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Wavelellgth of the W Ka, x-ray line
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(Received 6 July 1978)

The wavelength of the Ko, , line from an electron-bombarded natural W anode has been measured in terms
of that of an I,-stabilized HeNe laser. This visible laser is a reference point for current Rydberg
determinations and for the present-day definition of length. The resulting wavelength value, namely
0.20901349 A (0.90 ppm) (energy = 59,319233 keV) appears to resolve historical inconsistencies in the x-ray
route to y wavelengths.

The tungsten Kn, x-ray line has served as a
reference wavelength for both x-ray and y-ray
measurements. Historically, it has entered all
but the most recent chains by which visible to y-
ray reference wavelength ratios were established.
From the group of five K x-ray wavelengths whose
ratios were extensively measured by Bearden and
collaborators, ' Bearden proposed as the scale
defining entity A(W Kn, ) = 0.2090100 A*.' This
choice was based on its symmetry, relative free-
dom from chemical effects and its convenience
for y-ray standardization. On the other hand, the
width of W Kn, is quite large (approximately 1000
pym) and there have been indirect suggestions of
possible problems from time to time.

A particularly clear-cut instance of difficulty
is found in comparing precise wavelength values
for % Eg, derived from distinctly different routes.
In the first route a previous measurement of
A, (Mo Kn, ) in terms of a visible standard' [A.(Mo
Ku,) = 0.709 3184 A (0.6 ppm)] is combined with the
ratio &(Mo Ku, )/&(W Ko, ,) from Bearden et al. '
[&(Mo Kn, )/&(W Ka,) =3.393620(1.9 ppm)] to ob-
tain a value for A.(W Kn, ) = 0.20S 015 27 A (2.0 ppm).
Alternatively, another x-ray value can be estab-
lished using the wavelength of Cu Kn, from Ref. 3
and the ratio of the wavelengths of Cu Kn, to
W Ko., from Ref. 1 with the result A, (W Ka,)
= 0.209 014 81 A (2.1 ppm).

A third and rather different route combines a
recent direct measurement of the "'Au 411-keV
y-ray line'p. ("'Au 411)= 3.010 7788 pm (0.37ppm)]
with the A. (W Kn, )/A. ("'Au 411) ratio from Bor-
chert' [A.(W Kn, )/X("'Au 411)= 6.942 1377 (3.4
ypm)] to obtain a value for a(W Ko.,) =0.20901241
A (3.4 ppm). The three values for A, (W Kn, ) can be
expressed as energies using a conventional V-A.

conversion factor to give E(W Ku, ) = 59.318V28
keV (2.0 ppm) from Mo Ku„E(W K~,) = 59.318858
keV (2.1 ppm) from Cu Ko.„and E(W Ko.,)
= 59.319 540 (3.4 yym) from "'Au 411. The dif-
ference between the energy values from Au and Mo

is 0.81~ 0.23 eV and that between the energy values
from Au and Cu is 0.68+ 0.24 eV, seriously troub-
ling resu1. ts. The wavelength of % Kz, can also
be derived from the two earlier less precise x-ray
measurements. In the first the ratio A, (W Kn, )/
A, (Mo Kn, ) as measured by Watson et at. '
[A.(W Kn, )/X(Mo Kn, ) = 0.2S4668 (38 ypm)] was
combined with the value of A. (Mo K~,) above to ob-
tain A. (W Ka,) = 0.209 013 3 A (38 ppm). In the
second a ruled grating measurement of A. (AI Kn)
[A. (Al Kn) = 8.34034 (9 ppm)] and the ratio A. (Al Kn)/
&(Cu Kn, ) [X(Al Kn)/A. (Cu Ka,) = 5.413 V82 (4.1
ppm)] from Henins' were combined with the
Bearden et al. ratio A. (Cu Ka,)/A. (W Ka,) men-
tioned above to obtain A. (W Kn, ) = 0.209 0118 A)
(10.0ppm). Although boththese values agree (with-
in the uncertainty) with the result obtained via Au,
the rather large uncertainties make the compari-
sons not particularly informative.

Because of the inconsistency in the more pre-
cise data an independent measurement of X(W Ko, ,)
was undertaken which could provide not only a
precise value for A. (W Ko.,) but also improve esti-
mates of several of the wavelength ratios used
above. As was the case in our previous redeter-
mination of x-ray wavelengths' (Mo Ko., and
Cu Ku, ) and our recent work on y-ray wave-
lengths, 4 the objective for W Ku, was to measure
its wavelength in terms of the wavelength of a
stabilized laser.

The connection of the tungsten Kn x-ray wave-
length to this visible laser was made in three steps
utilizing the lattice spacing of nearly perfect sili-
con cystals. In the first step a combined x-ray
and optical interferometer was used to measure
the lattice spacing of a particular silicon crystal
in terms of the wavelength of a HeNe laser stabi-
lized to the B p,eak of "'I, ' The measured unit
cell dimension of this crystal is ao= 5.4310280 A
(0.10 ppm) at 22.5 C.""A similar laser stabi-
lized to the n peak of "'I, had been interfero-
metrically compared to Balmer o. in the most
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- TABLE I. Comparison of wavelength ratios,

Wavelength ratio NBS Bearden et al.
Difference

(NBS-Bearden et al. , ppm)

A(Cu Zo, )/X(Mo Zo.,)
~(Cu Z'a~)/~(% Ko.,)

; X(Mo Keg)/&(W K&g)

2.1719406 (1.2 ppm)
7.3708037 (1.3 ppm)
3.393 648 9 (1.1 ppm)

2.171945 {l.5 ppm)
7.370757 (l. 8 ppm)
3.393 620 (l. 9 ppm)

-2,0
6.3
8.5

0

to the number of profiles recorded and averaged.
The results are A, = 0.209013 49 A (0.90 ppm} and
E= 59.319233 keV(0. 90 ppm} where the voltage-
wavelength. conversion factor, 1.239 852 Ox 10 '
eVm, from Ref. 1V was used. The components
of the uncertainty are as follows: statistical un-
certainty, 0.88 ppm; uncontrolled measurement
systematics, 0.13 ppm (see Ref. 4); calibration
uncertainty, 0.1 ppm; and lattice spacing un-
certainty, 0.12 ppm. Since, in A* units, the peak
of the W Kn, radiation has a defined value,
A(W Kn, ) =0.2090100 A*, a conversion factor
from A* units to A units emerges as A*
= 1.000016 7 A/A*(0. 90 ppm). By way of com-
parison, the most recently published adjustment
of the fundamental constants recommended a value
for A * of A *=1.000 020 5 (5.6 ppm), "

An assessment of this result may be obtained by
noting that with its inclusion, there are now three
x-ray wavelengths measured in terms of optical
standards, A. (Cu Ko.,) = 1.540 5974 A (1 ppm),
A. (Mo Ko.,) = 0.7093184 A (0.6 ppm), ' and A. (W Ko.,)
=0.20901349 A(0.90 ppm}. While comparisons
of these values individually with previous ones
depend on the particular values of A or A* which
are used, comparisons of the ratios of these three
quantities with those of other experiments are
independent thereof. Table I therefore shows
ratios of these wavelengths and. compares these
with those of Bearden et al. ' The ratios involving
% It.n, are clearly in disagreement with the Bear-
den et al. values which we conclude to be in error
to the extent of the indicated differences.

Finally, the ratio of the wavelengths or ener-
gies of the W KQ] x ray and the "'Au 411-keV
y ray has been measured by other experimenters
using curved crystal spectrometers. '" Mea-
surements of this ratio are summarized in Table

II. There it is noted that the difference of 5.1
+3.5 ppm in. the case of Ref. 5 is slightly troubling
but not highly unlikely. The larger uncertainty
from Ref. 18 makes the difference 6.1+ 9.2 ppm
less significant but consistent with the currently
reported result.

The value of this ratio can also be inferred by
combining the W Ka, and the annihilation radiation
wavelengths from the 1973 adjustment of the
fundamental constants" with a measurement of the
difference between the annihilation radiation and
the "'Au wavelengths. "' This value is included
in the table" and exhibits a discrepancy of -20
ppm from the values obtained in the direct mea-
surements. This rather large discrepancy is
primarily due to the annihilation radiation to
"'Au 411-keV comparison.

In the past compilers of y-ray energies have
not been able to resolve the discrepancy between
the y-ray scale based on tungsten and that based
on Au. " The absolute measurements of the
'O'Au 411-keV line and the W Kn, line reported
here and the relative measurements of Ref. 5

and 18 bring the two scales into coincidence to
better than the 5-ppm level.
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TABLE H. Comparison of W to Au wavelength ratios.

y(W ~~ )/y(198Au 411 keV)

Borchert, Ref. 5
Beer and Kern, Ref. 18
NBS
Fundamental constants

6.942 138 (3.4 ppm)
6.942 216 (9.1 ppm)
6.„9421735 (1.0 ppm)
6.942 024 (17.9 ppm)

FIG. 2. Nondispersive and dispersive profiles for Si
crystals at W Ko.

& (59 keV). The dots are the data
points and the curve is the computer fit.
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