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Using a SfLi) x-ray spectrometer, we have measured the respective fractidns &f, andL; x rays in the
L x-ray spectrum emitted in th®’Th-15'Gd electron-capture decay. Using, in addition, our previously mea-
sured value for the ratio df andK x rays, we deduce values for the fluorescence and Coster-Kronig yields of
the L, subshell. These are,;=0.101+0.005, f,,=0.166+0.020, andf,3=0.287+0.014. Thef,, and f;3
values are significantly below the predictions of the independent-particle rfiétié). The deduced., level
width of 3.7 eV is also significantly below the IPM width of 4.6 e\561050-29478)01011-7

PACS numbd(s): 32.70.Fw

[. INTRODUCTION fluorescence yields are in agreement with IPM theory at the
3% level. The measured Coster-Kronig probabifify shows
Vacancies in the atomit; or L, level may deexcite via a well-defined trend to run 5-10 % below theory at the
characteristic x-ray emission, Auger-electron emission, oatomic numbers abové= 60 where there are a large number
the Coster-Kronig process. The latter involves a nonradiativef consistent measurements. In an earlier wjatkwe have
transition in which the vacancy is filled by an electron from shown that this small discrepancy may be attributed, at least
a higherL subshell with simultaneous ejection of a weakly in part, to current data-reduction approaches, which neglect
bound outer-shell electron. Abh; vacancy may deexcite the effects of satellites and natural widths in extracting x-ray
only by the first two processes. The transition rates for théntensities from the spectra recorded by energy-dispersive
three processes have been calculated in the independe@@i(Li) x-ray detectors. We can thus conclude thig lies
particle model(IPM) by Scofield and by Cheet al, who  between 92 and 100 % of the IPM prediction. The situation
presented their results in a number of publications during théor the L, subshell is much less clear. The theoretical values
1970s and 1980s. A full tabulation of these results, togetheof f,, andf,5 are not monotonic as a function @f because
with the relevant references, is given by Perkaisl. [1].  various Coster-Kronig transitions become energetically pos-
While both the Dirac-FockDF) and the Dirac-Hartree-Slater sible or impossible in particular atomic number ranges. Ex-
(DHS) potentials have been used to calculate radiative rategerimental values are few and their accuracy is difficult to
the Perkinset al. compilation relies upon the DHS approach discern.
for both radiative and nonradiative rates. A recent study[8] of L, deexcitation in xenon suggests
Two quantities of great practical importance are derivedthat there is a large discrepancy between the IPM prediction
from these rates. The first is the subshell fluorescence yieldnd experiment fof ;, and a smaller one fof,5. This sug-
(wj, 1=1,2,3, i.e., the probability oL; x-ray emission. The gested to us that we should expand our earlier ®rkQ| on
second is the Coster-Kronig probability;{), i.e., the prob- K andL x-ray emission from gadolinium in order to provide
ability of nonradiative transfer of ah; vacancy to thel; a further test in the atomic number region<d<74 where
subshell. The widely referenced paper of Chen, Crasemanthe L,L,M, and L,L,Mj5 transitions are energetically for-
and Mark[2] presented IPM values of these dixsubshell  bidden.
guantities based on DHS calculations. Accurate knowledge
of the values ofw; andf;; as a function of atomic numbér II. OUTLINE OF THE METHOD
is important in various contexts. One context is the extrac- o ,
tion of inner-shell ionization cross sections by charged par- 1he method is similar to that of Marques, Martins, and
ticles from measured x-ray specfi@l. Another is the whole Ferriera[11]. It involves measuring th& x-ray spectrum

area of elemental analysis based upon x-ray emission spefom a radionuclide undergoing decay by orbital electron
troscopy techniquelt]. capture. A simple decay scheme connecting the nuclear

While theory is one source of values af andf;;, an  9round states of the parent and daughter nuclides is desirable

alternative and widely used source is a 1979 compen@iijm SO that the relative numbers of vacancies arising inlthe
based upon the then available experimental data. Given th@ibshells are accurately known. The spectrum is recorded in
improvement in measurement technique since the date &nergy-dispersive fashion using a well-characterizetli 5i
that work, there is reason both to be cautious in adopting it§létector, and the relative intensitieslgfx rays are obtained
recommendations, and to attempt improved measurementdy @ nonlinear least-squares fit to the spectrum. _
Jitschin[6] has summarized more recent measurements, the The symbolse, e_, etc. are used to denote the relative
accuracy of which is likely to be significantly better than numbers of subshell vacancies produced directly by orbital
those made before 1979. The situation for theand L;  electron captureL subshell vacancies also arise indirectly
subshells appears moderately satisfactory. The measurém the deexcitation of the primarK shell vacancies
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through bothK @ x-ray emission and&LL andKLM Auger- . MEASUREMENT DETAILS

electron emission. The quantitieg,; (i=1,2,3) represent  The radionuclide source consisted of approximately 5
the probability of anL; subshell vacancy resulting from an \pq of 57T deposited on a 5@m-thick beryllium foil and
initial K vacancy. The fluorescence yields @@, w1, w2,  covered with an aluminum film of thickness approximately
andwz. TheL-subshell Coster-Kronig probabilities afg,, 100 ug/cn?. Details of the manufacture of the source and of
fo3, andfy3; the overall probability that ah; vacancy shifts  jts purity were given by us in Ref§9] and[10].

to the L3 subshell isf{3=f1,fp3+f13. The symbolsXy, The L x-ray spectrum was recorded using an Oxford In-
X, etc. denote the relative numbers of x rays emitted.  struments lithium-drifted silicon detectpBi(Li)] that was 3
Determination ofw;. We have mm thick and 6 mm in diameter and that was equipped with
a 0.025-mm-thick beryllium window. The resolution, as de-
Xk=€xwk , termined for manganed€a x rays(energy 5.9 keYusing a
SFe source, was 140 e¥full width at half-maximum. A
XL =(e_ +exng  )w;. tantalum collimator restricted x rays to a central circular re-
' ' ! gion 2 mm in diameter. The aluminum-covered side of the
Therefore source faced the detector. The counting rate duringtfio

experiments was 400 counts per second. In order to have
e excellent definition of even minor details of the spectrum,
WK Ly L, € . .. . .
oL,= (X_) where A:(— _+nKL1), (1)  the total recorded intensity in the gadoliniumx-ray region
K €L & was about 87 million counts.
L . . Before measurements were taken, the resolution function
Determination ofw; from Eg. (1) requires independent (jing shapg of this detector was determined in the 2—8 keV

knowledge ofwy . energy region by recording monoenergetic photon spectra
Determination of {5. o provided by a double-crystal monochromator installed at the
This is based upon thie, contribution to the x-ray spec- | yrg storage ring at Orsay, FrangE2]. The same collima-
trum, tion conditions were used in that work.

X = (@t e faot ek, + ek, Fad 02 IV. SPECTRUM FITTING

Therefore Because of the complexity of the x-ray spectrum, in
which there is significant overlap among the, L,, andL;
XL, o) €L, e series, the spectrum fitting is the most critical part of the
Xo o) e en ki, experiment. This fitting was done with the nonlinear least-
fl=— 2 A L K _ (2)  squares code GPPV, which is a general-purpose derivative of

the Guelph PIXE software package GUP[X3]. The main
] ] . . component of the spectrometer response was taken, as is
Evaluation off,, from this equation demands independentcystomary, to be Gaussian. The parameggrandp, in the

values f0f<})2 gnd wg - linear relationship of Gaussian peak centroid to x-ray energy,
Determination of {5. ie.,

The L5 x-ray contribution is
c=p1tp2E, 4
X, =le, faater fiatexne, +exng,fas
, were variables to be determined by the nonlinear least-
+eK”KL1f13] w3, squares procedure. Similarly, the parameparandp, in the
relationship of the Gaussian peak width to energy, i.e.,
wheref ;= f13+ f1,f»3. Therefore

o=(ps+p4E)°?, 6)
x'—s Wy e'—zf23 . ! ) .
—— — | = ————ngL.— Nk Tos were determined by the fit. Each peak in the spectrum is
X 3 2
; VK @3 & ied b ilicoi o x-ray escape peak displaced b
1= A _ (3y  accompanied by a s a y pe p p y

the channel equivalent of 1.74 keV; the relative intensity of

this escape peak was taken from the parametrization of Jo-
Evaluation off ;3 using Eq.(3) requires the existence of in- hanssor[14].
dependent values faby , w3, andf,3, together with thef 1, Figure 1 displays the spectrometer response to monoener-
value determined from Ed2). getic x rays at 6 keV energy, together with the result of a

Equations (1)-(3) define the necessary experiment asjeast-squares fit of our model resolution function. The peak

comprising measurements of the four x-ray intensity ratiosnodel comprises the Gaussian mentioned previously; an ex-
XX Xe IX, X, IX, and X /X, from which the  ponential low-energy tail; a long flat shelf extending to low
necessary ratios on the left-hand side of each equation can le@ergy; and an additional elevated shelf between the main
derived. We have reported earligd] an accurate measure- line and the escape peak. The physical origins of these com-
ment of X, / Xk, and so the present work focusses upon theponents are discussed by Pagipal. [15]. The parameters
threeL x-ray intensity ratios. varied in this fit are listed in Table I.
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FIG. 1. SiLi) spectra of 6 keV x rays: the upper panel Shows g qing that we attributed, on the basis of prior experience, to
the measured spectrum and the bestdintinuous curvg in the

lower panel the residuals of the fit are displayed in units of one

TABLE II. E ies[17 tural width$14] of L x-
standard deviation. nergies[17] and natural width$14] of Gd L x-ray

lines; the lines are divided here into seven groups; the height of the

rincipal line (*) of each group was a variable of the fitn the

From a set of sugh fits to monoen.ergetic photon_s in thgnergy column, bracketed values indicate values adopted to opti-
2-8-keV energy region, smooth functions were obtained foky;,e the spectrum fit.

the energy-dependence of the coefficients of the tail and

shelf functions. Group Line EnergykeV) Width (eV)
Figure 2 displays the measured gadoliniurmt-ray spec-
trum. Each peak in this spectrum is, in fact, the convolute of 1 * LM, 5.3621(5.359 14.6

the Gaussian response function with the intrinsic Lorentzian 2 * LsMs 6.0576 (6.059 4.49
distribution of x-ray energies. In fitting this spectrum, there- LaMy 6.0256 4.87
fore, a Voigtian representation was used for each line, and LM, 5.5545 8.24
the natural linewidths were taken from a recent compilation LsM4 5.6988 11.04
of measured and theoretical widtfis6]. These widths, along L3N, 6.8671 8.44
with the line energie§l7], are shown in Table II. The x-ray L3Ny 7.0933 4.70
satellites were modeled in the same way as was described in L3N 7.1083 4.70
Ref. [7]. Each of the 23 x-ray peaks in the spectrum had L;0, 7.2067 3.70
associated with it one exponential tail and two shelves, as L0, 7.2374 3.70
3 * LM, 6.0495 11.90
TABLE |. Parameters varied in the least-squares fit of the 6-keV 4 *L,M, 6.7131(6.716 5.03
x-ray spectrum. 5 *L,N, 7.7808 (7.789 4.90
Feature Parameters LoN, 7:5545 4.90
L,0, 7.8942 3.70
Energy calibration P1,P2 L,O,4 7.9250 3.70
Width calibration P3,Pa 6 * LMy 6.8316 (6.830) 11.90
Gaussian Height L,M> 6.6873 9.10
Exponential tail Relative height L,Mg 7.1904 5.70
Relative slope LM, 7.1584 5.70
Long shelf Relative height 7 *L,1Ng 8.1047 9.60
Short shelf Relative height L;N, 8.0871(8.075 7.40
Background Height LiNgs 8.235 4.40

Escape Gaussian Height L10,3 8.355 (8.352 4.40
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wh | Lapy ' ' " Ka ' ] have an approximately exponential dependence upon photon

energy.
Inflections in the continuum are apparent at energies of
approximately 5.7, 6.7, and 9.3 keV. These represent the
Compton scattering at 180°, on the bound electrons of sili-
con, of Ka, KB, and 54.5-keVy rays respectively. Fel-
steiner, Kahane, and Rosrjd®] have, much earlier, demon-
strated using a 8ii) detector the downward energy shift of
such Compton features relative to the values calculated for
scattering on free electrons. In each case there is a distribu-
tion of approximately constant intensity going leftwards
from the inflection(corresponding to the kinetic energies de-
FIG. 3. SiLi) spectra of Gd, spanning both theandK x-ray  posited by the scattered electron when the scattered photon
regions. The lower spectrum was recorded with a 0.35-mm-thickangle ranges between 0° and 18@nd an exponential fall-
aluminum absorber between source and detector. off going rightwards. To fit the spectrum of Fig. 4, we ma-
nipulated the capabilities of GPPV, using three peaks of very
noise effects; this noise contribution was described by thOW intensity, each ha\/ing an associated |OW_energy shelf
additional eXponential ta||3)f very low intenSity common and a high-energy exponentia| tail, each of much h|gher in-
to all peaks in the spectrum. An additional short step wasensity than the peak itself. In addition, residuat-ray lines
associated with thé ;N3 lines, in order to represent the were included as simple Gaussians. For this fit, the calibra-
distortion from normal Lorentzian prOfile observed by OhnOtion parar‘neterﬁl_p4 were fixed at values determined from
and Lavilla[18]; this arises from many-body effects. the main spectrum fit. As shown in Fig. 4, the quality of fit is
The continuum observed to the left of thex-ray region  very good; the artifice of introducing the three weak lines
is at least two orders of magnitude more intense than thgoes not cause serious distortion.
expected flat shelves of the resolution fUnCtion, and must, The continuum expression obtained in this manner was
therefore, be associated with Something other thanLtke then emp|oyed as one Component of the model used in the
rays. The spectrum shown in Fig. 3 covers a much widefain L spectrum fit, with only one variable parameter, viz.
energy range set to include thex-ray lines and they-ray  the overall intensity of the continuum feature. This analysis
peak in the 40-55-keV region. It is clear that degra#ed of the continuum is clearly superior to the common approxi-
x-ray events are responsible for the continuum that underliegation of assuming that the intensity varies linearly with
the L x rays. To isolate this ContinUUm, an 0.35-mm-thick photon energy across th_ex_ray region_
aluminum absorber was interposed in front of the detector, \we have shown elsewhef&0], using coincidence spec-
thus effecting a strong reduction in the x-ray intensity  trometry, that the relative x-ray intensities within each of the
without Significantly altering the continuum. This Spectrum, le LZ! andl_3 series agree very C|Ose|y with Scofield’s DF
which is shown in Fig. 4, igapart from residual. x-ray  predictions[20]. In principle, therefore, we coulth) select
contributiong the continuum component that must be in- only the three major linesL;Ms, L,M,, andLsMs) to be
cluded in the fit of the mair. x-ray spectrum; it appears to yariables of the fit andb) normalize all subsidiary lines
within each series to bear the appropriate intensity ratio to
104 T the main line. This approach would be simpler than allowing
! all 23 lines to be variables. In practice, however, we chose an
approach intermediate between these two extremes to deter-
mine the thickness of the aluminum absorber covering the
Ly . source, and to effect the requisite corrections for x-ray at-
tenuation. Seven line groups were defined, as summarized in
Table II; within each group the line whose intensity was
varied in the fit is marked by an asterisk. The main fit was
10° - B repeated using various thicknesses for the aluminum absorb-
' 1 ing film. For each assumed film thickness, the intensity ratios
LoMy4:L,N, and L3My5:L3N, 5 were compared to the DF
theoretical value§20]. The agreement was excellent at a
thickness of 100ug/cn?, and this value was subsequently
adopted.
Examination of the residuals between the measured and
model spectra indicated that the fit could be improved by
O T T T e T permitting small adjustments to the energies assumed for
X-RAY ENERGY (keV) some of the x-ray lines of gadolinium. Thg third column of
Table Il shows both the tabulated energies taken from the
FIG. 4. Fit to the continuum component induced in théBi  literature[17] and the adjusted energies that were employed
detector by the G x rays and the 54.5-keyray. The Gd_ x-ray  in generating the final fit. Most of the adjustments are in the
contribution has been minimized by use of a 0.35-mm-thick alumi-range 1-3 eV. The 7-eV change for the wéa ; line may
num absorber. partly occur because that line is very close in energy to the

COUNTS PER CHANNEL

X-RAY ENERGY (keV)

COUNTS PER CHANNEL
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TABLE lll. Measured GdL x-ray intensity ratios. TABLE IV. Auxiliary quantities required for derivind., sub-
shell yields from the measured x-ray intensity ratios.
X
X—l =0.437+0.018 Quantity Value Source
L
X, wy 0.932+0.004 [21]
~ =0.218-0.016 Nk, 0.0328 See text
L Nki, 0.2933+ 0.004 See text
X, Nk, 0.5193+0.0052 See text
X Xk 0.932+0.030 [9]
e lex 3.88 [9]; see text
w5 0.177 IPM[2]
escape peak of the much more intehgdl, 5 line. It is not a @3 0.169 IPM[2]
matter of concern in our case. However, it is our opinion that fas 0.160 IPM[2]

such deviation is also possible from the Bearden or Sevier

energy values, because we have observed larger deviations ) ) . . )

between measured energies and the values given in the aboW¥eS€ intensity ratios, the fit was repeated with thd,

tables. We will return to this question later. TheN, line ~ €Nergy fixed at the Sevier value. This fit was visibly very

energy to optimize the fit is 8 eV above the Sevier value?2" and the reduced chi square increased to 133.'Relat|ve

however, it is only 3 eV above the value recommended in thdC the best fit, the changesiin, L, andL; x-ray intensities

tables of Beardefi21]. The 12-eV shift necessary for the Were, respectively;-0.7%, +2.5%, and+0.4%.

L,N, line probably results from the non-Voigtian shape of

that line, as discussed by Ohno and LaV{lls8] and Ana- V. ANALYSIS OF THE DATA

gostopoulos, Borchert, and Leh22]. , :
Concerning the energy values, our first question is Evaluation of Eqs(1)—(3) demands values for the various

whether the x-ray energy data obtained from electron impadguantities other than the measuredk-ray intensity ratios.

ionization or photoionization measurements could be used i N€S€ values are summarized in Table IV.

work on electron capture processes. There are two opinions Th€ K-shell fluorescence yieldw, is taken as
in the literature. The first is that considerable differencgs ~ 0-932+0.004 from Bambynek's fif32] to selected experi-

to 10 eV or morg exist between the x-ray energies in elec- Mental data; this agrees with the IPM predicti@?932 of
tron capture processes and in ionizat{@—25. The other Chen and CrasemanB3]. The quantitiesi, are described
opinion is that the energy differences are in the range of 1 e\n detail by Bambynelet al. [34]; each of these contains a
or a fraction of an electron vo[26,27). Our second question radiative contribution and a nonradiative contribution. Be-
concerns the accuracy of the available energy tables. Unfocause the radiative width of the shell is negligibleny, is
tunately, this is a significant question that we cannot addresgetermined essentially by Auger decay of teacancy. In
in a general sense here. However, good internal consistengfe other two cases, the radiative component dominates. The
could be expected within any particular overall data set. Theadiative component involvesy , and the intensity ratios
internal consistency was checked and reported upon by Nix, ./ Xka, andX /X, . We have used Scofield’s DF pre-

. . a o B a
gam and Agnihotr{28], who examined.,Y-L3Y X-ray en-  ictions for these two ratios; these appear to be accurate at
ergy differences for various shells denoted hereYbyhey  ha 194 Jevel in this region of the periodic tabias]. We
observed up to 5 eV variation in the,-L ; differences de- e ysed the IPNK Auger rates of Perkinet al. [1] for the

rived from different x-ray energy pairs. The situation is pre-p,nradiative components. The resulting values for the three
sumably further complicated by chemical shifts of the X-TaY gy antitiesny, ; , and their sumny, , together with uncertain-

energies. Overall then, the energy adjustments that we indjjoq gre given in Table IV.

cate in Table Il are in the same range that has been discussed1pq yalue f0feL2/eLl was derived from electron capture

in the literature. . . . .
The reduced chi-square value of the final least-squares ﬁpeory in Ref[9], and from it we obtain Fhe hecessary ratios
e|_1/e,_ and e,_2/e|_. We take the quantity, /ex from our

is 1.00 per million counts. An additional weak line had to be
introduced at energy 7.2235 keV; this energy correspond@Wn previous work9], where it was derived from the mea-
closely to thel ;05 line, whose intensity in the IPM is very sured ratioX, /Xy using the equation

low. It is possible that valence or solid state effects result in

the intensity exceeding the predicted value. Such increase is e
not uncommon in x-ray spectra, examples being kg e_K_
[29] andK 3, [30,3]] transitions. Table Il presents our final

x-ray intensity ratios; corrections for attenuation in the de-Thjs involves the two meah-shell fluorescence vyields fol-
tector window, the intervening air, and the aluminum-coverjowing K capture and. capturewy, andw,, , respectively.

foil have been made. Because of the very high overall intenThese two mean yields have to be obtained by assuming a
Sity of the spectrum, the statistical errors in the final Va'ue%ommete set ol subshell fluorescence and Coster-Kronig
for the intensity ratiosxX, /X, , X /X., andX_ /X_ are yields. In general, the meab-shell fluorescence yield is
negligible. To generate an estimate of the uncertainty irgiven by

XL _ NkooxL| @k

(6)

Xk wg WL
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TABLE V. Present results and other recent measureni82§] VI. CONCLUSIONS

of f15, fi3, andw, in the atomic number region 507<70. . . .
12 13 T 9 In common with other carefully conducted experiments in

fiy 7 Measured IPM2] this region of the periodic ta_ble, our measurement indicates
54 0.12+0.03 [8] 0.196 that _the I_PM theo_ry overestimates the subshell Cos_ter-
62 0.19+0.03 [36] 0.212 Kronllg yields qum? considerably. Recent .resuI.tS in the
atomic number region 50Z<70 are summarized in Table
64 0.166-0.020 0.215 . .
V. It is a straightforward matter to apply the current ap-
fi3 54 0.23+0.04 [8] 0.328 proach to several other simple decay schemes in order to
62 0.18 +0.03 [36] 0.332 generate improved., subshell yields at other values of
64 0.287-0.014 0.333 atomic number.

It follows from our results that the overdll, width is also

“1 62 0.062-0.010[36] 0.075 overestimated by the IPM. Atomic level widths have recently
64 0.101-0.005 0.084 been reviewed by Campbell and Pda]; while there are a
large number of width measurements for thesubshell and
_ most of these fall below the IPM predictions, there is a
w=Nqv;+Nyvs+N3vg, (7)

dearth of data in the atomic number region<&0D<70. The

where N :N,:N; is the subshell vacancy distribution in- Perkinset al. tabulation[1] indicates that 39% of the nonra-

volved, and diative L; width atZ=64 is from Auger processes and 61%
from Coster-Kronig processes. If we accept these IPM pre-
V1= w1+ frowp+ (f1of o3t fr) wg, dictions for the Auger and for the radiative widths, then we
can obtain a better estimate of the Coster-Kronig width from
Vo= wy+ friw3, the equation
V3= w3. 8 ek _
s ®) ToiToiT, 12t 9

In Ref.[9], adoption of the IPM predictions of Chen, Crase-

mann, and Mark2] to derivewy, andw,, gave the value This givesI'cx=1.68 eV, and, in turn the overall width for
R=3.88, with a 3% uncertainty at the 90% confidence leveltheL iz levelis 3.71 eV. This finding may be compared with
In Ref. [9], we noted that currently available measurementghe IPM prediction of 4.6 eV.

of f;5 and f,3 in this region of atomic number tended to lie  Finally, the current result provides the opportunity to re-
about 10% below the IPM predictions. We therefore derivedine the decay energ@gc relative to the value reported by
an alternate value d®, based on “experimental” rather than Ramanet al. [9]. The former value was the average of two
IPM Coster-Kronig probabilities, by adjusting all three Chen,numbers. The first of these was obtained by assuming the
Craseman, and Mark Coster-Kronig values downwards b);'PM ylelds for all threel subshells and the second was ob-
10%. This adjustment gaie=4.12. We then presented an tained via some estimates of the degree to which the latter
average of these tw® values as our final result. For the Might be in error. Using thé.; yields determined herein

present purpose, we use the value 3.88. together with the IPM ylelds fd[z andL3, theL/K electron
The uncertainties in the three measured intensity ratio§apture ratio is 3.880.15, and the decay energy @ec
)(Li/)(L have been propagated through EGS—(3) to gen- =60.220.2 keV. These two values may be compared with

erate the corresponding uncertaintiesoip, f1,, andf3. In the corresponding rgsults @®=4.0+0.2 and Qec=60.0
addition, the uncertainties in the various auxiliary quantities = 0-3 k&Y, as found in Re{9]. The conclusion of Ref.9],
as given in Table IV, have been propagated through the so%/- thatlT captu_re to the gxmted state at 54.5 keV is ener-
lution. The resulting uncertainties in each of the sought-aftefetically impossible, remains unchanged.
L, yields have then been added in quadrature to provide final
estimates of experimental error. The results are collected and
shown in Table V. This work was financially supported by the Hungarian
A new pair of values forwyk, and w, | may now be de- Research Fund under Contract Nos. T-026514 and T-
rived from these results, and when these are substituted in@16636, by the Natural Science and Engineering Research
Eqg. (6) there is insignificant change in the derived/ex Council of Canada, and by the U.S. Department of Energy
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