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Aer and a step-index multimode fiber, was investigated. As a
result, it is found that the spectral profile of the self-sustained
oscillation follows the baseband frequency response of the
fiber. If the nonlinear phenomenon in the oscillator is vanishingly smalloverwide
oscillation frequency range, we may
obtainthefrequency
characteristics of the wideband fiber
such as graded-index multimode fibers. In addition, applying
a mode-locking technique for the self-sustained oscillator, we
could measure the frequency response of the system more
precisely.
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Fig. 3. The fine structureof the self-sustained oscillation spectrum. The
frequency spectrum shown in trace (a) is further resolved in traces
and
(b)
(c).
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Zn II and As II CW Laser Transitions Excited by a n Electron Beam
J. J. ROCCA, J. D.MEYER, AND G . J. COLLINS

Abstract-CW laser action was obtainedonthe
4911.6,4924.0,
6102.5, and 7588.5 A transitions of Zn I1 and on the 6511.7 A transition of As I1 using electron beam excitation of He-Zn and He-As mixtures, respectively.

INTRODUCTION
ECENTLY, we demonstrated the use of dc electron beams
to excite CW ion lasers, obtaining CW laser action in
singly ionized mercury [l ] , iodine [2] , and selenium [ 3 ].
Electron beam created plasmas provide a non-Maxwellian electron energy distribution,witha
high density of energetic
electrons, which makes them an attractive medium forion
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lasers. We now report CW laser oscillation in singly ionized
zinc and arsenic using this same electron beam pumping
scheme to excite He-Zn and He-As mixtures. CW laser
radiation wasachieved on the 4911.6, 4924.0, 6102.5,
and
7588.5 transitions of Zn I1 and on the 651 1.7 i%
transition
of As 11.
The laser setup used was similar to that employed previously
[ l ] - [ 3 ] . The electron beam is injected into a plasma tube 1.1
cm in diameter and 100 cm long. An electromagnet surrounds
the plasma tube,providing an axial magnetic field up to4.2 kG
that helps to direct and confine the electron beam. The electron beam is produced by a glow discharge electron gun, and
has an energy between 1 and 5 keV. We operate this glow discharge electron gun in helium at pressures up to 3 torr without
differential pumping. The beam electrons are produced at the
cathode by secondary emission following bombardment of the
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Fig. 1. (d) Laser output power of the Zn 11 blue lines as a function of
electron beam discharge current and voltage. Average helium pressure
kG. Zn
in the activemediumwas1.5torr.Magneticfieldwas4.2
reservoir temperature was 420°C.(b)
Laser output powerof the
Zn I1 blue laser lines as a function of the average He pressure in the
plasma tube. Electron beam discharge current was 700 mA and the
Zn reservoir temperature was 420°C. Magnetic field of 4.2 kG.
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aluminum cathode surface by ions and fast neutrals. The
emitted electrons are then accelerated throughthecathode
dark space where practically all the voltage drop of the dis- charge occurs. The resulting electron beam is well collimated.
Using a calorimeter we have measured an electron beam gen3
7 ~ ~ . 5 a
eration efficiency of 60 percent when the glow discharge is ?//f/7 ~ ~ . 5 a
E2
operated in helium at a pressure of 1 torr. The glow discharge
0
electron gun provides an optical path throughout the axis [ 3 ] . C I
50
This permits one to easily match the electron beam created
200 300 400 500 600 700 800 900
HELIUMPRESSURE(Torr)
ELECTRONBEAM
DISCHARGECURRENT(mA)
plasma volume with the corresponding volume of an optical
(b)
(a)
resonator. A metal vapor trap separates the plasma tube from
theelectron beam generation chamber. Metal vapor is pro- Fig. 2. {a) Laser outvut uower of the 6102.5 and 7588.5 A lines as a
He
Function of electron beamdischarge currentattheoptimum
duced by heating a source reservoir attached to the opposite
average pressures of 1.8 torr and 1.5 torr, respectively. Magnetic field
was 4.2and 3.9 kG, respectively. Zn reservoir temperature was
end ofthe plasma tube. Helium is flown throughoutthe
A lines
420°C. (b) Laser output power of the 6102.5 and 7588.5
plasma tube at 200-400 s . cm3/min.
of Zn I1 as a function of He average pressure in the plasma tube at the
The optimum reservoir temperature for CW laser action in
optimum magnetic fields of4.2 and 3.9 kG, respectively. Zn reservoir
zinc was found to be 420°C. Fig. l(a) shows the output power
temperature was 420°C.
Electron
beam
discharge
current was
700 mA.
of the Zn I1 blue lines as a function of the electron beam discharge current and voltage at a plasma tube average helium
pressure of 1.5 torr. At the largest electron beam currents the sented the lowest current threshold observed (80 mA), correlaser output power of these Zn I1 lines is observed to increase sponding to anelectron beamdischarge voltage of 1.4 kV.
in a sublinear manner. This behavior is judged to be due to Output power was not optimized or measured.
the sublinear increase of the discharge power withcurrent,
Fig. 3 shows the CW laser output power dependence of the
since the discharge voltage drop at 800 mA was measured to be 65 1 1.7iX line of As I1 as a function of electron beam discharge
smaller than at 700 mA, as shown in Fig. l(a). Fig. l(b) shows current.Theoptimum
arsenic source reservoir temperature
the pressure dependence of the laser output power of the blue was 385°C and theoptimumhelium pressure in the plasma
Zn I1 laser lines. The most intense laser lines in Zn I1 were the tube was 1.3 torr. To obtain CW laser action on arsenic we
blue lines. Using anunoptimized output coupler witha re- used anopticalresonator
composed bytwo2m
radius of
flectivity of 94.5 percent at 4900 we measured a maximum curvature total reflectors. The laser output power was conCW laser output power of 60 mW for the combination of the siderably smaller than that in the Zn I1 study and no attempt
491 1.6 and 4924.0 A lines. This is comparable to the highest was made to optimize it.
true CW laser output power obtainedfrom hollow cathode
The dominantexcitation
mechanism in both lasersis a
devices [5] . Optimizing the optical resonator and the design thermal charge transfer reaction [7] between helium ground
of the metal vapor trap that presently stops part of the elec- state ions and the metal vapor atoms. This results in formation
tron beam from reaching the plasma tube an output power of of excited metal vapor ion levels from which the laser action
a few hundred mW should be expected in the blue lines of originates. Note that 5 p 'P& upper level of the7588.5 A
Zn 11.
line of Zn I1 is mainly populated by radiative cascade from the
Fig. 2(a) and (b) shows the laser output power dependence higher Zn I1 energy levels populatedbythe charge transfer
of the 6102.5 and 7588.5 A lines of Zn I1 with the electron
process [7] . Supporting these above arguments we found that
beam current and helium pressure, respectively, at the optino laser action was obtained when we replaced He by Ne in
mum magnetic field for each line. The 7588.5 laser line pre- the He-Zn mixture.
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CONCLUSION
In summary, we have obtained CW laser action on Zn I1 and
As I1 using for the first timeelectron beam excitation. We
have demonstrated, as recently suggested [ 6 ] , that dc electron
beam pumping can be used to excitea large variety of ion
lasers.
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Fig. 3. Variation of the laser output power of the 6511.7
A line of
As I1 as a function of electron beam discharge current. The As reservoir temperature was 387°C and the magnetic field was 4 kG. The
helium average pressure in the plasma tube was 1.3 torr. The electron
beam energy at 900 mA was 2.7 keV.
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Collisional Narrowing in the Optically Pumped
CH30H and CH3F Lasers
NABIL M. LAWANDY AND GERHARD A. KOEPF

Abstract-The gain linewidth of the optically pumped CH3F laser is
observed to narrow and rebroaden with the additionof He. In addition,
we observe the same effect in the C H P H laser with the addition of the
polyatomic buffer gases SF6 and CS2. These results offer conclusive
evidenceof the Dickenarrowing phenomena in theseinvertedpure
rotational transitions. Theeffect is observed using a high harmonic
mixing technique in a Schottky barrier diode.

INTRODUCTION
N 1953, Dicke discussed the effect of collisions which did
not disturb the internal emission process of a radiator on
the Doppler width of the transition observed [l] . He showed
that in the limit thatthe radiator suffered many velocitychanging collisions during the time it took to travel a distance
h/2n (A is the wavelength of the emission), the Doppler width
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would be greatly reduced. The connection between the Doppler
width and the mean velocity is made through the uncertainty
principle. The Doppler shift of a photon can only give information related to displacements greater than h/27r. Therefore,
when collisions occur with a mean free path less than A/2n,
the resulting Doppler information does not represent the
thermal velocity, but approaches the mean of zero for zeromean free path.
The collisional narrowing effect has been experimentally
verified since 1956 when Wittke and Dicke performed experiments on the 1420.4 MHz hyperfine splitting of atomic hydrogen [ 2 ] . In their experiment,they wereable to observe
the linewidth collapse by a factor of ten under optimum conditions. Subsequent to this work, other microwave measurements were carried out [3] -[7]. The experiments which
followed these were at higher infrared and invisible wavelengths.
The optical techniques were of a light-scattering nature, while
the infrared measurements were performed using absorption
spectroscopy [8], [9].
The experiments discussed so far all utilized inert gasesas
collision partners. In fact, attempts to observe the effect using
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