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Tables for form factors and anomalous dispersion are widely used in the UV, x-ray and
+v-ray communities, and have existed for a considerable period of time. Much of the recent
theoretical basis for these was contributed by Cromer, Mann and Liberman while much of
the experimental data was synthesised by Henke et al. More recent developments in both
areas have led to new and revised tables. These works have employed numerous simplifi-
cations compared to detailed relativistic S-inatrix calculations; the latter do not lend
themselves to convenient tabular application for the range of Z and energy of general
interest. Conversely, the former tables appear to have large regions of limited validity
throughout the range of Z and energies, and in particular have important limitations with
regard to extrapolation to energies outside tabulated ranges.

In the present study, the primary interactions of x-rays with isolated atoms from Z =1
(hydrogen) to Z =92 (uranium) are described and computed within a self-consistent
Dirac-Hartree-Fack framework. This has general application across the range of energy
from 1-10 eV to 400-1000 keV, with limitations (described below) as the low- and
high-energy extremes are approached. Tabulations are provided for the f, and f, compo-
nents of the form factors, together with the photoelectric attenuation coefficient for the
atom, W, and the value for the K-shell, pk, as functions of energy and wavelength. Also
provided are estimated correction factors as described in the text, conversion factors, and
a simple estimate for the sum of the scattering contributions (from an isolated atom).

The method used herein is primarily theoretical and considers intermediate assumptions
which limit the precision and applicability of previous theoretical tabulations. Particular
concern involves the application of the dispersion relation to derive Re(f) from photoelec-
tric absorption cross-sections. The revised formulation presented here explicitly avoids
most of the limitations of previous works. Revised formulae can lead to significant
qualitative and quantitative improvement, particularly above 30-60 keV energies, near
absorption edges, and at 0.03 keV to 3 keV energies. Recent experimental syntheses are
often complementary to this approach. Examples are given where the revised theoretical
tables are in bewer agreement with experiment than are those based on experimental
syntheses. ©1995 American Institute of Physics and American Chemical Society.

Key words: anomalous dispersion; attenuation; £ = 1—10 eV to 0.4—1.0 MeV,; form factors; photoabsorption
tabulation; scattering cross-sections; Z = 1 —92.
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1. Introduction and importance
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In the x-ray energy range covered here, the primary
interactions of photons with atoms are photoabsorption and
coherent (elastic) scattering. Inelastic (Compton) scattering

J. Phys. Chem. Ref. Data, Vol. 24, No. 1, 1995



72 C. T. CHANTLER

becomes dominant for all elements as the higher (y-ray)
energies are approached. For light elements, this transfer of
dominance occurs at much lower energies (e.g. for hydrogen
the inelastic component dominates above 3-5 keV). Addi-
tional nuclear scattering and absorption occurs at MeV ener-
gies, including pair production and Delbriick scattering from
the nuclear field; and nuclear resonant processes (such as
nuclear Thompson scattering).! For XUV photons at the lower
end of the tabulated energy range, lattice phonon absorption,
delocalized. plasmon excitation, excitons and dipole reso-
nances may appear.’ Although these remain qualitatively
identifiable as photon interactions with bound electrons, they
are not associated with atomic orbitals or isolated atoms.

In the intermediate energy range, typically from 0.01-0.1
keV through to 80-800 keV, the interaction of the incident
photon with the electrons — i.e. with the bound atomic
orbitals — without production of secondary x-rays of reduced
cnergy, is the dominant process. The photon is then cither
scattered without altering the internal energy of the atom, or
it is absorbed. This absorption is usually into a single atomic
orbital, with a consequent ejection of a photoelectron and
production of a singly-ionized species.

Both photoabsorption and (Rayleigh) scattering are
described by the structure factor F of the material in con-
densed or gas phase. In particular, diffracted intensity or co-
herent scattering is a complicated function of F, but for weak
reflections is linear or quadratic in . Equally, transmission
through a bulk material is a complex function of F but local
attenuation is a relatively simple function of the imaginary
component of F.>* This is well known in the crystallographic
community and is used extensively in the multilayer commu-
nity at lower energies.*® The structure factor for a given
reflection (denoted Akl from the Miller indices) is a sum over
the atoms in the appropriate lattice (for a crystal) of the atomic
form factors or the x-ray scattering factors f; of the j* atom:

F(hkl) = %; Fe Mg ki) M

where thermal diffuse scattering is neglected, M; is the
thermal parameter for the given temperature, reflection and
atom, and the location of the atom in the unit cell is given by
(x;,yj,%). For an isolated atom or a single elemental lattice, a
scaled atomic form factor may therefore be substituted for the
structure factor.

At grazing angles of incidence with solids, photons interact
with the surface, and the photoabsorption and reflection
processes may be given by Fresnel equations (while still dom-
inated by electron orbital interaction and governed by the
structure factor and form factors).” If the atoms in a condensed
system may be considered to scatter as dipoles (i.e. for low
energies or small scattering angles) then the interaction of
x-rays with matter may be described using optical constants
such as the complex index of refraction n, or the complex
dielectric constant €(E), which are related to the form factors
by

n = n+ik = Ve = 1-8—ip = 1—% NEnf, ()
where n, is the atom number density and ry is the classical
clectron radius.

J. Phys. Chem. Ref. Data, Vol. 24, No. 1, 1895

2. Form Factors and Standard Definitions

The real part of the atomic x-ray scattering factor is'
Re(f) = forf'+fnr, f' = fitfra—Z 3)

where f(E, Z) = f*+fw is composed of the non-relativistic
anomalous dispersion f* and the relativistic correction factor
fr- fo(q,Z) is the ‘normal’ coherent scattering factor as a
47rsin6 the
N’
latter relation for elastic scattering through an angle 26.

function of momentum transfer g = IK(— Kjl =

: 2
olg) = %E p(r)sm;rr)r dr @

The dependences of f upon ¢ and E may not be strictly
scparablc as implicd by the scparation into fo and f'. Because
of this, some authors define a modified form factor MFF (g)"!
or anomalous scattering factors (g' and g")."? The nuclear
Thompson scattering (NT) is small and negative in phase
relative to the electronic form factor (fo+f'), of magnitude fyr
= ~Z’m/M, with small (negligible) energy and momentum
dependence.™'* The S-matrix channels of nuclear photo-
effect (dipole resonance), pair-N, pair-e production and Del-
briick scattering and other, smaller effects are typically ne-
glected, providing upper limits in energy for the validity of
these syntheses.

The imaginary part of the dispersion correction is simply
linked to the photoeffect cross section ppe(E) (neglecting, or
including, bound-bound cross-sections) at the photon energy E':

E pee(E)

Im(f) = £(E) = f2(E) = =555

(&)

f1 and f, are used in Refs. 7,15,16. The form factor f, is
particularly useful in illustrating effects described here be-
cause it approximates Re(f) in the forward scattering direc-
tion where fo=Z and hence estimates the total scattering
factor, placing the problems indicated on an absolute tooting.
It is also appropriate in typical experiments. The standard
dispersion relation yields

FED) - 2P| Glimae  ©

Heie £ = fuw is the x-ray energy, €' is the energy above the
electron binding energy of the intermediate (bound or contin-
uum) state, and P represents the principal value. Commonly
the equation may be separated by orbital or by electron, with
neglect of unoccupied bound states yielding

2 ,[(e=e) f'Ee—e)

1 = f! £ A VA S S 1 + 7
f(E) f(x) T P 0 (ﬁw)z_(€+_€l)2 dﬁ ( )
where —e, is the electron binding energy, and € is the
(continuum) energy. The high-energy constant may be
combined with relativistic correction factors to provide the
separation into f.; and f* as indicated above.
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3. Available Tabulations and Basis
of Current Formalism

This section discusses other available theoretical,
experimental and synthesized tabulations for form factors and
attenuation. The main sources for comparison are the theoret-
ical development of Cromer, Mann and Liberman'™?, the
experimental-theoretical synthesis by Henke et al.” and recent
developments along both lines. 2t

Thése works have employed numerous simplifications
compared to detailed relativistic S-matrix calculations,'? but
the latter do not lend themselves to convenient tabular appli-
cation for the range of Z and energy of general interest.
Conversely, the earlier tables appear to have large regions of
limited validity throughout the range of Z and energies, and in
particular have limitations with regard to extrapolation to
energies outside tabulated ranges. This is well known, and
other tabulations of attenuation coefficients or form factors
based on experiment or on alternate theoretical bases?>? have
met with partial success in some regimes, generally with
corresponding areas of limitation elsewhere.

With the exception of high-order S-matrix calculations, the
method of Refs. 17-20 may be expected to produce greatest
theoretical precision and is perhaps predominant in the litera-
ture for the last decade. A number of intermediate theoretical
and procedural assumptions limit the precision and applicabil-
ity of this method. The current method, serving as a basis for
the present tabulation, allows significant improvement both in
the earlier tabulated range and in regions extrapolated with
the formulae. A particular concern of the current author lies in
suitable extrapolation to high and low energies, and interpola-
tion to energies not covered by the Ka values presented in the
literature for these tables.

For this purpose a Fortran version of the code was
gratefully received from S. Brennan®** which contains the
updates of Cromer and Liberman® in their source code pre-
sented in Ref. 18. In this method of Cromer and Liberman,
relativistic SCF (self-consistent field) wavefunctions using
the Kohn-Sham potential”® and experimental energy levels®
were used to compute partial photoelectric absorption coeffi-
cients (o (E)) at ten or eleven selected energies, with the
Brysk and Zerby program.”’ This introduces approximations
regarding the potential and edge level derivation, but more
significantly uses a model with no molecular or solid-state
fine structure. Application of this code?™?* to near-edge re-
gions of bound atoms is therefore limited by this procedure.

The development of Cromer and Liberman will be of prime
consideration in the current discussion, together with the for-
mulation for avoiding difficulties therein.”® In the code of
Ref. 20, separate partial cross-sections were calculated for
most orbitals of each element in the range of Z = 3-92.
However, some outer orbitals of higher Z elements were omit-
ted or misplaced (with respect to their free-atom ordering or
typical honding patterns), which leads to inadequacies in
these cases at lower energies. In the extreme case of Rb
(Z=137), 9 electrons and hence four sub-shells were omitted
(4s, 4p1 2, 4ps2, 5s) leading to unnecessary termination of the
tables below 0.112 keV, and significant imprecision below
0.160-0.200 keV, whereas formal results could have been

given down to 0.004 keV. Most elements include all edges
down to about 0.050 keV, and light elements (to Ca) generally
include all orbitals. )

For each orbital, five cross-sections o (E) covered energies
of 5-23 keV'® or 1-80 ke V,* for interpolation and determina-
tion of f"(E) (the imaginary, absorptive component of the
scattering factor). If the binding energy lay in the range
1 keV<—€,<70 keV, an additional point applied to
E = —1.001€;. An additional five values covered the above-
edge range (with energies set for 5-point Gauss-Legendre
integration). This second group of 5 points applied to the
integral of f"(E) to give f'(E): the locations of E and the form
of the integral chosen depends on whether —e;<1 keV,—¢,>
70 keV, or —e¢, is of intermediate energy.

4. Basic Transform Equations

Appropriate formulae based on Eq. (7) should give a small
and smooth integral over the range of the variable of integra-
tion, with the dominant term given by analytic form. The
situation may be illustrated by considering the above-edge
case, given by Eq. (27) of Ref. 17:

. _ ([ ole—e)e—e)~0 (ko) (i) |,
f ‘(fo oy —(E—e) de

¥ o(ho) (hw)?

| For—e—ay

de‘)/ 2na (8)

with o the fine structure constant and energies and ¢ in atomic
units (au). Gauss-Legendre integration points are fixed by the
order of the integration, but corresponding energies may be
adjusted to optimize the precision for a particular photon
energy by scaling (contracting or expanding) the integrating
variable, following (but in contrast to) Eq. (29) of Ref. 17 (for
Eq. (8)):

L fo=2le,l
€ —€y,
IE;I 2
x = - . ho< V2 el ©)
€ —€
12
, [JE" ] . o> el
IS € —E€;

Note that €*>0 and —¢,>0 and the integration limits are trans-
formed from: (0,=) to (1,0), while in the first case ofe*—¢;)
becomes o(—e/x). By symmetry, this yields a well-defined
integral which properly ranges from 0 to 1.

Following the same formalism as in 17-20, improved if not
fully optimized relations for f* may then be given as

o

1
[ o, dx fwz’ o(hw)in Bo”e , leyl<hw; (10)
0 4t fiw+e,

2

fr=
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0o, haw= 2lel (11)

o2, hws 2l
o {
oy AO<V72lgl;

{—2c(le‘l/x2)e,/x’, leVix? = o
oy = o(leVxVe’x* e, (fim)? o(ﬁw)) (12
2( Shor—eix , otherwise;
[—o-(le,l/x)e,/xz, leVx =
Og = 3.2 2 (13)
le, V. Ix*—e (R f .
(0( = x)e;zgﬁm;f :;) o m)) otherwise;
{-O.SU(IGII/x e /x, leVx'? = fiw
O4= o(lelx")ex—¢,(fw)? o-(ﬁm)) - (14)
0.5( Vi chor—ed ,otherwise;

for hw>lel (above the edge). At the edge, use fi(w+dw) to
avoid the computational singularity. Below the edge
(le,I>fm),

o e SRR (EE) o
o= { oo o i 0o

oy = c?<u(|€(l!£;z,;z:g(le.l)>; an

s = 056 etz Yx_ole), (18)

where, again, o(lel) is given by o(le|l(1+3)) to arbitrary
precision. The second terms of Egs. (10) and (15) are always
negative, while the first term in Eq. (10) is positive and the
first term in Eq. (15) is negative. Use of (these) appropriate
functions can lead to problems where integration points
would lie beyond the database (11 data points per orbital). In
such cases, the above-edge or below-edge behavior should be
retained, but the choice of form may be modified appropri-
ately to match the data and to optimize precision. The effects
of this formalism and these specific modifications, compared
to the earlier results, may be seen generally near edges, at
energies below 2 keV or above 70 keV, but also at intermedi-
ate energies.

5. Avoidance of Singularities
in f'(E) Above Edges

The functional forms of the integral of f" as indicated in
Refs. 17-20 are formally continuous above each edge but
include singularities in both numerator and denominator
(which cancel). Consequently, the code of Cromer and

J. Phys. Chem. Ref. Data, Vol. 24, Mo. 1, 1006

Liberman'"% yields divide-by-zero errors for Z = 18 (argon,

1.28 keV) and elsewhere at energies for Z>2 corresponding to
cancellations (5 per orbital).

The functional forms indicate: were otherwise appro-
priate and valid in the 5 keV-50 keV range. This was the main
concern of the authors, but extension beyond this range in
cither direction requires recvaluation of the construction. In
particular, the forms pertain to E >>—¢;, E=—¢, and E<—¢,
and not to —e€,<1 keV, —€;>70 keV. Further, that for —¢;>70
keV omitted a correction which is increasingly important as £
approaches —¢,. The nature and magnitude of this latter prob-
lIem is depicted in Fig. 1 for uranium. The apparent ‘edge’ is
displaced and offset by several keV with five discontinuities,
and at 500 keV (four times the edge energy) the error is of the
same magnitude as Z. This energy range is much higher than
that of Refs. 15, 17-21. In these figures and in the text, the
current formulation avoids or overcomes all problems dis-
cussed, as far as is possible within the prescriptions provided.
The use of f, as the plotting variable follows the standard of
Refs. 7,16 but more importantly places the effects on an ap-
proximate absolute footing for the real component of the
atomic scattering factor in the forward direction.

d 17-20

6. Avoidance of Imprecision in f'(E)
Below and Near Edges

Corrections for below-edge behavior applied to the second
(intermediate energy) form in Ref. 18 should also be applied
to the other two forms as detailed in section 4. Near to but
above edges where —e,<1 keV, the integration is improved by
using a form similar to the ‘higher-energy’ forms rather than
that previously indicated, which was optimum only for
E >—¢;. Well below edges where —€,>1 keV, the integration
is improved by using a form similar to the ‘high-energy’ form
rather than that previously indicated, which was optimum for
E=—¢,, In any of these regions where the functional forms
are inappropriate, some improvement in precision can often
be gained by using 10-point or higher order Gauss-Legendre
integration. This represents improved precision of the integra-
tion using a less optimum integral transformation.

Previous below-edge errors are illustrated for the K edge of
carbon in Fig. 2. The edge was apparently displaced and
asymmetric (typically with a spurious value for the edge
itself) as opposed to the revised form (‘o’ versus ‘+’ in figure).
There were also significant errors in the earlier prescription
12% below the edge. This also occurs with similar magnitude
(4 e/atom) for the L-edges of uranium at 17-22 keV in Fig. 1.
These errors occur at energies well within the range of
crystallographic investigation and concern, and are not
restricted to regimes of specialized anomalous or other
diffraction experiments.

The theoretical-experimental synthesis of Ref. 16 (tri-
angles) is in reasonable agreement with the current revised
results well away from the edge, with the exception that
aliasing is introduced due to the finite logarithmic grid on
which linear interpolation is carried out. This means that the
transform is calculated appropriately from the given absorp-
tion coefficients to yield f, values for specific energies, but
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subsequent interpolation between these points smooths out
any finer structure, in addition to generating an interpolation
error even in the absence of structure. The earlier synthesis’
contains a much coarser grid, so direct comparison of the two
primarily indicates interpolation limitations. The relativistic
correction factor is only about 0.004 (e/atom or eu in crystal-
lographic notation) and makes ncgligible contribution to the
results (whatever form is postulated for the correction), while
fo==Z~0.04 eu, and does not affect the comparison. Hence
a typical experiment in this regime with graphite or other
elemental carbon should relate to a real component of the
atomic scattering factor given to high precision by f,. The
current revised formalism yields a width (below zero) of 4.6
eV and a mean f, of circa —0.9 eu over this region, with f,
= —2.4 eu at 0.24 eV from the edge, or f; = —4.0 eu at 0.07
eV from the edge (or about the edge width).

The independent particle approximation common to all
theories discussed herein showuid yield the revised smooth,
symmetric form, but the formalism may be expected to fail
near edges or at low energies, where molecular or collective
behavior may occur. However, the revised result is in good
agreement with Cherenkov radiation studies on the carbon K
edge,” which have derived widths of 5 eV and a mean suscep-
tibility x' = 0.0016 or f, = —0.82 eu, and minima of —2.0 eu
>fmn>—35.1 eu.

Conversely, aliased profiles'® give minima of 0.3 eu
>f1mn>—1.3 eu, non-aliased transforms of a simple edge
structure™ yield f i, from —5.3 eu to — eu and a width of
order 5 eV, while other recent experimental f" measurements
yielded a width of around 14 eV and f)m,=—1.2 eu after
integration.” All are in disagreement with the Cherenkov
studies. In this respect, the importance of direct measure-
ments of the scattering factor (anomalous or atomic) cannot
be overestimated. Finally, the result of Ref. 21 which might
be expected to include contributing collective behavior, ap-
pears to give a shift and singularity in the structure.'S

7. Integration Precision Requirements

Several integration procedures were ivestigated and
compared. Five-point Gauss-Legendre integration yields con-
vergence to 5% in many but not all cases where the form is
appropriate. In some cases (near edges, particularly with func-
tions not corrected for above or below-edge behavior) a 30-
potnt integration was found inadequate.”® Five-point integra-
tion appears adequate for low Z to about 0.01 eu in most
regions, while yielding errors of 0.1 eu for silicon near edges,
where 10-point and 16-point results appear identical. This
error rises o above 1 eu for silver (Z = 47) and 5 eu for
uranium (Fig. 3), with shifts of 0.3 eu and 1.3 eu, respectively,
even midway between edges. The difference between 10-
point and 16-point integration is also significant at the 0.15 eu
level for Z = 92, and is fairly uniform for all energies. The
figure indicates major integration and interpolation error in
the unrevised formalism'”*>* of magnitude 1-4 eu across the
medium energy range of 4-6 keV. This may also be compared
to Refs. 15, 16 (including a partial f, correction of perhaps
—1.5 eu), apparently erroncous by up to 5 eu. Although ura-
nium is perhaps an extreme case, this situation is reflected

J. Phys., Chem. Ref. Data, Vol. 24, No. 1, 1995

throughout the medium and higher range of Z. The 16-point
integration is therefore used and commended, covering a
much larger energy regime with higher precision.

8. Choice of Interpolation Formalism

The ‘convergence’ with improved integration piecision is
partially due to inadequacy of interpolation methods rather
than convergence to the value predicted by the independent
particle approximation. The code of Cromer and Liberman'®
‘interpolates’ over In(f") using a quadratic least-squares fit.
This smooths precision-dependent noise but also obscures
significant local or higher-order structure. The 5 energies used
are not well spaced for interpolation to other f" values,
whether for integration or otherwise. Ref. 24 assumes a cubic
form for the Inf"-InE functional relation and uses the Aitken
interpolation method; this combination generates non-
monotonic and spurious f'" values near to or far above the
edge. Reference 22 used a linear interpolation on log-log
scales for E< 1 keV and noted significant errors for cubic
spline interpolation at higher energies (for Z = 24,42,44,67—
69,75,76,85).

Rational function interpolation is well able to model simple
cubic terms (on the log-log scale) but is quite inappropriate
for extended or oscillating structure. The latter would com-
monly produce a pole in the resulting fit near to the real plane
and therefore generate large errors. Most investigators have
(therefore) relied on polynomial interpolation on the log-log
scale.

At energies far above the edge, the form f'(E) = f(E) is
expected to become approximately cubic, or linear in
In f'(In E). With the photoabsorption data of Refs. 17-20,
higher accuracy would follow from correct evaluation of
higher order terms but data points are unequally spaced, so
divergences easily follow extrapolation or interpolation. This
may be limited by extrapolating or interpolating at either end
of the energy range with a linear log-log form, while allowing
intermediate values to be affected by higher order contribu-
tions. Interpolating functions may further be limited to sym-
metric forms about the region interpolated (1.¢. to linear, cubic
or quintic log-log interpolation using n = 2, 4, or 6 data
points). Given a sufficiently fine grid, interpolation becomes
insensitive to the form used. However, the database discussed
herein lacks such a fine grid, drawing attention to the appro-
priate forms of interpolation. This is illustrated in Fig. 4 for
medium energy attenuation by uranium, where the asterisk
notes the reduction to a linear log-log form for extrapolation,
thus avoiding unnecessary oscillations. Even so, the curves do
not converge or maintain a constant ordering, and differ by up
to 4 e/atom (eu) or 15% in this range, without the correct form
being immediately apparent.

The problem repeats itself for lower energies (less than
9 keV) and also for higher energies (above 30 keV) for most
elements. and effects of this problem upon f. are often as
large. Examples from other elements and regimes allow addi-
tional general rules to emerge: Linear log-log interpolation
fails near edges (even within the independent particle approx-
imation) where higher order terms are often significant and
necessary. Conversely. these are generally absent far above
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Uranium, Z=92, effect of integration precision
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edges and use of them can introduce spurious oscillations
from their contribution in the near-edge region. The relation
relatively near edges is often cubic in Inf"(InE) so that a
transition from this to the linear form may be accomplished at
intermediate energies above each edge. The location of the
transition is dependent on the element and edge, and appears
(in the current database) to lie between a factor of 1.5 and 4
above the edge.

This prescription is not rigid, but variation between
possible alternatives is estimated at (usually) below 1-2%.
This allows meaningful comparison of models with experi-
ment, which would otherwise be difficult or dubious. Figure 5
returns to uranium at intermediate energies, again emphasis-
ing the potential utility of the current formalism as opposed to
earlier forms and synthesised data. Here experiment®**
strongly supports the current formalism and interpolation
procedure,

Even at these energies, the contribution of coherent
scattering oo, to the total attenuation coefficient pror =
MpE+Tcon +0j0 is significant and should not be neglected in
these comparisons. (The high-precision experimental data™
necessarily measures the total attenuation coefficient, and not
the photoeffect cross-section (¢ or pg) in isolation.) The
estimate of scattering follows Refs. 34, 35 and may only be
accurate at the 10% level, dependent on the experimental
arrangement. Neglect of this contribution is still unable to
bring Ref. 24 or Ref. 16 into good agreement with experiment
in this region.

Elsewhere, however, the local structure allows no simple
set of polynomial interpolations (for a given orbital). Typi-
cally at low energies and L;, M; and My / My edges, the local
structure is real but subsequent polynomial extension yields
large oscillations well away from the structure. Early trunca-
tion to linear forms yields discontinuities in f, or its deriva-
tive. Scaling any deviations above or below the interpolated
points by a constant factor (e.g. 0.5) or a decreasing smooth
function can serve to smoothly suppress invalid oscillations.
Similar capping or scaling of large deviations from the linear
interpolation can also suppress oscillations, but it is difficult
to have a uniform and general method which avoids introduc-
ing f, structure from discontinuities in the derivative.

Any such effects are likely to produce significant features
(cusps, peaks or derivative discontinuities) in f,. The most
significant effects of this sort are found in the K-edge of Na
and Mg, L-edges for Z = 4-14, around the L; edge for Z =
30-36, M-edges of Z = 13-33, around the M, edge for £ =
61-68, and N-edges for Z = 55-65. Problems with cubic
spline interpolation were noted earlier.

Extrapolation near the edge is well defined using a linear
log-log form matching to the derivative of the following poly-
nomial. Particular regions were interpolated using the polyno-
mial forms, but with a smoothly increasing weighting for the
linear solution across the transition region (as opposed to the
above alternatives). This smooths the approach to the high-
energy linear log-log regime without discontinuity of function
or derivative, while remaining uniform and general in
application.
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9. Results for Hydrogen and Helium

Hydrogen and helium serve as another example or exten-
sion since the general Cromer-Liberman approach did not
apply to these two elements.””* The form is however simple,
adapted in part from McMaster et al.” The main difference
between the (plotted) synthesis of Henke efal.'*'® and the
current form lies in the range and precision of the computa-
tion, the location of edge energies, the effective number of
electrons assumed, and the interaction with scattering data. In
all these respects, the current tabulation appears superior as 2
statement of atomic form factors.

However, use of atomic form factors in compounds or
solids, particularly for hydrogen, involves significant shifts
and potential structure not contained in these plots or tables.
These chemical shifts and bonding redistributions serve as a
caveat on use of the lower energy data (unless gaseous atomic
hydrogen is used). Nonetheless, the data is able to represent
a good approximation in general cases.

10. How to Use These Tables

These tabulations provide f, and f, form factors for all
elements up to Z =92 from 0.001-0.01 keV to 1000 keV. This
cxceeds the range for normal x-ray diffraction and crystallog-
raphy studies but allows limitations and specialized experi-
ments to be investigated with reference to updated and cor-
rected theory. It also allows a sufficiently fine grid with
accurate atomic edge structure to allow such experiments as
DAFS (diffraction anomalous fine structure) to investigate
fine structure and spatial distribution of atoms and electrons
within materials.*® Multilayer diffraction experiments may be
pursued at lower energies in an analogous manner.

In these cases values for f; and f, should be extracted from
the tables for the given element(s) and energies required.
Linear interpolation of f, should be adequate, while linear
log-log interpolation of f; shonld be adequate on this scale, if
required. Equation (3) should then be used to obtain f* using
the negative value of f, as included at the top of each table
for each element. For comparison to old data or computations,
the value corresponding to reference 6, denoted H82, should
be used (following Cromer and Liberman but omitting the
Jensen energy-dependent correction).'”**” More recent work
has suggested not only that the Jensen term should be omitted
but also that the appropriate relativistic correction is 3/5ths of
the Cromer-Liberman value.™ This latter value is denoted
3/5CT. at the top of each tahle for each element. [ikewise, the
nuclear Thompson term (also negative with respect to the
atomic phase) is provided at the top of each table for each
clement.

For cumparisons o other results in the forward scauering
limit where the momentum transfer g = 0, the value of fo =7
may be used and the real and imaginary components of f are
then fully defined. For large scattering angles it is necessary to
use a more appropriate value of fq, as may be gained from
Refs. 40-41. Then the composition and arrangement of the ma-
terial may be used as indicated in the introduction to provide
structure factors, refractive indices, and Fresnel coefficients,
together with scattered. diffracted or transmitted intensitics.

For filters or filter materials, the photoelectric attenuation
coefficient is provided in" order to compare to appropriate
experiments or to allow for objects in a beam-line. The con-
version to this from f, in appropriate units is provided at the
top of the table. Use of barns/atom is also common, and the
conversion factor for this is also provided. Often this column
is not measured, and only the total observed attenuation coef-
ficient pyor = MpEtOcon +0ime is Observed. These latter two
coefficients are angle-dependent and may in part be deter-
mined from appropriate structure factors for a given crystal
orientation. However a column is provided for the sum of
these two latter coefficients in an average-over-angles for an
atomic scatterer.>*** These references should be consulted for
details concerning the approximation involved, although the
column in the current tabulation is a new computation of the
sum. The main assumption is that Bragg-Laue peaks and
troughs are avoided, or that the material is randomly oriented
and preferably mosaic. If this is not true, it may be necessary
to compute the dynamically diffracted intensities from the
structure factor rather than rely on the approximation. Further
comments are provided in the next section. However, simply
summing these two columns allows the comparison of theory
to experimental attenuation data.

The column providing the photoabsorption coefficient for
the K-shell only is included for two purposes. The first is that
at high energies this is the dominant contribution to the total
photoabsorption, and provides a guide for the local energy
dependence of the cross-section. It serves as an illustration of
the isolation of individual orbstal cross-sections, particularly
for higher energies.

The isolated K-shell cross-section is also important for
experimental diagnostics and corrections. In particular, fluo-
rescence yields from atoms are negligible for almost all
orbitals except the K-shell, when compared to Auger and
Coster-Kronig transitions. However, the fluorescence yield
fraction for the K-shell is large, so the dependence of the
cross-section upon energy is equally important. The qualita-
tive result in an experimental ion chamber is significant — in
these processes, a likely result is that the fluorescent x-ray
shall escape from the ion chamber without conversion 10
(detectable) ion pairs. A more detailed discussion of this is
provided elsewhere.

The plots provide additional data not contained in the
tables. This includes a plot of the K-shell contribution to the
imaginary component of the form factor f,. This is related, as
discussed, to the K-shell contribution to the photoabsorption
cross-sectinon. The enhanced energy range provides an indica-
tion of the appropriate extrapolation to higher energies. It also
provides the atomic orbital computation of the lower energy
behavior, despite increasing imprecision as the energy falls
Lelow 0.010 keV,

The plots also provide comparison to the results of Henke
etal."'® This is considered by the author to be the most
useful and convenient publication available for comparison. It
indicates limitations regarding restricted ranges and tabula-
tion steps, shows good agreement over much of the energy
range for many clements, and indicates regions of divergence,
difficulty or concern, Some of these concerns have been ad-
dressed directly in this paper, while others are left to the
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reader. In many cases the best naive statement of uncertainty
in either computation arises from the divergence between the
two. This may relate to local structure, absolute values, or
global structure. An alternate error estimate is provided in the
following section. '

For less common use, the edge energies used are provided
at the top of each table so that criticism (or experimental
investigation) may indicate a shift of the local energy scale
which may be appropriate in a specific material or experi-
ment. This is not encouraged or recommended; nonetheless, it
is provided as a statement of the assumptions and basis of the
computation.

11. Limitations of the Current Tabulation

There are many regimes of Z and £ where most recent
tabulations are in agreement at the 5% level, particularly well
away from edges in the 5-40 keV range, in lower Z elements,
and in f" or weg tabulations. Intermediate regimes often im-
pair comparison of tabulations with experiment as uncertainty
in fo, ", fi1, incoherent scattering and integration may all iie
at the same level.

There are also regions in some elements where alternate
tabulations are clearly superior to Refs. 17-20, 24 and the
current formulation. Delays of onset of photoabsorption for
20V (3%) above the edge, and peak amplification by factors
of two for another 20-40 eV for monatomic gases (e.g.) also
occur, not predicted within hydrogen-like calculations and
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those assuming plane wave continuum states.” Tabulations
based on the local density approximation (LDA) or on exper-
imental-theoretical syntheses™'?'** have potential advan-
tages particularly in low energy regimes such as Fig. 6 where
collective valence effects or dipole resonances lead to signif-
icant departures from the independent particle approximation.
The omission of some outer orbitals, mentioned earlier, ac-
centuates this problem in some medium-Z elements in this
same energy range (i.e. up to 0.1 keV or so). In such low
energy regimes, seminal and early experimental work and
local transforms can still play an important role in revealing
additional structure or correcting model-based assumptions.*

Often the ‘best’ tabulation in these cases may be fairly
inaccurate, due to intrinsic limitations or additional contribu-
tions from exciton resonances or band structure. In the exam-
ple of Fig. 6, early syntheses’ differ substantially from later
equivalents'*'® and references17-20, 24 differ markedly from
that of the current calculations. Above or below the range of
Fig. 6, predictions of the real and imaginary components of
atomic form factors from Ref. 16 and herein often agree fairly
closely. Discrepancies of an order of magnitude appear in the
ploued range. The predictions of Ref. 16 for f, and f, (that is,
the estimated total form factors), though probably the best
available elsewhere for most of this region, are limited by the
input data, theory and synthesis to be accurate to not much
better than a factor of two, This limitation of general tabula-
tions is also true in the near vicinity of edges affected by
valence or molecular structure.

Low energy form factors for Ag
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FiG. 6. Example of region for Ag where current method fails to improve over theoretical-experimental synthesis due to collective behaviour. Differences of
an order of magnitude in f, relate to corresponding differences in f'=f-, from smoothed delayed edges and a dipole resonance. Both predictions differ
from earlier synthesis and theory by factors of two, and primarily differ from one another in the vicirity of edges. Edges at higher energies appear fargely

unalfected by this collective behaviour.
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Conversely, syntheses’*® tend to diverge from experiment
and theory where numerous edges occur or where data do not
give detailed variation between and at edges. Divergence can
be due to smoothing of edge structure, weighting of
experimental data, or Z-interpolation. These are regions of
particular usefulness of the current tabulation.

High-energy and high-momentum transfer limitations
follow in part from dominance of nuclear resonance and pair-
produ\cnion channels. Each of these attenuation and scattering
processes are ideally independent,®® or add together with a
well-defined phase (as with the nuclear Thompson term in
section 2).'> General neglect of other contributions does not
intrinsically invalidate computations of atomic form factors,
but it seriously limits their usefulness and applicability, and
the precision to which measurements of these quantities may
be made at these high-energy, high-momentum transfer
regimes. Hubbell ef al.** include corrections for radiative and
double-Compton contributions to incoherent cross-sections,
reaching 1% at 100 MeV energies. Nuclear-field pair produc-
tion «, arises at 2m.c? = 1.022 MeV and becomes dominant
around 10 MeV. Electron-field pair production (‘triplet pro-
duction’) begins at 2.044 MeV and contributes above this
energy at the 1% level for high Z elements but up to 10% for
fluorine and 50% for H (or 1/(1+Z). Nuclear photoabsorption
consists of one (or a few) peaks (giant resonances) between
10-24 MeV of width 3-9 MeV, contributing up to 10% of the
total cross-section in this region. Elastic processes include
high energy Delbriick and dipole resonance scattering in addi-
tion to Rayleigh and nuclear Thompson contributions men-
tioned above.

Below these high-energy limits- but above 10-300 keV
(dependent on Z), incoherent scattering forms the dominant
attenuation process, and may be given to 1-2% by integration
of the Klein-Nishina formula. Interference between this chan-
nel and photoabsorption can affect total cross-sections and
form factors at the 5% level.

In the region 10-40 keV elastic scattering may exceed
photoabsorption cross-sections (especially at Bragg peaks).
This is of prime importance for estimates of total attenuation
cross-sections ror or for attempts to compare f'' to experi-
mental cross-sections, and is complicated by the coherence of
scattering between adjacent atoms, leading to TDS (thermal
diffuse scattering) and Rayleigh single-atom estimates in ad-
dition to accurate derivations from the form factor f, and
diffraction formulae. Of course, a prime purpose of the cur-
rent discussion bias been 0 generate accurate {orm faclors
which can then be used to determine total attenuation (i.e.
photoabsorption plus diffraction) for a given orientation of a
sample to high precision. They can then be compared to
experimental values.

Simple available and tabuiated estimates of orientation-
averaged scattering can err by orders of magnitude in special
arrangements, though they are usually more accurate than
this. The simple forms commonly used for such scattering
assume that each atom is isolated, so integration neglects
crystal orientations leading to Bragg-Laue peaks or hollows.
This Rayleigh scauering may be replaced by a TDS cross-
section if the crystal orientation is arranged to avoid Bragg-
Laue peaks.”

12. Other Current Concerns

Most of this description has been concerned with problems
of f' or f, and f" or f,. Difficulties inherent in the form factor
formalism as opposed to the Modified Form Factor formalism
or general S-matrix formalisms are discussed elsewhere.*
Use of Modified Form Factors is of value at or above MeV
energies for various angles, where the separability of f, and
f1 becomes questionable.'” Sum rules have been discussed
and investigated, particularly at relatively low energies,®*
and may be more generally applied to theoretical or experi-
mental data. Comparisons of form factor predictions to others
or to experiment without allowance for the issues raised in
this paper will endanger the validity of conclusions drawn.

One of the major differences between these classes of the-
ory, and in particular between RDP, RMP** * and S-matrix
methods™ relate not to f, or f, per se, but relate to the rela-
tivistic correction factor fr. This contribution indicates the
correction for the high-frequency limit. For uranium at low
energies f,, is of arder —2.5 e/atom,'® —1 5 e/atom,*** or
—1.2 e/atom.' ¥ The differences between these theories are
large, with a range at the 1 ¢/atom level and an uncertainty
quoted as * 0.36 e/atom.” Equally, for calcium (Z = 20),
quoted values vary from —0.06 eu o —0.036 cu w —0.034 cu
with, again, a quoted uncertainty of + 0.009 eu.” These are
important and significant differences (particularly for
medium and heavy elements), although it should be clear that
any comparison of theories or experiments is difficult without
correcting for the effects discussed herein with their associ-
ated many-electron errors. Issues regarding the forms for fu
demand that input values for f; be calculated to better preci-
sion than the uncertainty in the relativistic component. Errors
of the preceding sections or of integration or interpolation
precision at this level are unnecessary and obscure compari-
son of different models with experiment. ,

The integration method adopted and discussed herein
makes direct use of the separation of orbitals and the assump-
tion that the orbital absorption coefficient is exactly zero
below the edge. Correlation between orbitals, excited bound
states, level widths and resonance phenomena may require
alternate transforms based on Ao = (0,%) to (0,1) intervals.
This general issue was addressed by Cromer and Liberman'’
and has been addressed more recently by Wang and Pratt.”
The presence of muitiple edges and near-singularities creates
difficulty for most standard integration methods. For com-
parison of theory to experiment, direct measurernent of Re(f)
is required, but the current revised theoretical calculation has
an advantage over methods based on limited ranges of exper-
imental or synthesized attenuation coefficients, in avoiding
smoothing and other problems near edges.

A secondary difficulty, so far as published results are con-
cerned, relates to tabulations often being restricted to a small
set of Ko lines, or to other discrete sets of energies which fail
to reveal major variation of structure with energy.

13. Summary and Typical Uncertainties

The modifications described herein lead to significant
qualitative and quantitative improvement, particularly above
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30-60 keV energies, near absorption edges, or at 0.03 keV to
5 keV energies. With limitations, the current scheme is able
to extend to energies below 0.01 keV. More confidently, it
also covers the region above 30 keV towards MeV energies,
unlike most tabulations. The current tabulation is complemen-
tary to recent experimental syntheses. Examples are given
where this formaliem is in qualitative agreement with experi-
ment, as opposed to results of the syntheses or of earlier
theoretical tabulations. The theory of detailed corrections is
summarized briefly.

There are reégions of collective, valence, or band structure
indicated in Ref. 16 which are not accounted for in the revised
formalism presented here, while there are regions near edges
and at higher energies accurate to within a few percent in the
current calculations which are not adequately represented by
Ref. 16 (or other methods). Where the preferred model is not
obvious, the model variation may be used as an uncertainty.
In many cases, the preferred model may be established by
comparison to experimental data or by understanding the
nature of processes occurring in the given energy regime.
Typically errors of the current revision reduce to 1% at high
energies away trom edges, if photoabsorption 1s dominant.
Uncertainty may reach 10-20% within 30% of edges, where
scattering becomes significant, or in the 0.03-1 keV range
(dependent on Z); and can be larger for energies less than 0.03
keV, regions of (collective) valence resonances, and in the
near edge region for particular edges with bonding effects.
There are tendencies for all schemes to fail below 0.1 keV
(approaching a factor of two or more error).

The tabulation presented here resolves many of the diffi-
culties encountered with previous tabulations, while some
aspects remain to be treated in greater depth in the future,
perhaps including aspects of collective behavior and near-
edge effects. Improvement in application would follow use of
better f., and f, values, possibly allowing extension to higher
energies and momentum transfers.
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16. Explanation of Tables and Tabulated Figures

TaBLE !: Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to E = 400-1000 keV.

z Atomic number far Nuclear Thompson correction to Re(f) following Eq. (4)
E Photon energy in kiloelectron volts (keV). and Refs. 13, 14
A Equivalent wavelength using E. A=1.23984244 keV-nm, f2, K-shell Component of f relating to the isolated K-shell orbital
from Ref. 51 W=pLpg Photoabsorption cross-section in cm’/g
Atomic weight g/mol, used in determination of conversion factors. Bk Component of p relating to the isolated K-shell orbital
p \‘ Nominal density in typical elemental material. for users o(coh+inc) Estimate of coherent and incoherent
kS glem’ =FoontCinc scattering cross-section sum
e ~.Conversion for photoabsorption to bams/atom
Edge energies Values taken from Ref. 26 Fult lines on plots Current tabulation (extended) for fi, f> and
Edge labels Spectroscopic notation (K=1s, Lp=2s, Li=2py2 , et seq.) Dot-dash curves  Results reinterpolated from Refs. 15-16, for f, f>and
Dash in f, plots  f, K-shell
fi. fa Atomic scattering factors in electrons/atom (or eu) for Dash in . plots a(coh+inc)
forward scattering using Egs. (3-18)
frel Relativistic correction to Re(f), following Ref. 6 (de-
noted H82), and Refs. 17-20 scaled as in Refs. 38, 39
(denoted 3/5CL)
H Z=1
Atomic weight = 1.008000E+00 g/mol, nominal density p (g/cm’) = 8.9870E—05
wa(barns/atom) = p(cmzlg) X 1.67382E+00, E(eV) p,(sz/g) = fa(e/atom) X 4.17463E+07
| edge. K Edge energy (keV) = 1.36000E—02
Relativistic correction estimate fr (H82,3/5CL) = —1.0519E—04, 0.0000E+00 e/atom
Nuclear Thomson correction fyr = —5.4423E—04 e/atom
E fi f2 n o(coh+inc) Bk Y
keV e/atom elatom em¥g om?lg em¥g nm
1.069000E 02 4.54682E~01 0.0000E+00 0.0000E+00 2.2129E~-01 0.000E+00 1.160E+02
1.142761E—02 3.97170E~01 0.0000E+00 0.0000E+00 2.4489E~01 0.000E+00 1LOBSE+02
1.221612E-02 2.99485E-0] 0.0000E+00 0.0000E+00 2.7018E~01 0.000E+00 1.015E+02
1.305903E-02 6.85829E~02 0.0000E+00 0.0000E+00 2.9718E~01 0.000E+00 9.494E+01
1.332800E~02 ~1.17232E~01 0.0000E+00 0.0000E+00 3.0577E~01 0.000E+00 9.303E+01
1.353200E—02 -5,16414E-0) 0.0000E+00 0.0000E+00 3.1227E~01 0.000E+00 9.162E+01
1.358640E—-02 —9.98811E~01 0.0000E+00 0.0000E+00 3.1401E-01 0.000E+00 9.126E+01
1.366800C -02 —4,92163L—-01 9.5197E-01 2.9070E+0G 3.1660E-01 2.908E+00 9.071B+01
1.387200E-02 ~4,62805E~02 9.3030E~-01 2.7996E+06 3.2309E-01 2.800E+06 8.938E+01
1.396010E~02 4.68513E~02 9.2117E-01 2.7547TE+06 3.2589E~01 2.755E+06 8.881E+01
1.492335E~02 4.91043E~01 8.2970E-01 2.3210E+06 3.5630E~01 2.321E+06 8.308E+01
1.595306E—02 6.84358E~01 7.4640E~01 1.9532E+06 3.8839E-01 1.953E+06 7.772F+01
1.705382E~02 8.03468E~01 6.7066E—01 1.641TE+06 4,2212E~01 1.642E+06 7.270E+01
1.823053E~02 8.84640E—-01 6.0188E—-01 1.3783E+06 4.5742E-01 1.378E+06 6.801E+01
1.948844E-02 9.42415E~01 5.3953E~01 1.1557E+06 4.9424E~01 1.156E+06 6.362E+01
2.083314E-02 9.84335E--01 4.8306E~01 9.6798E+05 5.3246E~01 9.680E+05 5.951E+01
2.227063E~02 1.01491E+00 4.320(E~01 8.0981E+05 5.7199E~01 8.098E+05 5.567E+01
2.380730E~02 1.03710E+00 3.8592E-01 6.76T1E+05 6.1269E-01 6.767E+05 5.208E+01
2.545001E~-Q2 1.05295E+00 3.4435E-01 5.6484E+05 6.5442E 01 5.648E+05 4.872E+01
2.720606E-02 1.06395E+00 3.0692E-01 4.7095E+05 6.9702E~01 4.709E+05 4.557E+01
2.008327E-02 1O7121E+00 2.7325E 01 3.0222C+05 7.4030L 0Ol 3.9220+05 4.263E+01
3.109002E~02 1.07558E+00 2.4301E~-0] 3.2631E+05 7.8408E~01 3.263E+05 3.983E+01
3.323523E~02 1.07772E+00 2.1589E~01 2.7 TE+0S 8.2815E~01 2. T12E+05 3.731E+01
3.552846E-02 1.07815E+00 1.9159E~01 2,2512E+05 8.7229E~01 2.251E+05 3.490E+01
3.797993E~02 1LO7T727E+00 1.6984E-01 1.8669E+05 9.1627E~0] 1.867E+03 3.264E+01
4.060054E-02 1.07541E+00 1.5041E—0] 1.5465E+05 9.5986E~01 1.547E+05 3.054E+01
4.340198E-02 1.07283E+00 1.3306E-01 1.2799E+05 1.0028E+00 1.280E+05 2.857E+01
4.639671E-02 [.O69T4E+00 1.1760E—G1 1.0581E+05 1.0449E+00 1.058E+05 2.672E+0]
4.959809E~02 1.06630E+00 1.0383E~01 8.7389E+04 {.0858E+00 8.739E+04 2.500E+01
5.302035E-02 1.06265E+00 9.1576E—02 7.2104E+04 1.1254E+00 7.210E+04 2.338E+01
5.667876E~02 1.05889E+00 8.0693E~-02 5.9434E+04 1.1634E+00 5.943E+04 2.187E+01
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TABLE 1: Form factors, attenuation and scattering cross-sections, Z = 1-92, from £ = 0.001-0.010 keV to E = 400-1000 keV — Continued.

E fi f2 I a(coh+inc) 17y A
keV e/atom e/atom cmY/g cm/g cm’/g nm
6.058959E—02 1.05510E+00 7.1034E—02 4.8943E+04 [.1995E+00 4.894E+04 2.046E+01
6.477028E—02 1.05134E+00 6.2473E—02 4.0265E+04 1.2336E+00 4.027E+04 1.914E+01
6.923942E-02 1.04767E+00 5.4891E-02 3.3095E+04 1.2654E+00 3.310E+04 1.791E+01
7.40169SE—02 1.0441 1E+00 4.8185E—-02 2.7177E+04 1.2947E+00 2.718E+04 1.675E+01
7.2124] 1E-02 1.04070E+00 4.2260E—02 2.2296E+04 1.3214E+00 2.230E+04 1.567E+01
8.458368E—-02 1.03745E+00 3.7030E-02 1.8276E+04 1.3452E+00 1.828E+04 [.466E+01
9.041995E-02_ 1.03437E+00 3.2418E—-02 1.4967E+04 1.3661E+00 1.497E+04 1.371E+01
9.665893E—02 1.03147E+00 2.8356E—-02 1.2247E+04 1.3839E+Q0 1.225E+04 1.283E+01
1.033284E-01 1.02876E+00 2.4781E-02 1.0012E+04 1.3985E+00 1.001E+04 1.200E+01
1.104581E~01 1.02622E+00 2.1639E—02 8.1783E+03 1.4098E+00 8.178E+03 1.122E+01
1.180797E-01 1.02387E+00 1.8879E-02 6.6747TE+03 1.4179E+00 6.675E+03 1.050E+01
1.262272E-01 1.02169E+00 1.6458E-02 5.4431E+03 1.4226E+00 5.443E+03 9.822E+00
1.349368E-01 1.01968E+00 1.4336E—-02 4.4351E+03 1.4240E+00 4.435E+03 9.188E+00
1.442475E—01 1.01782E+00 1.2477E-02 3.6109E+03 1.4220E+00 3.611E+03 8.595E+00
[.54200SE—01 1.O1612E+00 [.0851E—-02 2.9376E+03 1.4168E+00 2.938E+03 8.040E+00
1.648404E—01 1.01456E+00 9.4291E—03 2.3880E+03 1.4084E+00 2.388E+03 7.521E+00
1.762144E—01 1.01313E+00 8.1876E—03 1.9397E+03 1.3969E+00 1.940E+03 7.036E+00
1.883732E-01 1.01183E+00 7.1041E—-03 1.5744E+03 1.3824E+00 1.574E+03 6.582E+00
2.013709E~01 1.01065E+00 6.1595E—03 1.2769E+03 1.3651E+00 [.277E+03 6.157TE+00
2.152655E—01 1.00957E+00 5.3367E—-03 1.0349E+03 1.3451E+00 1.035E+03 5.760E+00
2.301188E—-01 1.00859E+00 4.6205E—03 8.3821E+02 1.3225E+00 8.382E+02 5.388E+00
2.459970E-01 1.00771E+00 3.9976E—03 6.7840E+02 [.2976E+00 6.784E+02 5.040E+00
2.629708E-01 1.0069 1E+00 3.4563E—-03 5.4868E+02 1.2705E+00 S.48TE+02 4.715E+00
2.811158E-0! 1.00618E+00 2.9863E-03 4.4347E+02 1.2415E+00 4.435E+02 4.410E+00
3.005128E—01 1.00553E+00 2.5785E-03 3.5820E+02 '1.2108E+00 3.582E+02 4.126E+00
3.212482E~-01 1.00494E+00 2.2249E-03 2.8913E+02 1.1785E+00 2.891E+02 3.859E+00
3.434143E-01 1.00441E+00 1.9186E-03 2.3324E+02 1.1450E+00 2.332E+02 3.610E4+00
3.671099E—01 1.00394E+00 1.6535E-~03 1.8803E+02 {.1104E+00 1.880E+02 3.377E+00
3.924405E-01 1.00351E+00 1.4241E-03 1.5149E+02 1.0749E+00 1.515E+02 3.159E+00
4.195189E~01 1.00313E+00 1.2258E-03 1.2198E+02 1.0388E+00 1.220E+02 2.955E+00
4.484657E-01 1.00279E+00 1.0545E-03 9.8162E+01] 1.0024E+00 9.816E+01 2.765E+00
4.794098E~-01 1.00248E+00 9.0664E—-04 7.8949E+01 9.6568E-01 7.895E+01 2.586E+00
5.124801E~01 1.00220E+00 7. 7006E ~04 634461 E401 9. 2000E 01 6 346F+01 2.419F+00
5.478508E-01 1.00196E+00 6.6907TE—04 5.0983E+01 8.9253E~01 5.098E+01 2.263E+00
5.856525E-01 1.00174E+00 5.7430E—-04 4.0937E+01 8.5644E~01 4.094E+01 2.117E+00
6.260625E~01 1.001 54E+00 4.9270E-04 3.2854E+01 8.2092E-01 3.285E+01 1.980E+00
6.692609E~01 1.00[37E+00 4,2248E~04 2.6353E+01 7.8612E-01 2.635E+01 1,853E+00
7.154399E~-01 1.00121E+00 3,6208E~-04 2.1128E+01 7.5220E-01 2.113E+0! 1. 733E+00
7.648052E-01 1.00108E+00 3.1017E-04 1.6931E+01 7.1928E-01 1.693E+01 1.621E+00
8.175768E~01 1.00095E+00 2.6558E—04 1.356 1 E+01 6.8749E-01 1.356E+01 1.516E+00
8.739896E—-01 1.00084E+00 2.2730E-04 1.0857E+01 6.5694E~01 1.086E+01 1.419E+00
9.342948E—-01 1.00075E+00 1.9444E - 04 8.6881L+00 62773 Ol 8.688L+00 1.327L+00
9.987612E-01 1.00066E+00 1.6627E-04 6.9496E+00 5.9992E-01 6.950E+00 1.241E+00
1.067676E+00 1.00058E+00 1.4211E-04 5.5566E+00 5. 7360E~01 5.557E+00 .16 [E+00
1.141345E+00 1.00052E+00 1.2142E-04 4.4410E+00 5.4880E~01 4.441E+00 1.086E+00
1.220098E+00 1 .00046E+00 1.0370E—-04 3.5480E+00 5.2557TE~0C1 3.548E+00 1.016E+00
1.304285E+00 1.00040E+00 8.8528E--05 2.8335E+00 5.0394E-01 2.834E+00 9.506E—-01
1.394281E+00 1.00036E+00 7.5550E-05 2.2620E+00 4.8391E-0! 2.262E+00 8.892E-01
1.490486E+00 1.00031E+00 6.4451E~0S 1.8052E+00 4.6548E~01 1.805E+00 8.318E—01
1.593329E+00 1.00028E+00 5.4965E~03 1.4401 E+00 4.4866E~01 1.440E+00 7.781E-01
1.703269E+00 1.00024E+00 4.6859E~05 1.1485E+00 4.3341E-01 1.148E+00 7.279E-01
1.820795E+00 1.00022E+00 3.9935E-05 9.1562E-01 4.1970E-01 9.156E~-01 6.809E—01
1.946430E+00 1.00019E+00 3.4025E-05 7.2975E-01 4.07S0E-01 7.297E-01 6.370E—01
2.080733E+00 1.00017E+00 2.8980E—-05 5.8144E-01 3.9676E-01 5.814E-01 5.959E~01
2.224304E+00 1.00015E+00 2.4G77E~05 463148 01 3.8743C Ol 463E- 01 5.574E -0l
2377781 E+00 1.00013E+00 2.1007E~05 3.6881E-01 3.7944E-01 3.688E~01 5.214E~-01
2.541848E+00 1.0001 1E+00 1.7878E-0S 2.9362E-01 312E-0L 2.936E-01 4 873E~01t
2.717235E+00 1.00010E+00 1.5211E~05 2.3370E-01 36721E-01 2.337E-01 4,563E—01
2.904724E+00 1.00009E+00 1.2940E-05 1.8597E~01 3.6283E~01 1.860E~01 4.268E—01
2.105150E+00 1.00008E+00 1.1005E-05 1.4795E~01 3.5950E~01 1 479E-01 3.993E-01
3.39406E+00 1.OOOOTE+0Q 9.35T2E~-06 1.1768E~01 35T14E-01 1LI7T7E-01 3.735E-01
3.S548HSE+00 +.00006E +00 7.9549E-06 9.3586E~02 3.5567E-01 9.359E-02 3,494E-01
3.793288E+00 1.0000SE+00 6.7615E-06 TA4I2E-02 3.5500E-0! 7.441E-02 3.269E—-01
4.055024E+00 1.0000SE+00 STHIE-C6 59156E-02 3.5506E—~01 5916k-02 3U58E~UI
43482 E+00 1.00004E+00 4.8825E~06 1.7021E~02 3.5575E~0: 4.702E~02 2.860E-01

J. Phys. Chem. Rel. Data, Voi. 24, No. 1, 1995



THEORETICAL FORM FACTOR, ATTENUATION, AND SCATTERING TABULATION FOR Z=1-92 85

TasLe 1: Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to £ = 400~1000 keV — Continued.

E n I2 s a(coh+ine) BK n
keV e/atom e/atom cm¥g cmg cmYg nm

6.058959E—-02 1.05510E+00 7.1034E-02 4.8943E+04 1.1995E+00 4.894E+04 2.046E+01

6.477028E—~02 1.05134E+00 6.2473E-02 4,0265E+04 1.2336E+00 4.027E+04 1.914E+01

5.29546TE+00 1.00003E+00 2.9930E~06 2.3595E—02 3.6084E—01 2.359E-02 2.341E~01
5.660855E+00 1.00002E+00 2.5419E-06 1.8745E—-02 3.6328E—-01 1.87SE—-02 2.190E—0l
6,051453E+00 1.00002E+00 2.1586E—~06 1.4891E—02 3.6596E—-01 1.489E-02 2.049E—-01
6.469004E+00 1.00002E+00 1.8330E-06 1.1829E-02 3.6882E—~01 1.183E~-02 1.917E-01
6.915365E+00 1.00002E+00 [.5564E~06 9.3954E~-03 3.7180E~01 9.395E~03 1L793E-01
71.392525E+00 1.00001 E+00 1.3214E-06 7.4622E—03 3.7482E-01 7.462E—03 1.677E—01
7.902609E+00 1.00001 E+00 1.1219E~06 5.9266E~03 3.7783E~01 5.927E~03 t.569E—01
8.447890E+00 1.000C1E+00 9.5248E-07 4.7068E-03 3.8077E—01 4,707E~03 1.468E—01
9.030794E+00 1L.00001 E+00 8.0863E-07 3.7380E~03 3.8360E~01 3.738E~03 1.373E~01
9.653919E+00 1.00001 E+00 6.8651E—07 2.9687E~03 3.8627E-01 2.969E—03 1.284E-01
1.032004E+01 [.0000 1 E+00 5.8283E—07 2.3577E-03 3.8874E~01 2.358E—03 1.201E—01
1.103212E+01 1.00001 E+00 4.9482E-07 1.8724E-03 3.9097E~01 1.872E—03 1.124E-01
1.179334E+01 1.00001E+00 4.2012E-07 1.4872E-03 3.9293E-01 1.487E—03 1.051E—01
1.260708E+01 1.00001E+00 3.5671E-07 [.1812E-03 3.9459E-01 1.181E—03 9.834E-02
1.347697E+01 1.00000E+00 3.0289E-07 9.3824E—04 3.9593E-0! 9.382E-04 9.200E-02
1.440688E+01 1.00000E+00 2.5721E-07 7.4532E-04 3.9693E—-01 7.453E-04 8.606E—~02
1.540095E+01 1.00000E+00 2.1844E-07 5.9211E—-04 3.9757E-01 5.921E-04 8.050E—02
1.646362E+01 1.00000E+00 1.8553E—07 4.7044E-04 3.9784E-01 4.704E—04 7.531E-02
1.759961E+01 1.00000E+00 1.5760E~07 3.7382E~04 3.9773E-01 3.738E—-04 7.045E—02
1.881398E+0! 1.00000E+00 1.3389E~07 2.9708E-04 3.9725E~01 2.971E—04 6.590E~02
2,011215E401 1.00000E+00 1.1376E—-07 2.3612E—-04 3.9638E—-01 2.361E—04 6.165E-02
2.149988E+01 1.00000E+00 9.6669E~08 1.8770E—~04 3.9513E-01 t.877TE—04 5.767E-02
2.298338E+01 1 .00000E+0C 8.2161E~08 1.4924E-04 3.9350E~01 1.492E~04 5.395E-02
2.456923E+01 1.00000E+Q0 6.9843E—-08 1.1867E—04 3.9150E-01l 1.187E~04 5.046E~02
2.626450E+01 1.00000E+00 5.9383E—08 9.4387E-~05 3.8914E—01 9.439E—~05 4.721E~02
2.807676E+01 1.00000E+00 5.0499E—~08 7.5086E-05 3.8643E-01 7.509E—-05 4.416E-02
3.001405E+0! 1.00000E+00 4.2954E—-08 5.9744E-05 3.8338E—01 5.974E—05 4.131E-02
3.208502E+01 1.00000E+00 3.6544E~08 4.7548E~-05 3.8001E-0! 4.755E-05 3.864E—-02
3.429889E+01 1.00000E+00 3.1098E--08 3.7851E-05 3.7633E-01 3.785E-05 3.61SE-02
3.666551E+01 1.00000E+00 2.6471E-08 3.0139E-05 3.7236E-01 3.014E-05 3.381E-02
3.919543E+01 1.000C0E+00 2.2537E-08 2.4004E—-05 3.6812E—01 2.400E-05 3.163E-02
4.189992E+01 1.00000E+00 1.9194E—-08 1.9124E-05 3.6362E—-01 1.912E-05 2.959E~02
4.479101E+01 1.00O00OE+00 1.6351E—08 1.5240E--05 3.5889E~01 1.524E—~05 2.768E~02
4.788159E+01 1.00000E+00 1.3934E-08 1.2148E-05 3.5395E-01 1.21SE—05 2.589E~02
5.118542E+01 1.00000E+00 1.1877E~08 9.687E—06 3.4880E—~01 9.687E~06 2.422E-02
5.471721E+01 L.OOOOUE+QU 10128k —U8 1027 e~06 3.4349E~01 T.727E-06 2.266E-02
5.849270E+01 1.00000E+00 8.6390E-09 6.1657E—06 3.3801E-01 6.166E—06 2.120E-02
6.252870E+01 1.00000E+00 7.3715E~09 4.9215E-06 3.3240E-01 4922E—06 1.983E—-02
6.684318E+01 1.00000E+00 6.2923E-09 3.9298E-06 3.2668E~01 3.930E—-06 1.855E-02
7.145536E+01 1.00000E+00 5.3732E-09 3.1392E-06 3.2085E-01 3.139E-06 1.735E~02
7.638578E+01 1.00000E+00 45901E-09 2.5086E-06 3.1494E-01 2.509E-06 1.623E-02
8.165640E+01 1.00000E+00 3.9227E-09 2.0054E~-06 3.0898E-01 2.005E~-06 [.518E-02
8.729069E+01 i.000C0E+00 3.3537E-09 1.6039E-06 3.0296E~-01 1.604E-06 1.420E—-02
9.331374E+01 1.00000E+00 2.8685E-09 1.2833E~06 2.9691E~-01 1.283E-06 1.329E-02
9.975239E+01 1.00000E+00 2.4545E-09 1.0272E~-06 2.9086E—-01 1.027E~-06 1.243E-02
1.066353E+02 1.00000E+00 2.1013E-09 8.2263E-07 2.8480E-01 8.226E—07 1.163E~02
1LI39931E+02 1.00000E+00 1.7997E~-09 6.5909E-07 2.7875E-01 6.591E-07 |.088E—~02
1.218587E+02 1.00000E+00 1.5422E~09 5.2832E-07 2.7274E-01 5.283E-07 1.017E-02
1302660002 1.00000L+00 1.3221C 09 4.2)70E-07 2.6676E—01 4237E=07 9.518E—03
1.392553E+02 [.0CO0OE+00 1.I341E~09 3.3997E-07 2.6083E-01 3.400E~07 8.903E~-03
1.488640E+02 1.00000E+00 9.7323E-10 2.7293E-07 2.5497E~01 2.729E-07 8.329E~03
1,391 356E+02 1.00000E+00 8.3566E~10 2.1922E-07 2.4918E-01 2.192E-07 7.791E-03
1.701 1S9E+02 1.00000E+00 7A792E~10 1.7618E-07 2.4346E-01 1.762E-07 7.288E—-03
1.818539E+02 1.00000E+00 6.1711E-i0 1.4166E~07 2.3784E-01 1.417E-07 6.818E—-03
1.944018E+02 1.00000E+00 5.3076E- 10 1.1398E~07 2.3231E-01 1.140E-07 6.378E-03
2.078156E+02 1.00000E+00 4.5676E~10 9.1755E~08 2.2689E-01 9.175E-08 5.966E-03
2.221548E+02 1.00000E+00 39331E~10 7.3908E-08 22157E-01 7.391{E-08 5.581E~03
2.374835E+02 1.00000E+00 338R7E~10 5.9569E ~08 2.1637E~01 5.957E-08 5.221E-03
2.538699E+02 1.00000E+00 29216E~-10 48042E-08 2AIE-O1 4.804E~08 4.884E-03
2.713869E+02 1.COO00E+00 2.5204E~10 3.87TI0E~08 2.0633E~01 3.877E—-08 4.569E-03
2,901 126E+02 1.00000E+00 2.1757E~10 31307E~08 2.0150E~-01 3 131E~08 4,274E-03
1101304740 1 O000OF 400 P RIOIE~ 10 3 $I0RF = 0% | 96R0E - 01 2.530E 08 3.00RE 01
3.315294E+02 1.00000E+00 1.6245E~10 2.0455E-08 1.9223E~01 2.046E-08 3.740E-03
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TABLE ): Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to E = 400-1000 keV — Continued.

E fi 2 w a(coh+inc) [Tre A

keV e/atom e/atom cm¥/g cm/g em?/g nm
3.544049E+02 1.00000E+00 1.4051E— 10 1.6551E—08 1.8779E-01 1.655E—08 3.498E—03
3.788588E+02 1.00000E+00 1.2162E—10 1.3401E-08 1.8349E-01 1.340E—08 3.273E-03
4.050001E+02 1.00000E+00 1.0534E~10 1.0859E—-08 1.7933E-01 1.086E—08 3.061E~03
4.329451E+02 1.00000E+00 9.1313E~11 1.7530E-01 8.805E—09 2.864E—-03

8.8048E—-09

T
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THEORETICAL FORM FACTOR, ATTENUATION, AND SCATTERING TABULATION FOR Z2=1-92 89

He Z=2

atomic weight = 4.003000E+00 g/mol, nominal density p (g/cm’) = 1.6640E—04
pabarns/atom) = wem¥g) X 6.64714E+00, E(eV) p(cm¥g) = fie/atom) X 1.05122E+07
{ edge. K Edge energy (keV) = 2.46000E—02

Relativistic correction estimate fru (H82,3/5CL) = —4.2952E—04, 0.0000E+00 e/atom
Nyclear Thomson correction far = —5.4817E—04 e/atom

E fi fa [ o(coh+inc) Bk A
keV e/atom e/atom cm¥g cm?g cm?g nm
1.069000E—02 8.09152E—01 0.0000E+00 0.0000E+00 1.2498E~05 0.000E+00 1.160E+02
1.142761E—02 7.94174E-01 0.0000E+00 0.0000E+00 1.7671E-05 0.000E+00 1.0B5E+02
1.221612E—-02 7.76288E~01 0.0000E+00 0.0000E+00 2.4815E~05 0.000E+00 1.015E+02
1.305903E—02 7.54752E-01 0.0000E+00 0.0000E+00 3.4613E-05 0.000E+00 9.494E+01
1.396010E—02 7.28554E—01 0.0000E+00 0.0000E+00 4,7958E—03 U.000E+00 8.881E+01
1.492335E-02 6.96270E~-01 0.0000E+00 0.0000E+00 6.6005E-05 0.000E+00 8.308E+01
1.595306E-02 6.55815E—01 0.0000E+00 0.0000E+00 9.0244E~05 0.000E+00 7.772E+01
1.705382E-02 6.03976E-01 0.0000E+00 0.0000E+00 1.2258E~-04 0.000E+00 7.270E+0!
1.R23053E-02 5.35466F~01 0_.0000E+00 0.0000F+00 1.6541E~N4 0 O0OF+00 6 ROTE+0O1
1.948844E—02 4.40723E-01 0.0000E+00 0.0000E+00 2.2177E-04 0.000E+00 6.362E+01
2.083314E—-02 2.99815E~01 0.0000E+00 0.0000E+00 2.9543E~-04 0.000E+00 S951E+01
2,227063E—02 5.95946E—02 0.0000E+00 0.0000E+00 3.9106E~-04 0.000E+00 5.567TE+01
2.380730E—02 —5.37052E-01 0.0000E+00 0.0000E+00 5.1437E~04 0.000E+00 5.208E+01
2.410800E—02 —8.18127E-01 0.0000E+00 0.0000E+00 5.4121E—04 0.000E+00 5.143E+01
2.447700E—02 —1.66675E+00 0.0000E+00 0.0000E+00 5.7539E—-04 0.000E+00 5.065E+01
2.457540E-02 —2.67916E+00 0.0000E+00 0.0000E+00 5.8474E-04 0.000E+00 5.045E+01
2.472300E—02 ~1.63405E+00 1.9911E+00 8.4663E+05 5.9896E—-04 8.466E+05 5.015E+01
2.509200E-02 —7.18902E-0! 1.9648E+00 8.2316E+05 6.3550E—04 8,232E+05 4.941E+01
2.545001E—02 ~3.46603E~01 1.9399E+00 8.0128E+05 6.7233E-04 8.013E+05 4.872E+01
2.720606E—02 4.44157E~-01 1.8248E+00 7.0509E+05 8.7333E-04 7.051E+05 4.557E+01
2.908327E—-02 8.35659E~01 1.7138E+00 6.1945E+05 1.1274E-03 6.194E+05 4.263E+01
3.109002E—-02 1.09847E+00 1.6069E+00 5.4334E+05 1.4465E—-03 5.433E+05 3.988E+01
3.323523E-02 1.29391E+00 1.5043E+00 4.7581E+05 1.8447E~-03 4.758E+05 3.731E+0!
3.552846E—02 1.44669E+00 1.4060E+00 4.1601E+05 2.3383E-03 4. 160E+05 3.490E+01
3.797993E-02 1.56954E+00 1.3120E+00 3.6314E+05 2.9463E~03 3.631E+05 3.264E4+01
4.060054E—~02 1.66999E+00 1.2223E+00 3.1648E+05 3.6904E—-03 3.165E+05 3.054E+01
4.340198E—02 1.75296E+00 1.1369E+00 2.153TE+05 4,595 1E—03 2.754E+405 2.857E+01
4.639671E-02 1.82186E+00 1.0558E+00 2.3922E+05 5.6883E—03 2.392E+05 2672E+01L
4.959809E—02 1.87923E+00 9.7893E—-01 2.0748E+05 7.0008E—-03 2.075E+05 2.500E+01
5.302035E-02 1.92697E+00 9.0618E—01 1.7967E+05 8.5668E~03 1.797E+05 2.338E+01
S.667876E~02 1.96660E+00 8.3748E—0] 1.5533E+05 1.0423E-02 1.553E+05 2.187E+01
6.058959E—02 1.99934E+00 7.7275E-01 1.3407E+05 1.2611E-02 1.341E+05 2.046E+01
6.477028E—-02 2.02621E+00 7.1188E-01 1.1554E+05 1.5172E-02 1.155E+05 1.914E+01
6.923942E~02 2.04803E+00 6.5476E~01 9.9407E+04 1.8152E-02 9.941E+04 1.791E+01
7.401695E~02 2.06555E+00 6.0124E-01 8.5391E+04 2.1598E-02 8.539E+04 1.675E+01
191241 1E-02 2.07934E+00 5.5122E~01 7.3234E+04 2.5558E—02 7.323E+04 1.567E+01
8.458368E—02 2.08994E+00 5.0455E-01 6.2706E+04 3.0081E-02 6.271E+04 1.466E+01
9.041995E-02 2.09782E+00 4.6109E~01 S5.3606E+04 3.5214E~02 5.361E+04 1.371E+01
9.665893E-02 2.10336E+00 4.2069E-01 4.5753E+04 4. 100SE-02 4.575E+04 1.283E+01
£.033284E- 01 2.10693E+00 3.8322E-0] 3.8987E+04 4.7497E~02 3.899E404 1.200E+01
1.104581E~01 2.10882E+00 3.4853E-01 3.3169E+04 5.4731E-02 3.317TE+04 1.122E+01
1.180797E~01 2.10930E+00 3.1646E~01 2.8174E+04 6.2741E-02 2.817E+04 1.050E+01
1.262272E-01 2.10861E+00 2.8689E—-01 2.3892E+04 7.1555E-02 2.389E+04 9.822E+00
1.349368E~01 2.10695E+00 2.5966E~01 2.0029F+04 8 1195E—-07 7 M3FL04 9 1R8FL00
1.442475E-0! 210451E+00 2.3464E-01 1.7100E+04 916TE~02 1.710E+04 8.595E+00
1.542005E~01 2.10143E+00 L1169E -0 1. 4431 E+04 1.0298E~01 L443E+04 8.040E+00
1.648404E ~01 2.09787E+00 1.9068E -0 1.2160E+04 LISI3E~0! [.216E+C4 7.521E+00
17621 4E~01 2.09393E+00 1.7148E-0] 1.0230E+04 1.2807E~0Q1 1.023E+04 7.036E+00
1.883732E~-01 2.08972E+00 1.5396E-01 8.5918E+03 1.4179E-01 8.592E+03 6.582E+00
2.013709E-01 2.08533E+00 1.38C1E-01 7.2047E+03 1.5623E-01 7.205E+03 6.157TE+00
2152655E-01 2.08083E+00 1.2352E-01 6.0318E+03 1.7132E-01 6.032E+03 5.760E+00
2.301188E-0I 2.07628E+00 [.1037E~01 5.0418E+03 1 .8700E-01 5.042E+03 5.388E+00
2.459970E-01 2.0717SE+00 9.8459E~-02 4.2075E+03 2.0317E~01 4.207E+03 5.040E+00
2.629708E~01 2.0672TE+00 8.7695E-02 3.5056E+03 2 1973E~01 3.506E+03 4.715E+00

2.811158E-01 2.06289E+00 7.7982E-02 29161E+02 2.3656E~01 2.916E+03 +.410E+00
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TaBLE 1: Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to E = 400-1000 keV — Continued.

E i fa B o(coh+inc) 303 A
keV e/atom e/atom cmlg cm¥g cm¥g nm
3.005128E-01 2.05862E+00 6.9233E—-02 2.4218E+03 2.5355E-01 2.422E+03 4.126E+00
3.212482E-01 2.05450E+00 6.1368E-02 2.0081E+03 2.7057E—-01 2.008E+03 3.859E+00
3.434143E-01 2.05053E+00 5.4308E—-02 1.6624E+03 2.8747E-01 1.662E+03 3.610E+00
3.671099E~01 2.04675E+00 4.7984E-02 1.3740E+03 3.0411E-01 1.374E+03 3.377E+00
3.924405E-01 2.04315E+00 4.2328E-02 1.1338E+03 3.2036E—-01 [.134E+03 3.159E+00
4.195189E-01 2.03973E+00 3.7279E~-02 9.3412E+02 3.3606E—01 9.341E+02 2.955E+00
4.484657E~01 2.03651E+00 3.2779E-02 7.6835E+02 3.5107E-01 7.684E+02 2.765E+00
N 4.794098E—01 2.03349E+00 2.8776E-02 6.3099E+02 3.6527E—-01 6.310E+02 2.586E+00
5.124891E-01 2.03065E+00 2.5222E-02 5.1735E+02 3.7852E-01 5.173E+02 2.419E+Q0
5.478508E-01 2.02800E+00 2.2071E-02 4.2350E+02 3.9071E—-01 4,235E+02 2.263E+00
5.856525E—01 2.02553E+00 1.9283E-02 3.4611E+02 4,0173E-01 3.461E+02 2.117E+00
6.260625E~01 2.02324E+00 1.6819E—02 2.8241E+02 4.1150E—01 2.824E+02 1.980E+00
6.692609E—01 2.02112E+00 1.4647E—-02 2.3007E+02 4.1993E—-01 2.301E+02 1.853E+00
7.154399E-01 2.01917E+00 1.2735E~-02 1.8713E+02 4.2697E—01 1.871E+02 1.733E+00
7.648052E—-01 2.01736E+00 1.1055E-02 1.5195E+02 4.3257E-01 1.520E+02 1.621E+00
8.175768E—01 2.01570E+00 9.5814E-03 1.2319E+02 4.3673E—01 1.232E+02 1.516E+00
8.739896E—~01 2.01418E+00 8.2906E-03 9.9718E+01 4.3942E-01 9.972E+01 1.419E+00
9.342948E—01 2.01279E+00 7.1622E-03 8.0586E+01 4.4068E—01 8.059E+01 1.327E+00
9.987612E~01 2.01152E+00 6.1775E-03 6.5020E+01 4.4052E-0! 6.502E+01 1.241E+00
1.067676E+00 2.01036E+00 5.3000E-03 5.2183E+01 4.3901E-01 5.218E+01 1.161E+00
1.14134SE+00 2.00929E+00 4.5425E-03 4.1838E+01 4.3619E-01 4.184E+01 1.086E+00
1.220098E+00 2.00833E+00 3.8898E—-03 3.3514E+01 4.3216E-01 3.351E+0l 1.016E+00
1.304285E+00 2.0074SE+00 3.3280E-03 2.6823E+01 4.2699E—01 2.682E+01 9.506E—01
1.394281E+00 2.00665E+00 2.8448E—-03 2.1449E+01 4.2080E-01 2.145E+01 8.892E-01
1.490486E+00 2.00594E+00 2.4298E-03 1.7137E+01 4.1369E—-01 1.714E+01 8.318E-01
1.593329E+00 2.00529E+00 2.0737E-03 1.3682E+01 4.0578E—-01 1.368E+01 7.781E-01
.703269E+00 2.00471E+00 1.7684E—03 1.0914E+01 39719E-01 1L.O91E+01 7.279E-01
1.82079SE+00 2.00419E+00 1.5069E—-03 8.7002E+00 3.8804E—-01 8.700E+00 6.809E—01
1.946430E+00 2.00373E+00 1.2832E-03 6.9302E+00 3.7845E—-01 6.930E+00 6.370E—-01
2.080733E+00 2.00331E+00 1.O919E-03 5.5165E+00 3.6855E—01 5.516E+Q0 5.959E~-01
2.224304E+00 2.00294E+00 9.2851E-04 4,3882E+00 3.5844E-01 4.388E+00 5.574E—01
2.377781E+00 2.00260E+00 7.8905E-04 3.4884E+00 3.4825E-01 3.488E+00 5.214E~01
2.541848E+00 2.00231E+00 6.7012E~04 2.7714E+00 3.3807E-01 2.771E+00 4.878E~-01
2.717235E+00 2.00204E+00 5.6878E-04 2.2005E+00 3.2801E~01 2.200E+00 4.563E—01
2.904724E+00 2.00181E+00 4.8249E—-04 1.7461E+00 3.1816E~01 1.746E+00 4.268E—-01
3.105150E+00 2.00160E+00 4.0907E-04 1.3849E+00 3.0858E—-01 1.385E+00 3.993E-01
3.319406E+00 2.00141E+00 3.4664E—-04 1.0978E+00 2.9936E~01 1.098E+00 3.735E-01
3,548445E+00 2.00125E+00 2.9360E—-04 8.6978E~01 2.9055E—-01 8.698E—-01 3.494E—01
3.793288C+00 2.001 10E+Q0 2.4355E—04 G.8881E—01 2.8220E—01 6.888E—01 3.269E~01
4.055024E+00 2.00097E+00 2.1033E-04 5.4525E-01 2.7435E~01 5.453E-01 3.058E~01
4.334821E+00 2.00086E+00 1.7791E-04 4.3144E-01 2.6703E—01 4.314E-01 2.860E—01
4,633924E+00 2.00076E+00 [.5043E~04 3.4124E-01 2.6024E~01 3.412E-01 2.676E-01
4.953664E+00 2.0006TE+00 1. 2714F~04 2 6OR1E--01 7 SAOTE~O1 7 GORE—01 2 SMAR-01
5.29546TE+00 2.00059E+00 1.0743E-04 2.1326E—-01 2.4832E-01 2,133E-01 2.341E-01
5.660855E+00 2.00052E+00 9.0740E—-05 1.6850E~01 2.4318E-01 1.685E—01 2.190E—01
6.051453E+00 2.00046E+00 7.6624E~-05 1.3311E~01 2.3857E~01 1.331E~01 2.049E—01
6.469004E+00 2.00040E+00 6.4687E-05 LOS{2E-O1 2.3446E-01 1.051E-01 1.917E~-01
6.915365E+00 2.00035E+00 5.4596E~05 8.2993E~02 2.3083E-01 8.299E~-02 1.793E-01
7.392525E+00 2.00031E+00 4.6070E-05 6.5512E~02 2.2764E~01 6.551E—-02 1L67TTE—01
7.902609E+00 2.00027E+00 2,8868E~05 5.1704E-02 2.2487E-01 5.170E-02 1.569E—-01
8.447890E+00 2.00024E+00 32787E-0S 40799E-02 2.2247E-01 4,080E—02 1.468E~01
2.020794L+00 2.00021C+00 2.7G54C - 05 3.2150E-C2 2.2040E—01 3.219E-02 1.373E 01
9.653919E+00 2.00019E+00 2.3322E~-05 2.5395E~02 2.1863E—01 2.540E~02 1.284E~01
1.032004E+01 2.00016E+00 1.9667E 05 2.0033E~02 2.1711E-01 2.003E~-02 1.201E~-01
1L103212E+01 2.00014E+00 1.6584E--05 1.5802E—C2 2.1580E~01 1,580E~02 1.124E~01
1.179334E+0! 2.00013E+00 1.3984E~05 | 2465FE-02 2.1466E-~01 1.246E—02 1.051E~01
1.260708E+01 2.0001 LE+00 1LI791E-05 9.8319E—-03 2.1365E-01 9.832E-03 9.834E—-02
1.347607E+01 2.00010E+00 9.9427E-06 T.7554E-03 2.1273E~-0t 7.755E-03 9.200E-02
1.+40688E+01 2.00009E+00 8.3843E-06 6.1177E~03 2.1137E-01 6.1 18E~03 8.606E—02
1.540095E+C1 2.00007E+00 7.0708E-06 4.8263E~03 2.1104E-01 4.826E-03 8.050E~02
1.646362E+01 2.00007E+00 5.9636E~06 3.8078E~C3 2.1020E--01 3.808E-03 7.531E-02
1.75696 1 E+01 © 2. 00006E+00 S.0304E~06 3.0047E-03 2.0933E-01 3. 005E-03 T.O45E-02
1.881393E+01 2.00005E+00 4.2439E-06 23713E~03 2,0841E-01 2.371E-03 6.590E-02
2.011215E+0 2.00004E+00 3.5810E-06 | 8717E—03 2.0740E-0! 1.872E-03 6.165E-02
2.1499680+01 2.000045+00 3.0223C 06 1.4777C 03 2.0631L- 01 14780 03 57670 02
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THEORETICAL FORM FACTOR, ATTENUATION, AND SCATTERING TABULATION FOR Z2=1-82 0t

TapLE 1 Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to E = 400-1000 keV — Continued.

E fi f2 w o(coh+inc) i X
keV e/atom e/atom cm/g cmlg cm'/g nm
2.298338E+01 2.00003E+00 2.5513E—-06 1.1669E~-03 2.0510E~01 1.167E~03 5.395E-02
2.456923E+01 2.00003E+00 2.1543E-06 9.2172E~04 2.0377E-01 9.217E-04 5.046E-02
2.626450E+01 2.00003E+00 1.8195E~06 7.2825E-04 2.0231E-01 7.283E-04 4.721E~02
2.807676E+01 2.00002E+00 1.5373E-06 5.755TE—04 2.0071E-01 5.756E~04 4.416E~02
3.00140SE+01 2.00002E+00 1.2992E-06 4.5505E—-04 1.9896E—01 4.550E—-04 4.131E-02
3.208502E+01 ™ 2.00002E+00 1.0984E-06 3.5989E—-04 1.9707E—01 3.599E—04 3.864E—-02
3.429889E+01 2.00002E+00 9.2904E-07 2.8474E~04 1.9504E—01 2.847E-04 3.615E—-02
3.666551E+01 2.00001E+00 7.8609E~07 2.2538E—-04 1.9287E-01 2.254E—04 3.381E—-02
3.919543E+01 2.00001E+00 6.6542E-07 1.7847E~04 1.9055E~01t 1.785E~04 3.163E~02
4.189992E+01 2.00001E+Q0 5.6354E—-07 1.4138E—~04 1.8811E-01 1.414E—-04 2.959E-02
4.479101E+01 2.00001E+00 4.7748E-07 1.1206E~04 1.8554E~01 L121E~04 2.768E—-02
4.788159E+01 2.00001E+00 4.0478E~07 8.8867E~05 1.8284E-01 8.887E—05 2.589E-02
5.118542E4.01 2.00001E+00 3.4333E--07 T.0511E-05 1.8004E—-01 T.081E-05 2.422E~02
5.471721E+01 2.00001E+00 2.9137E~07 5.5978E—~05 L.7714E~01 5.598E~05 2.266E—-02
5.849270E+01 2.00001E+00 2.4742E-07 4.4466E—05 1.7415E—-014 4.447E~-05 2.120E-02
6.252870E+01 2.00000E+00 2.1023E~-07 3.5344E—05 1.7108E-01 3.534E-05 1.983E-02
6.684318E+01 2.00000E+00 1.7875E~07 28111E-05 1.6794E~01 2.811E~05 1.855E~02
7.145536E+01 2.00000E+00 1.5208E~07 2.2373E-05 1.6474E—01 2.237E-05 1.735E-02
7.638578E+01 2.00000E+00 1.2948E-07 1.7819E—~05 1.6149E-01 1.782E—-05 1.623E-02
8.165640E+01 2.00000E+00 1.1032E-07 1.4202E~05 1.5821E-01 1.420E—05 L.SISE-02
8.729069E+01 2.00000E+00 9.4059E—-08 1.1327E—05 1.5490E—01 1.133E-05 1.420E-02
9.331374E+01 2.00000E+00 8.0260E~08 9.0416E-06 1.5158E—01 9.012B--06 1.320E~02
9.975239E+01 2.00000E+00 6.8540E-08 7.2229E-06 1.4825E~01 7.223E-06 1.243E~02
1.066353E+02 2.00000E+00 5.8579E—-08 5.7748E-06 1.4492E—01 5.775E-06 1.163E~02
1.139931E+02 2.00000E+00 5.0108E—~08 4.6209E-06 1.4160E-01 4.621E-06 1.088E—-02
1.218587E+02 2.00000E+00 4.2900E—08 3.700BE—06 1.3830E-01 3.701E~-06 1.017E-02
1.302669E+02 2.00000E+00 3.6762E-08 2.9666E—06 1.3504E—~01 2.967E-06 9.518E~03
1.392553E+02 2.00000E+00 3.1531E-08 2.3802E-06 1.3181E~01 2.3B0E-06 8.903E—-03
1. 488640E+02 2.00000E+00 2.7070E-08 L.9116E-06 |.2862E—01t 1.912E~06 8.329E-03
1.591356E+02 2.00000E+00 2.3263E-08 1.S367E-06 1.2548E—-01 1.537E-06 7.791E-03
1.701159E.102 2.00000E 00 2.0011E--08 1.2266E- 06 1.2240E - 0} 12272 06 7.288E - 03
1.818539E+02 2.00000E+00 1,7232E-08 9.9608E 0T 1.1937E~0C} 9.961E~07 6.818E~03
1.944018E+02 2.00000E+00 1.4854E-08 8.0321E-07 1.1641E~0} 8.032E-07 6.378E-03
2.078156E+02 2.00000E+00 1.2818E~08 6.4839E-07 11353E-01 6.484E~07 5.966E-03
2.221548E+02 2.00000E+00 1.1073E-08 5.2398E-07 1.1071E~01 5.240E~07 5.581E-03
2.374835E+02 2.00000E+00 9.5771E—09 4.2393E-07 1.0797E-01 4.239E-07 5.221E-03
2.538699E+02 2.00000E+00 8.2925E—09 3.4337E-07 1.0531E-0t 3.434E-07 4.884E-03
2.713869E+02 2.00000E+00 7.1887E-09 2.7846E-07 1.0273E-01 2.785E—07 4.569E-03
2.901126E+02 2.00000E+00 6.2394E-09 2.2608E-07 1.0023E-01 2.261E-07 4.274E-03
3.101304E+02 2.00000E+00 5.4221E~-09 1.8379E-07 9.7822E-02 1.838E—07 3.998E~03
3.315294E+02 2.00000E+00 47179E-09 1.4959E-07 9.5498E-02 1.496E-07 3.740E-03
3.544049E+02 2.00000E+00 4.1103E-09 1.2192E-07 9.3262E-02 1.219E~07 3.498E~03
3.788588E+02 2.00000E+00 3.5857E-09 9.9493E-08 9.111SE~-02 9.949E-08 3273603
4.05000 1 E+02 2.00000E+00 3.1323E-09 8.1301E-08 8.9056E~Q2 8.130E-08 3.061E-03

4.329451E+02 2.00000E+0Q 2,7399E-09 6.6526E-08 8.7088E-02 6.653E-08 2.864E—-03
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Li Z2=3

C. T. CHANTLER

Atomic weight = 6.941000E+00 g/mol, nominal density p (g/cm®) =~ 5.3300E-01

a(bamns/atom) = w(cm?¥g) X 1.15258E+01, E(eV) w(cm?g) = fi(e/atom) X 6.06257E+06

2 edges. Edge energies (keV):

K 547500E-02 L I 5.34000E—03

Relativistic correction estimate fry (H82,3/SCL) = —9.8613E—04, —6.0000E—04 e/atom
Nuclear Thomson correction fyr = ~7.1131E—04 e/atom

E f f2 B a(coh+inc) TP X
keV e/atom e/atom cm?/g cm’/g cm?g nm
5.233200E—03 9.08733E~01 0.0000E+00 0.0000E+00 2.3914E-07 0.000E+00 2.369E+02
5.313300E—-03 8.59283E~-01 0.0000E+00 0.0000E+00 2.5404E—-07 0.000E+00 2.333E+02
5.334660E—03 8.03599E~01 0.0000E+00 0.0000E+00 2.5813E-07 0.000E+00 2.324E+02
5.366700E—03 8.56971E~01 1.0769E~-01 1.2165E+05 2.6435E-07 0.000E+00 2.310E+02
5.446800E~03 9.01968E—01 1.0987E-01 1.2230E+05 2.8041E-07 0.000E+00 2.276E+02
1.069000E—02 1.07660E+00 1.7745E—-01 1.0064E+05 4.5172E-06 0.000E+00 1.160E+02
1.14276 1 E—02 1.08752E+00 1.7721E-01 9.4014E+04 6.0216E—06 0.000E+00 {.085E+02
1.221612E—-02 1.09737E+00 1.7581E—01 8.7249E+04 8.0395E-06 0.000E+00 L.O15E+02
1.305903E—02 1.10595E+00 1.7335E—-01 8.0477E+04 1.0745E-05 0.000E+00 9.494E+01
1.396010E—-02 1.11307E+00 1.6997E—-01 7.3813E+04 1.4370E-05 0.000E+00 8.881E+01
1,492335E—02 1.11854E+00 1.6578E—~01 6.7348E+04 1.9218E-05 0.000E+00 8.308E+01
1,595306E —02 1.12215E+00 1.6092E—-01 6.1155E+04 2.5689E—05 0.000E+00 7.7726+01
1.705382E—-02 1.12376E+00 1.5551E-01 5.5284E+04 3.4304E~05 0.000E+00 7.270E+01
1.823053E~02 1.12305E+00 1.4967E—01 4.9772E+04 4.5738E—-05 0.000E+00 6.801E+01
1.948844E 02 1.11980E+00 1.4350E—-01 4.4641E+04 6.0859E—05 0.000E+00 6.362E+01
2.083314E-02 1.1 1370E+00 1.3711E-01 3.9900E+04 8.0780E-05 0.000E+Q0 5.951E+01
2.227063E-02 1.10441E+00 1.3057E—01 3.5543E+04 1.0691E—04 0.000E+00 5.567E+01
2.380730E-02 1.09140E+00 1.23%1E-0 3.1553E+04 1.4104E~04 0.000E+00 5.208E+01
2.545001E—-02 1.07404E+00 1I721E-01 2.7922E+04 1.8539E—-04 0.000E+00 4.872E+01
2.720606E—~02 1.05151E+00 1.1056E~01 2.4637E+04 2.4275E—-04 0.000E+00 4.557E+01
2.908ITR~-02. 1.02273FR+00 1 N4 E-0t 2 16R3F+04 3.1654F~-04 0 000FE+00 4.263F4+01
3.109002E~02 9.86239E--01 9.7625E—02 1.9037E404 4.{096E—04 0.000E+00 3.988E+01
3.323523E-02 9.39944E~01 9.1431E—02 1.6678E+04 53113E-04 0.000E+00 3.731E+0t
3.552846E-02 8.80803E—01 8.5462E—~(02 1.4583E+04 6.8323E-04 0.000E+00 3.490E+0]
3.797993E—-02 8.04138E—-01 7.9741E~02 1.2729E+04 8.7463E-04 0.000E+00 3.264E+01
4.060054E - 02 7.02294E—-01 7.4280E—02 1.1092E+04 1.1141E—03 0.000E+00 3.054E+01
4.340198E~02 5.61559E-01 6.9091E-02 9.6509E+03 1.4121E-03 0.000E+00 2.857E+01
4.63967 E~-Q2 3.53730E~01) 6.4175E~02 8.3856E+03 1.7806E-03 0.000E+00 2.672E+01
4.959800E - 02 4.838984E-03 59534E~-02 72770E+03 2.2337E-03 Q.000E+00 2500B+01
5.302035E~-02 —8.35477E-01 5.5164E~02 6.3076E+03 2.7875E-02 0.000E+00 2.328E+01
5.365500E-02 ~1.19807E+00 5.4412E~02 6.1482E+03 2.8982E-03 0.000E+00 2.311E+01
5.447625E-02 ~2.31019E+00 5.3466E—02 5.9501E+03 3.0453E-03 0,000E+00 2.276E+01
5.469525E~02 —3.60723E+00 5.3218E—~02 5.8988E+03 3.0852E-03 0,000E+00 2.267E+01
5.502375E~02 ~2.31071E+00 2.5879E+00 2.8513E+05 3.1456E-03 2.793E+05 2.253E+01
5.584500E-02 -~ 1.18751E+00 2.5685E+00 2.8210E+05 3.2997E-03 2,765E+05 2.220E+01
5.6678T6E~02 -7.21050E-01 2.6092E+00 2.7909E+05 3.4605E-03 2.736E+05 2ABTE+O!
6.058959E~02 2.50867E-01 2.6581E+00 2.6597E+05 4,2733E-03 2.612E+05 2.046E+01
6.477028E ~02 8.17156E-01t 2.6783E+00 2.5069E+05 5.2493E-03 2.466E+05 1.914E+01
6.923942L - 02 1.26129C+00 2.6515E+00 2.32170+05 6.4142E -03 2,286E+05 1.791E01
7.401695E~02 1.63438E+00 2.5848E+00 2L TLE+QS TI962E-03 2.087E+05 1.675E+01
7.912411E~02 [.95333E+00 2.4858E+00 1.9047E+035 9.4262E-03 1.878E+05 1.567E+01
8.458368E~02 2.22569E+00 2.3627E+00 1.6935E+05 1.1337E~02 1.671E+05 1.466E+01
9.041995E-02 2.45620E+00 2.2228E+00 1.4904E+05 1.3564E-02 1.471E+05 1.371E+01
9.665893E-02 2.64887E+00 2.0728E+00 1.3001E+05 1.6144E-02 1.283E+05 1.283E+01
1.033284E -0 2.80757E+00 1.9181E+00 1.1254E+05 1.9115E-02 L.I11E+05 . 200E+01
1.104581E-01 2.93608E+00 1.7633E+00 9.6781E+04 2.2515E-02 9.55TE+04 1.122E+0t
1.180797E~ 01 3.03823E+00 1.6120E+00 8.2763E+04 2.6385E-02 3,173E+04 1.0S0E+01
1.262272E~-01 3.11772E+00 1.4666E+00 7.0439E+04 3.0762E-02 6.957E+04 9.822E+00
1.349368E~-01 3.17802E+00 [.3290E+00 5.9708E+04 3.5683E~02 5.897E+04 9.188E+00
1.442475E-01 3.22227E+00 1.2001E+00 5.0439E+04 4.1184E-02 4,982E+04 8.595E+00
1.542005E-01 3.25329E+00 1.0806E+00 4.2485E404 4.7295E-02 4.196E+04 8.040E+00
1.648404E~01 3.27358E+00 9.7059E-01 3.5697E+04 5.4045E-02 3.526E+04 7.521E+400
1.762144E-01 3.28517E+00 8.6995E-01 2.9930E+04 6.1454E--02 2.956E+04 7.036E+00
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THEORETICAL FORM FACTOR, ATTENUATION, AND SCATTERING TABULATION FOR Z=1-92 95

Tapte 1: Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to E = 400-1000 keV — Continued.

E f f2 w (coh+ine) T A
keV e/atom e/atom cm¥/g cm¥g cm?/g nm
1.883732E—01 3.28990E+00 7.7835E~01 2.5030E+04 6.9539E—02 2.474E+04 6.582E+00
2.013709E-01 3.28929E+00 6.9532E~01 2.0934E+04 7.8307E~-02 2.067E+04 6.157E+00
2.152655E—01 3,28462E+00 6.2031E~01 1.7470E+04 8.7760E—02 1.725E+04 5.760E+00
2.301188E-01 3.27691 E+00 5.5269E-01 1.4561E+04 9.7889E~02 1.438E+04 5.388E+00
2.35Q97OE—01 3.96695E4+00 4.91R0E—011 1.2120E+04 1.0867E~01 1.197E4+04 5.040E+00
2.629708E—-01 3.25537E+00 4.3709E—01 1.0077E+04 1.2009E-0t 9.948E+03 4715E+00
2.811158E-01 3.24269E+00 3.8805E—01 8.3687E+03 1.3209E-01 8.261E+03 4.410E+00
3.005128E-01 3.22935E+00 3.4415E-01 6.9430E+03 1.4463E~01 6.854E+03 4.126E+00
3.212482E—-01 3.21568E+00 3.0493E—01 5.7546E+03 1.5765E—-01 5.680E+03 3.859E+00
3.434143E-01 3.20197E+00 2.6993E—-01 4,7653E+03 1.7108E—-01 4.703E+03 3.610E+00
3.671099E—-01 3.18842E+00 2.3873E-0! 3.9424E+03 1.8484E—-01 3.891E+03 3.377E+00
3.924405E—01 3.17518E+00 2.1095E-0t 3.2588E+03 1.9884E—-01 3.216E+03 3.159E+00
4.195189E-01 3.16239E+00 1.8625E—01 2.6915E+03 2.1298E-01 2.656E+03 2.955E+00
4.484657TE—01 3.1501LE+00 1.6430E~01 2.2210E+03 2.2717E-01 2.191E+03 2.765E+00
4.794098E-01 3.13842E+00 1.4482E-01 1.8313E+03 2.4128E-01 1.807E+03 2.586E+00
5.124891E-01 3.12734E+00 1.2754E—-01 1.5088E+03 2.5522E-01 1.488E+03 2.419E+00
5.478508E-01 3.11690E+00 1.1224E-01 1.2421E+03 2.6887E-01 1.225E+03 2.263E+00
5.856525E—-01 3.10711E+00 9.8699E—02 1.0217E+03 2.8212E-01 1.008E+03 2.117E+00
6.26062SE—0! 3.09796E+00 8.6728E—02 8.3984E+02 2.9486E-01 8.282E+02 1.980E+00
6.692609E—-01 3.08945E+00 T.6155E—-02 6.8986E+02 3.0698E—-01 6.802E+02 1.853E+00
7.154399E~01 3.08155E+00 6.6826E—02 5.6628E+02 3.1838E—-01 5.583E+02 1.733E+00
7.648052E—01 3.07424E+00 5.8603E~02 4.6455E+02 3.2897E-01 4.579E+02 1.621E+00
8.175768E - 01 3.06751C+00 5.1362C 02 3.8086L+02 3.3866C 01 3.7540+02 1.5160+00
8.739896E—01 3.06132E+00 4.4990E-02 3.1208E+02 3.4739E-01 3.076E+02 1.419E+00
9.342948E~01 3.05566E+00 3.9390E-02 2.5560E+02 3.5509E~01 2.519E+02 1.327E+00
9.987612E-01 3.05049E+00 3.4471E-02 2.0924E+02 3.6171E-01 2.062E+02 1.241E+00
{1 .0676T6E+00 3.04576E+00 2.9934E—-02 1.6997E+02 3.6721E-01 L.6T5E+02 1.I61E+00
1.141345E+00 3.04136E+00 2.5916E~02 1.3766E+02 3.7158E—01 1.356E+02 1.086E+00
1.220098E+00 3.03729E+00 2.2438E-02 1.1149E+02 3.7480E-01 1.098E+02 1.016E+00
1.304285E+00 3.03355E+00 1.9426E-02 9.0296E+01 3.7687TE—~01 8.895E+01 9.506E-01
1.39428 1 E+00 3.03015E+00 1.6819E—-02 7.3130E+01 3.7782E-01 7.204E+01 8.892E-01
1.490486E+00 3.02705E+00 1.4561E—02 3.9228E+01 3.7767E-01 5.834E+01 8.318E—01
1.593329E+00 3.02425E+00 1.2607E~02 4.7968E+01 3.7646E—01 4.725E+01 7.781E-01
1.703269E+00 3.02172E+00 1.0915E-02 3.8850E+01 3.7425E-01 3.826E+01 7.279E-01
1.820795E+00 3.01943E+00 9.4497E—-03 3.1464E+01 3.7109E-01 3.099E+01 6.809E—01
1.946430E+00 3.01738E+00 8.1814E~03 2.5483E+01 3.6706E—01 2.509E+01 6.370E—01
2.080733E+00 3.01553E+00 7.0833E~03 2.0638E+01 3.6223E-01 2.032E+01 5.959E-01
2.224304E+00 3.01387E+00 6.1326E—03 1.6715E+01 3.5668E~01 1.646E+01 5.574E-01
2.377781E+00 3.01238E+00 5.3094E-03 1.3537E+01 3.5050E~01 1.333E+401 5.214E-0t
2.541848E+00 3.01105E+00 4.5965E-03 1.0963E+01 3.4376E-01 1.079E+01 4 87BE~01
2.717235E+00 3.00986E+00 3.9792E-03 8.8782E+00 3.3657E~01 8.742E+00 4.563E-01
2.904724E+00 3.00881E+00 3.4448E-03 7.1897E+00 3.2900E~01 7.080E+00 4.268E—01
3.1051S0E+00 3.00786E+00 2.9684E-03 5.7955E+00 3.2114E-01 5.707E+Q0 3.993E~-01
3.319406E+00 3.00699E+00 2.5468E-03 4.6515E+00 3.1308E-01 4.580E+00 3.735E-01
3.548445E+00 3.00621E+00 2.1851E-03 3.7333E+00 3.0489E-01 3.676E+00 3.494E-01
3.793288E+00 3.00552E+00 1.8748E—-03 2.9963E+00 2.9665E-0! 2.950E+00 3.269E-01
4.055024E+00 3.00490E+00 1.6085E—03 2.4048E+00 2.8842E-01 2.368E+00 3.058E~01
4.334821E+00 3.00435E+00 1.3801E-03 1.9301E+00 2.8028E-01 1.900E+00 2.860E-01
4.633924E+00 3.00385E+00 1.1841E—~03 1.5491E+00 2.7227E-01 1.525E+00 2.676E-01
4.953664E+00 3.00341E+00 1.0159E~-03 1.2433E+00 2.6445E~01 1.224E+00 2.503E-01
5.295467TE+00 3.00302E+00 8.7162E~04 9.9788E-01 2.5685E-01 9.825E-01 2.341E-01
5.660855E+00 3.00268E+00 7.4783E~04 8.0090E-01 2.4952E-01 7.886E-01 2.190E-01
6.051453E+00 3.00237E+00 6.4162E—04 6.4280E-0} 2.4249E~01 6.329E-01 2.049E-01
6.4GH004T+00 3.00210C+00 5.5050C 04 51591501 2.3578E—01 5.080E—01 19175 01
6.915365E+00 3.00186E+00 47232E~04 4.1407E-01 2.2941E~01 4,077E~01 1.793E-01
7.392525E+00 3.00164E+00 4.0524E-04 3.3233E-0t 2.2339E-01 3.272E-0t 1.677E—0t
7.902609E+00 3.00145E+00 3.4768E~04 2.6673E-01 21772E-0) 2.626E—-01 1.569E~01
8.447890E+00 3.00128E+00 2.9831E~04 2.1408E~-01 21241E-01 2108E~0L 1.468E~01
9.030794E+00 3.00113E+00 2.5574E-04 1.7168E-01 2.0745E-01 1.690E~01 1.373E~01
9.653919E+00 3, 00100E+00 2.1863E-04 1.3730E-01 2.0284E-01 1.352E-01 1.284E-01
1.032004E+01 3.00088E+00 1.8691E-04 1.0980E-01 1.9857E-01 1.081E~01 1.201E-01
1.103212E+01 3.00078E+00 1.5979E-04 8.7811E-02 1.9461E~-0! 8.643E—02 1. 124E—-01
1.179334E+0! 3.00069E+00 1.3661E-04 7.0225E-02 1.9097E-01 6.912E-02 1.051E-01
1.260708E+01 3.00061 E+00 1.1679E-04 5.6161E-02 1.8761E-01 5.527E-02 9.834E~02

1.347697E+01 3.00053E+00 9.9841E-05 44913E-02 1.8453E~01 4.420E-02 9.200E-02
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TasLE 1: Form factors, attenuation and scattering cross-sections, Z = 92, from £ = 0.001-0.010 keV to £ = 400-1000 keV — Continued.

E fi fa n o(coh+inc) MK A
keV e/atom e/atom cm?g cm¥g cm¥g nm
1.440688E+01 3.00047E+00 8.5355E—-05 3.5918E—-02 1.8169E—-01 3.535E-02 8.606E—02
1.540095E+01 3.00042E+00 7.2971E-05 2.8725E-02 1.7908E-0! 2.827E—~02 8.050E—02
1.646362E+01 3.00037E+00 6.2383E-05 2.2972E-02 1.7668E~01 2.260E—02 7.531E—02
1.759961E+01 3.00032E+00 5.3332E—-05 1.8371E-02 1.7445E—-01 1.808E—~02 7.045E-02
1.881398E+01 3.00028E+00 4.5594E-05 1.4692E—02 1.7240E—-01 1.445E-02 6.590E—02
2.011215E+0! 3.00025E+00 3.8979E-0S5 1.1750E-02 1.7048E—-0! {.156E—-02 6.165E-02
+ 2.149988E+01 3.00022E+00 3.3323E-05 9.3966E—03 1.6868E—01 9.243E—-03 5.767TE-02
2.298338E+01 3.00019E+00 2.8488E—05 7.5147E-03 1.6698E—-01 7.392E-03 5.395E-02
2.456923E+01 3.00017E+00 2.4355E-05 6.0097E—03 1.6537E—0! S911E-03 5.046E—02
2.626450E+01 3.00015E+00 2.0857E-05 4.8144E-03 1.6382E—01 4.735E~-03 4721E-02
2.807676E+01 3.00013E+00 1.7837E-05 3.8515E-03 1.6232E—01 3.788E-03 4.416E—-02
3.001405E+01 3.00012E+00 1.5245E-05 3.0794E-03 1.6086E~01 3.028E—03 4.131E-02
3.208502E+01 3.00010E+00 1.3030E—-05 2.4621E-03 1.5941E-01 2.421E—-03 3.864E—-02
3.420889E+01 3.00009E+00 1.1137E-05 1.9686E~03 1.5797E-01 1.935E~-03 3.615E—02
3.66655E+01 3.00008E+00 9.5189E-06 1.5739E—03 1.5653E—01 1.547E—03 3.381E-02
3.919543E+01 3,00007E+00 8.1358E—-06 1.2584E~03 1.5507E-01 1.237E-03 3.163E~02
4.189992E+01 3.00006E+00 6.9538E—-06 1.0062E—-03 1.5360E—-01 9.887E—-04 2.959E-02
4.472101E+01 3.00005E+00 5.9434E-00 8.044GE—04 1.5209E-01 T.904E—04 2.768E—02
4.788159E+01 3.00005E+00 5.0799E~06 6.4319E—04 1.5055E-01 6.319E—04 2.589E~02
5.118542E+01 3.00004E+00 4.3418E—06 5.1426E—-04 1.4897E—01 5.052E-04 2.422E-02
5.471721E+01 3.00004E+00 3.7110E~06 4.1117E-04 1.4734E-01 4.039E~04 2.266E~02
5.849270E+Q1 3.00003E+00 3.1718E~06 3.2875E-04 1.4566E~01 3.229E—04 2.120E~02
6.252870E+01 3.00003E+00 2.7110E-06 2.6285E-04 1.4394E-01 2.581E-04 1.983E-02
6.684318E+01 3.00002E+00 23171E-06 2.1016E-04 1.4216E—01 2.063E-04 1.855E-02
7.145536E+01 3.00002E+00 1.9805E—-06 1.6803E—-04 1.4033E—01 1.650E—04 1.735E~02
7.638578E+01 3.00002E+00 1.6927E-06 1.3435E—-04 1.3845E-01 1.319E-04 1.623E-02
B.165640E+01 3. 00002E+00 1.44068E—U6 1.0742E-04 1.3652E—~01 1.054E—04 1.918E~02
8.729069E+01 3.00001E+00 1.2366E-06 8.5885E~05 1.3454E-0] 8.428E~05 1.420E-02
9.331374E+01 3.00001E+00 1.0S69E~06 6.8669E~-05 {.3251E~01 6.738E~05 1.329E—-02
9.975239E+01 3.00001E+00 9.0339E-07 5.4904E—05 1.3043E—-01 5.386E~05 1.243E—02
1.066353E4+02 3.00001E+00 7.7214E~07 4.3800E—-05 1.2832E-01 4,306E—-05 1.163E—-02
1.139931E+02 3.00001 E+00 6.5996E-07 3.5099E~05 1.2616E~01 3.442E—-05 1.088E—02
1.218587E+02 3.00001 E+00 5.6408E~07 2.8064E 05 1.2396E~01 2.752E~05 [.017E—-02
1.302669E+02 3.00001 E+00 4.8213E~07 '2.2438E-05 1.2173E—-01 2.200E-05 9.518E~03
1.392553E+02 3.00001E+00 4.1209E-07 1.7941E~05 1.1947E~01 1.759E~05 8.903E-03
1.488640E+02 3.00001E+00 3.5222E-0Q7 1.4344E-05 1.1718E-0t 1.406E—05 8.329E-03
1.591356E+02 3.00000E+00 3.0105E—-07 1.1469E—-05 1.1487E—~01 1.124E—-05 7.791E-03
1.701159E+02 3.00000E+00 2.5732E-07 9.1702E—-06 1.1254E~0{ 8.986E—06 7.288E—03
1.818539E+02 3.00000E+00 2.1993E~-07 7.332tE—-06 1.1019E-01 7.184E—-06 6.818E—~03
1.944018E+02 3.00000E+00 1.8798E—-07 5.8624E—-06 1.0783E~01 5.743E—06 6.378E-03
2.078156E+02 3.00000E+00 1.6067TE—-07 4.6873E-06 1.0547E-01 4.591E—-06 5.966E—-03
2.221548E+02 3.00000E+00 1.3733E-07 3.7478E-06 1.0310E-01 3.670E—-06 S5.581E—~03
2.374835E+02 3.00000E+00 1.1738E-07 2.9966E—-06 1.0073E-01 2.934E-06 5.221E-03
2.538699E+02 3.00000E+00 1.0033E-07 2.3959E-06 9.8358E-02 2.346E-06 4.384E-03
2.713869E+02 3.00000E+00 8.5755E-08 1.9157E—06 9.5996E~02 1.875E—06 4.569E—-03
2.901126E+02 3.00000E+00 7.3297E-08 L.5317E-06 9.3644E-02 1.499E-06 4.274E—-03
3.101304E+02 3.00000E+00 6.2649E~08 1.2247E-06 9.1304E-02 1.198E~06 3.998E—03
3.315294E+02 3.00000E+00 5.3548E-08 9.7922E-07 8.8979E-02 9.581E~07 3.740E—03
3.544049E+02 3.00000E+00 4.5770E-08 7.8295E-07 8.6673E~-02 7.660E~-07 3.498E-03
3.788588E+02 3.00000E+00 39121E-08 6.2602E-07 8.4389E~02 6.123E~07 3.273E-03
4.050001E+02 3.00000E+00 3.3438E-08 5.0054E~07 8.2127E~02 4.895E—07 3.061E—-03
4.329451E+02 3.00000E+00 2.8581E~08 4.0022E-07 7.9892E 02 3913E-07 2.864E—03
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Z2=03
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THEORETICAL FORM FACTOR, ATTENUATION, AND SCATTERING TABULATION FOR Z=1-92 99

Be Z=4

Atomic weight = 9.012180E+00 g/mol, nominal density p (g/em’) = 1.8450E+00
aqbamy/atom) = pcm¥g) X 1.49651E+01, E(eV) pcm’/g) = fae/atom) X 4.66927E+06
2 edges. Edge energies (keV):

K 1.11000E—01 L I 8.42000E-03

Relativistic correction estimate fr (H82,3/5CL) = —1.7882E—03, —6.0000E—04 e/atom
Nuclear Thomson correction fur = —9.7394E—04 e/atom

E h f2 n a(coh+inc) [Ty A
keV e/atom e/atom cmY g cm¥ g cmY, g nm
8.251600E—03 1.55864E+00 0.0000E+00 0.0000E+00 3.7164E-05 0.000E+00 [.503E+02
8.377900E—03 1.50947E+00 0.0000E+00 0.0000E+00 3.9696E 05 0.000E+00 1.480E+02
8.411580E—03 1.45794E+00 0.0000E+00 0.0000E+00 4.0392E~05 0.000E+00 1.474E+02
8.462100E—03 1.50266E+00 9.7318E-02 5.3699E+04 4.1457E—08 0.000E+00 1.465E402
8.588400E—03 1.53756E+00 1.0286E~01 5.5921E+04 4.4188E—05 0.000E+00 1.444E+02
1.069000E—02 1.58480E+00 2.1247E-01 9.2803E+04 1.1073E~04 0.000E+00 1.160E+02
1.142761E—-02 1.60258E+00 2.4694E—01 1.0090E+05 1.4508E—04 0.000E+00 1.085E+02
1.221612E—-02 1.62546E+00 2.7870E—-01 1.O653E+05 1.8921E-04 0.000E+00 1.015E+02
1.305903E~02 1.65269E+00 3.0660E—-01 1.0962E+05 2.4559E-04 0.000E+00 9.494E+01
1.396010E—02 1.68318E+00 3.2988E—01 1.1034E+05 3.1727E-04 0.000E+00 8.881E+01
1.492335E-02 1.71575E+00 3.4820E-0! 1.0895E+05 4.0794E-04 0.000E+00 8.308E+01
1.595306E—02 1.74924E+00 3.6151E~01 . 1.0581E+05 5.2203E-04 0.000E+00 7.772E+01
[.705382E—-02 1.78263E+00 3.7006E—01 1.0132E+05 6.6485SE—04 0.000E+00 7.270E+01
1.823053E—~02 1.81506E+00 3.7426E-01 9.5856E+04 8.4272E-04 0.000E+00 6.801E+01
1.948844E-02 1.84585E+00 3.7463E-01 8.9757E+04 1.0631E—03 0.000E+00 6.362E+0t
2.083314E-02 1.87451E+00 3.7173E-01 8.3316E+04 1.3348E—03 0.000E+00 5.951E+01
2.227063E—02 1.90068E+00 3.6615E-01 7.676TE+04 1.6680E—03 0.000E+00 5.567E+01
2.380730E—-02 1.92412E+00 3.5841E-01 7.0294E+04 2.0745E~03 0.000E+00 5.208E+01
2.545001E—02 1.94468E+00 3.4900E~01 6.4030E+04 2.5680E—03 0.000E+00 4.872E+01
2.720606E—02 1.96230E+00 3.3833E-01 5.8066E+04 3.1640E—03 0.000E+00 4.557E+01
2.908327E—-02 1.97692E+00 3.2677E-0l 5.2462E+04 3.8801E~-03 0.000E+00 4.263E+01
3.109002E—02 1.98850E+00 3.1461E-01 4.7249E+04 4.7363E-03 0.000E+00 3.988E+01
3.323523E-02 1.99700E+00 3.0208E-01 4.2439E+04 5.7547E-03 0.000E+00 3.731E+01
3.552846E~02 2.00234E+00 2.8933E-01 3.8024E+04 6.9600E~03 0.000E+00 3.490E+01
3.797993E~02 2.00432E+00 2,7642E-01 3.3983E+04 8.3792E-03 0.000E+00 3.264E+01
4.060054E—02 2.00267E+00 2.6351E~01 3.0305E+04 1.0042E-02 0.000E+00 3.054E+01
4.340198E—02 1.99706E+00 2.5070E-01 2.6970E+04 1.1981E~02 0.000E+00 2.857E+01
4.639671E—02 1.98704E+00 2.3807E-01 2.3959E+04 1.4229E-02 0.000E+00 2.672E+01
4.959809E—02 1.97202E+00 2.2569E-01 2.1247E+04 1.6824E-02 0.000E+00 2.500E+01
5.302035E—-02 1.95120E+00 2.1360E-01 [.8811E+04 1.9805E-02 O.000F+00 2.338E+01
5.667876E—02 1.92346E+00 2.0184E~01 1.6628E+04 2.3211E-02 0.000E+00 2.187E+01
6.058959E—02 1.88729E+00 1.9044E-01 1.4676E+04 2.7084E-02 0.000E+00 2.046E+01
6.477028E—-02 1.84054E+00 1.7941E~01 1.2933E+04 3.1465E~02 0.000E+00 1.914E+01
6.923942E—-02 1.78009E+00 1.6876E~01 1.1381E+04 3.6398E~02 0.000E+00C 1.791E+01
7.401695E—02 1701 24E4+00 1.5851E-01 9.9991E+03 4.1925E-02 0.000E+00 1.675E+01
791241 1E~02 1.59647TE+00 1.4865E~01 8.7723E+03 4.8085E~02 0.000E+00 1.567E+01
8.458368E~02 1.45290E+00 1.3921E-01 7.6847E+03 S5.4919E-02 0.000E+00 1 .466E+01
9.041995E~02 1.24579E+00 1.3017E~0l 6.7220E+03 6.2460E-02 0.000E+00 1.371E+01
9 AESROIF -0 Q. 1R710E-01 1.2155E-01 5.8715E+02 7.0743L 02 0.000E+00 1.283E+0Q}
1.033284E~0! 2.91953E-01 1.1333E-01 S.1214E+403 7.9795E-02 0.000E+00 1.200E+0!
1.087800E—-01 —1.10059E+00 1.0728E-01 4.6051E+03 8.7308E-02 0.000E+00 1.140E+01
1.10458 1 E-0t —2.81138E+00 1.0553E-01 4.4610E+03 8.9636E~-02 0.000E+00 1.122E+01
1.108890E-01 —4.79732E+00 1.0509E-01 4.4250E+03 9.0236E-02 0.000E+00 1.118E+0]
1.115550E-01 —2.70425E+00 4.0732E+00 1.7049E+05 9.1162E-02 {.661E+0S L ITTE+O1
1.132200E-01 —8.67705E-01 4.0070E+C0 1.6525E+05 9.3483E-02 1.610E+05 1.095E+01
1.180797E-01 7.43908E-01 3.8249E+00 1.5125E+05 1.0028E-01 1.474E+05 1.050E+01
1.262272E~01 1.85031E+00 3.5508E+00 1.3135E+05 1.1175E-01 1.280E+05 9.822E+00
1.349368E~01 2.50334E+00 3.2850E+00 1.1367E+05 1.2402E-01 1.107E+05 9.188E+00
1.442475E-01 2.95829E+00 3.0279E+00 9.8012E+04 1.3710E~01 9.548E+04 8.595E+00
1.542005E-01 3.29619E+00 2.7813E+00 8.4219E+04 1.5097E-01 8.202E+04 8.040E+00
1.648404E-01 3.55465E+00 2.5461E+00 7.2122E+04 1.6560E-01 7.024E+04 7.521E+00
[.762144E-01 3.75464E+00 2.3237E+00 6.1572E+04 1.8094E-01 5.997E+04 7.036E+00
1.883732E-01 3.90990E+00 2.1 149E+00 5.2422E+04 1. 9695E-01 5.106E+04 6.582E+00
2.012709E~01 4.03003E+00 1.9199E+00 1 4519E+04 2.1357E-01 4.336E+04 6.157E+00
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TaBLE 1. Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to E = 4001000 keV — Continued.

E fi 12 I a(coh+inc) [T A
keV e/atom e/atom cm?g cm¥/g cm¥g nm
2.152655E—-01 4.12212E+00 1.7389E+00 3.7718E+04 2.3073E-01 3.674E+04 5.760E+0C
2.301188E—-01l 4.19162E+00 1.5715E+00 3.1887E+04 2.4834E-01 3.106E+04 5.388E+00
2.459970E—-01 4.24285E+00 1.4173E+00 2.690ZE+04 2,003 IE—01 2.621E+04 3.040E+00
2.629708E—-01 4.27928E+00 1.2758E+00 2.2654E+04 2.8456E—-01 2.207E+04 4.715E+00
2.811158E-~01 4.30376E+00 1.1464E+00 1.9042E+04 3.0296E~-01 1.855E+04 4.410E+Q0
3.005128E-01 4.31861E+00 1.0285E+00 1.5980E+04 3.2140E-01 1.556E+04 4.126E+00
3.212482E-01 4.32576E+00 9.2117E-01 1.3389E+04 3.3977E-01 1.304E+04 3.859E+00
3.434143E-01 4.32684E+00 8.2386E—01 1.1202E+04 3.5794E-01 1.091E+04 3.610E+00
3.671099E-01 4.32314E+00 7.3579E—01 9.3585E+03 3.7578E-01 9.113E+03 3.377E+00
3.924405E-01 4.31578E+00 6.5626E—01 7.8082E+03 3.9318E—-01 7.603E+03 3.159E+00
4.195189E-01 4.30567E+00 5.8459E—-01 6.5065E+03 4.1000E-01 6.335E+03 2.955E+00
4.484657TE—01 4.29356E+00 5.2011E~01 5.4152E+03 4.2612E-01 5.272E+03 2.765E+00
4.794098E—01 4.2800SE+00 4.6212E—0t 4.5008E+03 4.4144E~01 4.381E+03 2.586E+00
5.124891E—01 4.26557TE+00 4,1004E-01 3.7359E+03 4.5582E-01 3.636E+03 2.419E+00
5.478508E—-01 4.25050E+00 3.6339E-01 3.0971E+03 4.6918E—01 3.014E+03 2.263E+00
5.856525E 01 4.23517E+00 3.2168E—01 2.5647E+03 4.8142E—01 2.495E+03 2.117E+00
6.260625E-01 4.21985E+00 2.8447E~01 2.1216E+03 4.9245E-01 2.064E+03 1.980E+00
6.692609E~01 4.20476E+00 2.5134E—-01 1.7535E+03 5.0221E-01 [.705E+03 1.853E+00
7.154399E~01 4.19008E+00 2.2187E-01 1.4481E+03 5.1062E~01 1.408E+03 1.733E+00
7.648052E 01 4.17592E+00 1.9572E~01 1.1949E+03 5.1766E~01 1.162E+03 1.621E+00
8.175768E—-01 4.16240E+00 1.7254E—-01 9.8537E+02 5.2328E-0! 9.577TE+02 1.516E+00
8.739896E—~ 01 4.14957E+00 1.5201E-01 8.1210E+02 5.2746E-01 T.891E+02 1.419E+00
9.342948E~01 4.13749E+00 1.3385E—-01 6.6896E+02 5.3020E—-01 6.498E+02 1.327E+00
9.987612E—~01 4.12618E+00 1.1782E-01 5.5081E+02 5.3152E-01 5.349E+02 1.241E+00
1.067676E+00 4.11586E+00 1.0297E—01 4.5031E+02 5.3143E-01 4.373E+02 1.161E+00
1.141345E+00 4.10588E+00 8.9977E-02 3.6810E+02 5.2997E—-01 3.575E+02 1.086E+00
1.220098E+00 4.09645E+00 7.8625E—02 3.0090E+02 5.2718E-01 2.922E+02 1.016E+00
1.304285E+00 4.08767E+00 6.8705E-02 2.4596E+02 5.2313E-01 2.388E+02 9.506E—01
1.394281E+00 4.07955E+00 6.0037E—-02 2.0106E+02 5.1788E—-01 1.952E+02 8.892E-01
1.490486E+00 4.07207E+00 5.2463E~02 1.6435E+02 5.1152E-01 1.596E+02 8.318E—01
1.593329E+00 4.06521 E+00 4.5844E-02 1.3435E+02 5.0412E-01 1.305E+02 7.781E~01
1.703269E+00 4.05894E+00 4.0060E—02 1.0982E+02 4.9577E-01 1.066E+02 7.279E-01
1.820795E+00 4.05324E+00 3.5006E—02 8.9769E+01 4.8658E-01 8.717E+01 6.809E—0t
1.946430E+00 4.04805E+00 3.0589E~02 7.3380E+01 4.7664E—01 7.125E+01 6.370E—-0!
2.080733E+00 4.04336E+00 2.6730E—-02 5.9983E+01 4.6604E—-01 5.824E+01 5.959E-01
2.224304E+00 4.03909E+00 2.3204E-02 4.8710E+01 4.5491E-01 4.729E+01 5.574E-01
2.377781E+00 4.03518E+00 2.0139E—-02 3.9548E+01 4.4332E-01 3.838E+01 5.214E-01
2.341848E+00 4.03162E+00 1.7480E—02 3.2110B+01 4.3139E—01 3.116E+0t 4.878E—01
2.717235E+00 4.02839E+00 L3ITIE-02 2.6070E+01 4,1920E-01 2.529E+01 4.563E~01
2.904724E+00 4.02551E+00 1.3168E~02 2.1167E+0] 4,0686E—01 2.053E+01 4268E—-01
3.105150E+00 4.02306E+00 1.1388E-02 1.7124E+01 3.9444E-01 1.661E+01 3.993E~01
3.319406E+00 4.02063E+00 9.8151E~03 1.3806E+01 3.8204E-01 1.339E+01 3.735E-01
3.548445E+00 4.01844E+00 8.4596E—-03 1.1132E+0] 3.6973E-01 1.O79E+01 3.494E-01
3.793288E+00 4.01646E+00 7.2914E-03 8.9752E+00 3.5757E-01 8.699E+00 3.269E-01
4.055024E+00 4.01468E+00 6.2835E-03 7.2353E+00 3.4563E-01 7.012E+00 3.058E-01
4.334821E+00 4.01308E+00 5.4148E-03 5.8325E+00 3.3397E-01 5.653E+00 2.860E—-01
4.633924E+00 4,01 165E+00 4.6662E—03 4.7018E+00 3.2264E-01 4.557E+00 2.676E-01
4.953664E+00 4.01037E+00 4.0211E~03 3.7902E+00 3.1167E-01 3.673E+00 2.503E-01
5.295467TE+00 4.00923E+00 3.4651E-03 3.0554E+00 301IE-OI 2.961E+00 2.341E-01
5.660855E+00 4.00820E+00 2.9861E~03 2.4630E+00 2.9098E-01 2.387E+00 2.190E—01
6.051453C+00 4.00725C+00 2.57320 03 1.9855C+00 2.8130C 01 1.924E+400 2.0490E—-01
6.469004E+00 4.00647E+00 2.2175E-03 1L.600GE+00 2.7209E-01 1.551E+00 1.917E-01
6.915365E+00 4.00574E+00 1.9109E~-03 1.2903E+00 2.6336E-0! 1.250E+00 1.793E~01
7.392525E+00 4.00510E+00 1.6467E—-03 1.0401 E+00 2.5511E-01 1.008E+00 1.677E-01
7.902609E+00 4.00452E+00 1.4191E-03 8.3845E~01 2.4735E-01 8.126E—-01 1.569E~-01
8.447890E+00 4.00401E+00 1.2229E-03 6.7590E—-01 2.4006E—01 6.550E—01 1 .468E—01
9.030794E+00 4.00356E+00 1.0525E~-03 5.4417E-0] 2.3323E~01 5.274E-01 1.373E-01
9.653919E+00 4.00316E+00 9.0177E~04 4.3616E-01 2.2687E~01 4.226E-01 [.284E~01
1.032004E+01 4.00280E+00 7.7264E~04 3.49S8E~01 2.2094E-01 3.387E-01 1.201E~01
1.103212E+01 4.00248E +00 6.6200E—04 2.8019E~0! 2.1543E-0! 2.714E-0t 1.124E-01
1.179334E+01 4.00219E+00 5.6721E—04 2.2457E-01 2.1032E-01 2.175E-01 [.0O51E-01
1.260708E+01 4.00194E+00 4.8599E-04 1 8000E—0C1 2.0559E-01 1.743E-01 9.834E-02
1.347697E+01 4.001 71E+00 4.1640E-04 1.4027E-01 2.0122E-01 1.397E-01 9.200E-02
1,440688E+01 4.00151E+00 3.5677E-04 1.IS63E-01 1.9717E-0] 1.120E-01 8.606E—02
1.540095E+01 4,001 4E+0) 20S69E—-04 9.2679E-02 1.9343E-01 8.973E-02 8.050E—02
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THEORETICAL FORM FACTOR, ATTENUATION, AND SCATTERING TABULATION FOR Z=1-92 101

TasLE |: Form factors, attenuation and scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to £ = 4001000 keV — Continued.

E fi f n o(coh+inc) i A
keV e/atom e/atom cm’/g cm¥g cm¥g nm
1.6463G2E+01 4.00118E+00 2.6192E—04 7.4282E—02 1.8997E—01 7.191E—02 7.531E—02
1.759961E+01 4.00104E+00 2.2441E-04 5.9538E—02 1.8677E~01 5.763E—02 7.045E—02
1.881398E+01 4.00092E+00 1.9228E-04 4.7720E-02 1.8379E-01 4.619E-02 6.590E—02
2.011215E+01 4.0008 1 E+00 1.6475E-04 3.8248E-02 1.8102E—-01 3.701E-02 6.165E—02
2.149988E+01 4.00072E+00 1.4116E~04 3.0656E-02 1.7844E—-01 2.966E—-02 5.7167E—02
2.298338E+401 4.00063E+00 1.2094E-04 2.4571E-02 1.7602E—0t 2.377E-02 5.395E—-02
2.456923E+01 4.00056E+00 1.0363E—04 1.9694E—-02 1.7373E-01 1.905E—-02 5.046E—02
2.626450E+01 4.00049E+00 8.8788E—05 1.5785E-02 1.7157E-01 1.527E-02 4.721E-02
2.807676E+01 4.00043E+00 7.5940E—-05 1.2629E-02 1.6951E—-01 1.221E-02 4.416E—02
3.00140SE+01 4.00038E+00 6.491SE~05 1.0099E~-02 1.6752E~01 9.764E-03 4.131E-C?
3.208502E+01 4.00034E+00 5.5490E—05 8.0753E-03 1.6561E~01 7.806E-03 3.864E—-02
3.429889E+01 4.00030E+00 4.7433E-05 6.4573E-03 1.6374E~01 6.240E—~03 3.615E-02
3.666551E+01 4.00026E+00 4.0546E~05 5.1635E~03 1.6192E~01 4.989E~-03 3.381E-02
3.019543E+0] 4.00023E+00 3.1660E 05 4,1289E-03 1.6011E—01 3.988E—-02 3.163E—-02
4.189992E+01 4.00020E+00 2.9628E—-05 3.3017E-03 1.5833E—01 3.188E-03 2.959E-02
4479101E+01 4.00018E+00 2.5326E~05 2.6401E-03 [.5654E—01 2.549E-03 2.768E—-02
4,788159E+01 4.00016E+00 2.1649E-05 2.1112E-03 1.5475E-01 2.038E-03 2.589E~02
5.118542E+01 4.00014E+00 1.8512E-05 1.6887E~-03 1.5295E—01 1.629E-03 2.422E-02
5.471721E401 4.00012E+00 1.5845E—-05 1.3522E~-03 1.5113E~01 1,304E-03 2.266E—02
5.849270E+401 4,0001 1 E+00 1.3563E-05 1,0827E—-03 1.4928E~01 1.044E-03 2.120E-02
6,252870E+01 4.00009E+00 1.1610E—-05 8.6693E—04 1.4741E-01 8.360E—04 1.983E—02
6.684318E+01 4.00008E+00 9.9374E-06 6.9417E—04 1.4550E—01 6.692E—04 1.855E—02
7.145536E+01 4,00007E+00 8.5061E—06 5.5584E—04 1.4357E-01 5.358E—04 1.735E-02
7.638578E+01 4.00006E+00 7.2810E—-06 4.4507E—04 1.4159E-01 4.280E-04 1.623E-02
8.165640E+01 4.00006E+00 6.2323E-06 3.5638E—04 1.3958E—-01 3.434E-04 1.518E—-02
8.729069E+01 4.00005E+00 5.3347E-06 2.8536E-04 1.3753E~-01 2.749E-04 1.420E—02
9.331374E+01 4.00004E+00 4.5664E—06 2.2849E-04 1.3544E-01 2.201E—04 1.329E-02
9.975239E+01 4.00004E+00 3.9087E-06 1.8296E—-04 1.3332E-01 1.762E~04 1.243E-02
1.066353E+02 4.00003E+00 3.3457E-06 1.4650E—04 1.3116E~-01 1. 410E~04 1LI63E~02
1.139931E+02 4.00003E+00 2.8639E~-06 1.1731E-04 1.2896E~01 1.129E-04 1.088E—02
1.218587E+02 4.00003E+00 2.4514E~06 9.3931E~05 1.2674E~01 9.038E-05 1.017E-02
1.302669t+02 4.00002E+00 2.0984E-06 7.5214E-05 1.2448E-01 7.235E-05 9.518E—-03
1.392553E+02 4.00002E+00 1.7962E~06 6.0226E—-05 1.2220E~01 5.792E-05 8.903E—-03
1.488640E+02 4.00002E+00 1.5375E~06 4.8225E-05 1.1989E~01 4.637E~05 8.329E~03
1.591356E+02 4,00002E+00 1.3161E~06 3.8615E—-05 1.1756E~01 3.712E-05 7.791E—~03
1.701159E+02 4,00001 E+00 1.1265E—06 3.0920E—05 1.1522E—01 2972E- 05 7,288 - 03
1.818539E+02 4,00001E+00 9.6428E—07 2.4759E~05 1.1286E~01 2.379E-05 6.818E—03
1.944018E+02 4.00001E+00 8.2541E-07 1.9825E-05 1.1048E—-01 1.90SE-05 6.378E—03
2.078156E+02 4.00001E+00 7.0654E-07 1.5875E—-05 1,0810E-01 1.525E-05 5.966E~03
2.221548E+02 4,00001E+00 6.0479E—-07 1.2712E-05 1.0571E-01 1.221E-05 5.58E—03
2.374835E+02 4.00001E+00 S.1770E-07 1.0179E-05 1.0332E-01 9.771E—-06 5.221E—03
2.538699E+02 4.00001E+00 4.4314E—-07 8.1504E-06 1.0093E-01 7.823E-06 4.884E—03
2.713869E+02 4.00001E+00 3.7933E—-07 6.5264E—-06 9.8543E-02 6.262E-06 4.569E—-03
2.901126E+02 4.00000E+00 3.2470E—-07 5.2259E-06 9.6164E—-02 5.013E-06 4.274E—-03
3.101304E+02 4.00000E+00 2.7794E-07 4,1846E~-06 9.3795E~02 4.013E~06 3.998E—-03
3.315294E+02 4.00000E+00 2.3792E-07 3.3508E~06 9.1439E-02 3.213E-06 3.740E-03
3.544049E+02 4.00000E+00 2.0366E-07 2.6832E—-06 8.9098E--02 2.572E-06 3.498E~03
31.788588E+02 4.00000E+00 1.7433E-07 2.1485E-06 8.6776E~-02 2.059E-06 3.273E-03
4.050001E+02 4.00000F+00 1.4923F—-07 L 104F — 06 R ALTAE ~02 1 .648E 06 20ALE-03

4.329451E+02 4.00000E+00 1.2774E-07 1.3776E~06 8.2195E-02 1.320E-06 2.864E-03
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B Z=5

C. T. CHANTLER

Atomic weight = 1.081000E+01 g/mol, nominal density p (g/cm’®) = 2.3400E+00

wa(bams/atom) = p(cm?¥/g) X 1.79504E+01, E(eV) micm¥/g) = fa(e/atom) X 3.89272E+06

3 edges. Edge energies (keV):

J. Phys. Chem. Ref. Data, Vol. 24, No. 1, 1995

K 1.88000E-01 L 1 1.34700E~02 L I 4.70000E-03
* Relativistic correction estimate fry (H82,3/5CL) = —2.8487E—03, —1.2000E—~03 e/atom
Nuclear Thomson correction fyr = ~1.2687E—03 e/atom
E fi f2 w a(coh+ing) 17 A
keV ¢/atom e/atom cm¥/g em?/g cm’/g nm
4.606000E—03 8.03768E—01 0.0000E+00 0.0000E+00 6.1552E-05 0.000E+00 2.692E+02
4.676500E—03 3.03582E—-0! 0.0000E+00 0.0000E+00 6.5531E—05 0.000E+00 2.651E+02
4.695300E—03 —2.92582E-01 0.0000E+00 0.0000E+00 6.6621E—05 0.000E+00 2.641E+02
4.723500E—03 3.23173E-01 1.1721E+00 9.659 1 E+05 6.8281E-05 0.000E+00 2.625E+02
4.794000E—03 8.61328E~01 1.1548E+00 9.3769E+05 7.2554E—05 0.000E+00 2.586E+02
1.069000E ~02 2.36087E+00 6.3908E—01 2.3272E+05 1.3920E-03 0.000E+00 1.160E+02
1.142761E—02 2.37363E+00 6.0622E—-01 2.0650E+05 1.7295E-03 0.000E+00 1.085E+02
1.221612E-02 2.37133E+00 5.7327E~01 1.8267E+05 2.1398E-03 0.000E+00 [.01SE+02
1.305903E—-02 2.33137E+00 5.4038E-01 1.6 108E+05 2.6362E-03 0.000E+00 9.494E+01
1.320060E—02 2.31282E+00 5.3508E—-01 1.5779E+05 2.7255E—03 0.000E+00 9.392E+01
1.340265E~02 2.25109E+00 5.2763E~01 1.5325E+05 2.8559E~03 0.000E+00 9.251E+01
1.345653E—-02 2.18102E+00 5.2567E~01 1.5207E+05 2.8913E-03 0.000E+00 9.214E4+01
1.333735E-02 2.24636E+00 6.5844E—01 1.8934E+405 2.9448E~U3 QUUVE+U0 9.159E+01
1.373940E-02 2.30171E+00 6.5819E—01L 1.8648E+05 3.0811E-03 0.000E+00 9.024E+01
1.396010E—02 2.32499E+00 6.5834E—01 1.8358E+05 3.2340E—-03 0.000E+00 8.881E+01
1.492335E~02 2.36971E+00 6.6435E—01 1,7329E+05 3.9507E~03 0.000E+00 8.308E+01
1.595306E—~02 2.40102E+00 6.7606E—01 1.6497E+05 4.8061E—03 0.000E+00 7.772E+01
1.705382E-02 2.43266E+00 6.8985E~0I 1.5746E+05 5.8225E-03 0.000E+00 7.270E+01
1.823053E-02 2.46722E+00 7.0420E-01 1.5037E+05 7.0249E-03 0.000E+00 6.801E+01
1.948844E~02 2.50542E+00 7.1767E~-01 1.4335E+05 8.4409E-03 0.000E+00 6.362E+01
2.083314E-02 2.54708E+00 7.2892E-01 1.3620E+05 1.0101E~02 0.000E+00 5.951E+01
2.227063E-02 2.59154E+00 7.3700E—-01 1.2882E+05 1.2039E-02 0.000E+00 5.567E+01
2.380730E-02 2.63793E+00 7.4132E~01 1.2121E+05 1.4291E-02 0.000E+00 5.208E+01
2.545001E-Q2 2.68534E+00 7.4153E-01 1.1342E+05 1.6897E~02 0.000E+00 4.872E+01
2.720606E—02 2.73282E+00 7.3754E-01 1.0553E+05 1.9899E-02 0.000E+00 4.557E+01
2.908327E—02 2.77952E+00 7.2948E—01 9.7639E+04 2.3342E-02 0.000E+00 4.263E+01
3.109002E—02 2.82470E+00 7.1764E~01 8.9854E+04 2.7273E-02 0.000E+00 3.988E+01
3.323523E-02 2.86772E+00 7.0241E~01 8.2270E+04 3.1743E-02 0.000E+00 3.731E+01
3.552846E-02 2.90809E+00 6.8424E—-01 7.4970E+04 3.6803E~02 0.000E+00 3.490E+01
3.797993E~-02 2.94544E+00 6.6364E~01 6.8019E+04 4.2507E-02 0.000E+00 3.264E+0%
4.060054E—02 2.97932E+00 6.4107E-01 6.1464E+04 4.8907E-02 0.000E+00 3.054E+01
4.340198E-02 3.00989E+00 6.1699E—-01 5.5338E+04 5.6058E—02 0.000E+00 2.857E+01
4.639671E—-02 3.036B6E+00 5.9184E-0) 4.9655E+04 6.4014E-02 0.000E+00 2.672E+01
4.959809E—-02 3.06015E+00 5.6597E~01 4.4421E+04 7.2827E~02 0.000E+00 2.500E+01
5.302035E-02 3.07973E+00 5.3974E-0! 3.9627E+04 8.2546E-02 0.000E+00 2.338E+01
5.667876E—-02 3.09557E+00 5.1332E~01 3.5255E+04 9.3218E-02 0.000E+00 2.187E+01
6.058959E—-02 3.10748E+00 4.8680E—01 3.1276E+04 1.0439E-01 0.000E+00 2.046E+01
6.477028E-02 3.11523E+00 4.6045E-01 2.7673E+04 1.1759E~01 0.000E+00 1.914E+01
6.923942E-02 3.11858E+00 4.3449E-01 2.4428E+04 1.3135E-01 0.000E+Q0 L.791E+Qt
7.401695E - 02 3.11726E+00 4.0910E~01 2.151SE+04 1.4620E—01 0.000E+00 1.675E+01
7.912411E~02 3.11091E+00 3.8440E-01 1.8912E+04 1.6216E-01 0.000E+00 1.567E+01
8.458368E-02 3.09899E+00 3.6052E~01 1.6592E+04 1.7922E~01 0.000E+00 [.466E+01
9.041995E-02 3.08080E+00 3.3727E~01 1.4520E+04 1.9739E~01 0.000E+00 1.371E+01
9.665893E~02 3.05508E+00 3.1461E-0! 1.2670E+04 2.1664E-01 0.000E+00 [.283E+01
1.033284E~0! 3.02038E+00 2.9304E-0! 1.1040E+04 2.3696E~01 0.000E+00 1.200E+01
[.104581E~0) 2.97471E+00 2.7258E~01 9.6060E+03 2.5830E-01 0.000E+00 1.122E+01
1.180797E~01 2.91504E+00 2.5321E-01 8.3475E+03 2.8061E~01 0.000E+00 1.050E+01
1.262272E~0; 2.836 1 3EAU0 2.3892E—01 7.2448E4+03 3.0382E~01 0.000E4U0 9.822E+00
1.349368E~01 2.73225E+00 2.1770E~0] 6.2804E+03 3.2785E~01 0.000E+00 9.188E+00
1 442475E-0) 2.58847E+00 2.0152E~01 5.4383E+03 3.5262E~01 0.000E+00 8.595E+00
1.542005E~0! 2.37982E+00 1.8634E~01 47041 E+03 3.7801E~01 0.000E+00 8.040E+00
1.648404E~01 2.04643E+00 1. 7213E~01] 4.0649E+03 4.0392E~01 0.000E+00 7.521E+00
1.762144E-0! 1.38697E+00 1.5886E-01 3.5093E+03 4.3022E-01 0.000E+00 7.036E+00
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TasLE 1: Form factors, attenuation and-scattering cross-sections, Z = 1-92, from E = 0.001-0.010 keV to E = 400-1000 keV — Continued.

E fi f2 i o(coh+inc) 793 N
keV e/atom e/atom cm¥/g cm¥/g cm¥/g nm
1.842400E—-0t 1.47973E-01 1.5049E-01 3.1797E+03 4.4792E-01 0.000E+00 6.729E+00
l.§7()600E—01 —1.46533E+00 1.4773E-01 3.0743E+03 4.5397E-01 0.000E+00 6.628E+00
1.878120E-01 ~3.39747E+00 1.4701E-01 3.0470E+03 4.5557TE-0l 0.000E+00 6.602E+00
1.883732E-01._ —2.53721E+00 3.9624E+00 8.1883E+04 4.56T6E—01 7.886E+04 6.582E+00
1.889400E - 01 —1.39355E+00 3.9498E+00 8.1378E+04 4.5796E—-01 7.837E+04 6.562E+00
1.917600E—01 3.64335E-01 3.8885E+00 7.8936E+04 4.6387E-01 7.603E+04 6.466E+00
2.013709E—-01 2.05708E+00 3.6926E+00 7.1382E+04 4.8341E-01 6.877E+04 6.157E+00
2.152655E—01 3.05311E+00 3.4372E+00 6.2155E+04 5.1000E-01 5.991E+04 5.760E+00
2.301188E—01 3.66377E+00 3.181SE+00 5.3819E+04 5.3639E—01 5.189E+04 5.388E+00
2.459970E—-01 4.09461E+00 2.9293E+00 4.6354E+04 5.6241E-01 4.469E+04 5.040E+00
2.629708E—01 4.41524E+00 2.6840E+00 3.9731E+04 5.8789E—-01 3.831E+04 4.715E+00
2.8111S8E—01 4.65896E+00 2.4491E+00 3.3914E+04 6.1267E—-01 3.271E+04 4.410E+00
3.005128E—01 4.84566E+00 2.2270E+00 2.8848E+04 6.3658E~01 2.783E+04 4.126E+00
3.212482E~01 4.98856E+00 2.0189E+00 2.4464E+04 6.5948E—-01 2.360E+04 3.859E+00
3.434143E-01 5.09713E+00 1.8254E+00 2.0692E+04 6.8119E-01 1.996E+04 3.610E+00
3.671099E—01 5.17843E+00 1.6466E+00 1.7460E+04 7.0158E-01 1.684E+04 3.377E+00
3.924405E-01 5.23814E+00 1.4821E+00 1.4702E+04 7.2051E-01 1.418E+04 3.159E+00
4.195189E~01 5.28048E+00 1.3316E+00 1.2356E+04 7.3785E-01 1.192E+04 2.955E+00
4.484657E—01 5.30900E+00 1.1942E+00 1.0366E+04 7.5350E-01 9.998E+03 2.765E+00
4.794098E—-01 5.32654E+00 1.0694E+00 8.6832E+03 7.6735E-01 8.374E+03 2.586E+00
5.124891E—01 5.33541E+00 9.5617E~01 7.2628E+03 7.7932E-01 7.003E+03 2.419E+00
5.478508E—01 5.33746E+00 8.5376E—0! 6.0663E+03 7.8935E-0! 5.848E+03 2.263E400
5.856525E~01 5.33457E+00 7.6132E-01 5.0604E+03 7.9738E-01 4.878E+03 2.117E+00
6.260625E—01 5.32733E+00 6.7805E—0t 4.2160E+03 8.0339E-01 4.063E+03 1.980E+00
6.692609E~01 5.31709E+00 6.0317E-01 3.5083E+03 8.0735E-0t 3.380E+03 1.853E+00
7.154399E-01 5.30466E+00 5.3594E-01 29161E+03 8.0927E-01 2.809E+03 1.733E+00
7.648052E—01 5.29073E+00 4.7567E~-01 2421 1E+03 8.0917E-01 2.331E+03 1.621E+00
8.175768E—-01 5.27579E+00 4.2165E-01 2.0076E+03 8.0709E~-0t 1.932E+03 1.516E+00
8.739896E—01 5.26025E+00 3,7337E-01 1.6630E+03 8.0308E-01 1.600E+03 1.419E+00
9.342948E~01 5.24449E400 3.3033E-01 1.3763E+03 7.9720E-01 1.324E+03 1.327E400
9.987612E—01 5.22885E+00 2.9207E-01 1.1384E+03 7.8954E-01 1.095E+03 1.241E+00
1.067676E+00 5.21494E+00 2.5600E-01 9.3338E+02 7.8020E-01 8.973E+02 1.1I61E+00
1.141345E+00 5.19961 E+00 2.2436E—~01 7.6520E+02 7.6926E-01 7.356E+02 1.086E+00
1220008 E+00 5 18439F+00 1 96AYE—01 6 ITIIEL0? 7 SARGE—01 R ) 1 016400
1.304285E+00 5.16952E+00 1.7231E-01 5.1428E+02 7.4311E-01 4.942E+02 9.506E—-01
1.394281E+00 5.15544E+00 1.5101E~01 4.2162E+02 7.2814E-01 4.051E+02 8.892E-01
1.490486E+00 5.14217E+00 1.3235E-01 3.4565E+02 7.1208E~01 3.321E+02 8.318E-01
1.593329E+00 5.1297SE+00 1.1599E~01 2.8337E+02 6.9507E~01 2.722E+02 7.781E~01
1.703269E+00 5.11821E+00 1.0165E~01 2.3231E402 6.7725E-01 2.231E+02 7.279E-01
1.820795E+00 5.10752E+00 8.9083E~-02 1.9045E+02 6.5876E-Q] | .829E+02 6.809E—01
1.946430E+00 5.09766E+00 7.8072E-02 1.5614E+02 6.3972E-01 1.499E+02 6.370E-01
2.080733E+00 5.08860E+00 6.8421E—-02 1.2801E+02 6.2029E-01 1.229E+02 5.959E-01
2.2243041+00 5.08029C+00 5.99G4E—02 1.0494E+02 6.005TE~01 1.008E+02 5.574E—01
2.37778 1E+00 5.07270E+00 5.2552E-02 8.6034E+01 5.8070E-01 8.259E+01 5.214E-01
2.54(848E+00 5.06577TE+00 4.6056E~02 7.0532E+01 5.6080E~01 6.770E+01 4.878E—01
2.717235E+00 5.05947E+00 4.0363E-02 5.7824E+01 5.4097E-~01 5.549E+0¢ 4.563E-0t
2.904724E+00 5.05375E+00 3.5374E-02 4.7406E+01 3.2131E~01 4.549E+01 4.268E-01
3.1051S0E+00 5.04875E+00 3.0872E—~02 3.8702E+01 5.0193E-01 3.714E+01 3.993E-01
3319406E+00 5.04408E+00 2.6837E-02 3.1473E+01 4.8291E-01 3.020E+0t 3,735E-01
3.548445E+00 5.03978E+00 2.3320E~02 2.5583E+01 4.6432E-01) 2.455E+01 3.494E 01
3.793288E+00 5.03582E+00 2.0164E~-02 2.0693E+01 4.4623E-01 1.985E+01 3.269E-01
4.055024E+00 5.03219E+00 1.7435E-02 1.6737E+01 4.2870E~01 1.605E+01 3.058E-01
4.334821E+00 5.02888E+00 1.507SE~-02 1.3538E+01 4.1178E-01 1.298E+0! 2.860E—~01]
4.633924E400 5.02588E+00 1.3035E-02 1.0950E+01 3.9551E-01 LOSOE+01 2.676E-01
4.953664E+00 5.02316E+00 1.1271E~Q2 8.8568E+00 37992E-01 8.491E+00 2.503E-01
5.205467C+00 5.0207 1L+00 0.7453C 03 7.1638L+00 3.6503C 01 6.866C+00 2.341E -0l
5.660855E+00 5.01850E+00 8.4264E~03 5.7945E+00 3.5086E~-01 5.553E+00 2.190E~01
6.051453E+00 5.01652E+00 7.2860E-~03 4.6868E+00 33742E-01 4.490E+0C0 2.049E~01
6.469004E+00 5.01474E400 6.2986E-03 3.7902E+00 ATE-OL 3.631E+00 1.917E-0)
6.915365E+00 5.01314E+00 5. 48E-03 3.0649E+00 A2T2E-01 2.937E+00 1.793E~01
7.392525E+00 S.OUIT2E+00 4.7067E-02 2. 4785E+00 20145E~-01 2.37SE+00 1.677TE-01
7.902609E+00 5.01044E+00 4,0687E-02 2.0042E+00 2.9088E-01 1.921E+00 1.569E-01
8.447890E+00 5.00930E+00 ASI72E-03 1.6207E+00 2.8098E-01 1.553E+00 1 468E—01
9.030794E+00 5.00828E+00 3.0360E-03 1.2087E+00 2.7175E-01 1.254E+00 1.373E~01

9.653919E+00 3.00737E+00 2.6070E-03 1.0312E+00 2.6314E-0 1.007E+00 1.284E—01
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TABLE 1. Form factors, attenuation and scattering cross-sections, Z = 1-92, from £ = 0.001-0.010 keV to E = 400-1000 keV — Continued.

E fi f2 " o(coh+inc) fTe A
keV e/atom e/atom cm¥g cm?g cm?g nm
1.032004E+01 5.00654E+00 2.2386E-03 8.4441E—-01 2.5514E—-01 8.090E—01 1.201E~-01
1.103212E+0! 5.00S81E+00 1.9223E-03 6.7829E-01 2.4771E—-01 6.497E-01 1.124E-01
1.179334E+01 5.00516E+00 1.6507E—03 5.4485E-01 2.4081E-01 5.218E-01 1.051E-01
» 1.260708E+01 5.00457E+00 1.4174E~03 4.3766E—01 2.3442E-01 4.191E-01 9.834E—-02
1.347697E+01 5.00405E+00 1.2171E-03 3.5156E-01 2.2850E-01 3.366E-01 9.200E—-02
1.440688E+01 5.00359E+00 1.0451E-03 2.8240E-01 2.2302E-01 2.704E-01 8.606E—02
1.540095E+01 5.00318E+00 8.9746E—04 2.2684E-01 2.1794E-01 2.171E-01 8.050E—02
1.646362E+01 5,00282E+00 7.7065E-04 1.8221E-01 2.1322E-01 1.744E-01 7.531E—-02
1.75996 1 E+01 5.00249E+00 6.6175E-04 1.4637E—01 2.0884E-01 1.401E-01 7.045E-02
1.881398E+01 5.00220E+00 5.6825E—04 1.L1757E-01 2.0476E-01 1.125E-01 6.590E—02
2.011215E+01 5.00195E+00 4.8795E—-04 9.4443E-02 2.0095E-01 9.036E—02 6.165E—02
2.149988E+01 5.00172E+00 4.1900E—-04 7.5864E—-02 1.9738E—01 7.25TE—-02 5.16TE—02
2.298338E+01 5.00152E+00 3.5980E~04 6.0940E—02 1.9403E~01 5.829E—-02 5.395E-02
2.456923E+01 5.00135E+00 3.0896E—04 4.8951E—02 1.9086E—01 4.681E-02 5.046E—02
2.626450E+01 5.00119E+00 2.6530E—04 3.9321E~02 1.8786E—01 3.160E~-02 4721E-02
2.807676E+01 5.00105E+00 2.2730E-04 3.1514E-02 1.8499E-01 3.013E-02 4.416E—-02
3.001405E+01 5.00093E+00 1.9460E—04 2.5239E-02 1.8224E-01 2,412E-02 4.131E-02
3.208502E+01 5.00082E+00 1.6660E—04 2.0213E~-02 1.7959E~-01 1.931E~02 3.864E-02
3.429889E+01 5.00072E+00 1.4263E~04 1.6188E~02 1.7702E-01 1.546E—02 3.61SE-02
3.6665511+01 5.00064L-+00 1.2211C 04 1.2965E 02 17451 01 1.238C 02 3.381E 02
3.919543E+01 5.00056E+00 1.0455E—04 1.0383E-02 1.7206E-01 9.914E-03 3.163E-02
4.189992E+01 5.00049E+00 8.9505E—-05 8.3155E—03 1.6964E—01 7.938E—03 2.959E—-02
4.479101E+01 5.00044E+00 7.6628E—05 6.6597E-03 1.6724E—-01 6.356E—03 2.768E—02
4.788159E+01 5.00038E+00 6.5604E—05 5.3336E-03 1.6487E—01 5.089E—-03 2.589E—-02
5.118542E+01 5.00034E+00 5.6166E—05 4.2715E-03 1.6250E—01 4.075E-03 2.422E-02
5.471721E+01 5.00030E+00 4.8086E—05 3.4210E-03 1.6013E-01 3.262E-03 2.266E—02
5.849270E+01 5.00026E+00 4.1169E—-05 2.7398E—03 1.5776E—01 2.612E-03 2.120E-02
6.252870E+01 5.00023E+00 3.5246E-05 2.1942E-03 1.5538E—01 2.091E-03 1.983E-02
6.684318E+01 5.00020E+00 3.0176E-05 1.7573E-03 1.5298E—01 1.675E—-03 1.855E—02
7.145536E+01 5.00018E+00 2.5835E-05 1.4074E-03 1.5057E—01 1.341E-03 1.735E-02
7.638578E+01 5.00016E+00 2.2118E-05 1.1272E-03 1.4815E-01 1.074E—-03 1.623E—-02
8.165640E+01 5.00014E+00 1.8973E-05 9.0450E—04 1.4571E-01 8.613E—04 1.518E~-02
8.729069E+01 5.00012E+00 1.6348E—05 7.2902E—-04 1.4325E-01 6.943E-04 1.420E-02
9.331374E+0! 5.00011E+00 1.4085E-05 5.8758E—04 1.4077E-01 5.596E—04 1.329E~02
9.975239E+01 5.00009E+00 1.2136E-05 4.7359E—-04 1.3828E—01 4511E~04 1.243E-02
1.066353E+02 5.00008E+00 1.0456E-05 3.8171E-04 1.3577E-01 3.636E—04 1.163E—02
1.139931E+02 5.00007E+00 9.0092E—06 3.0765E—-04 1.3325E-01 2.931E-04 1.088E—02
1.218587E+02 5.00006E+00 7.7624E-06 2.4797E-04 1.3072E-01 2.362E—-04 1.017E-02
1.302669E+02 5.00006E+00 6.6881E—~06 1.9986E—04 1.2818E—01 1.904E-04 9.518E—-03
1.392553E+02 5.00005E+00 5.7625E-06 1.6108E—04 1.2564E—01 1.535E-04 8.903E-03
1.488640E+02 5.00004E+00 4.9650E—-06 1.2983E-04 1.2309E-01 1.237E-04 8.329E—-03
1.591356E+02 5.00004E+00 4.2779E-06 1.0464E-04 1.2054E-01 9.971E-05 TI91E~U3
1.701159E+02 5.00003E+00 3.6858E—06 8.4342E-05 1.1800E-01 8.037E—05 7.288E~03
1.818539E+02 5.00003E+00 3.1757E-06 6.7979E-05 1.1546E~01 6.478E—-05 6.818E~03
1.944018E+02 5.00003E+00 2.7362E-06 5.4790E-05 1.1294E-01 5.222E-05 6,378E—03
2.078156C+02 5.00002C+00 2.357SE - 06 44161505 1,1042E-01 4.200E—05 5.966E~03
2.221548E+02 5.00002E+00 2.0313E-06 3.5593E-05 1.0792E-01 3.392E-05 5.581E~03
2.374835E+02 5.00002E+00 1,7502E-06 2.8688E-03 1.0544E-01 2.734E-05 5.221E-03
2.538699E+02 5.00002E+00 1.5079E-06 2.3122E-05 1.0298E~01 2.204E-05 4.884E-03
2.713869E+02 5.00001E+00 1.2993E~06 1.8636E~05 1.0055E~01 1.777E-05 4.569E-03
2.901126E+02 5.00001E+00 1.1194E~06 1.5021E-05 9.8137E-02 1.432E-05 4.274E-03
3.101304E+02 5.00001E+00 9.6452E-07 1.2107E-05 9.5756E-02 1.154E~-05 3.998E-03
3.315294E+02 5.00001E+00 8.3104E~-07 9.7578E-06 9.3406E—-02 9.304E-06 3,740E-03
3.544049E+02 5.00001E+00 7.1603E-07 7.8647E—06 9.108%E-02 7.499E—-06 3.498E—-03
3.788588E+02 5.00001E+0