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Abstract. The conditions are found under which maximum amplification
of the laser transitions with A = 615 nm and 794.5 nm in a cooled He-Hg
active medium with transverse high-frequency excitation is achieved. The
block coefficient of the exciting pulses is determined at which the highest
mean power for the transition with A = 615 nm is obtained.
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The presence of fast electrons in the near-electrode regions of the transverse HF
discharge stimulates its use for exciting the active medium of metal vapour lasers
(1]. In our previous work (2], the laser action of mercury ion transitions (7p 2 P 3 ;2 7s 2 S 1 ; 2 , .A= 615 nm; 7p 2 P 1 ; 2 - 7s 2 S 1; 2 , .A= 794.5 nm) was described, obtained
through transverse HF excitation of a mixture of helium-mercury vapours. It was
shown that the strongest amplification of the active medium is achieved in a selfheated laser tube, one electrode being outside the tube, and the other in the form of
a mercury "strip" inside the tube. Such a configuration of the electrodes, in which
the internal electrode is also a working substance, provides homogeneous discharge
glow along all its length, and this is a necessary condition for laser generation
stability during transverse excitation. For a laser tube with an internal diameter
9.5 mm, the greatest unsaturated amplification coefficient measured was 5 % /m
for the transition with A
794.5 nm. The investigations on the influence of the
discharge conditions on the change in form and magnitude of the generated pulse
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proved that these figures are not ultimate. This set the goal of the present work to find the discharge conditions under which . the greatest amplification and laser
power from a self-heated He- Hg active medium with transverse HF excitation can
be obtained.
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3. Results and Discussion

2. Experimental Technique
The laser action was obtained in quartz tubes with internal diameters d = 9.5 mm
and 12 mm. The external electrode was 300 mm long and 7 mm wide. The internal
electrode was 350 mm long, the greatest thickness of the mercury "strip" being
3mm.•
Two operating regimes of the self-heated laser tubes were realized - with and
without cooling of the active medium. Cooling was accomplished by means of a
plastic hose, wound around the tube, in which water from the water-main flowed
at a rate of 11/min.
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Fig. 1. Experimental setup: 1-laser tube; 2-electrode; S-Hg(electrode); 4-HF generator; 5-modulator; 6--mirror; 7-monochromator SPM-2; 8-photomultiplier FEU79; 9----oscilloscope TR-4653; JO-Rogowski probe; 11-thermocouple; 12-photodetector
Liconix-45PM
The experimental setup is shown in Fig.l. The active medium was excited
by bursts with a frequency of 27.12MHz, whose duration rand repetition rate v
could be varied from 20 to 200 µs and from 300 to 2000 Hz, respectively. The laser •
resonator had two dielectric mirrors with reflection coefficient 99.5 % for the two
lines. In order to measure the mean output power of the transition at A = 615 nm,
a resonator of dielectric mirrors with reflection coefficients 99.7% and 98.2% for
this transition was formed. The laser pulses were monitored with monochromator
SPM-2, photomultiplier FEU-79 and oscilloscope TR-4653, and the amplitude of
the current pulses Is was measured by Rogowski probe operating as a current
transformer. The unsaturated amplification coefficient of the laser transitions was
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measured by introducing calibrated losses in the resonator. The mean output power
of the red transition was measured by radiometer LICONIX-54PM, calibrated for
.\ = 633nm.

3. Results and Discussion
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In [2] it was shown that for a self-heated laser tube with internal diameter 9.5 mm,
operating without cooling, the greatest amplification of the two laser transitions
was achieved under the following conditions: helium pressure PHe = 17 Torr, temperature of the outer wall of the tube Tw = 50°C, Is = 0.28 A, r = 40 µs and
v = 400 Hz. The following peculiarities of the laser pulse were observed. It was
delayed relative to the beginning of the exciting pulse, reached a maximum and continued after the end of the exciting pulse. The delays and the position of the maxima
of the laser pulses relative to the beginning of the exciting bursts ( r = 40 µs) for
the transitions with ,\ 615 nm and .\ 794.5 nm are presented in Table 1. When
the optimum values of discharge current (0.28 A) and the duration of the exciting
pulse (40 µs) were exceeded for a short time, so that Tw remained unchanged, an
increase in the laser transition amplification was observed. That is why we set
ourselves the goal of ensuring stationary operating conditions of the laser tube at
values of the discharge current and exciting pulse durations greater than the ones
mentioned above. The problem was solved by employing a laser tube with a greater
diameter (12 mm) and cooling the active medium.
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Table 1. Laser pulse characteristics and gain of the active medium
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The optimum conditions for a self-heated tube. with an internal diameter 12
mm, operating without cooling the active medium, at duration and repetition rate
of the exciting bursts 40 µs and 400 Hz, respectively, are PHe = 5 Torr, Tw = 55°C
and Is = 0.45 A. Table 1 presents the laser transition gain, the delays and positions
of the maxima with respect to the start of the exciting burst under these conditions.
The reason for the lower optimum pressure for the tube with a 12 mm inner
diameter is the physical properties of the transverse HF discharge, forming near
the electrodes and tending to expand when gas pressure is decreased.
As is evident from Table 1, our efforts to raise the amplification of the laser
transitions through increasing the absolute value of the discharge current (tube diameter) proved futile. The twice lower amplification is probably due to the reduced
efficiency of the channel along which the excitation of the 2 P levels of Hg II is ac-
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complished, i.e. the charge-exchange reaction between helium ions and mercury
atoms in the ground state. It can be suggested that the reason for this is the lower
concentration of He+ as a result of the more than three times lower pressure of
the buffer gas at a nearly constant density of the discharge current along the tube
cross section . The fact that the discharge current density is not higher is confirmed
by the greater delays of the laser pulses, which were the current greater , should
decrease [2) .
On cooling the active medium, we observed changes in the laser pulses of the
laser transitions when r was varied from 20 to 120 µs. The optimum helium pressures and optimum discharge currents for the two laser tubes were the same as for
a non-cooled laser tubes. In order to eliminate the influence of the temperature
changes on the laser pulse, Tw was kept constant and equal to the temperature of
the running water by changing v.

Fig. 2. Laser pulse at .A= 615 nm for a tube with i.d. 12 mm with water cooling (upper
trace) . Current- lower trace. Time base 50 µ s/div
At r = 40 µs the delays and positions of the maxima of the laser pulses were
the same as in the tion-cooled tubes. On increasing r to 80 ( d=12 mm) or 90 µs
( d=9.5 mm), continuous increase in the maximum value and stretching of the laser
pulse for the red transition was observed (Fig . 2). A similar change was observed for
the laser pulse of the infrared transition , on increasing r to 50 ( d=12 mm) or 60 µs
(d=9 .5mm). We shall call these value of r optimal . This name is justified since

Fig. 3. Laser pulse at .A = 794.5 nm (left trace) at different length of the current pulse
(right trace) . Time base 50µ s/div
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~hen we have increased r above the optimum values, no changes were observed in
the laser pulse (Fig. 3). Besides, it is clear that excitation with values of r greater
than the optimum ones is not reasonable since it results in greater input power
consumption. The maximum extension of the laser pulse with .A = 615 nm turned
out to be double, while for the laser pulse with .A = 794.5 nm it was around 25%.
The extension of the laser pulse on increasing r is obviously due to the greater
time interval during which inverse population is maintained. However, it is difficult
to explain the preservation of the form and magnitude of the laser pulse on increasing r above a certain value. Similar results under conditions of transverse HF
excitation are reported in [3] for the laser pulse of Cd II (.A = 441.6 nm) and [4] for
the laser pulses of six Zn II transitions. We found out, however, that this behaviour
of the laser pulse is observed under discharge conditions in which the product Ptted
for all three helium-metal lasers is approximately equal. So a conclusion can be
drawn that the explanation of the laser pulse behaviour should be sought not in
the structure of ionic levels between which inverse population is formed, but in
the nature of the HF discharge itself. At the initial moment of excitation, a redistribution of the HF voltage between the tube walls and the plasma takes place.
In this transient period, a peak with duration 50-100 µs is formed in the voltage
pulse in vapours of Zn [4] and Hg. Probably, during this time , like under conditions of pulse current modulation in the positive column of Ar-Hg discharge [5],
the plasma is rich in high-energy electrons, i.e. most favourable conditions for laser
action are created.
•
Cooling the active medium allowed us to measure the unsaturated amplification
coefficients of the laser transitions at the optimum for each transition duration of the
exciting pulse. From Table 1 it is seen that the amplifications for both transitions
are 2- 4 times greater than in the case of a non-cooled tube. As mentioned before,
the transition from a non-cooled to a cooled tube did not permit us to increase the
optimum discharge current, so that the increase in amplification is a result solely
of the possibility of the laser to work-at. an optimum duration of the exciting burst.
Further, we concentrated our efforts into finding such ratio between v and r ,
that maximum mean output power for .A = 615 nm be achieved in a cooled tube
with an internal diameter 9.5 mm. We established that the optimum value of the
block coefficient of the exciting pulses Q(l/v; r) is 28. At this value of Q, Tw was
equal to the temperature of the cooling water. At Q < 28, Tw increased and
the mean output power diminished. For example, at Q = 25, the output power
decreased by 25 %.
We obtained the optimum value of Q for various v and r. At r = 30 µs
(l/v = 840µs), we measured the greatest output power - 0.1 mW , or 2.8 mW
peak power. It turned out that at r = 90 µs (l/v = 2500 µs), at which the greatest unsaturated amplification coefficient of the transition with .A = 615 nm was
measured , the output power was with 20% less. This result gives us reason to
draw the following conclusion: the greatest output power of the red transition is
achieved under exciting conditions of the active medium for which the amplification
of the laser pulse is not maximum. Under conditions for which the amplification is
greatest ( r = 90 µs), the pulse is about three times higher.
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So far, we dealt with optimization of the active medium in order to obtain
maximum amplification and laser power. Now, we would like to share our outlo~k
concerning the possibility of creating a He-Hg laser with cooled active medium for
practical purposes.
The design of the laser tube is very simple. Before shipping the tube, the
mercury can be collected (by rotating it in a reservoir, placed perpendicularly to
the tap of the internal electrode). The expense of Hg is inconsiderable because the
internal electrode is made longer than the external one. The input power of the tube
does not exceed 200 W. The discharge is stable and homogeneous. After 100 h of
continuous work, no degradation of the discharge homogeneity and characteristics
of the active medium were observed. Probably, this can be attributed to the small
losses of He through the walls of the cooled tube, as well as to the broad optimum
of the laser with respect to the buffer gas.
In conclusion, we ~ould like to express our confidence that the laser power can
be increased both by improving the efficiency of cooling and by optimizing the
resonator.
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