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We present a new global model of collinear autocorrelation based on second harmonic generation nonlinearity. The
model is rigorously derived from the nonlinear coupled wave equation specific to the autocorrelation measurement con-
figuration, without requiring a specific form of the incident pulse function. A rigorous solution of the nonlinear coupled
wave equation is obtained in the time domain and expressed in a general analytical form. The global model fully accounts
for the nonlinear interaction and propagation effects within nonlinear crystals, which are not captured by the classical local
model. To assess the performance of the global model compared to the classic local model, we investigate the autocorrela-
tion signals obtained from both models for different incident pulse waveforms and different full-widthes at half-maximum
(FWHMs). When the incident pulse waveform is Lorentzian with an FWHM of 200 fs, the global model predicts an auto-
correlation signal FWHM of 399.9 fs, while the classic local model predicts an FWHM of 331.4 fs. The difference between
the two models is 68.6 fs, corresponding to an error of 17.2%. Similarly, for a sech-type incident pulse with an FWHM of
200 fs, the global model predicts an autocorrelation signal FWHM of 343.9 fs, while the local model predicts an FWHM
of 308.8 fs. The difference between the two models is 35.1 fs, with an error of 10.2%. We further examine the behavior of
the models for Lorentzian pulses with FWHMs of 100 fs, 200 fs and 500 fs. The differences between the global and local
models are 17.1 fs, 68.6 fs and 86.0 fs, respectively, with errors approximately around 17%. These comparative analyses
clearly demonstrate the superior accuracy of the global model in intensity autocorrelation modeling.

Keywords: intensity autocorrelation, global model, ultrashort pulses, pulse-width measurement
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1. Introduction

The field of ultrafast optics has witnessed remarkable ad-
vancements over the past half century, spanning the nanosec-
ond (ns), picosecond (ps), femtosecond (fs) and attosecond
(as) time scales.[1–3] The introduction of chirped pulse ampli-
fication (CPA) by Mourou et al. in the 1980s revolutionized
ultrafast, high-intensity lasers,[4,5] enabling tera-Watt (TW,
1012 W) power outputs without damaging optical elements.[6]

Amplified ultrafast lasers have since become indispensable
tools for studying ultrafast phenomena and finding applica-
tions in various scientific and industrial domains, including
microscopy,[7] spectroscopy[8,9] and high-precision material
processing.[10,11] Since the temporal resolution requirements
in ultrafast research surpass the capabilities of traditional
photodetectors and oscilloscopes, the development of accu-
rate measurement methods for ultrafast pulses becomes cru-
cial. Over the years, numerous techniques for ultrafast laser
pulse characterization have been proposed,[12–17] each offer-
ing distinct features suitable for specific conditions. Among
these techniques, intensity autocorrelation[18,19] stands out as
a widely used tool for its simplicity in experimental implemen-
tation, providing a measurement of the pulse duration without
requiring phase information. In the 1990s, frequency-resolved
optical gating (FROG)[12,13] and spectral phase interferometry

for direct electric-field reconstruction (SPIDER)[14,15] were
introduced as leading techniques for full pulse characteriza-
tion, enabling the reconstruction of both the pulse amplitude
and phase. However, these methods have not been rigorously
derived from fundamental optical physics, in particular, non-
linear optics theory. Traditionally, the autocorrelation signal
has been expressed as the cross-correlation of two pulse repli-
cas, neglecting the effects of pulse propagation through the
nonlinear crystal medium.[20,21] This approach, referred to as
the local model, oversimplifies the pulse dynamics. In this
study, we present a new global model for intensity autocor-
relation that is rigorously derived from the fundamental op-
tical wave transport equation and incorporates nonlinear op-
tics theory. Our global model takes into account the nonlinear
optical effects of the medium, providing a more comprehen-
sive and accurate description of the autocorrelation process.
We demonstrate the advantages of our model by comparing it
with the traditional local model, highlighting its ability to ac-
curately predict and explain nonlinear optical phenomena. By
incorporating the nonlinear theory into the intensity autocor-
relation modeling, our approach enhances the understanding
and characterization of ultrafast laser pulses, paving the way
for improved pulse optimization and control in a wide range
of laser science and technology applications.
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2. Theory
The experimental setup for the intensity autocorrelator,

widely adopted in the optics community, is depicted in Fig. 1.
The pulse to be measured is split into a probe pulse and a
replica using a beam splitter. The probe pulse is directly fo-
cused onto a second harmonic generation (SHG) beta barium
borate (BBO) crystal thin plate. The replica pulse, on the other
hand, is directed through a translation stage before being fo-
cused onto the crystal. By adjusting the time delay using the
translation stage, the optical path of the replica pulse can be
varied, resulting in different degrees of overlap between the
two pulses at the BBO SHG crystal. Figure 2 schematically il-
lustrates three different scenarios of pulse overlap as the probe
and replica pulses propagate within the nonlinear crystal, gen-
erating an SHG signal pulse that grows and propagates along-
side the fundamental wave (FW) pulses. This physical repre-
sentation forms the foundation for the global model that will
be extensively discussed in this study. The replica pulse serves
as the gating pulse, scanning through the probe pulse as the
time delay is changed. The z-axis, as illustrated in Fig. 1, cor-
responds to the direction of propagation within the experimen-
tal setup. The autocorrelator configuration is carefully chosen
to ensure phase matching conditions are met, allowing sig-
nificant SHG (or more accurately, degenerate sum-frequency
generation, SFG) only when the two pulses overlap and phase
matching is satisfied. As depicted in Fig. 2, no SHG signal
is generated when the two incident pulses initially enter the
crystal. As the pulses propagate through the crystal, the SHG
pulse gradually emerges and intensifies.
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Fig. 1. Schematic diagram of the collinear autocorrelation.

We present the commonly used autocorrelation model
and our new global model, including the theoretical deriva-
tions and calculation results to compare the differences. Be-
fore going into the details, it is worthwhile to present a simple
picture of the autocorrelation measurement illustrated above.
Note that this device works by correlating the SHG signal in-
duced by the two pulses nonlinearly interacting with the BBO
plate with delay τ of the gate pulse relative to the probe pulse.
Then, in principle, it is necessary to accurately examine the
pulse-pulse linear transport and nonlinear interaction detail

and their contribution to the output SHG signal intensity. Pre-
vious works simply expressed the autocorrelation intensity as
a cross-correlation

Iauto(τ) ∝

+∞∫
−∞

I(t)I(t− τ)dt. (1)

Here, I(t) is the intensity of the incident light pulse. Note that
Eq. (1) is only a qualitative relation for determining the pulse
width. However, this equation does not fully account for the
nonlinear wave transport and interaction effects that occur dur-
ing the second-order nonlinear process. It assumes that SHG
signal generated in each position of BBO plate will simply add
up algebraically without considering its phase retardation ef-
fect. Obviously, this is a local model of autocorrelation, which
is subject to some certain approximation.

E1↼t↽ E2↼t↩τ↽

ENL↼↪τ↽ ENL↼t/↪τ↽ ENL↼t↪τ↽

BBO crystal length

Fig. 2. Propagation of incident pulses and autocorrelation signal in the
BBO crystal. The red pulses indicate two incident pulses and the blue
pulse indicates the SHG pulse. The SHG pulse is gradually enhanced
along the propagation distance inside the crystal.

In order to obtain a rigorous solution, we need to fully
consider the local SHG signals excited across the whole BBO
plate and their transport phase delay effect upon the geometric
summation to create the final output SHG signal. This global
model of autocorrelation starts from the nonlinear Maxwell’s
equation and the consequent wave equation that describe the
wave propagation and the corresponding SHG process in the
nonlinear medium:

∇
2𝐸(𝑟, t) = µ0ε0ε

∂ 2𝐸(𝑟, t)
∂ t2 +µ0

∂ 2𝑃 (𝑟, t)
∂ t2 , (2)

where µ0 is the magnetic permeability of free space, ε0 is the
electric permittivity of free space and ε is the material permit-
tivity. 𝐸(𝑟, t) can denote either the electric field of the inci-
dent pulse or the SHG signal pulse. The polarization 𝑃 (𝑟, t)
consists of the linear and nonlinear polarizations

𝑃 (𝑟, t) = 𝑃 (1)(𝑟, t)+𝑃
(2)
NL (𝑟, t)+ · · · . (3)

In the time domain, the linear polarization is expressed as such
a convolution

𝑃 (1)(𝑟, t) = ε0

+∞∫
−∞

χ
(1)(𝑟, t− t ′)𝐸(𝑟, t ′)dt ′. (4)
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However, for autocorrelation measurements in the picosecond
and femtosecond regimes, the response time of the BBO crys-
tal is much smaller than the pulse duration. Hence, it is rea-
sonable to approximate the linear polarization, where the ef-
fective susceptibility χeff is directly multiplied by the electric
field 𝐸(𝑟, t)

𝑃 (1)(𝑟, t) = ε0χeff𝐸(𝑟, t). (5)

So, the linear and nonlinear polarizations are

𝑃
(1)
1 (𝑟, t) = ε0χeff𝐸1(𝑟, t), (6)

𝑃
(1)
2 (𝑟, t) = ε0χeff𝐸2(𝑟, t), (7)

𝑃
(2)
NL (𝑟, t) = 2ε0χ

(2)
eff 𝐸1(𝑟, t)𝐸2(𝑟, t). (8)

In the case of collinear SHG autocorrelation, where the probe
pulse E1 and the gate pulse E2 propagate within the nonlinear
crystal plate and undergo second-order nonlinear interaction,
the slowly varying envelope approximation (SVEA) is applied
to solve the nonlinear interaction. The SVEA allows the pulse
electric fields to be expressed as the product of a slowly vary-
ing envelope function and a fast-oscillating sine carrier wave
function, except for pulses as short as a few optical cycles.
Hence, 𝐸1 and 𝐸2 are written as

𝐸1(𝑟, t) =𝐸env,1(𝑟, t)𝐸car,1(𝑟, t), (9)

𝐸2(𝑟, t) =𝐸env,2(𝑟, t− τ)𝐸car,2(𝑟, t). (10)

Figures 1 and 2 illustrate the propagation of the two pulses
along the z-axis. The incident pulse carrier wave is assumed
to be monochromatic, with a frequency of ω and a wavenum-
ber of k. The electric fields 𝐸1 and 𝐸2 can be expressed in the
scalar form as

E1(𝑟, t) = Eenv,1(z, t)Ecar,1(z, t)

= Eenv,1(z, t)exp(−iω0t + ik0z), (11)

E2(𝑟, t) = Eenv,2(z, t− τ)Ecar,2(z, t)

= Eenv,2(z, t− τ)exp(−iω0t + ik0z). (12)

During the autocorrelation process, the resulting SHG pulse
electric field ENL is much weaker than the incident pulse, al-
lowing for the use of the undepleted pump approximation. Ac-
cording to this approximation, the electric field of the pump
wave is assumed to be constant over the propagation distance
and the duration of the interaction. In scalar form we find

ENL(𝑟, t) = Eenv,NL(𝑟, t)Ecar,NL(𝑟, t)

= Eenv,NL(z, t)exp(−i2ω0t + ikNLz). (13)

Since ENL represents the sum frequency generation (SFG) of
two incident pulses, its frequency is 2ω0 and wavenumber is
kNL. Under the perfect matching condition, as in a usual auto-
correlator instrument, we have kNL = 2k0. Then,

ENL(𝑟, t) = Eenv,NL(z, t)exp(−i2ω0t + i2k0z). (14)

The induced second-order polarization becomes

P(2)
NL (𝑟, t) = 2ε0χ

(2)
eff exp(−i2ω0t +2ik0z)

×Eenv,1(z, t)Eenv,2(z, t− τ). (15)

By assuming the validity of the SVEA, the higher-order
derivatives can be neglected compared to the first-order deriva-
tives, resulting in∣∣∣∣∂ 2ENL(𝑟, t)

∂ t2

∣∣∣∣� ∣∣∣∣ω ∂ENL(𝑟, t)
∂ t

∣∣∣∣,∣∣∣∣∂ 2ENL(𝑟, t)
∂ z2

∣∣∣∣� ∣∣∣∣k ∂ENL(𝑟, t)
∂ z

∣∣∣∣. (16)

Moreover, it is assumed that the nonlinear crystals used in au-
tocorrelators are very thin and achieve perfect phase matching.
Under these assumptions, Eq. (2) can be simplified as

4ikz
∂Eenv,NL(z, t)

∂ z
+

4iω0ε

c2
∂Eenv,NL(z, t)

∂ t

= −8ε0µ0ω
2
0 χ

(2)
eff Eenv,1(z, t)Eenv,2(z, t), (17)

where ω0 = ck0, v = c/n, ε0µ0 = 1/c2. n is the refractive in-
dex for the probe pulse. To further simplify the equation, the
spatial coordinate is transformed to be centered on the pulse.
The new coordinates, z′ and t ′, are defined as z′ = z− vt and
t ′ = t. Therefore, the derivatives in the new coordinate are

∂Eenv,NL

∂ z
=

∂Eenv,NL

∂ z′
,

∂Eenv,NL

∂ t
=−v

∂Eenv,NL

∂ z′
+

∂Eenv,NL

∂ t ′
.

(18)

Replace them into Eq. (17) and we find

∂Eenv,NL (z′, t ′)
∂ t ′

= (2ik0vχ
(2)
eff /n)Eenv,1

(
z′, t ′

)
Eenv,2

(
z′, t ′− τ

)
. (19)

Therefore, the SHG pulse can be described by

Eenv,NL (t,τ)

=
2ik0vχ

(2)
eff

n

t∫
−∞

Eenv,1
(
z′, t ′

)
Eenv,2

(
z′, t ′− τ

)
dt ′. (20)

It is important to note that the above equation integrates over
t ′. The upper limit of the integral is t instead of infinity, as it
accounts for the finite thickness of the BBO crystal used in this
study, which is set at 50 µm. Consequently, the SHG pulse de-
pends on both the temporal variable t and the delay τ . For each
specific delay, we extract the maximum value from the signal-
time curve. As a result, the variable t becomes irrelevant, and
only the variable τ remains, representing the autocorrelation
signal Eenv,NL(τ). Until now, we have discussed the electric
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field of the autocorrelation signal. The corresponding inten-
sity can be calculated using

INL (τ) =
1
2

ε0cn2ω0 |Eenv,NL(τ)|2. (21)

This equation represents a general form, where the incident
pulse Eenv,1(z′, t ′) can take on any shape or waveform. Equa-
tion (20) always indicates that the autocorrelation signal arises
from the contribution of autocorrelation pulses up to the time
t at the right end of the nonlinear crystal.

We assume three different waveforms for the incident
pulse: Lorentzian, sech, and Gaussian. The corresponding
incident electric field can be expressed as follows. For the
Lorentzian pulse E1(t) = E0/(1+ δ 2t2). For the sech pulse
E1(t) = sech(t/δ ) = E0

2
et/δ−e−t/δ

. For the Gaussian pulse

E1(t) = E0 e−2t2/δ 2
. Here, t is the temporal variable, and δ is

the pulse width parameter, which is adjusted to different inci-
dent pulse widths. The intensity I(t) is defined by Eq. (21). In
this study, we consider incident pulse widths of 100 fs, 200 fs
and 500 fs as examples, with a single pulse energy on the order
of tens of micro-Joules, which can be calculated by

∫
I(t)dt.

For the SHG process, the incident wavelength is set at 800 nm,
resulting in a generated autocorrelation signal wavelength of
400 nm.

Once the properties of the incident pulse have been de-
termined, the subsequent step involves calculating the auto-
correlation signal in both models. This calculation primarily
relies on Eqs. (1) and (20). It is worth noting that Eq. (1)
is expressed as a positive correlation rather than an equation,
which is a common representation of intensity autocorrelation
signals in previous studies. Due to the undepleted pump ap-
proximation employed in the intensity autocorrelation case,
the absolute value of the signal typically does not have a sig-
nificant impact, leading to the omission of several coefficients.
Therefore, expressing the positive correlation is a more rigor-
ous approach than presenting it as an equation. Similarly, in
our study, the signals in both models are normalized to ensure
consistency. In the specific calculation process, we employ
480 discretized time units to describe the incident pulse. Each
step covers a different time span based on the specific incident
pulse width, ensuring a comprehensive depiction of the inci-
dent pulse. For the time delay, we utilize 320 discretized τ

values in the numerical calculation. Similarly, the step size for
τ is not constant but depends on the incident pulse width, en-
abling a complete representation of the signal trend. At each
delay, the SHG signal is integrated over time, yielding a power
value. This power-delay curve represents the autocorrelation
signal of interest.

3. Results and discussion
To comprehensively evaluate the global model in com-

parison to the local model, we apply incident pulses with dif-

ferent waveforms and pulse widths to both models. Initially,
we consider three commonly used waveforms in experiments:
Lorentzian, sech, and Gaussian. Subsequently, we explore the
influence of pulse width by employing incident pulses of the
same waveform but with different pulse widths. Specifically,
we utilize Lorentzian waveforms with pulse widths of 100 fs,
200 fs and 500 fs in this study. It is important to note that
the calculation process in the local model is based on inten-
sity, while in the global model, it is based on the electric field.
When comparing the results of the two models, all outcomes
are converted into intensities for consistency.
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Fig. 3. Numerical calculations when the incident pulse is Lorentzian. (a) The
incident pulse with 200.0 fs FWHM. (b) The electric field of the SHG pulse
versus time when delay τ is zero. (c) The electric field of the autocorrelation
signal versus delay. (d) The normalized intensity of the autocorrelation signal
versus delay. The blue curve denotes the autocorrelation signal in the global
model and the red curve denotes that in the local model.

We begin by examining the case of a Lorentzian incident
pulse with an FWHM of 200 fs. Autocorrelation signals are
calculated for both models, and the results are presented in
Fig. 3. To facilitate a direct comparison of the autocorrelation
signal FWHMs obtained from the two models, a normaliza-
tion process is performed on both signals. The autocorrelation
signal obtained from the global model is represented by the
blue curve, while the red curve corresponds to the local model.
As observed in the figure, a notable difference exists between
the two curves. The autocorrelation signal FWHM obtained
using the global model is found to be 399.9 fs, whereas the
local model yields a value of 331.4 fs. There is a difference of
68.6 fs in the FWHM results between the two models, with
an associated error of 17.2%. The significant difference in
the autocorrelation signal FWHMs between the two models
indicates that the global model captures additional complexi-
ties that are missed by the local model. The broader FWHM
obtained from the global model suggests the presence of non-
linear wave transport and interaction effects, which the local
model fails to account for adequately. In the local model,
the autocorrelation signal is derived from a simple algebraic
summation of signals generated at each point within the BBO
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plate. However, it is important to recognize that the nonlinear
interaction occurring within the crystal is considerably more
intricate. The signals generated at different positions within
the plate contain distinct phase information, leading to ampli-
fication (constructive interference of wave) or cancelation (de-
structive interference of wave) depending on the phase char-
acteristics. The final SHG signal is the result of a geometric
summation that takes into account these phase-dependent in-
teractions. The global model comprehensively captures the
intrinsic properties of the SHG interaction, accounting for the
phase-dependent amplification or cancelation of signals across
the entire BBO plate. These additional factors contribute to the
broadening of the autocorrelation signal compared to the local
model. Therefore, the global model provides a more accurate
representation and description of the autocorrelation process,
offering valuable insight into the underlying dynamics.

Next, we investigate the performance of the global and
local models using an incident sech pulse with an FWHM of
200 fs. The calculation process follows a similar approach to
the Lorentzian case, and only the incident pulse and the cor-
responding autocorrelation signal are presented in Fig. 4. As
shown in the figure, the FWHM of the autocorrelation signal
calculated by the global model is 343.9 fs and that calculated
by the local model is 308.8 fs. This results in a difference of
35.1 fs in the FWHM between the two models, with an associ-
ated error of 10.2%. Once again, the superiority of the global
model in accurately describing the pulse dynamics is evident.
By considering the nonlinear effects and incorporating the ap-
propriate mathematical framework, the global model provides
a more accurate representation and description of the autocor-
relation signal, overcoming the limitations of the local model.
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Fig. 4. Numerical calculations when the incident pulse is sech type. (a) The
incident pulse with 200 fs FWHM. (b) The normalized intensity of the au-
tocorrelation signal versus delay. The blue curve denotes the autocorrelation
signal in the global model and the red curve denotes that in the local model.

In contrast to the Lorentzian and sech pulses, both the
global and local models yield identical values for the auto-
correlation signal FWHM when considering a Gaussian in-
cident pulse with an FWHM of 200 fs. The autocorrelation
signals obtained from both models exhibit an FWHM value
of 282.8 fs. This intriguing observation can be attributed to
the mathematical properties of the Gaussian function. Upon
examining the equations derived from the global and local
models, it becomes apparent that the difference between the

two equations primarily lies in the order of squares and in-
tegrals. However, when substituting the Gaussian pulse into
these equations, the order of squares and integrals has no ef-
fect due to the unique characteristics of the Gaussian function.
Consequently, both models yield the same FWHM value for
the autocorrelation signal. Nevertheless, this particularity is
not present when considering incident pulses of other types,
such as Lorentzian and sech. It is worth noting that the global
and local models produce different results for Lorentzian and
sech pulses, but yield the same results for a Gaussian pulse.
Therefore, the discrepancy in FWHM between the two mod-
els depends on the waveform and width of the incident pulse.
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Fig. 5. Numerical calculations when the incident pulse is Gaussian. (a) The
incident with 200 fs FWHM. (b) The normalized intensity of the autocorre-
lation signal versus delay. The blue curve denotes the autocorrelation signal
in the global model and the red curve denotes that in the local model.

To further assess the robustness of the global model, we
investigate scenarios involving incident pulses with different
FWHMs. In addition to the previously discussed case of
a 200 fs incident pulse, we introduce two more cases with
Lorentzian incident pulses of 100 fs and 500 fs FWHMs. The
results are presented in Fig. 6. It is evident that the red and
blue curves do not overlap in either case, indicating a notice-
able difference between the autocorrelation signals obtained
from the global and local models. When the incident pulse has
an FWHM of 100 fs, the global model calculates an autocor-
relation signal FWHM of 99.9 fs, while the local model yields
a value of 82.7 fs. This results in a difference of 17.1 fs in
the FWHM between the two models, with an associated error
of 17.1%. Similarly, for the incident pulse with an FWHM of
500 fs, the global model calculates an autocorrelation signal
FWHM of 499.8 fs, whereas the local model yields a value of
413.9 fs. The difference in FWHM between the two models is
86.0 fs, with an error of 17.2%. In all three cases, significant
discrepancies are observed between the autocorrelation signals
obtained from the global and local models, and the error re-
mains consistently around 17%. This consistency arises due
to certain assumptions made by the global model, particularly
the assumption of perfect phase matching. It is well known
that phase mismatch can introduce various complications in
the nonlinear process and lead to distorted signals. However,
phase-related issues are typically not considered in intensity
autocorrelation analysis, as it is a simplified method. As a re-
sult, neither the local nor the global model addresses complex
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phase problems. This explains why the error remains roughly
the same when the incident pulse waveform is the same.
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Fig. 6. Normalized autocorrelation signals of two models when the incident
pulse is Lorentzian with different FWHMs. The blue curve denotes the au-
tocorrelation signal in the global model and the red curve denotes that in the
local model. (a) The autocorrelation signals when the incident pulse is 100 fs.
(b) The autocorrelation signals when the incident pulse is 500 fs.

4. Conclusion
In summary, we have introduced a global model for in-

tensity autocorrelation, providing a theoretical framework to
accurately determine laser pulse duration. Through a compar-
ative analysis with the traditional local model, we have demon-
strated the superior accuracy and comprehensive nature of the
global model. The global model, derived from the Maxwell
equation within the framework of nonlinear theory, offers a
more robust description of pulse dynamics and the resulting
autocorrelation signal characteristics.

Our investigation has encompassed incident pulses with
different waveforms and pulse widths. For incident pulses
with a width of 200.0 fs, we have observed notable differ-
ences between the global and local models. In the case of a
Lorentzian incident pulse, the global model calculated an au-
tocorrelation signal FWHM of 399.9 fs, while the local model
yielded a value of 331.4 fs. This results in a difference of
68.6 fs and an error of 17.2%. Similarly, for a sech inci-
dent pulse, the global model produces an autocorrelation sig-
nal FWHM of 343.9 fs, while the local model obtains a value
of 308.8 fs. The difference between the two models is 35.1 fs
with an error of 10.2%. Notably, for a Gaussian incident pulse,
both models yield identical autocorrelation signals, which can
be attributed to the mathematical properties of the Gaussian
function.

Furthermore, we have explored the impact of pulse width
factors by considering Lorentzian incident pulses with widths
of 100 fs and 500 fs. In the case of a 100 fs incident pulse, the
global model predicts an autocorrelation FWHM of 99.9 fs,
while the local model yields a value of 82.7 fs. This results in
a difference of 17.1 fs with an error of 17.1%. Similarly, for
a 500 fs incident pulse, the global model produces an autocor-
relation FWHM of 499.8 fs, whereas the local model obtains
a value of 413.9 fs. The difference between the two models is
86.0 fs with an error of 17.2%. Collectively, these results high-

light that regardless of the incident pulse width, the global and
local models yield different autocorrelation signals.

Through comparison of the autocorrelation signal
FWHMs obtained from both models, significant differences
are observed, indicating the limitations of the local model in
capturing the nonlinear effects that contribute to pulse broad-
ening. The global model has consistently demonstrated su-
perior accuracy across various waveforms and pulse dura-
tions. Overall, the global model for intensity autocorrelation
presents a significant advancement in accurately describing
and predicting autocorrelation signal characteristics, enabling
researchers to better characterize and optimize ultrafast laser
pulses in various applications.
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