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Abstract. The ground-state bleaching of highly concentrated rhodamine 6G solutions in
methanol is studied with intense picosecond light pulses. The ground-state recovery time
changes with concentration from about 3.9 ns at low concentration (10~ 5 mol/dm?3) to
about 1 ps at high concentration (0.6 mol/dm?). The shortening of the absorption recovery
time is determined by the concentration dependent quenching of the S,-state population
due to unbound dimers and by the intensity dependent longitudinal and transverse

amplified spontaneous emission.

PACS: 42.65, 42.70, 42.20

The bleaching of absorbing media by intense light
pulses is a general phenomenon. The only requirement
for reduction of absorption with increasing light signal
is that the ground-state absorption cross-section is
larger than the excited-state absorption cross-section
[1-5]. For laser pulse durations 4t; short compared to
the absorption recovery time 7 , the bleaching behavior
is determined by the input pulse energy density ¢ [6].
At a pulse energy density eg=hv, /o, the ground-state
population is reduced to approximately half its initial
value (exact value depends on absorption dynamics
[6]). &5 is called the saturation energy density, v, is the
laser frequency and o is the ground-state absorption
cross-section. For laser pulse durations long compared
to the absorption recovery time the light transmission
is intensity dependent. At a pulse intensity of
Is=hv,/o,7,, the saturation intensity, the ground-
state population is reduced to approximately half its
initial value [1-6].

The application of saturable absorbers as mode-
locking dyes requires absorption recovery times short
compared to the resonator round-trip time. In pass-
ively mode-locked Nd lasers and ruby lasers (small
stimulated emission cross-section, no gain dependent
pulse shortening) absorption recovery times of some

picoseconds are necessary for picosecond pulse gener-
ation [7]. Shortening of picosecond pulses to the
subpicosecond region may be achieved by passing
picosecond pulses through saturable absorbers of
some picosecond absorption recovery time [8-10].
The radiative S;—S, lifetime of dyes is generally
between 1 and 10 ns. Picosecond absorption recovery
times are due to fast radiationless S; — S, relaxation by
internal conversion. At low concentrations fast inter-
nal conversion is found for molecules with flexible
structure in low viscous solutions [11-14]. For in-
frared dyes the internal conversion is fast because of
the small S,—S, energy gap [15-17]. At high con-
centrations the S, —S, lifetime is shortened by self-
quenching [11, 12, 18-21]. Molecular aggregates
(dimers, trimers, etc. and molecules in near distance)
with fast internal conversion rate are formed. Mole-
cular diffusion and Forster-type energy transfer
transport the excitation to the quenching centers and
a fast absorption recovery occurs [11, 12, 22].

In this paper the concentration dependent absorption
recovery time of rhodamine 6G in methanol is studied.
Bleaching experiments are carried out at concen-
trationsof 1075,1074,1073,1072,0.04,0.1,0.2,0.4, and
0.6 mol/dm? with single picosecond second-harmonic
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light pulses of a mode-locked Nd-glass laser. The
absorption recovery time reduces with increasing
concentration. At C=0.6 mol/dm?® an absorption re-
covery time of 0.8 +0.3 ps is measured. The reduction
of the absorption recovery time is determined by
quenching of the S,-state lifetime due to unbound
dimers [22] and — in an intermediate concentration
region — due to longitudinal and transverse amplified
spontaneous emission.

1. Experimental Arrangement

The bleaching of concentrated solutions of rhodamine
6G in methanol at room temperature is studied with
the experimental setup depicted in Fig. 1. Single pico-
second light pulses are selected from a passively mode-
locked Nd-phosphate glass laser. The pulses are ampli-
fied and the second harmonic is generated in a KDP
crystal (pulse duration 4¢; ~4 ps FWHM). The inten-
sity of the pulses at the sample is varied with filtersand a
lens [beam diameter at sample d,~(0.8+0.2) mm
(FWHM)]. At low concentrations the dye is kept in
conventional  glass  cuvettes (I=2cm  for
C=10"°mol/dm?, I=2mm for C=10"*mol/dm3).
For high concentrations (C= 103 mol/dm?) the dye
solution is contained in a thin cell of adjustable
thickness [22]. Thicknesses between 0 and 200 um are
achieved by screw adjustment without spacers. Above
200 pum thickness spacers may be inserted into the cell.
The energy transmission through the dye cell is
measured with photodetectors PD1 and and PD3. The
input peak pulse intensity is determined by two-
photon transmission measurements through a rutile
crystal with photodetectors PD1 and PD2 [23]. For
the 0.4 molar rhodamine 6G solution the temporal
behavior of the absorption recovery was studied by
measuring the energy transmission of a weak probe
pulse versus delay time in a pump and probe arrange-
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Fig. 1. Experimental setup. SHG: KDP crystal; F: filter; BS:
beam splitter; L: lens (f=50cm); TC: thin cell of variable
thickness; TPA: rutile crystal for intensity detection; PD1-PD3:
photodetectors; IF: interference filter)
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ment. For the 0.04 molar rhodamine 6G solution the
transverse amplified spontaneous emission was de-
tected by replacing the variable thin cell by a standard
glass cuvette and measuring the perpendicular flu-
orescence emission with a photodetector.

2. Results

Bleaching experiments were carried out for dye con-
centrations between 10~ 3 and 0.6 mol/dm?. In Figs. 2
and 3 obtained energy transmission data points are
plotted. The depicted curves are calculated by applying
the rate equation system of [6] to the level system
shown in Fig. 4. The effects of amplified spontaneous
emission are not included in these calculations (o, =0,
7,=0). The used dye parameters are listed in the figure
captions. The different absorption cross-sections of
monomers and unbound dimers (present at high
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Fig. 2a and b. Energy transmission through rhodamine 6G in
methanol.  Experimental points: (a) Concentrations
C=10"° mol/dm? (0), 10~ * mol/dm? (@), 10 ~ 3 mol/dm? (a),and
10" 2 mol/dm® (a). (b) 0.04 mol/dm>. Calculated curves: (1)
1p=391ns,2)t,=4ps,(3)1s=2ps,@)1r=1ps,(5)1x=0.5ps, (6)
1=0.25 ps. Pump pulse duration 4t; =4 ps. Dye parameters:
O, 1=5%10"""cm?, 1pc=07ps [27], 71,=0.1ps [27],
7o,= 170 ps [34], 7,=0, 0., =0. Special values for (a): T,=0.01,
0.,=405x10"1%cm?, and for ®): T, =0.05,
6,=3.75x 10715 cm?
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Fig. 3a and b. Energy transmission through rhodamine 6G in
methanol. (@): C=0.2mol/dm3, o¢,=3.06x10"1%cm?,
To=0.046. (b): C=0.6 mol/dm3,6, =2.2 x 10716 cm?, T, = 0.046.
Other parameters of curves as in Fig.2
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Fig. 4. Level scheme of dye used in calculations

concentration [24]), the energy transfer between
monomers and dimers and the different lifetimes of
monomers and dimers [22] are not separated out.
These facts are only included by using a concentration
dependent  average  absorption  cross-section
o= —In(T;)/N,CI (Ty: transmission at concentration
C; N ,: Avogadro’s constant) and an average recovery
time 7 ,. The average absorption cross-section g, at the
laser wavelength, A; = 526.5 nm, is shown in Fig. 5. The
o, values were obtained by transmission measure-
ments through thin cells (C <£0.15 mol/dm?®) and by use
of a reflection technique (C > 0.15 mol/dm?) [24].

In Fig. 2a the experimental points for C=1075, 1074,
and 10~ 3 mol/dm? fit to an absorption recovery time
7, long compared to the pulse duration A4¢; and an
excited state absorption Cross section
Oex..=5%10717 cm™ 2 (see also [25]). The actual value
of 7, cannot be determined since for t,> At; the
energy transmission is only energy dependent (same
bleaching curve for all 7,> 4¢;). A pump and probe
experiment would be necessary to resolve the absorp-
tion recovery time for 7> 4t;. For C=0.01 mol/dm3
the experimental points (full triangles) do not fit to a
single energy transmission curve. The absorption
recovery time 7, shortens with increasing pump pulse
intensity. This shortening of the absorption recovery
time will be explained below by transverse amplified
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Fig. 5. Concentration dependence of cross-sections. ¢, from
[24], ., approximated, o, r assumed to be equal to o,
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spontaneous emission. The same situation is observed
for the 0.04 molar (Fig. 2b) and the 0.1 molar (no curve
shown) rhodamine 6G solution. At even higher con-
centration the experimental energy transmission
points again follow a theoretical bleaching curve,i.e. 7
becomes independent of I;. In Fig. 3a the situation is
depicted for a 0.2 molar solution. An absorption
recovery time of t,=(3.5+ 1) ps is resolved. In Fig. 3b
the bleaching of 0.6 molar rhodamine 6G is illustrated.
The comparison of the calculated curves with the
experimental points gives an absorption recovery time
of 7,=0.8+0.3 ps.

For the 0.4 molar rhodamine 6G solution a pump and
probe experiment was performed. The transmission
curve versus time was found to be symmetric to the
zero-delay point within the experimental accuracy.
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Fig. 6. Dependence of lifetimes on concentration. Experimental
points: (A) Fluorescence lifetimes 7, measured with streak
camera [22], (a) 15 determined by fluorescence quantum effici-
ency measurements [22] (weak excitation intensity in flu-
orescence investigations). (0) Ground-state absorption recovery
times 7, determined by intensity dependent bleaching of ground-
state absorption (points at 1072, 4x 10~2, and 10”2 mol/dm?
belong to I, =3 x 10° W/cm?). Curves: 1, curve, taken from
[22], 74 curve, calculated by use of (9) including low intensity S,-
state lifetime 75 and intensity dependent S, -state lifetime shorten-
ing due to longitudinal and transverse amplified spontaneous
emission. The 1t, curve belongs to Ty=0.01,
T=0.5xexp(—0, N3l), and do=1mm
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The rise of transmission (probe pulse before the pump
pulse) and the decrease of transmission (probe pulse
behind the pump pulse) have the same shape. From
this time behavior an upper limit of 7, <4 ps could be
estimated.

In Fig. 6 the obtained absorption recovery times 7 , are
compared with the fluorescence lifetimes 7, measured
under low excitation intensity conditions. The flu-
orescence lifetimes were determined by streak camera
(open triangles) and fluorescence quantum efficiency
(closed triangles) measurements [22]. The 7 points
and the 7 curve are taken from [22]. The steep decay
of the fluorescence lifetime above 1072 mol/dm3 is
explained in [22] to be due to unbound dimer
formation. The dimers have a very short S,-state
lifetime (~ 1 ps) and excited monomers transfer their
energy to the dimers. For C<1073mol/dm? only
lower limits of 7, could be determined from the energy
transmission measurements (8). In the region between
C=10"2 and 0.1 mol/dm? the absorption recovery
times are intensity dependent. The depicted points (O)
belong to I,; ~3 x 10° W/cm?. The absorption recov-
ery time at 0.01 mol/dm3 is three and a half orders of
magnitude shorter than the fluorescence lifetime. For
the concentrations 0.2 and 0.6 mol/dm? the absorption
recovery times 7, and the fluorescence lifetimes 7, are
the same within the experimental accuracy. The ob-
served intensity dependent deviation of the absorption
recovery time from the fluorescence lifetime which
was measured under low intensity conditions is ex-
plained in the following by including longitudinal and
transverse amplified spontaneous emission in the
theoretical description.

3. Effects of Amplified Spontaneous Emission

In the nonlinear transmission measurements the S
state of the molecules is strongly populated at high
pump intensities. For the Stokes shifted fluorescence
emission the system is inverted and the spontaneous
emission is amplified by stimulated emission [26].
Fluorescence emission occurs in all directions and the
amplification acts in all directions. The amplification
of spontaneous emission dominates in directions of
longest interaction length.

At low concentrations long samples have to be used to
achieve a fixed small signal transmission T,. For
example, at 10~ ° mol/dm? and T, =0.01 then length is
I=2cm for rhodamine 6G in methanol at
A, =526.5 nm. Under these conditions the laser beam
diameter d, (FWHM) is small compared to the longi-
tudinal interaction length [; ,,, which is given by the
shorter of either sample length [ or the penetration
depth I, (reduction of input light to 1/e value)
[l;.;,,=min(l, l¢)]. The amplified spontaneous emis-
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Fig.7. Illustration of solid angles for longitudinal and transverse
amplified spontaneous emission

sion dominates within a solid angle
nd
i, g

along the propagation direction of the pump beam.
This situation is called longitudinal amplified sponta-
neous emission. Besides the forward direction the
longitudinal amplified spontaneous emission occurs in
backward direction. As long as the duration of the
amplified spontaneous emission is long compared to
the propagation time of light through the sample (¢, ,
=nl; j,/Co, n: refractive index, c,: vacuum light veloc-
ity) forward and backward amplified spontaneous
emission are of the same strength. For picosecond
pulse excitation and strong amplified spontaneous
emission (i.e., drastic S,-state lifetime shortening by
amplified spontaneous emission) in long cells, the
duration of the fluorescence signal becomes short
compared to the propagation time ¢, ;, and backward
amplified spontaneous becomes small compared to
forward amplified spontaneous emission [27]. In the
following estimates backward amplified spontaneous
emission is only included for short sample lengths
With increasing dye concentration the sample length
reduces. As soon as the beam diameter d, becomes
larger than the longitudinal interaction length, the
amplified spontaneous emission dominates in a rot-
ational symmetric section transverse to the pump pulse
propagation direction. One speaks of transverse
amplified spontaneous emission. The solid angle 4Q
of the transverse amplified spontaneous emission is
determined approximately by a cylinder surface of
length [, ;, and radius [ ,,, that is

4Q, ~ 27'511,tr ll,lo/ l%, r= 27711, 1ol lI,tr . (2

The maximum transverse interaction length I, ,, is
approximately given by the beam diameter d,,. If the
process of amplified spontaneous emission reduces the
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Fig.8a—c. Longitudinal amplified spontaneous emission. Curves
belong to T, =0.01 and T=0.5exp(— o, rN3l). () Longitudinal
interaction length I; ,,. It is identical to sample length L. (b) Solid
angle 4Q for beam diameters. d, =1 mm (solid curve), 0.1 mm
(dashed curve),and 0.25 pm (dash-dotted curve). (c) Shortening of
S,-state lifetime 73 /77 due to longitudinal amplified sponta-
neous emission. Dye parameters as in Figs. 2 and 5. Refractive
indices n from [24]. Solid curve, dy=1mm, dashed curve,
d,=0.1 mm, dash-dotted curve, dy =25 pm

S, -state lifetime 75 (equal to 7 ) to a value shorter than
the propagation time t, ,=nd,/c, across the beam
diameter then the transverse interaction length is
limited to [, ,, =1, ~73c,/n. At very high concentration
C=0.1 mol/dm3 the longitudinal interaction length
l;,, becomes comparable and shorter than the
pump laser wavelength (Fig. 8a, /=0.49 pm for
C=0.6 mol/dm?). Under these conditions the trans-
verse interaction length reduces to the diffraction
length I,=1; ,,/sinp~I} ,n/i,. The relevant trans-
verse interaction length is I; ,, =min(dy, [, Ip).

An illustration of the longitudinal and transverse solid
angles of amplified spontaneous emission is given in
Fig.7. The longitudinal and transverse interaction
lengths, I}, and [ ,,, together with the sample length
I and beam diameter d, are indicated.

A theoretical analysis of the longitudinal forward
amplified spontaneous emission is given in [27].



90

Extension of the theory of pump pulse propagation
under conditions of longitudinal and transverse ampli-
fied spontaneous emission leads to a very time con-
suming computer program. Here were restrict to
estimate the absorption recovery time under con-
ditions of longitudinal and transverse amplified
spontaneous emission (shortening of S,-state lifetime)
from a crude analytical analysis [27, 28].

The depopulation of the S, state (level 3 of Fig. 4) after
passage of the pump pulse is considered (time region
t>to~A4t;/2). The population density N, [cm ™3]
decays due to radiative and radiationless relaxation
[time constant 7, first term of (3)] and amplified

TF
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with t,<f<f and 0<Z<z. We want to know the
momentary decay time of the S,-state towards the end
of the pump pulse (t'~t,) and at the end of the
interaction length of amplified spontaneous emission
(z’ —l,) and define t3=15(to, ;). Approximate values
for f and Z are 7~t, and Z~I,/2. Using the relations

N3(to,14/2)=No—N(t0, 11/2),
To=exp(—o.Nol)

and

T~exp[—o N (to, [}/2)l— 0y, pN3(t0, 11/2)1]

leads after some rearrangement to

T3=

1+

4'7r(0-em —O¢x, F)Trad TO

aemAQTF I:(Texp [aex,FN3(t0a ll/z)l]

spontaneous emission [second term of (3)]:

, N, 1
N3(29t,)=_1_3_ﬁo-emIFN3' (3)
F F

The propagation of the fluorescence signal is given by

0 hvpN,4Q

51F=(oem_o_ex,F)N3IF+ 4n )

rad

The transformations ¢'=¢—(n/c)z and z’=z are used.
T.aa 18 the radiative lifetime (t = gz 7,4, ¢p: fluorescence
quantum efficiency, 1,,,=4.3 ns for rhodamine 6G in
methanol [20]). In (3 and 4) the filling of level 6 by
amplified spontaneous emission is neglected
(Ng¢<N;,1,—0).

Integration of (3 and 4) leads to

N3(t',2))=N;(to,2)

X eXp [— t:“’ - he'" j It z)dt] (5)

F VF to
hveAQ
1 t/, — F
F( Z,) 47nrad(6em — O, F)
X {€XP[(Oem—0Oex, IN3(8, 2)2]— 1} . (6)

In (6) t,<t<t and 0<z <z Rewriting (5) to N;(t, 2)
=N(ty,2") xexp[—(t'—ty)/t3(t’,z)] determines the
S,-state lifetime to

13(t,2) = [ m [ 1, z’)dt]
1 - -1
= [; + ;‘: I, z’)] )

where t,<f<t'. Insertion of (6) into (7) results in

TF

em ~ Oex, F) 134 . (9)

oL T
_ 1]

N, is the total number density of dye molecules.
N (o, I;/2) is the average population density of the S,
state towards the end of the pump pulse. T is the pump
light transmission at input peak intensity I,, and T is
the small signal pump light transmission. Equation (9)
applies to longitudinal and transverse amplified
spontaneous emission. In the longitudinal case it is
A4Q=4Q,, (1), and l;=1;,, while for the transverse
case it is AQ=4Q, (2), and I;=1; ,.

Generally, fast saturable absorbers with low flu-
orescence quantum efficiency (gp=175/7,.¢<1) at low
concentrations are applied in long cells (dy/I<1,
A4Q, <1) and the excitation wavelength is around the
So—S, absorption maximum [(0.,— 0., r)/oL<1].
Under these conditions the longitudinal and trans-
verse amplified spontaneous emission are negligibly
small. But in the here discussed situation of rhodamine
6G in methanol the fluorescence quantum efficiency
varies from qp=15/7,,4~0.9 at low concentration to
qr=2.25x10"* at high concentration and the cell
thickness varies from some centimeters at low con-
centration to a fraction of a micrometer at high
concentration. In this case the actual influence of
amplified spontaneous emission depends on the spec-
ific dye and laser parameters.

To illustrate the effect of amplified spontaneous emis-
sion some calculations are presented in Figs. 6 and
8-10. A small signal dye transmission of T, =0.01 is
assumed. The cross-sections oj, 0., and 6. p are
taken from Fig.5. o, was measured in [24]. The
stimulated emission cross-section a.,, in the frequency
region of amplified spontaneous emission is appro-
ximated by 0., =0.5 x 6, [29]. 6, pissetequalto g, .

1‘-3(t,7 Z’) = 3 AQT
em F

1+
4n(oem — O, F)Trad

®

{exp [(aem - aex,F)N3(?’ ;)Z,] - 1}
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Fig. 9a—c. Transverse amplified spontaneous emission. Curves
belong to T, =0.01 and T=0.5 exp(— 0., zNl). () Transverse
interaction length [, ,,. (b) Solid angle 4Q, for three different
beam diameters. d, =1 mm (solid curve), 0.1 mm (dashed curve),
and 25 pm (dash-dotted curve). (c) Shortening of S, -state lifetime
73,,/Tr due to transverse amplified spontaneous emission. Dye
parameters as in Fig.8. Beam diameters as in (b)

[25]. The fluorescence lifetime 7 is included in Fig. 6
(Traa~4.3 ns).

Figure 8 illustrates the longitudinal amplified sponta-
neous emission. The bleached transmission is set to

T=0.5exp[— 0y, pN3(to, Li/2)1] .

In Fig. 8a the longitudinal interaction length I,
=min(l, l¢) is shown. It is equal to I. The solid angle
49Q, (1), is depicted in Fig. 8b for three different beam
diameters d,=1 mm, 0.1 mm, and 25 pm. The shorten-
ing of the §,-state lifetime 75 | /7, is given by the curves
in Fig.8c. At low concentration (small 4Q) the S,-
state lifetime shortening is small. In an intermediate
concentration range (4Q large, 7, large) the lifetime
shortening is maximal. At very high concentrations t
becomes short and the lifetime shortening by amplified
spontaneous emission reduces.

The situation of transverse amplified spontaneous
emission is displayed in Fig.9 for

T=0.5 exp[_aex.FN‘j(tO, 11/2)1] .

Three different beam diameters d,=1mm, 0.1 mm,
and 25 pm are considered. The transverse interaction
lengths I; , =min(dy,[,,Ip) are shown in Fig. 9a. At
low concentrations it is I; , =d,. In an intermediate
concentration region the pulse shortening is so
strong that the interaction length is limited by the
transverse propagation distance [,. At high con-
centrations the interaction length is limited by
diffraction (I}, =1Ip). The concentration dependence
of the solid angle AQ, is depicted in Fig. 9b. At low
concentrations AQ, is large (I, ,<I; ;). In an inter-
mediate concentration range 42, reduces (I; ,>1; 1,).
At high concentrations 4Q, increases again due to
diffraction effects (I; ,=Ip). In Fig.9c the lifetime
shortenings 5 , /77 are shown. At low concentrations
the shortening is weak. The variation of 75 , /7 with
concentration depends strongly on the beam diame-
ter. The larger d, the lower is the necessary con-
centration for effective S,-state depopulation (con-
dition [, ,,>1, ,, fulfilled at lower concentration). In
an intermediate concentration region (dy>1; ,,) the
shortening is so large that the transverse propagation
distance within 75 , becomes shorter than d, and

T/t

LIFETIME SHORTENING

] L1l ] ]

1 10 100

BLEACHING RATIO Texp(o Ny /T,

Fig. 10. Intensity dependence of S;-state lifetime. The lifetime
shortenings 3 /tf, T3, 1/Tp, and T,/tp=(t§/T3, | + T5/T3, . — nt
are plotted versus the bleaching ratio Texp(o.. rN3))/To.
T,=0.01. dy=1mm. The parameters for C=0.04 mol/dm? are
used

ex,F
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limits the shortening. At high concentrations the
transverse interaction length is limited by diffraction
and 7, decreases. The lifetime shortening by ampli-
fied spontaneous emission reduces.

In the described model of Fig. 4 the S,-state life-
time 75 is equal to the absorption recovery time
talta=13=(/ts, +1/15, . —1/tp) ']

In Fig. 6 a calculated 7, curve is included
for a laser beam diameter of d,=1mm and
T=0.5exp[ —o., rN3(tol;/2)1].

The curve aggrees reasonably with the ¢, points. The
correct description of the low absorption recovery
times at 10”2 mol/dm? and 4 x 10~ 2 mol/dm? and the
equality of absorption recovery time and fluorescence
lifetime at high concentrations should be noticed. The
strong dependence of 7, on the beam diameter (Fig. 9)
gives a possibility to change the absorption recovery
time by changing the beam diameter (focusing).

The intensity dependence of the absorption recovery
time is illustrated in Fig. 10. The S,-state lifetime
shortenings 73 /tf, T3, ,/Tp, and 7,/1; versus norma-
lized transmission T X exp(o., r, N30)/T, is plotted for
a concentration of C=4 x 10”2 mol/dm? and a beam
diameter of dy=1mm. At low intensities
(T-T,=0.01) no amplified spontaneous emission
occurs. At high intensities (larger T/T; values) the
longitudinal and the transverse amplification of
spontaneous emission shorten the S,-state lifetime.
The longitudinal shortening levels off when the pene-
tration length I ., becomes equal to I. The transverse
shortening is finally limited by the transverse light
propagation time.

The transverse amplified spontaneous emission was
studied experimentally for the 0.04 molar rhodamine
6G solution. The dye was contained in a glass cell and
the sideward fluorescence was imaged to a photode-
tector. Strong emission occured transverse to the
direction of pump pulse propagation within an open-
ing angle of about 3 degree. The total light emission
within this angle summed up over the circumfirence of
emission was estimated to be about 50% of the input
pump light.

4. Conclusions

The absorption recovery time of rhodamine 6G in
methanol may be varied between about 3.9 ns at low
concentration to about 1 ps at high concentration. The
change of absorption recovery time along concen-
tration is due to intensity independent S -state lifetime
quenching by dimer formation and due to intensity
dependent S, -state lifetime shortening by longitudinal
and transverse amplified spontaneous emission. The
small signal transmission may be adjusted to any

A. Penzkofer

needed value by use of a thin cell of variable thickness.
The dye rhodamine 6G in methanol with variable
absorption recovery time may be applied as saturable
absorber in mode-locked dye lasers or for pulse
shortening of second harmonic light pulses of mode-
locked Nd-glass and Nd-Yag lasers.

The concentration quenching of the S,-state lifetime is
a general phenomenon [11, 12] and it should be
possible for many dyes to tailor the absorption recov-
ery time to the experimental needs. The use of highly
concentrated dyes in thin cells of variable thickness as
saturable absorbers may be very interesting in situ-
ations where saturable absorbers with fast monomeric
absorption recovery time are not available.

In recently reported experiments the occurance of
strong transverse amplified spontaneous emission was
applied to picosecond-pulse generation [30-33].
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