AP | Rpiea physis

Resonance radiation trapping effects in copper and manganese lasers
K. Srigouri, S. Ramaprabhu, and T. A. Prasada Rao

Citation: Journal of Applied Physics 61, 859 (1987); doi: 10.1063/1.338135

View online: http://dx.doi.org/10.1063/1.338135

View Table of Contents: http://scitation.aip.org/content/aip/journal/jap/61/3?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Laser-induced charging of microfabricated ion traps
J. Appl. Phys. 110, 104901 (2011); 10.1063/1.3662118

Amorphization of Cu nanoparticles: Effects on surface plasmon resonance
Appl. Phys. Lett. 99, 043102 (2011); 10.1063/1.3615307

Effect of background gas pressure and laser pulse intensity on laser induced plasma radiation of copper samples
Phys. Plasmas 17, 043301 (2010); 10.1063/1.3377776

Three-dimensional trapping of Mie metallic particles by the use of obstructed laser beams
J. Appl. Phys. 91, 1606 (2002); 10.1063/1.1428801

Resonance radiation trapping effects in CuCl laser
J. Appl. Phys. 65, 1438 (1989); 10.1063/1.342982

| AFMs jual
Asylum Research Cypher™” AFMs
Th

www.AsylumResearch.com/NoOtherAFMLikelt




Resonance radiation trapping effects in copper and manganese lasers
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(Received 30 June 1986; accepted for publication 7 October 1986)

Resonance radiation trapping effects in copper and manganese pure metals and their halides as
laser materials have been investigated using Holstein’s theory of resonance radiation trapping.
Theoretical calculations have been performed for determining the laser-starting and optimum
temperatures, and dissociation levels in the metal halides. The results are found to be in
excellent agreement with the reported experimental values. A detailed discussion of the results

has been presented.

INTRODUCTION

Laser action in copper has been observed by many inves-
tigators on the 5106- and 5782-A transitions at temperatures
of about 1800 K.'™ It has been reported that the *P,,-*Ds
(5106 ,&) transition required a tube temperature exceeding
about 1475 K to sustain population inversion. A peak power
of about 40 kW with an effective pulse width of 16 ns was
obtained in a single-pulsed pure copper metal vapor laser at
about 1800 K (Ref. 3). Laser action was also reported in
pure manganese metal® at 1120 K on the 5341-A transition.

In addition, the use of metal halides to obtain pulsed
laser emission from metal atoms using double-pulsed excita-
tion has received considerable attention during the past 12
years due to their low operating temperatures. Laser action
was reported at 485- and 875-K temperatures for copper
chloride and manganese chloride, respectively, in double-
pulsed excitations.*® In addition, metal oxides and organo-
metallic compounds have also been reported as laser materi-
als.>'°

This approach to metal vapor lasers is attractive, as it
could lead to the development of practical, efficient, and
high-energy laser devices in the visible region of the spec-
trum. In these double-pulsed metal vapor lasers, the electri-
cal dissociation of the metal compounds, the electron impact
excitations of the metal atoms, and the radiation trapping
upon the resonance lines are the principal inversion mecha-
nisms. Weaver et al.'' have reported the effective lifetimes of
*P,,, and *P,,, energy levels of copper in Cul as well as the
threshold ground-state densities required for radiation trap-
ping upon 3248- and 3274-A resonance lines. They have also
estimated the reservoir temperature and the dissociation lev-
el at which the stimulated emission is observed. No such
calculations are available in the literature for other metals
and metal halides.

In this paper, we present the theoretical resonance radi-
ation trapping threshold temperatures, and the tempera-
tures at the beginning of the lifetime saturation in copper and
manganese pure metals and their halides as laser materials.
These temperatures are compared with the reported values
of laser-starting and optimum temperatures. The present
calculations are found to be in excellent agreement with the
reported laser-starting and optimum temperatures in these
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materials. The laser-optimum temperatures are found to oc-
cur at the beginning of the lifetime saturation of the upper-
laser level. All these calculations have been carried out by
using Holstein’s theory of resonance radiation trapping.'*'?
These calculations will guide future experimental studies in
the most promising directions.

METHOD OF CALCULATION

The absorption coefficient (k) upon the resonance ra-
diative transitions for different temperatures is given by

1 In2 4 iszij /V,gj
7
where 4, is the wavelength of the resonance radiative transi-
tion, 4, is the spontaneous atomic transition probability, N,
is the ground-state atomic population density, and g; and g,
are the statistical weights of the ground-state and upper-

laser levels. Av, is the Doppler half-width at half-maximum
(HWHM) of the radiative transition and is given by

’ 1
T Avp, g )

Avp =7.162x 10" v JT/M , (2)

where v, is the central frequency of the transition, M is the
atomic mass, and 7 the absolute temperature.

The atomic density in the ground state /, is calculated
using NV = P /KT, where Pis the molecular vapor pressure at
temperature 7, NV is the molecular vapor density, and X is
Boltzmann constant. The values of P have been computed by
the least-squares fit for the standard equation '

logP=A+B/T. (3)
From the values of ¥, the ground-state atomic density of the
metals N, for different dissociation levels of the metal com-
pounds can be computed.

Using Eq. (1), k; can be obtained for different dissocia-
tion levels at each temperature. The reabsorption of reso-

nance radiation which will reduce the effective spontaneous
emission rate to the ground state is givea by

A, (trapped) = FA; (untrapped) , (4)

where F, the reduction factor, for a cylindrical volume of
radius R is given by
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FIG. 1. Energy level diagrams of copper and manganese. Extended lifetimes
and time constants are given in brackets.
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The resonance radiation trapping threshold temperature,

threshold ground-state atomic densities, and threshold re-
duction factor can be calculated for the condition

(Au-)lh:A,,\ +AV-,‘,'+"" (6)

The corresponding threshold ground-state density repre-
sents the boundary between trapped and untrapped condi-
tions. Above this value, resonance trapping effects would
influence the upper-laser-level lifetimes. The upper-laser-
level lifetime is then

(3)

1 1 1 1
—:—+(——~+ +) %)
TTy Tik T
where the energies (E) of 1, k, k', - -, f levels follow

E>E >E 6 —E .

Using these equations, the upper-laser-level lifetimes can be
calculated for different temperatures and dissociation levels.

RESULTS AND DISCUSSION

The energy-level diagrams of copper and manganese
atoms are shown in Fig. 1. The resonance radiative transi-
tions in copper (3248 and 3274 A ) and manganese (2794 A)
are indicated in bold lines. The laser transitions considered
are 5106 and 5782 A in copper and 5341 A in manganese,
which are shown by thin lines.

The vapor pressure data of the metals and metal com-
pounds have been computed for Eq. (3) (Ref. 14) by using
the least-squares fit method, from the data given in the litera-
ture.'® The vapor pressure data for metals have been taken,
and upper-laser-level lifetimes have been computed with
temperature variations, using Eqgs. (1)—(7). All these calcu-
lations have been performed for a tube radius R = | cm. In
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FIG. 2. Variation of lifetime and atomic
density as a function of temperature.
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TABLE L. Resonance radiation trapping threshold parameters.

Optimum temperature

T, inK (in K) Dissociation
F, (N)n Tin level

System (x 10~ (X10%cm™) (ns) Reported Present work Reported Present work (in %)
nH Cu? 1.58 1.5 308 1475° 1425 1620
(2) CuCP 1.58 1.5 308 590° 585 673 665 10
(3) CuBr* 1.58 1.5 308 6934 685 760 775 1
(4) Cul* 1.58 1.5 308 693° 696 870 800 10
(5) Mnf 5.30 0.092 91 1120# 1050 1175
(6) MnClL,f 5.30 0.092 91 883" 880 975 1050 0.01

* Wavelength considered for copper 3248 A.

"Ref. 2.

“Ref. 7.

9Ref. 16.

“Ref. 11.

fWavelength considered for manganese 2794 A

8Ref. 5.

" Ref. 8.

the case of copper, only the resonance radiation 3248 A and
corresponding laser wavelength 5106 A have been taken into
account for the calculations.

Figure 2 shows the variation of the upper-laser lifetime
with temperature in the pure metals of copper and manga-
nese. The upper-laser-level threshold lifetimes (7, ) in these
metals are determined using the condition for threshold
trapping given in Eq. (6). The corresponding resonance ra-
diation trapping temperature (7, ) at 7, is found from Fig.
2 and tabulated in Table I.

The ground-state atomic density at trapping threshold
(N, ) is found, corresponding to 7y, from the ¥,-tempera-
ture plots shown in Fig. 2 for these pure metals. These

FIG. 3. The dependence of the ground-state atomic density N, upon the
reduction factor Fin CuCl.
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threshold densities are taken to be the same for the metal
atoms dissociated from their halides, as the required atomic
density at the threshold is the same for pure metals and their
halides.

The ground-state atomic densities N, of these metals
from the metal halides have been calculated from their mo-
lecular densities computed from the vapor pressure equa-
tion'* for different dissociation levels of 0.01, 0.1, 1.0, 10,
and 100 at each temperature. As CuCl, CuBr, and Cul vola-
tilize in the trimeric form, three copper atoms are available
for each molecule vaporized. This situation has been taken
into consideration for our calculations. The dependencies of
the ground-state atomic density N, upon the reduction fac-

684K
680 K

669K

FIG. 4. The dependence of the ground-state atomic density &, upon the
reduction factor Fin CuBr.
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FIG. 5. Variation of the ground-state atomic density N, with the reduction
factor Fin Cul.

tor F at different temperatures for CuCl, CuBr, Cul, and
MnCl, have been drawn in Figs. 3-6. The value of the reduc-
tion factor at threshold (F}, ) has been determined indepen-
dently using

Fy = (A, +A,.)/4,;(ut) [fromEq. (4)].

S
FIG. 6. Variation of the ground-state atomic density N, with the reduction
factor Fin MnCl,.
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FIG. 7. The variation of the upper-laser lifetime {7) with temperature for
different dissociation levels in CuCl, CuBr, and Cul.

(N;), and F,;, are indicated with dotted lines in the figures.
The meeting point of these two dotted lines is expected to be
very close to the plot corresponding to one of the tempera-
tures, and can be taken as the temperature of the trapping
threshold of the resonance radiation. These values are shown
in Table L.

The experimental laser-starting temperatures reported
earlier for these compounds through double-pulsed excita-
tions are given in column 5 of Table I for comparison. We
have determined that the calculated values of T,, should
correspond to the laser-starting temperatures, as the stimu-
lated emission is expected to start at these temperatures. The
calculated values are found to be in good agreement with the
reported values within an accuracy of 5%.

Figures 7 and 8 show the variation of the upper-laser
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FIG. 8. The variation of the upper-laser lifetime (7) with temperature for
different dissociation levels in MnCl,.
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lifetime (1) with temperature (7" for CuCl, CuBr, Cul, and
MnCl, for different dissociation levels. The particular disso-
ciation levels corresponding to 7, and 7, have been deter-
mined from these plots, and found to be 10% in Cul, ~10%
in CuCl, and 1% in CuBr. In MnCl, the dissociation level is
found to be 0.01%. The dissociation level of 10% in Cul is
consistent with that of the value given by Weavereral.'' Itis
quite interesting to find from these figures, corresponding to
these particular dissociation levels, that the temperatures at
the beginning of the lifetime saturation are approximately
the same as the optimum temperatures reported earlier. A
possible explanation is yet to be given to confirm this obser-
vation. Experimental investigations by double-pulsed laser
excitations using these metal halides are in progress, system-
atically, to establish the validity of these theoretical calcula-
tions.
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