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We experimented with laser system consisting of a master oscillator and two 
light amplifiers and emitting within a narrow spectral band (Δλ ≤ 0.01 nm). In this 
system the ethanol solution of coumarine 2 is pumped by radiation of a XeCl excimer 
laser. The lifetime of such a system is shown to exceed that of a system with 
nonselective resonator and to depend on cell length and on dye concentration in the 
amplifier. Our study indicated that laser emission stabilized dye in the system. Laser 
design should fit its future applications while its lasing efficiency be optimized 
varying the concentration of dye. 

 
At present the task most important for dye lasers is 

that of increasing the lifetime of their active media 
(stabilizing their lasing characteristics). It is well known 
that dye solutions arc irreversibly photoconverted by high 
intensity radiation, pumped into them, so that lasing 
characteristics change in the course of generation, 
producing operational difficulties. There are extensive 
reports on the task of increasing lifetime, but, generally 

these cover lasers with nonselective resonator.
1,2 

Theoretical estimates of the effect of conditions of 
irradiation upon photo-decomposition of laser dyes may be 
found in Refs. 3 and 4. We studied the lifetime 
experimentally using a setup, which combined high 
efficiency of transformation of radiation in an excimer 
laser with pulse energy up to 0.5 J (efficiency up to 20%) 
with high quality of the transformed radiation (it 
produced a line 0.01 nm wide with a divergence below 
1.5 mrad). 

The pumping XeCl laser radiation is distributed as 
following: 0.15 Å

ð
 goes to the controlling generator (CG), 

0.3 E
p
 — to the first amplifier (A1), and 0.55 E

p
 — to the 

second amplifier (A2). Two diffraction gratings are used as 
the CG selective element, one of them functioning at 
glancing incidence thus producing a line 0.1 nm wide. The 
two amplifying cells are total internal reflection prisms, the 
pumping radiation completely absorbed by the solution of 
the coumarine 2 dye, circulating in the internal channel of 
D = 0.4 cm diameter and l = 5 cm length. We define 
lifetime as the total energy, pumped into a unit volume A2 
while the lasing efficiency drops by 20 or 50%. Since the 
CG and A1 both operate in throughput mode and the 

solution volume is V = 500 cm
3
, while A2 has no 

throughput and its volume is V = 1 cm
3
, we assume 

photoconversions in the CG and A2 to be negligible during 
the experiment. Lasing characteristics are shown in Table I. 
 
 

 

TABLE I. Lasing characteristics of a MZhL–03 laser system 
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C2 0.6 mmol/1 in ethanol, selective generation 
 

C2 1.0 mmol/1 in ethanol, spontaneous 
 

C2 1.0 mmol/1 in ethanol, selective generation 
 

C2 1.3 mmol/1 in ethanol, selective generation 
 

C2 1.3 mmol/1 in ethanol, spontaneous 
 

C2 1.3 mmol/1 in ethanol, nonselective generation 
 

C2 2.0 mmol/1 in ethanol, selective generation 
 

C2 2.0 mmol/1 in ethanol, spontaneous 
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Coincidentally with lifetime we checked spectral changes 
in the longwave absorption band, measuring the quantum  

output of photoconversions, ϕ
ph
, i.e., the    number of 

molecules disintergrated per each absorbed photon. In  
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addition, we controlled changes in spectral absorption at 
λ

g
 and λ

p
 using the Specord M 40 device, and measured 

the depletion of the injecting signal I from A1 during 
generation using an IMO–2N calorimeter. Since 

ΔD
λg

 = log (I
A1

0
 /I

A1
) is the optical thickness, results 

obtained using both spectral measurements and extinction 
coincided. Substituting irradiated solution in A2 after the 
efficiency halved by the fresh one reclaimed the injecting 
signal to its previous experimental value, which 
confirmed photochemical nature of those changes. 

Both λg and Δλg are prescribed by the injecting 
signal from the CG, not affected noticeably by 
photoconversions during the experiment. That is why we 
discovered no changes of these characteristics during 
lasing, whereas a small, 1–2 nm longwave shift of 
generation spectrum was noted for coumarines in the 
nonselective resonator due to photoconversions. The 
divergence we measured using the diaphragm in the focal 
plane of the lens remained constant within the experiment 
accuracy. 

It is seen from Table I that the optimum efficiency 
of transformation is observed when dye concentration in 
A2 is about 2–4 mmol/liter. A 50% drop in efficiency 
from its initial value due to photoconversions results in 
an order of magnitude smaller than proportion of 
disintegrated molecules. This fact testifies that the 
decrease of generation energy results from the formation 
of photoproducts absorbing radiation in dye lasing and 
pumping ranges, instead of lower concentration of 
generating molecules. Figure 1 presents the dependences 
of efficiency on absorption at λg. 

 

 
 

FIG. 1. Generation efficiency vs optical density at ^ éù 
generation. Dye concentration in A2 is: 1)0.6, 2)1 aid 
3) 4.2 mmol/liter. 
 

Since photoproduct absorbing with coefficient ε at λ
g
 

is formed at concentration ñ by a certain time photo-
production, it follows from relation D = cεl, that the 
drop in efficiency is proportional to l, which is the length 
of active medium in the amplifier. This fall–off depends 
also on dye concentration: generation energy drops at a 
slower rate at higher concentrations of dye even if 
absorption at λ

g
 remains the same (see Fig. 1). 

Thus lifetime increases to one order of magnitude 
while concentration is raised from 0.6 to 4 mmol/liter, 
photoconversion output remaining practically the same 
(see Fig. 2b). Curves in Fig. 2 show lifetimes decrease by 
practically one order of magnitude due to increased 
output of photoconversions in the case when irradiation is 
free of generation, i.e., spontaneous or almost 
spontaneous (without injecting signal). In that case 
photostabilization by lasing is observed due to shorter 

lifetime of photodegradating state.
5
 

 
 

 
 

FIG. 2. Dependences of the absorption at λ
g
 (curves 1 and 2) and at λ

p
 (curves 3 and 4) per single photon (a) as well as 

of photoconversion output ϕ
ph

 (curves 1 and 2) and of lifetime P
50
 (curves 3 and 4) (b) on dye concentration in A2 for 

different regimes of irradiation: 1 and 3) generation regime; 2 and 4) spontaneous irradiation regime. The symbols inside 
the circles (b) correspond to generation reginte with a nonselective resonator. 

 

Absorption per each photon absorbed by a single 
molecule grows quicker depending on concentration in 
generation range if the regime is spontaneous, in contrast to 
that of lasing, whereas the respective dependence at λ

p
 

remains practically the same. Thus, in the lasing regime the 
photoconversion channel more strongly inhibited is that 
related to photoproducts absorbing at λ

g
, instead of at λ

p
. 

One may then conclude that photoproduct absorbing at λ
g
 is 

related to photodegradation of dye from the laser level, 
while the "shortwave" photoproduct is produced in the 
other channel. The increase in lifetime accompanying the 
growth in concentration from 0.6 to 4 mmol/liter in  

generation regime  is apparently explained  by the system  
reaching an optimum regime of transformation efficiency, 
the fraction of spontaneous radiation falling off. The 
lifetime trend under the conditions of spontaneous 
irradiation can be explained by lower energy load per 
molecule within the pumping pulse: 1.3 photon at 
0.6 mmol/liter and 0.3 photon at 2 mmol/liter. 

Of special interest it is to compare the narrow hand 
generation regime, Δλ ≤ 0.01  nm, to that with a 
nonselective resonator in the CG, when a total reflection 
miror was used instead of the second grating. Zeroth order 
diffraction pattern from grating the first was sent to that 
mirror. In that case the lifetime was shorter than for a  
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similar solution generating in the narrow line, although 
photoconversion output remained practically the same 
(see Fig. 2b). 

It was supposedly due to an essential growth in 
superradiation: the wide spectral band (Δλ

g
 = 12–13 nm) 

was amplified, i.e., the fraction of spontaneous processes 
increased, resulting in stronger absorption at λ

g
 too. If 

one compares that result with lifetime for C2 in a 
common laser system with a nonselective generator, no 
amplifiers and a cross Xe–Cl laser pump of approximately 
the same energy, then taking into account the cell length, 
the lifetime in such a system with nonselective resonator 
appears to be significantly longer. This is apparently due 
to a more homogeneous excitation and to shorter 
generation time, i.e., to smaller contribution from 
spontaneous processes. 

It is noticed that the fraction of photoproducts 
absorbing at λ

p
. is smaller in that system: it reaches 20% 

in a generator with nonselective resonator and no 
amplifiers when the efficiency drops by 50%. 

Thus, lifetime of a laser system including a cascade of 
amplifiers exceeds that of a system with nonselective resonator 
due to lower contribution from spontaneous processes. 
However, that lifetime decreases for longer cell lengths, i.e., 
this parameter should be optimized by both efficiency and 
lifetime. Moreover, the lifetime depends significantly on dye 
concentration, which also has to be optimized over 
transformation efficiency. 
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