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Total X-Ray Attenuation Coefficients from 40 kev to 412 kev*
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The total attenuation coefdcients for a variety of materials have been measured in the energy range
between 40 and 412 kev. The unique angular and energy resolution of the DuMond curved crystal spec-
trometer were employed in the analysis of the scattered radiation. While the results are in general agreement
with earlier tabulations at energies above the E-absorption edge, the present values are higher than most
earlier estimates at energies below the E edge.

INTRODUCTION

i 'HE theoretical and experimental work on the
x-ray attenuation coefficients has been reviewed

and compared in a number of relatively recent publi-
cations. ' ' Although the evaluation of these coefFicients
has been approached by a variety of theoretical and
experimental techniques, considerable uncertainty ap-
pears to exist as is evidenced by the change' ' in some
values by as much as 100% It was therefore thought
to be worthwhile to re-measure the attenuation coe%-
cients for a wide variety of elements with a "good
geometry" arrangement.

The total absorption coefficient, p, may be defined
from the following relationship, I=I0e I". I is the
intensity of the monoenergetic x radiation which passes
through an absorbing material of thickness t without
any form of interaction. I0 is of course the incident
intensity of the radiation. In general, there will be
contributions to p from the Compton process, photo-
electric effect, elastic scattering, etc. It is of importance,
experimentally, to take great care to exclude from the
measurements of I those quanta which have suffered
small angular deflection or small energy change in
passing through the absorber.

APPARATUS

In the present work, the DuMond4 bent-crystal
spectrometer was the analyzer of the transmitted
radiation. This instrument has nearly ideal charac-
teristics for the present measurements. While the
intensity of the analyzed beam is determined by the
solid angle subtended by the whole bent crystal, the

*This work was carried out at the California Institute of
Technology and was supported in part by the U. S.Atomic Energy
Commission.' G. W. Grodstein, National Bureau of Standards Circular No.
583 (U. S. Government Printing Oiiice, Washington, D. C.,
1957).' R. T. McGinnies, National Bureau of Standards Circular
Suppl. No. 583 (U. S. Government Printing Oliice, Washington,
D. C., 1957).

'C. M. Davisson, Beta- and Gamma-Ray Spectroscopy, edited
by K. Siegbahn (Interscience Publishers, Inc. , New York, 1955),
p. 24.

4 J. W. M. DuMond, Beta- and Gamma-Ray Spectroscopy,
edited by K. Siegbahn (Interscience Publishers, Inc. , New York,
1955)) p. 100.

question as to whether or not a quantum of the proper
energy will be analyzed is determined by the angle
which the radiation makes with the crystal planes. Thus,
for example, a quantum of the proper energy will be
lost if it is deflected through an angle greater than
2)(10 4 radian in the horizontal plane. The vertical
scattering angle required to reject a quantum of the
proper energy is 2&10 ' r. Thus the "effective solid
angle of acceptance" for scattered radiation is 3)&10
sr. The energy resolution of this instrument is extremely
good. (The full width of a line varied from several
hundred electron volts at the lowest energies studied to
several thousand electron volts at the higher energies. )

The radiation which was analyzed by the bent crystal
was detected by a 3-in. NaI(T1) crystal with an energy
resolution 12/o.

PROCEDURE

CI
K
a
CO

hC

4

Aa
O
lsl
Ol

W

rh
I
R
a

l

50
I

lOO

t

l50
l

ZOO

COUNTS PER SECOND IN DETECTOR

FIG. 1. Background data for the 42.98-kev x-ray line.

The influence of the position of the absorbing material
was investigated by varying the position of the absorber
from 10 cm to 1.5 m from the source. The measured
counting rate of the transmitted radiation was found
to be independent of the absorber position. For con-
venience, most solid samples were set to intercept the
gamma rays at a distance of 50 cm from the source.

I ong-lived radioactive species which contained well

separated characteristic x-ray or gamma-ray lines were
selected as the source of radiation. The bent-crystal
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spectrometer was then adjusted to the peak of the
appropriate line as was the discriminator for the
scintillation detector. The counting rate could then be
obtained as a function of absorber thickness without
further adjustment of the apparatus.

BACKGROUND

The detector background consisted of two com-
ponents. First, a constant part arising from circuit
noise, room radiation, and radiation arising from the
source and scattered from walls, etc. Second, radiation
from the source which was incoherently scattered from
the crystal, mounting, etc. into the detector. This
second component was dependent upon absorber thick-
ness and was found to vary linearly with the intensity
of the radiation which was analyzed by the bent
crystal, Fig. 1. The background was measured for
each gamma ray studied. This was obtained by re-
adjusting the spectrometer to a position 1 m-A from the
peak of the line. (Physically this amounts to moving
the source one millimeter. ) The background counting
rate was of the order of 2 to 5% of the analyzed radia-
tion for most of the runs.

RESULTS

The total attenuation coeS.cients for the solid
absorbers are given in Table I.

DISCUSSION

The experimental values for the total attenuation
coeS.cients, Table I, are in good agreement with the
earlier values tabulated by the National Bureau of
Standards' at energies higher than the E-absorption
edge. This tabulation was obtained by 6tting the
available experimental data and theoretical results to a
smooth curve in the energy regions between absorption
edges.

Recent data at energies below 40 kev have prompted
a rather drastic revision of all attenuation coe%cients
for energies below the E-absorption edge. ' For example,
the total absorption coeKcient for Pb at an energy of
88 kev (just below its E-absorption edge) has been
revised from 1.30 to 1.85 cm'/g. The need for these
revisions has been ascribed to the lack of adequate
experimental results in this energy region and to the
failure of the hydrogen-like approximation when applied
to the L and M shells.

The present experimental results are in general
agreement with the revised tabulations.
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