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Fine-Structure Measurements by the Beam-Foil Technique
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We have measured fine-structure separations in some P states of He I (n = 3, 4, 5}
and Li n (n =4, 5) by observation of modulated light-intensity decay curves using the
beam-foil technique.

Macek' has suggested that time-resolved light-
intensity decays from closely spaced levels (e.g. ,
within a multiplet) may have a modulated com-
ponent in addition to the normal exponential de-
cay. The theory is similar to that of quantum-
beat and level-crossing experiments utilizing
electronic excitation. ' Assuming that the beam-
foil interaction is a spin-independent, sudden
interaction, we can attribute a cross section
a(M~) for excitation to each orbital angular mo-
mentum sublevel, relative to the beam axis.
Each wave function of (I8, MiM s) ls then de-
veloped as a linear combination of states of to-
tal angular momentum (JM~) as related by the
Clebsch-Gordan coefficients. The electric di-
pole elements for the decay of such a state con-
tain cross terms proportional to cos[AE(Z,J,)t/
)'t] where aE(Z,J,) are the energy differences of
the different 4 states. We can then write the
decay of the light intensity behind the foil as a
function of time in the form

I (t) = (a++,b, cost@,t)e

The summation is over aD possible energy dif-
ferences ~,. within the upper multiplet, and y
is the common decay constant. The coefficients
b,. are zero if there is no alignment in the upper
state, and the relative values of a and b; depend
on the initial coherence and populations of the
angular momentum sublevels.

Thus, measurements of these modulation fre-

quencies in lifetime decays can give direct mea-
surements of atomic fine structures. Andri
has vex'ified this in his observation of a modula-
tion in the 3889-A, 2s 'S'-3p 'P transition in He I.
Modulations have also been observed in hydro-
gen decays. '4

We have used the normal side-on viewing sys-
tem' to measure decay curves in He I and Li II.
A rotatable polarizer enabled us to view the
beam light polarized parallel and perpendicular
to the beam axis, and quartz optics ensured a
viewing length of the beam as small as 0.2 mm.
No external electric or magnetic fields were
applied, and it can easily be shown that the
Earth's magnetic field gives rise to only a very
low modulation fl"equency and amplitude, too
small to be seen in these experiments. Figure
1 shows the decay curve observed for the 3188-
0
A, 2s 8-4p'P transition in HeL We note that
there is only one modulation frequency observ-
able. This frequency corresponds to the sepa-
ration of the 4P 'P, and 4P 'P, levels. The light
polarized perpendicular to the beam has modu-
lations of half the amplitude, 180' out of phase.
Thus, the total number of photons emitted at
each point in the beam is unmodulated, as pre-
dicted by Macek. ' Similar modulations were ob-
served for the transitions in 'He I from 3p sp
and 5P 3P, and the results are compared in Table
I with those of Descoubes, ' as measured by level-
crossing techniques. We find good agreement,
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TABLE I. Fine structure in He y and Li It.

16..

V)
Z

12"
Z

Level

He I 3P P
4P I
5P 3Q

'Li a 4P 3I'

5P I

658+ 7
275+ 10
135+ 10

3470 + 100
2410 + 100

685.55
269.0
135.0

Observed frequency
This expt. Ref. 6

(MHz) (MHz)

Wavelength
observed

A

3889
3188
2945
3684
2674

DISTANCE(MM)
5 10 15

~
20 25

FIG. 1. Intensity decay of the 2s S-4P P, 3188-A,
He I transition. The beam energy is 300 keV. The foil
is located at the half-intensity point on the left-hand
side. The circles and the triangles are the measure-
ments in light polarized parallel and perpendicular to
the beam, respectively. The residual instrumental po-
larization is (0+ 1)Vo.

well within our estimated uncertainties.
0

The modulation amplitude for 3889 A was mea-
sured at beam energies from 230 to 500 keV.
The amplitude was a minimum around 400 keV,
and increased at low and high energies. This is
in general agreement with the degree of align-
ment measured in other He I transitions from
3'I', 4'D, and 4'D, which showed similar energy
variations. ' Thus, we expect that the modula-
tions arise from different relative cross sections
of the M~ states rather than coherence in the
excitation of these states.

The main interest in the beam-foil technique
is in the application of this method to ions where
the standard techniques of measuring fine struc-
ture cannot be used. We have studied these
same 'S-'P transitions in the isoelectronic spec-
trum of 'Li ll, where previously only the 2p 'P
fine structure has been resolved. ' A thermionic
lithium source was mounted in a 2-MeV Van de
Graaff, which gave beams of several microam-
peres of Li' in the target chamber. Decay times
were measured at 1.5-MeV beam energy. At

this energy the 'Li II lines are quite strong, the
alignment produced by the foil is a maximum,
and the high velocity gives good spatial resolu-
tion. Preliminary measurements showed at least
one frequency in each of the transitions from

4P 'P and 5P 'P as listed in Table I. These pri-
mary frequencies had varying modulation ampli-
tudes of up to 10% indicating beating with other
frequencies. The hyperfine structure for these
levels is expected to affect their fine structure
strongly, and we are making further calculations
and experiments to ascertain the identity of the
observed frequencies. The same transitions in
Li II were also measured but no modulations

cou1d be observed. In this ion the hyperfine
structure is much larger, ' and the increased
mixing of the levels must be responsible for the

disappearance of the modulations.
Our results show that zero-field modulation-

frequency measurements can be used to mea-
sure both fine-structure and hyperfine-structure
intervals in both neutrals and ions. Our recent
measurements' indicate that the necessary re-
quirement of alignment in the beam-foil excita-
tion is in general satisfied for many ions. A

primary limitation on the technique is the re-
quired spatial resolution, which gives an upper
frequency limit of about 5 GHz.
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