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Double K-shell ionization probability in >*Mn
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We have measured the probability of doulleshell vacancy production in the electron capture decay of
5Mn to the 835-keV level of*Cr. The probability was deduced from the number of triple coincidences
among the Cr hypersatellite and satellite x rays emitted in filling the double vacancy and the 835r&gV
The probability of doubleK-shell vacancy production pé¢-shell electron captureRyk) was found to be
(2.3"39 %10 4. Comparisons to previous experimental results and theoretical calculations are discussed.
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I. INTRODUCTION Il. EXPERIMENTAL PROCEDURES

A. Source preparation

DoubleK-shell ionization accompanying electron capture  a thin source of 0.27uCi strength was prepared by
(EC) is a process in which the sudden change of pmemiaévaporating several drops of a solution of Mp@ 1.0M
associated with EC causes the remainirig electron to be  ic| on a piece of scotch tape. The source was sandwiched
ejected from the atorfshakeoff or promoted to unoccupied petyeen two HPGe detectors, one a coaxial detector with a
levels (shakeup. The probability of the process is very sen- 44 mm diameter, 49 mm depth, and a 0.5-mm-thick Be win-
sitive to the electron-electron correlations in the atomic WaV€jow, and the other a planar detector with a 16 mm diameter,
function. Because of the small probabilit®x) with which 19 mm depth, and a 0.128-mm-thick Be window. The coaxial
the process takes place;-(0 “~10"°) the measurements getector was used to detect the 835-kg\tay emitted by
are difficult and susceptible to errd?y has been measured o 54cy daughter and the planar detector was used to detect
for only about 15 isotopes, most of which involve groundine cr “normal” KN x rays that are emitted after a single
state to ground state EC transitid. More often than not, \acancy is created in thi shell following EC, as well as

the measurements on the same isotope are in conflict, somgy, sum (KS+K"M) of the satellite and hypersateliite x rays

times by an order of magnitude or more. The theoreticalat are emitted when a double vacancy is created irkthe
situation is not settled either. shell.

The predictions of the two leading theorig?,3] differ
from each other by almost an order of magnitude at ligh B. Measurements

The data fall in between the two theories and do not clearly - ) ]
favor one against the other. Although the two theories di- . 1€ detectors were connected to amplifiers equipped with

verge withZ, both predict a smooth decrease Ry with pileup rejection circuitry. For the x-ray detector two ampli-
Z for decays withQ value much higher than thK-shell fl?r:S We.rteh usedr,] one Wt'.th a s?aé)lng tmjl_?] ofAds %r.]d ?n-
binding energy. The measured valuesRyfy for ®zn [4]  OMer With a sShaping ime o -2ps. The combination

and Mn [5] are both higher, by almost a factor of 3, than was used to further reduce the pileupkof- K signals in the

. o : 55 x-ray detector(as explained below A standard circuit was
thhat of the ne|gtr)1bor|ng|n latoTlc;]_an:mberb Fﬁ [?] hand . used to generate coincidence signals. The energy and timing
ence seem to be anomalously high. For both of these iSQ5qa15 were digitized in a four-channel analog-to-digital

topes, the EC decay is to an excited state that decaygynyerter in acamac crate interfaced to a PC running Linux.
promptly viay emission. It is possible that the fluorescencerpe digitized signals were recorded event by event on a
caused by they rays in those decays increases the backmagnetic tape using a locally written data acquisition soft-
ground on the high-energy side of the hypersatellite peakyare. Most of the recorded data consisted of double coinci-
thus distorting the peak shape used in the fit. We have remegences only, with singles runs collected for short periods of
suredPyy for >Mn to double check its seemingly anoma- time every few days. The total data collection time was 130
lously high value. In our measurement, the 835-kg\ay  days.
was detected in triple coincidence with the satellite and hy- Figure 1 shows a sample singles spectrum recorded in the
persatelliteK x rays in order to eliminate the possibility of coaxial detector. Apart from a smalPCo contamination in
fluorescence caused by theray. the sourcgwhich was purchased from Oxford Instruments
the spectrum is dominated by the 835-keV line. The x-ray
spectra used in extractirgyx were obtained by first setting
a gate on the 835-keV line in the coaxial detector.
*Present address: Lockheed Martin Advanced Technology Center, To reduce the pileup df +K signals, a gate was set on a

3251 Hanover Street, Palo Alto, CA 94304. two-dimensional2D) histogram of the x-ray signal recorded
TPresent address: MS-23, The University of Tennessee Space IWith the short-time-constant amplifieE{,,) Vs the signal
stitute, B. H. Goethert Parkway, Tullahoma, TN 37388-9700. recorded with the long-time-constant amplifiéf,{,,). Fig-
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FIG. 1. A singles spectrum of th&Mn source, recorded with - — E— -
the coaxial Ge detector. The line energies are given in keV. 200 400 600 800
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ure 2 shows a sample spectrum Bfyqr VS Ejong. AS €X-

pected, _thls spectrum shows that the pIIel_Jp DUISG_S that IVfe TAC signal between the- and x-ray detectorsy(axis) and the

an amplitude larger than that of tiepeaks inEjong give @n  gnergy recorded in the x-ray detector with the long-time-constant
amplitude that is almost equal to that of the peaks in  ampiifier (x axis. The spectrum is gated by the 835-keV line.
Esnort- HENCe, a further improvement in the pileup rejection o ) ) )
(over that of the hardware circuitry of the long-time-constant Further reduc;t]on in the plleup can be aChleved by_settmg
amplifier, already applied to the signals histogrammed in Figah energy-specific gate on the time-to-amplit(@ac) sig-

2) can be achieved by placing a 2D gate around Ege, nal. Figure 3 shows a 2D histografgated by the 835-keV
=Eong locus. This additional pileup rejection is obtained lin€ and by theEqo Vs Eiong gatd of the TAC signal vs the

without sacrificing the good energy resolution obtained with€Nergy in the x-ray detectoE(,,g). We use the leading-edge
the long-time-constant amplifier. method to derive the fast timing signals. As a result, the TAC

signal is amplituddi.e., energy dependent. In our setup, the
TAC is started on the x-ray detector and stopped onjthe
detector. The small-amplitude signals in the x-ray detector
reach the leading-edge threshold at a later time and hence

FIG. 3. Two-dimensional density plot of events as a function of

140 start the TAC later, thus leading to a smaller TAC signal.
Conversely, large-amplitude signals reach the leading-edge
120 threshold earlier and hence start the TAC earlier, thus leading
to a larger TAC signal. This explains the increase in the TAC
100 amplitude with energy in Fig. 3. The TAC spectrum in the
region of theK + K sum has a component that is lower than
§ the expected TAC signal for that energy, and is characteristic
ui 80 of the TAC signal for a singl& energy. Clearly, these TAC
signals are from the pileup pulses where the time signal is
60 picked off the firstk x ray that enters the detector. The TAC
spectrum in the region of th€ + K sum also shows acciden-
40 tals (on the long-time sidethat drop sharply about 240 ns
from the prompt peakchannel~380 in Fig. 3. These acci-
dental signals arise from the x-ray detector triggering ¢h a
20 X ray, with the corresponding 835-key/ray escaping detec-

tion, followed by another decay where both the x ray and the
L vy ray are detected, each in its own detector, thus leading to a
20 40 60 80 100 120 140 signal in theK +K region in the x-ray detector. If the second
decay happens later than 240 ns after the first, the x-ray
signals will fall outside of theEg, VS Ejong gate(or, if later

FIG. 2. Two-dimensional density plot of events as a function ofthan about 400 ns, then they are rejected by the pileup rejec-
x-ray energy recorded with the long-time-constant amplifigg,) tor in the amplifie}, and hence the event is rejected as pileup
and the short-time-constant amplifid{,;). The spectrum is gated and does not appear in Fig. 3. Therefore, by gating on the
by the 835-keV line. appropriate region in the TAC spectrum of Fig. 3, we man-

EIong
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107 e TABLE I. Energy shifts of hypersatellite and satellite lines and
E Cr E atomic parameters relevant to the calculatiorPgf .
10° L Ko X ray spectrum gated by |
% 835-keV v i AKaM® 0.254 keV
S 10°F ] AKpgH® 0.319 keV
° ] AKaSP 0.033 keV
N0t AKBSP 0.087 keV
g | wy © 0.288
g 10° 3 KalKy 9 0.882
8 0L Py © 0.8895
i aReference5].
10' bReferencd 7].
0 i I | O O O O R B R B ZREferenCdll]'
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keV
& (keV) lite x rays, respectively. A hypersatellikex ray is emitted in
FIG. 4. X-ray spectrum recorded in the planar detector, in coinfilling the first of the two vacancies, and a satellite x ray is
cidence with the 835-keV line. emitted in filling the second of the two vacancies. The hy-
persatellite x ray has éconsiderably higher energy than a

aged to bring down the effective pair-pileup resolution to 1ZSSatelllte X ray, which in tum has elightly) higher energy

ns, which is at least a factor of 3 lower than the pair-pileu than a normal x ray. A Gaussian shape plus an exponential on
C - pair-prieupy, low-energy sidéto account for forward scattered x rays
resolution of the amplifier.

was used for each of the peaks. The centroids and widths of
the Gaussians were fixed to the values expected from the
IIl. DATA ANALYSIS known energies and energy shifts of the normal, satellite, and

Figure 4 shows the x-ray spectrum gated by the 835-ke\ypersatellite peaks, and using an enefgyd width cali-
line and the above 2D gates, and Fig. 5 shows an expandéHat'O” based on Ge x-ray lines. The energy shifts of the
view of the region of thek + K sums, together with a fit hypersatellite x rays were taken from the measurements of
using the expected line shape. The region was fitted with th&/2gy and Schupfb], while the energy shifts of the satellite
sum of seven peaks, superimposed on a quadratic back-rays wWere calculated from a fit to th_e shifts calculated by
ground. Three peaks accounted for the accidental sum of twgUrch et al. [7]. Table I lists these shifts, as well as other
“normal” x rays: KaV+KaN, KaN+KgN, and KN relevant atomic parameters. Using the known relative inten-

+K BN, and four peaks accounted for the true sum of x rays$ities of the Ka and Kg lines in Cr Ka/K;=0.882,
produced from a double vacancy in the shell: Ka®S KB/K;=0.118 [8]) and the measured relative efficiency
+Ka, Ka"+KBS, KaS+KaH, andKg"+KBS, where €k €xp=1.154, one can determine the relative areas of the

the superscripts! and S denote the hypersatellite and satel- thrée normal peaks that arise from accidental summing, as
well as the relative areas of the four hypersatellite-plus-
satellite true sum peaks. Therefore, although the fit consisted
150 of seven peaks, only five parameters were allowed to vary
1 freely: the area of th&KaN+KaN peak, the area of the
N KaS+Ka" peak, and the three parameters of the quadratic
] background. Table Il lists the energies, widths, and relative
intensities of the seven peaks used in the fit, and Table IlI
lists N[ y® (KaN+KaN)], the area of the accidental sum
peak, N[ y®(KaS+Ka™)], the area of the true sum-

125

=
(=]
o

TABLE II. Centroids and relative intensities of the lines used in

Counts per 40 eV
\‘
2]
T

50 . the fit to y® (K+K) coincidences.
25 4 Component E (keV) FWHM (keV) Relative intensity
| | | | 1 Ka+KaM 10.824 0.266 1.000
091011121314 KaN+KgN 11.359 0.268 0.307
E (keV) KBN+KgN 11.894 0.268 0.024
KaS+Ka" 11.111 0.266 1.000
FIG. 5. TheK+K region of the x-ray spectrum gated by the Ka"'+Kg® 11.700 0.268 0.154
835-keV line. The solid curve shows the fit; the dashed curve show& o5+ K,BH 11.711 0.268 0.154
the pileup component of the fitk"+K™), while the dash-two- KpgS+Kp" 12.300 0.269 0.024

dotted curve shows the tru&'+ KS) sum peaks.
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TABLE IlIl. Experimental results. The efficiency for x rays can be obtained in a self-
consistent way from the data by dividing the number of 835-
N[y® (Ka+Ka™)] 541=31 keV x-ray coincidencefgiven by Eq.(2)] by the number of
N[ y® (KaS+Ka)] 81" % 835-keV counts, given by
N[y® KaN] 2.622< 10
€k 5.25% N[¥]=Nge, (4)
P 2.3 381074
K 05 to obtain
N
coincidence peakN[y®KaN], the area of the normal __Ny®KaT] (5)

€Ekaq™ .
y-KaN coincidence peak, the measured efficiencies, and the N[y]ok(Kal/Ks)

deduced value oPy.
The number of tripley® (KaS+Ka') coincidences is re-
lated toPyx by

In obtaining the efficiency, the data from the singles runs
were used. The above procedure for obtaining the efficiency
ensures that the absorption of the x rays in the source is taken
properly into account.

We have examined the sensitivity of the deduced value of
Pxk to the parameters used in the fit and to various other
assumptions. First, we give an indication of the statistical
, (1) significance of the extracted area of tKer>+Ka'' peak;
the x? value at the minimum was 223.55 for 229 degrees of
freedom, i.e., a reduceq? of 0.976. The one-standard-

whereN, is the number of*Mn decays;Py is the fraction ~ deviation limits onN[ y® (Ka>+Ka")] were extracted in
of K-capture decayspl andw? are the fluorescence yields the usual way: the area of théa®+Ka" peak was held
for the Cr hypersate”ite and satellite x rays, respective|y;ﬁxed ata given value and the other four parameters in the fit
(Ka/Ko)" and (Ka/K+)S are the fractions of hypersatellite” Were allowed to vary freely to minimize?; that value ofy?
and satellitek a X rays, respectively; and, , el , ande§, ~ Was recorded anzd then another value of khe’+ K o™ area
are the detector efficiencies of the corresponding radiationdVas chtz)sen ang® was minimized é’:lgaln.HA plot of the mini-
In the above, we have taken the radiative-decay fraction offum x“ as a function of theKa>+Kea'" peak area was
the 835-keV level in®!Cr to be unity, since its internal con- made; the optimum value of thegSJr Ka" peak area is that
version coefficienty=2.5x 10-* [9] is negligibly small. The ~at which x* has its overall minimum valuex§,,) and the
number of recorded coincidences between the 835kedy  one-standard-deviation values are those at whigh x 2,
and the normaK a™ x rays is given by +1. It should be noted that the? value obtained assuming
no hypersatellite peaks is 14.8 units aquﬁ-;m; thus the
probability that the hypersatellite peaks are statistically sig-
. 2 nificant is 99.9877%.
The sensitivity of theKaS+Ka! peak area to the as-
sumed energy shift of the hypersatellite peak was examined
One can obtairPy by dividing Eqg. (1) by Eq. (2) and by performing fits withAK ™ and AK 8" varied by up to
rearranging. We simplify the result by noting that, to a very+40 eV; this variation is about twice the experimental un-
good approximation, ey, = el =€z, and that of=wf{  certainty of 18 and 22 eV given by Nagy and Sch{ipfor
=wy [10]. Nagy and Schupp5] found (KB/K;)"=0.27, the respectiveA’s. The resulting N[ y® (KaS+Ka')]
i.e., (Ka/K;)"=0.73, whereas Imy etal. [8] found changed by at most six counts, which is small compared to
K a/K1=0.882. However, neither the theoretical calculationsour quoted statistical uncertainty Gfi5.
of Chen, Crasemann, and MdrkO], nor any other measure- As mentioned earlier, the centroids and widths of the
ments, found such a large difference between the fraction gieaks were based on an enefgyd width calibration ob-
KB decay for single and double vacancies. Further, if such &ined from Cr and Ge x rays. The Cr x rays are those ob-
large enhancement oK(3/K+1)" over (K 8/K)N (a factor of  tained in coincidence with the 835-keV liriEig. 4); the Ge
2.3 was to be used to dedu& for >*Fe[6], the resulting x-rays were obtained by gating the signal in the coaxial Ge
value (0.54<10 %), extrapolated to the loweZ of >*Mn, detector on the 835Ge(K) escape peak, with the escaping
would be in even further disagreement with Nagy andGeK x rays detected in coincidence by the planar detector.
Schupp’s value oPy=3.6xX10 *. Therefore we take, as The Ge x rays are useful for calibration not only because
we have done in our previous studi¢d], (Ka/K)N  their energies Ka;=9.886, Ka,=9.855, K3, 3= 10.980,
=(Ka/K7)5=(Ka/Kp)". With these simplificationsPyx  and KB,=11.101 keV) are very close to those of the Cr
can be obtained as (K+K) sum peakgTable Il), but also because they are col-
lected along with the Cr x rays throughout the measurement
and hence their widths and centroids reflect the average over
. (3 the total collection time of the experiment. A linear least
N[y® KaN] wk(KalKy)€k, squares fit of energy versus centroid was used for the energy

N[y® (KaS+Ka")]=NgPxPyye,

S(Ka

Ka\"
i) 4

S
S

X (D

w -
K
Ky

N
N

N[ y® KaV]=NoPge, X,

N Ka
i

N[ y® (KaS+Kat)] 1
KK=
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calibration, and a linear fit of the variane€ of the Gaussian true-time-gated spectrum, i.e., allowing for a hypersatellite-
versus peak energy was used for the width calibration. Thelus-satellite component with a free amplitude. The area of
statistical uncertainty in the Gé« centroid was 1.0 eV, and theKaS+Ka" peak in the accidentals should be negligible,
that of its ¢ was 1.6 eV[full width at half maximum unless it was compensating for a bad peak shape for the
(FWHM) =2.3547]. To test the sensitivity of our results to KN+KN pileup peaks. The results weteaN+KaN peak

the (slightly) extrapolated widths that were used, we per-area is 44520, K o5+ Ka' peak area is 1214, for a spec-
formed fits in which the widthsd’s of the Gaussianswvere  trum gated on the accidentals region below the true-time
varied by =4 eV from those corresponding to the centrallocus, andKaN+KaN peak area is 46026, KaS+Ka!
values listed in Table I, and found thai[y®(Ka® peak area is-10+23, for a spectrum gated on the acciden-
+Ka")] changed by at most six counts. tals region above the true-time locus. The small value ob-

A legitimate concern that might be raised concerning thetained for theK o>+ Ko™ peak area in these fitgonsistent
assumed centroids and widths of the pilétp+ KN peaksis  with zero within the statistical uncertaintiolsters our con-
the following. The calibrations are based on the energy ofidence in the correctness of the peak shape used.
single x rays entering the detector, while the pileup peaks are As a final test of the spectral shape used in the fit, we
the result of two x rays entering the detector at differentconducted fits in which the size of the fitted region was re-
times, within the time resolution of the pileup rejection gatesduced by up to 3.0 keV;, this reduced the number of degrees
(software and hardwarebecause of the finite charge collec- of freedom from 229 to 122, with all of the reduction coming
tion time of the amplifier the resulting pileup signal could, in from the background channels. If the peak yields were in any
principle, have a slightly smaller amplitude and potentiallyway compensating for curvature in the background that was
larger variance than that of a single x r@y two truly coin-  not being adequately represented by the quadratic form used,
cident x ray$ with the summed energy. To address this con-then one would expect this yield to change in a substantial
cern, we performed fits on the spectra obtained by gating thevay as the size of the background region varied. However,
TAC signal vs energy 2D spectruffig. 3) on the acciden- these fits gave the same peak areas as béfath, as ex-
tals region(below TAC channel 240 or above TAC channel pected, a larger statistical uncertaintyhis test, together
280). In these accidentals spectra the time separation bawith the perfectly acceptablg? value obtained for the main
tween the pileup pulses is larger than that in the true-timefit, convinces us that a quadratic is sufficient to describe the
gated spectra and hence the centroid of khe+ KN peaks  shape of the background over the relatively snilé keV)
should be lower. The fits to the accidentals spectra with thditting region. The origin of this continuum background is
centroids and widths of both th&aN+KaN and Ka™  discussed below.
+K BN peaks, being allowed to vary freely gave centroids To test for the presence of peaks in the fitted region that
that are, respectively, 307 eV and 3%14 eV below the are not associated with the 835-keV peak, but with the con-
fixed centroids used in the main fits, amts that are +5eV  tinuum underneath it, we performed fits on the spectra ob-
less. As argued above, the time separation between the pilet@ined by gating the signal in the coaxial Ge detector on the
pulses in the true-time-gated spectrum should be less thasontinuum region above the 835-keV pedhg. 1). This re-
that in the accidentals spectra and hence the shift in the ceigion is dominated by 835-plus-835 Compton pileup and, to a
troid of the pileup peaks should be, if anything, less than théesser extent, by Comptons of the 1173-keV and 1332-keV
30 eV found for the accidentals. Nevertheless, to see hownes due to thé°Co contaminant in the source. For a gate of
such a shift would affect our results, we conducted a fit to thehe same width used on the 835-keV peak, the yields were
true-time-gated spectrum with the centroids and widths fixe®.4+4.7 counts for the area of th€aN+KaN peak, and
to the values obtained from the fits to the accidentals spectrd..3+4.6 counts for the area of theéaS+ Ko peak. Clearly,
The result was 10824 for theK a5+ Ko peak area, which these vyields are negligible compared to those obtained in
is still less than one standard deviation from our adopteaoincidence with the 835-keV line and, again, give us confi-
result(Table I1l). Further,y? for this fit was 231.16 for 229 dence that the peaks in the main spectrum are being correctly
degrees of freedom, clearly worse than the value of 223.5hterpreted.
obtained before. A fit to the true-time-gated spectrum in By comparing the continuum vyield in the region of the
which the centroids of theKaN+Ka™ and KaN+KBN  K+K peaks in the spectra gated on the accidentals region
pileup peaks were allowed to vary freelput those of the and that gated above the 835-keV line, to the continuum
true hypersatellite-plus-satellite sum peaks held fixed at thgield in the true-time-gated spectrum, we conclude that ap-
calibration valueswas also made; the centroids found for proximately 20% of the continuum in the true-time-gated
the KaN+KaN and KaN+ K BN peaks were, respectively, spectrum comes from accidenté835-835-keV Compton
6+8.8 and 1124 eV below the fixed values used in the coincidences and835-plus-83%-keV pileup. That is, about
main fit (Table Il) and theK o5+ K o™ peak area was 8330.  80% of the continuum is due to real coincidencesyafays
Clearly, these values are consistent with those obtained fromith the 835-keV line. Where does this continuum come
the main fit with the centroids and widths fixed from the from? A rough estimate of its yield indicates that this con-
calibrations. tinuum is compatible with internal bremsstrahluig) ac-

To test whether th& a5+ Ko peak area was being un- companying the EC decay 8fMn [12]. The IB itself should
duly affected by any inadequacy in the assumed peak shapeot have a structure in the energy region of the fit, and is
we performed fits to the accidentals spectra obtained abovadequately described by a quadratic over the limited region
using exactly the same number of parameters as was usedai the fit; however, the IB could, in principle, lead to x rays
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in that energy region through the fluorescence of the materighe peak areas, are not affected in any way by any assump-
surrounding the detector. Indeed, we find that the small butions made about the fluorescence yields and hence there is
statistically significant peak at 8.03 keV, somewhat visible inno way to test that assumption experimentally in our setup.
Fig. 4, is predominantly in coincidence with the 835-keV To our knowledge, all the measurement$gk to date have
peak, and is most likely due to the fluoresence by the IB ofmade that assumption; in particular the measurements of
the substantial amount of copper in the graded shield suPy for 5Zn [4], %*Mn [5], and ®Fe[6] have made use of
rounding the detectors. The only elements hawhg rays that assumption. To the extent that the current experiment is
with energies that are close to the Kr-K sum energy are being conducted to verify the previously measured value for
Ge, As, and Se. While there is clearly a substantial amount of*Mn, in an attempt to resolve the seeming descrepancy be-
Ge in the vicinity of the planar detector, namely the coaxialtween its value and that of the neighboring atSffre, we

Ge detector, only a negligible amount of Ge x rays couldshould use the same assumptions on the fluorescence yields
come from that detector when the signal in it is gated on theas used before. That is, should the ratit/ w™ be found in
835-keV line. If an IBy ray enters the coaxial detector si- some future experiment to be, contrary to the theoretical ex-
multaneously with the 835-key ray line, then the summed pectations, substantially different from unity, then one would
signal will throw the event out of the 835-keV gate. Only the probably still expect the ratio to vary smoothly withand

sum of an IB photon with a Compton-scattered 835-kgV hence for the previous seeming descrepancy betwédn

ray could fall in the 835-keV gate; but in that case one wouldand *5Fe to remain. Should a future experiment find the nor-
expect as many Ge escape x rays with a spectrum gated enal, hypersatellite, and satellite fluorescence yields to be dif-
the continuum region just above the 835-keV line. As menferent from each other, then one can simply obtain the “cor-
tioned above, such a spectrum was obtained and analyzeghct” P, by multiplying our reported value byu(l’;‘/wﬁ)

and was found to contain no peaks in that region. The bes;‘((wwwﬁ)_
proof, though, that Ge x rays are not produced with the 835-

keV gate is that the coincidence spectrum in Fig. 5 does not

show the G&K « x ray expected at 9.9 keV. We note that only

the GeKp x ray (=11 keV) would be in theK+K peak The result of the present experiment g is (2.3°09)
area, and that its intensity would be about 13% of any po-x 10~4. This result is about 1.6 standard deviations lower
tential GeKa peak at 9.9 keV. That leaves the possibility of than the value of (3:60.3)x10 % measured by Nagy and
As and SeK x rays. The detectors were surrounded by aschupp[5]. Assuming a 1Z? dependence foPy , which is
massive graded shield consisting of Pb, Cu, and Al and, téhe dependence predicted by the Primakoff-Porter theory

our knowledge, there were no As or Se compounds present 3], the value ofPy extrapolated from the measurement of
These elements have a much smaller natural abundance theampbellet al. [6] for 5%Fe is (1.4-0.2)x 10 %, which is

Cu and Al and different chemistries, and hence it would be g 8 standard deviations below our results. Thus our result
surprise to us if they were present in a significant amount ag||s in between Nagy and Schupp’s result and that extrapo-
contaminants in either. These elements are also not found iated from the result of Campbedit al. and disagrees with
the detector components in significant amountk.tfrays of  poth, but not at a very high level of statistical significance.
fluoresced elements were contaminating th&GrK region,  Because ours is a triple-coincidence experiment, while Nagy
then the correspondini x rays of those elements would and Schupp’s is a double-coincidence experiment, and that of
have been observethe gain of the planar Ge detector al- Campbellet al.is a singles experiment, our statistical error is
lowed energies up to 150 keV to be observed in the spegarger than these previous experiments. It is unlikely that we
trum). No x-ray lines above the G£ + K region were visible \would be able to reduce the statistical error on our measure-
in the 835-keV-gated spectrum. ment significantly without running for a substantially longer
As mentioned previously, we have assumédx(K7)"  time (the data in this experiment took 4 months to coliget
=(Ka/Ky)N, consistent with all the previous analyses of obtaining detectors with much larger efficiency. Although
Pkk measurements and with the theoretical expectationsur statistical error is larger than that of these two previous
However, to find out to what degree our deduced value ofmeasurements, requiring a coincidence with the 835-keV
Pkk depends on that assumption, we conducted a fit iray ensures that the x rays we observe come from the decay
which the relative intensities of the various satellite-plus-of >*Mn and not from some small contaminant in the source
hypersatellite peaks were fixed at values deduced by usingr from the fluorescing of the source or adjacent material by
(KBIK1)"=0.27, i.e., the value quoted by Nagy and Schuppthe 835-keVy ray. In summary, while our result does not
[5]. In that case, we fin@yx=(2.4° 39 x 1074, a value vir-  conclusively support or reject one or the other of the two
tually identical to that of our adopted res(fable Ill). The  previousPy values for®Mn, it does seem to indicate that
x? value obtained with K 8/K)™"=0.27 is 224.47 for 229 the value is not as far above the smooth trend of the neigh-
degrees of freedom, which is slightly worse than the value oboring Px«'s as suggested by the measurement of Nagy and
223.55 obtained with our assumption ofK&/Ky)"  Schupp[5].
=(Ka/K;)N=0.118. As noted in the Introduction, there is also a divergence
Finally, we consider the assumption of the near equalitybetween the two leading theoretical approaches to the calcu-
of the normal, hypersatellite, and satellite fluorescence yieldktion of Py , the semirelativistic propagat¢8RP method
(wk=wl=wy), an assumption based on theoretical calcu-of Intemann[2] and the self-consistent-fiel SCH method
lations[10]. The experimentally measured quantities, namelyof Law and Suzuki3]. Except for the decays with lov@

IV. RESULTS AND DISCUSSION
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values[1], where both theories are on the lower side of thecalculation predict=2.43<10 4, in closer agreement
measurements, the two theories bracket most of the existingith our result.
experimental data, with the SCF theory being on the higher

side and the SRP theory being on the lower side. ¥bm, ACKNOWLEDGMENT
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