670
32>6

4551
6016

N1 .Kli
2N Ka
Cu <B
Zti K8
no Nb
8!0 KB

2955
2396

404.8
Z86. S

366 V
2919

512.5
366.0

335.2
292.7
256.6
236.7
206.7
181.1

31. s.?
30.04
26.84
25.09
2Z.44
20.20

69.57
43.83
18.95
16.30
1,?. 26
28.83

73.96
64.91
57.34
53.19
46.90
61.56

105. z 1<8.0 198.5 >63.6
92.05 129.5 17?.2 229.9
80.94 113. ? 151.8 201. .?
76.91 10s.2 160.1

AC KA
RW K%
PO KB
AC Kg

185.6
161.9
141.7

65.15
57.99

9.?.18
81.13

12.?.4
107.3

,.
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2.1. X-RAY CROSS SECTIONS AND ATTBNUATION COEFFICIENTS

TABLE 2.lB (continued)

Totsl Cross Section in I&” cm’ per Atom. KA and KB are Identical to K= and K@, of Table 2.1A

19 20 21
Ch&n.

22
A;.

23
win Potassium calcium Scandium Titanium V,”adiunl Chr%i.m

30500
2GZ1O
Ia* 10
150~0
14130
12050

38260
30269
.?358 0
18730
18290
1493s

14360
11990
11380

9715
9105
19Z6

73Z1
6+76
5925
4826

837.0
591.5

566.2
476.2
416.5
386.0
334.5
2’22.4

4+060
3s220
27710

22200
21700
17820

53540
4.?680
33Z50
26520
25910
21230

61170
49110
38890
31360
30660
25300

24390
20570
19-370
16850
15860
132.90

12880
11450
10510

8631
1571
1120

1032
899.7
781.2
725.8
63.?. 3
S52.6

0858
6906

45450
36520
35710
29430

28>70
2390o
22720
19550
18370
16100

10560
8233
6349

43370
42180
34800

33510
28160
26740
22940
21540
18810

17659
15490

12330
93.08
7601
5222
5680

19910

RI! KD
co xa
FE Ktl
III 64
CO K8
CU KA

11590
9696
9202
7s61
7378
6429

17160
1&410
1%90
11750
11030

9637

20640
17130
16.270
13930
1)070
11410

384b0
32180
30790
zb410
24880
21780

Ml KB
211 KA
CU KS
ZM Km
MO K&
80 KB

Wbr
5261
6*15
3926
685.3
486.4

8927
7912
ltsz
5932
1052

1+7.5

10570
9365
6584
7020
1264

90.?. 7

16910
13270
12190
10010

1869
1326

1221
10b7

915.5
863.6
753.7
660.0

20210
17960
16500
135%0

2526

14.?10
11640

2135
1528

1410
1232

1811

RH m
PD 3m
LG KA
ml Km
PO KB
AC KB

688.2
599.9
52&.6
681.5
421.1
367.9

832.1
726.9
637.1
SIJ8. O
513. z
449. 3

1673
1464
12s5
1187
1037

647. s
390.5
341.6
115.1

1081
998.0
2.71.4
763.2

214.6
2&o.2 908.7

25 26 27 2s 30 31 32
Rdim M.nomesa Iron Cobalt N$.1 Cwwr 2inc Gallium Gwnunlum

..11 K,l
11 KB
CR CA
UN KA
CR W
FE KA

16600
113a0

s? 65
62.95
6728
5467

17463
13620
10690

a2b1
8041
6528

201 *O 23370
18310
14190
11230
10960

8942

27140
21190
16380
12920
12610
10.?70

10600
23910
18640
1I,81O
14b90
11900

3S790
27980
21640
17080
L6670
13580

13060
1Ovoo
10340

8820
8264
7193

6658
5895
5401
bf,13
6581
42..?6

4613

39680
31070
2+100
19080

15760
12190

9630
9399
7661

18630
15240

WI KB
CO KA
FE KB
Ml KA
co Ks
CU KA

5256
36960
35140
30210
28390
2U60

6274
5Z16
4942

33.999
32060
28230

7368
6151
5834
6981
6669

33130

8b02
7187
6819
5B26
546. ?

9878
8241
7815
bbba
6268
5417

146?0
96.30
9152
?858
732.2
6660

12290
11670

9992
9176
ai864759

MI KB
ZS KA
CU KB
ZN KB
MO KA
MO KB

230S0
20520
188s0
15500

Z9W
208s

26280
23640
21660
17960

3500
2523

10*1O
27490
25310
209 .?0

4014
2888

6609
29810
27560
22950

6604
3331

5015
4460
4088

25880
5206
3774

6032
5345
4917
&056
6021
6370

?596
6150
6291
5097
1289
5315

1927
1687
I+al
1368
1196
1048

2330
2040
1791
165b

.?666
2131
2067
1891
1652
1647

3019
2691
2370
2191
1916
lb81

3690
3061
2693
Z491
2181
1915

4062
3565
3118
2884
2525
2217

6941t!! CA
m XA
&c KA
RH &B
PO KB
&c No

3931
3465
1209
2816
2478

6345
3810
3547
31131 44b

1267 2139

....



2.1. X-RAY CROSS SBCTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.lB (continued)

Total Crow Sestion in 10-% cm~ per Atom. KA and KB me Identisai to K= and K&of Table 2.1A

33 24 36 3s
Radiation Amonic S.bni.m Smmln* KIypton Ru~~i.m Stro%n Y%um Z&L

. . 11 CA 4s710 52a30 S1740 64610 72120 80320 38360 98120
11 KB 35220 41520 &3410
CR K4

50860 56810
Z73M

63360 69750
32260

77390
35320 39600 46240 49310

J7N KA 2.?080 25570
56650 60370

28020 31450 3s1+0
., C@ KB

39210 43350 +8020
21s60 24970 27370 30710 34320 38310 ’21w 46910

FE K4 17610 20390 22380 Z5160 28090 3131. O 3473o 3a’40

MM KO 16950 19620 21540 24200 21060 30160 33460
CO KA

3?010
14180 16600 13030 2027o 2 .?660 25250

FE NB 13460 15560 17110 19.?S0
28070 31040

21510
HI Ka

23970
11510

26660 29430
13300 14bb0 16680 18420 20510

CO KB
2Z870 25270

10790 1.?410 13740 15670 17280 19240 21470
Cu X,4 9611

Z3720
102.70 11930 i3S00 15090 16780 18160 ZO71O

Nr K8 8?20 10060 11100 12s10 13980 15540 17610 19210
28 Xfl 7733 3915 w 43 11100 lawo 13770 15660 17050
CU KB 70 9.? 8171 9033 10190 11380 12620 14200
ZN KB

15650
5803 2.682 7401 3353 9325 10370

UO Kfl 3207
11660

902> w 10
12840

11010 11780 12310 14600
no I(9 6062

2439
2.713 7373 a159 3809 95&3 10710 11390

RH K,i %.35 6242 6857 7%82 8.?02.
●O K4

3880 996’ 10610
4933 5512 6055 6690 125S 7855

aG Ka
8816

4354 6381
*41 2

5362 S918 6614 6967 7817
RH KB

8367
6015 6533 6930 5493 5981 6677

PO KB
7267

1565
7189

3996 4390 4833 5281 5719
AC KS

6617
3121

6395
353.? 3881 6276 6676 5066 5631 6120

41 42 4s 44 45 43 47 42
Raditiion Niobium Molyk!.anum Technmlum R.th.nium Rhodium Palladium Sihnr Cmmlum

1[ K4 107500
,%

117b00 129200 139600 152600 163900 176800
71 KB 3S1 70

1-600
93140 102100 110900 121000

CR KA
130500 1 +0700

62230 72380
157100

19S 10 86960 96860 102600
31N KA snrn

110600 1 Z2900
W120 63600 69480 75820 32250 18610

CR us
92090

51900 56Z90 62140 67890 74100 30400
FE KA

86620 95260

.m 42s60 42610 50990 55820 60940 66230 11370 7a770

81N K8 40W0 44890 49100 53779 58710 63820 68790 75● 0
CO Ka 34360 17693 41220 4s220 49380 53760 57960 63790
FE KB 3Z62Q 35310 39310 42930 4b*+o 51120 55120 *O630
N1 K& 28000 10720 33590 36920 40330 63970 61420 52060
co KS 26280 23860 31540 )4683 37890 61 ?30 6’580 J,*91 0
Cu KA 22960 25210 27S70 30350 33170 36210 39070 62790

Nr Ke Zlzao 23383 25530 28360 30730 33620 16290 397) 0
2N KA 18880 20770 22720 2503o 27310 29910
Cu I(B 17320 89063

32300 )5330
20860 229*O 2S360 27490 Z97CFI U470

2U KB 16200 1565> 111.30 13900 20670 22630 24670 Zbll 0
HO KA 2617 2937 3251 3581 3938 4314 6725
MO X8

5175
12530 2118 2350 2585 2845 3114 3422 3756

R$l KA 11610 12b40 2171 2189 .?630 2873 3165
PO K& 10150

3417
11210 12000 .?298 Z31O 2525 2730

AC KA 9200
305C

9963 10*8O Ial,l 2015 2222 2449
RH CB ●564

Z*98
9275 9954 10710 Iaa& 2056 2268

PO X8 7581
2500

.9213 8S 26 9500 9*75 1802 1990
AC KB

2197
6723 7286 7*45 34=.0 8*89 10080 1752 1*36

. . .

. .
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2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.lB (continued)

Total Crow Section in 10-Z4 cmz per Atom. KA and KB are Identical to AZ and K& of Table 2.1A

49 61 62
Radiation Indiurn T~n Antimony

55
Tellurium 10%. x.%. Ce,l”m

65340 71180
162.800 57070
164100 177100

163800
160000
131700

761)0
60690

134000
150500
147100
160100

.

,.

11 K~
11 Ka
CR KA
RN K&
CR K8
FE K&

219400
172600
134500
107000
104500

8%20

82660
69140
65610
56.380
52820
44140

42810
38040
34930
28700

5554
4037

3718
3.291
2906
2694
.?370
2091

222400
117200
139.7ao
112.?00
109700

90600

B73%0
z 3.l&O
7ch170
60670
56490
49930

*641 0
61 35a
384)50
31 +10
6145
4659

6125
1623
3191
2955
.359Z
2281

201600
187200
148300
119100
111100

96950

15960o
178600
162900
1 30b00
127700
105GOO

61720
19b000
176000
140300
137LO0
112800

152800
149400
12310 O

23N KB
CO Kfi
FE KB

91520
79140
75360

101600
85680
81s20
70210
66040
57930

108700
91450
86930
74710
70210
61470

118700
100100

95180

126900
106800
101=,00

87240
61990
71800

66100
59390
54620
45020

8923
6511

6034
5119
6702
6363
1861
3392

135200
113800
108300

931C0
s#510
76610

Ml KA
CO K6
Cu m

65090
61290
53890

81930
71ob0
67540

321 w
.7M KA
CU KB
i?N m

sol 20
44110
41180
36050

6675
4s 17

w72
3W1
3449
3190
2794
2455

53B40
67970
44150
>6430

7186
5Z27

S71OO
50840
46760
38540

7656
5590

62760
55910
51460
42430

.3152
6075

7126.0
63480
58410
48200

966S
7071

MO KA
230 K8

RH RA 6839 51.32
4s 70
4062
37s1
1304
2919

56.?4
6967
6364
4043
3552
3130

6557
5788
S123
675b

6256
37s.3
3678
3055
2692

41q3
3701AC a

67 58 59 60 62 63
Radiation L8nthanum Ceri.m

64
Praseodymium Nec,iyrm.m Prom%i.m Smm,i”nl Eumpi.m Gadoiini.m

11 Ka
11 KB
CR K&
MN K*
CR K8
FE K~

81800 88992 96820
65100 70810 77110
51400 55920 60940

156000 121200 69LO0
152600 118500 68020
166600 137400 105300

103b00 110900
02400 88160
65000 69500
52280 55870

1180o0
93610
736.30
59130
57810

1Z6900
100500

78920
63230
61800

113100
105800 ?

83.?80
66360
65370
54150

<.

52250
46Z60
42160
96120
90560

111400

51120 54630
111100 45300 478s0 51100

UN K8
co !(8
FE <s
*1 K&
CO KO
CU K&

161600 132900 142700
11970il Z301OO 139500
116000 12)800 132700

98450 10670.0 114200
927o0 100+00 107100
81520 Bz’l<o 96090

1071QO 116100
127400 97970
121300 13W00
121200 130600
114000 122800
100100 107700

46200
102800

97380
318500
111500
111200

49290
41690

106000
91200

120600
105500

WI %8
2N K&
Cu KB

7s270 81 97a 87489
67150 13160 77980
62440 b7110 71780
5172o S5730 59280
10660 11300 11880

7635 8261 8619

93170 100100
83160 89210
76b10 82110
63600 67800
12770 13550

9116 9891

10S300 113600 103700
93970 101200 107000
86540 931&0 98530

T6890
15440
11.?90

ZN X8
0!0 KA
MO K8

RH KA
PD KA
AG KA
RH Xe
PO K8
kc X8

71 57(3
14470
10590

81350
16400
1.?000

?074 1666 3046
bz 29 676.4 7092
5501 5964 6271
5101 55s5 5a19

8631 9165
1602 8077
6716 7139
6226 6623

9819
866?
7664
7114

10470
‘?260
8177
7592
6691
591+

11130
9825
8698
8076
7119
6294

*485 4896 5123
3956 4325 4525

5676 5a 29
4830 5145

6268
5538

..
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2.1. X-RAY CROSS SBCTIONS AND ATT3INUATION COEFFICIENTS

TABLE 2.lB (continueci)

Totsl Cross Section in Ilk” cm’ per Atom. KA and KB are Identical to K& and Kp’l of Table 2.1A

65
R.dkti.n

66 67 es 70
T,rt.i”m Dwmosium H.lrni.m Erbium Th%n Y“e,bi”m L“;lum Ha:n%m

.-,.

. .

rl K4
T1 KB
CR K&
MM Kfi
CR W
SE m

146000
111900

89420
71600
6993.0
57840

153ZO0
1.?1000

W91O
75?10
74190
61260

16130C 170900 1S0600
127200 134800 142400

99490 105500 111400
79400 84180 a 8860
77s90 82t50 86810
6 39+0 67800 71550

190800
150600
117700

93900
VI 750
75610

202200
159500
124800

9961,0
97360
00270

213500
168s00
131900
10S300
102900

S4870

MN K8
co Kd
Ff m
Ml K4
co m
CU XA

55780
47;60
44900
18760
9ba 70
84960

59070
49900
4769 a
60960
18550
908>0

6i640 65350 2.8970
519.30 55120 58150
49450 52660 55320
42590 4-3170 67640
60060 42490 44810
)5160 37100 39320

72890
61460
S8470
50>60
47370
41570

77370
65260
62090
53690
50320
44170

41110
36730
33870
71660
24460
18030

16150
14820
13160
12230
10810

9586

81820
69030
65680
56S90
53.?40
66740

110900
98960

105500
87160
17620
12900

N! XB
ZN UA
CU K8
ZN KB
No K&
MO K8

84430 91220 34710 36600 32.690
105600 81140 80250 32690 34550

97192 14570 S103O 80900 31850
92S10 996S0 93320 66920 66S10

63520
31J880
15850
69940

13.590
13590

19750 21000 2215o
L6450 15300 16250

23050
17010

2s590
19010

11960
10560

9345
86?7
7649
6762

12603
11130

9853
9150
3.068

13400 14170 15080 15810
13990
12410
11540
10 ZOO

9037

1?690
15660
13910
12940

PO KA
bC KA
Rtl KB
P9 Xe
AC KB

11840 12510 13330
,10490 11060 11810

9146 10270 10980
8599 9047 9688
7609 1993 8575

11440
101507134

T.n’:lum 74
‘1.nwten

75 76 77
Rhenium osmium Iridium

7s
Plmlnunl G7:dRridiml.an

221100 230000
176500 182500
136700 1&3b00
109200 115300
106700 112700

88030 93350

84s50 90060
71610 16260
68140 72640
5s730 b2190
55260 59140
&85 10 5207*

45190 485s o
60320 63480
37240 60160
30900 33440
26900 29240
19860 21550

11 KA
11 KO

.
CR KA
31N K&
CR KB
Ff I(A

.*.
33M KB
CO KA
FF K8
*3 K1
CO KB
CU KA

N3 K8
Z* KA
CU Kn
ZM Km
2!0 KA
3!0 K@

RH Ka
PO K&
AC KA
RH KB
PO K8
&C KB

.?66. ?00
195000
151zoo
1Z2700
120000

99?. 20

260600 218000 302700
206100 219700 .?377o0
i61B00 172200 185200
129600 117?00 147200
126700 134500 143800
104100 111100 118100

296500
235800
186000
169600
146300
121300

319200
253S00
199100
159800
1%200
129300

95700
8G+50
77070

101000 10?300 113s00
85350 90630 95640
81250 86060 90900
70120 74210 78070
66010 6983C 73340
58030 61350 64210

117100
99310

1.?4700
105600
10C.6OO

86880
81830
72010

94630
81900
77390
68030

66550
62670
55120

54070
l,a370
66640
37100
31660
23410

57130 59680
51060 53200
47100 b8970
19090 40450
32990 35180
24640 25990

63460
568v0
52580
43850
36450
26960

67110
60100
55490
66180
38210
22.410

51370
65970
42440
35290
30530

1s450 ZOO1O
16340 17700
1451w 1S690
13490 14593

20800
1s400
16320
15170
13400
11870

21160
19280
17110
15940
14100
12510

2Z950 24150
20360 21380
18110 18980

16870 17650
16940 15600

25060
22200
19710
18340
16220
14390

26+40
23450
20860
19420
17200
15280

11920 22880
10570 11400 i3270 13S30

.“-
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2.1. X-RAY CROSS SECTIONS AND ATTENUATION C033FF1C1ENTS

TABLE 2.lB (continued)

Total Cross Section in 10-” cm’ per Atom. KA snd KB are Identical to Ki and l+?, of Table 2.1A

Rtitiion Thj~i.m L::d Bis8;.th R%,
90

Thorium Ura~~um
94

Plutonium

11 KA
1[ KB
CR KA
mN XA
CR KB

3s600 0 369800
293800
231S00
1.36(?00
181900

G]zboo
342900

623100
182600

428600
340900

381000
406000
118900
290600
306100
253100

.-

“

282100
2Z1700
177700
173:703

269600
216100
211300
176800

325200 306000
261.?00 265100
255600 259.300
211600 215600FE KA 1>5700

130900
110700
1 Osaoo

91060
857S0
75430

150800

MM NB
CO KA
FE m
231 KA
CO KB
CU KA

130600
117200
111600

96600
9077.o
79843

145500
123300
117400
101600

95700
84290

1.68600
162700
135900
117300
1 105O.I

97190

204200
171000
166800
142500
134200
118200

208000
176500
!Mloo
145500
137200
120900

244100
t0b300
196400
169600
159400
140100

#l KB
ZN XA

70290
62900
56070
48280
40530
29950

76@ o
d65*3
6142.0
51$100
&2233
31450

78600
70620
b5060
54190
436s0

32450

30190
2&3 00

23850
22Z20

19690
11500

90580
81060
74930
62120
43180
37130

34570
30700
27330
2s&60
22580
20o7o

110200
9868o

91140
75480
3a3z0

28250

1127(30
101000

93380
77830
38220
28720

130500
1L6700
107100

89390
19390
31360

CU K8
.W KB
3!0 KA
330 X8

RH Ka
P(I XA
Ac Xa
RH Kg
PD KB
4G Km

27040
.?4670
21910
,?03V0
18040
16000

28940
Z56J0
22760
21179
18710
1659>

36600
37440
3 3.?60
30920
27330
26220

26800
13100
34360
32070
28500
25400

29260
26090
23330
10320
31100
27690

. .

>.
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2.1. X-RAY CROSS SECTIONS AND ATTBNuAT1ON CO13FF1C1BNTS

TABLE 2.IC

Mass Attenuation Coefficients (p/p) in cmi g-l

Rdiatic.n
1

Hydrogen
2

Helium ML 4
Buylli”m Nitr&n

-, It 6A
11 K@
CR Ka
MN Ka
CR K8
FE KA

.4321

.4206
.4116
.4052

.6607

.5503

.4bG8
.4056
.4001
.3616

z. 102
1.617
1..?41

.9863

.9639

.?977

5.625
4.249
3.183
2.652
2.388
1.916

12.85
9.691
7.232
5.534
5. 32!5

25.60
19.36
14.46
11.06
10.76

8.5&7

62.96
32.59
24.62
18.73
18.23

64.79
69.40
37.19
28.64
27.88
.?2.21

.6046
.4003 6.202 14.49

CC* KEI
CO KA
FE I(B
cl! Kh
co X8
Cu m

.3996

. 3%6
.3958
.3936
.3928
.3912

.3553

.3288

.1219

.3034
2%6

.2835

.7704 1.839 6.100
3.357
3.168
2.665
2.485
2.162

8.181
6.683
6.299
5.282
4.916
b. 219

3.878
3.399
3.093
2.691

.5348

.4.?85

.4082

.3788

.3537

.3401

.3191.

.3011

13.87
il.33
10.68

8.955
8.?30
7.142

21.29
17.44
16.65
13.81
12.85
11.01

.6590

.6306

.5554

.5283

.4170

1.522
1.442
1.228
1.1s2
1.007

ml KB
ZM K1
cl! X8
ZM KB
MO KA
MO Xe

.;90;

.3882

.3864

. 37.?7

.3699

.2172

.Zmz

.2623

.2503

.2019

.1912

.4518

.4165

.3939

.3496

.1960

.1866

.9163

.8373

.7742

.6509

.2651

.2216

.2170

.Z104

.2047

.2016

.1964

.1920

1.975
1.740
1.590
i. 291

.3451
.2928

6.560 10.14
5.740 8.813
5.,?15 8.062
4.186

.7898
.6054

6.468
1.147

.85* 5

.1845

: :%:
.1773
.1148
.1726

.2827

.2681

.2558

. .?490

.2385

.2294

.5702

.5191

.6756

.s519

.6158
.3851

RN XA
PO K&
4C K1
RH KB

.3692 .1961

.3677 t 946

.3663 .1931

.1655 .1923
PO KB
AC K8

.3640

.3626
.1908
.1894

11
sodium Ma&ium

14
Alu~3h.m silicon Phos;hor”sRadhti.a” Flu;ri n.

11 KA 91. 76
VI Kg 70.30
CR KA 53.14
MN KA 41,06
CR KB 39.99
FE Za 31.96

126.6
%.88
72.71
56. >6
$4.91
&6.00

161.5
129.3

98.68
76.61
74.66
59.94

2Z0.4 Z64. + 336.0 386.3
171.0 205.8 262.9 303. ?
130.8 158.0 202.7 235.5
102.2 123.8 159.5 186.0

99.62 120.7 155.6 181.6
80.21 91.56 126.0 147.6

664.2
366.2
281.9
222.6
>17.2
i76.6

.

?l# KB 30.62 62.18 57.49 76.97 91.65 121.0
CO KA Z5.1 Z 34.69

141.9 169.7
47.34 61.56 77.56 100.6 118.0

FE K8
141.2

21.71 32.15 64.73 UJ.06 73.37 95.07 111.8 133.8
nl KA 19.93 27. s9 37.73 50.77 62.17 80.69 95.15 113.9
CO KO 18.57 25.72 ;::: 67.38 58.08 75.44 89.05 106.6
CU K& 15.95 22.13 $0.88 50.23 65.32 77.28 92.53

WI K%
ZM m
CU K6
ZU KB
2!0 Ua
NO KS

14.66 20.36 27.87 31.64 66. >0 60.26
12.83

il.>+ #5.47
17.85 24.64 33.06 60. T> 53.03 62.90 75.61

11.66 16.24 22.23 30.08 3?. 14 68.37 5?. $4 ha .90
9.355 1).0s 17.87 24.22 30.01 39.12
1.584

46. S8 55.96
2.209 2.939 3.979 5.063

1.i56
6. S.33 7.870 9.625

1.597 2.098 2.825 3.585 6.624 S.. S69 6.815

RH K&
PO m
● m
RH KB
PO KB
AS KO

1.072 1.479 1.937 2.604 3.104 4.256 5.125 6.293
.9523 1.306 1.7oi 2.280 2.891
.2.507

3.116 4.468 5.696
1.163 1.501 2.004 2.S.0 3.256 3.911 b.816

.7956 1.083 1.393 1.855 2.349 3.003
.1114

3.607 4.445
.9629 1.228 1.628 2.05* 2.623 3.1s6 3.881

.6401 .8605 1.088 1.436 1.812 2.301 2.755 3.601

61



2.1. X-RAY CROSS SECTIONS AND ATTI3NUATION COEFFICIBNTS

TABIJI 2.lC (continued)

Mass Attenuation Coefficients (p/p) in cm2 g-l

18 19 20
Ch/o; ne

21 22 23
Radiation Argon P.ta9si.m Calcium Scandium Vtani.m Vanati.rn Chr%Iium.

rt Ka 518.1 576.9 678.7 804.5 819.4 111.4 124.9 142.8 .-

11 KB +11.1 456.2 542.6 638.3 657.8
CR Kfl

86.80 97.33 111.3
121.5 355.5 426.8 499.6 520.9 571.4

KM KA
75. >6 85.7L

256.1 282.6 341.9 398.4 619.8 659.2
CP KS

512.7 67.41
250.2 275.8 334.2 32s.3 610.7 449.0 501.0 65.19 “

Ff K& 204.6 225. t 274.5 319.0 138.9 170.1 411.6 662.2

MN KB 196.9 216.5 266.4 307.1 326.7
CO K4 166.1 180.9

156.7 396.2 445.6
222.0 257.4 275.5 300.5 132.7 375.0

FE KU 156.3 171.6 210.9 264.4 262.1 285.7
N! KA 133.6

316.1 356.6
146.5 180.9 209.3 225.6 245.8 271.2 >06.6

CO KB 1.?5.3 137.3 169.9 196.4 212.2 211.0 254.7 288.1
CU KA 109.2 119.5 148.6 171. + 18b. O 202. + 222.6 252. ?

21[ KS 101.0 110.5 137.5 158.8 112.6 187.8 206.3 234.1
ZM KA 89.35 97.65 1.?1.9 160.7 153.3 166.9 183.1 208.0
CU KS 81.79 89.34 111.7 129.0 160.8 153. ,? 168.3 191.1
ZN KB 66.68 72.74 91.36 105.5 115.6 125.9
MO K& 11.64 12.62 16.20

137.7 157.0
1?.00 21.04

MO K8
23.25 25.24 .?9.25

8.261 S.949 11.51 13.56 15.00 16.65 18.07 20.99

RH K&

PD KA
6G K&
RH KB

7.605 8.237 10.60 12.50 13.82 15.15 16.66 l’I .37
6.632 7.130 9.240 10. V2 12.05 13.42 16.57 16.95
s. 801 6.280 8.080 9.573 10.56 11.76 12.78 14.88
5.351 5.190 7.448 8.836 9.721 10.86 11. S0 13.7b
6.661 5.0$6 6.486 7.711 8.469 9.417
4.079

10.30 12.01
4.609 5.6b7 6.152 1.402 8.298 9.924 10.5Z

PD KB
*G Ks

25 26 27 28
Radiation

29 30 31 32
Msnaw,ese 1,.0” cobalt Nickel Cw.wr zinc Gallium Germanium

1[ m
1! KB
CR X4
MM KA
CR KB
FE KA

nN U8
CO KA
FE K%
Ill Ka
CO KB
Cu KA

160.0
124.7

188.3
146.9
113.1

88.96
86.77
ro.. 40

205.0
161.0
iab. h

98.41
96.06
78, 29

239.8
107.9

251.2
200.9
15s. 2
122.5
119.5

97.36

280.0
220.3
171.7
136.6
133.5
109.6

309.1
261.7
186.9
147.6
144.0
117.3

329.2
257.8
199.9
158.3
154.5

.
92..08
75.59
73.15
59.93

165.7
115.2
112. s

91.76 126.4

57.62
405.1
3s5.2
331.2
311.2
272.5

67.65
%.25
53.29

75.30
62.2.6
59.63
50.91
4,1.71

338.6

8.3.27
73..75
69.97
S9.78
56.05
68.83

93.63
78.11
74.07
63.20
59.22
51.54

105.6
88.71
84.30
72.38
68.00
59.51

112.8
94.15
89.29
76.19
71.39
62.13

121.7
102.0

96.81
8.?.90
77.79
67.92

366.5
145.5
304.4

2s3. +
253.3
233.6
193.7

37.14
27.21

?14.9
280.9
258.7
213.8

41.02
29.51

45.24
306.1
282.8
235.5

47. Z4
34.18

47.72
42.28
38.76

245.3
49. 34
35.77

31.08
29.02
25.52
23.61
20.67
18.15

55.29
49.26
+5.30
37.37
55.66
60.26

57.51
50.92
46. 2.5
38.12
56.90
41.69

63.0.?
56.01
51 .&b
42.29
60.67
66.26

Nl KB

ZN KA
Cu X6
ZN KB
MO KA
!!0 K8

253.0
Zzb. 9
206.7
169.9

31.86
22.89

37.23
32.65
28.72
26. S6
23.26
20.42

38. b4
33.96
29.93
27.72
.?4. 32
21.61

41.01
16.05
31 .7.2
29.63
25.82
22.73

RM KA 21.12
18.49
16.23
15.00
13.11
11.49

25.13
21.99
19.31
17.86
15.59
13.67

27.2C
23.86
20,92
19. 3Z
16.88
14.79

31.60
27.68
24.32
22.48

PD KA
AC K&
RH KU
PD Ku 19.66

17.254C KB

. .-.

.
..
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2.1. X-RAY CROSS SECTIONS AND ATTBNUATION COEFFICIENTS

TABLE 2.lC (continued)

Mass Attenuation CoefHcients (p/p) in cmag-’

33 S4 35 36 37 33 3s 40
Radiation .41seni. Selenium Sr.mine Kfvmon Rubidium Strontium Yttrium 2irc0niwn

-4
11 KA
11 XB
CR KA
MM o
CR K8
FE Kfi

367.5 402.9
316.7
246.1
195.0
190.6
155.5

435.1
342. Z
266.2
211.2
206.2
168.6

+b6.3
365.5
286.6
226.0
210.7
180.7

S03. 1 552.1
400.3 435.5
IL1.7 119.3
247.6 269.6

598.6
672. s
368.9
293.7

667a
510.9
398.6
317.1

.?8.3. 6

.?24.0
177.5
173.3
141.6

241.8
197.9

190.5

263.4
215.4

zab.9
235.3

)09 .7
253.3

MN KB
co X8
FE Ka
HI KA
CO KS
CU K&

136.2
114.0
Ioa. 2
92.51
86.76
75, 65

169.6
125.1
118.7
101.4

95.11
.32 .39

162.3
135.8
129.0
110.1
103. s

90.29

173.9 201.3 226.6
190.2
180.6
154.9
1L5.4
127.1

264.6
204.9
194.6
166.8
156.6
116.8

145.7
138.3
118.5
111.2

97.02

159.6
151.6
129.3
121. s

173.5
164.7
l&O.9
132.2
115.3106. ?

98.50
87.39
80.16
65.10
83.00
62.07

57.79
51.11
45.31
42.14
37.21
32.94

WI K8
ZN X4
CU KB
2N Kn
310 KA
!!0 K8

70.10
6.?.16
57.01
46.10
6%.91
48.57

76.75
62.00
62.32

83.67
76.21

89.96
r9. .90

106.8
94.66
8b. 77
70.99
88.06
65.59

117.9
104.8

96.19
79.91
91.56

l>b.8
112.6
101.1

%6. 71
16.10

6.!.07
55.77
74.68
55.56

73.22
bO.03
79.10
58.64

50.97
68.82
51.20 72.51 75.20

61.03
53.99
47.89
64.52
39.31
34.81

61.50
59.71
52.96
49.23
43.67
38.49

70.07
62.14

*H UA
PO K&
4G K4
RW KB
PO K8
AG XB

45.06
39.66
35.00
32.44

67.61
4.?.05
17.23
34.57

51.67
45.63
40.41
17.52
31.08
29..?4

56.69
68.08
42. =.3
39.48
36.17
10.11

55.26
51.41
65. =.2
40.60

28.50
25.11

30.48
26.96

41 42 43 44 46 46 47 48
Rdkti.” Niobium MolyMenunl Technetium Ruthenium Rhodium Palladium silver Cadmium

.
,11 K&
1[ KB
CR K9
MN XA
CR KU
FE Kn

696.9
552.1
431.9
944.3
136.4
275.9

138.4
584.6
4=.7.6
364.8
356.5
292.6

785.8
621.2
485.5
386.9
378.0
110.2

831.9
660.6
517.9
413.9
406.4
312.5

892.0
T07. 9

‘+27.9
118.5
580.9
465.5
45s.1
374.9

y:;

617.4
694.6
483.5
193.6

1066
841.8
b58. 3
525.6
513.5
622.0

606.6
341.3
326.8
179.0
26>.1
229.3

21.?.9
189.3
174.0
143.1

27.11
20.13

18.63
16.38
1*.65
13.+0
11.7?
10.37

555.2
643. s
433.7
356.7

..6
281.7
236.6
.?24.8
192.8
181.0
150.3

146.8
110.3
119.7

‘36.23

298.7
2S0.8
23a. 3
204. G
191.9
167.7

320.1
2b9 b
256.0
219.9
206.6
180.8

1b7. a
149.1
137.0
112.6

21.33
15.40

363.6
289.0
274.1
23.5.0
221.8
194.1

161.1
304.3
289.3
24a.9
Z]b. o
205.0

183.9
323.5
307.6
.?64. 7
248.9
218.1

33M KB 265.7
co u 222.9
FE K8 211.7
ml KA 181.5
CO K@
Cu 3CA

N1 K8
ZN KA
CU KB
28 K8
MO Ka
330 K8

an Ka
PO K4
AC K4
RH K@
Po W
aG K8

170.4
148.8

155.6
138.2
1Z6.9
106..?

19.76
14.30

180.2
160.2
147.1
121.0

21.05
16.65

190.3
169.3
155.6
123.1

24. +2
17.63

16.29
14.29
12.58
11.66
10.20
57.03

202.5
180.3
165.3
136.6

26.38
19.10

138.0
122.4
112.3

92.04
16.96
81.22

18.44
13.29

17.67
15.52
13.67
12.66
11.11

9.780

75. W
67.08
59.61
55.51
49.14
43.62

79.32 13.22
12.99
64.99
60.56
53.69
47.73

14. z 3
12.50
11.00
61.80
56, 59
50.3$

15.39
11.52
11.91
11.03

70..34
62.53
5&. zl
51.51
45.73

58.38
52.03

,.

. .
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2.1. X-RAY CROSS SBCTIONS AND ATT32NUATION COEFFICIENTS

TABLE 2.lC (continued)

Mass Attenuation Coefficients &/P) in cm~ g-l

51
Radiation l.:% T?. Antimony

62 63 55 53
Tellurium Iodine X.% Ce*i.m Bwiwn

11 KA 1151 1128 996.7 753.3 292.9 299.1
T1 K8

321.5 333.7
905.6 899.1 925.7 ab.?.9 920.9 682.1

CR KA
258.6 266.0

705.0 708.8 733.4 7*8. 9 83s. 2 155.4
31UKA 561.1 569.3 591.7

802.7 587.3
616.6 666.1

CR KB
701.0 742.2

568.0 556.6 578.8 602.7 650.8
659.7.

3.85.2 725.1
FE KA

644.6
449.2 459, 7 479.6 497.3 535.3 S66. 9 596.6 614.9

MN KB 632.5 443.2 422.4 619. b 515.8 5,4.5
CO Kfi 362.7

516.9 592.5
374.1 291.3 404.6 436.0 459.0

FE KO
483.8 699.0

344.5 356.0
Ml KA

372.6
295.2

33.4.7 412.6 636.6
306.8 321.9

460.0
331.4 354.6

co KO
375.8

474.5
395.6 408.1

27?.1 288,7 903.1 311-7 333.2
Cu Uk 242.1 2s3. 3

353.4 1?1.5 >83.6
266.5 273.4 291.1 309.8 32s.. $ 336.1

Ml KB 224. b 235.5 267.8 254.1 211.0 28T.9
2M Kh 199.5 209.8

302.3
221.1

312.3
226.4

CU KB
>41.3 256.6 269.1

183.3 193.1 203.6
278.3

208.4 .?21.9 235.9 267.5
ZN KB 150.6 159.3 16s.3 172.0

25$.0

330 K4 29.13
182.9 194.6

31.18
204.0 211.3

33.01 33.92 36.33 38.31
MO K8

40.44 42.31
21.18 22.62 21.91 24.67 26.53 27 .s6 29.51 31.00

RH Kb
PO UA
AC K4
RH K8
PO KS
kC KB

19. 3.1 20.93 22.11 Z2.84 24.59 25.80
I 7.26 18.38

27.16
19.39 ZO.09

28.76
.?1. 69 22.69 24.10

15.25 16.19 17.05
25.3?

17.72 19.18 20.01 21.31 22.45
14.14 16.99 15.71 16.41 17.80
12.63

18.55 19.77 20.85
13.15 13.82 14.42

10.97
35.68

11.57
16.29 17.61 18.38

12.16 12.70 13.85 14.36 15.37 36.25

33L&.um c.%
61 82

Radiation Pr8seodyrnium
04

Nmd7mium Pr.nnethi.nl Sanl,tium Eur%n G.ddiniwm

11 Ka 156.7 302.6 613.8 432.5 654.6 672.6 502.8 s10 .&,
11 KB 282.3 304.6 329.6 3b3.9
CR KA 222.9

361.2 374.9 398.1 405.0
260.4 260.5 271.3

MN Kfl 676.5 521.1
28+. 7

209.9
295.0 312.7 318.9

218.2 228.9 236.8 250.5
CR KS d61.5 509.4 20S.3 213. * 223.8

256.0
231.5

FE K4
244.9

635.6 592.3
250.3

+50.1 463.5 185.6 191.7 202.5 207.3

MN KB 613.2 511.2 609.7 467.2 475.7 185.0
CO KA

195.3 200.0
519.0 559.1 596.2 531.7 401.4 &11.8

FE XB 494.2 $32.1
165.2 169.5

5b7.0 506.2
Ml KA

536.4 392.0 419.9
626.9

161.4
458.6 688.0 505.8 535.2 614.6 361.1

CO KB 603.9 431.5 458.8 475.9 503.2
368.8

466.3
Cu KA 353.5 37a.8

476.9 346.7
602.2 617.9 461.1 453.5 417.9 426.7

#r KB 329.0 35Z.4 373.9 328.8 610.0 421.8 469.9 39b.9
ZM K4 293.0 314.4 133.3 ]b?.1 345.5 376.3 401.0
CU KB 270.8 289.6

409.8
306.8 319.8

2N X6
336.4 346.6 369.3 171.2

224.3 239.6 253.4 264.6
no CA

277.8 286.6 304.7
45.34

311.5
68.56 50.18 53.28 55.52 57.96

!3!3 KB 33.10 35.54 37.09
61.18 62.79

38.88 40.52 62.40 44.16 +5. 95

RH KA
PO KA
AC K#
RH KB
PD K8
Ac XB

30.67
27.01
23.85
22.12
t9.45
17.15

32.96
29.07
25.72
23.88
21.04
18.59

34. 3a
30.11
26.80
26. 8?
21.90
19.34

36.02
31.73
28.02
2S.98
22.85
20.16

37.55
33.09
29..25
27.13
23.8S
21.08

19.32
34.69
30.69
28.69
25.10
22.1s

43.48
36.61
32.40
30.08
26.51
23. i3

42.61
37.62
33.30
30.92
27.26
26.10

.-
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2.1. X-RAY CROSS SECTIONS AND ATTI3NUATION COEFFICIENTS

TABLE 2.lC (continued)

Mass Attenuation Coefficients (p/P) in cm~ g-1

85 %6 67 S8 S9 70
Radiation Terbium DY.wOdunl H.lmium Erbi.m Thulium ytterbium L.?;~i.m Ha;n;um

11 Kfi %S.7 567.7 589.2 615.3 643.9 664.1 695.8
11 11% 431.7 468.6 466, 5 6s5’. 3 507.6

120.2
523.7 568.9 568.4

CR Cn 338.9 351.7 363.1 379..7 397.0 409.6 629.5
MU X6 213.4

465.0
281.3 290.0 303.0 316.9 326.9 362.9 35s.3

CR X8 Z65. 2 275. o 283.4 296.1 >09.6 319.4 335.1 367.2
FE K6 229.2 221.0 233.5 244.1 2S5.1 263.2 276.2 Z&b. &

8

“<

31M KB
CO Ka
FE KB
ur X4
CO SB
CU KA

211.4 218.9 225.1
118.7

235.3
184.9 189. s 198.6

170.2 176.0 180.6
166.9

188.8
151. a 155.5 162.6

367.1 142.9 146.3 153.0
321.9 336.6 128.6 134.3

245.9
201.4

253.7
214.0

266.3 216.1
224.6 232.9
213.7 221.6
184.1 190.9
173.2 179.6
152.0 151.7

141.5 1+6.8
126.4 131.2
116.5 121.0

191.3 233.5
169.9 175.3
159.8 164.9
160.2 16+.7

134.7
120.3
110.9
231.5

80.21
59.22

W[ m
ZU KA

CU XB
ZU KB
310 KA
!!0 KB

620.6
375.1
399.9
330.3

66..71
6a.88

112.9 313.2 125.0
391.5 296, 3 317.1
360.2 272.6 291.7
344.0 364.0 315.9

68.89 rz. lb 75.61
50.38 S2.76 55.07

130.5
116.6
288.5
.?38.6

78.98
57.94

246.6 276.0
84.18 86.33
62.34 66.15

57.63 59.68
51.01 52.85
45.27 66.93
42.11 43.66

37.21 38.61
32.9s 34.24

RH CA
PD K&
Ac Ka
Rn K8
PD KS
AG KB

45.31
40.01
35.62
32.89
28.99
25.63

46.71 48.91 51.03
41.2+ 43.23 65.02
36.52 38. N J9. al
>3 .91 35.59 36.91
29.90 31.41 32.57
26.64 21.79 28.77

53.77
47.52
62.12
39. lb
34.54
30.58

55.03
48.70
63.21
60.18
35.50
31.46

73 74 75 76 77 so
Radiation Tantalum Tungsten Rhenium Osmium Iridium Pl%.m G7jd MerwY

1[ KA
1[ KB
CR K&
RN KA
CR KB
FE KA

7.1s. b 753.3 z%. 1 824.4 a71. Q 934.3 905.5 958.3
580.8 597.5 630.7 652.5 688.3 733.8 720. > 760.0
656.7 41*.6 495. s 512.4 539. b 571.6 568.3
IA>. Z 177.6

591.9
397.0 410.4 631.4 4S4. S 456.8 419.6

35s.0 369.1 388.0 401.1 421. b 663.9
2*Z. 8

466.1 668.9
305.7 320.9 331.5 348.0 36.6.6 310.5 3.38.2

. .
3M Sn
co Ka
FE KB
N1 KA
co K8
Cu CA

282.3 294.9 309.5 319.7 335.6
238.3

351.2 351.6 3Z6.5
269.7 261.8 210.3 281.4 295.2 303.3

226. ?
317.0

237.9 249.3 257.3 269.1 280.6 289.9
195.4

>01.9
20S.6 215.3 222.0 232.5 241.0 2s0.1 260.8

ta3.9 191.7 202.7 209.0 218.8 226.4
161.5

235.7 245.1
170.5 178.3 181.8 192.2 198.2 207.8 216.2

150.4 159.0 166.2 171.2 179.0 184.2 193. S
134.4 lbz.b 168.7 153.1 160.0

201.5
164.2 173.7 180.4

123.9 131.5 137.3 161.3 lh?. b 151.2
102.8

160.6 L66.6

109.5 11+.1 117.5 122.5 12&.9 13).9 112. .6

3.9.51 95.76 98.74 100. ? 101.6 108.6 111.1 llb.~
b6. 07 70.57 ?2.47 74.13 77.20 80.23 .32.33 8S .30

WI K8
2?4KA
CU KB

ZN KB
Mo Kh
330Ke

61.19 65.56 67.27 be.’zl 71.90 74.56 76.53 79.38

54. 35 57.96 59.50 61.06 61.80 66.00 ~;:;;
48. 2s 51.60

?0. 6.?

52.78 56.26 56.75 =.8.58 .$2 .63

64.88 47.17 49.06 50.47 5.?.85 5b.48 56.22 58.32

39.6s 42.18 43. 33 44.64 46.82 L8. 15 69.34 51.65

3s.17 37.35 38.38 39.60 41.59 62.68 63.93 45.87
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2.1. X-RAY CROSS SECTIONS AND ATTENUATION C02!FF1C1BNTS

TABLE 2.lC (continued)

Mass Attenuation Coefficients (p/p) in cma g-l

Radiation
S1

Thallium L%d Sis%3uth R~Io n Th% d% Plut%iuni
_

11 K4
ri KB
CR K4
MN KA
CR K8
FE KA

JIM KB
CO KA
SE Kg
II{ KA
CO KB
Cu XA

Ml Ku 207.1
ZN K4 12.5.3
CU KB 171.1
2!2 K8 162.3
MO KA 11 9.+
!!0 Kg 8B. .25

RH CA 82.02
PO la 72. ba
4G KA 64.56
RW KB 60.08
PO KB 53.15
AG K8 41.15

,.>.
820.0
666.5
516.5
S.04.9
617.1

60.?.9
360.8
326.5
.?80.2
263.8
232..1

216.3
191.5
IT8.6
168.5
122.8

90,55

84.13
74.50
66.16
61.52
56.39
+8.22

,“. .

846.5
bt.1. 2
536.1
526.2
*34,5

419.2
255.3
318.4
292.7
275.8
242.9

226.5
202.9
187.5
156.2
125.9

93.50

87.01
77.23
68.73
64.02
56.74
50.61

WO.6 .--= .“. . . . . . . . . . .“. ..-.
786.9
616.9
496.6
48>.1
399.8

38$.7
>26.3
310.1
.?68.3
252.7
Z.?2. Z

,,, .
930.2
731.4
-3s6.4
5T3.2
476. >

657.5
1.37.1
3b8. 6
318.3
299.7
2b3. 7

245.7
219.9
201.0
168.8
117.2
100.7

93.78
S3.28
74.1’
69.08
61. .?4
54.64

‘..0

992.6
844.1
678.0
663.0
549.3

530.1
649.0
427.7
369.8
348.4
306. .9

206.0
256.2
z36. b
197.0

99.46
73.34

v=,. 00
97.20
86.29
80.26
70.95
62.88

,.”.

862.1
776.0
672.0
657.1
545.2

526.2
446.3
625. )
36s.1
366.9
305.7

2S5.2
25S.6
216.2
196.9

96.67
72.63

67.19
86.26
86.92
81.11
12.09
64.26

,>, . ,
1023
803.2
7?1.4
171.6
637.6

616.9
519.6
496.6
426.7
601.6
352.9

128.7
293.9
271.2
225.2

68.%4
78.99

73.69
65.72
58.76
76.36
78.34
69.75

#

*.

.,
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Added in proof:

[150] More recent values [STORM, E. and ISRAEL, H. I.
Photon Cross Sections from 1 keV to 1Ml MeV for
Elements Z= 1 to Z= 1CO, Nucl. Data, 7, 565
(1970)] for hydrogen differ from those in Reference
[33] hy less than 0.5% in the energy range of
Tables 2.lB and 2.lC.

[151 ] Recent measurements of the magnitude and ex-
tended energy range of fine-structure undula-
tions were reported [DEL GRANDF.,N. KERR and
OLWER, A. J. The Magnitude and Extended
Energy Range of X-ray K-Absorption Fine Struc-
ture for Ti, Fe, Co, Ni, Cu, and Zn. Proceedings
of International Symposium on X-Ray Spectra and
Electronic Structure of Matter. A. Faessler,
Editor, University of Munich (in the Press);
Lawrence Radiation Laboratory (Livermore)
Report UCRL 73923, Rev, 1 (September. 1972)]
for six metals, Ti–Zn, They found that the avera8e
h$havior of the total attenuation coefficients had
a ste+er slope at energies approaching the K-edge

from the high-energy side than was obtained
previously for these metsls in reference [33]. This
would raise the center of the envelope described
in Section 2.1,2 (footnote). A comparison of the
new dats with the previous values in reference .
[33] from which Tables 2.1A and 2.1 B are derived
is shown in Fig, 2.1.4(2) and discussed below to i “

emphasize the uncertainties related to tine
structuw which are discussed in Section 2.1.4 .- “

The measurements were taken at intervals 55 *
eV from -20 eV to -1 keV above the K-edge,
using a single-crystal spectrometer, Uncertainties
were + 2V0 or less. A smooth average through
the data was obtained by taking a least-squares
fit to over 150 values of 10g(*/p) versus 10sE,
which was extended to the K-edge. The respective
K-edge values for Ti, Fe, Co, Ni, Cu, and Zn
were 6%, 10%, 3’7”, 8’%, 8Y., and 5Y. hi8her
than the values in Reference [33]. At about 1 keV
above the respective K-edges of these elements,
differences were + 270 or less. The magnitudes of
the undulations were t 12% or less from 40 eV
to 200 eV (which is included in Category D) and
~ 77. or less from 200 eV to 1 kcV (which is
included in Category C) above the K-edge. The
uncertainties discussed in Section 2.1.4 are thus
shown to be sufficiently csutious for the examples
illustrated in Fig. 2,1.4(2).
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