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Frequency measurement of the 3Pt-3Pc fine-structure transition of 24Mg
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A frequency measurement of the fine-structure transition P]- Po, Amj =0 in the first metastable triplet

of Mg is reported. The experiment has been performed on a metastable atomic beam interacting with

the submillimetric radiation (X =0.5 mm) of a phase-locked backward wave oscillator. The transition is
0

observed via the fluorescence emission at 4571 A of the intercombination line Pi- So. The center fre-

quency was evaluated to be v =601277.16 +0.05 MHz with precision limited by first-order Doppler effect.

High spectroscopic interest is currently associated with the
observation and frequency measurement of fine-structure
transitions within metastable triplets of alkaline earths. This
is mainly due to the fact that the development of sources,
signal handling, and measurement techniques in the submil-
limeter wavelength region is quite recent and a whole new
field of precision spectroscopy is now open in a range where
mostly theoretical data were available in the past. Experi-
mental determinations of energy separations, dipole mo-
ments, Lande interval rule anomalies, gyromagnetic factors,
hyperfine splittings, and isotope shifts are to be expected,
among others. The ability to perform precise absolute fre-
quency measurements with the aid of signals synthesized
with reference to microwave standards offers ground for
comparison with sophisticated theories.

The case of Mg is particularly interesting. The presence
of three stable isotopes (24Mg, 2'Mg, and 26Mg), of which
the two even ones do not show hyperfine structure (1=0)
while the odd one does (I=

~ ), forms a nice system for
the study of isotopic shifts; uncertain knowledge of the
departure from pure Russel-Saunders IS coupling demands
precise measurements of energy separations; and the
twelve-year-old proposal' for a frequency standard based on
the 'P]- Po, b, m, =0 transition of ' Mg can only now be
analyzed with proper technology. ~

A simplified diagram of the first energy levels of Mg is
shown in Fig. 1. Transitions from the 'P2 and 'Po levels to
ground are strictly forbidden for even isotopes, while decay
from 3P] is weakly allowed, due to incomplete Russel-
Saunders (RS) coupling, and produces the well-known inter-
combination line of alkaline earths. Decay time for Mg is
estimated to be r =2.4 ms (Ref. 5) [4 ms (Ref. 6)], and the
natural linewidth of the Pi- Po transition is therefore ex-
pected to be smaller than 1 kHz, limited by the lifetime of
'Pi. For this reason, among others, this transition (v =0.6
THz) was proposed for use as clock transition in a frequen-
cy standard. ' The magnetic dipole moment p, of the m

(hmj =0) transition is v'2/3p, s in the RS approximation, ~s
being the Bohr magneton.

The block diagram of the system used for the observation
of the 0.5-mm Mg transition is reported in Fig. 2.

A tantalum oven operating above 500'C produces a beam
of Mg atoms in the ground level; excitation to the 'P levels
is obtained by means of an electrical discharge sustained by
the beam itself right near the oven aperture and stabilized
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FIG. 1. Energy-level diagram of Mg. The value 2.4 ms is taken
from Ref. 5.

by a magnetic field. The full divergence of the atomic beam
after collimation is 10 mrad; at the normal operating tem-
perature of 520'C the atomic flux has been evaluated to be
40 = 8 && 10' atoms/s on the basis of the Taylor-Langmuir
formulas, taking into account collision scattering at the oven
aperture. From the evaluation of the fluorescence light in-
tensity at 4571 A it has been possible to estimate an effi-
ciency g —30% in the production of metastable atoms.
This quite satisfactory value has been obtained by optimiz-
ing discharge parameters; in particular, it must be taken into
account that the cross section for atom-electron collisions
populating the 'P levels is narrowly peaked at 6 eV [the lev-
els mainly involved in this process are 3S and 3D (Fig. 1)].
The ratio between the fluorescence signal and its shot noise
observed in the experimental setup with a photomultiplier
of 5 cm diam at 10 cm from the beam, 1.5 m from the
discharge, was 2x10; long-term fluctuations of the signal
level are smaller than 1%.

Atomic transitions from Po to Pi are induced in the me-
tastable atoms 1.1 m downstream after partial depletion
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FIG. 2. Experimental setup for the observation of the Pi- Pp Mg transition.

through decay of the 'P~ level, and are detected from an in-
crease of the intercombination line fluorescence, which is
expected to be about 20% at optimum microwave power in
the conditions of the present experiment. Optimum power
density is 2.3 mW/mm for an interaction time of 10 ILs;
the power necessary for saturating the transition with single
pass in the used configuration can be evaluated to be about
140 mW. '

The sub-mm radiation at 0.5 mm is generated by a back-
ward wave oscillator (BWO) especially designed for the ex-
periment (Thompson TH4225); its frequency ranges from
590 to 610 GHz and at 601 GHz the output power is = 5

mW. A telescopic system couples the output overmoded
BWO waveguide (2 XI mm) to the atomic beam; a single-
pass interaction was adopted in order to simplify the mea-
surement procedure since the frequency to be measured was
not known better than 0.3%. The half-power Gaussian
beam diameter in the interaction region is 4 mm and the in-
terrogating power is lower than 1 mW. The quantization
axis, provided by a static magnetic field Bp as shown in Fig.
2, is parallel to the rf 0 field for the observation of the m

transition. The relative frequency instability of the BWO
when free running is =10 for measuring times from 10
ms to 100 s; it needs therefore to be locked to a stable
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FIG. 3. P&- Pp Mg m transition. Center sweep frequency' v, =601277.200 MHz; vertical axis: fluorescence level relative to
background; equivalent video bandwidth: 3 mHz.
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