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Abstract
Artifacts due to nonlinear optical processes like ”Cross Phase Modulation (XPM)”, ”Stimulated Raman Amplification 
(SRA)”, and ”Two-Photon Absorption (TPA)” etc., have a detrimental effect on Transient Absorption Spectroscopy (TAS). In 
this study, we investigate the transient response of distilled water to explore the nature of SRA artifacts. The supercontinuum 
probe, generated in a sapphire crystal pumped by 808 nm, 50 fs laser pulse, is approximated as a linearly chirped Gaussian 
with a chirp parameter of 36. The chirp in the probe affects the TAS data, because the different spectral components of the 
probe arrive at different times, even at zero delay. The process of eliminating the effect of this chirp on the TAS data is suc-
cessfully implemented. The method presented here will be useful to correct the dynamics of several processes of light-matter 
interactions such as coherence phenomena, electron–electron scattering and electron–phonon scattering. We successfully 
eliminated the SRA artifact from the TA dynamics of silver nanoparticles dispersed in water. Also, the imaginary part of the 
third-order nonlinear susceptibility (� (3)

Im
) of water is extracted to be 2.088 × 10

−23 m2∕V2 , using the SRA artifacts.

1  Introduction

Transient Absorption Spectroscopy (TAS) is a great tool for 
probing various ultrafast processes such as electron–hole [1, 
2], exciton [3, 4], phonon [5], and chemical reaction [6, 7] 
dynamics in the femtosecond regime. This is a pump-probe 
technique, where the sample is excited by an intense, rela-
tively narrow band pump pulse, and a weaker, broadband 
probe pulse measures the transition probabilities of the mate-
rial. The absorption of the pump introduces a population in 
the higher energy states of the material, and the delayed 
weak probe tests the transition probability. A mechanical 
stage controls the pump-probe delay, and the probe spectrum 
is detected at each time step.

The signal in TAS is recorded in units of ΔOD (optical 
density), which is defined as the differential absorption of 

the probe passing through the material in the presence and 
absence of the pump pulse, [8]

where A(�, �) is the absorbance of the probe pulse at a delay 
� between the pump and probe. The absorbance is defined 
in terms of the reflectance (R) and transmittance (T) as:-

For our current study, the reflectance is negligible, and trans-
mittance is given by It

I0
 . Therefore, the absorbance in terms 

of input ( I0 ) and transmitted ( It ) intensity is:-

Different processes in the sample give rise to different types 
of transient absorption signals. Depending on the sign of 
ΔOD signal, it can be determined whether the probe experi-
ences either increased or decreased absorption inside the 
material in the presence of the pump. For example, if a 
certain spectral component of the probe experiences more 
absorption in the presence of the pump, it will result in a 
positive ΔOD and vice-versa.

(1)

ΔOD(�, �) = Awith−pump(�, �) − Ano−pump(�) = log
I
probe
no−pump(�)

I
probe

with−pump

(2)A = − log (R + T)

(3)A = − log
It

I0
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In TAS, it is desirable that the substrate or solvent pro-
duce no transient absorption signal and the obtained data 
will solely characterize the sample of interest. Therefore, 
the substrate should ideally be transparent to the pump 
wavelength. However, in practice, even if such a substrate 
is chosen, there are still some unwanted signals when 
the pump and probe pulses temporally overlap inside the 
material. The pump pulse width used for excitation of the 
sample is typically approximately 100 fs . This results in a 
very high peak power of around 10 GW/cm2 on the sample. 
The pump spot size is typically around a millimetre, which 
makes the peak intensity very high. Laser pulses of such 
high intensity easily induce nonlinear optical phenomena 
inside the material. Being instantaneous in nature, elec-
tronic nonlinear optical phenomena manifest as generally 
unwanted signals at the time of overlap of the pulses inside 
the material. These short-lived unwanted signals are called 
coherent artifacts. [9]

The major sources of coherent artifacts are nonlinear 
processes such as “Cross Phase Modulation (XPM)”, 
“Two-Photon Absorption (TPA)”, “Stimulated Raman 
Amplification (SRA)”, etc. [10–12] In each of these pro-
cesses, the probe pulse spectrum gets modified due to the 
presence of the intense pump. Moreover, if the probing 
white light continuum contains a frequency chirp, the tran-
sient absorption measurement will have a signature of that. 
The chirp in the probe will cause an incorrect estimation 
of the temporal scale involved in the process being stud-
ied. Therefore, it is crucial to adjust the raw TA signal to 
eliminate the time offset introduced by the chirp.

In Sect. 2, we provide a brief theoretical description of 
Cross Phase Modulation and Stimulated Raman Ampli-
fication. Most of the past works on artifacts focus on 
Cross Phase Modulation [10, 12, 13], as it is observed 
in almost all systems. This manuscript, mainly focuses 
on the Stimulated Raman Amplification artifacts. Our 
experimental setup is described in detail in Sect. 3, and 
our results and discussions are presented in Sect. 4. The 
appearance of Stimulated Raman Amplification artifacts 
depends on factors such as the probe spectrum and the 
material being studied. For the current setup, distilled 
water, a readily available solvent that produces Raman 
artifacts is used. Additionally, water is used as a solvent 
for various of samples in TAS measurements, making this 
study valuable. We present a detailed discussion of the 
Raman artifacts observed in water in Sect. 4.2. Finally, 
we also demonstrate a process to calculate the imaginary 
part of the third-order susceptibility � (3)

Im
 from the Raman 

signal. The detailed procedure for eliminating the effect 
of chirping on the measurement is discussed. Inference on 
the effect of SRA artifacts on TAS data and its mitigation 
is discussed in Sect. 5.

2 � Theoretical background

2.1 � Cross Phase Modulation (XPM)

Cross Phase Modulation is a third-order nonlinear optical pro-
cess in which a material’s refractive index modulates due to an 
intense pump pulse. When the probe overlaps with the pump 
inside the medium, the probe sees this modulated refractive 
index, which in turn causes modulation in its phase. The time 
derivative of the phase gives the instantaneous frequency of 
a pulse. Therefore, a modulation in the phase results in some 
alteration of the spectrum of the pulse. In XPM there is no net 
transfer of energy between the pump and the probe pulse. The 
intensity of different spectral components of the probe gets 
shuffled in presence of the pump. Therefore, the amplification 
of a certain frequency of the probe will result in the deple-
tion of some other frequency. Since the probe pulse is very 
weak, the effect of Self Phase Modulation is neglected. Let 
us assume transform-limited Gaussian pump and probe pulse 
envelops. [14]

where,

where � is the pulse width, t0 is the initial time delay, � and 
� are the corresponding phases of the envelopes assumed to 
be zero at z = 0.

The refractive index of the material gets modulated depend-
ing on the pump pulse intensity as,

where n0(�) is the low-intensity refractive index. And the 
nonlinear refractive index, n2(�) is given by,

The propagation of the pulses inside the medium is gov-
erned by the following coupled differential equations [14],

(4)
Apump(z, t) = a(z, t)ei�(z,t)

Aprobe(z, t) = b(z, t)ei�(z,t)

(5)
a(0, t) = a0e

−

(
t−t0

�pump

)2

b(0, t) = b0e
−

(
t

�probe

)2

(6)n(z, t,�) = n0(�) +
n2(�)

2

|||
Apump(z, t)

|||

2

(7)n2(�) =
3

8n0(�)
� (3)

(8)
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where � is the absorption coefficient.
By solving the above equations numerically and taking 

Fourier transform, the spectrum of the probe pulse can be 
obtained. The XPM signal observed in an empty quartz 
cuvette of thickness 2 mm (outside thickness, with 1 mm 
space in between) is shown in Figs. 1 and 2. The signal 
has two negative wings and a positive peak in the centre 
(Fig. 1) when the probe contains a chirp. The signal resem-
bles a dispersion curve (Fig. 2) when the chirp in the probe 

(9)

��

�z
+

1

vpump

��

�t
=

n2�pumpa
2

c

��

�z
+

1

vprobe

��

�t
=

2n2�probea
2

c

is negligible. More about the signal structure and its depend-
ency on different parameters is discussed by Ekvall et al. 
[10]

2.2 � Stimulated Raman Amplification (SRA)

Another third-order nonlinear optical phenomenon in which 
the scattered light has a frequency different than the input 
is Stimulated Raman Scattering. The difference between 
the frequency of the input and the scattered light is equal 
to the molecular vibrational frequency of the material. 
Scattered light with a lower frequency than of the pump 
is called Stokes, whereas light with a higher frequency is 
called anti-Stokes.

An SRA signal can be observed during TAS measurement 
if the probe contains certain material-specific wavelengths 
close to the pump wavelength. This can cause a change in 
the optical density for certain material-specific wavelengths. 
The duration of the signal is approximately the pump-probe 
cross-correlation time due to the instantaneous nature of 
the Raman Scattering process. Raman amplification is a 
third-order nonlinear process that couples the pump, and 
the probe, through interaction with the material. SRA signal 
is generated when the pump photon and the Stokes photon, 
overlap inside the medium. If the difference in energy of 
the two photons is equal to the molecular vibrational energy 
of the particular material, a stimulated emission of a third 
photon occurs at the Stokes frequency. In transient absorp-
tion processes, the pump photon frequency is fixed, and the 
Stokes photon comes from a component of the white light 
probe.

In Raman Scattering, the pump pulse takes the material 
to a virtual state. If the probe contains the Stokes frequency, 
the emission of a Stokes photon will be stimulated, and the 
Stokes frequency component of the probe will be amplified. 
This will result in a negative ΔOD signal. The anti-Stokes 
photons are generated when the molecule is already in an 
excited vibrational state. After going to the virtual state, 
it now returns to the ground state and emits a photon of 
higher frequency. Fig. 3 illustrates the mechanism of Stokes 
and anti-Stokes generation. The following equation gives 
the amplification of the Stokes signal in terms of the pump 
intensity [15],

where, Ip is the pump intensity, As(0) is the initial Stokes 
amplitude, z is the material thickness and g is given by,

(10)As(z) = As(0)e
gIpz

2

(11)g =
3�s

�0nsnpc
2
�
(3)

Im

Fig. 1   Typical XPM signals in TAS for linearly chirped probe

Fig. 2   Typical XPM signals in TAS for unchirped probe



	 N. Roy et al.146  Page 4 of 11

where �s is the Stokes frequency, ns, np are the refractive 
indices of the medium for the Stokes and Pump frequencies 
respectively, and � (3)

Im
 is the imaginary part of the third-order 

electric susceptibility. The exponential gain translates into a 
linear change in the TAS signal due to the logarithm in the 
definition of the signal. Figures 4 and 5 show the two kinds 
of SRA signals that can be seen in a TAS experiment. The 
shape of the signal is Gaussian, as expected from the cross-
correlation of a Gaussian pump and probe.

3 � Experiment

A 50 fs, 3 mJ Ti: Sapphire laser amplifier (Coherent Libra) 
having 808 nm central wavelength and 1 kHz repetition rate 
is used as the master laser. A tunable output from the Optical 
Parametric Amplifier (OPA) is used as the pump. The pump 
pulse width at the sample after several optical components 
is estimated with autocorrelation to be about 100 fs FWHM. 

A sizable amount of the Libra output ( 70% ) is coupled to 
the OPA. About 10% of the remaining 30% of the Libra out-
put is focused onto a nonlinear optical crystal (Sapphire) 
to generate a broadband supercontinuum pulse to be used 
as a probe. Bandpass filters are placed before coupling the 
probe to the spectrometer in order to prevent the residual 808 
nm pump beam from entering the spectrometer. A bandpass 
filter (FSR-KG5, allows 300 − 800 nm to pass) is used in the 
current setup.

Figure 6 shows the experimental scheme used for this 
study. The pump laser (blue) from the OPA is passed through 
ND filter and aperture, then focused on the sample with a 
diameter of 300 microns after passing through an optical 
chopper. The chopper is used to modulate the beam at a 
frequency of 500 Hz, which is synced with the spectrom-
eter to capture data in presence and in absence of the pump. 
The original beam’s (red) intensity is decreased using a 
beam splitter, and then it passes through two retro reflectors 
which are mounted on a motorized stage used to control the 

Fig. 3   a Stokes and b anti-
Stokes generation in Stimulated 
Raman Scattering

Fig. 4   Typical SRA signals in TAS at Stokes frequency Fig. 5   Typical SRA signals in TAS at anti-Stokes frequency
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pump-probe delay. The beam is then focused on the sapphire 
crystal by a concave mirror to generate the white light super-
continuum probe (yellow). Figures 7 shows the spectrum of 
the generated white light supercontinuum. After that, the 
beam is again focused on the sample, on the region excited 
by the pump. The transmitted white light through the sample 
is collected and coupled to a spectrometer (Oriel MS 260i 
with Si CCD, InGaAs CCD) through a fiber coupler. The 
post-processing and data acquisition is performed by the 
Newport TAS software.

Transient absorption measurement is taken for distilled 
water kept inside a quartz cuvette. The total thickness of the 
cuvette is 2 mm, of which 1 mm is the wall made of quartz 
and 1 mm is the water inside the cell. Data is collected for 
varying pump wavelengths, keeping the average power of 1 
mW, resulting in a pulse energy of 1 micro Joule. Measure-
ments are also taken, keeping the pump wavelength fixed at 
500 nm and varying the pump power.

4 � Result

4.1 � Chirp correction

Figures 8 and 9 show the color plot of the Transient Absorp-
tion data obtained for distilled water at 500 nm and 580 nm 
pump wavelengths. The data around the pump wavelength 
region are completely obscured due to the collection of scat-
tered pump photons by the spectrometer and appears as a 
dark patch.

From a first glance at the pictures, the XPM signal is 
clearly visible [10]. The XPM signal is present for almost 
the entire probe spectrum. Figures 10 and 11 show the time 
traces at a particular wavelength of the probe. In the shorter 
wavelength part, the signal comprises of two dips (blue) 
and two peaks (red). This is a slightly separated version 
than shown in Figs. 1 and 2, because of longer distance 
travel in the medium of thickness 2 mm which increases 
the dispersion effect [10]. It is observed that the nature of 
the signal changes after around 600 nm. Beyond that, the 

Fig. 6   Schematic diagram of the used TAS experimental set-up [8]

Fig. 7   Spectrum of the white light continuum generated by sapphire 
crystal
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signal becomes oscillatory, unlike the shorter wavelength 
case. This effect can be explained by looking at the probe 
spectrum in Fig. 7.

For a linearly chirped Gaussian pulse, the electric field 
can be represented by [16],

Here, C is the chirp parameter, and � is the pulse width. For 
up-chirp, C > 0 , and for down-chirp C < 0 . The value of C 
can be estimated from,

where Δ� is the spectral half-width at 1/e intensity point. 
For the probe pulse shown in Fig. 7 the value of C is about 

(12)E(0, t) = exp

(

−
1 + iC

2

t2

�2

)

(13)Δ� =
(1 + C2)

1

2

�

36 if we consider it as a Gaussian spectrum. The spectrum 
is smooth up to around 600 nm, but after that it becomes 
bumpy. The latter part of the spectrum can be thought of 
as the overlapping of several narrow Gaussian spectra. For 
each of these narrow slices of the spectrum, the chirp param-
eter is very low because of the narrow bandwidth, as can be 
inferred from Eq. 12. Therefore, the XPM signal appears as 
in the case of unchirped probe, but due to the wider medium 
thickness, the peaks and dips are slightly separated than in 
Figs. 1 and 2 [10].

It should be noted that the signals in Figs. 8 and 9 appear 
at a relatively longer delay for longer wavelengths. Ideally, 
the signal for all wavelengths should appear around zero 

Fig. 8   SRA and XPM signals in TAS at pump wavelength 500 nm

Fig. 9   SRA and XPM signals in TAS at pump wavelength 580 nm

Fig. 10   Fitting of the artifacts at 675 nm probe wavelength with the 
Gaussian and derivatives model

Fig. 11   Fitting of the artifacts at 530 nm probe wavelength with the 
Gaussian and derivatives model
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delay. The curvature of the signal region can be attributed 
to the chirp in the white light continuum probe pulse. Due to 
the chirp, the red part of the probe pulse travels ahead of the 
blue part. So, the red part overlaps with the pump at a longer 
delay than the blue part, and the signal appears accordingly.

When studying a material, to observe the wavelength 
dependence of the signal at a particular delay, it is necessary 
to eliminate the effect of the chirp so that the signal appears 
around zero delay. Since the artifacts appear at the true time 
of overlap between the pump and a probe component, the 
zero-delay time for all wavelengths can be determined.

A simplified model to characterize the XPM and SRA 
artifacts in terms of the pump-probe cross-correlation func-
tion is the Gaussian and derivative model [11, 17],

where Fcc(�, t) is the pump-probe cross correlation function, 
approximated as e−((t0(�)−t)∕�)2 for Gaussian pump and probe 
pulses, t0 is the actual zero-delay position. It is the value in 
the previously fixed temporal scale for the time of overlap of 
the pump corresponding to each probe wavelength.

The above equation is used to fit the time trace at several 
wavelengths over the probe spectrum. Figures 10 and 11 
show examples of such fits for a pump wavelength of 500 
nm. The fitting function is developed for XPM and TPA 
artifacts. However, since the TPA and SRA artifacts both 
are the shape of the cross-correlation function [12], the same 
function can be applied to fit SRA data also. The shown fit 
routine is applied for different wavelengths from the probe 
pulse, and the actual zero-delay position is recorded. These 
values of t0 against wavelengths can be fitted with a lower 
degree polynomial function [18],

Figure 12 shows the fit of the t0 vs wavelength data with 
the above equation. The obtained values of the coef-
f i c i en t s  a r e  A = −1.5486 ps  ,  B = 0.00508 ps/nm  , 
C = −0.00000292 ps/nm 2.

The obtained function t0(�) gives the actual zero-delay 
position for all wavelengths in the white light supercon-
tinuum probe pulse. Therefore, these values can be used to 
adjust the zero-delay position of all the wavelengths and 
bring them to zero (Fig. 13). This adjustment is done for the 
data with a 500 nm pump. Fig. 13 shows the plot of the final 
adjusted data after eliminating the curvature due to chirp-
ing. The initial plot (Fig. 8) is curved as the signal appears 
at different delays for different wavelengths. In the adjusted 
data, the signal is a straight line, as it starts around delay=0 
for all wavelengths.

(14)
ΔOD(�, t) = cos (B(t − t0)

2 + �)⋅
[

c0Fcc(�, t) + c1
�Fcc(�, t)

�t
+ c2

�2Fcc(�, t)

�t2

]

(15)t0(�) = A + B� + C�2

4.2 � SRA signal

In Fig. 8, there is a patch of negative signal around 607 nm. 
In Fig. 9 similar patches are observed around 490 nm and 
715 nm. The signal for a wavelength shorter than the pump 
is positive, and for a wavelength longer than the pump, it is 
negative. Similar signals are observed for other excitation 
wavelengths as well. This signal can be attributed to the 
Stimulated Raman Amplification process occurring inside 
the medium.

Let us consider the particular case of pumping at 500 nm. 
Fig. 13 shows the chirp-adjusted color plot for this case. The 
spectrum at zero delay is shown in Fig. 14. The incident 
pump photon transfers the water molecules from the ground 
state to a virtual state. Upon interaction with the white light 
probe pulse, the emission of a Stokes photon of lower energy 

Fig. 12   t
0
 vs wavelength data fitted with a polynomial function

Fig. 13   Adjusted data after eliminating the effect of chirp from Fig. 8
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than the pump (i.e., longer wavelength) is stimulated, and 
the molecule returns to an excited vibrational state. Thus, the 
energy difference between the pump photon and the emitted 
photon coincides with the molecular vibrational energy of 
water. In this manner, the light of the emission frequency in 
the probe pulse is amplified. An amplification of the probe 
translates into a negative ΔOD signal, as observed in Fig. 14.

A similar process can also cause the signal to appear at a 
shorter wavelength region than the pump wavelength. Con-
trary to the previous case, this signal is positive instead of 
negative as can be observed in Fig. 15. The huge dip around 
645 nm is due to the scattered pump photons. The explana-
tion for the positive signal lies in the fact that the number 
of water molecules in the ground state is far more than the 

number in an excited vibrational state. In Stimulated Raman 
Scattering, for an anti-Stokes photon to be generated, the 
molecule should initially be in the excited vibrational state, 
which, after going to the virtual state because of the pump 
photon, returns to the ground state, emitting a photon of 
higher energy. However, since the population of molecules 
in the excited vibrational state is low, this effect is negligible. 
Instead, what happens is that the component of the probe, 
which corresponds to the anti-Stokes frequency, now takes 
the molecule to a virtual state. The actual pump (pump beam 
used for TAS) now supplies the Stokes photon and stimu-
lates the emission of an identical photon, leaving the mol-
ecule in an excited vibrational state. So, the probe light loses 
energy in this process, which appears as if light is absorbed 
in the material, and the transient absorption signal shows a 
positive peak.

It should be noted that the frequency shift due to Raman 
scattering is material-specific and depends on the vibra-
tional energy of that material. Therefore, for a particular 
pump wavelength in TAS, the SRA signal will appear if 
the probe contains the Stokes or the anti-Stokes frequency 
for that particular case. The position of the signal shifts for 
different pump wavelengths, but the frequency difference 
between the pump and the signal remains constant. Table 1 
contains the frequency shifts observed in water at various 
pump wavelengths.

The water molecule has three vibrational states: the O-H 
symmetry stretching, the O-H anti-symmetric stretching, 
and the H-O-H bending. As reported earlier [19], the corre-
sponding vibrational energies are 3280 cm−1 , 3490 cm−1 , and 
1654 cm−1 . Based on the observed values, the recorded SRA 
signal has contributions from both the symmetric stretching 
and the anti-symmetric stretching of the water molecule. In 
fact, these two energy states are so closely located that it is 
very difficult to resolve them properly.

4.3 � Artifact correction

Now that the different kinds of artifacts have been identified 
and modelled, we can eliminate them from the raw data to 

Fig. 14   Wavelength dependency of the signal at zero delay from the 
chirp adjusted data for 500 nm pump

Fig. 15   Wavelength dependency of the signal at zero delay from the 
chirp adjusted data for 645 nm pump

Table 1   Frequency shifts observed in distilled water at various pump 
wavelengths

Pump wave-
length

Frequency shift for Frequency shift for

(nm) Stokes signal (cm−1) anti-Stokes signal (cm−1)

500 3499 NA
580 3255 3226
595 3384 3274
645 NA 3364
665 NA 3311
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reveal the underlying dynamics. To remove the artifact, we 
have performed pump-probe experiment on silver nanoparti-
cles dispersed in water pumped with 645 nm wavelength and 
1 mW power.

Figure 16 shows the measured temporal trace (with arti-
fact spike) of silver nanoparticles suspended in water for 
pump wavelength of 645 nm and pump power of 1 mW, at 
probe wavelength of 546 nm. The figure also shows the kinet-
ics of TA of pure water at the same probe wavelength with 
pump power 1mW. The appearance of artifacts in this plot is 
shifted from the zero-delay position because of chirp. This is 
adjusted before artifact correction with the procedure outlined 
in Sect. 4.1. The data is modelled as a bi-exponential decay 
convoluted with the instrument response function (FWHM ∼ 
200 fs).

Here te−ph and tth are time constants corresponding to elec-
tron–phonon scattering and thermalization respectively [20, 
21]. It is difficult to fit the data with the above equation 
without eliminating the artifacts, and we are forced to make 
some approximations.

Figure 17 shows the measured artifact data and its fitting 
with the ’Gaussian & Derivatives’ model (Eq. 14). To mitigate 
the artifact, we subtract the fitted function in Fig. 17 from the 
raw data of Fig. 16 according to the following equation. [12]

(16)ΔA =

(

Ae−phe
−

t

�e−ph + Athe
−

t

�th

)

∗ IRF

(17)ΔAcorrected = ΔAraw − ΔAr

Es

Er

f

where, ΔAcorrected is the artifact free TA signal, ΔAraw is the 
TA signal with artifact measured with pump pulse energy Es , 
ΔAr is the TA signal of pure solvent with pump pulse energy 
Er . The factor f dictates the decrease of mean energy in the 
sample of thickness L due to stationary absorption (A) by 
the nanoparticles studied,

Figure 18 is the TA signal before and after mitigation of the 
artifact, which is fitted well with Eq. 16. The obtained time 
constants from the fitting are te−ph = 1.5 ps and tth = 10.3 

(18)f =
1

L ∫
L

0

10−A
x

L dx

Fig. 16   TA kinetics of silver nanoparticles suspended in water for 
645 nm pump wavelength and 1mW pump power at 546 nm probe 
wavelength(Blue). TA kinetics of pure water for 645 nm pump wave-
length and 1mW pump power at 546 nm probe wavelength (red)

Fig. 17   SRA artifact taken at 546 nm probe wavelength pumped with 
645 nm (dots). Fitting with Eq. 14 (solid line)

Fig. 18   TA kinetics of silver nanoparticles suspended in water at 546 
nm probe wavelength before artifact correction (square and dashed 
line). TA kinetics after artifact correction (red circle). Fitted kinetics 
according to Eq. 16 (solid red line)
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ps. In this particular case, the pump power used for artifact 
measurement and sample measurement is the same, resulting 
in similar intensity of both signals.

4.4 � Estimation of �(3)

Im

In stimulated Raman scattering, the signal is expected to 
grow according to a known function of the pump inten-
sity. The stimulated Raman scattering is a parametric pro-
cess involving the third-order nonlinearity of the mate-
rial, which amplifies the Stokes field at the expense of 
the pump. Therefore, this pump intensity dependence of 
the signal can be used to estimate the nonlinearity of the 
solvent, i.e., water.

Since the pump intensity in the experiment is far greater 
than the probe, using the undepleted pump approximation 
as in Eq. 10, the differential absorption defined in Eq. 1 
can be written as:

For a particular pump wavelength, �s is constant and so g is 
also constant. Therefore, according to Eq. 19, ΔOD varies 
linearly with Ip with the slope of −gz log e.

Figure 19 shows the variation of peak ΔOD value with 
the incident pump fluence for a pump wavelength of 500 
nm. The values of ΔOD is taken positive here to represent 
the growth. Actually, the ΔOD is negative for the Stokes 

(19)

ΔOD = − log
||||

As(z)

As(0)

||||

2

= − log

|
||||
|

As(0)e
gIpz

2

As(0)

|
||||
|

2

= −2 log e
gIpz

2

= −(gz log e)Ip

signal. The linear fit yields a slope of 5.96 × 10−17 . There-
fore, including the negative sign for negative ΔOD values 
for Stokes signal, we have,

Substituting the value of z = 1 mm, we get,

This gives the value g = 1.372 × 10−13.
Taking ns = 1.3320 and np = 1.3350 for water, and the 

Stokes frequency at 608 nm, the expression for g is,

Evaluating this, the value of � (3)

Im
 for water is obtained to be 

2.088 × 10−23 m 2/V2 . The computed result agrees very well 
with the value reported previously. [22]. This confirms that 
the presented technique can estimate the nonlinearity of the 
material quite reliably.

5 � Conclusion

The two major sources of coherent artifacts, XPM and 
SRA, are studied. Experimental data is collected for solvent 
distilled water ( H2O ) inside a 1 mm quartz cuvette. The 
experimental results reproduce the theoretical predictions 
about the artifacts. The slight discrepancy is attributed to 
the imperfect nature of the supercontinuum spectrum gen-
erated in sapphire crystal. The presence of the SRA signal 
is verified by examining the vibrational levels of water. The 
obtained artifacts are well-fitted with the pre-existing Gauss-
ian and derivatives model to eliminate the effect of chirp on 
the data. The fitted equations can also be used to subtract 
the entire artifact for a particular probe wavelength when 
a sample is studied with the substrate to reveal the actual 
temporal dynamics of the system. We have successfully 
implemented this method to eliminate the artifacts arising 
in TAS measurement of silver nanoparticles suspended in 
water. It is also demonstrated that though unwanted in TAS 
experiments, the SRA artifacts can contain valuable infor-
mation about the sample being studied, such as its molecular 
vibrational levels and third-order nonlinear susceptibility. 
A procedure to calculate the value of � (3)

Im
 from the SRA 

signal is also prescribed. Accurate modelling of the coher-
ent artifact is vital for extracting valuable information about 
processes like coherent phonon dynamics, dephasing time 
due to electron–electron and electron–phonon scattering etc., 
during the initial pump-probe delay times. We believe this 
study will be helpful to gain further insights into this field.

(20)−5.96 × 10−17 = −g × z × log e

(21)5.96 × 10−17 = g × 0.001 × log e

(22)1.372 × 10−13 =
3 × 3.1 × 1015

�0 × 1.332 × 1.335 × 9 × 1016
�
(3)

Im

Fig. 19   Variation of the peak SRA signal with pump fluence for 500 
nm pump wavelength
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