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The self-formation of incoherent laser pulses appears paradoxical, involving both a strong instability and
a temporal localization process. Incoherent pulse regimes are nevertheless recurrent within ultrafast fiber
laser dynamics. In this paper, we bring decisive experimental data, by recording in real time the buildup
dynamics of incoherent pulses under different cavity dispersion regimes. Our measurements highlight different
dominant mechanisms at play. Whereas soliton pulse shaping contributes to creating a chaotic bunch of
pulses in the anomalous dispersion regime, incoherent pulses in the normal dispersion regime follow strongly
turbulent dissipative dynamics. Numerical simulations reproduce qualitatively well the final buildup stage of
observed dynamics. By displaying common dynamical features as well as disparities, these results support the
development of a general concept of incoherent dissipative solitons.

10

11

12

13

14

15

16

17

18

DOI: 10.1103/PhysRevResearch.00.00300019

I. INTRODUCTION20

Ultrafast fiber lasers are being primarily developed as21

compact, efficient, stable mode-locked optical sources that22

are useful for countless applications ranging from medicine,23

telecom, and spectroscopy to material processing and range24

finding [1]. In parallel, during the past 15 years or so, the25

fiber laser platform has led to the discovery of a wide range26

of intriguing pulsed regimes lying in the territory between27

the conventional mode-locked and non-mode-locked regimes,28

driving a considerable interest in the fundamental areas of29

ultrafast laser physics and nonlinear dynamics [2].30

In the conventional mode-locked laser operation, the cavity31

contains a single traveling pulse, which retakes the same pro-32

file evolution along successive cavity round trips. Such stabil-33

ity can be understood with the notion of a dissipative soliton,34

a general concept that finds a vast number of applications in35

nonlinear photonics and beyond [3]. The dissipative soliton36

usually manifests as a stable focus attracting state, providing37

long term stability and robustness to the traveling pulse. The38

flexible balance design of a dissipative soliton allows stable39

mode locking in counterintuitive parameter ranges, such as in40

the normal dispersion regime, leading to record high-energy41

pulse generation in fiber oscillators [4].42

Nevertheless, as the domain of cavity parameters is ex-43

plored, numerous bifurcations of the dissipative soliton dy-44

namics can take place. Some bifurcations are abrupt, such45
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as the multiple pulsing transitions that lead to an augmented 46

number of traveling pulses per round trip, typically when 47

the pump power is increased [5,6]. Other bifurcations are 48

smoother, such as the onset of long-period oscillations, fol- 49

lowing, for instance, a Hopf bifurcation that transforms a 50

stable focus into a limit-cycle attractor [7]. Combining the two 51

sorts of bifurcations still represents a possibility, as attested to 52

by the recent investigations of oscillating and vibrating soliton 53

molecules in ultrafast lasers [8–10]. 54

Abrupt bifurcations can also lead to chaotic-pulse dynam- 55

ics. In some situations, a strong competition between insta- 56

bility and localizing physical effects takes place to maintain, 57

on average, a localized short or ultrashort pulse in its mov- 58

ing reference frame. Illustrations of chaotic-pulse dynamics 59

include the so-called soliton explosions [11,12], dissipative 60

rogue waves [13–15], and noiselike pulse (NLP) emission 61

[16–23]. Observed within a wide range of laser cavity archi- 62

tectures, these chaotic-pulse laser regimes can be linked to the 63

existence of universal strange attractors [24]. As a matter of 64

fact, despite the persistence of a defined round trip time for the 65

traveling pulse, these laser regimes can no longer be qualified 66

as mode locked. Therefore, it is instructive to compare them 67

based on the loss of coherence. A laser operating in the soliton 68

explosion regime can still be qualified as partially mode 69

locked, since between explosive events, successive output 70

pulses remain relatively close. Discovered in 1997 [16], the 71

NLP emission in lasers is characterized by a complete loss 72

of mutual coherence between successive pulses [17]. This 73

intriguing regime displays the extreme competition between a 74

strong instability and temporal localization, yet it is generally 75

self-starting and quasistationary in the long run. Considered 76

initially as a scientific curiosity, NLP emission subsequently 77

attracted considerable attention, with attempts to identify its 78

fundamental origin as well as to exploit its potentialities 79

of high-energy and wideband short-pulse generation from a 80

compact fiber laser system [18–23]. 81
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The physical origins of NLP seem multifarious, reflecting82

the diversity of laser cavity architectures and parameters83

where such incoherent laser pulse regimes have been found.84

Consequently, there should be marked differences among85

dynamics sharing such denomination. Until recently, these86

differences were largely hidden behind the curtain of aver-87

aged spectral measurements and limited temporal resolution,88

which provided only incomplete experimental information89

about the internal dynamics of ultrashort pulses. The late90

spread of accessible real-time ultrafast measurements, such91

as the time-stretch dispersive Fourier transform (DFT) [25]92

and time-lens techniques [26], has entailed a major surge93

of investigations on ultrafast cavity dynamics, including the94

buildup of mode-locked pulses and soliton molecules [27–31].95

Recent studies have also shown a close connection between96

NLP and the generation of optical rogue waves, indicating a97

strong overlap between the different chaotic-pulse dynamics,98

rather than well-defined frontiers [32–35]. In that respect, the99

denomination of incoherent dissipative solitons has recently100

been proposed to encompass them [23].101

In this article, we bring decisive experimental data by102

recording the buildup dynamics of NLPs under different103

cavity dispersion regimes. Displaying common dynamical104

features as well as disparities, these data support the broad105

concept of incoherent dissipative solitons. The latter rep-106

resents a general category of localized, quasistationary yet107

chaotic structures. In the framework of the present study,108

we show that the denomination of noiselike pulses already109

covers various types of dynamics, according to the dispersion110

regime. This is done through the comparison of the buildup111

and quasistationary dynamics in both normal and anomalous112

dispersion regimes, also supported by numerical simulations.113

Such diversity pleads toward the introduction of a more114

general concept, involving a chaotic attractor, which provides115

stability over the long-timescale observation, but maintains116

strong chaos at short evolution times.117

Our measurements employ the time-stretch DFT optical118

characterization technique and highlight important differences119

with buildup transitions previously observed in the case of120

mode locking [27–31]. We highlight the major impact of121

the chromatic dispersion sign: Whereas soliton pulse shaping122

contributes to forming a chaotic-pulse bunch in the anomalous123

dispersion regime, incoherent pulses in the normal dispersion124

regime follow turbulent dynamics involving strongly dissi-125

pative effects. Numerical simulations reproduce qualitatively126

well the observed dynamics, from the final buildup stage to127

the quasistationary chaotic regime.128

II. EXPERIMENTS129

A. Experimental setup130

The setup, sketched in Fig. 1, consists of an erbium-131

doped fiber ring laser, which operates in the 1.53–1.58-μm132

wavelength range, and its ultrafast-characterization instru-133

mentation. To emit short pulses, the laser cavity includes a134

mechanism of ultrafast saturable absorption, based here on the135

nonlinear polarization evolution (NPE) that takes place in the136

optical fibers [36]. Followed by polarization discrimination,137

NPE produces an effective ultrafast saturable absorber effect.138

FIG. 1. Schematic of the ultrafast fiber laser experiment. EDF:
erbium-doped fiber; DCF: dispersion-compensation fiber; ISO:
polarization-independent isolator; PC: all-fiber polarization con-
troller; PBS: polarization beam splitter; OC: optical coupler; PD: fast
photodiode; OSA: optical spectrum analyzer.

The laser gain is provided by a 2-m-long erbium-doped fiber 139

(EDF, normal dispersion D = −12.5 ps nm−1 km−1) pumped 140

with a 600-mW 980-nm diode laser. A polarization-insensitive 141

isolator ensures unidirectional laser propagation, whereas the 142

setting of polarization controllers (PCs) tunes the nonlinear 143

transfer function of the effective saturable absorber, allow- 144

ing one to access a wide range of ultrafast laser dynam- 145

ics. A segment of dispersion-compensating fiber (DCF, D = 146

−108 ps nm−1 km−1) adjusts the total cavity dispersion. In the 147

following, its length is 2.42 (0.88) m for the normal (anoma- 148

lous) average dispersion regime, yielding a net cavity dis- 149

persion β2 = 0.115(−0.33) ps2 at the 1550-nm wavelength, 150

and a fundamental repetition rate frequency of 13.44 (15.58) 151

MHz, corresponding to a round trip time of 74.39 (64.15) 152

ns, respectively. The other fibers are standard single-mode 153

fibers (SMF, anomalous dispersion D = 17 ps nm−1 km−1). 154

In each round trip time window, the output laser pulse is 155

stretched by propagating through a 6345-m-long DCF that 156

provides a total dispersion of 769 ps2. Thus, in the dis- 157

persive far-field limit, the spectral profile becomes mapped 158

into the time domain and is detected with a high-speed 159

45-GHz photodiode (PD) plugged into a 6-GHz 40-GSa/s 160

(giga-samples per second) real-time oscilloscope. The scale 161

of wavelength-to-time mapping is 1.46 nm/ns, yielding an 162

electronic-based spectral resolution of 0.3 nm. The output 163

laser pulses are also detected directly with a 12.5 GHz PD 164

and visualized on the oscilloscope. 165

The cavity architecture, a dispersion-managed fiber ring 166

laser using nonlinear polarization evolution, can be considered 167

as a standard configuration. Such cavity can operate in the 168

fundamental mode-locking regime, as well as in the multiple 169

pulse operation: the operation regime depends strongly on 170

the polarization controller setting as well as on the pumping 171

power level, besides a major influence of the path-averaged 172

chromatic dispersion. It is also known that the laser cavity dy- 173

namics can bifurcate toward chaotic-pulse regimes under large 174

pumping power, i.e., pumping power well beyond the single- 175

pulse mode-locking threshold [18,19,32]. In the following, we 176

focus on the intriguing incoherent pulse formation that reveals 177

itself from such standard ultrafast fiber laser architecture. At 178

large pumping power, it turns out that the incoherent noiselike 179

pulse generation becomes the most represented pulse regime 180

from our laser setup; i.e., it exists for a large range of 181
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FIG. 2. Buildup dynamics of an incoherent short pulse in the
normal dispersion cavity regime. Temporal evolution of (a) optical
pulse intensity (in color scale); (b) normalized intracavity energy
(violet line) and pulse peak intensity (brown line); (c) DFT output
(optical intensity, in color scale) zoomed in (e). (d) Evolution of the
peak intensity for the dominant pulse (A, amber) and for a competing
pulse precursor (B, green). (f) Optical intensity distribution at the first
round trip (RT 1); (g) single-shot spectrum at RT 2300 (blue curve),
compared with the average of 500 consecutive single-shot spectra
(orange) and the OSA-recorded spectrum (red); (h) multishot optical
autocorrelation.

polarization controller settings, in contrast to mode-locked182

states that require a precise setting of the polarization con-183

trollers.184

B. Incoherent pulse buildup in the normal dispersion regime185

Let us begin with the normal dispersion regime case, where186

the domain of existence of incoherent pulses is the most187

extended with respect to the settings of intracavity PC. The188

incoherent pulsed laser operation is self-starting for pump189

powers above 150 mW. Several characteristic stages of the190

pulse buildup process can be identified. This is illustrated by191

Fig. 2, which displays the buildup of an incoherent ∼20-ps-192

long short pulse after the electric intensity driving the pump193

diode has been switched on from 0 to 225 mW.194

The first transient stage is dominated by pulse amplification195

and competition, from round trip (RT) 1 to RT ∼ 1625 on196

Figs. 2(a)–2(d), and is similar to the initial stage occurring197

in the standard mode-locking transition [27]. We notice many198

long-lived pulses of various amplitudes on the background,199

as also shown on Fig. 2(f). Note that the first round trip200

displayed does not coincide in time with the pump switch-on.201

Instead, the initiation of trace recording by the oscilloscope202

is determined by a triggering level that probes the imminence203

of the pulse buildup. Therefore, the oscilloscope is set up to 204

record starting 120 μs before the trigger. This means that 205

the oscilloscope keeps in memory ∼1620 traces before the 206

triggering time, in order to capture the pulse precursor am- 207

plification and competition stage. During this stage, the total 208

cavity energy increases, with large but decreasing fluctuations, 209

until it reaches a nearly constant value at RT ∼ 1625. One 210

of the pulses precursors, denoted as pulse A, wins the gain 211

competition, while other background pulses such as pulse 212

B are first amplified, then gradually annihilated after RT ∼ 213

1000. The pulse precursors, whose typical duration is in the 214

nanosecond range, carry a narrow sub-nm spectral width, 215

so that the 6.3-km-long DCF does not provide a far-field 216

dispersive regime to them. 217

The following stage is characterized by spectral broaden- 218

ing processes. It can be decomposed in two phases: an expo- 219

nential spectral broadening phase, and an explosive spectral 220

broadening phase that is first revealed here. First, from RT ∼ 221

1625 to RT ∼ 1720, while the pulse energy saturates the gain, 222

the pulse peak intensity exhibits large fluctuations, as seen 223

in Fig. 2(b). Simultaneously, the optical spectrum broadens, 224

as shown in the DFT recording of Fig. 2(e). These features 225

result from complex nonlinear pulse dynamics involving pulse 226

breakups and collisions, which are faintly reflected by the 227

recorded fluctuations of the optical intensity (limited by the 228

66-ps rise time of the oscilloscope), but will be evidenced 229

in the simulations presented hereafter. The DFT peak power 230

in Fig. 2(d) increases up to a maximum at RT ∼ 1720, then 231

depletes. This depletion coincides with the rapid spectral 232

broadening, clearly visible in Fig. 2(e). The DFT output 233

gradually shifts into the far-field regime, displaying relevant 234

optical spectral information at the end of this substage. This 235

first phase of spectral broadening evolution is similar to that 236

observed in conventional mode locking [27,30,37]. However, 237

the second spectral broadening phase is specific and sets up 238

the chaotic-pulse regime. From RT ∼ 1720 onward, the op- 239

tical spectrum profile becomes highly irregular, then literally 240

explodes within a few round trip times, gaining an order of 241

magnitude in spectral width as well as displaying a chaotic 242

evolution from one round trip to the next, which appears 243

from RT ∼ 1730 in Fig. 2(e). Interestingly, these two spectral 244

broadening phases do overlap, with a core spectral content that 245

continues to broaden, then disseminates, from RT ∼ 1730 to 246

RT ∼ 1780. 247

Compared with the buildup of mode-locked pulses 248

[27,30,37], we do not observe frequency beating dynamics, 249

due in our case to the incoherence of the pulse during the 250

final buildup stage. In addition, we note that the vanishing of 251

residual nanosecond pulses takes ∼50 RT, significantly longer 252

than in the mode-locking transition. After the second phase of 253

spectral broadening, from RT ∼ 1780, the NLP propagation 254

regime is established in a quasistationary way, which means 255

that successive averaged measurements will yield the same 256

information, namely, the average optical spectrum [see the 257

matching red and amber curves in Fig. 2(g)] and the average 258

optical autocorrelation, in Fig. 2(h). Nevertheless, the vari- 259

ability of successive single-shot spectra reflects the strongly 260

chaotic dynamics and the incoherent nature of the short 261

pulse. Complementarily, the average autocorrelation trace in 262

Fig. 2(h) shows that the intrapulse coherence time of ∼500 fs 263
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FIG. 3. Buildup dynamics of an incoherent short pulse in the
anomalous dispersion cavity regime. Evolution of (a) pulse intensity;
(b) intracavity energy (violet) and pulse peak intensity (brown); (c)
DFT output (in color scale). (d) Evolution of the peak intensity, for
pulse precursors A and B; (e) magnification of the DFT trace; (f)
initial intensity distribution; (g) single-shot spectrum at RT 4000
(blue curve) and the averaging of 500 consecutive spectra (orange)
compared with the averaged spectrum recorded by the OSA (red);
(h) averaged optical autocorrelation.

(central sharp peak) is much shorter than the pulse average264

temporal extension of 22 ps.265

C. Incoherent pulse buildup with anomalous dispersion266

In the normal dispersion cavity regime, pulse shaping267

results from an intricate balance among gain, loss, dispersion,268

and nonlinearity. In contrast, simpler pulse shaping can take269

place in the anomalous dispersion regime, largely influenced270

by the interplay between the chromatic dispersion and the271

Kerr nonlinearity. Therefore, we expect the buildup of in-272

coherent pulses in an anomalous cavity to be qualitatively273

different. Using the same recording procedure, now for an274

anomalous cavity dispersion β2 = −0.33 ps2 and a maximum275

pump power of 200 mW, we obtain the buildup evolution276

displayed in Fig. 3.277

The stage of pulse amplification displays a more abrupt278

transition than in the previous case. The cavity initially279

features a highly fluctuating background, rather than well-280

identified pulse precursors. Over a relatively long lapse of281

time, here from RT 1 to RT ∼ 1675, the amplification and282

competition processes seem ineffective, as seen, for instance,283

in the evolution of the energy for competing fluctuations A284

and B of Fig. 3(d). Suddenly, within a few cavity round trips,285

pulse A emerges from the time domain, as seen in Fig. 3(a),286

clamping the total cavity energy [violet curve in Fig. 3(b)].287

The subsequent spectral broadening stage takes about the next288

∼200 round trips. In contrast to the normal dispersion case, 289

spectral broadening and chaotic evolution take place simulta- 290

neously, also accompanied by a very gradual disappearance 291

of the noisy background and competing precursor pulses; see 292

Fig. 3(e). Therefore, the present transition appears completely 293

different from the mode-locking transitions [27–31]. 294

As can be anticipated from a transition relying on stochas- 295

tic processes, the buildup time as well as the details of the 296

dynamics varies from one experimental recording to another. 297

However, the various dynamical phases follow the universal 298

trends described, with the chromatic dispersion being the most 299

crucial parameter of which significant changes are observed. 300

III. NUMERICAL SIMULATIONS 301

To gain more insight into the formative stage of the inco- 302

herent pulse buildup, we perform numerical simulations using 303

a lumped scalar laser model [8,10]. Propagation in the fibers 304

are modeled by an extended nonlinear Schrödinger equation: 305

∂ψ

∂z
= − i

2
β2

∂2ψ

∂t2
+ iγ |ψ |2ψ + g(z)

2
ψ, (1)

where ψ is the slowly varying electric field, z the propa- 306

gation distance, and t the time in the pulse group velocity 307

reference frame. γ and β2 are the Kerr nonlinearity and dis- 308

persion coefficients, respectively. We used measured disper- 309

sion values for β2, and calculated nonlinear coefficients γ = 310

3.6×10−3 W−1 m−1 and 1.3×10−3 W−1 m−1 for EDF and 311

SMF, respectively. The gain g(z) includes saturation, spectral 312

FIG. 4. Simulation results of incoherent pulse buildup in the
normal dispersion cavity regime, with Pi = 45 mW and Psat = 10 W.
(a) Temporal (see also video in Supplemental Material [38]) and
(b) spectral evolution from the initial noise that is displayed on the
bottom row. Top row: quasistationary chaotic regime. (c) Temporal
intensity profile at some characteristic round trip times (RT). (d)
Optical spectrum and (e) autocorrelation trace averaged over the 500
last cavity round trips.
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FIG. 5. Simulation results of incoherent pulse buildup in anoma-
lous dispersion laser cavity at Pin = 55 mW and Psat = 10 W. (a)
Temporal (see also video file in Supplemental Material [38]) and
(b) spectral evolution from noise displayed in the bottom rows.
The top rows display the field characteristics at round trip 1000.
(c) Temporal evolution at some characteristic round trip times (RT).
(d) Optical spectrum and (e) autocorrelation trace averaged over the
500 last cavity round trips.

filtering, and longitudinal dependence. The saturable absorber313

is modeled by the following instantaneous transfer function:314

T = P0 /Pi = T0 + �T × Pi /(Pi + Psat ), with Pi (P0) being315

the instantaneous input (output) optical power, normalized316

as P(z, t ) = |ψ (z, t )|2. As typical values, we take T0 = 0.70317

for the low-intensity transmission and �T = 0.30 as the318

absorption contrast. By assuming noise as the initial condition319

for the simulations, we tweak the lasing states by tuning the320

intracavity power Pi and saturation power Psat.321

The simulation results of the buildup of incoherent pulses322

in the normal dispersion regime are shown in Fig. 4. The323

amplification of noise leads to the emergence of numerous324

chaotic pulses that compete for the gain within the simula-325

tion temporal window. One pulse wins the competition and326

is further amplified, its peak power allowing to initiate the327

spectral broadening stage, which takes here about 50 RTs.328

Finally, we reach the quasistationary chaotic-pulse evolution,329

characterized by the average optical spectrum of Fig. 4(d)330

(red line) and optical autocorrelation of Fig. 4(e). To gain a331

complementary appreciation of the simulated buildup of the332

optical intensity in the time domain, see the movie in the333

Supplemental Material [38].334

In the anomalous dispersion case (Fig. 5) we note that335

the transition from the noisy background to the incoherent336

picosecond pulse is more abrupt than in the normal dispersion337

case, which is consistent with the experimental recordings.338

Even more interesting, the transition reveals the shaping of339

numerous solitonlike pulses at an early stage, which combine340

to form the overall quasistationary incoherent pulse. This is341

markedly different from the incoherent pulse profile in the342

normal dispersion case, as the incoherent pulse is here a 343

compact bunch of solitonlike pulses that collide, exchange 344

energy, and move chaotically; see also the movie showing the 345

evolution of the optical field intensity (Supplemental Material 346

[38]). 347

The above numerical model is a standard propagation 348

model for ultrashort pulses, which does not include the slow 349

gain relaxation dynamics. In such model, one uses a sliding 350

temporal window that represents only a small fraction of the 351

whole cavity round trip time, i.e., around 100 ps, as compared 352

with a cavity round trip over 60 ns. That window slides along 353

the entire cavity at the pulse group velocity, meeting the vari- 354

ous components described by their specific parameters, hence 355

the denomination of a parameter-managed model. This pro- 356

cedure is not adapted to simulate the generation of long-lived 357

pulse precursors, which are typically ∼100-ps- to ∼1-ns-long 358

pulses and are distributed along the whole cavity, an initial 359

stage also similar to that described in the case of conventional 360

mode locking [26]. When major fluctuations reach the few-ps 361

duration, both nonlinear and dispersive lengths come down to 362

the order of a few cavity round trips. From there, the generic 363

experimental traits of the spectral broadening and the chaotic 364

evolution phases can be qualitatively well reproduced by the 365

current model, namely: 366

(1) The abrupt transition from the pulse precursor (experi- 367

ment) or from noise background (simulation) toward the pulse 368

regime, which takes only a few tens of cavity round trips; 369

(2) the onset of a pulse instability, which unfolds during 370

another few tens of cavity round trips, and leads to an inco- 371

herent pulse; 372

(3) the chaotic subsequent evolution that maintains a tem- 373

poral localization, compatible with the notion of an incoherent 374

dissipative soliton, which is characterized by average features 375

(spectral and temporal extension) that can be defined typically 376

for an averaging time on the order of 100 cavity round trips. 377

IV. CONCLUSIONS 378

By resolving the buildup of incoherent laser pulses for two 379

different cavity dispersion regimes, we have shown salient 380

differences between the underlying pulse forming dynamics. 381

Whereas major differences occur during the buildup stages, 382

different spectrotemporal dynamics are also observed during 383

the quasistationary chaotic regime. The two regimes imply 384

different underlying mechanisms, which we describe in the 385

light of the numerical simulations of the ultrafast cavity 386

dynamics. The normal dispersion regime is characterized by 387

the largest fluctuations, owing to the interplay of gain, self- 388

phase modulation, and dispersion: smaller pulse constituents 389

diffuse rapidly and vanish outside the main pulse extension, 390

since being dispersed, their amplitude decreases and they get 391

filtered out by the saturable absorber. In the anomalous dis- 392

persion regime, soliton pulse shaping is acting and maintains 393

the integrity of pulses over much longer times. However, 394

frequent pulse collisions entail highly varying amplitudes, 395

which induces a pulse discrimination through the action of 396

the nonlinear gain. 397

The existence of these very different physical mechanisms 398

leading to quasistationary chaotic-pulse waveforms indicates 399

that chaotic, NLPs exist in a much wider space of cavity 400
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parameters than initially anticipated. Akin to the generaliza-401

tion of a variety of stable ultrashort laser dynamics into the402

broad concept of dissipative solitons, we find it useful to term403

noiselike pulses as incoherent dissipative solitons of ultrafast404

lasers. The incoherent dissipative soliton terminology indeed405

includes the notion of chaos—the noiselike evolution—as406

well as the notion of an attracting state that arises from407

the nonlinear gain and loss terms of a dissipative medium.408

The picture of a chaotic attractor helps to understand the409

transition from spectral broadening to chaotic evolution. The410

chaotic evolution, considered as a chaotic attractor, is there-411

fore the destination of the transition. The chaotic attractor ex-412

plains why the long-timescale observation will remain stable;413

i.e., successive multishot autocorrelations and optical spectra414

recordings (through a conventional optical spectrum analyzer)415

will yield nearly identical traces. The notion of a chaotic416

attractor explains also why successive laser switch-ons will417

yield the same long-timescale features, despite each buildup 418

evolution being unique, and differs in the details with another 419

one. From that onward, the incoherent dissipative soliton 420

concept is ready to be applied to other nonlinear systems, in- 421

volving other spatiotemporal dimensions. Like the dissipative 422

soliton concept, the notion of an incoherent dissipative soliton 423

is expected to stimulate research in multiple areas of nonlinear 424

science and bring multiple analogies between them. 425
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