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Answer to the note ‘Once again on the efficiency

of a nitrogen laser’

V.F.Tarasenko

Abstract. An answer is given to the criticism by V.V.Apol-
lonov and V.A.Yamshchikov | Quantum Electron., 32 (2), 183
(2002)] of the author’s paper published in Quantum Electron.,
31 (6), 489 (2001).
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Papers [1, 2] and the new critical note of V.V.Apollonov
and V.A.Yamshchikov [3] (the previous paper) are devoted
to the UV laser operating on the C>IT, — D3Hg band of
molecular nitrogen. In addition, H> and F» lasers are also
mentioned in Ref. [3]. Since the analysis of the properties of
each laser requires a detailed account supplied with the
corresponding dependences and oscillograms, only the
nitrogen laser will be discussed here. As for the VUV
lasers, we are studying them and will soon publish new
results in this field.

The critical remarks made in Ref. [3] mainly contain a
harsh discussion concerning the three comments made by
me to the authors of Ref. [2] about the parameter E,/p (E,
is the maximum field strength in the laser gap and p is the
nitrogen pressure), the time required for attaining the
maximum pump power and voltage across the gap, as
well as the accuracy of voltage measurements across the
discharge gap. My opinion on these issues is as follows:

(1) The authors of Ref. [2] wrote in Conclusions ‘it is
shown in this work that the ratio E,,/p in the discharge does
not affect directly the parameters of the N, laser’. This is not
true. The parameter E,, /p determines the maximum electron
temperature during pumping. For the electron energy below
~ 12 eV, the excitation cross section for the lower laser level
is larger than that for the upper level, and the lasing
threshold is not achieved at such electron energies. For
the electron energy exceeding ~ 20 eV, the ionisation cross
section exceeds the excitation cross section for the upper
laser level [4], reducing the efficiency of the nitrogen laser.
Thus, there exist physical factors determining the optimal
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value of the parameter E,/p (the parameter E,,/N in the
general case, where N is the nitrogen concentration), and we
detected optimal values of E,,/p (see Fig. 4 and the text in
Ref. [1]).

(2) In the abstract to Ref. [2], the authors write: ‘It is
found that the maximum lasing power is achieved for a
nitrogen pressure at which the maximum values of the pump
power and voltage are attained simultaneously.” But the
same authors state in Ref. [3]: ‘However, we have not
mentioned anywhere in our paper ... that the maximum
pump power is achieved at the maximum plasma voltage, as
was claimed in Ref. [1].” It is hard to understand what the
authors of Refs [2] and [3] want to prove by making such
mutually contradictory statements, but it is quite obvious
that my remark is correct, since the authors have discarded
their statement. Note that there are errors and contra-
dictions in Refs [2] and [3], but their analysis was not my
aim in Ref. [1], while the scope of this answer is limited. For
example, if we take the maximum voltage equal to 40 kV
(p. 483, Ref. [2]) and the resistance Z=5Q (p. 484,
Ref. [2]) for the circuit in Fig. 1b in Ref. [2], the maximum
current will be 8 kA even if the resistance R(t,,) is neglected
(Fig. 1b in Ref. [2]). However, the current amplitude
exceeds 10 kA in Fig. 2b in [2] for a nitrogen pressure of
120 Torr. The authors of Refs [2, 3] have not presented any
oscillograms of the current through the laser chamber, but
state that Fig. 2b in Ref. [2] has been used to determine the
discharge current through the laser chamber, its value being
‘... 4 kA for the maximum plasma voltage of 20 kV’ (p. 484,
Ref. [2]), and so on. I would advise the readers to go
through our papers once again.

(3) V.V.Apollonov and V.A.Yamshchikov do not accept
my comments concerning their error in determining the
oscillogram of the voltage across the discharge gap (see
Fig. 2a in Ref. [2]) and want me to present the correct
experimental oscillograms. A fairly accurate oscillogram of
voltage decay in the discharge gap is presented in Ref. [1]
(see Fig. 3b) (the voltage-pulse rise time was ~ 50 ns). The
questions concerning the formation of volume discharge are
discussed in several articles and books (see, for example,
Ref. [5], p. 251). The voltage across the gap for a volume
discharge has two phases: the rapid voltage decay phase,
whose duration in nitrogen does not exceed 5 ns under a
pressure of several hundred torr and for E,/p = 80 — 200
V em™! Torr™!, and the quasi-stationary phase in which the
voltage does not change significantly. In Fig. 2a in Ref. [2],
the voltage decreases almost linearly for 35—40 ns, indica-
ting to an error in the measurement of voltage across the
discharge gap.
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(4) As for the proposal to use a beam of runaway
electrons (10 keV) for increasing the efficiency of the
nitrogen laser, note once again that the ionisation cross
section exceeds the excitation cross section for the upper
laser level for electron energies exceeding ~ 20 keV [4],
resulting in a decrease in the efficiency of the nitrogen laser.
Moreover, it is known that the lasing threshold is not
achieved usually upon pumping of nitrogen by a transverse
electron beam [6].

Note finally the most important point. The authors of
Ref. [2] say nothing about the values of the efficiency of the
nitrogen laser and conditions under which they can be
obtained. Such data would be very useful for researchers
and designers of nitrogen lasers, and the accuracy of the
presented data can be verified. In addition, the parameters
of the laser fabricated by the authors of Ref. [2] are rather
low. For example, the lasing efficiency in nitrogen was
0.04 %, while the output power did not exceed 4 mJ. The
efficiency and output power obtained in our works were
several times higher (see references in [1]).
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Measurement of eye aberrations in a speckle field

A V Larichev, P V Ivanov, I G Iroshnikov, V I Shmal’gauzen
[ Quantum Electron., 31, 1108 —1112 (2001)].

In the paper through the fault of the translator an error was committed in the name of the third author: instead of wrong
I G Iroshnikov one should read N G Iroshnikov.
The collective of the editorial office gives its apologies to the author.
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