








by a conventional 1234-counter telescope. The time reso-
lution was 27 = 10 nsec and the energy resolution was
3 keV and 8 keV for 1 MeV and 8 MeV energy of gamma-
respectively. The

ray, typical rates were as
follows: 36000, 11000, 1300 and 200 per second for
"1,27,71,2,37, “1,2,3,4"” and (1,y) coincidences,
respectively.

The targets were of identical dimensions, 60x77 mm? ,
weighing about 50 g each and with the effective thickness
of about 2 g/cm?2

The reliable determination of the efficiency of X-ray
detection and of the true number of ;-stops in targets
was of major importance in these measurements.

To be free of beam stability problems, ten cycles of
measurements were accomplished. In every cycle six
runs were performed with all four targets in the order
as follows: Al , Pb, Al , Th , Al , U . Thus, reason-
able averaging over the fluctuations of beam conditions
could be achieved. Moreover, the efficiency curve of the
Ge(Li) diode was normalized to the absolute units using
the well-known value of the intensity of K, muonic transi-
tion in aluminium /3/.

The true number of 4 -stops wasdetermined compar-
ing the dependence of four quantities on the target thick-
ness, which were the numbgr o.f p-stops, (i stop ,yu}m,) and
(p stop * ¥ prompt ) ‘ coincidences, and the yields of
K,muonic X-ray in Al and 65" and “5-4" tran-
sitions in heavy targets.

The method was checked by measuring the yields of
muonic X -rays from the sandwich target composed of
sixteen aluminium and lead foils 50 mg/cm? and
60 mg/cm? thick, respectively.

The experiment was carried out in two steps. Firstly,
the absolute intensitiesof 6h > 5g and 5g-4f transitions
in lead, thorium and uranium were found applying the

above mentioned repetitive measurements. Then in runs

of longer duration the muonic X -ray spectraofall targets
were measured from 150 keV to 7 MeV, and the relative
intensities of transitions were established. Combining both
data we obtained the final results presented in the Table.

Table 1

Intensities of radiative muonic transitions
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The quoted errors are determined first of all by the
uncertainty of about 5% in the estimation of the p -stop
number. The error in the value of y Al K, - transition
intensity contribute in a 2% amount. The statistical errors
are negligible for higher transitions and they amount to
several per cent for K, transitions.

The relative efficiency curve for photopeak detection
was measured, extending the calibration by means of
radioactive isotopes with the 3>Cl(n, y) reaction. The
corridor of errors of a 0.5% relative width was obtained
for the functional representation of efficiency data by
the polynomial of the fourth degree in the doubly logarith-
mic coordinates (log ¢, versus logE, ).

The smooth dependence of self-absorption coefficients
in the function of gamma-ray energy was determined with
the inaccuracy of 3% by measuring the natural activity
of the thorium target and thorium foil 0.05 mm thick.

The off-line analysis of the spectra was made using
the computer code SAMPO /9/. The comparison of expe-
rimental results and the predictions of the cascade cal-
culations based on the code developed by Hiufner /4 g
shown in Fig. 1. In the calculation only radiative E1 tran-
sitions and Auger transitions were allowed, the electronic
K-, L—- and M-shell conversion was included ang the
initial population distribution at n =20: p~(2f +1)e® was
assumed. The intensities of 6 +5 , 54, and 4-3 tran-
sitions in lead may be reproduced by using « = - 0.14.
But for this value of the "a” parameter the calculated
intensities of 3 »2 and 2-1 transitions are much
larger than those found experimentally. Moreover, as
we can see from Fig. 1., there is no value of the "a
parameter with which the intensities of muonic transitions
in thorium or uranium could be reproduced. Therefore,
the basic assumption of the cascade calculations referring
to the initial population distribution seem to be not ade-
quate. - The theoretical predictions may also fail to re-
produce the observed intensities because the effective
coupling between nuclear and atomic motions is not
considered at all in the used cascade calculations.

- ——

10

i T T T

INTENSITIES OF MUONIC X-RAYS
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Fig. 1. Results of the cascade calculations of muonic
transition intensities per p -capture for Z =82 and
Z =92, plotted against the "« ”’ parameter of the initial
population distribution: p ~ (20 +1)exp(al ). The mea-
sured intensities are quoted alongside.

The absolute intensity of K, muonic transition has
been measured only in the case of !8lTa by Bleser et
al. /% and our result for Pb nat .iSin very good agreement
with it. Our results are not in contradiction with An-



derson’s et al./6/ relative measurements but there is
a meaningful difference between the intensities of both
5-4 and 4 - 3 transitions as measured for natural
thallium 7/ or bismuth /8 and as measured for natural
lead by us.

One may conclude that the intensities of all cor-
responding transitions are different for lead and actinide
muonic atoms. Therefore, the fraction of missing X -rays
cannot be simply related to the fraction of radiationless
transitions, and only improving considerably the sensiti-
vity of the measurements of muonic X-ray intensities and
searching for the difference between the population and the
radiative decay rates of muonic states one might be able
to infer reliably the fraction of radioationless transitions.
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