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The methods presently used to determine nuclear

spectroscopic quadrupole moment, such as hfs mea

surements in electronic atoms," measurements of the

reorientation effect in Coulomb excitation^' etc. are

all subject to considerable uncertainties." In addi

tion there are model-dependent ways to obtain

nuclear quadrupole moments, for example from the

crosssection for Coulomb excitation or from an

analysis of the splittings of the 3d — 2p and 2p — Is

X-ray transitions in muonic atoms.

We propose to measure spectroscopic (model-

independent) quadrupole moments from the quad

rupole splittings of excited states of muonic atoms for

which the mean muon radius is large compared to the

nuclear radius but a quadrupole splitting still can be

observed experimentally. The dominant part of the

quadrupole coupling constant may then be evaluated

in the point nucleus approximation. The nuclear

finite size effect, nuclear polarization and also effects

of the dynamic quadrupole interaction®' are then

small corrections. The splitting can thus be calculated

from the spectroscopic quadrupole moment Q and

the eigenfunction of the bound muon. In contrast to

the situation in electronic atoms this latter quantity
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can be exactly calculated since we are dealing with a

simple hydrogenlike system.

In an experiment performed at the muon channel

of the CERN Synchrocyclotron we have observed

the quadrupole splittings on the 5g — 4f and the

4f — 3d X-ray transitions in muonic '"Lu and
235u.'i) xhe energy spectra are shown in Figs. 1, 2,

3 and 4.

For a preliminary analysis we have used the follow

ing procedure: The energies of the quadrupole hyper-

fine components were calculated with point nuclear

relativistic muonic eigenfunctions by diagonalization

of the energy matrices for each value F, but neglecting

nuclear excitation, nuclear polarization and the

magnetic hyperfine splitting. For the 3d levels

finite size corrections have been included. For the

intensities a statistical population of the initial

hyperfine levels was assumed. The relative intensities

of the two dominant fine structure lines were taken

from the cascade program of Hiifner." The weak

Fig. 1. Energy spectrum of 4f — 3d transitions in

|i'"Lu, obtained with a 2.4 cc planar Ge(Li)

detector. The total number of counts is given as a

function of the energy.



Contributed Papers

y 5g-4f ^'®Lu

r. , , »>OU
Energy in kev

Fig. 2. Energy spectrum of 5g — 4f transitions in

obtained with a 1 cc planar Ge(Li) de

tector. The total number of counts is given as a

function of the energy.
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Fig. 3. Energy spectrum of 4f — 3d transitions in

obtained with a 40 cc coaxial Ge(Li)

detector. The total number of counts is given as a

function of the energy.
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Fig. 4. Energy spectrum of 5g — 4f transitions in

obtained with a 2.4 cc planar Ge(Li)

detector. The total number of counts is given as a

function of the energy.

Table I. Preliminary spectroscopic quadrupole mo
ments Q[b] from 5g — 4f and 4f — 3d transitions in
'"Lu and The errors quoted are those ob
tained from the fit.

5g — 4f

4f-3d

3. 74±0.05

3. 35 ±0.02*

4. 55 ±0.09

* A finite size correction of 4% has been applied.

fine structure transition 4d3/2 — 3pi/2 is neglected

in the fit to the 4f — 3d X-ray transition and the

5f7/2 — 4d5/2 component in the 5g — 4f transition.
For all components Gaussian line profiles were

assumed with a width taken from calibration lines.

Thus the only important parameters in the fit are the

spectroscopic quadrupole moment Q and the (fine

structure) splitting between the two main groups of

lines.

The solid line in Figs. 1, 2 and 4 is a fit to the data.

The results are shown in Table I. The spectrum of

the 4f — 3d transition in could not be well re

produced by a fit. This is due to the dynamical nuclear

excitation which was neglected in the present treat

ment. The deviations between 5g — 4f and 4f — 3d

values for ''"Lu are believed to be due to the ap

proximate nature of the procedure used in analyzing

the data. An evaluation of all the corrections is in

progress. Therefore, the deduced quadrupole mo

ments (Table I) will change in an improved analysis.
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