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Measurement ofL -shell fluorescence yields of some elements in the atomic range65<74
using photoionization

Onder Smsek, Oguz Dogan, Umit Turgut, and Mehmet Erirg|
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L-shell fluorescence yields were measured for seven elements Th, Dy, Ho, Er, Yb, Ta, and W usibg a Ge
detector. The targets were excited using 59.5-kendys from Ant*! radioactive source of strengths 100 mCi.
The results obtained were compared with the theoretical values and other measured values. It is shown that the
present results are in good agreement with earlier experimental and theoretical results.
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PACS numbegps): 32.30.Rj

INTRODUCTION thickness 100—30@g/cn? of Tb, Dy, Ho, Er, Yb, Ta, and
W. All the targets havé -edge energies lower than 59.5 keV.
The fluorescence yield of an atomic shell or subshell isThe fluorescent x rays produced due to the interactions of the
defined as the probability that a vacancy in that shell or subincoming photons with_-shell electrons of the target ele-
shell is filled through a radiative transition. The fluorescencenents are measured with a @B detector (Be window
yield of a shell is equal to the number of photons emittedthickness of 12.5.m and resolution of 190 eV at 5.96 kgV
when vacancies in the shell are filled, divided by the numbeand complied with the ND 66B multichannel analyzer sys-
of primary vacancies in the shell. The knowledge of fluorestem. ThelL-shell x-ray spectrum of Ta is shown in Fig. 2.

cence yields of the. shell has wide interdisciplinary appli-  The L-shell x-ray counting rate from the target of the
cations in nuclear and atomic measurements. Bambyneklements under study and the scattered radiation counting
et al. [1] have fitted selected experimental valuekef L-,  rate from the carbon target, as measured by the detector, are

and M-shell fluorescence yields. Hubbeit al. [2] have re-  given by
viewed K-, L-, and higher atomic-shell x-ray fluorescence

yields covering the period 1978-1993. An annotated bibli- 1 Na 2 _
ography of x-ray fluorescence yield measurements, analyses,N(L): R 411 W tyWiBw (oLt mkLow) 11 EmeL

fits, and tables from 1978—-1993 and the comparisons of the )
fluorescence vyieldspy, ®,, and wy, based on measure-

ments, and on theoretical models are also given. Values afnd

wk , ., andwy, fitted to standard empirical parametric for- .

mulations and selected well-characterized measused ( )—Rﬁﬁt B dokn(90°) S(x,.2) Qe

., andwy results restricted to the period 1978-1993 are 411 Mg ©7©@  da P SIRT2R O

listed. Krausd 3] has determine&-shell andL;-, L,-, and 2

L 5-subshell fluorescence yields for all elements5<110. ] ) ) o

In recent yearsl,_-shell fluorescence yields for many ele- Qs sou_rce-target solld_ angléy; is the concentration in the
ments were measured by several autdrs6]. Singhet al.  target ofi element,N, is Avogadro’s numberM, and
[4] have measured.-shell fluorescence yields of 27 el- M(c) are the atomic weight of the target element and carbon,
ements: Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Ertx) andtc, are the thickness of the target and &, is the
Tm, Yb, Lu, Hf, Ta, W, Re, Ir, Pt, Au, Tl, Pb, Bi, Th, and U.
Mann et al. [5] have determined. fluorescence yields 22
elements: La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Yb,
Lu, Ta, W, Au, Hg, Tl, Pb, Bi, Th, and U. Ertugl [6] has
measured.-shell fluorescence yields of 11 elements: La,
Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, and Er.

In the present workl_-shell fluorescence yields of seven
elementgTh, Dy, Ho, Er, Yb, Ta, and Wwere measured by
using photoionization. The targets were ionized using 59.5-
keV v rays from 100-mCi Ari** and emitted_-shell x rays
were detected with a Glei) detector.

EXPERIMENTAL METHOD

B Fe

rays from an Am*! source are collimated on targets, each of FIG. 1. Experimental setup.

The experimental setup is shown in Fig. 1. 59.5-keV
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FIG. 2. L-shell x-ray spectrum of Ta. FIG. 3. L-shell x-ray fluorescence yield curve versus atomic

number.
L-shell photoelectric cross section of the element at the ex-

citation energy of 59.5 keV,_ is the L-shell fluorescence 1

yield, 2, is the target-detector solid angle, , ande ¢ are L2 ) [Ir(KL3) + 2 A(KLoL o) + T a(KL4LY)
the detector efficiencies at the fluorescent and scattered x-ray

energies, 3y and B¢y are the absorption correction factor + T A(KL,Lg) + T A(KL,X) ], (5)

of the fluorescent target and C targetyk(90°)/d(Q is the
Klein-Nishia differential cross section, ar8{x,Z) is the in- 1
coherent scattering factor of C. From E@$) and (2), w, KSR [FR(KL3)+2I'A(KL3L3) + TaA(KL;L3)
can be resolved,
+TA(KLyL3) +TA(KL3X)]  (x=M,N,0), (6)

— _Mi g Bio 80 N 4w
" Mctwy B &) Nio WilaL+ mxLok) ML =2 KLi (7)
XdUKN(goo) S(x,2). 3) wherel'z andT" 4 are the radiative and Auger partial widths
dQ ' corresponding to the transitions between the shells in the

parentheses anHl is the total level width. In these evalua-
TheN(.y andNc, values are determined from the photopeaktions, K-shell radiactive transition rates based on the relativ-
and scattered peak areas at the same counting geometry. Tisic DSH model tabulated by Scofie[@] and the Auger
o, and o values are the photoionization cross sections otransition rates based on the RDHS model calculated in the
theL andK shells. Theo and o values were taken from jj-coupling schemé9] were used.
table of Scofield 7]. 7k, is the vacancy transfer probability. The differential Klein-Nishina cross section per electron
The 7, value was determined using [dokn(90°)/dQ] is calculated by the well-known Klein-
Nishina expressiof10]. The function ofS(x,Z) versusx
=sin(A/2)/\ was determined for C from the table of Hubbell
”KLl:m [PR(KLy) +2FA(KL Ly) + Ta(KLL,) et al. [10]. The self-absorption correction factor for emitted
L-shell x rays was determined by

+A(KL1L3) +TA(KL1X) ], (4)
lu’y ML
TABLE I. o, ok, anddai,(0)/dQ (for carbon values at 1—EXL{—(C050+ @ t,_}
59.5 keV andzy, values. B)= , 8
( Ry M|
doinc( 6) cosf cos¢p| -
dQ
oL o (for carbon whereu,, andu, are the total attenuation coefficieftsl] at
Element (b/atom (b/atom KL (b/atom sy primary y and emitted L-shell x-ray energies and
. (=45°) and¢ (=45°) are the angles with the sample nor-
GZTb 443.50 26129 0.848 0.193 mal primary and emitted -shell x rays. Theg(c, value is
Dy 473.44 27431 0.846 similar to that in Eq(4),
*™Ho 504.86 2889.3 0.843
=Ty 537.85 3039.2 0.840
Ovh 608.77 0 0.836 1- eXF{ - (goy—écé + é;s—éc(; tc
*Ta 727.95 0 0.829 Bc)= , 9

C

AW 771.38 0 0.827 M7<C>+ HMs(c) t
Cosf# coS¢




1042

SIMSEK, DOéAN, TURGUT, AND ERTUGRUL PRA 58

TABLE Il. L-shell x-ray fluorescence yield of elements Tb, Dy, The detector efficiency was determined with calibrated ra-

Ho, Er, Yb, Ta, and W.

Present Other
Element Expt. Expt. Theory Fit values
55Th 0.18210)  0.1926)% 0.194 0.184
0.16810°  0.172 0.172
0.17514°  0.197 0.172
85Dy 0.1909) 0.1996)2 0.204 0.194
0.17510°  0.18F 0.182
0.1749)° 0.207 0.182
5Ho 0.20q10)  0.2176)% 0.214 0.20%
0.19310°  0.19F 0.192'
0.19114°  0.217
58y 0.2086) 0.2237)2 0.22% 0.21%
0.20510°  0.20F 0.202'
0.20714°  0.224
%)) 0.2358) 0.2397)2 0.247 0.236
0.22810°  0.22¢ 0.228
0.250
*Ta 0.25211)  0.2748)2 0.277 0.269
0.25412°  0.25% 0.257'
0.284 0.266
W 0.28318)  0.2858)2 0.29¢ 0.28¢
0.27413°  0.26F 0.269"
0.296
%Referencd4].
bReferencd5].
‘Referencd6].
dReferencd12].
®Referencd 13].
Referencd 14].
9Referencd 2].
"Referencd15].
iReferencd 1].

dioisotope sources of AffY, Ba*3 and Mr® using

47TNE

B~ q,TRR

(10

whereNg is the net count under the photopeak in the time of
T, Q, is the solid angleR is the radioactive decay rate, and
Pe is the emission probability of photon at tlieenergy.

RESULTS AND DISCUSSION

In this work theL-shell fluorescence yield of some ele-
ments was measured using a different method. In the method
the L-shell x-ray counting rate from the targeéfq. (1)] and
the scattered radiation counting rate from the carbon target
[Eq. (2)] are measured at the same geometry. From these
equations,L-shell fluorescence vyield, , is resolved(Eqg.

(3)]. In this method, the value ab, is independent of the
primary photon flux and the source-target-detector geometry
factor. In these calculations, the andK-shell photoioniza-
tion cross sections of Th, Dy, Ho, Er, Yb, Ta, and W, the
differential Compton cross section of carbon, and kKheto
L-shell vacancy transfer probabilities of Th, Dy, Ho, Er, Yb,
Ta, and W were used and are shown in Table I. The present
experimental results df-shell fluorescence yields are given

in Table Il. In addition, the present and other results are fitted
versus atomic number and are shown in Fig. 3. It can be seen
from Table | and Fig. 3 that the present results are in good
agreement with the experimental uncertainties with the ear-
lier experimental and theoretical reports. According to the
values of Hubbellet al. [2], the errors in the measured
L-shell fluorescence yield are estimated to be less than 7%
and 10% for this method. This error arises due to the uncer-

where ¢, is the absorption coefficient of carbon at the tainties in various physical parameters, namely, the error in
energy of the incideny rays, ., is the absorption coeffi- the evaluation of area under theshell x-ray peaks, target
cient of carbon at the scattered photon energy calculated bipickness, absorption correction factor, and detector effi-
using the Compton relation and a scattering angle of 90°ciency.
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