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Isotope shift in the two stable isotopes of Eu' has been obtained for

0 and

4f7(887 /20)6p3 /2;.] ' using high-precision hyperfine structure measurements in

a collinear laser and slow ion beam (1.35 keV) apparatus.

CONF-R708164-~4
DE88 002977

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency theresf. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

* This research was supported by the U.S. Department of Energy, Office of

Basic Energy Sciences, under contract W-31-109-Eng-38.

MASTER

DIETRIBUTION ©F ©'HS mas ey o g Tin e




1. INTRODUCTION :

Isotope shift 1] ( 6uiAA

) between two isotopes of mass A and A'
in an optical transition i at a frequency v, arises due to two effects:
1) Mass shift from the change of nuclear mass and 2) Field shift

from the change of size and shape of the nuclear charge distribution.

Thus, Isotope shift = Mass shift + Field shift

2>AA‘

ie.,

oA =M A A LR b

A'A

where Mi and Fi are the electronic factors characteristic of the transition’i
and (5<r2> = <r'2> - <r2> is the change in the mean square charge
radii of the two isotopes. The mass shift (normal + specific) when
separated from the isotope shift gives the field shift and information ou
nuclear size can be obtained from it.

2. METHOD :

Optical transition frequencies observed for two different isotopes in
collinear laser-ion beam spectroscopy are separated by isotope shift and the
differential Doppler shift. The latter is determined experimentally [2]
(without having to know the ion velocity) from laser-induced fluorescence
spectra taken with the laser and ion beam parallel and anti-parallel with

each other, and when subtracted from the observed separation of the center

of gravity of the two hyperfine structures gives the isotope shift.
3. EXPERIMENT :

The isotope shift measurements in four optical transitions in

151'153Eu+ were performed with a newly built collinear laser and slow ion

beam apparatus.The ions were produced in an arc discharge ion source
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(Colutron) and mass separated by a 90° magnet and merged with a
tunable dye laser collinearly. Both the stable isotopes of Eut (nuclear spin
[=5/2) have odd mass numbers and exhibit complex hyperfine structure.
The hyperfine spectra for each isotope were recorded by laser-induced
fluorescence and the transitions were well resolved and identified. Typical
linewidths were 48-75 MHz. Then, with ri-double resonance technique [3,4]
the magnetic dipole hyperfine constant (A) and the quadrupole hyperfine
constant (B) were determined (see ref. [4] for details) with very high
precision (within a few kHz). From this information the center of gravity of
each hyperfine structure was determined accurately.

For the measurement of isotope shift, it was possible to pass a
mixture of the two isotopeic ions through the interaction region by
deliberately degrading the mass resolution of the magnet and with the help
of the quadrupole lens. Then, by laser-induced fluorescence , the hyperfine
spectra of both the isotopes were recorded together with the laser paraliel
and anti-parallel with the ion beam. The differential Doppler shift was
determined from the frequency separation of any two lines (each belonging
to one isotope) in the combined hyperfine spectra in the parallel and anti-
parallel configuration.

4. RESULTS :

The combined laser-induced hyperfine spectra for the optical
transition between 4f7(850)5d 9D40 and 4f7(887/20)6p3/2;.1'=4 at a
wavelength 6804.951 nm for both the isotopes recorded in the parallel and
anti-parallel geometries are shown in Fig.1 and Fig.2, respectively: The

centers of gravity of the hyperfine structure and the transitions are
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indicated in the figures. The isotope shift for four optical transitions
between the metastable states 4f7(880)5d QDJO and the state
4f7(887/20)6p3/2;J' are given in Table 1. Also the isotope shift
measurement of Dorschell et al [5] for the transition at wavelength 604.951
nm has been given for comparison. An analysis of these measurements to

obtain some nuclear properties will appear elsewhere.
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TABLE I
Isotope Shift in 151:183p,,
Transition
Optical ¥Wavelength Isotope Reference
Transition (nm) Shift (MHz)
9,0« 6p,,;J'=2  581.874  1538.5(4.8) This work
2 3/2
D0 «+ 6pyjpid'=4  596.607  1476.2(4.8) This work
D0 6py/gid'=4  604.951  1463.3(4.9) This work
D0 «s 8py/pid'=4 604951 1467 (10) Dérschell
et al. (1983)
D" 8p3/piJ'=4  617.305  1441.6(4.6) This work
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Figure Captions :

Fig. 1. Laser-induced fluorescence spectra of Eu' for the optical
transition 9D40 ++ 6p3/2;J'=4 at wavelength 604.951 nm when both the
isotopes are present in the ion beam, with the laser propagating parallel to
the ion beam. The hyperfine transitions and the centers of gravity of the

spectra for each isotope are also indicated.

Fig. 2. Same as in Fig.1 except for the laser propagating anti-parallel to

the ion beam.
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