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An improved version of a single-crystal high-angle goniometer and a NaI scintillation detector were
used to measure the widths of the Le, &, LP, „and Ly, x-ray lines of the elements 58 & Z & 74 and
the widths of the less prominent lines LP)&, J./, Lq, and J.y; of several elements in the same group.
The x-ray spectrum of these elements was produced by bombarding them with an electron beam of
constant energy and Aux, and a computer program was used to unfold the physical widths of their
emission lines. These results, as well as the previously reported values of linewidths of the higher-Z
elements, are compared with the most recent theoretical predictions.

INTRODUCTION

Experimental measurements of total I -level
widths mere px'eviously reported for elements of
atomic number Z ~ 73.' These results mere tab-
ulated by Blokhin. s Values of linemidths of several
elements of lower atomic numbers mere also re-
pox'ted: Parratt studied „Ag, %uilleumier studied
SeKr and „Xe,' Krause st gl, studied, aZr, ' and
Yin et ul. studied several. elements between»Cu
and, sCd. e Sevier'0 collected most of the experi-
mental data available up until 1969. But no mea-
surements of L, -level widths of the rare-earth
elements have been previously reported.

Two atomic levels are involved in the production
of each x-ray line. If X and F are the tmo levels
and their level widths are I'(x) and I'(y), respec-
tively, the width of the x-ray line mill then be
given by

I'(x-y) = I'(x)+ I'(y).

The total natural linemidth is the sum of three
components:

1"= I'~+ I'~+ I'c,
where F„ is the radiative width, Fz the Auger
width, and 1"~ the Coster-Kronig width. These
processes compete in filling a hole in a given level.
The lifetime of the hole is related to the natural
linewidth by Heisenberg uncertainty,

I'v =Pi .
Thus, while experimentally one measures I',

the natural linemidth, theoretical calculations are
genexally pex'formed separately fox each partial
level width, and for comparison with experiments
one has to sum the three partial widths of each of
the tmo levels involved in the transition.

Radiative widths F„mere calculated by Scofield"
and by Rosner and Bhalla. ' The A~er widths of
the I, , shell I'„(I,,) were calculated by McGuire"

and by Cr asemann e& aE,",The Auger widths
I'&(I,) and I'z(L, ,) were calculated by McGuire'~
and by Chen et al." The Coster-Kronig partial
widths I'c(I„)were also calculated by McGuire"
and by Crasemann et al. ,

"and values of I'c(1,)
were reported in Refs. 13 and 15.

The total widths of the M subshells mere calcu-
lated by McGuire, '6 and several of their partial
widths mere reported by Bhalla" and by Manson. "
For lower-Z elements 22 + Z &36, the total widths
of the M„M„and M, subshells mere calculated
by Yin et a/. " The only available theoretical
values of the N-subshells widths are those recently
reported by Manson" and McGuire. '0

All the previously mentioned theoretical values
mere collected, analyzed, and presented in gr'aph
forms by Rahkonen and Krause. " These graphs
exhibit values of. total and partial widths of the E
level, I. and M sublevels and several of the N sub-
levels. Values of level widths were extracted
from these graphs and added as indicated in Eq.
(1) to obtain theoretical values of total linewidths,
which are later compared with the results of this
experiment.

EXPERIMENTAL

All the studied elements were metallic foils
about 0.13 mm thick and about 99. pure. A
groove about 0.13 mm deep and about 1 cm wide
mas milled out of a thick Cu anode, and the studied
samples mere placed in the groove and secured to
the Cu anode by a set-screw arrangement. The
design is such that the surface of the sample undex"

investigation and that of the Cu anode are in the
same plane and are simultaneously exposed to the
exciting electron beam. Thus the I x-ray spectrum
of each of the elements studied and the Ku, and
Ee2 emission lines of Cu were measured under
the same experimental. conditions. This arrange-
ment enables one to precisely determine any
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change in the instrumental rn response from one set-
zng to the other, while the bulk of the '

from the most probable values iven bues given by the straight
o e preceding paper. 22 If '

one measurem
zn any

Cu KQ' and
ement the instrumental width

u, an Ka, slightly differ from their valu

is normalized ov
o ef. 22, the instrumental width

ment studied to account for that difference.
Once the width of the Gaussian instrumental re-

the emission
sponse is obtained, the unfoldin of thing o the width of

emission lines was performed b ly a east-
i xng program similar to the one used in

the preceding paper. 2 Thus the ex crim
i e y a five-parameter expression:

f(v;) = P, + P, v;
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where P, is the background, P its sl
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