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2.1. X-ray Cross Sections and Attenuation Coefficients

11 Tntendieatine
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Uncertainties in the values of absorption corrections
represent perhaps one of the most serious systematic
errors in the derivation of structure factors from Bragg
intensity data. Critical to these corrections are reliable

valniac aftha attannatinn cnaffirianted far tha alatmants
FAIUWWD W Vv GLLLILUALIVLL APl BV ALRD ] BV Bl Wil AlLD.

Recent experimental and theoretical work has pro-
duced values for these coefficients which are consider-
ably more reliable than those that appear in Volume
I11, Tables 3.3.2. Tabulations of X-ray cross sections o

n 1024 pm2latam (harne/atam) ara oivan in Tahla
m U cme/alom (Darns/ailom) are given in xaoit

2.1B, and attenuation coefficients (i/p) in cm? g-1 are
given in Table 2.1C for the wavelengths commonly used
in crystallography. These wavelengths and energies
are identified in Table 2.1A. Users who wish to com-

nare theea valueg with those in Volume ITT chould note

pare these values with those in Volume IT1 should note
carefully that although the values in Table 2.1C may
be directly compared with those in Table 3.2.2A of
Volume III, the cross sections o (called p in Volume
III) have units of 10-2% cm? in Table 3.2.2B of Volume
T but 10-2¢ ¢m?2 in Table 2.1R of this volume, Users

should also read carefully Section 2.1.4 regarding the
reliability of these values.

The linear absorption coefficient » may be obtained
in, two ways From the attenuation coefficients (mass
absorp oefficients), we have

.“'=Pzgi(n”'/P)i (1)

" where £, is the mass fraction of element j, with attenua-

tion coefficient (iz/p);, and p is the density of the ma-
terial. The summation is over all constituent elements,
For a crystal with unit-cell volume V., we may obtain
p from the cross sections,

,u=1—i;201- e (D

The summation is over all atoms in the celi. (Note that
if o; is in barns/atom and V, is in A3, x is in cm—1)

The values in Tables 2.1B and 2.1C are interpolated
from an evaluated cross-section compilation by
McMaster e al. [33] over the photon energy range
1 keV to 1 MeV (12+4 to 0-124 A).

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
photoeffectt cross sections. In addition to photo-
effect cross sections (a) inferred from measured total
attenuation coeflicients, two other types of p'hoto-
effect data were included in the analysis: (b) explicitly
measured photoeffect cross sections and (c) available
numerica} theoretical estimates of the photoeffect.
Fitting and interpolation procedures were then applied
to a combination of these three types of photoeffect

47

itting 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

anmma Himna o it ol D o ke

the same time maximized the uupd.u. of availabie
high-accuracy data on the compilation.

2.1.2. Sources of Information
The input information to the compilation of ref-

€rence [J.J] from which this LOHlpllaIan is uenvea
includes principally the following.

2.1.2.1. EXPERIMENTAL ATTENUATION COEFFICIENT
DaTta

Ewmamioa smdal $ 8,7 oddaczdlme m o mimemd Aa B

CAPCTINCTIaL total attenuation coefficient data 10T
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

nAsTIEa AT ha 1aafis ey e

accuracy to be useful as iuPL‘u to the bunupimuuu
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

af emall.anola coattaring
Vi gllalrrqliple Jvaliviiils,

{3) X-ray source insufficiently mono-energetic,

{4) Obvious typographical errors, and

(3) Unexplainable systematic errors.

This compilation ignores Kossel-type, Kronig-type, or

nthar fine ctrictnral in tha nhoatneffact naar ashearntinn
OLOer Nne struciuregy i INe pneloCliedt near avserplion

T Although the name absorption coefficient has had wide use in
the literature in referring to the total photon interaction cross
section in macroscopic units, we here follow the present nomen-
clature of the International Commission on Radiation Units and
Measurements contained in ICRU Report 11 {26] (see also [12],
[19], [45]) in using the name atrenuation coefficient for this
quantity, This nomenclature allows a clear distinction from the
absorption coefficient used in X-ray dosimetry (see, for example,
[21, [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.

1"Photoeffect” and “photoelectric effect”
changeably in this article.

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

The structure very close to an absorption edge (less than
~30 ¢V above the edge) is generally referred to as *Kossel
structure”. Peaks and trenches in this region, which can differ by
a factor of two or more from the smoothly extrapolated values
in this compilation, can occur even for isolated atoms, as has
beenshown, forexample, for Ar gas by Parratt [36]. Kossel struc-
ture can be described in terms of transitions of the (very-low-
energy) ejected electron to unfilled discrete energy states of the
atom (or molecule), rather than to the continuum of states
beyond a characteristic energy. Superimposed on the close-in
Kossel structure is the so-called “Kronig structure” which persists
a few hundred eV above the absorption edge (usually to ~200
or 300 eV but occasionally to nearly 1 keV above an edge [31},
[13]) (see [151} added in proof). This more extended Kronig

are used inter-




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, EXPERIMENTAL PHOTOEFFECT DATA

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

2.1.2.3. THEORETICAL PHOTOEFFECT DATA

Tha numerical thearatical valnes nf Sehmicklav and
A IAWw AIUARLAWL ANAARE LEAWL L Wwibdwrdll YOOI LA D WS lelllll\dl\lu: L2 8 Ln )

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 caiculated
by Brysk and Zerby [6]. The Schmickley—Pratt results

include ecreenineg and relativictic effecte in a central-

include screening and relativistic effects in a central
field approximation and provide X through My sub-
shell cross sections of Fe, Sn, and U for 412 to 1332 keV
photon energies. Similar results by Rakavy and Ron

[24] provide K through Oy subshell cross sections of
Al Fe 8n, W, and U for 1 to 2000 keV

Fa2, 270, 20 Qifl 1L L LRV ALY

The unscreened Coulomb-field results of Hultberg,
Nagel, and Olsson provide 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 photoeffect 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 Liberman, 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], Alling and Johnson [1], and
Hall and Sullivan [21] in their analysis.

2.1.2.4. THEORETICAL COHERENT SCATTERING DATA

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

2.1.2.5. THEORETICAL INCOHERENT SCATTERING DATA

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

2,1.3. Compilation Procedure

2 I 3 I QunTomere Nr PUnTORERECT ('nnce SreTinNe

« RIRINLIADSLS UL X AU LU DO SRS wPDN L NS

FROM THE EXPERIMENTAL AND THEORETICAL INPUT
INFORMATION
The mass attenuation coefficient, u/p, is related to

the total photon-atom interaction cross section, og,
according to

©®
~(cm?/g)=(N ,/ M) etor(cm?/atom) -.(1)
£
=(N /M) 10~ gy (barns/atom)
where
N, =Avogadro’s number=6-02252x 102 atoms]

gram atom

and, for this value of N,
M =atomic weight relative to
M(*2C)=12-0000.

The **barn™:
1 barn=10-% cm?

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

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

@

in which the photoeffect cross section, =, the coherent
scattering cross section, ocon, and the incoherent
scattering cross section, oyneen, 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 ocon and oineon were considered “known”t

and calculable according to (see, for example, [19],
11 FM1H1 rE11 rM2In.
L0, (144, [21], 1£3])1

Otot =T+ Geoh + Cincoh

1
acoh=%r,,“f(l +cos? ¢)fHx, Z)2nd(cos d) ....(3)
-1

and
1

1
gineon=57¢% | { [l +k (1 —cos ¢)]~*
Lo
k2(1 —cos ¢)® "n
1+k&(1—cos ) )
xZ - S(x,Z) - 2w d (cos ¢)

x |—1+ 08 dh+
L T

.4

structure can be described in terms of interference effects on the
de Broglie wave of the ejected electron by the molecular (see, e.2.,
Hartree, Kronig, and Peterson [22]) or crystalline spatial order-
ing of neighboring atoms. Kronig structure osciltations of the
order of 50% sometimes persist as far as 50-60 ¢V above an
absorption edge [14]. However, based on the literature ex-
amined, this structure in the region beyond ~200 eV above an
edge is usually [18] confined to an envelope of the order of 159
above and below the smoothly extrapolated compiled cross-
section values (see [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
been recently discussed by Deslattes [14].

t For photon energies above 100 keV there is experimen_tal
evidence [35], [15] suggesting that present incoherent scattering
theory for whole atoms, which neglects the effects of initial
electron velocities, underestimates scattering into backward
directions, and, in turn, the total incoherent scattering cross
section. However, in the energy range considered here we assume
that this process is adequately described by present theory.
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in which
re?=79398 x 10-%¢ cm?, the square of the
classical electron radlus
¢ =the angle between the incident and scat-
tered photon directions=26 where @ is
the Bragg-angle parameter used, e.g.
by Ibers [25], Curien [11], and Cromer
(8},
2u d (cos ¢)=dC=the solid angle between cones with
angies ¢ and ¢ +dd,
k=incident photon energy in mc? units=
E(keV)/511-006 = [12-398/A(A)]/511-006,
Z =atomic number,
J(x, Z)=atomic scattering factor given by Cromer
and Waber [10] as a nine-parameter ana-
Lytical fit to their theoretical data,
S(x, Z)=incoherent scattering factor tabulated
by Cromer and Mann [9] and Cromer
[8], and

(sm—) JAA) = (sin 8)/A(A)
=momentum transfer parameter,

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

Fx, 1y=(1+4a% g,2x?)? e (5)
S(x, D=1-[f(x, 1)]? .. (6)

a,=the first Bohr radius=0-529167 A

and

where

The remaining term on the right side of equation (2),
the photoeflect cross section, r, was evaluated from
available experimental and theoretical information for

annravimataly 10 M0 camhinatinne nf 7 and F cover-
uyl.nv.\uuﬂu.lj VY COMoInalons of £ andg £ cover-

ing 87 elements and the energy range 1 keV to 1 MeV,
The following paragraphs describe the methods by
which these 10,000 values of  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,
Oeoh +Gineon Comprises less than 959 of the total
cross section, owt. From these measured data, values

of the photoeffect cross section were evaluated
am\nrduno to

7= 0tot —(con + Gincon) (D

(2) The measured explicit photoeffect data of Titus

[50] for Cu, Mo, Ag, Ta, and Au at 662 keV and of
Parthasaradhi ez 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 Schmickley
and Pratt [44] for energies above 10 keV were used for
elements with Z=13, 20, 26, 29, 42, 47, 50, 60, 74,
78, 79, 82, 84, and 92_ Also included in the theoretical
photoeffect data were the resuits of Brysk and Zerby
[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 = for the remaining
compilation elements,

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

2.1.3.2. PHOTOEFFECT DATA FITTING

The values of the photoeffect cross section, r,
obtained 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:

1,20r3

In ;= a,; {In[E(keV)}}} e ()

In this polynomial, the total photoeffect cross section
7; represents one of the sums:

TI=TK+TL+TM+TN+ . e
Te=TitTtTt ...
T3=TytTy+ ...
Ty=Tyt+ ..,

over contributions from the X 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-

PUlﬂ.LCd T"dala WEIT Clll. WC].BH.LCU l lll DCbllUll 111 Ul
Reference [33] McMaster er af. list all these data-
points, their assigned weights, and the total (compila-
tion) cross sections, reconstructed using equation
2.1.3.1(2}, in the form of per cent diﬁcrcnccs from the

lictad annvrrna_idantifiad 1 nleay
LIS OURLIVAS j.ut..u.uu\.u llll—’uL vcuuu.: Ul f&,‘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 compi]ation at additional

“Jn\rnln nmothe ar nha ansroiag
VU Y LIV R LIS UL Pllvl—\.ul \-11\;151\.5

No fits were made within multiple-edge regions
{e.g. between the L; and L;;; edge-energies or between
the M; and M, edge-energies) indicated in Fig.
2.1.3.2. The cross sections in these regions were ob-
tained by using “jump ratios” (= just above an absorp-
tion edge divided by r just below that absorption edge)
calculated from the theoretical individual subshell data
of Rakavy and Ron [41]. The fit in equation (1) to the
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
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Fig. 2.1.3.2. Regions (indicated by hash marks) of
Tables 2.1B and 2.1C likely to have > 5%, uncertain-
ties becaunse of photoeffect absorption-edge fine
structure. The edge-values are taken from Hagstrém
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 Hagstrdm et al. [20],
2.1.4. Unceriainty of the Compilation Values

The authors have estimated the ranges of uncer-
tainties in values of the total photon interaction cross
section ooy (Or mass attenuation coefficient, w/p), in
Reference [33] and in Tables 2.1B and 2.1C. These

ranges of uncertainties fall into four categories:

A+ <2Y%
B:+2-5%
C:+515% and
D:+>15%

Category A (+ < 2%,): This category applies (except
near absorption edges as noted in Categories C and DD,
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 sufficient
overfap and consistency to assign a +27%/, envelope of
uncertainty.

The authors also include in Category A the region
above 100 keV for all elements where incoherent
scattering comprises more than 907, 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, 640 keV

th
L]

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
individual data-points for well-measured elements with
these fits formed a partial basis for the +59%, uncer-
tainty assigned 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 (1+3-15%): 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

gdgf_-,s and the fine-structure rpmrme pvtendmo

1 keV above each of these regions, as 1nd1cated
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 greatly 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 emnnfh]y extranolated

adaledlon UL W L LLAUNT DREEL RN S0 sLidpiianitia

values in this compilation. Examples of such features,
and their comparison with this compilation, are shown
in Figs. 2.1.4(1)-(2) (from [84], [151]). These features,
both in magnitude and energy displacement, depend
critically on the molecnlar, chemical, crystalline,

thermal or other environment of the atom

Figs. 2.1.4(3)~(6) show a comparison of the present
compilation and another recent extensive gompilation
(Storm and Israel [48]) with available e perimental
data and with theoretical photoeffect data in the region
where oot~ Tiot. These comparisons contai) examples
of Category A, B, and C data as described above, and
may be helpful in allowing an independent judgment
by the reader of the uncertainties in values|of otot and
u/p in Tables 2.1B and 2.1C.

The oy, values in Figs. 2.1.4(3)-(6) above 1000 keV
are taken from NSRDS-NBS Report 29 [23]. These
values are not significantly different from those given
in the LASL report by Storm and Israel [43]. ’
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Fig, 2.1.4(1). Vﬂ]l_y‘q of p/p for germanium, measured

1.401 es of u/p for germanium, measn
with a double-crystal " diffraction spectrometer, in
Ge,H, (digermane), GeH, (germane), GeBr, (ger-
manium tetrabromide), and GeCl, (germanium tetra-
chloride) in the vicinity of the Ge K-edge (11-104 keV)
(Glaser [84]). The dashed lines are Ge u/p values taken

from reference [33] from which Tables 2.1B and 2.1C
are derived.
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Energy (keV)

Fig. 2.1.4(2). Recent total attenuation-coefficient mea-
surements for the energy region extending almost
1 keV above the respective K-absorption edges of
titanium, iron, cobalt, nickel, copper, and zinc by
Del Grande and Oliver [i51] are shown together with
previous measurements evaluated by McMaster ef 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

ra ooy

on relativistic Hartree—-Fock—Slater calculations,
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¥

Cross-section (10-2* cm?fatom.

0-1

10
Energy (keV)
Fig. 2.1.4(3). Total photon interaction cross section,
oiot, for hydrogen. The theoretical photoeffect cross
section (——.~) calculated independently by Samson
[42], Schmickley [149], and also by Seltzer {45],
extends 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 [48] compilation (-----), where
. significantly different, is shown for comparison [150].
The experimental values are from [88], [132], [56],
(1311, [106], {126], [L13], [144], [146], [137], [65], and
[128]. :

T
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Fig. 2.1.4(4). Total photon interaction cross section,
atot, for sodium. The McGuire [32] theoretical photo-
effect results (——— } and the Storm and Israel [150]
values (........ ) not included in the analysis of reference
[331, are shown for comparison here and in Figs.
2.1.4(5)-(6). The experimental values are from [127],
[113], [73], [109], [128].
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Fig. 2.1.4.(5). Total photon interaction cross section,
otot, 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 energies. The experimental
values are from [143], [63], [74], [81], [77], [69], [99],
[79], {125], [127], [121], [124], {148], [141], [95], [118],
[136), [1111, [145], [142), [1471, [70], [138], [140],
[135], [137], [128], [129].
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Fig. 2.1.4(6). Total photon interaction cross section,
otot, for uranium. The theoretical photoeffect results
by Rakavy and Ron [41] for this element fall within
experimental uncertainties throughout the e¢nergy
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

electrostatic field of an atomic nucleus and 2044 keV

in the field of an electron (see, e.g., Motz er al. [34]). -
The experimental values are from [59], [113], [95],

[76], {771, [133], [130], (101}, [123], [65), [138], [135],

[137], [139], [141].

TABLE 2.1A
Wavelengths and Energies Used for Tables 2.1B and 2.1C

Target Target

radiation A keV radiation A keV
Ag Ka 0-5608 22:105 Ni Ka 1-6591 7472
KB, 0-4970 24-942 KB, 1-5001 8:265

Pd Ka 0-5869 21-125 Co Ké 1-7902 6925
KB, 0:5205 23-819 KB, 1-6208 7-649

Rh Ka 0-6147 20169 Fe Ka 1-9373 6-400
KB, 0-5456 22-724 KB, 17565 7058

Mo Ka 0-7107 17-444 Mn Ka 2-1031 5-895
KB, 06323 19-608 KB, 1-9102 6-490

n Ka 1-4364 8-631 Cr Kd 2-2909 5412
K B, 1-2952 9-572 KB 2:0848 5947

Cu Ka 1-5418 8-:041 Ti Ka 2-7496 4-509
KB, 1-3922 8-905 K B 2-5138 4932




2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1B
Total Cross Section in 10-2* cm? per Atom. KA and KB are Identical to Kz and KB, of Table 2.1A

1 2 3 4 5 8 7 8

. Radiation Hydrogen Helium Lithium Beryilium Boron Carbon Nitrogen Oxygen
TI KA . 1215 4. 392 24.22 64._18 230.56 510.6 999.3 1721
Tl KB . 7040 31.657 18. 64 63.58 174.0 386.0 758.2 1312
CR KA . 6888 3.089 14.32 4763 129.8 288.3 568.1 988.0
HN KA .67T82 2.69% 11.37 36.70 99.33 220.6 £35.7 160._9
CR KB 6713 2.659 11.11 315. T4 96.66 214. 6 £24.0 740.8
FE XA 8700 2.404 9.193 28. 67 76.8%5 170. 4 3137.1 590.6
NN KB . 5688 2. 361 8.878 27.51 73.59 163.1 j22.17 565.17
CT KA .b638 2.185 7.594 22.78 60.26 1313.3 263.7 463.3
FE KB . 6624 2.1460 T.2646 21.57 56.86 125.6 248.5 437.0
NI KA . 6588 2.017 6.400 18, 38 47.84 105.13 208.3 366.9
[0 1] . 6574 1.971 6.088 17. 24 44 60 98.02 193.8 41.5
U xa . 6548 1. 884 5.494 15.07 38.45 84.13 166.1 293.1
Wl x8 .6511 1.843 5.207 14.01 35.44 77.33 152.6 269.)
IN KA -6512 1.783 %.800 12.53 31.2) 67.78 133.5 235.7
CU kB - 6497 1.744% 4.519 11.58 28.5+4 6l.67 121.3 214.2
ZN KB . 46T 1.663 4.027 9.739 23.28 49.72 97.338 171.8
MO KA .6238 1.342 2.268 3. 668 6.194 10.67 18.17 30.48
M0 KB . 6192 1.311 2.1%0 1.131e 5.25%6 B8.546 14.08 22.70
RH K& -6179 1.304 2.128 3.247 5.07% 8.140 13.26 21.21
PO XA -615% 1.2913 2.091 3. 149 %.815 T.554 12.08 L9.05
AG KA .61131 1. 284 2. 061 31.0862 4£.592 7.054 11.06 17.21
RH KB .6lly? 1.278 2.041 3.014 4.469 6.781 10.51 16.21
D KB . 6093 1.268 2.014 2,939 ¢_281 6.163 9.673 14.69
AG KB . 6069 1.2%9 1.988 2,873 4_ 117 6. 005 8.958 11.19

9 10 11 12 13 14 15 16

Radiation Fluorine Neon Sodium Magnesium Aluminum Silicen Phosphorus Sulfur
! Ka 2895 4182 63195 8900 11840 15670 L9870 2L T20
TI KB 2218 3213 6919 6905 9214 12260 15630 19390
CR KA 1676 2436 376l 52813 TOT4 9456 12110 15010
NN KA 1295 1488 2926 4126 5544 7439 9570 11850
€] KB 1262 1840 2851 4023 5407 7258 9341 11570
FE XA 1008 L4T¢ 2289 3219 4368 5878 7590 9402
MN KB 9662 14113 2196 3108 £194 S6éb 7296 9037
€D KA 792.6 1i62 18608 2566 3472 4684 6070 1520
FE KB T48.0 1098 1708 2426 3286 L4314 5752 L2e
NI KA 628.9 IPL_6 L&41 2050 2784 364 4894 6065
CO KB SA3.7 361.8 1344 1913 2601 1519 4981 5677
CU KA 503.2 T41.6 1157 1651 2249 3047 3975 w927
Nt xg £62.6 682 .2 1045% 1520 2074 2810 1670 4551
N KA £04.9 598.1 933.3 133¢ 1824 2471 3236 ‘016
Y (8 367.9 544.1 848.9 1215 1661 2256 2955 1669
Zh KB 295.1 4374 682.3 978.1 1344 1825 2396 2979
MO KA 49.99 T4.02 112.2 160.7 225.8 304. 7 £04.8 512.9%
Nl XB 316.42 53.50 80.11 116.1 160.5 215.7 286.5 164.0
RH K& 33.82 49,57 7398 105. 2 148.0 198.5 263.6 3135.2
o0 KA 30.04 %&3.81 64._97 92.05% 129.5 173.2 229.9 2327
AG KA 26 8B4 38.9% 57.34 80. 94 113.17 151.8 201.2 256. 4
RH KB 25.09 36,30 53.19 74.91 10%.2 140.1 185.6 236.7
PD KB 22 .44 12.26 46.90 65. 75 92.18 122.4 161.9 206.7
AG KB 20.20 28.83 41._%56 57.99 a1.13 107.13 L&l 7 isi.1

L
N




2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1B (continued)
Total Cross Section in 10-** cm? per Atom. KA and KB are Identical to Xz and KB, of Table 2.1A

17 i8 19 20 21 22 23 24
Radistion Chlorine Argon Potassium Calcium Scandium Titanium Vanadium Chromium
T K& 30500 38260 44060 53540 61170 asss 10560 12330
Tl £B 24210 102490 15220 42480 49110 6904 8213 %08
CR KA 18910 23580 21710 5o 38890 45450 6349 T401
MN KA 15080 18730 22200 26520 31340 36520 43370 5822
CR KB 14730 18290 21700 25910 30660 35710 42380 5689
FE xa 120%0 16919 17820 21210 25300 29430 34800 19910
MmN KB 11590 14360 tT160 20440 24190 28370 313510 38460
0 Ka 949%6 11990 14410 17130 20570 23900 28140 32380
FE KB 9202 L1389 134690 L6270 L9570 22720 26T 40 30790
Nl KA &S 9715 11750 139310 1 5850 195590 22940 246470
[0 ¢ ] 7378 9105 110130 13070 15840 18370 21540 24880
CU KA o4 29 7924 9637 11410 13890 16100 14810 21780
NI KB 5947 7327 8927 10570 12880 149310 17450 26210
IZN KA 5241 64TH 912 9765 1L450 13270 15490 17960
U xa 415 5925 1252 8584 105140 12190 14210 16500
IN KB iv2e 4824 5932 T020 2631 10010 116490 135%0
M0 KA 485 3 837.0 1052 1264 1571 L 849 2135 2526
M0 KB 486 4 593.5% T47.5 02.7 1120 1324 1528 L8113
RH KA 4T .8 462 a8a_2 832.1 1032 1221 L1410 1673
PD KA 390.5 4762 $99.9 726.9 899.7 1067 1232 1464
AG KA 141.6 4165 524.6 8371 Tar.2 9315.5 1081 1285
RH KB 115.1 Ja4.0 481.% 588.0 725.8 863.6 %98.0 1187
PD KB F4 L 334.5 £2].1 $13.2 632.1 753.7 871.4 1037
AG KB 40,2 292. 4 36T.9 449, 3 552.6 660.0 763.2 908.7
25 26 27 28 29 30 3 32
Radistion Manganese Iron Cobalt Nickal Copper Zinc Gallium Germanium
T xa 16600 1746) 20140 213170 27140 30 400 15790 19680
11 KB 11340 135620 15760 18310 21190 23910 2T980 o070
CR Ka T 6% L0490 12190 L4190 146380 18640 21640 24100
MN KA 5895 8248 630 11239 12920 14830 17080 19080
(R K8 6728 BO4T 9239% 10960 12610 14490 16670 18630
FE Xa 54 6T 6528 Ta61 3942 10270 11900 13580 15240
oM KR 52%6 6274 TI88 2607 9378 11460 13040 14670
€0 k4 14960 5216 6151 7187 B241 9630 10900 12290
FE KB 35140 4942 5834 [138 ) T81% 9152 10340 11670
NI KA 30210 33199) 4981 5826 6668 T858 8820 9992
Co K3 283190 32040 4669 5462 6248 7382 82464 376
U KA 248460 28230 33130 4T59 5437 b54b0 7193 8i8 6
NI KR 21080 26280 10810 4409 5015 6002 6658 15%6
IN KA 20520 23490 2T490 29810 4460 5345 5895 6750
CU KB 18850 21660 25310 271560 4088 4917 5401 6201
IN KB 15500 17960 20920 22950 25880 4056 44173 5097
MO KA 2906 3500 4014 604 5206 6021 6587 7289
MO KB 2088 25213 2883 3131 1774 4370 4828 5335
RH KA 1927 21130 2666 3079 3490 4042 4473 4943
PD KA 1687 2040 21133 26917 3061 3545 1931 4345
AG Ka 1481 1791 2047 2370 2691 3118 3445 18140
RH KB 1363 16594 1891 2191 2491 2884 1209 1547
PD K8 1196 1440 1652 1916 2181 2525 2816 31113
AC KB 10438 1267 1447 1681 1915 2217 2478 27139




2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1B (continued)
Total Cross Section in 10-?¢ cm? per Atom. KA and KB are Identical to Xz and KB, of Table 2.1A

33 34 36 36 37 38 39 40
Radiation Arsenic Selenium Bromine Krypton Rubidium Strontium Yttrium Zirconium
T1 KA 45710 52830 57740 64610 T2120 20320 88360 J8l20
T! KB 35880 41520 45410 50860 56810 63360 69750 TT390
CR KA 27860 32260 35320 19600 44240 49370 54450 60370
MN KA 22080 2%570 28020 31450 315140 39230 431350 48020
CR KB 21560 24970 27370 30710 34320 381310 42340 46910
FE KA 17810 2013%0 22380 25140 28090 31340 34730 L EL
MN KB 16950 19620 21540 24200 27040 30140 33440 ITo10
CO Ka 14180 16400 18030 20270 22660 25250 28070 31040
FE KB 134 00 15560 17110 19250 21510 23970 26650 29480
Nl KA 1msxo 13300 L4440 16480 18420 20510 22870 25270
€d KB 107%0 12470 13740 15470 11280 19240 21470 23720
U KA 911 10870 11980 13500 15090 16780 18760 Tlo
NI KB arn 10060 11100 125&0 13980 15540 17410 1921 ¢
ZN KA 77133 8915 9848 11100 12400 13770 15460 17050
CU KB T2 81Tl 013 10190 11380 12620 14200 5650
ZIN KB 5809 6682 7401 8353 932% 10330 11660 12840
MO KA 8207 902) 910 11010 11780 12810 14400 241319
MG KB a42 aTl3 7373 Bis59 8809 9543 10710 11390
RH KA 5605 6242 5857 7582 8202 8880 1964 16610
D KA 4933 5512 6055 6690 1255 T855 8814 9412
AG xa 43154 4881 5362 5918 [T 31 6967 7817 8367
RH KB 4015 £333 4980 5491 5981 a4 77 7267 T789
FD KB 3545 36 4390 4838 5281 5719 6417 895
AG K8 nz: 3532 38231 4274 4678 5064 5681 6120
41 42 43 44 45 46 47 48
Radiation Niobium Moiybdenum  Tachnetium Ruthenium Rhodium Palladium Sitver Cadmium
TTL KA 107500 117600 129200 139600 152400 163900 L76800 19600
TI KB 85170 #3140 102100 110900 121000 130500 140700 157100
CR Ka 668 30 72880 79810 86940 94860 102600 L10600 122900
MN KA 53120 58120 63600 69480 15820 82250 88610 |00
CR KB 51900 56790 62140 471890 74100 80400 86620 95840
FE KA 42560 £* 11184 50990 5%820 60940 66230 T1370 78770
MN KB L0980 44890 49100 5317t 58710 63820 68790 75880
O KA 34380 369 “1220 45220 49380 $3760 57960 53790
FE XB 32660 ELE Y B 39170 42980 46940 51120 551 20 40630
NI KA 28000 10720 33590 36920 40330 43970 47420 52060
€0 K8 26280 28840 31540 j468) ITevo 41330 L4580 48910
€U XA 229 &0 25210 21570 30350 33170 16210 39070 42790
NT KB 21280 231380 25580 28160 joTs0 331620 16290 19730
IN KA 18820 20710 22720 25030 2713710 29910 32300 315330
cu k8 17320 19060 20860 22990 25140 2T 490 29700 METO
IN KB 14200 156%2 17130 148900 20670 22630 26470 26710
MO KA 2617 2937 31251 31581 39138 4314 4725 5175
MO X8 125130 2118 23150 2585 2845 3114 3422 31?56
RH KA 11870 12640 21T 2389 2630 2878 3165 &7
PD Ka 10150 11210 12000 2398 2310 2525 2780 o5&
AG KA 9200 9963 10680 1847 20135 2222 2449 2698
RH KB 8564 9275 9954 10710 1884 2056 2268 2500
PD X2 7581 8219 3326 9500 9975 1802 1999 2197
AG KB 6T29 1284 T8 45 B450 8389 10C80 1752 1936




2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1B (continued)
Total Cross Section in 10—** cm?® per Atom. KA and KB are Identical to K& and KB, of Table 2.1A

49 60 61 52 53 54 55 56
Radiation indium Tin Antimony Tellutium lodine Xenon Cesium Barium
TI Ka 219400 222400 201600 159600 61720 65340 71380 6130
TI K8 172600 177200 187200 178600 194000 148800 57070 60690
LR KA 134500 139700 14813100 162900 176000 164700 177100 134000
MN KA 107000 112200 119700 130800 140300 152800 163800 150500
CR kB 104500 109700 117100 127700 137100 149400 160000 147100
FE Ka 85620 0600 96950 105400 112800 123100 131700 140300
MN KB 82440 87350 9231520 101600 108700 118700 126900 135200
€0 KA 691 40 T 3T40 T 40 35680 1450 1001490 106800 113400
FE KB [ 3734 70170 75360 ar520 869130 95180 101500 1083C0
NI KA 56280 60470 65090 T0210 T4710 819230 87240 31O
€0 KB 52820 6890 61290 66040 To2lo 77060 81990 /¥510
U KA 46140 49910 53890 579310 61470 67540 71800 T66TO
Nl KB 42810 64190 S0l 20 53840 STa00 62760 66700 T1260
ZN KA 38040 1350 44710 &T270 50840 55910 59390 63489
Clu KB 34930 38050 41180 44150 46760 51440 54620 58410
ZN KB 28700 11410 34050 36430 318540 42430 45020 48200
H0 KA 5554 6145 6675 Ti8s 7654 81352 4923 9665
80 KB 40137 4459 48 37 Q27 5590 6075 6511 7071
RH KA 3Tia 4125 4472 4819 5182 5624 6034 6957
D KA 3291 1623 M21 4256 4570 4947 5319 5788
AG KA 2906 3l9l 3449 3753 4042 t364 4702 51213
®H KB 2694 2955 3190 T 31751 4043 4363 4756
PD KB 2370 2592 2794 3055 3304 3552 3841 4193
AG K8 2091 2281 2455 2692 2919 1130 3392 370
57 58 69 80 61 62 63
Radiation  Lanthanum Cerium Praseodymium  Neodymium Promethium Samarium Europium Gadolinium
TT KA 81800 B8 990 96820 103800 110900 118000 126900 133300
Tl x8 65100 foa1o T7110 32400 88160 93610 100500 105800
CR KA 51400 55920 50940 65000 69500 73680 78920 83280
MN KA 156000 121200 4£9L00 52280 55870 59130 63230 468460
CR K8 152600 118500 48020 51L20 54630 57810 61800 65370
FE KA 146600 137800 105300 111160 %5300 41880 51100 54150
#N KB 1414 00 132900 142700 1071¢0 116100 46200 £9290 522%0
CO KA 119700 130100 1319500 127400 97970 102800 41690 44 260
FE K8 114000 123800 132700 121300 130900 T R8O 106000 42160
Nl KA 985450 106700 114200 121200 130600 118500 91200 %6120
€0 KB 92700 100400 107300 114000 122800 111500 120400 20560
CU KA 81520 88120 94090 100100 107700 113200 105500 111400
Nl KB 75870 81970 87480 93170 100100 105300 113600 103700
ZN KA 67150 73140 T7980 83160 59210 93970 101200 107000
CU XB 62440 BTITO 71780 76510 821190 B6540 93140 98530
IN KB 51720 $5710 59280 631400 67800 71570 16890 811350
"o KA 10460 11300 11880 12770 13550 14470 15440 16400
ND KB 76135 8267 8679 9318 9891 10590 11299 12000
RH KA T074 7666 8044 8631 9165 9819 10470 1113¢
PD XA 5229 6764 7092 T&02 8077 86613 9240 982%
AG KA $501 5984 6271 6714 7139 Tob4 8L7T 8698
RH K8 51 01 5555 5819 6226 6623 7114 7592 20T 6
PD KB 4485 4394 5123 5476 5829 6268 6691 Tii9
AG K8 31954 4325 4525 4839 5145 5538 5914 6294

58
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2.1, X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1B (continued)
Total Cross Section in 10~2! cm? per Atom. KA and KB are Identical to Xz and X8, of Table 2,1A

65 66 67 68 69 O 7 72
Radiation Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium Hafnium
Tl Ka 144000 153200 161300C 110900 180600 190800 202200 2131500
TI KB 113900 121000 127200 134800 14 2400 150400 159500 168500
CR KA 894 20 %910 99490 105500 111400 117700 124800 131900
MN KA 71600 590 79400 B4 180 BAR&0 93900 99640 105300
CR XB 69980 74190 T7590 82250 86830 91750 97360 102900
FE XA S5TE40 bl260 63940 67800 T1550 75610 80270 84870
MN KB 557430 59070 61640 65350 68970 72890 77370 a8182¢
€0 KA 47160 49900 51980 55120 58150 61460 65260 69030
FE KB 44900 &T490 49450 52440 55320 58470 62090 65680
NI K& 18760 40960 42590 45L70 L To60 50160 53490 56590
€0 KB 968 T0 38550 «0060 42490 44810 47370 50120 53240
CU K& 84940 90830 15160 3IT¥00 39320 41570 44170 6740
N! KB 110900 844130 91220 34710 36600 18690 41110 43520
ZIN KA 98960 105600 811490 88250 12690 314550 6730 3a880
U K8 105% 00 97190 T4570 810130 80900 11850 33870 3585¢
ZN KB 87160 92810 99680 93320 66920 66510 Tle40 69940
MO KA LT6 20 18590 19750 21000 22150 23050 264460 25990
M0 X8 12900 13590 L4450 15300 16250 17010 18030 19010
RH KA 11960 12600 13400 14170 15080 15810 16750 17690
PO KA 10560 11130 11840 1251 ¢ 13330 13990 14820 15660
AG KA 9345 9853 10490 L0660 11810 12410 13160 13910
RH XB 8677 921590 7 44 Lo2n L0980 11 540 12230 12940
#D K8 T649 8068 8599 9047 %688 10200 10810 11440
AG KB 6762 TL34 Th 09 7993 8575 9037 95 84 10150
73 74 76 7 78 79 80
Radiation Tantalum Tungsten Rhenium Csmium Iridium Platinum Gold Mercury
. Tl K& 221100 230000 2446200 260400 218000 302700 296500 319200
Tl k8 174500 182500 195000 206100 219100 23T7T00 235800 253100
CR KA 136700 143600 153290 161800 172200 185200 186000 199100
MN KA 109200 115300 122700 129600 137700 147200 149600 159800
CR XB L06700 112700 1200900 126700 134500 143800 146100 156200
FE KA sao10 33150 99220 104700 111100 L18100 121300 129300
HN K8 84850 20060 95700 101000 Lotr100 113800 117100 124700
€0 KA 71610 6260 80950 85350 90430 95 640 99310 105600
Ff X8 68140 72640 TroT0 8L 250 86060 309090 945610 100600
NI KA 58730 62790 665350 70120 74210 78070 819G0 86880
€0 KB 55260 59140 62610 66010 &6983C 13340 77190 81830
CU KA 48510 52070 55120 58030 61350 64210 68010 Ta010
Nl KB 45190 48550 51370 54070 $T130 59680 634 60 67110
IN KA %03 80 43480 £5970 48370 51060 531200 56890 60100
cuU KB Jtee0 $0160 L2440 44640 47100 48970 52580 55490
ZN K8 30900 313440 315290 37100 19090 40450 431850 46180
MO KA 26900 9240 30530 31660 32990 15180 36450 38210
MO K8 19860 21550 22610 23410 24640 25990 26960 2841 0
RH KA 186 %0 20010 20800 21760 22950 24150 25060 26440
PO KA 16340 171100 18400 19280 20360 21180 22200 23450
AG KA L4500 1%690 16320 17110 18110 18980 19710 20860
RH XB 13490 14590 15170 15340 16870 17650 18140 19420
PD X8 11920 i2a80 13400 14100 14940 15600 16220 11200
AG KB 10570 11400 L1870 12510 13270 13830 14390 15280

59




2.1, X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1B (continued)
Total Cross Section in 10~ cm® per Atom. KA and KB are Identical to K& and K3, of Table 2.1A

1] 82 83 86 90 82 94
Radiation Thallium Lead Bismuth Radon Tharium Uranium Plutonium
Tl KA 336200 3564000 369800 4325600 423100 €« 28400 iglooo
TI KB 2664 00 2821090 2931800 342900 3182400 340900 406000
CR KA 2094 00 221700 231560 2695600 325200 306000 118900
MN KA ie78 00 177700 18600 216100 261200 265700 290400
CR KB 164000 123109 181900 211300 255400 259800 106100
FE KA 135200 1¢3702 150800 174800 211600 215600 253100
MN KB 130900 138600 145500 168600 204200 208000 244100
€0 KA 110700 117200 123300 142700 171000 176500 206300
FE KB 105400 111609 117400 135900 164800 168100 196400
Nl KA 91060 96400 101600 117300 142500 145500 169400
€0 KB 85750 0710 95700 110500 134200 137200 159400
LU KA 75%4 30 798490 84290 97190 118200 120900 140100
Nl KB 70290 14400 78600 90580 110200 112700 130500
IN KA & 2900 66582 70420 81060 98630 101000 116700
Cu K8 58070 1460 65060 748310 91140 93180 107700
ZN KB 48280 51100 54190 62220 75880 17830 89390
MO KA 40530 £2231 43680 43180 3320 38220 19390
MO KB 299%0 150 12450 ATE30 28250 28720 313160
RH K& 27840 2894 0 30190 34570 36600 26800 29260
PO KA 24670 25430 268 00 30700 37440 3131300 26090
AG KA 21910 22760 23850 273130 33240 34360 23330
RH K8 20390 20LTD 22220 25460 1920 32070 30320
PD KB 18040 14710 19690 22580 21330 28500 31100
AG KB 16000 16590 17500 20070 24220 25400 21690




2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1C

Mass Attenuation Coefficients (1./p) in cm? g1

1 2 3 4 5 8 7 8

_ Radistion Hydrogen Helium Lithium Banyllium Boron Carbon Nitrogen Oxygen
Tl XA .4321 8607 2.102 5.625 12.85 25.60 42.96 64 .79
Tl K8 . 4206 .5501 1.617 4.249 9.693 19.136 32.59 9,40
CR KA . 4116 4648 1.241 3.181 7.2312 14,46 24 42 37.19

+ MN KA . 4052 4054 -9863 2.452 5.534 11.06 18.73 28 .64
CR KB . 4046 . 4001 -%%39 2.3188 5. 385 10.76 18.23 27.88
FE KA - 4007 L3616 . 1.916 4. 282 8.547 14.49 22.2%
MN K8 .16 .3%%3 .T704 1.8139 4.100 8.181 13.87 21.29
CO KA . 1966 . 3288 . 6590 1.522 3.1357 6.683 i1.33 1744
FE KB . 3958 3219 . 6306 1.442 1.168 6. 299 10.68 16,45
Nl KA -3936 -303¢ L5554 1.228 2665 5.282 8.95% 13.81
€0 K8 . 3928 .29%6 .5283 1.152 2.485 4.916 §.3130 12.85
CU KA L3912 28315 .&4TT0 1.007 2.1%2 4&.219 T.142 11.01
Ml KB -39013 B2TT2 L4518 .936) 1,975 3.878 6_5640 10.14
IN K& . 1891 .2682 .kl 65 8371 1.740 3.399 5.T40 8.871
iU KB - Ias2 2623 3919 T4 2 1.590 3.093 5.215 8.062
ZIN KB . 1864 .2501 . 3494 .&509 1.297 2.491 4.186 6.4568
M0 KA .3r27 .20L9 1968 .2451 - 1451 .54 8 .T898 1147
M) KB . 3699 LA972 . 1866 2216 . 2928 . 4289 . 6054 -B545
RH XA - 31692 .1961 1845 2170 . 2827 .4082 .S702 . 7985
PD KA .3677 .1 946 . 1815 2104 . 2681 . 3788 .51%91 .T171
AG KA .3663 L1931 .17a8 L2047 .2558 . 35137 4TS .6 T9
RH KB . 1655 .1923 1173 L2014 . 2490 . 3400 L4519 .6102
PO KB . 3640 .1908 AT48 1964 .2388 .319r . h158 5529
AG K8 -3626 1894 AT726 1920 . 2294 L3011 . 3851 . 5041

9 10 11 12 13 14 156 16

Radiation Fluorine Neon Sodium Magnesium Aluminum Silicon Phosphorus Sulfur
T KA L. T8 124 .8 167.5% 220.4 b4, & 336.0 386.3 464 2
Tl KB ‘10,30 95.88 129.3 171.90 205.8 262.9 303.9 364 .2
CR KA 53.14 T2.71 95 .48 130.8 158.0 202.7 23%. % z81.9
NN KA 41.06 56.36 76.61 102.2 123.8 159.5 186.0 222.6
CR KB 319.99 54._91 T4.b66 99.62 120.7 15%9.6 181.6 217.2
FE KA 31.96 44,00 59.94 80.21 97.54% 126.0 L&7.6 176.86
MN K8 30, 62 42.18 ST.49 16.97 91.65 12i.0 141.3 169.7
€0 KA 2%5.12 34 .69 7. 34 81.54 TT.54 100.4 118.0 141.2
FE KB 231.71 3Z.TS £4.73 &80.06 73.37 95.07 111.8 133.8
NI KA 19.93 27.59 3T.73 50.77 62.17 80.69 9%.15 113.9
0 K8 18.57 2%.72 i5.18 47.38 35.08 T5. 44 89,05 106.6
CU «a 15.95 2213 30.30 40.88 50.213 65, 32 TT1.28 92.53
N1 KB 14_ 66 20_.36 27._87 37.64 44_30 60 .24 T1.3% 85 .47
ZN KA 12_8) 1r.8% 24. 44 33.04 40.73 53.01 &2.90 75.41
CcU x8 11.66 1624 22.23 30.08 37.14 %8.37 S7. &% 58 .90
ZN KB 9.135% 13.05 1787 24.22 10.01 Ig.l2 4658 55.94
no Ka 1.58 2.20% 2.939 3.979 5.0413 6.533 T.87T0 9.625
MD K8 1_154 1.597 2.098 2.825 3.585% 4 624 5.569 6.835%
RH KA 1.072 L.479 1.937 2.604 3.304 4.256 5.125 6.295
PO KA L9523 1.308 1.701 2.280 Z2.891 3T 4. %68 5.496
AG KA . 4507 1-163 i.%01 2.004 2.540 3.254 3.911 4.B16
RH KB - 7954 1.083 1.3913 1.855 2. 349 3.00) 3.607 4 . 449
PD K8 T4 .9629 1.228 1.628 2.058 2.623 3.146 3.881
AG KB . 6401 L8605 1.088 1.436 1.812 2. 301 2.755 3.401
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2.1, X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1C (continued)
Mass Attenuation Coefficients (i/p) in cm?2 g1

17 18 19 20 il 22 23 24
Radiation Chlorine Argon Potassium Calcium Scandium Titanium Vanadium Chromium .
Fi K& 518.1 576.9 678.7 BO4.5 Bl9_4 111.4 124.9 142.8
T KB 1.1 456.2 542.4 638.3 657.8 86. 80 9T.33 111.3
CR XA 321.5 355.5 426.8 4«99, 6 520.9 STL. 4 75.06 B5. 71
MN KA 2%56.1 282 .4 341.9 398.4 “19.8 459.2 s12.7 67 .43
CR K8 250.2 2715.8 334.2 I189.1 410.7 449.0 S01.0 65.79
FE Ka 204 .6 225.1 274.5 Ji9e. ¢ 334.9 370.1 &11.4 £62.2
NN KB L96_9 216.5 2644 307.1 126.7 3%.T 396.2 445 4
€0 Ka 164.7 180.9 222.0 257. 4 275.5 3oo. 5 332.7 375.0
FE KB 196.3 17T1.6 210.9 264 4% 2621 285.7 316.1 156. 6
NI KA 133.6 146.5 130.9 2093 225.6 245.8 2711.2 106.6
o XB 125.3 137.) 169.9 196 4 2.2 23L.0 2947 288.1
CU KA 109.2 119.5 148.4 171.4 186.0 202.4 222.6 2%2.3
N[ k8 101.0 110.5 137.5 158.8 1T2.6 187.8 206.3 2361
IN KA 89.135 97 .65 121.9 140.7 153.3 166.9 1831 208.0
CU KB 81.79 89_34 miL.z 129.0 140.8 1%3.2 168.0 191.1
ZN KB 66. 68 TZ2.74 91.136 105.5 156 125.9 137.7 157.0
MO XA 11. 64 12.62 16.20 19.00 21. 04 23.2% 25.24 29 .25
MO KB 8. 261 8.949 11.%1 13.56 15.00 16.6% 18.07 20.99
RH KA T.605 8.237 10.60 12.50 13.82 15.35 16,66 19.37
PD KA 6.632 7.180 9.240 10.92 12.09 13.42 14.57 16.95
AGC KA 5.807 6.280 B.080 9.5713 10.5% 11.76 12.78 l4«.88
RH KB 5. 351 5.790 T.448 8.816 9.721 10.86 11.80 131.74
PD KB 4,663 5.044 6. 486 T.711 B. 469 9. 477 10.30 12.01
AG KB L. 079 4 .409 5.667 6.752 7.402 8.298 9.024 10.52
25 26 27 28 29 30 31 32

Radiation Manganese lron Cobatlt Nickel Copper Zing Gallium Germanium
TI XA 160_0 188.3 205.8 239.8 257.2 280.0 309.1 329.2
T1 KB 1247 146.9 161.0 187.9 200.9 220.3 241.7 257.8
CR KA 96. 08 113.1 124.6 I45.7 155.2 171.7 186.9 199 .9
NN KA 75.59 88.94 98,41 115.2 122.5 136.6 147.8 1581
CR KB T3.75 as_ 77 96.06 112.5 9.5 133.5 144.0 154.5
FE Ka $9.93 T0..40 T8.29 91.76 9T. 36 109.6 117.3 L26.4
MN B 57.62 6T .65 7%.10 88.27 93.63 105.6 i12.8 121, 7
o K& L40S5_1 56 .25 &2 46 73.75 TR_11 Ba.T1 94.15 lo2.0
FE KB 38s5.2 53.29 $9.6) 69.97 T4.07 84.30 89.29 956 .81
NI Ka 331.2 366.5 50.91 59.78 63.20 72.138 76.19 82.90
C0 KB 311.2 3145.5 47.71 56.095 59.22 48 .00 T1.139 77.79
CU Ka 2T2_5 304.4 338.6 48.83 S1l.54 %9.51 62.13 67 .92
NI xB 253.0 283.4 I14.9 45.24 47,72 55.29 57.51 63.02
ZIN KA 224_9 2533 280.9 306.1 42_28 4924 50.92 56.01
CuU xXe 206.7 233.6 258.7 282.8 8. 74 %5.130 46,65 S1.44
IN KB 169.9 193.7 213.8 235.5 245.13 I7.37 18.12 £2.29
MO KA 31.88 IT. T4 41.02 47.24 49, 34 55. 46 56.90 60 .47
M0 KB 22_89 2r.21 29.51 34.18 35.77 40. 26 41.69 44,26
RH KA 21.12 5.13 27. 24 31.60 31.08 it.23 318.64 41.01
PD KA 18_49 21 .99 231.84 27.68 29.02 32.659 313.96 36 .05
AG K& 16. 23 19.31 20.92 24.32 25.52 28.72 29.93 31.78
RH KB 15. 0o 17.84 19.32 22.48 23.61 26.56 2T.72 29.43
PD KB 13.11 15.59 16_88 19.66 2067 21.26 2412 25.82
AG KB 11.49 13,67 14.79 i71.2% 18_19% 20. 42 21.¢1 22.73

f=a
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2.1, X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1C (continued)
Mass Attenuation Coefficients (1:/p) in cm? g1

33 34 35 36 37 38 39
Radiation Arganic Salanium Bromine Kiypion Rubidium Strontium Yitrium
VI KA EL Y 4£02.9 £35.1 563 508.1 552.1 598.% 647.8
TI KB 288_ 4 316.7 2.2 365.5 4003 435.5 472.5 510.9
CR KA 224.0 2461 266.2 284.6 ne.7 339.3 368.9 398 .6
MN KA 1r7.5 195.0 211.2 226.0 247 . 6 269. 6 293.7 nrv.i4
CR X8 1733 190.4 206, 2 2207 241_8 263.4 286.9 09.7
FE K& 141.6 155.5 168. & 180.7 127.9 215.4 235.3 253.8
MN KB 116.2 L1496 162.3 173.9 i90.5 207.3 226.6 244 . 4
€0 K& 114.0 125.1 135.8 145.7 159. 6 173.5 190.2 204 .9
FE X8 108.2 118.7 129.0 138.1 151.6 1647 180.6 194 .6
Nl KA 92.51 101 .4 11¢.13 118.5 129.8 140.9 156.9 166.8
€D KB 86.76 95.11 103.5% .2 121_8 112.2 145. 4 E56.6
T4 KA T5.65 82.8% 95,29 $7.02 106.3 i1s.2 127.1 115 .8
Nl K8 70.10 76.75 831.67 39.94 98.5%0 106.8 117.9 126.8
IN KA 62.16 68.00 T4. 21 79.80 87.39 34 _ b6 104.8 112.6
U KB 57.01 62.32 68._0T 73.22 B0.18 86. 77 96.19 101.3
ZN KB £6.T0 50.97 55.77 K0.01 65.70 70.99 79.01 84,77
MO KA 65,97 68.82 T4.68 19.10 83.00 88.04 9T.56 16.10
fi K &58.57 5i.20 5556 $8.45 &2.07 65.5%9 T2.57 75.2¢0
RH KA 4£5.06 4T.61 51.67 54.49 5T.79 61.03 67.50 70.07
PD XA 1966 &2 _09 45.63 48_08 51.11 53.99 59.71 62.14
AG KA 35.00 37.23 40.41 &2.5) 45. 33 47.89 52.96 55.24
RH KB 3244 34 .57 37.52 39,48 42.14 &k 52 %9_23 51 .43
PD K8 28.50 jo.48 3).08 34 .77 37.21 39. 31 (S 45.52
AG K8 25. 11 26.9% 29.2% 1371 32.94 34.81 12 49 40 .60
41 42 43 44 45 46 47 48
Radiation Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium
JI Ka 696.9 738.4 785.8 831.9 8B92.0 927.9 986.9 1064
Tl K8 5%2.1 58¢.86 621.2 &80 .4 7079 738.5 785.2 Bel .8
Ch XA 431.9 457 .4 485.5 517.9 9%5.2 580.9 6L7. 4 658.8
N KA 144_1 364.8 386.9 413.9 443.8 465.5 4946 525.6
CR K8 336.4 356.5 378.0 404 4 433.7 455.1 481.5 S13.5
FE KA 275.9 292.6 11¢.2 32.5 3156. 7 3749 198._4 %22.0
N KB 265.7 281.7 298.7 320.3 343.6 361.3 3831.9 406 .6
€0 KA 222.9 218,86 290. 8 259 & 289,90 3043 321.5 141.4
FE KB 211.7 224.8 218.13 256.0 274.17 289.13 0T 6 324.8
NI Ka 181_5% 192.3 204 4 219.9 236.0 248.9 26417 279.0
L0 K8 170.4 181.0 191.9 206.6 221.8 234.0 2489 262.1
CU KA 148.8 158.3 1677 180.8 1941 20%.0 218.1 229.3
NI K8 138.0 146_8 155.6 167.8 180.2 190.3 202.5 212.9
IN K& 122. ¢4 110.3 138.2 1%9.1 160.2 169.3 180.3 i89.1
€U kB 112.3 119.7 126.9 1370 147.1 159.6 165.8 174 .0
IN KB 92_04 98.2) 104.2 1l12.6 121_0 123.1 136.6 143_1
HO Ka 16.96 18.44 L9_78 21.33 23.05 24,42 26_38 2T. T3
"o X8 81.22 13.29 L4.30 15.40 16. 65 17.63 19.10 20.13
RH KA 75. 64 t9.12 13.22 14.23 15.39 16. 29 17.67 18.63
pD KA &7_08 70. 34 T2.99 12.50 131.%2 14 .29 15.52 16 .38
AG KA 5$9.63 62.53 64.99 11.00 11.91 12.58 13,67 16 .45
RH KB 55.51 58.21 60.56 61.80 11.03 11.64 12. 66 1).40
PD KB 49.14 51.51 53.69 56.59 5838 10.20 11.11 11.77
AG KB 43, 62 45.73 47.73 50.34 52_03 57.03 9,780 10.37

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

TABLE 2.1C (continued)
Mass Attenuation Coefficients (1/p) in cm? g?

49 B0 51 52 63 54 &5 56
Radiation Indium Tin Antimany Tellurium lodine Xenon Cesium Barium
Tl Ka 1151 1128 995.7 753.3 292.9 299.7 3123.5 313.7
TI KB 205. 6 899.1 925.7 842.9 920.9 682.7 258.6 266.0
CR Ka T05.38 T0S.8 T334 Th8.9 8315.2 755.4 802.7 S587.13
MN KA S6l1.1 569.3 591.71 5l16.6 666.1 T01.0 T&2.2 45%.7 .
CR KB 548.0 5%6._6 578.8 602.7 450.8 685.2 725.1 644, &
FE Xa A49.2 459.7 4T79.4 497.21 535.1) 564.9 596.6 6l4.9
MKk KB 432.5 443.2 462, 4 419, .4 S15. 8 544.5 574.9 592.5
€O KA 3627 1741 191.3 404_¢& 4340 459.0 4831.8 499 .0
FE KB 344.5 156.0 T2 b 384.7 412.6 £36.6 460.0 4T4.5
NI Ka 295.2 306.8 321.9 I3 .4 3154.6 315.8 395.¢ 408.1
CO0 KB 27111 288.7 303.1 ni.r 333.2 353.4 1.5 183.6
CU Ka 2421 253.13 266.5 273. 4 291.7 309.8 325.4 i36.1
NI KB 224,86 235.5 247.8 254 .1 271.0 287.9 302.3 3112.3
IN KA 199.5 209.8 221.1 226. 4 241.13 256.4 269.1 278 .3
CuU KB 18%.3 193.1 203.6 208. & 221.9 235.9 247.5 2%6.0
IN KB 150.6 159.3 168.3 ir2.0 182.9 194.6 2040 211.3
MO KA 29.11 31.18 33.01 31.92 36, 33 38.131 40,44 42.317
MO K8 21.18 22.862 23.91 24.67 26_51 27.88 29.51 31.00
RH KA 19.61 20.91 22.11 r2_84 24.59 25.80 27.34 28. 74
PD KA 17.26 i18.38 19.39 20.09 Z1.69 22.69 24.10 25.37
AG KA 15.25 16.19 17.0% 17r.72 19.18 20,01 21.31 22 .45
RH KB 14.14% 14.99 15.77 16.41 17.80 18.55 19.717 0 .89
PD kB8 22,63 13.15% 13.82 14.42 15. 63 16.29 17.41 18.38
AG KB 10.97 11.57 V2. 14 12.70 13.85 14.36 15.37 16.2%
57 1] 60 81 62 83 64
Radiation Lanthanum Cerium Praseodymium Neodymium Promethium Samarium Europium Gadolinium
TI Ka 154.7 382.6 413.8 432.5 £54. 6 AT2. 6 502.3 5L0.4
Tl KB 282.1 1044 3129.6 3%3.9 361.2 374.9 3981 %05.0
CR KA 222_9 240.4 260.9% 271.1% 284.7 295.0 na.rT J18.9
MN KA 676.5 521.1 209.9 218.2 2x8.9 236.8 250.5 256.90
CR KB 66l.5 509.4 205.3 213.4 223.8 211.5 24 4.9 250.3
FE KA 635. 6 592.3 450.1 £63.5 IB85. 6 191.7 202.5 207.3
MN KB 613.2 SM1.2 609.7 467.2 475.7 185.0 195.3 200.0
€0 KA 519.0 559.1 596.2 SNn.7 401.4 £11.8 165.2 169.5
FE KB 94,2 532.1 567.0 506.2 536.4 192.0 £19.9 161.4
NY KA $26.9 458.6 488.0 505.8 535.2 4T4. 6 36l1.13 368.8
3 K8 401.9 411.5 458.8 475.9 503.2 446.) 476.9 He.7
CYU KA %53.5 373.8 402.2 417.9 441.1 453.5 417.9 “26.7
NI KB 329.0 152.4 373.9 3az.8 %10.0 421.8 £49.9 39.9
ZIN KA 2931.8 314.4 333.3 371 365.5 378.3 &01.0 409 .8
CuU KB 270.8 289.6 306. 8 319.8 336. 4 346.6 36%.2 3rr.2
IN X8 224.13 23%.6 253. 4 264.6 2T7_8 286.6 304.7 1.5
®0 Xa 4%5. 34 £3.56 50.78 53.28 55.5%2 57.96 &1.18 &2.79
MD KB 33.10 35.54 37.09 38.88 40.52 42,40 44 . T4 £5.95
RH K& 30.67 32.96 34.132 36.02 37.5% 19.32 41,48 42 .61
PD KA 27_01 29.07 30,131 31.13 33.09 34 .69 36.61 37.62
AG KA 23. 85 25.12 26_80 28_02 29.25 10.69 32.40 331.30
RH KB 22.12 23 .88 24,87 25.98 27.13 28.49 30.08 30.92
PD K@ 19.45 Z1 .04 21.90 22.85 23.88 25.10 26.51 21.26
AG KB 17.15 18.59 19.34 20.1¢6 21.08 22.18 23.43 264 10




2.1. X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1C (continued)
Mass Attenuation Coefficients (1/p) in em2 g

65 86 67 68 69 70 i 72

Radiation Terbium Dysprosium Holmium Erbium Thulium Yiterbium Lutetium Hafnium

TE K& 545.7 S6T.7 589.2 615.3 643.9 664.1 695.8 120.2

11 K8 431,17 448_68 464.5 485.3 507.6 523.7 548_9 568._4

CR KA 3389 I51.7 363.1 119.7 197.0 £09. 6 4£29.5 445.0

MN KA 2TL. 4 281.13 290.0 303.0 3l6.9 326.9 342.9 35%.13

CR X8 265.2 275.0 283. 4 296.1 109. 6 319.4 335.1 v, 2

FE Ka n49.2 221 .0 213.5 244.1 255.1 263.2 276.2 286 .4

MN KB 211. 4 218_9 225.1 235.13 245.9 253.7 266.3 276.1

€0 KA ir8.7 184.9 189.3 198.4 207 .4 214.0 224 .6 2312.9

FE KB 170.2 176.0 180.6 188.8 197.3 203.5 213.7 221.6

NT KA 146. 9 151.3 155.5 162.6 169.9 175.3 184.1 190 .9

€0 k8 3eT.1 142.9 146.3 151.0 i15¢9.8 164.9 173.2 179.6

cy KA 3219 16 6 128 .4 134.13 L140.2 144.7 152.0 157.7

Nl KB £20.4 312.9 331.2 125.0 130.5 134.7 141.5 L46.8

IN KA 315.1 3905 296.13 317,17 116.6 120.13 126.4 131.2

U KB 19%.9 360.2 272. 4 29.7 288.95 110.9 116.5 121.0

IN K8 330.13 344.0 364.0 315.9 235.6 231.95 246.6 216.0

MO KA 6677 68.89 T2.14 75.61 T8.98 80.21 B4.18 86.33

"0 KB 48,88 50.38 $2.7& 59. 07 $7.9¢ 59.22 62.14 64.15

RH KA 45.33 .71 4893 51.013 5377 55.013 57.63 59.68

PD KA 40.01 41.24 43.213 £5.02 47.52 “8.70 51.01 52.85

AG XA 1542 36.52 38.31 319.%) 42.12 43.21 45,27 46.93

RH KB 32.489 313.%1 35.59 3e._97 39.14 40.18 4£2.11 43,66

PD KB 28.99 29.90 31.41 32.57 34,54 35.50 37.21 38.61

AG KB 25.463 2& .44 27.719 28.77 10.58 31.46 32.98 34,24

73 74 75 76 77 78 79 80

Radiation Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury
TI KA 715.6 753.13 196.13 824 4 871.¢0 9341 905.5 95381
T! KB 580.8 59T1.5 630.7 652.5 688.3 733.8 120.0 760.0
CR K& 456 T 4704 495.5 S12.4 539. 6 571.6 568.2 597.9
N XA %32 317786 7.0 410.4 431.4 454.5 456.8 “719.6
CR kB 355.0 369.1 8.0 401.1 421.6 £43.9 446, 7 468.9
FE KA 292_3 305.7 320.9 331.5% 348_0 3646.6 370.5 388 .2
MN KB 282.3 294.9 309.5 319.7 335.6 351.2 7.6 374.5
cO KA 238.3 2697 261.8 270.3 283.4 295.2 303.3 317.0
FE KB 226.7 217 .9 249.13 257.3 29,7 280.6 289.0 0L.9
N1 KA 195. 4 205.6 215.3 222.0 232.% 241.0 250.1 260.8
€D K8 183.9 193.7 202.7 209.0 218.8 226.4 235.7 245.7
CU KA 161.5 170.5 178.3 183.8 192.2 198.2 207.8 216 .2
Nl KB 1504 15%.0 166.2 i71.2 1719.0 184.2 193.8 201.5
IN KA 134.4 142.4 148.7 1%3.1 160.0 164.2 173.7 180. 4
CU KB 123.9 131.5% 137.3 i41.3 147. 6 151.2 160.6 Lbb6 .6
ZN KB 102.8 109.5 114.1 1r.s 122.5 124.9 1339 138.6
MO KA 8951 %.76 98, .74 100.2 103. 4 108.6 111.3 147
no K8 66_07 70.57 T2.47 74.11 T7.20 80.22 82.33 85.30
RH KA 61.139 65_54 &6t.27 68_91 71.90 T4.56 76.5) 79.38
PD KA 54.35 5T.96 59.50 bl 06 61._80C 66.00 67.7T9 F0.4&2
AG KA 48.2% 51.40 s2.78 5424 56.75 58.58 60.21 62.6)
RH X8 4488 &T.77 49.06 50.47 52.85% 54._48 56.02 58 .32
f0 KB 1%.68 42.18 431. 1 &4 64 46_82 48.15 49_54 51 .65
AG KB 315.17 37.35 38,38 39.40 41.59 42.68 £3. 7 45 .87

(=]
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2.1.

X-RAY CROSS SECTIONS AND ATTENUATION COEFFICIENTS

TABLE 2.1C (continued)
Mass Attenuation Coefficients (i1/p) in cm? g1

81 82 83 86 80 a2 894

Radiation Thallium Lead Bismuth Radon Thorium Uranium Plutonium
Tl KA 9%0.6 10135 10646 ti7s 1098 1084 959. 7
Tl xB 84.9 820.0 846.5 930.2 992.6 862.3 10213

CR KA 6l6.9 64%.5 667.2 Tl .4 8441 774.0 803.2
MN KA 494.4 $516.5 536.1 SBb6. 4 &78.0 672.0 731.4
CR KB 483.1 504.9 524.2 571.2 663.0 657.1 I71.6
FE KA 199.8 &17T.7 £34.5 “T4.3 549,13 545, 2 637.6
"N KB 3857 402.9 £19.2 457.5% 530.1 526.2 614.9
€0 KA 326.13 3¢0.8 55.3 3av.1 449.0 446,13 519.6
FE K8 310.7 326.5 338. 4% 368.6 K277 £25.3 494,46
Nl Ka 268.3 280.2 292. 17 jle.3 369.8 168.1 426.7
€0 kKB 252.7 263.8 275.8 299.7 348.4 3146.9 401.6
CU KA 222.2 23121 242.9 263.7 306.8 3os5.7 352.9
NI KB 207.1 216.3 226.5 245.7 2860 285.2 128.7
IN KA 18%.13 1L91.5 202.9 219.9 256. 2 25%.6 293.9
CY KB 171.1 173.6 187.5 20.0 236.6 236.2 271.2
IN XB 142.3 148.5 1%6.2 168.8 197.0 196.9 225.2
MO KA 194 122.8 125.9 117.2 99. 46 96 .67 48.94
MO X8 8B 25 90.9%% 931.50 100.7 T3.34 72.63 78.99
RH KA 82_02 84.1) A7.01 93.78 95. 00 &7.79 73.69
PD KA T2.68 74.50 77.23 g3 .28 97.20 84, 24 65.72
AG KA 6456 bh.14 &8.73 T4.14 86.29 86.92 58,76
RH KB &0._08 6l.52 64 02 59.08 80.26 al.11 76.36
PD KB 513115 54.19 S6.T4 6l.24 70.99% 12.09 7434
AG KB 4T.15 “8.22 50.41 S4_ 44 62,88 64 .24 69.75
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Added in proof:

[150] More recent values {Stokm, E. and Israer, H. I.
Photon Cross Sections from 1 keV to 100 MeV for
Elements Z=1 to Z=100, Nucl. Data, 7, 565
(1970)] for hydrogen differ from those in Reference
[33] by less than 0-5% in the energy range of
Tables 2.1B and 2.1C.

[151] Recent measurements of the magnitude and ex-
tended energy range of fine-structure undula-
tions were reported {DeL GRANDE, N. KERR and
Ouiver, 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 Labcoratory (Livermore)
Report UCRL 73923, Rev. | (September, 1972)]
for six metals, Ti—Zn, They found that the average
behavior of the total attenuation coefficients had
a steeper slope at energies approaching the K-edge
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from the high-energy side than was obtained
previously for these metals in reference [33]. This
would raise the center of the envelope described
in Section 2.1.2 (footnote). A comparison of the
new data with the previous values in reference
[33] from which Tables 2.1A and 2.1B are derived
is shown in Fig. 2.1.4(2) and discussed below to
emphasize the uncertainties related to fine
structure which are discussed in Section 2.1.4.

The measurements were taken at intervals <5
eV from ~20eV to ~1 keV above the K-edge,
using a single-crystal spectrometer, Uncertainties
were +2% or less. A smooth average through
the data was obtained by taking a least-squares
fit to over 150 values of log(x/p) versus logkE,
which was extended to the K-edge. The respective
K-edge values for Ti, Fe, Co, Ni, Cu, and Zn
were 6%, 10%, 3%, 8%, 8%, and 59, higher
than the values in Reference [33). At about 1 keV
above the respective K-edges of these elements,
differences were + 2% or less. The magnitudes of
the undulations were +12% or less from 40 eV
to 200 eV (which is included in Category D) and
+7% or less from 200eV to 1keV (which is
included in Category C) above the K-edge. The
uncertainties discussed in Section 2.1.4 are thus
shown to be sufficiently cautious for the examples
illustrated in Fig. 2.1.4(2).




