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Suppression of Cascade Effects in Beam-Foil Mean-Life Measurements®
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Using the spatial decay of quantum beats, we have succeeded in suppressing optical
cascading effects in the mean-life measurements of levels in foil-excited O II ions, This
straightforward technique may be applied to any excited level with total angular momen-
tum J> % and a lifetime within the range of the beam-foil technique, With the present
method, mean lives are obtained in terms of the Landé g factors and an external magnet-
ic field, instead of the customary particle speed and decay length.

Mean lives and g factors of excited levels of
ions and atoms can be extracted from polariza-
tion changes of the emitted light as a function of
uniform external magnetic field strength. The
beam-foil excitation process produces not only
the requisite excited-level alignment, but also a
sharp origin in space (or time relative to excita-
tion) for observation of coherence-dependent
phenomena such as the Hanle effect and quantum
beats.® The usual Hanle signal depends on the
product g7 of the Landé g factor and the mean
life 7 of the level of interest,® although it is pos-
sible in principle to obtain both g and 7 in a sin-
gle measurement by observing the Hanle signal
for a finite time interval.** We present here a
new method of obtaining 7 which is particularly
suited to the beam-foil technique.® The impor-
tant feature of the present method is that optical
cascades do not strongly influence our results,
in contrast to possible cascade-induced compli-
cations of the Hanle effect® or of the usual beam-
foil spectroscopic (BFS) mean-life measurement
method.®

Our measurement method is illustrated in Fig.
1(a). Fast ions with velocity v are excited by
passage through a thin carbon foil. Light emit-
ted from the ions is collected from a narrow re-
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gion about a fixed point x, in space; this light,
after transmission through a linear polarizer,
is spectroscopically analyzed and detected. The
foil is advanced at a uniform rate until it passes
xo; it is then retracted at the same rate until it
has returned to the initial position. The detected
light intensity increases as the foil approaches
X4, drops to a background level when the foil
passes x,, and follows a mirror image curve
when the foil is retracted. The usual BFS mean
life is obtained from such a measurement.

Let a fixed, uniform, external magnetic field
H  be applied perpendicular to the plane formed
by the beam and direction of observation during
one half of the cycle; characteristic beats in the
emitted light occur if the level is coherently
aligned, as Fig. 1(b) shows. Writing ¢ as the
time of observation relative to excitation, the in-
tensity of observed light is described by?

It,H))=e " "[A+Bcos2w t]+C(t,H) +D; (1)

wy, =ggH /7 is the Larmor frequency, D is any
constant background, and C(¢,H,) describes light
which emanates from the level of interest by vir-
tue of cascade population from higher excited
levels. The difference between I(t) without and
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FIG. 1. (a) Schematic of experimental setup. The
direction of the external magnetic field H, is into the
paper. (b) Spatial decay of quantum-beat signal (left)
and spatial decay curve with H, turned off (right). The
transition was A4590.97 from the 3p 2Fy/,° level of O 1L
(c) The quantum-beat signals shown are accumulated
over a time interval (about 30 sec per channel) of al-
ternating modes of data collection, Each cycle with
magnetic field H, on and the photons counted in an ad-
ditive mode is followed by another cycle with H, off
and photons counted in a subtractive mode. The same
transition as in (b) was used. The distance traveled
by the moving foil and the magnetic field strength H,
are slightly different from those in (b).

with applied magnetic field is
AI=1I(t, 0) - I(t, H,)
=Be tT[1 - cos2w t]
+C(t, 0) - C(t, H,). (2)

The contribution to Al arising from cascades
comes only from the relative effects produced by
the external field. An essential requirément for
the appearance of the quantum beats is that the
states involved be excited at the same instant of
time; this occurs at the foil. However, cascade

repopulation takes place without meeting that re-
quirement. Therefore, those states which are
populated by cascades do not contribute to the
beat signal, except as incoherent background.
One does expect a finite-time Hanle effect. How-
ever, the fixed external field we employ is large
relative to that used for Hanle-effect work, so
any Hanle-effect contribution to the observed
light will be small. Furthermore, with the small
light polarization usually observed in these mea-
surements, such aligned cascade contribution
has been found to be negligible; we have searched
unsuccessfully for effects of strong cascades on
quantum-beat (fixed ¢, variable H,) periods.” Con-
sequently, the approximation C(f,0)-C(,H,)=0
is not expected to decrease accuracy.

We set 2w ! =an, where 7 is the channel num-
ber in a multiscaler display corresponding to the
distance x —x,. Then I({,H,) can be rewritten as

I(n,H,)=[ A+Bcosan]

Xexp(-an/2w,7)+C(n,H,)+D, 3)

where a =27/7 [see Fig. 1(c)] in terms of 7, the
spatial period of the beat. The spatial beats
were analyzed by a least-squares fit of the data
[Figs. 1(b) and 1(c)] using I(n,H,) —I1(n, 0) with
C(n,H,)-C(n,0)=0. An adjustable phase of the
trigometric function was permitted. The mea-
sured g value’ and magnetic field were used. The
parameters were the beat period 7 and the decay
time constant 7, varied over the range of all
plausible time constants.

In order to determine that our method is indeed
valid, it was applied to transitions from the
3p'?F,,,°, 3d'%G,,, and 3p2P,,,° levels of OII
which have respectively short-lived, long-lived,
and no apparent cascades. The lifetimes and cas-
cading of these levels have been determined by
the more elaborate analysis of BFS.® Table I
compares the results of and the complications in
the two methods. Our measurement technique at
H,=0 not only yields the BFS results but, with
H,#0, also permitted a third method, namely,

a best-fit analysis of the decaying oscillating
curve using [A + Bcos(an) +C sin(an)] exp(- an/
2w, 7) with the constant background removed.
When there was not any cascading, we obtained
identical results by all three methods. In the
presence of cascades, this third type of fit is not
meaningful, as expected.

One should note our value of 6.8 nsec for the
mean life of 3d’%G,,,, a level which decays to
3p'?F,,,°. A standard BFS experiment on 7 for
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the 3p’2F,,,° level should then exhibit a cascade
. contribution with an effective mean life > 6.8
b oS - - nsec, since the 3p’?F,,,° level might be repopu-
83 &8¢ ! o lated by several higher terms. In fact, as Table
S § g g ﬁ: ﬁ I shows, the cascade 7 in a standard BFS mea-
é}% § gg § % éﬂj surement was only 4.0 nsec. This illustrates the
g wE B h < difficulty of determining the effective cascade
S § g 3 X lifetime in a standard experiment.
g S é E,’ 3 Our new technique is experimentally clearly
t superior to our beam-foil realization of Hanle-
effect measurements on levels with mean lives
o *E w3l o 2 9 z3 nsec.! For such longer-lived levels, appreci-
g g AE‘ i § g é able integration times over the beam decay length
ﬁ § g # are achieved only when the spectrometer slit is
: ‘;g . oriented parallel to the beam. Such a geometry
% § 2 : = is not amenable to spectrometer refocusing,’
O o M N o which provided the optical resolution necessary
— for the present measurements. Hence, a com-
a o - E parison with the Hanle effect was not feasible. A
5 ;?3 § :5’70 ® normal geometry with spectrometer slit perpen-
§ % ’é % A B & Ug dicular to the beam limits the spatial integration
3 888 | 7 o time for foil-populated levels, and makes Hanle-
8 ©= g2 effect results prone to distance and velocity mea-
E surement uncertainties.’
& o o o We expect that the technique outlined here will
g " : ‘; ° 3 ‘g serve as a useful and convenient adjunct to the
“ % :“"’_‘. ;;* - _g‘ go 1'15ua1 BFS tfechmque, to remove ambiguity and
e ° oo inaccuracy in cases where the presence of cas-
3 3 B Segeer cades introduces difficulties in analysis.
1 gz We wish to thank S. Bashkin and T. K. Lu for
§ = <« o = reading the manuscript and for helpful sugges-
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~ £% o 3; % electronics.
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Low-loss, coherent two~photon propagation and pulse breakup with peak amplification
are observed resulting from two-photon resonant self-induced transparency of different-
frequency optical pulses interacting with a three-level system in potassium vapor. The-
oretical analysis yielding new area equations for two different-frequency pulses with
computer solutions agrees well with the observed results.

Novel propagation effects of coherent short
light pulses have been studied in connection with
a resonant interaction with a two-level system
such as in ruby' and gaseous SF,** and Rb.® Self-
induced transparency (SIT) due to a one-photon
resonant transition was first investigated by Mc-
Call and Hahn.! Recently, coherent two-photon
propagation in which twice the propagating fre-
quency is resonant with a two-level system has
also been analyzed,5'” though the experimental
study has not been reported yet. We wish to pre-
sent here the first observation and theoretical
analysis of a new type of coherent propagation of
two different-frequency optical pulses causing a
two-photon transition in a gaseous three-level
system. The present model excludes two simul-
taneous transitions in double resonance.

The basic effect of coherent two-photon propa-
gation can by analyzed in the limit of two differ-
ent-frequency plane waves given as

E{z,0)=¢€,z, t)cos[w;t -k z+ @z, )]
(=xn, I
where the electric fields E, and E, induce the
transitions between the energy levels 1-2 and 2-3
in a three-level system consisting of the ground
state 1 and the two excited states 2 and 3, re-
spectively. The frequencies w, and w, are as-
sumed to be far off resonance from the eigenfre-

quencies &, and §, for each transition, although
the sum of these frequencies w, +w, is equal to
Q2,+8Q,; i.e., resonant to the transition 1-3.
Also, €,z,t)and ¢z, t) are considered slowly
varying. A set of coupled equations of the time-
dependent coefficients in the expansion of the
wave function is obtained from the Schrédinger
equation for the system. The solutions give the
macroscopic induced polarizations, which act as
sources in the self-consistent forms for the elec-
tric fields in accordance with Maxwell’s equa-
tions. We can obtain from the reduced Maxwell’s
equations the area equations of different-frequen-
cy, two-photon propagation given by

-fz-f_:eizdh—%[l—cos(kf_:ele,,dt)], (2)

where B, =4mQ, Ny, u,/cnfidw, k=p,u,/27%Aw,
n is the refractive index of the medium, c is the
light velocity in vacuum, Aw= |, -w,|is the fre-
quency deviation from the intermediate (virtual)
state 2, u, is the matrix element for the electric
dipole moment, and N, is the atomic density.
Here it was assumed that the spectrum distribu-
tion function of the medium is uniform and the
frequency shift from ¢,(z, #) is negligible. The
condition T,* « 7« T,’ is assumed for the actual
pulse width 7, It is seen that Eq. (2) covers the
single equation derived by Belenov and Poluektov®
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