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Method of determining the value of the Coster-Kronig parameter(f,5)
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The present work demonstrates the utility and efficacy of a technique to measure the Coster-Kronig param-
eter (f,3) of elemental targets. For this purpose a pure gold foil was irradiated in a beam of 8@+l from
a radioactive!®®Cd source. The photoinducétandL x rays emitted from the gold foil were then measured
in coincidence, with the data collected in the list mode. On analysisf thealue of gold was found to be
0.119+0.003. The technique demonstrated here is different in the sense that, in contrast to the earlier coinci-
dence methods, where the x rays emitted directly from a radioactive source are detected in coincidence, in the
present method the x rays of the elements under investigation are obtained by photoionization.
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[. INTRODUCTION dence methods are that in the first method, the uncertainty of
the measured values cannot be brought down below a few
Precise determination of all the atomic parameters such gsercent while in the second method, a long-lived radioactive
fluorescence yieldsq«;), Coster-Kronig ratesf(;), and Au-  source is required which is not possible for all elements. An
ger yields &;) is very important because these are used iralternative approach to such measurements would be to ex-
(1) converting x-ray production cross sections to ionizationcite an elemental target with an x ray ¢rray source to
cross sections and to compare the same with the predictiongnize its K shell and subsequently measure fandL x
of different theoretical model$2) to compare the measured rays of the target element in coincidence. As we have ex-
values with the Dirac-Hartree-SlatédDHS) calculations for  plained later, this method would be almost entirely free of
the same, and3) in the elemental analysis such as proton-the |imitations and uncertainties mentioned above. So far as
induced x-ray emission, and x-ray fluorescence, etc. our knowledge goes, no such effort has ever been made ear-
All the measurements performed so far to determine e, Here we would like to demonstrate that with modern
values of the dlfferer_1t_ atomic parameters for theubshells x-ray detectors and data acquired in the list mode, elemental
can be broadly classified into two categorig:Single spec- targets excited with a suitable radioactive source can be used

trum method and2) comu_dence method. In the single spec- to obtain the values of,; with high precision. The radioac-
trum method characteristic x -rays of the target elements arg . :
ive source is used here only to excite teshell of the

detected when target atoms are ionized by x raysays, leéement being investigated. It should be emphasized that the

electrons, or protons or when processes like electron captu thod d trated h . i | in that
or internal conversion occur in a radioactive atom. In orde/"€t10d demonstrated here 1S quite a general one, in that,

to evaluate the different atomic parameters, one has to udd9n-precision values of ;3 of almost all elements can be
the theoretical values of the ionization or photoelectric cros@Ptained. _
sections of the different subshells where, a built-in uncer- It should be noted that the values of the atomic parameters
tainty of a few percent always exists. Compounded with theneasured before 1970 had shown large errors and also large
other errors present in a particular measurement, the overdicatter among themselvgz|. Precision measurements using
uncertainty of the values of the atomic parameters obtainetligh-resolution solid-state detectors and list-mode data ac-
in this method cannot be brought down below a few percentquisition started in the mid 1970s only. It was observed that
In the coincidence experiments done to date, a long-livedhe data for different atomic parameters, especially those for
radioactive isotope was used directly as the source antd thethe Coster-Kronig transition probabilities show large devia-
x rays coming from it were measured in coincidence with thetions (in the range of 7&Z<90) from the theoretical as
K x rays or internal conversion electrons. With prior knowl- well as the semiempirical prediction%]. Moreover, the val-
edge of the geometry and the efficiency of the detector, thees obtained by the synchrotron radiation method were al-
coincidence x-ray yields were used to obtain the values oivays found to lie below the values determined by the coin-
the different atomic parameters. It is a very powerful tech-cidence techniqugl]. One possible reason for this could be
nigue where, in favorable cases, the atomic parameters, ethat in all previous coincidence experiments radioisotopes
pecially the values of ,3, can be measured with an overall had been used as the source of x rays andfthevalues
uncertainty of 1% or lesgl]. measured were for the daughter atom. It is possible that the
The limitations of both, the single spectrum and coinci-nuclear cascades present in such sources would give rise to
some unwanted coincidence events. To remove all such am-
biguities a more general, cleaner, and high-precisiarea-
*Corresponding author. Email address: mano@anp.saha.ernet.isurement of Coster-Kronig transition probabilities has long
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‘ AMP ‘ ‘ TFA ‘ ‘ TFA ‘ ‘ AMP‘ where C(La,Ka,), C(La,Ka,) are theLa x rays mea-

sured in coincidence wittKa, and Ka,, respectively,
n(Ka,) andn(Ke«,) are the number dk «, andK a4 X rays
Epa E:a measured in coincidence with ther x rays, and\/(6) is the

angular correlation coefficient betweéhw,; and L« lines.
When the two detectors are placed at an angle of 125° the
E@ value of W(6) becomes 1.

START| Tac | STOP Il. EXPERIMENTAL DETAILS

A 2-mCi 1%%Cd source, shielded in a lead container pro-
vided the 88-keVy rays which excited the target sample. A
Au foil of thickness 53.7 mg/cfhimounted on an Al frame
was used as the target. The 88-ke\fays intereacted with
12 3 the Au atom to creat& shell vacancies, thus initiating the
. K-L x-ray cascades in the Au atom.

ADC'S GATE The K x rays Ka; and Ka,) were detected with an
®) ORTEC LEPS high-purity GEHPGe detector of energy
resolution 160 eV at 5.9 keV. A DSG (&i) detector of reso-

FIG. 1. (a) A schematic diagram of the experimental setp. |ution 140 eV at 5.9 keV was used to detect therays. The
=20 mm,Y=40 mm,Z=3 mm; distances are not to the scdl®.  r¢|ative angle between the two detectors was kept at 125° to
Electronic circuit used in the experiment. eliminate the angular correlation effect betwéen,; andL «

. X rays. A schematic diagram of the experimental setup is
been warranted. Our present measurement is an endeavoréﬂown in Figs. ) and 1b).

thatt?irectipn. . h h h radically dif The data were collected for 60 days and were stored as
The main point where the present approach radically difsgnarate files every 10-24 h intervals. All the intermediate

fers from the coin_cidence techniql_Jes_ “S?d e_a[Ber6] lies . data sets were then added up to get the final spectrum. Dur-
in the way the primary vacancy distribution in the target 'Sing the 60 days run, no peak shift was noticed. The TAC,

created. Previously it was determined by the deacay schen;gray, andK x-ray events were registered in ADC1, ADC2,
of the radioactive source used for the measurement. In thgnd ADC3, respectively.

present method the primary vacancies are created by photo-
ionization. This procedure is different in that by choosing
suitable excitation sources we can control the primary va-
cancy distribution. The rest of the procedure of detection and The data were analyzed event by event by using the soft-
analysis is very similar to what was done in the earlier coin\yare INGASORT developed at the Nuclear Science Center,

cidence techniquei8—6]. The expression that is used to de- New Delhi, India. Relevant details of the analysis are given
termine the value of ,3in theK x-ray L x-ray coincidence is pejow.

Ill. DATA ANALYSIS

given by In order to find the value o€ (L a,K a4), first of all, three
ClLa.Ka)n(Kay) windows were set on the TAC spectrt(nbtained from ADC
pa= 2 1 W(6), (1) 1) as shown in Fig. 2. The first window was set on the central
C(La,Kay)n(Kay) region (promph of the spectrum which included true as well
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] ) . FIG. 5. Positions of th&«; andKa, gates.
as random events. With the half of the width of the first
window, the second and the third windows were set on the hiracted from the true and random spectra. Having ob-

continuum of the left and right side of the central peak as,ineq all these quantities, the valuefgf for Au was found
shown in the figure. These two windows essentially include, Eq. (1) to be 0.118-0.003.

the random evLents only. FroRm all thex-ray events, twd- Putting the gates oK a; andKa, is the most tricky part
x-ray spectrasy,(Ka;) andS,(Kay), were then generated f the data evaluation especially when these two peaks are
by setting a common gate dRa, and simultaneously by ot completely resolved. In such cases, the contribution of
setting another gate either on the secdett) or third (right) Ka, in Ka, (and vice versashould be carefully estimated
window of the TAC spectrum. Anothel x-ray Spectium  ang the prescription for this has been elaborated in several
x (Kai) was generated in a similar manner by settingpaperq4,6]. In our case, as can be seen from Fig. 5,Khe

one gate orKa; and the other on the prompt of the TAC and K, peaks are well separated. So errors arising out of
spectrum. The true coincidence spectrumLok rays with  pytting gates on them are minimal.

Kaj can now simply be obtained by subtractiBbX(Kal)
andSt (Ka,) from S/ R(Ka,). The subtracted spectrum is
shown in Fig. 3. The true coincidence spectruniof rays
with Kar, was obtained in a similar fashion and is shown in 5o far as other measured valuesfgf for Au are con-
Fig. 4. Areas under thea peak in Figs. 3 and 4 give us the cerned, there are only three values available in the literature.
values ofC(La,Ka;) and C(La,Ka,), respectively. For Jitschinet al.[7] and Werner and Jitschii] used synchro-
the true coincidence events ofK a;) andn(Kay), the pro-  tron radiation to selectively ionize differemt subshells of
cess of gating was the same, i.e., two random spectra wefRe target and by observing the jump in the intensity of a
particularL line at theL edges, determined the values of the
600 — T T T — T T different Coster-Kronig transition probabilities. Their mea-
L, ] sured values off,3 for Au are 0.10&0.009 and 0.101
+0.010, respectively. Det al. [9] used an?Am source
with different sets of secondary targets to selectively ionize
different L subshells and measured all the Coster-Kronig
400 - 7 transition probabilities of elements in the rangesi®<90
with an error of 3—12 %. They have not mentioned which
sets of secondaries were used for which elements and also
did not include corrections due to the scattesedys. Their
measured value df,5 for Au is 0.125+0.013. McGuird 10],
200 - T using nonrelativistic Hatree-Slater calculations predicted a
1 value of 0.132. Chenetal. [11] using nonrelativistic
- screened hydrogenic wave functions calculated the atomic
parameters for 14 elements. An interpolation through these
points gives a value of 0.100 for Au. Later, Chenal.[12]
made arab initio relativistic calculation for 18 elements us-
ing the independent particle model with Dirac-Hartree-Slater
wave functions. The interpolated value for Au from this set
FIG. 4. True coincidence spectrumlok rays gated by «,. of data is 0.129. Purét al. [13] calculated different atomic

IV. DISCUSSION
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parameters for the elemenfs=25-95 using the radiative nism of creating the primary vacancies, e.g., the vacancies
emission rates of Scofielffl4] and nonradiative emission created in a daughter atom by radioactive decay or vacancies
rates from Chert al.[15]. Their calculated value of,; for ~ created in an elemental target by direct photon excitation. So
Au is 0.129. The most widely used value fof, of Au is the ~ OUr present result provides experimental evidence against the
semiempirical value of Krause6] which is 0.122. speculation of McGhee and Campbfedl7]. The reason why

It is clear that our measured value of 0.119.003 is thg values of Coster-qumg transition probab|.I|t|es deter-
r{mned by synchrotron radiation method always lie below the
values determined by the coincidence technique is still not

method, but very close to the semiempirical value of Krauseclear and further investigations in this line are needed.

[16], and slightly less than the value predicted by the rela- While writing this report we came across an old work of
tivistic formalism of Cheret al.[12]. It has been pointed out Douglas[18] who had excited Ho and Tm targets with an
by Jitschin[1] that atomic parameters likR,, f1s, andfas 24171 c o e and measured thdis; values. Partly due to
determined by the synchrotron radiation method always "%he poor resolution of the detectlzrosrs and .partlyydue to the

below the values obtained using the x-ray—x-ray coincidenc? ets of mediunz elements used by him. he could not
technique. This trend has also been observed by McGhee andJ y '
completely resolve th& «; and K, components, and had

Campbell[17] who used coincidence technique with radio- . . .
active isotopes as sources of primaryacancies. One of the to use edge filters of Sm and Gd forl selective absorption of
ane of these components. Use of filters produked-ray

main differences between these two techniques is that in thIInes of Sm and Gd which were very close to ter, and

synchrotron radiation method, vacancies in theubshells ravs of the targets. Conseauently the mode of gatin
are produced by photoionization whereas in the coincidencga2 X rays  Largets. quently the gating
W@s quite imprecise. At times, the contribution of the filter

technique, the same are produced either via electron captu . :
or by iﬂternal conversion Fl)\/chhee and Camphéf] specu-p x-ray lines was estimated to be more than 10%. He also had
lated that the different values of Coster-Kronig transitionto. matlfe.a dcorrgctl?rrll fprttheSEun:.esolvdladytkl]m.e thatkwﬁs
probabilities obtained by these two methods might be due tg/mg urr|1e_ un fefr'lt € inten IO‘ ]:nets..t n ?'rt\r’]\'otr.t’ N Id
the difference in the physical mechanism creating the initia roper choice of Titers was aiso lortuitous, n that it wou

e very difficult to find such filters in a general case. Besides,

L vacancies. | d all gates with hard d bl
For Au, there are no coincidence data available using 0(‘;% as prtg-:-pared ta gﬁ e?. Wi arl ware t.an pre_SLéma y
radioactive isotope. McGhee and CampHélf] have mea- ad to continue data collection over longer ime perioas.
Our present method as reported here is quite a general

suredf,s; values for neighboring elementZ €80, 81, and i . . .
82) using the coincidence method with radioactive sources"€: Any element can be excited by a suitable radioactive x

If one compares these data with the theoretical predictiongay Ory SOUrce orin an x-ray _tube and the prgsent techr_ngue
and the semiempirical values of Krauges), it is found that can be applied to measure its Coster-Kronig probabilities.

the data give excellent agreement with Krause’s values. Ou hrough such an excitation, no cascgdlng is produced like
the same occurring while using a radioactive source. More-

present result which was based on an x-ray—x-ray coinci- . i )
dence method, where an elemental target of Au was excite ver, If the data are acquired over a long enough period, the

with y rays (photong agrees, within experimental errors, accuracy of the measurement can be brought down186.
with the value of Kraus¢l16]. It can perhaps 'b'e conjecturgd ACKNOWLEDGMENTS
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