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Fig. 1 Schematic of SSD technique
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Fig. 2 Numerical simulation images of one-dimensional light intensity evolution with time for single speckle of SSD beam

focal spot. (a) 2.488 GHz modulation along SSD scanning direction; (b) 19. 900 GHz modulation along SSD

scanning direction; (c¢) 2.488 GHz modulation along vertical SSD scanning direction; (d) 19.900 GHz modulation

along vertical SSD scanning direction
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Fig. 3 Schematic of experimental light path arrangement
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Abstract

Objective In the inertial confinement fusion (ICF) experiments, in order to effectively suppress laser plasma
instability (LPI), the focal spot of the incident laser is required to have uniform irradiation as far as possible.
Therefore, high-power laser devices have developed beam smoothing technologies such as continuous phase plate
smoothing (CPP) with focal spot shape control as the main goal, and spectral dispersion smoothing (SSD) and
polarization smoothing (PS) with beam decoherence as the main goal. The SSD technology is the only time-domain
smoothing technology that can be applied to the existing large drivers. Its characteristic understanding and parameter
optimization control are the focus of research, which is of great significance for the research of ICF drivers. At
present, many research teams have carried out research on the characteristics of the SSD beam focal spot shape and
the focal spot intensity distribution. However, with the gradual deepening of LPI experimental research, it is found
that the frequency modulation (FM) pulse used by an SSD beam inevitably causes the amplitude modulation of a far-
field focal spot in the time domain in the focusing process, which leads to the increase of the pulsed instantaneous
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power density, thus influencing the physical effect of LPI and greatly increasing the complexity of the SSD beam
smoothing effect. Therefore, it is urgent to further improve the cognition of the temporal and spatial distribution of
an SSD beam focal spot. In present study, we obtain the delicate dynamic evolution image of SSD beam focal spot
through experiments, and analyze its characteristics combined with theory. We hope that our basic findings can be
helpful to improve the high power laser technologies and the performance of ICF devices.

Methods In present study, an optical imaging system based on streak camera is built on a high-power laser device.
In the high-power laser device cluster experimental platform, the seed beam is subjected to spectral dispersion
smoothing after pulse shaping. The phase modulator consists of two stages. The modulation frequencies are
2.488 GHz and 19.9 GHz, respectively. The number of color cycles for 2.488 GHz modulation frequency is 0.125
and that for 19.9 GHz is 1, and the corresponding modulation bandwidths are 0.15 nm and 0.32 nm, respectively.
The SSD beam is focused to the target after amplification, frequency conversion, and CPP shaping. The focal length
of the lens in the focusing system is 12 m and the size of CPP shaping focal spot is 200 pm. In order to achieve a
better spatial resolution, the original focal spot is amplified by 3.5 times and imaged to the streak camera. The slit of
the streak camera is 10-100 pm adjustable, the spatial resolution of the acquisition part is 20 pm, and the temporal
resolution is 5 ps. Considering that the speckle size of the beam is 11.7 pm, the size is 41.0 pm after amplification
of 3.5 times, and the minimum period of the SSD beam is about 50 ps, the experimental platform can cover the
performance requirements of the precision test of a SSD beam focal spot. By adjusting the slit direction of the streak
camera, the dynamic images of one-dimensional focal spot along different directions are obtained.

Results and Discussions Without SSD, the intensity evolution of each region of the focal spot is very stable with
time (Fig. 4). After applying SSD, in the SSD sweep direction, the experimental image clearly shows that the focal
spot trajectory of the 2.488 GHz SSD beam is a cosine curve, which is completely consistent with the calculation
result of single speckle changes in the theoretical analysis. The sweeping of speckles brings amplitude modulation
with the same modulation frequency to each area of the focal spot, which influences the smoothness of the focal spot
to some extent. The focal spot intensity of the 19. 9 GHz SSD beam has a very smooth temporal and spatial
distribution, and also has a periodic cosine sweep consistent with the frequency modulation (Fig. 5). The speckles
are not completely coincident, but the boundary between speckles is unclear, resulting in a more uniform spatial
distribution (Fig. 6). Due to the high modulation frequency, it can “smooth” the temporal and spatial distributions of
intensity in short time, so as to achieve a better focal spot smoothing effect. In the vertical SSD sweep direction, the
temporal and spatial distribution of focal spots is chaotic, but with the high modulation frequency, the smoother
temporal and spatial distribution of intensity can be obtained (Fig. 8). The periodic structure of the dynamic
evolution of the focal spot speckle is no longer consistent with the phase modulation period (Fig. 10). In addition,
the experiment also shows that the focal spot of the SSD beam has strong amplitude modulation, and the modulation
has an obvious regional effect. The modulation depth is closely related to the scanning direction and the modulation
frequency of SSD (Table 1).

Conclusions In present study, aiming to the temporal and spatial evolutional characteristics of SSD beam focal
spots and based on the optical imaging system of a streak camera, we carry out the beam test experiment with time
resolution on the high-power laser device. Experiments demonstrate the influence of SSD beam control parameters on
the dynamic evolutional characteristics of focal spots. The focal spots along the SSD scanning direction have typical
CPP shaped speckle patterns. The dynamic evolutional modes presented by different modulation frequencies are
different. The overall spatial-temporal distribution of intensity modulated by high frequency is more uniform, and a
better smoothing effect can be achieved in short smoothing time. The spatial distribution and temporal evolution of
the focal spot intensity in the vertical SSD sweep direction become very chaotic, showing the specific differences of
SSD beams in two-dimensional space. The focal spot of the SSD beam has strong amplitude modulation, and the
modulation has an obvious regional effect. Modulation depth is generally related to the SSD beam control parameters.
Our results provide a better understanding of the dynamic evolution of the spot details of SSD beams, which can be
combined with the mechanism analysis of LPI to support the optimization of SSD smoothing performances. The
inconsistency of SSD beams in two dimensions can be used to optimize the sweeping direction of SSD, and the
modulation structure of SSD beams can assist in the selection of modulation frequencies. An accurate description of
focal characteristics provides important boundary conditions for optimizing the location of focal trajectory points.
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