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Random lasers represent a relatively undemanding technology for generating laser radiation that displays unique char-
acteristics of interest in sensing and imaging. Furthermore, they combine the classical laser’s nonlinear response with
a naturally occurring multimode character and easy fabrication, explaining why they have been recently proposed as
ideal elements for complex networks. The typical configuration of a random laser consists of a disordered distribution
of scattering centers spatially mixed into the gain medium. When optically pumped, these devices exhibit spectral fluc-
tuations from pulse to pulse or constant spectra, depending on the pumping conditions and sample properties. Here, we
show clear experimental evidence of the transition from fluctuating (uncorrelated) to persistent random laser spectra,
in devices in which the gain material is spatially separated from the scattering centers. We interpret these two regimes of
operation in terms of the number of cavity round trips fitting in the pulse duration. Only if the cavity round-trip time is
much smaller than the pulse duration are modes allowed to interact, compete for gain, and build a persisting spectrum.
Surprisingly this persistence is achieved if the pumping pulse is long enough for radiation in the cavity to perform some
10 round trips. Coupled-mode theory simulations support the hypothesis. These results suggest an easy yet robust
way to control mode stability in random lasers and open the pathway for miniaturized systems, as, for example, signal
processing in complex random laser networks. © 2024 Optica Publishing Group under the terms of the Optica Open Access

Publishing Agreement

https://doi.org/10.1364/OPTICA.519171

1. INTRODUCTION

Lasers have been a fundamental tool in numerous scientific and
technological applications for several decades. These devices,
which generate coherent light through a process of stimulated
emission, have traditionally relied on the highly precise fabrication
of cavities. New laser cavity geometries and unconventional feed-
back mechanisms are proposed and developed on a regular basis
[1]. Some of these new advances are aimed at the fine control over
spatial coherence and the number of lasing modes [2]. Already dur-
ing the late 1960s a laser based on light diffusion was theoretically
proposed by Letokhov [3]. The fruit of this disruptive technology
(later coined random laser) was experimentally confirmed and
the underlying theoretical model refined to include interference
[4]. Random lasers (RLs) operate without a well-defined optical
cavity, which radically simplifies the process of fabrication and
facilitates scalability. Furthermore, RLs show unusual character-
istics for a laser (naturally occurring multimode character and low
spatial coherence) of interest, for example, in speckle-free full-field
imaging [5].

Interest in the use of lasers as nonlinear elements in neuro-
morphic computing has unsurprisingly grown in the last few years
[6]. Artificial neural networks basically consist of an array of a large
number of nonlinear nodes (neurons) capable to establish synap-
tic connections [7]. The intrinsically nonlinear response of laser
elements helps to design architectures that favor the interaction
in complex networks [8]. For example, vertical-cavity surface-
emitting lasers are considered highly promising as building blocks
for probabilistic neural network based hardware [9]. Recently,
random lasing in complex networks has shown efficient lasing over
more than 50 localized modes [10,11]. Also recently, an alterna-
tive configuration for random lasers, in which the gain element is
separated from the scattering centers, has been proposed as ideal
nonlinear elements in photonic neural networks [12]. An advan-
tage of this technology is the scalability and potential integration
with stablished technology [13].

The typical RL configuration consists of a disordered dis-
tribution of scattering centers in a gain medium under pulsed
pumping. This open configuration is inherently prone to spectral
and spatial fluctuations and, in fact, under certain conditions,
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these fluctuations have been described in terms of the Parisi overlap
function (non-trivial equilibrium properties of disordered sys-
tems) [14,15]. Such kinds of fluctuations are associated with the
intrinsic disorder of RLs that triggers frustration and should not
be mistaken for chaotic behavior where equal response is always
elicited by equal stimuli. Spectral and spatial fluctuations from
pulse-to-pulse in optically pumped RLs have been observed with
different active and scattering materials and pumping conditions
[16–22]. While fluctuations in RLs have been exploited for specific
applications, e.g., spectral super-resolution microscopy [23],
they are detrimental in applications that require a high degree of
repeatability for synchronization, such as some artificial neural net-
works. Another large body of research has demonstrated spectral
persistence whereby emission of RLs is persistent pulse after pulse.
Thus stable emission with persistent frequency peak positions
has been predicted in Anderson localized structures, in which
modes are tightly localized having limited mutual interaction and
competition that prevents spectral fluctuations [24].

Persistent spectral signatures from pulse to pulse have been
reported from different materials with Anderson localized struc-
tures under varying optical pumping conditions, e.g., from
dye doped fibers [25] and polymers [26] with sub-nanosecond
and nanosecond [27] pump pulses (100 ps, 600 ps, and 6 ns,
respectively), from liquid crystal and dye with nanosecond (8 ns)
pumping [28], and from InP nanowires [29,30] and InAlGaAs
quantum wells [31] with femtosecond pumping (300 fs and 160 fs,
respectively).

Here we show that spectral persistence with high correlation
in a RL can be achieved both with nanosecond and picosecond
pump pulses. We show clear evidence of a transition from a fluc-
tuating (un-correlated successive spectra) RL signal to a persistent
spectrum with highly correlated successive spectra even in the
picosecond pumping range. Surprisingly, a simple model that
considers the distance separating scattering centers and the time
it takes for an emitted photon to complete a round trip captures
relatively well the existence of this transition. These results suggest
an easy yet robust way to control mode interaction stability and
open the pathway for rapidly responding miniaturized systems
based on RLs.

2. METHODS

A. Sample Preparation

All chemicals were used as received without further purifica-
tion. Salmon DNA sodium salt, cetyltrimethylammonium
(CTMA) chloride, and 4-(dicyanomethylene)-2-methyl- 6-(4-
dimethylaminostyryl)-4H-pyran (DCM) were purchased from
Sigma-Aldrich.

In a generic procedure, 100 mg of salmon DNA sodium salt
dissolved in 20 mL of water (7.5 mM) was added drop by drop
to 20 mL of the CTMA chloride aqueous solution (15.8 mM)
under magnetic stirring. After 5 h the precipitated DNA-CTMA
complex was collected by centrifugation, washed three times with
water, and dried at 70◦C for 12 h.

Dye-doped DNA-CTMA complexes were prepared by the
addition of 0.3 mL of a DCM solution (6.5 mg/mL) in a mixture of
ethanol:chloroform (1:1 v/v) to 100 mg of DNA-CTMA dissolved
in 1 mL of ethanol-chloroform (6:1 v/v).

The RL devices were prepared by removing the central part of
a previously dried drop of TiO2 in a V-shape with a razor blade.

Fig. 1. (a) The sample features a V-shaped design for convenient
adjustment of the cavity length without altering other setup parameters
as shown in the left photograph of the sample in the holder. The edge
is rough as can be seen in the scanning electron microscope image of
the cross section on the right. (b) CCD image of a DCM-DNA sample
pumped with a 532 nm picosecond laser stripe line. Green line represents
the pumping laser area. In operando the sample can be seen as a shining
v-shaped area in which two bright spots are formed at the ends of the
pumping line (green line). (c) Optical setup scheme to measure spectra
and cavity lengths.

The DCM–DNA solution is added to the central part and dried at
70oC. The excess TiO2 is removed to leave the DNA-DCM with
a well-defined V-shape; see Fig. 1(a). TiO2 is just used to create
more roughness on the DCM-DNA edge surface since just cutting
the DCM-DNA samples with razor blades creates too smooth a
surface.

B. Experimental Setup

Lasing experiments were conducted using two laser systems: a
picosecond-pulsed laser (EKSPLA PL2551-B) emitting 30 ps at
a repetition rate of 10 Hz pulses and a nanosecond-pulsed laser
(LOTIS LS- 2134N) emitting 15 ns pulses at a repetition rate of
5 Hz, both operating at 532 nm. Precise control of energy emission
was achieved through the utilization of a rotating half-wave plate
and a fixed polarizer. A cylindrical lens was employed to generate
a stripe line illumination pattern on the sample, highlighted in
Fig. 1(b) with a green line. Emission was collected from the rear
of the sample using a 10× microscope objective. The collected
emission was then focused using a lens onto a CCD camera and an
optical fiber by splitting the beam with a beam splitter.

The optical fiber was connected to an Andor Shamrock 303
spectrometer equipped with an iDus Spectroscopy CCD. A grat-
ing with a density of 1799 lines/mm was employed, providing
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a resolution of 0.034 nm across a 33 nm spectral window. The
spectral acquisition is triggered by each respective Q-switched laser
trigger. Another CCD camera within the system was used to meas-
ure the average cavity length by capturing images of the sample. To
prevent laser pumping emissions from entering the CCD and spec-
trometer devices, an optical long-pass filter (Thorlabs FEL0550)
was positioned in front of the collecting microscope objective.

For precise positioning, a three-axis stage was employed to
adjust the height of the pumping position on the sample, while a
two-axis stage facilitated horizontal movement of the collecting
fiber. The entire setup is shown in Fig. 1(c).

C. Theory

The electromagnetic field can be described as a combina-
tion of various modes along with their amplitudes, following
the principles outlined in the equations of the coupled mode
theory [32]:

dak

dt
= iδkak − αkak +

∑
j 6=k

c k, j a j + g (t, δk)
ak

1+ γk |ak |
2 ,

where ak(t) is the complex amplitude of the k-th mode;
δk =ωk −ω0 with ωk the angular frequency of the mode and
ω0 the central frequency of the system; dimensionless αk contain
the inverse frequency-normalized (α−1

= τω0) decay times of
each mode, c k, j the coupling coefficient with the other modes
of the system, g (t, δk) the gain of the active medium, and γk the
saturation coefficient. All the parameters are scaled by the central
frequencyω0, by letting δk→ δk/ω0.

For our simulations, we define an arbitrary selection of Nm

modes across the spectral bandwidth region (1ω= 0.01). The
number of modes, Nm , determines the average frequency spacing
1ω/Nm . These modes are utilized to run 100 simulations, wherein
the fields of the system, ak(t = 0), are randomly initialized. The
losses of these modes are also randomly specified as inverse decay
times τ , normally distributed around an average decay time τ0 set
at 0.5 ps with a standard deviation of 0.015 ps.

The gain is defined by an expression that represents the spec-
tral bandwidth of the gain and another temporal expression
defining the pulse duration. This temporal profile represents the

Gaussian pulsed pump g (t)= g 0 exp

{
−

(
(t−tp0)

τp

)2
}

. The stab-

lished parameters are tp0 = 105 and g 0 = 1. The full width at half
maximum (FWHM) is set to τp = 25 ps. The gain linewidth is
approximated by a parabolic profile g (δk)= 1− (δk/δg )

2, where
δg =1ω/2 defines the gain bandwidth. The saturation coefficient
γk is set to one.

The coupling coefficients are defined real and decreasing as
a function of the modes’ spectral separation, such that for every
k > j we have c k, j ∝ c 0(1− |ω j −ωk |/q) if |ω j −ωk |< q , or
c k, j = 0 if |ω j −ωk | ≥ q . The parameter q enables control over
the range of detuning over which couplings are effective, which was
set equal to 1ω for our experiments. To ensure energy conserva-
tion, we define c k, j + c j ,k = 0. Their initialization includes the
magnitude c 0 and a random sign too.

3. RESULTS AND DISCUSSION

A. Optical

The gain element of our devices consists of a DNA-CTMA
polymer matrix [33–35] doped with a fluorophore (4-(dicy
anomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran,
DCM dye). The scattering elements, source of feedback, defin-
ing the cavities are the edges of the sample, which are irregular
with a roughness length of the order of micrometers. We mold
our samples with a V-shaped geometry in order to vary the dis-
tance between the scattering edges as shown in Fig. 1(a). Multiple
scattering emerges from the index difference between the active
medium and surrounding air, providing optical feedback. The
samples are optically pumped through a cylindrical lens, obtaining
a pumped area 20 µm wide and variable length L c given by the
distance between the scattering edges. Scattered light, visible at the
ends of the pumping line in Fig. 1(b), is probed with a microscope
objective and sent through a fiber to a spectrometer. Further details
can be found in Section 2 along with the optical setup scheme in
Fig. 1(c).

In Fig. 2, we show the spectra collected for three cavities with
different lengths. The pumping fluence is kept constant well above
threshold (440 µJ/mm2) in all experiments. In this way, just by
shifting the sample perpendicularly to the irradiated line, it is
possible to change the resonator length while keeping the rest of the
parameters fixed.

The insets at the top [Figs. 2(a), 2(c), and 2(e)] each display two
single-shot spectra to facilitate a comparison of the fluctuations.
For L c = 330±50 µm [Fig. 2(a)], fluctuations from pulse to pulse
affect the relative intensity of the peaks while their spectral position
is almost fixed. For L c = 1300±50 µm [Fig. 2(c)], fluctuations
become important in the wavelength position as well. In the case
of L c = 1910±50 µm [Fig. 2(e), the largest cavity] two entirely
uncorrelated spectra are displayed. Figures 2(b), 2(d), and 2(f )
show spectra resulting from accumulation of 50 single shots. For
L c = 330 µm [Fig. 2(d)] the accumulated spectrum is similar to
the single-shot spectra, where sharp peaks are observed without
a discernible baseline, owing to the high degree of wavelength
correlation among the modes. For L c = 1300 µm [Fig. 2(e)] some
peaks with a prominent curve beneath them appear, indicating
that the similarity with the single-shot spectra starts to fade. For
L c = 1910 µm [Fig. 2(f )], we observe a broad and smooth signal
with no spikes, indicating the lack of correlation between single
shots that averages out the signal, leaving a noisy spectrum similar
to the fluorescence background. In this context, the peaks represent
the modes that can be amplified, while the baseline corresponds to
the uncorrelated modes [36]. We interpret this behavior in terms of
the relative magnitude of the pulse duration of the pumping laser,
and the round-trip time of modes for a given cavity length.

The time it takes for a photon to go around an optical cavity
(round-trip time) is τrt =

2nL c
c , where n is the refractive index of

the medium, L c the length of the cavity, and c the speed of light
in vacuum. The number of round trips a photon in the cavity can
perform while the pump laser is ON is then given by Nrt = τp/τrt,
where τp is the pulse duration. Only during this time, τp , is the
mode in the cavity amplified since, once the pulse ceases, popula-
tion inversion decays and gain fades. As demonstrated in [37,38],
the dye emission pulse has a similar duration as the pumping pulse,
differing from the photoluminescence lifetime (under threshold
laser emission).
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(a) (c) (e)

(b) (d) (f)

Fig. 2. Typical successive experimental single-shot spectra (gray shaded and red bullets) from RLs with three different cavity lengths: (a) 330 µm, left;
(c) 1300µm, center; and (e) 1910µm, right panels. Lower panels, (b), (d), and (f ) present, on a broader range, the same two successive shots along with the
result of accumulating 50 such shots revealing a baseline created when the modes do not exhibit strong persistence through multiple single shots. It is clear
that the shortest cavity maintains a more stable spectrum over time compared to the other two, where the modes shift positions and tend to average out. The
removal of the baseline was performed to enhance the clarity of wavelength fluctuations.

Fig. 3. Pearson coefficient as a function of cavity length. The blue sym-
bols in top panel and black circles in bottom one correspond to the nano-
and pico-second regimes, respectively. The top axis scales present number
of round trips (in thousands for the nanosecond pumping regime). The
Pearson coefficient is the average of 105 pairwise Pearson coefficients
obtained from 15 consecutive single-shots spectra.

In our experiment we use a picosecond pulsed laser whose
pumping pulse duration is τp = 30 ps. For a medium with n = 1.5
[39] and a cavity of L c = 3 mm, τrt = 30 ps= τp , a photon would
complete one full round trip in the duration of the pulse. The num-
bers of round trips for L c = 330 µm, 1300µm, and 1910µm, the
cavities shown in Fig. 2, are around 9.1, 2.3, and 1.5, respectively.

In order to quantify pulse to pulse fluctuations, we employed
the Pearson correlation coefficient. This coefficient serves as a
measure of similarity between two spectra, with a value of P = 1
indicating complete similarity, and P = 0 signifying complete dis-
similarity. Figure 3 illustrates how the Pearson coefficient changes
as a function of cavity length, L c , approaching a value close to one
as the cavity length is shortened. Each data point is obtained by
averaging the Pearson coefficient of all 105 pairs of spectra possible
between 15 consecutive pump pulses.

The Pearson coefficients obtained with longer pump pulses
(≈ 15 ns) are also shown in Fig. 3 (blue dots), to serve as a refer-
ence for the most stable cavity. In this case, nanosecond pump

Fig. 4. Pearson coefficient as a function of the number of round trips.
The blue and black circles correspond to the nano- and pico-second
regimes, respectively. The top axis shows the cavity length in millimeters
(in blue for the nanosecond pumping regime). The Pearson coefficient is
the average of 105 pairwise Pearson coefficients obtained from 15 con-
secutive single-shots spectra. The region above 0.9 is shaded to highlight
high correlation values.

measurements exhibit a similar Pearson value for all the cavity
lengths that we assign to the number of round trips being always
sufficiently large. The same data points are presented as a func-
tion of the number of round trips in Fig. 4 to provide a better
understanding of the effect we are demonstrating.

It is crucial to emphasize that the Pearson coefficient can poten-
tially lead to incorrect conclusions if the signals are not carefully
analyzed. In our context, the mode wavelength is the crucial
parameter of interest. The presence of a fluorescence background
can artificially inflate Pearson coefficients if baseline signals are
not properly removed, causing apparent similarity between signals
to arise from the baseline rather than the modes themselves. We
applied the asymmetric least squares smoothing for baseline correc-
tion to all the signals as described in [40] to effectively remove the
baseline component from the data. Starting from the five round
trips per pulse cavity, a correlation between the modes begins
to emerge, with a Pearson index surpassing 0.6. However, it is
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(a) (c) (e)

(b) (d) (f)

Fig. 5. Typical computed single-shot spectra (gray shaded and red bullets) from coupled mode theory computations with three representative numbers
of modes: 40, left; 70, center; and 150, right panels. Lower panels, (b), (d), and (f ) present, on a broader range, the same two representative realizations along
with the result of accumulating 100 such spectra revealing a baseline created when the modes do not exhibit strong persistence through multiple single shots.
It is clear that the resonators with smaller number of modes maintain a more stable spectrum over realizations compared to the other two, where the modes
shift positions and tend to average out. Baseline was removed as with the experimental spectra.

from the seven round trips onward that this relationship becomes
notably stronger, exceeding the 0.75 threshold. This value is closely
aligned with the correlation coefficients observed in the nanosec-
ond domain, where it approaches 0.9. In summary, this suggests
that, for this type of sample, achieving an acceptable level of sta-
bility within the cavity typically requires around 8 to 10 complete
round trips. It is worth noticing that with ns pulses all present
cavities offer very persistent spectra and to obtain low correlation
values with ns pulses the cavities required would be three orders of
magnitude longer (in the meters rather than millimeters range).

B. Numerical Simulation

In order to account for the results observed a dynamical model
considering the shape and size of the cavity along with all other
physical parameters affecting the lasing action and a complete set
of rate equations would be desirable. This is, however, resource
and time demanding and a reason for attempting to use a surrogate
simpler model. If the hypothesis that the governing parameter
that determines the spectral persistence is the round-trip number
it is worth considering that we can relate it to the mode spacing.
Indeed, Nrt =

τp c
2nL c

, which, using the Fabry–Perot mode spacing,
δω
ω
=

1λ
λ
=

λ
2nL c

, can be expressed as Nrt =
τp δω

2π , where δω is the
mode spacing. This puts on an equal footing the number of round
trips and the number of modes that can be accommodated in the
span of the Fourier transform of the gain time dependence.

We have performed time-CMT calculations with varying
numbers of modes randomly spread throughout the gain region
(see Section 2). We fix the initial conditions for frequency and
gain and provide random seeds for the complex fields, ak(t = 0),
in an attempt to simulate the randomness of the spontaneous
emission that triggers the lasing action [41]. The computation
runs as follows: a set of Nm differential equations with Nm the
number of modes is solved yielding ak(t), k = 1, . . . , Nm , whose
sum is Fourier transformed to obtain the spectrum of emission.
Each run starts by randomly initializing the ak(0). Three examples
are presented in the lower row of plots in Fig. 5, whose left panel
shows two successive spectra (red and black) and the accumulated
100 spectra at the bottom for 40 modes (left); similar results for
70 modes (center), and for 150 modes (right). The top row plots
present a zoomed region from the selected ones at the bottom. As

Fig. 6. Pearson coefficient as a function of equivalent cavity length
as per the expression L c = λ

2/2n1λ for Nm up to 150. The top axis
is labeled according to the number of modes of the corresponding
Fabry–Perot cavities that fit within the gain range.

can be seen in Fig. 5 increasing the number of modes involved in
the calculation, that is, reducing the average spectral separation,
leads to more and more dissimilar spectra in successive realization
of the random spectra calculation so that the accumulated spectra
after many shots grows to be smoother than single spectra and to
exhibit a sizable background.

Pearson’s correlations between all possible pairs of spectra
are computed exactly just as with the experimental results. For
each Nm an equivalent cavity length can be assigned assuming a
FP mode spacing and the computed correlation as a function of
cavity length shows a surprising similarity to that experimentally
observed. This can be seen in Fig. 6.

In order to provide a link between the cavity length and
the duration of the pump pulse we can consider the following
rationale. We have assumed a gaussian pulse in the time domain,
g (t)≈ exp [−(t/τp)]

2. Its Fourier transform is also gaussian,
G(�)≈ exp [−(�/1�)]2 with a spread, 1�= 2/τp that is
inversely proportional to its duration. Using this relation in the
expression for the number of round trips, Nrt = τpδω/2π , we get
Nrt = δω/(π1�). This simple relationship tells that the number
of bounces is given by the ratio between the mode spacing of the
cavity and the span of Fourier components of the pump pulse.
The latter is determined by the cavity length and the former by
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the pulse length. Only long enough pulses have narrow frequency
distributions compatible with large numbers of round trips.

4. DISCUSSION

We ascribe the observation to the fact that long pulses keep popula-
tion inversion ON for many round trips so that modes are allowed
to interact and compete for gain so that the spectrum generated
is consistent with the cavity and its long term or stationary char-
acteristics. However, if the pulse only lasts for a few round trips,
modes are not allowed to reach an equilibrium and the spectrum
is dominated by the randomness of the spontaneous emission that
starts the process and, as a consequence, comes out different after
every pulse. It is surprising though that a few return trips along
the cavity raise the correlation to values not as high as but near the
saturation reached with virtually infinite pulses.

The fact that intense sharp peaks are observed for any cavity
length indicates that amplification is always present. However,
competition is not effectively established if modes are not allowed
sufficient time to couple, exchange energy, and select winners.
In addition, it must be remarked that any cavity length of those
explored host a sufficient number of modes to produce highly pop-
ulated spectra. Furthermore, all cavity lengths measured present
similar spectral features in terms of peak widths. If we assumed
the cavity were a plain 330µm long Fabry–Perot the mode spacing
would be1λ≈ 4× 10−4λor of the order of 0.34 nm. Such passive
laser cavities allow large numbers of modes, and each pump pulse
can excite vastly different sets of modes. Only short, in relative
terms, cavities allow efficient coupling and competition that lead
to persistent spectra.

Synchronization is ubiquitous in nature and a critical element
in certain computing schemes [42]. In biological systems, both
synchrony and phase relationships between neurons have been
proposed to modulate excitation and to guarantee that synaptic
activity occurs in a coordinated way [43]. By analogy, we can expect
synchronization to take a similar role in an artificial neural network
but several orders of magnitude faster than in the brain (nano
and picoseconds). Communication in the brain occurs around
the millisecond scale associated with the different chemical and
electrochemical processes [44]. The millisecond scale, in fact,
probably imposes a limitation to the brain size, which may offer
insight for the case of a photonic or optoelectronic neural network.

To summarize, in this study we record single-shot spectra from
RLs of variable lengths under ps and ns pulsed pumping. We found
that under ps pumping only the shorter cavities yield persistent
spectra while longer ones present strong variability with different
spectra at every pumping event. With this we have demonstrated
that it is possible to control the spectral persistence in RLs as
revealed by the mutual correlation of successive single-shot spectra.
Our experiments have shown that fluctuations in mode behavior
between spectra are primarily a result of the fact that the duration
of the gain provided by the pumping pulse will not allow sufficient
time for mode competition to reach a stationary result when the
pulse is too short. In contrast, when the pumping—and sub-
sequently population inversion, hence gain—lasts long enough for
photons to resonate in the cavity, stable modes persist. This means
that by controlling the number of cavity round trips during a pulse
(τp/τrt), we can govern the mode stability of our RLs. In our case,
we observe a significant improvement in spectral correlation from
pulse to pulse with as few as 10 round trips. This effect is analogous
to the transition from an incoherent to a coherent RL. Rather than

manipulating the scattering strength, as our sample’s edge scatters
roughly equally at every point, the variable we modify to change
the amplifying path length is the cavity length. Notice that for these
effects to manifest under ns pumping the cavity length should be
three orders of magnitude longer, in the meter range.

Coupled mode theory simulations where the number of
involved modes is used to mimic cavity length dependence of the
mode spacing provide support for our findings.

Our research has highlighted the transformation from an unsta-
ble random laser to a stable one, featuring intermediate states that
facilitate the choice of the optimal configuration for a desired appli-
cation, or even the ability to fine-tune it within the same device.
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