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ABSTRACT

A brief survey of the experiment on electronic excitation of

»atofns carried on at the Atomic Beam Group of the Lawrence Radiation

Laboratory, is made. By means of alignment of excited atoms by
electron-impact excitation, we first obscrved rf paramagnetic -
resonance reorientation of Hg and neon metastable states, Later on,
the method was extended to observe the coherence property of excited
atoms associated with the electron-impact excitation., The coherent
excitation of nondegenerate levels of excited atoms results in intensity
beats either in the fluorescent decay due to spontaneous radiation or
in the resonance absorption by a long-lived metastable state.

Invited paper to be presented at the International Conference on
L'Excitation Electromque d' une Vapeur Atomique. Application a
la Spectroscop1e at Grenoble, France, May 23-26, 1966,

Work performed under’ the auspices of the U. S. Atomic Eneray
Commlssmn
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1. Paramagnetic rf Resonance of Metastable State 33P7 of Ne
Produced and Allgned by Electron Impact™

Neon atoms were 51mu1taneously excited and aligned from
the 1SO ground state to the 33PZ metastable state by clectron impact,
For the low -energy electrons, th: magnetic sublevels My = 0 and
My = +1 were preferentially procaced. The alignment property of
the metastable state was detected by X\ = 6143 A resonance absorption
by the metastable state. Consid:ration of spectral-line separation,
intensity, and transition probability led us to choose this resonance
line. The polarization ratio defiied as p = (AI_L - AI”)/(AIJ_ + Aly)—
where Al) and A, are the abscrbed intensity of the resonance -
radiation whose electric vector is, respectively, parallel and perpen-
dicular to the direction of the elcctron beam—can be expressed in
terms of population of a magneti: sublevel as (-6N, + 3Ny + 3N0)/
(1ONZ + 7Ny + 3Ng) —where N,, Ny, and Ng are the population of
My =2, +1, and 0. Therefor:, the preferential population of the
magnetic sublevels of My = 0 ard £ 1 causes P to be greater than 0,
An rf resonance with sufficien'y high Hy.f equalizes the population
distribution, which amounts tc causing P to equal 0. Figure 1 shows
the relative direction of the li;ht, an externally applied magnetic
field, and the electron beam., - Since the transition probability for
AMjy = 0, corresponding to th: electric vector of resonance radiation
parallel to the direction of th¢ electron beam, is 4:1:0 for My = %2
to+2, £+1to +1, and 0 to 0, the absorption of the resonance radiation
at rf resonance increases (Fi:. 2).

To observe the rf rei,onance, we had to obtain a reasonable
amount of the metastable-sta:e atoms, and align the metastable state.
This was accomplished by aciing Hg vapor to a neon-gas-filled diode -
structure electron gun which;wvas operated at high current density un-
der space-charge neutralizajon by Hg' ions. 1 By this method we
could change the energy of t}r electron from 11 to 30 V with electron
currents as high as 1 A for ¢ 3/4- -in, cathode, although normally we
operated at a much lower cu'rent. Figure 3 shows a cross section of
the electron-gun excitation t:2e, Figure 4 is a block diagram of the
experiment. The result of iie experiment performed with a neon
pressure of about 10 1 is shcivn in Fig. 5, Magnetic-field full band
width of rf resonance was abidut 100 mG.-.

Previously we have o:served a full bandwidth of about 1 gauss,
However, after employing a sviitch to turn the heater current on and off
and obscrv1ng the signals only iuring the time in which no current was
passing through the heater . observed the full bandwidth of about
100 mG, indicating a spin re]uiion time of about 10 psec,

*This was pub‘iished in Physical Review by T. Hadeishi, O. A, :
McHarris, and W. A. Nierer sarg, Phys. Rev. 138, No. 4, A983 (1965).
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II. Observation of Infensity Beé’ts Due to Coherent Excitation of Atoms

A, Experimeqt on 73}? of Cd by a Pdléed-Electron—Beam

Excitation” 1

: We have observed a modulation of exponential decay of
oy resonance luminescence arising from.the interference of coherently
excited nondegenerate states My = +1 and -1 of 73P, of Cd excited
, by a sharply pulsed electron beam. Similar results were observed
N by Nedelec, Deschizeaux, and Pebay-Peyroula, 1 and by Aleksandrov?
' by means of modulated-electron-beam excitation, '

In the case of Cd whose ground state is 718 and whose excited
‘state is 73P,, the My = +1 and -1 states of 73P1 can be coherently
excited when the direction of propagation of the ‘exciting electron is
perpendicular to the externally applied magnetic field at an excitation
energy slightly above the threshold of excitation, Under such excita-
tion, the probability of photon emission is described by the damped-
oscillator -type function, 2 e-t/T {A + B [cos (2t + )]}, where A,
B, and ¢ are time-independent constants, T is the lifetime of the '
excited states, and Q is IEZ -E l/‘ﬁ, with EZ avnd E, being the energy
of the My = +1 and -1 states of P4, respectively,

A Pierce-type electron gun with an impregnated dispenser-
type cathode was constructed in order to obtain an unidirectional
electron beam. With the energy near the threshold of excitation, the
very low electron current resulted in a very low photon flux. There-
fore, the photon-counting technique was employed. The well -distilled
Cd metal was sealed into the envelope of the electron gun, which was
enclosed in an oven with a quartz window. The electron gun was
operated at an oven temperature of about 200°C. A solution of nickel
sulfate (14 g) and cobalt sulfate (10 g) in 100 cc of water in a filter
(Corning glass type 7-54) filtered the X\ = 3261 A resonance luminescence
corresponding to the transition 73P1. to 7150.0 In this filter combination,
a bandpass width of 200 A centered at 3200 A was quite effective in
blocking off the light radiating from the cathode. The eclectron pulse.
whose width is about 5 nsec was obtained by pulsing the grid of the
electron gun. The \ = 3261 A photons were detected through filters
and Glan-Thompson quartz polarizer by a photomultiplier tube (RCA
type 1P28). To observe the quantum beat phenomena, we used a
multichannel delayed-coincidence analyzer to measure the arrival
time_of photons following the pulse applied to the grid of the electron
gun;3 this gun was pulsed at the rate of 10 kc/sec. Because the

< count rate was very low, the probability of two photons arriving
_ during the duty cycle of the time-to-pulse height converter was negli-
“ gible. The schematic of the apparatus is shown in Fig. 1.

2

* “Published in Phys. Rev. Letters 14, Mo. 22, 891 (1965).
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Figure 2 shows the efféct of quantum beats at 0,88 G. The &

data accumulation time, because of the low count rate, was 410 h.

b

B. Experiment on 63P2 Hg Metastable State by Modulated -
Electron-Beam Excitation

In this experimeht, we observed intensity beats in a reso- )
nance absorption by coherently excited, nondegenerate, magnetic sub- &
levels of mercury (metastable state 63P2) by modulated electron beam,

In order for us to observe these beats, we aimed the modulated electron

beam perpendicular to the direction of an externally applied field, For

an electron energy near the threshold of excitation of the 3P state —if one
neglects the electron-exchange effect, and if the modulation 1s of the
type poll + € Cos wt)~—the intensity of the radiation from the absorbed
resonance is proportional to :

A Y cos X W,y sin X
ko | 5 *+ 2B 2 2
Y + w
Y T %0

Y cos (wt+X) + (w-w ) sin{wt + X)
+ EIB' 1 : ' 20
Ho 12 NN
Yo 20

Yy cos {wt+X) + (w+w20) sin (wt + X)

2 2
v+ (w+w20)

+-
o s

2 2

+ Y cos (wt+X) +w sin (wt+X)]
Y +w

where TR IAI, ]BI, X (= arg B), and vy ( the reciprocal of the spin ¥
lifetime 7) are. time -independent constants, The first term corre- '
sponds to the Hanle depolarization in a magnetic field. The second
term represents the beat between the states with M; = +2 and

My = 0 with frequency wy g when the monitoring light is linearly
polarized as it propagates along the direction of the field. Equation (1) Lo
is derivg.d in a manner similar to that used by Aleksandrov and

Kozlov,* : :

-

In orc;ier to observe the beat effect, we had to produce enough
of the metastable state, This was accomplished by means of a space -
charge-ncutralization method in a diode-structure electron gun., By
modulating th& applied voltage between the cathode and anode, we
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could modulate the electron beam at frequencies as high as 30 MHz,
although we worked at about 3 MHz with the applied voltage < 20 V.,

In this experiment we used the same diode-structure electron
gun as we used in our previous neon metastable-state experiment,
Because of an objectionable stray magnetic field produced by the heater
current for heating the cathode indirectly, we switched the heater
current on and off and made observations only when no current was
passing through the heater wire. To estimate the bandwidth asscciated
with the beat experiment, we first measured the coherence time,
using Hanle effect. The electron beam was modulated at 2.89 MHz,
and the absorbed light was detected by a 2.89-MHz tuned amplifier,

In order to use a commercially available, lock-in amplifier, we
modulated the magnetic field at about 350 Hz., This 350-Hz modula-
tion in the light was first detected by demodulation of 2.89 MHz by

a simple diode detector, then by a preamplifier, and finally by the
lock-in amplifier. The output of the lock-in amplifier was fed into
the digital integrator which, in effect, enabled us to integrate for
long periods. The schematic of the experiment is shown in Fig. 3,

Figure 4 shows the 2,89-MHz component of the optical
absorption as a function of field correspondingtom = 2 tom = 0
beat, We also observed a similar signal at twice the field value
corresponding to the beat at the Zeeman frequency; the magnitude
of this signal, probably arising from the clectron exchange, was
about half that of the Am = 2 beat. The Hanle-effect signal has
the same shape but is about 100 times as big. To make certain
that the signals were real, we shifted the rf frequency to 2,72 MHz'
and observed the proper shift of the beat signal as a function of the
field. : '

The magnetic -field bandwidths of the beat signal and Hanle-
effect signal were approximately the same. This similarity indicates

‘the same coherence time for the two effects, We observed considerable

broadening of the bandwidth as we increased the degree of ionization,
indicating a decreased coherence time that was probably due to plasma
fields, : '
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