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Influence of Self-Diffraction Effect on Femtosecond Time-Resolved Single-Shot
Optical Kerr Measurements ∗

Meng-Meng Yue(岳猛猛), Li-He Yan(闫理贺)**, Jin-Hai Si(司金海), Xun Hou(侯洵)
Key Laboratory for Physical Electronics and Devices of the Ministry of Education of China, and Shaanxi Key Lab of

Information Photonic Technique, School of Electronics and Information Engineering,
Xi’an Jiaotong University, Xi’an 710049

(Received 22 January 2016)
Femtosecond time-resolved single-shot optical Kerr gating (OKG) measurements are performed by focusing the
probe pulse and using a cylindrical lens to introduce a spatially encoded time delay with respect to the pump
pulse. By measuring the pump power and polarization dependence of the OKG signals in CS2, the contribution
of self-diffraction effect which is independent of the nonlinear response time of the material is directly observed
on the rising edge of the time-resolved OKG signals. The influence of the self-diffraction effect on the optical
Kerr signal could be controlled effectively by varying the polarization angle between pump and probe pulses.

PACS: 42.65.Hw, 42.65.Re, 42.70.Nq DOI: 10.1088/0256-307X/33/4/044202

Various kinds of ultrafast transient phenomena of
materials have been extensively studied after the in-
vention of ultrashort pulsed lasers.[1−8] Femtosecond
time-resolved pump-probe technique based on optical
Kerr gating (OKG) measurements has been proven to
be one of the most convenient nonlinear optical mea-
surements due to its high precision, ultrafast switch-
ing time and broad wavelength range.[9−13] However,
the conventional pump-probe OKG technique is lim-
ited to materials without reversible photoreaction due
to the fact that the measurement requires many rep-
etitions of pump-probe pulse sequences with different
delay times to record the temporal signals in a re-
gion of interest. To measure the OKG signals in ma-
terials with some photoinduced irreversible reactions,
many techniques based on single-shot detection have
been proposed to date.[14−20] In these techniques, the
probe pulses are manipulated to have a spatially en-
coded time delay, and as a result they have the capa-
bility for single-shot measurements without scanning
the optical delay.

In the pump-probe OKG measurements, an in-
tense linearly polarized pump pulse passing through
the nonlinear material will cause the refractive in-
dex change of the sample. A phase shift occurs be-
tween the probe field components polarized in paral-
lel and perpendicular to the polarization plane of the
pump pulse when the probe pulse overlaps with the
pump pulse temporally. When the pump and probe
pulses with equal wavelength are used in the pump-
probe OKG experiments, OKG signals usually origi-
nate from two kinds of effects: the optical Kerr effect
and the self-diffraction effect that results from laser-
induced transient gratings (LITG).[21,22] Some stud-

ies have demonstrated that when femtosecond pulses
are used in OKG measurements, Kerr signals result
mainly from self-diffraction by the LITG.[21−23] As
the self-diffraction effect is only limited by the du-
ration of the pump laser pulse, the temporal behavior
of the OKG signal is the field correlation time of the
pump and probe pulses, while not the nonlinear opti-
cal response time of the materials. To acquire time-
resolved OKG signals with a higher signal-to-noise ra-
tio, it is important to control the contribution of self-
diffraction effect to the time-resolved single-shot OKG
measurements.

In this Letter, we investigate the self-diffraction
and optical Kerr effects of CS2 in femtosecond time-
resolved single-shot OKG measurements by focusing
the probe pulse using a cylindrical lens to introduce
a spatially encoded time delay with respect to the
pump pulse. The whole responses and relaxation of
the OKG signals are obtained in single-shot OKG
measurements. By measuring the pump power and
polarization dependence of the OKG signals in CS2,
the contribution of self-diffraction effect which is in-
dependent of the nonlinear response time of the ma-
terial was directly observed on the rising edge of the
time-resolved OKG signals. The influence of the self-
diffraction effect on the optical Kerr signal could be
controlled effectively by varying the polarization angle
between pump and probe pulses.

Figure 1 shows the experimental setup for fem-
tosecond time-resolved single-shot OKG measure-
ments. A Ti:sapphire amplifier system emitting 65 fs
laser pulses centered at 800 nm at a repetition rate of
1 kHz with horizontally linear polarization was used.
The laser beam was split into a pump and a probe
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beam by a beam splitter. The pump pulse passed
through a 𝜆/2 plate to change the polarization an-
gle between the pump and probe pulses. The pump
and probe beams were focused into a 2mm cuvette
filled with CS2 by cylindrical lenses with focal lengths
of 40mm and 15 mm, respectively. The directions of
the main axis of the elliptical pump and probe light
spots were perpendicular to the experimental stage.
The spot sizes of the focused pump beam were es-
timated to be 10 mm and 1mm at the vertical and
horizontal directions respectively, while those of the
probe beam were estimated to be 10 mm and 0.5 mm.
The peak energy density of the pump pulse was es-
timated to be below 0.34 × 104 MW/cm2. The col-
limated pump and probe beams intersect with a fi-
nite angle of ∼13∘ at the vertical direction. To ensure
the sufficient interaction length of pump and probe
beams, the crossed angle was set at ∼2∘ at the hori-
zontal direction. To avoid generating supercontinuum,
the sample was placed about 4 mm behind the focal
points of the pump and probe beams. The interac-
tion area of probe and pump beams on the sample
is much smaller than the spot size of the elliptical
pump beam. Thus the pump intensity at the interac-
tion area could be considered to be homogeneous and
the influence of inhomogeneous intensity on the opti-
cal Kerr signal could be ruled out. Since the pump
beam reaches different portions of the sample at dif-
ferent time, a time delay between the probe and pump
beams was spatially encoded across the sample at the
vertical direction. After passing through the sample,
the polarization of the probe light changes, and only
the components polarized parallel to the analyzer (A)
placed behind the sample can be extracted. Finally,
a real-time imaging of the time-resolved OKG signals
could be obtained along the direction of the focal line
of probe pulse. To record the image of OKG signals,
we used a high-spatial-resolution CCD camera imag-
ing overlapping plane of the pump and probe beams
(P0). Due to the finite vertical crossing angle, the
arrival time of the pump and probe pulses differ, de-
pending on the position on the sample. As a result,
the probe beams at different portions on the sample
experience different-delayed pump beams. In other
words, the delay time is mapped spatially across the
sample plane. The mapping between the time coordi-
nate 𝑡 and the spatial coordinate 𝑦 can be readily seen
to be

𝑡 =
𝑦 × sin 𝜃

𝑐
, (1)

where 𝑦 is the overlap length of probe and pump
beams on the sample, 𝜃 is the vertical angle between
the pump and probe beams, and 𝑐 refers to the speed
of light in air. For the pulse lengths of tens of fem-
toseconds, the resolution of the pump–probe single-
shot technique mainly depends on the thickness of the
sample. The relevant principle and numerical compu-

tations have already been reported.[24]
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Fig. 1. Schematic diagram of the experimental setup, L1,
L2: lens with a focal length of 𝑓 = 150mm, make up a 4𝑓
imaging system. A: analyzer, 𝑦: overlap length of probe
and pump beams, Δ𝑡: delay time, P0: the imaging plane
of the imaging system; and P1: the plane at 2 cm behind
P0.

Firstly, we measured the single-shot time-resolved
OKG signals by spatial-temporal transformation of
the recorded signal images. Figures 2(a) and 2(b)
show the normalized femtosecond time-resolved OKG
signals in CS2 when the pump powers were fixed at
40 mW and 60mW, respectively. The polarization an-
gle between the pump and probe pulses was kept at
45∘. Under our experimental conditions, the contri-
bution of empty cuvette to OKG signal was not ruled
out. The insets show the signal images recorded by us-
ing a CCD camera. The fitted red solid line in Fig. 2
shows the decay process consisting of a fast decay and
a slow decay which were attributed to the electron
contribution and re-orientation contribution, respec-
tively. The fast and slow decay times were estimated
to be 0.25 ps and 1.2 ps respectively, agreeing well with
the results measured by the conventional pump-probe
OKG technique.[23,25] According to Eq. (1), the inter-
action area of probe and pump beams on the sample is
estimated to be 4mm at the vertical direction which
is much smaller than the spot size of the elliptical
pump beam. Thus the pump intensity at the inter-
action area could be considered to be homogeneous
and the influence of inhomogeneous intensity on op-
tical Kerr signal could be ruled out. In comparison
of the temporal behavior of OKG signals at differ-
ent pump powers we can see that there is a fast peak
at the rising edge of the time-resolved signal and the
peak at the rising edge becomes stronger with increas-
ing the pump power. As has been demonstrated in
some previous reports, the self-diffraction effect could
easily take place in time-resolved OKG measurements
when the pump and probe pulses with equal wave-
length are used.[26−31] The temporal behavior of the
self-diffraction effect is determined by the duration of
the laser pulse rather than the nonlinear response of
the material. Hence, the fast components of the OKG
signals shown in Fig. 2 could be attributed to the self-
diffraction effect. The temporal behavior of the OKG
signal was obviously distorted due to the contribution
of self-diffraction effect.

To further study the influence of the self-diffraction
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effect, the imaging setup of the signal-shot OKG mea-
surements was adjusted to image the parallel plane
(P1) about 2 cm behind the overlapping plane (P0) of
the pump and probe beams. Figure 3(a) shows the
recorded image of plane P1, and several light spots
separated from the OKG light spot are observed. In
the OKG measurements, the superposition of two co-
herent pulses yields a spatially modulated distribution
of the energy density leading to the creation of the
LITG and the diffractions of the incident beams.[27]
As shown in Fig. 3(a), the imaged light spots are di-
vided into upper and lower parts, corresponding to
the diffraction spots of the probe and pump beams,
respectively.
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Fig. 2. Time-resolved OKG signals of CS2 with pump
powers fixed at (a) 40mW and (b) 60mW. The polariza-
tion angle between the pump and probe beams was kept
at 45∘. The inset shows the images of the transmitted
probe beam at the imaging plane.
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Fig. 3. (a) Self-diffraction signal separated from the opti-
cal Kerr signal. The upper and lower parts of diffraction
orders correspond to the probe and pump beams, respec-
tively. (b) Temporal behaviors of self-diffraction and op-
tical Kerr signals.

As the 0 order of the probe light will experience
the light-induced birefringence effect induced in CS2,
the diffraction order 0 is submerged by the middle lu-
minous area which is responsible to the optical Kerr
effect. Figure 3(b) shows the temporal behavior of
self-diffraction (pump 0 order, and probe 1 order) and
Kerr signal (probe 0 order, and pump −1 order), de-
rived from the data shown in Fig. 3(a). The red and

black lines in Fig. 3(b) show the temporal behaviors
of self-diffraction signal and optical Kerr signal, re-
spectively. Due to the fact that the optical Kerr effect
in CS2 mainly originates from the re-orientation of
molecule, the response time is slower than the pulse
duration, and the rising edge is slower. As the in-
tensity of optical Kerr signal is still very weak when
the contribution of self-diffraction vanishes, there is a
dip in the trace between the peaks of self-diffraction
effect and optical Kerr effect. We can see that the
self-diffraction signal is independent of the response
of the material, while the 0 order of probe light shows
a slow decay process. As all the self-diffraction or-
ders are blended into the Kerr signals in the OKG
measurements, the contribution of the self-diffraction
effect will influence the temporal behavior of the OKG
signals.
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Fig. 4. The dependence of (a) the optical Kerr signal and
(b) the self-diffraction signal on the polarization angle be-
tween the pump and probe beams.

To control the contribution of the self-diffraction
effect in the OKG measurements, we investigate
the polarization dependence of the OKG and self-
diffraction signals, and the results are shown in Fig. 4.
We can see from Fig. 4(a) that the period of polariza-
tion dependence of optical Kerr signal is 𝜋/2, with the
maximum and minimum values occurring at 𝑛𝜋

2 + 𝜋
4

and 𝑛𝜋
2 (𝑛 = 0, 1, 2 . . .), respectively. The experimen-

tal results that the polarization dependence of optical
Kerr signal agree well with previous reports, and the
OKG signal intensity can be expressed by[32]

𝐼OKG = 𝐼0 sin2(2𝜃) sin2(∆𝜙/2), (2)

where 𝐼OKG is the OKG signal intensity passing
through the analyzer, 𝐼0 is the probe beam intensity,
and 𝜃 is the polarization angle between the pump and
probe beams.

However, as the intensity of LITG effect is related
to the coherence of the incident beams, the period
of the polarization dependence of self-diffraction sig-
nal should be 𝜋. Figure 4(b) shows the polariza-
tion dependence of the self-diffraction signal, com-
paratively. The period of polarization dependence
of the self-diffraction signal is 𝜋, with the maximum
and minimum values occurring at 𝑛𝜋 and 𝑛𝜋 + 𝜋/2
(𝑛 = 0, 1, 2, . . .), respectively. Considering the dif-

044202-3

Chin. Phys. Lett.
References

Chin. Phys. Lett.
References

http://cpl.iphy.ac.cn


CHIN.PHYS. LETT. Vol. 33, No. 4 (2016) 044202

ferent polarization dependences of the OKG and self-
diffraction signals, it is possible to control the influ-
ence of self-diffraction effect on the optical Kerr signal
by adjusting the polarization angle.
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Fig. 5. The recorded signal images with polarization an-
gle kept at (a) 25∘, (b) 45∘ and (c) 65∘. (d)–(f) The time-
resolved OKG signals of CS2 by spatial-temporal transfor-
mation of the recorded signal images in (a)–(c).

Figures 5(a)–5(c) show the recorded OKG signal
images with the polarization angle kept at 25∘, 45∘
and 65∘, while Figs. 5(d)–5(f) show the time-resolved
OKG signals by spatial–temporal transformation of
Figs. 5(a)–5(c), respectively. Comparing the tempo-
ral behaviors of OKG signals at different polariza-
tion angles we can see that the contribution of the
self-diffraction effect in the OKG measurements is de-
creased by increasing the polarization angle between
the pump and probe beams. The fast peak at the
rising edge of the time-resolved OKG signals almost
disappears when the polarization angle is kept at 65∘,
as shown in Fig. 5(f). It should be noted that the self-
diffraction effect is suppressed at the sacrifice of reduc-
tion of the OKG signal by increasing the polarization
angle from 45∘ to 65∘. The self-diffraction effect can
be suppressed completely when the polarization angle
is kept at 90∘, while the OKG signal vanishes as well.
The experimental results suggest that the contribution
of the self-diffraction effect in the OKG measurements
can be efficiently controlled when the polarization an-
gle is kept around 65∘ in femtosecond time-resolved
single-shot OKG measurements.

In conclusion, femtosecond time-resolved single-
shot optical Kerr gating measurements have been per-
formed by focusing the probe pulse using a cylindrical
lens to introduce a spatially encoded time delay with
respect to the pump pulse. By measuring the pump
power and polarization dependence of the OKG sig-
nals in CS2, the contribution of self-diffraction effect,
which is independent of the nonlinear response time
of the material, is directly observed on the rising edge

of the time-resolved OKG signals. The self-diffraction
signal is separated by adjusting the imaging setup to
image the parallel plane behind the overlapping plane
of the pump and probe beams. We investigate the dif-
ferent polarization angle dependence of self-diffraction
and optical Kerr signals using this method. The influ-
ence of the self-diffraction effect on the optical Kerr
signal could be controlled effectively by varying the
polarization angle between pump and probe pulses.
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