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Abstract Complex phase-only shaping of intense ultrashort
laser pulses is applied to generate highly flexible pulse struc-
tures with regular envelopes. By incorporating the linear
chirp as additional free parameter into the technique of col-
ored pulses, trains of chirped pulses are produced, capable
of independent and simultaneous modulation of relative in-
tensity ratio, optical delay, and individual chirp. Such pulses
might find applications in multi-parameter scans or closed-
loop feedback measurements. For the latter, we demonstrate
that with use of these tailored pulse trains, adaptive feed-
back control experiments quickly converge. They provide
near-optimal solutions, already revealing key features of
the system under study. Moreover, seeding standard free-
optimization routines with these temporary solutions largely
accelerates the search for the closest-possible optimum.

1 Introduction

Advances in optics over the last two decades have allowed
to generate, measure, and control intense ultrashort laser
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pulses [1, 2]. With the advent of the optical frequency comb
technique [3] in combination with pulse shaping methods,
it is possible to produce optical arbitrary waveforms from a
train of ultrashort pulses [4]. As a particular application, tai-
lored pulses can be utilized to gain a coherent control over
quantum mechanical processes such as ultrafast chemical re-
actions [5], or intense laser-matter interactions [6]. When in-
tegrated in a closed-loop feedback control scheme, adapted
ultrashort optical waveforms can effectively promote a de-
sired reaction (see, e.g., [7]). However, as a drawback, of-
ten a quite complex optimal pulse structure emerges in
the experiment possibly showing nonrelevant substructures
which cover the essential signatures. Reducing the degrees-
of-freedom in the pulse shaping might be advantageous in
such situations. Due to the restriction in the parameter space,
the search process accelerates and a reduction in the com-
plexity of the optimal pulse structures is obtained in a frac-
tion of time of a free-optimization experiment (FOE) [8, 9].
The information content of course is lowered and the ex-
tracted physics might be too crude to fully resolve or en-
tirely identify the leading terms necessary to guide the sys-
tem along the optimal reaction pathway. Hence, hybrid tech-
niques are appealing since they can combine the advantages
of initially low parameter search routines with the flexibil-
ity of FOE. In following this idea, we introduce the method
of generating laser pulses with simple envelopes to extract
key signatures but high variability to closely follow the op-
timal reaction path. These are chirped pulse trains (ChPT),
well-suited in applications as fast and versatile initial preop-
timizing routines providing effective seeds for subsequent
FO steps.

Extensive efforts have been devoted to the phase-only
generation of pulse trains [10–15], currently used in, e.g.,
pump-probe, fitness landscape, or closed-loop coherent
quantum control [16, 17]. In particular, they might be ap-
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Fig. 1 Experimental setup for
double pulse-based
third-harmonic generation. The
optimal laser pulse comprises
two pulses of different intensity
and chirp to achieve a high
photon conversion efficiency.
See the text and [9] for more
details (GP, glass plate; BBO,
nonlinear crystals)

plied to studies in which the temporal frequency distribution
of the laser pulses is important, like intrapulse dumping [16,
18, 19], pump-dump scenarios [20], or intense laser-cluster
interactions [17, 21–23]. We have recently described the
method of generation of colored pulse trains (CPT) provid-
ing an independent and simultaneous modulation of relative
intensity ratio and pulse separation [9]. It was shown that
colored pulse trains are capable to quickly reveal the key
characteristics of a system under investigation. However, the
available parameter space of phase-only shaping was artifi-
cially truncated, i.e., chirp modulation was not considered.
By extending the CPT method in this direction, a variable
pulse forming scheme is introduced and one is equipped
with a highly flexible but comprehensible handle, as we will
demonstrate.

The paper proceeds as follows. In Sect. 2, the experimen-
tal setup to produce ChPT and the scheme for conducting
the evolutionary search studies are presented. In Sect. 3, the
mathematical description to generate chirped pulse trains is
outlined and verified by comparison with experiments. Fi-
nally, we evaluate the ability of applying CPT and ChPT as
seeds in adaptive feedback control studies.

2 Experimental details

The chirped pulse amplification (CPA) laser system consists
of a sub-12 fs oscillator (MTS, KMLabs) and a multipass
amplifier (Odin-II HE, Quantronix), delivering 35 fs pulses
at a central wavelength of λ0 = 810 nm (ω0 = 2.33 rad fs−1)
with energies of up to 2.5 mJ and a repetition rate of 1 kHz.
Prior to amplification, a pulse shaper, an acousto-optic pro-
grammable dispersive filter-AOPDF (Dazzler, Fastlite), is
employed to tailor both the spectral phase and amplitude of
laser pulses. Details about the AOPDF technology can be
found elsewhere [24]. Briefly, a controlled acoustic wave
is launched along the ordinary axis of an acousto-optical
crystal (TeO2) forming a longitudinal transient grating [25].
By acousto-optic diffraction, different wavelengths of the

optical pulse are switched onto the extraordinary axis at
certain positions in the crystal. A phase modulation of the
diffracted wave can thus be achieved by controlling the
phase-matching conditions between acoustic and optical fre-
quencies. With the 25 mm-long TeO2 crystal, the AOPDF
has a maximum adjustable group delay of 3 ps with a 0.6 nm
spectral resolution and a number of adjustable parameters of
up to ∼200. We note that by choosing the local sound level
the intensity of the diffracted wave can be controlled. How-
ever, amplitude manipulation will not be considered in this
work.

To fully characterize the tailored optical laser fields,
a home-built SHG-FROG (second-harmonic generation
frequency-resolved optical gating) apparatus is employ-
ed [26]. In addition to the time-domain representation, we
choose a joint time-frequency distribution, i.e., the Husimi
spectrogram [27], to give comprehensive views of the opti-
cal pulses.

A well-documented optical setup [16] for third-harmonic
generation (THG) has been utilized as model system to illus-
trate the applicability of chirped multipulses in optimization
experiments. We however slightly simplified the experimen-
tal arrangement as sketched in Fig. 1. In brief, the funda-
mental (FH, 810 nm) optical pulse from the CPA laser is
frequency-doubled to 405 nm in a SHG crystal (100 µm-
thick BBO). After leaving the crystal, the FH and SHG are
temporally and spatially overlapped to generate the third-
harmonic (270 nm) in a THG crystal (150 µm-thick BBO).
The third-harmonic is then spatially separated from the other
beams by a prism P (quartz) and detected by a high reso-
lution spectrometer (HR4000, Ocean Optics). By inserting
a piece of glass GP (SQ1) in between the nonlinear crys-
tals, the FH shifts about Δt ≈ 310 ± 20 fs ahead of the
SHG. This reduces their temporal overlap, leading to a sig-
nificant decrease in the THG yield. We emphasize that al-
though the optical setup is rather simple, it contains some
special features attractive for the present studies: An effi-
cient third-harmonic generation is obtained (i) only for dou-
ble pulses with an appropriate optical delay, (ii) with more
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intense leading pulses, and (iii) when the subpulse’s chirp
balances the phase-mismatches, e.g., developing in the non-
linear crystals.

To attain the optimal pulse structure giving the high-
est THG signal for the setup, a closed-loop feedback con-
trol scheme will be used, combining an evolutionary al-
gorithm (EA) [21, 28] with the femtosecond pulse shap-
ing techniques. In short, an initial population of Np optical
waveforms is created either at random or by seeding. Each
waveform is encoded by a set of spectral phase parameters,
and then evaluated through its THG yield (fitness value).
Only the best waveforms with high fitness values have more
chances to pass their “good” properties to the next genera-
tion. After each evolutionary step, a new population is pro-
duced via selection and subsequent modifications by apply-
ing recombination (crossover) and mutation operators. A run
(cycle) is complete after a given number of generations or
when the converging conditions, e.g., no further significant
improvement of the best fitness, are fulfilled. The robustness
and reliability of this type of EA have been proven in recent
work [9, 21].

3 Mathematical description

In the frequency-domain, the original laser pulse can be de-
fined by

Ẽin(ω) = |Ẽ0(ω)| exp
[−iψ(ω)

]
, (1)

with a spectral amplitude Ẽ0(ω) and an initial spectral phase
ψ(ω) assumed to be zero, ψ(ω) ≡ 0. A pulse shaper mod-
ifies the input pulse with spectral phase-only filters of the
form H(ω) = exp[−iΦ(ω)], giving the output laser field

Ẽout(ω) = Ẽin(ω) exp
[−iΦ(ω)

]
. (2)

For simplicity, the spectral amplitude distribution is as-
sumed to be Gaussian, i.e., |Ẽ0(ω)| = E0 exp[−2 ln 2(ω −
ω0)

2/Δω2], with Δω the spectral full width at half maxi-
mum (for our laser system, Δω � 0.08 rad fs−1). The spec-
tral phase Φ(ω) is usually expanded into a Taylor series
around ω0 [29],

Φ(ω) = ϕ0 + (ω − ω0)ϕ1 + (ω − ω0)
2ϕ2/2 + · · · , (3)

where ϕk (k = 0,1,2, . . .) denotes the expansion coefficient
of the order k. The complex temporal electric field is then
obtained by an inverse Fourier transformation, Eout(t) =
F −1{Ẽout(ω)}. According to the Fourier transform shift the-
orem [30], a linear term in the spectral phase, that is ϕ1 ≡ τ ,
leaves the laser field envelope unchanged, but shifts it in
the time domain. Pulse trains can thus be formed by ad-
dressing different parts of the laser spectrum with certain

values of τ [9]. We note that in general the shape of the
single pulses is Gaussian but slightly modified by the erf -
function [9, 15, 31]. Colored double pulses (C2P) for in-
stance are produced by imposing a triangular spectral phase
function [15, 31]:

ΦC2P(ω) = τ

2
|ω − ωbr|, (4)

where τ is the pulse separation and ωbr = (ω0 + δω) is the
spectral phase breakpoint, i.e., where the spectrum is split
into a red (ω ∈ [−∞,ωbr]) and a blue (ω ∈ [ωbr,+∞]) part.
A positive τ shifts the long wavelength region forward and
the short wavelength region backward by τ/2. This results
in a colored double pulse with a leading red-shifted and a
trailing blue-shifted subpulse, separated by an optical delay
of τ . The breakpoint ωbr defines the spectral composition of
each subpulse, and thus adjusts their relative intensity ratio.
More general, a colored pulse train is generated by superim-
posing a certain number of triangular spectral phases with
different values of τ and ωbr [9],

ΦCPT(ω) =
N∑

n=1

Φ
(n)
C2P(ω) = 1

2

N∑

n=1

τn|ω − (ω0 + δωn)|. (5)

While in CPT the pulse duration is nearly maintained
[15, 31], the utilization of higher order terms (k ≥ 2) in the
Taylor series (3) will give even more complex pulse struc-
tures and, e.g., will allow for a proper choice of the single
pulse durations. This provides the essential flexibility to suc-
cessfully implement the scheme into the following feedback
control studies. Exemplarily, the method to generate chirped
double pulses (Ch2P) having a simple linear chirp (k = 2)
at a spectral breakpoint ωbr is outlined. The corresponding
spectral phase functions are addressed separately to the red
and blue parts,

ΦCh2P(ω) = τ

2
|ω − ωbr|

+ϕred
2

1 − sign(ω − ωbr)

4

(
ω − ωred

0

)2

+ϕblue
2

1 + sign(ω − ωbr)

4

(
ω − ωblue

0

)2
, (6)

with ϕred
2 and ϕblue

2 the linear chirp coefficients. In general,
for the effective central (angular) frequencies (ωred

0 , ωblue
0 ),

the intensity-weighted averages [32] are used:

ωred
0 =

∫ ωbr
−∞ |Ẽ0(ω)|2ω dω
∫ ωbr
−∞ |Ẽ0(ω)|2 dω

,

ωblue
0 =

∫ ∞
ωbr

|Ẽ0(ω)|2ω dω
∫ ∞
ωbr

|Ẽ0(ω)|2 dω
.

(7)
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Fig. 2 FROG measurements of
chirped double pulses tailored
with linear chirp coefficients
(ϕred

2 , ϕblue
2 ): (a) (0 fs2, 0 fs2),

(b) (4000 fs2, 0 fs2), (c) (0 fs2,
4000 fs2), and (d) (5000 fs2,
5000 fs2). The pulse separation
and spectral phase breakpoint
are fixed to τ = 500 fs and
ωbr = ω0, respectively. Left
column: experimental intensity
(circles) and phase (dashed
lines) vs. time. The calculated
intensity profiles (solid lines)
based on the computed spectral
phases are included for
comparison. Notably, nonlinear
distortions in the CPA system
lead to slight differences in
amplitude between experiment
and simulation. Small wings in
the subpulses are due to the
abruptly truncated shapes of the
spectral regions. Right column:
the corresponding Husimi
distributions, which intuitively
display the chirp characteristics
of the shaped pulses

However, for ωbr = ω0, we can simply identify ωred
0 (ωblue

0 )
with the momentary frequency at −Δτ/2 (Δτ/2) as intro-
duced for colored double pulses in [31], i.e., ωred

0 = ω0 −
Δω/

√
2π ln 2, and ωblue

0 = ω0 + Δω/
√

2π ln 2.
To illustrate the capabilities of chirped pulses, Fig. 2

shows examples of double pulses separated by τ = 500 fs
for different chirp values (ϕred

2 , ϕblue
2 ). Corresponding nu-

merical estimations are also provided for comparison, which
are based on the computed spectral phase function ΦCh2P(ω)

and a measured amplified spectrum (instead of a Gaussian-
assumed one). For further simplicity, nonlinear distortions
through propagation in the amplifier are neglected in the
calculations. These might account for slight differences in
the experimental and simulated temporal intensity profiles.
Nonlinear effects in the CPA such as gain narrowing or self-
phase modulation might lead to the redistribution of the laser
energy in the amplified double pulse and hence the change
of the relative intensity ratios (see [9] for further discus-
sion).

The good agreement in between experiment and simula-
tion makes us confident that one can also assign the experi-
mental values of ϕred

2 and ϕblue
2 directly to the programmed

ones. This is demonstrated in Fig. 3. Variations mainly result
from the shape of the erf -function which introduces small
distortions on the pulse (see [9, 15, 31] for mathematical
details). In addition, a nonzero initial phase (1) might con-
tribute. It is straightforward to extend the method to pulse
trains. Superimposing a number of spectral phase functions
ΦCh2P(ω) enables to systematically generate complex struc-
tured pulses which, however, consist of simple pulse en-
velopes unless higher chirp coefficients (k > 2) are consid-
ered.

4 Results and discussion

The flexibility of CPT and Ch2P in generating simple pulse
sequences—which however might be highly complex struc-
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Table 1 Different encoding methods for spectral phase functions in
systematic and adaptive feedback control experiments. CDPFL: sys-
tematic pulse modulation of optical delay and intensity ratio giving the
colored double pulse fitness landscape; CPT: five-pulse sequences with
a simultaneous modulation of relative intensity ratios and pulse sepa-

rations; Ch2P: chirped double pulses with simultaneous manipulation
of the relative intensity ratio, pulse delay, and linear chirps of the sub-
pulses; FO: unrestricted pulse shaping (free-optimization) with use of
128 parameters, regularly distributed across the spectrum to form the
spectral phase function

Method Phase function Parameters Parameter ranges

CDPFL ΦC2P(ω), (4) {τ, δω} {[−1.5 ps,1.5 ps],
[−150 rad ps−1,150 rad ps−1]}

CPT ΦCPT(ω), (5) {τn, δωn}, {[−1 ps,1 ps],
n = [1,4] [−150 rad ps−1,150 rad ps−1]}n

Ch2P ΦCh2P(ω), (6) {τ, δω,ϕred
2 , ϕblue

2 } {[−1 ps,1 ps],
[−150 rad ps−1,150 rad ps−1],
[−104 fs2,104 fs2], [−104 fs2,104 fs2]}

FO ΦFO(ωn) = Φn {Φn}, n = [1,128] {[0,2π]}n

Fig. 3 Dependence of the experimental linear chirp (ϕred
2 , ϕblue

2 ) on
the initial values transferred to the pulse shaper for the generation of
chirped double pulses. The proximity of both ϕ2 to the bisecting line
suggests that the experimental ϕ2 is directly related to the spectral chirp
coefficient imprinted on the pulse by the shaper

tured internally—will help to resolve a number of optimiza-
tion problems. The key idea is to start with an educated
guess which roughly reflects the expected number of re-
action steps to specify the number of subpulses. Based on
these, restricted optimizations are performed to quickly dis-
card low-fitness solutions. The subsequent free-optimization
routine is then well equipped with a basic knowledge about
the system under study. By fine-tuning the available param-
eters, the pulse structure giving the highest fitness might be
obtained. We will see that, in conducting such an experimen-
tal scheme, the total number of generations necessary for the
algorithm to converge can largely be reduced. As a proof of
principle experiment we use the setup described in Sect. 2
and validate the different basic approaches.

Fig. 4 THG fitness landscape measurement (CDPFL) obtained by tai-
loring through triangular spectral phase functions with pulse separation
τ and spectral phase breakpoint λbr (see Fig. 1). The yield YCDPFL at
the optimal setting (τ � −365 fs, λbr � 817 nm) is taken as a reference
measure for success of the optimizations presented below

Following the work of Vogt et al. [16], we first applied
the colored double pulse fitness landscape method (CDPFL)
to find the pulse configurations leading to a maximum THG
yield. These solutions will serve as references for the closed-
loop measurements shown below. In CDPFL, a fitness value
is systematically recorded as function of pulse separation
τ and spectral phase breakpoint λbr = 2πc/ωbr (see Ta-
ble 1 and (4)). The technique is similar to pump-probe delay
scans, but provided with additional possibilities of, e.g., ad-
justing the relative intensity ratio. Figure 4 shows the result
of the CDPFL measurement on the model system with the
THG yield taken as fitness. The landscape has a pronounced
maximum found at τ � −365 fs and λbr � 817 nm. The cor-
responding laser pulse analyzed with FROG is illustrated in
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Fig. 5 Optimal pulse shape
with an asymmetric double
pulse structure leading to the
maximum THG yield in the
CDP fitness landscape (Fig. 4):
(a) measured intensity and
phase vs. time, (b) the
corresponding Husimi
representation showing a clear
red-shift of the trailing pulse

Fig. 6 Evolution of the averaged best fitness for different THG-
maximizing procedures. Left: random starts using (a) CPT-, (b) Ch2P-,
and (c) FO-encoding. Right: (d) CPT- and (e) Ch2P-seeded free-
optimization. The data points represent the mean fitness values of
the ten best individuals extracted after each generation. For compari-

son, the optimal yield found by CDPFL, YCDPFL, is depicted (dotted
lines). The shaded areas (ten generations each) indicate different runs
with a random start of a restricted optimization to find seeds for the
subsequent free-optimization

Table 2 Extracted parameters of the optimal double pulses corre-
sponding to the CDPFL and optimization measurements shown in
Fig. 5 and Fig. 6, respectively. τp1 and τp2, temporal widths of the
leading and trailing pulses; Δt , double-pulse delay; I2/I1, relative in-
tensity ratio between trailing and leading pulse. The respective opti-
mal THG yields are compared to the maximum signal provided by
the fitness landscape experiment through an optimization factor, K =
Yopt/YCDPFL. All relative errors are <3%

Method τp1 (fs) τp2 (fs) Δt (fs) I2/I1 K

CDPFL 64 120 365 0.24 1.00

CPT, random 51 101 349 0.33 1.14

Ch2P, random 53 96 331 0.37 1.14

FO, random 38 93 355 0.27 1.13

FO, CPT-seed 51 104 358 0.30 1.22

FO, Ch2P-seed 52 93 347 0.35 1.25

Fig. 5, showing an asymmetric double pulse structure with a
clearly red-shifted trailing pulse (see also Table 2).

Whereas in CDPFL only two parameters are varied, the
full parameter hyperspace can be explored when a free-
optimization experiment is conducted. Applying the closed-
loop feedback control scheme [33] by adaptively modifying
the spectral phase Φ(ω) (see Table 1), the impacts of a mul-
titude of different laser fields are probed, finally giving an

adapted laser field representing the optimal solution. Several
strategies have been evaluated, which differ by their possible
pulse shapes or by how the initial population is created. To
start the FO, for instance, an initial population of Np = 50
waveforms is created at random through an appropriate en-
coding. A THG-reference signal Yref produced with a 300 fs
double pulse was recorded in each generation to monitor
the experimental conditions. Figure 6c shows the result of
the free-optimization experiment performed on the model
system. Obviously, the full optimization improves the THG
yield compared to the systematic but few-parameter CDPFL
scan. However, the convergence of the full optimization is
rather slow, approaching a fitness value of 1.5 only after
about 600 generations.

As briefly mentioned in Sect. 1, restricted and free opti-
mization have complementary features. One can profit from
the simplicity but variability of pulse trains and incorporate
these properties into FO. For this reason, we split the EA
routine and start with an initial signal maximization by ap-
plying colored pulse sequences to quickly find temporal so-
lutions with high fitness. Thereafter, the full-parameter op-
timizations are seeded with these adaptively found CPTs or
Ch2Ps. A train of five subpulses is chosen for CPT, whereas
for chirped pulses only double pulses are considered. Details
about the corresponding parameter ranges are summarized
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Fig. 7 Optimal pulses obtained by adaptively maximizing the THG
yield using different optimization methods presented in Fig. 6: (left)
random start with use of colored five-pulse trains (cf. Fig. 6a), (mid-

dle) seeded start employing chirped double pulses (cf. Fig. 6e), (right)
128-parameter FO (cf. Fig. 6c). Top: Husimi distributions (logarithmic
scale), bottom: the corresponding temporal intensities I (t)

in Table 1. Note that the latter seed is directly adapted to the
expected number of subpulses relevant to obtain the optimal
solution, while in CPT the number of subpulses is largely
overdetermined.

The hybrid EA initially starts in a random mode (Np =
30) using either CPT- or Ch2P-encoding for a number of
cycles (Nrun = 3, ten generations each). The five best wave-
forms (seeds) obtained from this procedure will be chosen
and then mixed into a pool of other 45 randomly created
individuals to form an initial population (Np = 50) for a
subsequent unrestricted (free) closed-loop feedback control
(128-parameter FO). Note that once running into a local op-
timum, the EA might sooner escape this when working in a
restricted optimization mode, rather than in the unrestricted
one. It is therefore beneficial to operate the initial EA code
with a small population of different laser pulses and more
cycles before switching to the free-optimization scheme.

Five different adaptive feedback experiments have been
performed to maximize the THG yield, including: random
starts using (a) CPT-, (b) Ch2P-, and (c) FO-encoding, and
seeded starts with (d) CPT-, and (e) Ch2P-encoding. The
progress of all optimal searches is displayed in Fig. 6. The
results show that, irrespective of CPT- or Ch2P-encoding,
the seeded method indeed improves the best yields when
compared to routines using a random start only. When ap-
propriately seeded, the free-optimization search maximizes
the yield within only about 20 generations, instead of over
600 as in pure FO. In addition, essentials of the expected
final laser pulse configuration crystallize out of the seeded
FO pulse structure search. Similar to the CDPFL result
(Fig. 5), the adaptively determined pulses also show a dom-
inant asymmetric double pulse structure as exemplarily dis-
played in Fig. 7. In the pure FO (Fig. 7c) instead, additional
substructures are present indicating that the optimization is
incomplete. However, the dominant subpulses are present
with slightly reduced temporal widths when compared to
the CPT and Ch2P-seed optimizations. It is interesting to
note that seeded and pure FO reveal different aspects, each

of them guiding towards the optimal solution, thus possibly
leading to enrichments in the understanding of the reaction
in detail. The analysis of the optimal pulses provided by the
chosen methods is summarized in Table 2.

In principle the hybrid algorithm can be applied to any
process, providing that an appropriate spectral phase func-
tion can be constructed for seeding. For instance, an extreme
complex spectral phase produced through filamentation [3]
can roughly be compensated with use of a Taylor series of up
to a suitable kth order (3). Although solutions found by sys-
tematic parameter-scans might be taken as seeds for hybrid
optimizations, we suggest to use random start procedures
with a proper encoding (or any stochastic search method
capable to find the global optimum, e.g., simulated anneal-
ing [34]) to avoid local maxima.

5 Conclusions

By phase-only shaping different parts of the spectrum of ul-
trashort laser pulses with individual spectral phase functions
of high orders, chirped pulse trains can be generated. On
the one hand, these provide a high variability and control in
the choice of pulse separations, intensity ratios, and linear
chirps of the subpulses. The flexibility in tailoring such laser
pulses opens up the possibility to find near-optimal solu-
tions using open-loop or restricted closed-loop optimization
measurements with adapted number of parameters and well-
defined initial structure. In the present work, the method has
been demonstrated on a purely optical issue. We, however,
expect that a number of spectroscopic applications, e.g., in
femtosecond pump-probe (or -dump) experiments [16, 35–
39] or laser-cluster interactions [17, 21], might benefit from
the ChPT-approach. Chirp effects on the response of molec-
ular systems to intense laser fields have been observed for
pump [40–43] or probe (dump) [20, 38] pulses. It is there-
fore definitely interesting to perform systematic scans of dif-
ferent parameterizations in order to get additional insight
into the molecular dynamics.
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On the other hand, by seeding unrestricted optimizations
with chosen pulse configurations, the search speed of the
hybrid algorithm is remarkably improved, making it an ap-
pealing method for the optimization of experimental con-
ditions with considerable target fluctuations like the intense
laser interaction with metal clusters [44]. As an advantage of
the preselection, most likely unphysical contributions, nor-
mally leading to gratuitous signatures in the optimal pulses,
are significantly suppressed. Hence, the speed-up in the op-
timization search and the possible early disentangling of the
basic mechanisms suggest that the proposed scheme will
support future work, e.g., guiding to solutions of current
problems in coherent quantum control (see [45] for a recent
overview).
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