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Dissipative solitons with extreme spikes (DSES), previously thought to be rare solutions of the complex
cubic-quintic Ginzburg-Landau equation, occupy in fact a significant region in its parameter space. The
variation of any of its five parameters results in a rich structure of bifurcations. We have constructed several
bifurcation diagrams that reveal periodic and chaotic dynamics of DSES. There are various routes to chaotic
behavior of DSES including a sequence of period doubling bifurcations. It is well known that the complex
cubic-quintic Ginzburg-Landau equation can serve as a master equation for the description of passively
mode-locked lasers. Our results may lead to the observation of DSES in laser systems. c© 2017 Optical
Society of America

OCIS codes: 060.5530, 140.7090, 320.7110

1. Introduction

There is recently a great interest in the study of extreme
pulses in optics [1–4]. These are pulses with unexpectedly
high amplitude which normally appear in a chaotic wave
field. The study of extreme optical pulses may help to
understand the phenomenon of extremes as a general
concept that could be applied to other fields in physics
including rogue waves in the oceans [5–7]. The latter
are usually associated with dangers that ocean waves
may represent. In contrast, extreme pulses in optics are
safe to operate with. Moreover, they can be useful in
applications providing ways for increasing the amplitude
and the energy of the pulses. However, in order to do
this, a better understanding of extreme pulses should be
reached.

Extreme pulses were first observed in optical fibers as
individual structures of supercontinuum generation [1].
Further research produced evidence that they are high-
amplitude solitons generated within a chaotic wave field
[2,3]. Extreme optical pulses can alternatively be gener-
ated in wide aperture optical cavities [8–10] or in pas-
sively mode-locked lasers [11–13]. In the latter case, these
high-amplitude pulses may appear in a chaotic wave field
generated by the laser or they can be produced period-
ically on a regular basis. Transitions between the two
regimes can be controlled by changing the parameters of
the system. These transformations are complicated and
represent a research area that is presently less studied.
They have to be modeled theoretically or numerically in
order to be better understood.

One of the most efficient techniques in modeling lasers
with passive mode-locking is the master equation ap-
proach [14]. Master equation normally takes one or
another form of the complex cubic-quintic Ginzburg-
Landau equation [15, 16]. This approach presents some

advantages in finding new solutions with unusual proper-
ties, such as exploding and pulsating solitons [17], creep-
ing solitons [18], chaotic solitons [19], dissipative soli-
ton pairs [20], dissipative rogue waves [11, 12], dissipa-
tive soliton resonances [21], and, more recently, spiny
solitons [22]. Many of these predictions have been later
observed experimentally [23–32], thus proving the fruit-
fulness of the approach.

An interesting effect recently discovered in numerical
simulations is the existence of dissipative solitons with
extreme spikes (DSESs) [33]. A DSES is a dissipative
soliton with a low average amplitude that serves as a
source of spikes emerging on top of it, either periodically
[34] or chaotically [33]. Which of the operating regimes
dominates, depends strongly on the parameters used in
the CGLE. So far, DSESs have been found in two regions
of parameters well separated from each other [33,34] sug-
gesting that the phenomenon is not something excep-
tional but rather a common type of CGLE solutions. If
this is the case, DSESs need certainly, further theoreti-
cal and experimental studies. Experimental studies can
be difficult because high-resolution measurements should
be done to resolve the narrow spikes of these solutions.
In principle, the new solutions can be related to noise-
like pulses as it has been conjectured in [22]. Noise-like
pulses have been studied extensively [35–41] and they
can serve as a bridge connecting theoretical and experi-
mental studies on the subject of DSESs.

In this work, we continue the theoretical study on
DSESs. Namely, we have found a wide parameter range
of the CGLE with such solutions. This region of ex-
istence is large enough to claim that they are one of
the generic solutions of the CGLE rather than excep-
tional formations. Moreover, we have found that they
can show a large variety of dynamical behaviors. We have
constructed bifurcation diagrams showing some specific
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transformations between DSES of different types. These
diagrams could be useful in further progress on the sub-
ject both theoretical and experimental.

2. Model

As in previous works [22, 33, 34, 42, 43], the specific
model we are dealing with is the cubic-quintic complex
Ginzburg-Landau equation:

iψz +
D

2
ψtt + |ψ|2 ψ + ν |ψ|4 ψ

= iδψ + iε |ψ|2 ψ + iβψtt + iµ |ψ|4 ψ. (1)

For passively mode-locked lasers, t is the normalized time
in a frame of reference moving with the group velocity,
ψ is the complex envelope of the optical field and z is
the propagation distance along the unfolded cavity. The
meaning of the equation parameters on the left hand side
is the following: D denotes the cavity dispersion, being
anomalous when D > 0 and normal if D < 0, and ν is the
quintic refractive index coefficient. The coefficients of the
dissipative terms that are written on the right-hand-side
of Eq.(1) are the following: δ denotes linear gain/loss, β
is the gain bandwidth coefficient, ε and µ are the cubic
and quintic gain/loss coefficients, respectively.

Several types of periodic solutions to this equation
with unusual behaviors have been obtained in the
anomalous dispersion regime [17]. These solutions ex-
perience periodic changes mainly in their width, while
keeping almost constant their peak amplitude. In con-
trast, the solutions found here change their peak am-
plitude rather than width. These amplitude variations
are extreme in the sense that the peak amplitudes ex-
ceed the average amplitude several times. In fact, this
specific type of evolution with sharp spikes requires a
special care in numerical procedures.

To solve Eq.(1) we have used a split-step technique
with a fourth-order Runge-Kutta algorithm for solving
the nonlinear part of the equation, while the linear part
was solved in Fourier space. Modifications of this tech-
nique [44] have also been used. We used step sizes small
enough to be sure that the parts of the solution with
sharply growing amplitudes are finely discretized along
both z and t axes.

In order to characterize DSESs, we use two pulse pa-
rameters: the energy, Q(z),

Q(z) =

∫ ∞
−∞
|ψ(z, t)|2dt,

and the peak amplitude,

|ψ|peak(z) = max|ψ(z, t)|,∀t.

These two functions depend only on z. For pulsating
solutions, maxima and minima of Q will be denoted by
QM and Qm respectively.

3. Bifurcation diagrams in ε and ν

The first difficulty in the searching of DSES solutions
is finding an initial point in the parameter space sup-
porting this type of solutions. This process may take
weeks or months of searching and analyzing outputs.
Once the first point is found, extending the region of pa-
rameters can be done in a systematic way, just shifting
each parameter step by step around this point. Acting
this way, we have found that the DSES solutions occupy
a significant region in the space of parameters of the
CGLE. We can vary any of the six parameters µ, ν, D,
β, ε and δ in relatively wide intervals and the solutions
still have the distinctive features of DSES. It is unre-
alistic to construct the whole region of existence in the
six-dimensional space. As the parameters β and D are
the only coefficients containing time derivatives, a sim-
ple time-rescaling may be used to eliminate one of them.
Thus, effectively, we have to deal with five continuous
real parameters, β, ε, ν, µ, δ, while D can be restricted to
be −1 or +1. Nevertheless, even a five parameter space
is too large to deal with. In this paper, we are concen-
trated on the anomalous dispersion regime, thus, fixing
D = +1.

Fig. 1. (a) Pulsating dissipative soliton with one extreme
spike per period for ε = 1. Other parameters are the same
as given in the panel (c). Only one period of evolution is
shown. (b) Double peak structure of the pulsating DSES
obtained for ε = 0.38. (c) Evolution of the energy, Q, for
the same case. (d) 3-D plot of the amplitude distribu-
tion of this solution for one period of evolution that is
highlighted in yellow in (c).

Here, we illustrate the enormity of the size of the area
of existence of DSESs, by changing all five parameters,
namely ε, ν, β δ and µ, while keeping D = 1. Each of
these parameters can be changed in relatively wide in-
tervals and the solutions stay in the form of DSESs. Of
course, the particular shape of these DSESs changes with
the change of the equation parameters. Moreover, their
dynamics may change from periodic pulsations to other
types of evolution including chaotic behavior. Qualita-
tive changes take the form of bifurcations. There are
many bifurcations in each interval that we considered.
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In the simplest case, a bifurcation is a transition from
a stationary solution to a pulsating solution of DSES
type. These pulsating solutions can in turn be trans-
formed into more complicated DSES with several spikes
per period or those with asymmetric profiles. Examples
of such bifurcation diagrams are presented below.

To start with, let us consider pulsating DSES, where
the spikes normally appear at the center of the back-
ground (‘mother’) soliton. A typical example of this type
of periodic solution is shown in Fig.1(a). When changing
parameters of the CGLE, each spike on top of the soliton
may split into two spikes of different amplitude. The first
spike commonly has smaller amplitude than the second
one. The solution stays periodic but after the bifurcation
point each period contains two spikes rather than one.
An example of such periodic solution with two spikes
is shown in Fig.1(b). The evolution of the energy Q for
this solution is shown in Fig.1(c) and the 3-D plot of the
optical field distribution on the plane (t,z) is shown in
Fig.1(d) for the z-interval highlighted in yellow in (c).
The latter represents one period of pulsations.

Fig. 2. Two bifurcation diagrams obtained when ε is var-
ied. The difference between the two cases is the value of
ν. The plot in (a) shows the maxima and minima of the
energy Q. It starts with ε = 0.23 where QM = Qm. This
corresponds to a stationary soliton without spikes. The
first bifurcation at ε ≈ 0.25 leads to a pulsating soliton
with a single spike per period. The bifurcation at ε ≈ 0.3
leads to a pulsating soliton with two spikes per period.
These return back to pulsations with a single spike per
period at ε ≈ 0.4. The second diagram (b) shows only
maxima of Q. The inflection point at ε ≈ 0.55 corre-
sponds to symmetry breaking. Below this point DSES
solutions lose temporal symmetry and start to move.
The bifurcation at ε ≈ 0.48 corresponds to a transition
to solitons with two spikes per period. Further reduction
of ε below ≈ 0.36 switches to a chaotic dynamics. Non-
moving DSES with one spike per period are restored at
ε ≈ 0.25. These are asymmetric solutions with the pro-
file inverted after every period. An illustrative example
of such behavior is shown in Fig.9(b) for other equation
parameters. Below the inflection point, at ε = 0.24, the
DSES fully recover their temporal symmetry. For ε less
than 0.215, the solution is transformed into a stationary
soliton.

The above solutions have been obtained by varying the
parameter ε in the CGLE. The corresponding bifurcation
diagram is shown in Fig.2(a). The region 0.3 ≤ ε ≤ 0.4

corresponds to double spike generation per period. The
splitting of the curves on the diagram demonstrates two
different values of energy of the two spikes. The areas
beyond this interval correspond to solutions having a
single spike in each period. The upper (red) curve de-
scribes the maxima of energy while the lower (blue) curve
corresponds to the minima. At the values of ε smaller
than 0.23, soliton solutions become unstable and vanish
on propagation. In the interval [0.23, 0.25], maxima and
minima of solitons merge into a single curve. This means
that the pulsating DSES is transformed into a stationary
soliton without spikes.

The double-peak DSES continues to exist when we
change other parameters. For example, choosing ε = 0.38
in Fig.2(a) where the splitting is the largest, we can
change, for instance, the parameter ν. The corresponding
bifurcation diagram is shown in Fig.3(a). Here, the spike
splitting shows up in the interval of ν from ν ≈ 0.08 to
ν = 0.14. Above this point, ν = 0.14, the soliton solution
ceases to exist. Below the point ν ≈ 0.08, the solution
turns back to a single spike solution per period. How-
ever, below the point ν ≈ 0.035, the double peak struc-
ture of DSES is restored. This region continues up to
ν = 0.0085. Below this point, the DSESs are transformed
into chaotic ones. They also move chaotically along the
t-axis. This random motion is followed by the sequential
splitting into several DSESs. As a result of this multi-
plication, the solution may occupy the whole numerical
grid. This process is illustrated in Fig.3(b) calculated for
ν = 0.075. For ν near zero, stationary dissipative solitons
appear again. This is shown by the short black solid line
in the upper left corner of Fig.3(a).

Fig. 3. (a) Soliton bifurcation diagram when changing
the quintic nonlinear parameter ν. Each of the two re-
gions with split curves show two spikes per period. The
left hand side region corresponds to moving DSES while
the right hand side region corresponds to symmetric
DSES with smaller variations of Q. The central region
corresponds to non-moving DSES with a single spike per
period. (b) Chaotic DSES evolution for ν = 0.075. Gen-
eration of additional DSES starts at z ≈ 14.

The double spike solutions within the lower interval
of ν are moving solitons. To give an example, the false
color plot of DSES evolution at ν = 0.01 is shown in
Fig.4(a). This plot shows explicitly the asymmetry and
the motion of the soliton with spikes. In this particu-
lar case, the soliton moves to the left. However, equally
well, it can move to the right if the initial conditions are
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mirror-imaged. The velocity of motion is fixed once the
equation parameters are fixed. The solution has an asym-
metric profile both in time and in spectral domains. The
soliton is asymmetric in two ways. Firstly, the ‘mother’
soliton is asymmetric. Secondly, the location of the spikes
is asymmetric relative to the ‘mother’ soliton. This can
be seen clearly in Fig.4(a).

The evolution of the peak amplitude for this solu-
tion is shown in Fig.4(b) while the evolution of the
energy is shown in Fig.4(c). The main difference from
the case shown in Fig.1 is the higher modulation depth.
Namely, the extreme amplitudes here are much higher
than in Fig.1 and much higher than the amplitude of
the ‘mother’ soliton.

Fig. 4. An example of a moving DSES with two spikes per
period. (a) False color plot of the amplitude on the (t, z)-
plane. (b) Evolution of the peak amplitude. (c) Evolu-
tion of the energy Q. Parameters of the CGLE for this
example are given in the panel (c).

When decreasing ν below 0.01, the soliton evolution
becomes chaotic. For example, when ν = 0.008, the
spikes of random amplitude appear erratically at ran-
dom values of z along the soliton and may be shifted to
the left or right across the soliton. When decreasing ν
further to 0.0075, the solution splits into several DSESs
randomly moving along the t-axis. One example of such
evolution is shown in Fig.3(b). On further propagation,
a multiplicity of randomly located interacting DSESs oc-
cupy the whole t-axis.

The bifurcation diagram in Fig.3(a) confirms that
DSESs do exist in a wide range of parameters. Namely,
we varied ν almost 20 times and DSESs do exist all along
this range. We recall that ν is the coefficient in front of
the quintic term and, in general, the solutions are very
sensitive to its changes.

The curves on the bifurcation diagram may depend on
the direction of the parameter change. When this hap-
pens, hysteresis loops can be observed. When such loops
are present, they are usually small. Therefore, we did
not concentrate on this aspects of the problem. The di-

agram in Fig.3(a) is actually constructed starting from
the point ν = 0.1 where two spikes per period exist.
Other parts of the diagram are obtained when changing
ν to the right or to the left from this point.

At the lowest point ν = 0.01, we fixed all parameters
except ε and constructed the bifurcation diagram once
again for changing ε. This plot is shown in Fig.2(b). Only
the upper curves for the maxima of energy are shown
here. This diagram contains double spike DSES in the
interval 0.37 < ε < 0.48. To the right from this interval,
the DSES turn into single peak solution while to the
left of the interval, we observe chaotic solutions with
changing values of the peak amplitude from one period
to the other. At ε ≈ 0.26 the chaotic solution turns into
purely periodic one with a single spike per period. It
moves in one direction. However, below the point ε =
0.25, it moves back and forth periodically. Further below,
after the inflection point at 0.24, the solution becomes
completely symmetric. It is transformed into a stationary
solution at ε = 0.215. An important observation is that
the interval of DSES existence here is also very large. It
extends from ε = 0.215 to ε > 0.6. This is a very large
interval for the cubic gain term.

4. Bifurcation diagram in β

As a next step in constructing bifurcation diagrams, we
took the lowest point in Fig.3(a) with ν = 0.01 and var-
ied β keeping all other parameters fixed. The correspond-
ing bifurcation diagram is shown in Fig.5(a). We have
changed β below the original point 0.3 up to 0.15 and
above it up to 0.65. This whole interval contains DSES
solutions. For the sake of clarity and in order to keep
high resolution along the vertical scale, in this diagram,
only the maxima of energy are shown.

Fig. 5. (a) Bifurcation diagram with β as the variable
parameter. The part of the diagram highlighted in yellow
is magnified in (b).

This diagram shows a rich bifurcation structure of so-
lutions. The yellow region of (a) is further magnified in
(b). This part of the diagram shows that the two main
spikes experience a sequence of period doubling bifur-
cations before entering a region of chaotic dynamics. In
order to reveal the nature of the solutions that corre-
spond to each branch of the diagram, below we present
one example for each branch. The points of β that are
chosen as representative of the type of solutions of the
corresponding branch are shown by blue dashed vertical
lines. A small region around β = 0.33 shows up hysteresis
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with the corresponding bistability. The second solution
in the bistability region is represented by blue points.

As explained above, for illustrative purposes, we have
selected six particular DSES examples. They are shown
in the twelve panels of Fig.6. The six panels on the left
hand side show the evolution of the peak amplitude while
the six panels on the right hand side show the evolution
of the total energy. The case β = 0.18 corresponds to a
periodic solution with two spikes per period. The case
β = 0.2 is also a pulsating solution but the period of
pulsations takes chaotic values. Thus, the solution is now
chaotic but remains to be a single soliton.

Fig. 6. Evolution of (a1-a6) the peak amplitude and (b1-
b6) the energy for the six cases marked in Fig.5 by blue
dashed vertical lines. Parameter β increases from top to
bottom. Each panel on the left or on the right has a
different vertical length but the same scale.

The case β = 0.4 corresponds to a pulsating DSES
with 4 extreme spikes per period. This is clear both
from the bifurcation diagram in Fig.5 and from the evo-
lution curve in Fig.6. At β = 0.47, after another bifur-
cation, the solution returns to a periodic one with two
extreme spikes per period. Two other cases β = 0.505
and β = 0.52 correspond to pulsating solutions with one
extreme peak per period. Although they look similar,
these two solutions belong to different branches. This
can be seen from the bifurcation curve in Fig.5. There is
an inflection point on the curve located between the two
cases at β ≈ 0.51. It separates oscillating DSESs from
symmetric ones with zero velocity. The period of oscil-
lating solutions is twice the period of the curve Q(z) seen

in Fig.6. Similar inflection points can be seen on other
bifurcation diagrams.

More detailed features of the DSES solutions can be
seen from 3-D amplitude plots. Figure 7 shows the so-
lution for the case β = 0.18. This is a strictly periodic
solution with two extreme spikes per period. The spikes
are lined along two parallel straight lines. They are pe-
riodically shifted in transverse direction. The whole so-
lution moves to the right keeping periodicity along the
line of motion.

Fig. 7. (a) Field amplitude, |ψ(z, t)|, of the periodic
DSES for β = 0.18. Only z-values from 0 to 0.8 are
shown. (b) Same as in (a) but in a false color format.

Two other examples of moving DSES for the cases
β = 0.2 and β = 0.4 are shown in Fig.8. Fig.8(a) shows
a chaotic moving solution while Fig.8(b) shows a period
2 moving solution. The first one has irregular periods
of pulsation making it clear that it is a chaotic solu-
tion. Each period contains two extreme spikes per period
just like in the case of Fig.7. One of them (precursor) is
smaller and another one (successor) is bigger. In addi-
tion, there is a transverse shift of the soliton after each
pulsation. As a result, they move with constantly chang-
ing velocity in (a) or fixed velocity in (b). The motion
is always one way in the specific cases of Figs.8(a) and
8(b). However, other chaotic solutions may move with
randomly changing direction and velocity.

Fig. 8. Amplitude plots (|ψ|) of DSES on the (t, z)-
plane for (a) β = 0.2 (chaotic moving solution), and (b)
β = 0.4 (period 2 moving solution). These correspond
to the maximal amplitude plots in Figs.6(a2) and 6(a3)
respectively. In each case, the spikes appear in pairs.
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There are many types of chaotic DSES. In order to see
this more clearly, let us consider in more detail the region
highlighted in yellow in Fig.5(a). A magnification of this
region of the bifurcation diagram is shown in Fig.5(b).
The most striking feature of this diagram is the multi-
plicity of bifurcations that takes place in a relatively nar-
row range of parameter change. This fact confirms that
the CGLE has a myriad of different types of solutions.
There are periodic and chaotic solutions in this region.
The chaotic region can be entered through a sequence of
period doubling bifurcations. This sequence can be seen
in the region 0.216 < β < 0.231. Other routes to chaos
also exist at around β = 0.201.

The chaotic behavior of dissipative solitons is known
since the work [17]. Moreover, the transition from pul-
sating solitons to chaotic solitons through a sequence
of period doubling bifurcations was found in [19]. This
is a higher level generalization of the Feigenbaum phe-
nomenon which has been discovered for the logistic map
that is a representative system with one degree of free-
dom. The existence of similar sequence for partial dif-
ferential equations with infinite number of degrees of
freedom is not obvious. Moreover, the existence of such
transition in the world of dissipative solitons is far from
being trivial and this existence was revealed for the first
time in [19].

In the present case, we made one step further in ex-
tending the principle. We have discovered a sequence
of period doubling bifurcations for dissipative solitons
with extreme spikes. The latter comprise a special sub-
class of the dissipative solitons that have been studied
in [19]. Again, transition to chaotic dissipative solitons
with extreme spikes from periodic ones is not a simple
phenomenon. Our examples provide a starting point for
these studies. We assume, many more discoveries can be
done along this way.

Fig. 9. Amplitude plots (|ψ|) of DSES on the (t, z)-plane
for (a) β = 0.47, (b) β = 0.505 and (c) β = 0.52. In
each case, z changes (vertically) from 0 to 2. There is
a bifurcation point at β ≈ 0.51. Below this point the
solution moves (the cases (a) and (b)) while above it
(the case (c)) the velocity is zero.

Three other DSES solutions for the cases β = 0.47,
β = 0.505 and β = 0.52 are shown in Fig.9. This re-
gion of parameter β is characterized by regular periodic
dynamics. All three cases show strict periodicity with

period doubling in the case β = 0.47. The DSES for
β = 0.47 oscillates and moves with positive velocity,
the one for β = 0.505 oscillates with a zero net veloc-
ity while the solution at β = 0.52 is always centered and
symmetric in t. There is a point β ≈ 0.51 where zero
velocity DSES loses stability. Instead, oscillating DSESs
become stable. The inflection point that corresponds to
this phenomenon is clearly seen on the bifurcation dia-
gram shown in Fig.5(a).

5. Bifurcation diagrams in δ and µ

For the sake of completeness, we also calculated bifur-
cation diagrams when either parameter δ or µ is chang-
ing. These two diagrams are shown in Figs.10(a) and
10(b) respectively. Other parameters are fixed. They are
shown as inserts in these diagrams. Again, these dia-
grams demonstrate that DSESs exist in a wide range of
δ and µ values confirming that the region of existence of
DSESs in the five-dimensional parameter space is indeed
exceptionally large.

Fig. 10. Bifurcation diagrams when (a) δ changes, and
(b) µ changes. Each of these diagrams is a clear case
of a sequence of period doubling bifurcations leading to
chaotic dynamics.

There are both periodic and chaotic DSES within the
intervals shown in the diagrams. Each of the diagrams
contains a region with a sequence of period doubling
bifurcations, similar to those discussed above. Each of
them leads to a region of chaotic solutions at δ ≈ −0.11
and µ ≈ −0.0024. These are also similar to the chaotic
solutions shown in previous diagrams. Additionally, each
of the diagrams contains the symmetry breaking point
where zero velocity solutions are transformed into mov-
ing DSES. Otherwise, there are no new type of bifur-
cations in these diagrams that have not been discussed
above.

6. Conclusions

The appearance of extreme spikes on top of wider dis-
sipative solitons is a striking phenomenon that deserves
further studies both theoretical and experimental. Here,
we have shown that DSES occupy significant volumes
of the parameter space of the complex cubic-quintic
Ginzburg-Landau equation. Variation of any of the five
parameters in this space results in a rich structure of bi-
furcations. We constructed several bifurcation diagrams
that reveal periodic and chaotic dynamics of DSES. Pe-
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riodic solutions may have one or several pairs of spikes
per period. They can be centered in t, oscillating around
a fixed t, moving with a fixed or variable velocity, and
even along a zigzag trajectory. Transition between them
can take the form of bifurcations.

It is well known that the complex cubic-quintic
Ginzburg-Landau equation can serve as a master equa-
tion for description of passively mode-locked lasers. Our
new results may lead to observation of DSES in laser
systems.

Individual sharp peaks could be difficult to detect with
the existing equipment in optics. However, new tech-
niques have been developed recently that may help in
such measurements [45]. Namely, time stretching analog-
to-digital converters [46, 47], time microscopes [48] and
time lens magnifiers [49] may be able to resolve individ-
ual ultra-short pulses that could not be done with tra-
ditional pulse accumulating methods. In this sense, the
theory and the experiment are progressing equally well
and may allow us to be the witnesses of experimental
observations of DSES soon.
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