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(54) OPTICAL SYSTEM AND METHOD FOR ULTRASHORT LASER PULSE CHARACTERIZATION

(57) The optical system comprises: means (110) for
introducing a controlled negative or positive chirp to an
incoming ultrashort laser pulse to be characterized (101);
a nonlinear optical medium (120) through which said
chirped ultrashort laser pulse (111) is propagated, where-
in as a result of said propagation: different chirp values
are introduced in the ultrashort laser pulse (111) at dif-
ferent propagation distances along the nonlinear optical
medium (120), and a transverse nonlinear signal (125)
is generated in a direction perpendicular to the propaga-

tion axis; analyzing means (130) configured for recording
a single-shot spectral image of said generated transverse
nonlinear signal (125); and a processing module (140)
comprising one or more processors configured to exe-
cute a numerical iterative algorithm to said single-shot
spectral image to retrieve the electric field, amplitude and
phase, of the ultrashort laser pulse (101). The transverse
nonlinear signal may be generated by transverse SHG
(TSHG) and pulse characterisation may be based on the
dispersion-scan or a MIIPS technique utilizing TSHG.
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Description

Field of the invention

[0001] The present invention generally relates to laser
systems and laser pulse characterization methods. In
particular, the invention relates to an optical system and
to a method for single-shot ultrashort laser pulse char-
acterization via the detection of a transverse nonlinear
signal (e.g. a second harmonic generation signal) gen-
erated in a nonlinear optical medium through which said
ultrashort laser pulse is propagating.

Background of the invention

[0002] Since the construction of the first laser by Maim-
an in 1960 [1] one important scientific and technological
goal in the field was to increase the power delivered by
the laser beam and to explore novel phenomena that
only occur for such high electromagnetic field intensities.
The solution came with the pulsed lasers operating in the
mode-locked regime, where the energy of the pulse is
emitted in a very short temporal event. Nowadays, lasers
with femtosecond (1 fs = 10-15 s) pulse durations can
generate peak powers of the order of a Petawatt (1 PW
= 1015 W). Optical pulses with durations ranging from a
few optical cycles to hundreds of fs are so short that no
direct method for their measurement exists. To this pur-
pose, techniques based on nonlinear optical interactions
(autocorrelation or cross-correlation diagnostics) are
usually implemented. Although these methods can pro-
vide a good measurement of the pulse duration, they do
not generally provide complete information about the
spectral phase of the pulse that ultimately determines
the pulse shape and duration. The complete characteri-
zation of such short events is therefore very important
and often challenging.
[0003] Several methods that combine autocorrelation
and spectral measurements have been proposed to over-
come this issue and to obtain amplitude and phase re-
construction of the pulses [2-4]. Nowadays, the most
used methods are different versions of either Frequency
Resolved Optical Gating (FROG) or Spectral Phase
Interferometry for Direct Electric Field Reconstruction
(SPIDER). The FROG method relies on spectrally resolv-
ing time-gated signals and creates a spectrogram-like
trace by spectrally resolving an autocorrelation signal
and enables complete characterization of a given pulse
by means of an iterative algorithm applied to the trace
[5, 6]. On the other hand, the SPIDER method relies on
interferometry in the spectral domain: the spectrum of a
given pulse is made to interfere with a time and frequency
shifted replica of itself, and the resulting spectral inter-
ferogram is recorded [7-9]. Both methods can provide
very good results for pulses in the range of 20-200 fs.
However, standard FROG and SPIDER devices are nor-
mally very sensitive to alignment and to phase-matching
bandwidth requirements. Even if recent SPIDER-related

methods have partially overcome this issue, in all of the
above techniques the characterization of few-cycle laser
pulses is still challenging and usually requires specific
tuning and materials in order to accommodate the asso-
ciated broad bandwidths of the pulses.
[0004] Another method for pulse characterization
based on phase scanning, known as Multiphoton In-
trapulse Interference Phase Scan (MIIPS) [10], was more
recently introduced. A set of known spectral phases is
applied to the pulse to be characterized, most usually via
an active pulse shaping device, and the resulting second
harmonic generated (SHG) signals are measured. By
finding which locally introduced amount of group delay
dispersion (GDD) results in compression at a given wave-
length, an approximation to the original GDD of the pulse
is directly obtained from a contour plot without the need
of any mathematical retrieval procedure [11-13]. The
pulse-shaping device is then programmed to introduce
a GDD opposite to the measured one, and the whole
experimental and numerical process must be repeated
until a given spectral phase is achieved.
[0005] A more recent method is Self-Referenced
Spectral Interferometry (SRSI), where a reference pulse
with a flat spectral phase is collinearly generated from
the input pulse by cross-polarized wave generation
(XPW) in a nonlinear crystal. The spectral interference
pattern resulting from the combination of the input pulse
and the reference pulse allows direct retrieval of the spec-
tral phase and intensity. This method however can only
measure pulses with durations very close to the Fourier
limit, and no more than 2 times this limit. Therefore, SRSI
has a very limited tolerance to the input pulse chirp and
a small measuring range compared to most other tech-
niques. On the other hand, it can only measure amplified
laser pulses, since XPW is a third-order nonlinear proc-
ess that requires several micro Joules of energy per pulse
in order to work.
[0006] A recently proposed method called dispersion-
scan (d-scan) can retrieve the phase of ultrashort laser
pulses by applying a set of known spectral phases by
progressively inserting a wedge within a chirped mirror
and wedge pair compressor and measuring the corre-
sponding spectra of a nonlinear signal, such as the sec-
ond harmonic generated in a phase-matched nonlinear
crystal. Pulse retrieval is performed via a holistic iterative
algorithm [14-16]. In the d-scan method a pulse compres-
sor is used as part of the diagnostic tool itself. This meth-
od is very simple and robust compared with FROG or
SPIDER. However, the implementation based on chirped
mirrors and wedge compressor requires the phase to be
scanned over the set of applied dispersion values by pro-
gressively moving one of the wedges. This approach
works very well provided that the pulse train emitted by
the laser has a stable spectrum and spectral phase, but
cannot work in single-shot configuration, where meas-
urement of all the data needed for the pulse reconstruc-
tion must be recorded in a single measurement and for
a single pulse. The d-scan method requires several suc-
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cessive experimental steps, corresponding to different
wedge insertions, to record all the data needed for the
phase reconstruction. Single-shot methods are crucial
for the characterization of the pulses provided by high
power lasers with low repetition rates.
[0007] Therefore, the introduction of a new system
(and method) that is compact, robust, less sensitive to
alignment and wavelength, less expensive compared to
existing technologies, while being capable of character-
izing ultrashort laser pulses by recording all the data
needed for pulse reconstruction in a single-shot config-
uration, is in high demand for ultrashort laser pulse de-
velopment and applications.

Description of the invention

[0008] Embodiments of the present invention address
these and/or other needs by providing a system and
method for measuring ultrashort laser pulses. It is a sin-
gle-shot method and hence enables measuring single
pulses. Single shot operation is very important for meas-
uring lasers with low repetition rates, such as high-energy
and high-power laser amplifiers. It also provides traces
at video rates, which enables real time visualization and
optimization of the laser pulses. Retrieval of the complete
electric field (amplitude and phase) of the ultrashort laser
pulses can be performed with the d-scan (or equivalent)
algorithm.
[0009] To that end, in accordance with a first aspect
there is provided an optical system for ultrashort laser
pulse characterization, including:

- means for introducing a controlled negative or pos-
itive chirp (or equivalently a controlled spectral
phase) to an incoming ultrashort laser pulse to be
characterized; (To be noted that a pulse is said to
be chirped if its instantaneous frequency is time var-
ying)

- a nonlinear optical medium, with normal or anoma-
lous dispersion, through which said (negatively or
positively) chirped ultrashort laser pulse is propagat-
ed, said nonlinear optical medium having the prop-
erty of generating a nonlinear signal from the chirped
ultrashort laser pulse and emitting it transversally to
the ultrashort laser pulse propagation direction; as
a result of said propagation, different chirp values
are introduced by the dispersion of the nonlinear op-
tical medium in the ultrashort laser pulse at different
propagation distances along the nonlinear optical
medium, and a transverse nonlinear signal is gen-
erated in a direction perpendicular to the propagation
axis from the dispersed ultrashort laser pulse having
different chirp values introduced by the correspond-
ing propagation distance within the nonlinear optical
medium;

- analyzing means configured for recording a single-
shot spectral image of said transverse nonlinear sig-
nal generated in the direction perpendicular to the

propagation axis, and
- a processing module comprising one or more proc-

essors configured to execute a numerical iterative
algorithm, such as a d-scan algorithm, among oth-
ers, for instance a Multiphoton Intrapulse Interfer-
ence Phase Scan (MIIPS) algorithm or a Chirp Re-
versal Technique (CRT), to said recorded single-
shot spectral image to retrieve the electric field, am-
plitude and phase, of the ultrashort laser pulse.

[0010] The optical system may further include a cou-
pling module, arranged after the nonlinear optical medi-
um and before the analyzing means, configured to couple
the generated transverse nonlinear signal to said ana-
lyzing means.
[0011] Preferably, the analyzing means comprises an
imaging spectrometer, not limitative as any other sys-
tem(s) capable of measuring spectra as a function of po-
sition may be included as analyzing means. The imaging
spectrometer may further include an imaging system
such as a CCD or a CMOS camera.
[0012] In accordance with a preferred embodiment, the
transverse nonlinear signal is a transverse second har-
monic generation signal.
[0013] In typical autocorrelation methods, the efficien-
cy of the second harmonic signal generated by the pulse
to be characterized critically depends on the phase-
matching condition (which imposes that the phase veloc-
ity at the fundamental and second harmonic wavelengths
has to be the same). Phase-matching is usually achieved
only for a particular propagation direction within the non-
linear optical medium and is fulfilled only for narrow spec-
tral bandwidths. This becomes a problem when the laser
pulse is ultrashort and consequently has a broad frequen-
cy bandwidth. To solve these problems, very thin nonlin-
ear crystals, that require a critical alignment, are used in
typical autocorrelators.
[0014] For that reason, according to the preferred em-
bodiment the nonlinear optical media particularly in-
cludes a type of nonlinear crystal having a plurality of
antiparallel ferroelectric domains with an inverted sign of
the second order nonlinearity and randomized sizes and
positions.
[0015] The nonlinear crystals used in the present in-
vention with respect to all typical crystals used in other
laser pulse characterization methods, eliminate both
problems of critical alignment and phase-matching band-
width. Due to the random size and distribution of the non-
linear inverted domains, the second harmonic signal is
generated in a broadband wavelength range (400-2500
nm), which enables the use of long crystals. Moreover,
the nonlinear crystal allows the second harmonic signal
to be generated in a broad angular range, from the typical
forward direction (parallel to the fundamental beam) up
to 90 degrees when the second harmonic signal is gen-
erated in a direction perpendicular to the fundamental
propagation direction. The latest case corresponds to the
transverse second harmonic generation, which is impos-
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sible to be obtained using a birefringent nonlinear crystal
(such as BBO, LBO, or KTP) or quasi-phase-matched
crystals. Moreover, the nonlinear crystal does not need
critical angular alignment or temperature tuning to get
the same phase-matching efficiency over a very wide
spectral range.
[0016] The nonlinear crystal may be an as grown multi-
domain Strontium Barium Niobate (SBN) crystal. Alter-
natively, the nonlinear crystal may also be a multi-domain
Calcium Barium Niobate (CBN) crystal, or a Strontium
Tetraborate (SBO) crystal, among any other multi-do-
main crystal with random distribution and size of inverted
second order nonlinear domains. These crystals may
have normal or anomalous dispersion, depending on the
wavelength range where they are used. In both cases,
before the entrance into the nonlinear optical medium, a
controlled dispersion opposite to the dispersion of the
crystal has to be applied to the ultrashort laser pulse (by
a pulse compressor or a stretcher module), such as pro-
vided by diffraction gratings, prisms, chirped mirrors, bulk
optical media or optical fibres Bragg networks.
[0017] Embodiments of the present invention in ac-
cordance with a second aspect also provide a method
for ultrashort laser pulse characterization, the method
comprises:

- introducing a controlled chirp (or equivalently a con-
trolled spectral phase), negative or positive, to an
incoming ultrashort laser pulse to be characterized;

- propagating the (negatively or positively) chirped ul-
trashort laser pulse through a nonlinear optical me-
dium that may have normal or anomalous dispersion
and has the property of generating a nonlinear signal
from the chirped ultrashort laser pulse trough a non-
linear process (e.g second or third harmonic gener-
ation and sum or difference frequency generation)
and emitting it transversally to the ultrashort laser
pulse propagation direction; as a result of said prop-
agation, different chirp values are introduced by the
dispersion of the nonlinear optical medium in the ul-
trashort laser pulse at different propagation distanc-
es along the nonlinear optical medium, and a trans-
verse nonlinear signal (e.g. second harmonic gen-
eration signal) is generated in a direction perpendic-
ular to the propagation axis from the dispersed ul-
trashort laser pulse having different chirp values in-
troduced by the corresponding propagation distance
within the nonlinear optical medium;

- recording, by an analyzing means, a single-shot
spectral image of said transverse nonlinear signal
generated in the perpendicular direction of the prop-
agation axis; and

- executing, by a processing module, a numerical it-
erative algorithm, to said recorded single-shot spec-
tral image to retrieve the electric field of the ultrashort
laser pulse. (Retrieving the electric field of an ul-
trashort laser pulse means to obtain/determine the
amplitude and phase of such ultrashort laser pulse).

[0018] The proposed method, by measuring the spec-
trum of the generated transverse nonlinear signal from
the ultrashort laser pulse for different values of the chirp
in the laser pulse, where the chirp is induced by the dis-
persion of the nonlinear optical medium itself as the ul-
trashort laser pulse propagates through it, without the
need of wedge scanning or of using other step by step
moving parts for performing the dispersion scan, can
generate all the data needed by, for instance, the d-scan
method [14-16] in a single-shot configuration. Moreover,
the proposed method eliminates phase-matching re-
quirements due to the nonlinear optical medium charac-
teristics. Thus, laser pulse reconstruction can be per-
formed for a same set-up at different central wave-
lengths, while the laser pulse duration range extends
from few-cycle regimes to the hundreds of fs.

Brief Description of the Drawings

[0019] The previous and other advantages and fea-
tures will be more fully understood from the following de-
tailed description of embodiments, with reference to the
attached drawings, which must be considered in an illus-
trative and non-limiting manner, in which:

Fig. 1 is a schematic illustration showing the set-up
provided by the present invention to characterize ul-
trashort laser pulses;
Fig. 2 illustrates a measured wavelength - position
trace of a femtosecond laser pulse obtained using
an SBN nonlinear crystal, and the corresponding la-
ser pulse retrieval from a single-shot measurement.
Top: spectrum and spectral phase (left) and laser
pulse intensity in the time domain (right). Bottom:
measured (left) and retrieved (right) single-shot d-
scan traces; the term ’Insertion’ seen in the left axis
refers to the position within the nonlinear crystal
along the propagation direction (OX), which corre-
sponds a corresponding amount of applied disper-
sion to the input ultrashort laser pulse. Zero (0) in-
sertion is defined as the position within the nonlinear
crystal for which maximum laser pulse compression
is obtained.

Detailed description of several embodiments

[0020] Fig. 1 illustrates a preferred embodiment of the
proposed optical system which includes: means 110 for
introducing a controlled chirp (or spectral phase), that
can be negative or positive, to an inputted ultrashort laser
pulse 101 to be characterized/measured; a nonlinear op-
tical medium 120, with normal or anomalous dispersion,
through which said chirped ultrashort laser pulse is prop-
agated (in Ox direction), perpendicular to the optical axis
of the crystal, and generates a transverse nonlinear sig-
nal (TNS), such as a transverse second harmonic gen-
eration signal (TSHG), 125; a coupling module 127 that
couples the generated transverse nonlinear signal 125
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to an analyzing unit/means 130; the analyzing means
130, preferably comprising an imaging spectrometer;
and a processing module 140 comprising one or more
processors executing a numerical iterative algorithm
such as a d-scan algorithm [13-15].
[0021] In case the nonlinear optical medium 120 has
normal dispersion, the means 110, which introduces the
controlled chirp to the input ultrashort laser pulse to be
measured 101, comprises elements which introduce
anomalous dispersion such as chirped mirrors, prisms,
diffraction gratings, optical fibers, etc. Alternatively, in
case the nonlinear optical medium 120 has anomalous
dispersion, the means 110 comprises elements with nor-
mal dispersion such as bulk optical media, optical fibers,
etc.
[0022] Dispersion-scan (d-scan) [14-16] is a powerful
technique for the simultaneous measurement and com-
pression of femtosecond laser pulses. Laser pulse char-
acterization through d-scan is based on the fact that when
a pulse undergoes a nonlinear frequency conversion
process, such as second-harmonic generation, the re-
sulting spectral intensity has a well-defined dependence
on the input spectral phase. By measuring the spectrum
of the nonlinear signal for different input phases around
the point of maximum laser pulse compression, a two-
dimensional d-scan trace can be obtained which enables
the full retrieval of the spectral phase of the laser pulses
via a multiple steps iterative algorithm. The d-scan has
a totally inline and robust setup, without the need of any
beam-splitting or interferometric precision.
[0023] The d-scan algorithm allows retrieving the elec-
tric field of the ultrashort laser pulse 101 to be character-
ized by measuring the nonlinear signal spectrum as a
function of dispersion (measured d-scan trace) and sub-
sequently minimizing a defined error function. The itera-
tive algorithm of d-scan works essentially with two differ-
ent sets of input parameters: (a) either the iterative algo-
rithm has as input the measured d-scan trace and the
linear spectrum of the ultrashort laser pulse; or (b) the
iterative algorithm has as input the measured d-scan
trace. In the case (a) the algorithm finds the phase value
for each wavelength that minimizes the error function,
whereas in the case (b), finds the phase and linear spec-
trum for each wavelength that minimizes the error func-
tion. The error function is the RMS error between the
measured d-scan trace and the simulated d-scan trace,
obtained from the simulated phase and the linear spec-
trum (either measured or simulated). This simulated d-
scan trace is updated for every iteration step until the
error function is minimized. This error function can also
be written to be minimized for all wavelengths (global
error) or can be written to be minimized for each wave-
length (local error).
[0024] According to the preferred embodiment of Fig.
1, the ultrashort laser pulse 101 to be characterized, or
measured, is (negatively or positively) pre-chirped, in this
particular case by means of a pulse compressor 110, in
order to introduce a controlled negative dispersion there-

in, and then propagated through the nonlinear optical me-
dium 120.
[0025] According to this preferred embodiment, the
nonlinear optical medium 120 is a nonlinear crystal (e.g.
a SBN, a CBN, a SBO, among others) possessing an-
tiparallel ferroelectric domains with randomized sizes
and positions and inverted sign of the second order non-
linearity, which provide a phase-matched second har-
monic signal in a very wide spectral range (limited only
by the crystal transparency window). Because of this par-
ticular property of the nonlinear crystal, the transverse
nonlinear signal 125 is generated with the same efficien-
cy for all spectral frequencies of the ultrashort laser pulse
111 and does not require any angular alignment or tem-
perature tuning. This supposes a great advantage over
the typically used quadratic nonlinear crystals, where the
phase-matching condition strictly depends on the wave-
length, requires a very sensitive alignment and the use
of very thin crystals (with thickness in the few micron
range).
[0026] On the other hand, when the fundamental beam
propagates perpendicularly to the optical axis of the non-
linear crystal (Ox direction in fig.1), the second harmonic
signal is generated in a whole plane perpendicular to the
optical axis of the nonlinear crystal, including the direction
perpendicular to the ultrashort laser pulse propagation
direction (or transverse nonlinear signal 125) which is of
particular interest for this invention. In the same time, due
to the intrinsic dispersion of the nonlinear crystal, different
chirp values are introduced in the ultrashort laser pulse
111 (negatively or positively pre-chirped) while it propa-
gates along the nonlinear crystal. Therefore, the nonlin-
ear crystal generates the dispersion-dependent trans-
verse nonlinear signal 125, without the need of scanning
the dispersion by using glass wedges (or other dispersive
optical elements) as in the standard d-scan implementa-
tion.
[0027] Once the transverse nonlinear signal 125 is
generated along the nonlinear crystal, it is coupled trough
the coupling module 127 (e.g. an optical module) to the
analyzing means 130, preferably comprising as said be-
fore an imaging spectrometer that may further include an
imaging system such as a CCD or a CMOS camera
(among any other types of cameras). The analyzing
means 130 can record in a single spectral image the
transverse nonlinear signal 125 spectra as a function of
the propagation distance within the nonlinear crystal, giv-
ing the evolution of the second harmonic signal as a func-
tion of dispersion. By recording a single spectral image
of the transverse nonlinear signal 125, the method pro-
posed in this invention effectively obtains a single-shot
measurement of the second harmonic spectrum as a
function of dispersion. The single-shot 2D d-scan trace
obtained from this measurement, combined with an in-
dependently measured linear spectrum of the fundamen-
tal inputted ultrashort laser pulse 101, or alternatively us-
ing only the single-shot d-scan trace, contains all the in-
formation needed to fully reconstruct the amplitude and
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phase of the ultrashort laser pulse 101. This reconstruc-
tion is given by the processing module 140. Applying the
corresponding numerical algorithm the ultrashort laser
pulse 101 can be fully reconstructed in the time domain.
An example of pulse retrieval performed with this method
is shown in Fig. 2.
[0028] The proposed method with respect to the d-
scan or other pulse characterization methods modifies
the spectral phase (chirp) of the ultrashort laser pulse in
a controlled and well-known way only by the intrinsic dis-
persion of the nonlinear medium 120. In addition, the
generated transverse nonlinear signal 125 allows single-
shot measurement of the second harmonic spectrum as
a function of the propagation distance, hence applied
spectral phase, within the nonlinear medium 120. The
output trace given by the single-shot measurement is
similar to the one obtained in several steps with the stand-
ard d-scan method and hence contains all needed data
to reconstruct the spectral phase (and the electric field)
of the pulse with the iterative numerical algorithm.
[0029] The nonlinear medium 120 with high dispersion
allows reconstructing laser pulses with relatively narrow
spectra (e.g.: a spectral width of 10 nm FWHM at 800
nm, consistent with a pulse duration of 100 fs FWHM).
On the other hand, the broadband second harmonic gen-
eration signal allows the reconstruction of few-cycle laser
pulses or laser pulses centered at different wavelengths
(e.g. emitted from a nonlinear optical parametric device).
[0030] It has to be noted that even though in the present
description only the d-scan algorithm has been described
for performing the processing of all the generated data
(due to its robustness and simplicity with regard to other
characterization algorithms) to allow the characterization
of the laser pulse 101 in a single-shot configuration, other
processing algorithms (like for example the MIIPS algo-
rithm, or the recent Chirp Reversal Technique (CRT) by
Loriot, Gitzinger and Forget [17] can also be used by the
present invention.
[0031] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the protection. Indeed, the novel methods and
apparatuses described herein may be embodied in a va-
riety of other forms.
[0032] The accompanying claims and their equivalents
are intended to cover such forms or modifications as
would fall within the scope and spirit of the protection.
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Claims

1. An optical system for ultrashort laser pulse charac-
terization, comprising:

- means (110) for introducing a controlled chirp,
negative or positive, to an incoming ultrashort
laser pulse (101) to be characterized;
- a nonlinear optical medium (120), with normal
or anomalous dispersion, through which said
chirped ultrashort laser pulse (111) is propagat-
ed, said nonlinear optical medium having the
property of generating a nonlinear signal from
the ultrashort laser pulse (111) and emitting the
generated nonlinear signal transversally to the
propagation direction, wherein as a result of said
propagation:

o different chirp values are introduced by
the dispersion of the nonlinear optical me-
dium (120) itself in the ultrashort laser pulse
(111) at different propagation distances
along the nonlinear optical medium (120),
and
o a transverse nonlinear signal (125) is gen-
erated in a direction perpendicular to the
propagation axis from said ultrashort laser
pulse (111) having different chirp values in-
troduced by the corresponding propagation
distance within the nonlinear optical medi-
um (120);

- analyzing means (130) configured for record-
ing a single-shot spectral image of said gener-
ated transverse nonlinear signal (125); and
- a processing module (140) comprising one or
more processors configured for executing a nu-
merical iterative algorithm to said recorded sin-
gle-shot spectral image to retrieve the electric
field, amplitude and phase, of the ultrashort laser
pulse (101).

2. The optical system of claim 1, wherein said trans-
verse nonlinear signal (125) is a transverse second
harmonic generation signal, TSHG.

3. The optical system of previous claims, wherein the
nonlinear optical medium (120) comprises a nonlin-
ear crystal having a plurality of antiparallel ferroelec-

tric domains with inverted sign of the second order
nonlinearity and randomized sizes and positions.

4. The optical system of any of previous claims, where-
in the nonlinear optical medium (120) comprises at
least one of: Strontium-Barium Niobate, or SBN,
crystals, Calcium Barium Niobate, or CBN, crystals,
or Strontium Tetraborate, or SBO, crystals.

5. The optical system of claim 1 or 2, further comprising
a coupling module (127) arranged after the nonlinear
optical medium (120) and before the analyzing
means (130) configured to couple the generated
transverse nonlinear signal (125) to the entrance of
said analyzing means (130).

6. The optical system of claim 1 or 5, wherein the an-
alyzing means (130) includes at least an imaging
spectrometer.

7. The optical system of claim 6, wherein the imaging
spectrometer comprises an imaging system includ-
ing at least a CCD camera or a CMOS camera.

8. The optical system of claim 1, wherein said means
(110) comprises at least one of a chirped mirror, a
prism, a diffraction network, a material with anoma-
lous dispersion, or an optical fibre Bragg network.

9. The optical system of claim 1, wherein the means
(110) comprises at least normal dispersion material
wedges or diffraction gratings.

10. The optical system of claim 1, wherein the numerical
iterative algorithm at least comprises a dispersion-
scan, or d-scan, algorithm, a Multiphoton Intrapulse
Interference Phase Scan, or MIIPS, algorithm, or a
Chirp Reversal Technique, or a CRT.

11. A method for ultrashort laser pulse characterization,
comprising:

- introducing, by a means (110), a controlled
chirp, negative or positive, to an incoming ul-
trashort laser pulse (101) to be characterized;
- propagating the chirped ultrashort laser pulse
(111) through a nonlinear optical medium (120)
with normal or anomalous dispersion and having
the property of generating a nonlinear signal
from the ultrashort laser pulse (111) and emitting
the generated nonlinear signal transversally to
the propagation direction, wherein as a result of
said propagation, different chirp values are in-
troduced by the dispersion of the nonlinear op-
tical medium (120) itself in the ultrashort laser
pulse (111) at different propagation distances
along the nonlinear optical medium (120), and
a transverse nonlinear signal (125) is generated
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in a direction perpendicular to the propagation
axis from said ultrashort laser pulse (111) having
different chirp values introduced by the corre-
sponding propagation distance within the non-
linear optical medium (120);
- recording, by an analyzing means (130), a sin-
gle-shot spectral image of said transverse non-
linear signal (125) generated; and
- executing, by a processing module (140) com-
prising one or more processors, a numerical it-
erative algorithm, to said recorded single-shot
spectral image to retrieve the electric field, am-
plitude and phase, of the ultrashort laser pulse
(101).

12. The method of claim 11, comprising coupling, by a
coupling module (127), before said recording step,
the generated transverse nonlinear signal (125),
preferably being a transverse second harmonic gen-
eration signal, TSHG, to the entrance of said ana-
lyzing means (130).

13. The method of any of previous claims 11 or 12,
wherein the nonlinear optical medium (120) compris-
es a nonlinear crystal having a plurality of antiparallel
ferroelectric domains with inverted sign of the sec-
ond order nonlinearity and randomized sizes and po-
sitions.

14. The method of any of previous claims 11 to 13,
wherein the single-shot image of the generated
transverse nonlinear signal (125), preferably being
a transverse second harmonic generation signal,
TSHG, is recorded by an imaging spectrometer in-
cluded in the analyzing means (130).

15. The method of any of previous claims 11 to 14,
wherein the numerical iterative algorithm at least
comprises a dispersion-scan, or d-scan, algorithm,
a Multiphoton Intrapulse Interference Phase Scan,
or MIIPS, algorithm or a Chirp Reversal Technique,
or CRT.
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