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Abstract Large-aperture gratings are core components for pulse compression in kilojoule petawatt 

laser systems. The wavefront or amplitude error originated from fabrication and assembly of these 

gratings can be transformed into near-field modulation during propagation of the laser pulse. In 

severe cases, near-field modulation would induce laser damage on gratings and downstream optics. 

In this study, a three-dimensional near-field propagation model is developed based on ray tracing 

and diffraction propagation theory, allowing to quantify the effect of each grating in the 

compressor independently. We investigate near-field propagation properties of mosaic grating 

based compressor in detail, the impacts of periodic wavefront error and mosaic gap error of mosaic 

grating on near-field modulation is analyzed and evaluated, with two measured wavefronts 

introduced for further analysis. This work offers theoretical insights for estimating the fabrication 

requirement of gratings and reducing the risk of laser damage. 18 
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I. INTRODUCTION1 

The kilojoule petawatt (PW) laser system produces kJ pulses with durations ranging from hundreds 2 

of femtoseconds to picoseconds. It plays a critical role in high-energy-density physics research, 3 

including laser accelerators[1], inertial confinement fusion (ICF)[2, 3], and laboratory 4 

astrophysics[4]. In order to generate kilojoule PW laser, Chirped Pulse Amplification (CPA) 5 

technology[5] is indispensable, it prevents high peak powers within the amplifier by temporally 6 

stretching the pulse before amplification, then recompressing the amplified pulse with a grating 7 

compressor to produce a short, high peak power pulse. In typical kilojoule PW laser systems, 8 

successive amplification expands the beam aperture to hundreds of millimeters, requiring gratings 9 

size along the dispersion direction exceeding one meter in compressors. 10 

Many strategies were proposed to meet the requirement of pulse compression[6-9], there 11 

are mainly two approaches have been implemented to address the constraint of grating size in 12 

current kilojoule PW laser systems around the world. The first is the synthetic aperture 13 

compression scheme, which crops the beam into several beamlets for independent compression. 14 

The NIF ARC system adopts this approach[10], four groups of 0.91m 0.45m gratings are 15 

arranged in a 2 2  configuration to form four independent compressors to compress four beamlets. 16 

The LMJ-PETAL system divides the compression system into two stages[11], and employs this 17 

approach in the second stage. While synthetic aperture compression scheme reduces the demand 18 

of grating size, it comes with energy loss. Another approach involves mechanical or optical grating 19 

mosaic to manufacture meter-scale gratings directly to mitigate the problem, for example, 20 

OMEGA EP system mechanically tiles three 0.47m 0.43m  gratings[12], LFEX system 21 

mechanically tiles two 0.91m 0.42m gratings[13]. In mechanical tiling solution, each element 22 

grating is fabricated on a separate substrate. Alternatively, the SG-II UP PW picosecond system 23 
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uses 1.4m 0.42m  optical mosaic gratings made by consecutive exposures of a single substrate[14, 1 

15], this method avoids the requirement of multiple high-accuracy control and adjustments of 2 

mechanical tiling method[12], but the mosaic gap error degrades the beam quality[7, 16].  3 

During pulse propagation within the compressor, wavefront or amplitude error originated 4 

from fabrication and assembly of gratings can significantly degrade beam quality. Li et al.[17] 5 

discovered that periodic wavefront error introduced by grating fabrication lead to complex spatio-6 

temporal coupling effect for femtosecond laser. Š. Vyhlídka.[18] analyzed the impacts of gap 7 

induced amplitude errors on near field at G4 in the femtosecond PW laser system. For kilojoule 8 

PW laser with relatively longer duration, researchers primarily focus on the degradation of spatial 9 

beam quality caused by these errors. The far-field degradation has received a lot of attention since 10 

it directly affects the output capability. Qiao et al.[19] analyzed focal-spot degradation from all 11 

combined tiling errors of the OMEGA-EP system compressor. Zhang et al.[20] evaluated 12 

tolerances of input wavefront error and grating deformation by far-field quality. Recently, the near-13 

field modulation induce by grating errors started to gain more attention, it can induce laser damage 14 

on the last grating and downstream optics as these components are subject to the highest fluence, 15 

which is a main factor limiting the output capability[21, 22]. Koch et al.[23] pointed out that 16 

periodic mid-spatial frequency wavefront errors will cause dramatic near-field modulations, but 17 

their analysis was limited to single gratings, similarly, Zhang et al.[24] only examined the near-18 

field degradation caused by diffraction effects of tiling gap for single tiled gratings. In 2007, H. 19 

Huang et al.[25] pointed out that the spatial dispersion can smooth the fluence modulation at G4 20 

induced by G2 and G3 tiled gaps in OMEGA-EP laser system, but they did not specify the exact 21 

smoothing properties. To our best knowledge, the comprehensive near-field propagation properties 22 

of mosaic grating based compressor has not been completely revealed yet. 23 
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In this paper, we develop a three-dimensional near-field propagation model for the 1 

compressor of the SG-II UP PW picosecond system, utilizing ray tracing and diffraction 2 

propagation theories. From the perspective of the entire compressor, the effects of periodic 3 

wavefront errors, mosaic gap errors of the first three exposure mosaic gratings (G1-G2-G3) on the 4 

near field at the last grating (G4) are evaluated, with two measured wavefronts introduced to 5 

further analyze for G1. With the goal of reducing near-field modulation to mitigate the risk of laser 6 

induced damage of G4, our study determines tolerances of both periodic wavefront errors and 7 

mosaic gap error. 8 

II. THEORETICAL MODEL9 

2.1 Overview of model 10 

Figure 1.  Schematic of broadband pulse propagation model for grating compressor. 11 

A 3D model of pulse near-field propagation within the compressor was established by 12 

Fresnel scalar diffraction theory combined with geometric optics and coordinate transformation, 13 

the configuration of the compressor and the coordinates are shown in Figure 1, it is a typical one-14 

pass Treacy configuration[26], but consists of four identical mosaic gratings. For kilojoule PW 15 

laser, neglecting the spatio-temporal couplings (STCs)[27], the incident field is written as: 16 
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Where D  is full width at 
2e−

 maximum intensity of the super-Gaussian spatial profile, a 2 

plane wave is assumed.   is full width at 
2e−

maximum intensity of the Gaussian spectral 3 

profile, ( )   is spectral phase, 0b  is energy factor. The incident pulse is diffracted by G1 and 4 

divided into multiple sub-beams as different spectral components   of beam transmission in 5 

different paths,   is the incident angle, ( )   is the diffraction angle of  , the grating law is[28]: 6 

2
sin γ sinβ(ω)

c

d
+ =




(2.2) 7 

Where d  is grating period. Considering first-order approximation[29], the diffracted field 8 

can be expressed as: 9 

1 1 1 1 1 0 1 1 G1( , ,0, ) ( , , )exp( )GU x y A bU x y i =    (2.3) 10 

Here the grating is treated as a specialized mirror, its reflection direction is dependent on 11 

 of broadband pulse. G1 G1,A  are amplitude error and wavefront error introduced by fabrication 12 

errors of G1, respectively. Where 1b is normalized energy factor, cos / cos ( ) = −    is 13 

coordinate transformation factor along the dispersion direction, i.e., the x  direction. It is noted 14 

that the diffraction angle of G1 is equal to the incident angle of G2, similarly for two downstream 15 

gratings, the grating law is utilized to trace the center rays of all sub-beams within the compressor, 16 

these center rays are used as z-axis and baselines for the diffraction propagation of corresponding 17 
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sub-beams. According to the scalar diffraction theory[30], the field of   on the surface of G2 can 1 

be expressed as: 2 

2 2

1 1 1 1 1 1 1 1

2 2
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Where /k c=   is wave number, G is perpendicular distance between G1 and G2, 4 

( ) sec ( )P G =    is slant distance for  , as illustrated in Figure 1. After that, the field is 5 

diffracted by G2 and modulated by G2 G2,A  , then propagating to G3 and being modulated by 6 

G3 G3,A  . Notably, the intersection positions of G2, G3 surface with center ray of individual sub-7 

beam possess -axisx  shifts due to angular dispersion. Since the sub-beams only illuminate a 8 

portion of the grating, the wavefront of each sub-beam is a segment of overall diffracted wavefront, 9 

the -axisx  shifts can be described as the interval between center rays of   and 0 within G2-10 

G3[17]: 11 

0( ) [tan ( ) tan ( )]cosx G  =   −    (2.5) 12 

With this parameter, the optical pathlength within G2-G3 for   can be expressed as: 13 

0( ) 2 ( ) tanQ Q x = +    (2.6) 14 

Where 0Q is the distance between G2 and G3 for 0 . Finally, the field is transmitted from 15 

G3 to G4, which is the reverse process of that for G1-G2 grating pair. The near-field distribution 16 

4 4 4( , ,0, )NFU x y  at G4 is obtained, the laser fluence can be expressed as: 17 
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2

4 4 4 4 4( , ) | ( , ,0, ) |NF NFF x y U x y d=   (2.7) 1 

The spatio-temporal distribution at G4 can be obtained by the inverse Fourier transform of 2 

4 4 4( , ,0, )NFU x y  : 3 

4 4 4 4 4 4

1
( , ,0, ) ( , ,0, ) exp( )

2
NF NFU x y t U x y i t d

+

−

=   
 

(2.8) 4 

In general, the propagation model described above can calculate the spatio-spectral 5 

distribution at any position within the compressor by establishing a unified coordinate and 6 

undergoing coordinate rotation. While this study primarily focuses on near-field modulation at G4 7 

induced by errors of upstream grating to investigate control requirements of these errors as G4 8 

suffers the greatest risk of laser-induced damage.  9 

2.2 Periodic wavefront error 10 

For holographic grating, the diffracted wavefront errors are originated from groove errors 11 

caused by imperfect exposure system and surface imperfection[31], and the periodic wavfront 12 

errors are introduced during the fabrication process[7], for example, small-tool polishing of the 13 

substrate and the exposure system imperfection. The 2D periodic wavefront error can be expressed 14 

as[32]: 15 

sin(2 ) sin(2 )

( , , ) k [ ]
2 2

x y
H T Tx y

 + 

  = (2.9) 16 

Where H  is peak-to-valley (PV) value of wavefront error, T  is spatial period, the periods 17 

in two directions are assumed to be equal, the variation of PV value with   is neglected for the 18 

narrowband laser pulse. Utilizing the parameter in Eq. (2.5), the wavefront error can be described 19 
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as G1 1 1( , , )x y  with an arbitrary frequency   for G1, but G2 2 2( ( ), , )x x y −   for G2 and 1 

G3 3 3

( )
( , , )

x
x y

 
 − 


 for G3. 2 

2.3 Mosaic gap error 3 

As mentioned above, mosaic gap error is an inherent limitations of grating mosaic 4 

techniques, including amplitude error and phase jump. The amplitude error not only degrades the 5 

temporal contrast of pulse[33, 34]，but also causes near-field modulation by hard edge diffraction. 6 

SG-II UP PW picosecond system compressor utilizes 1.4m 0.42m  grating with two mosaic gaps 7 

located at 1/3 2/3，  of its length, the amplitude error function for these gaps is given by:8 

cos ( ) cos ( )
6 6( , , ) 1 [ ( ) ( )]

w cos ( ) w cos ( )

L L
x x

A x y rect rect

+   −  

 = − +
   

(2.10) 9 

Where w  represents the gap width, L  denotes the grating length, and w cos ( )   is 10 

corresponding gap width on the diffracted beam plane. Besides, the diffraction angle at G2 is  ,  11 

so the corresponding gap width is wcos . Similar to wavefront error, the amplitude error function 12 

for G1 is G1 1 1( , , )A x y  , while for G2 and G3 are G2 2 2( ( ), , )A x x y−    and
G3 3 3

( )
( , , )

x
A x y

 
− 


, 13 

respectively. Moreover, the gap induced wavefront errors such as phase jump are dependent on 14 

the grating fabrication process, their impacts are assessed through two wavefronts measured by an 15 

interferometer.16 

17 

18 

19 
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III. IMPACTS OF ERRORS ON NEAR FIELD AT G4 1 

3.1 Simulation parameters 2 

The near-field fluence modulation index defined as maximum value of fluence profile 3 

divided by its average value[35], is adopted to evaluate the impact of two types of errors on the 4 

near field at G4 (hereafter referred to as NF4). Based on the status of SG-II UP PW picosecond 5 

system, the simulated pulse possesses a center wavelength of 1053nm and a bandwidth (FWHM) 6 

of 3.8nm . The input beam of the compressor is 10-order super-Gaussian with a zero-intensity area 7 

(at 1%  maximum intensity) of  
2320 320mm , the energy of output pulse duration is 8 

1.2KJ@10ps . The spectral sampling window is set as 18nm centered in 1053nm, the spatial 9 

sampling window are 380mm 380mm . The sampling points are 4096,4096,512(x, y, )  for 10 

fluence calculation, while 512,512,512(x, y, ) for laser peak power calculation. The groove 11 

density of the grating is 1740g/mm , the incident angle is 
°71 , the perpendicular distance G  of 12 

each grating pair is 2146mm , the optical pathlength between G2 and G3 for 0  is 10617mm . To 13 

facilitate analysis, the near-field modulation index of the input pulse is set to be 1, representing an 14 

ideal case, and the input energy is assumed to be 1.2KJ . 15 

16 

17 

18 

19 

20 

21 

22 
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3.2 NF4 fluence modulation induced by periodic wavefront errors 1 

2 

Figure 2. NF4 fluence modulation induced by the periodic wavefront error G1  with =15mmT , 3 

= /4H  .  a  Accumulation of G1  over   at the input beam plane.  b  NF4 fluence modulation 4 

induced by G1 . 5 

Figure 2 shows the 2D NF4 fluence modulation induced by the 2D periodic wavefront error 6 

of  1 with 15mm, /4T H= =  . It can be observed that periodic wavefront error results in periodic 7 

NF4 fluence modulation, the maximum modulation index has reached about 1.55  , this 8 

phenomenon is known as the Talbot effect[23], it results in similar distributions of NF4 fluence 9 

and the accumulation of G1   over  . The periods of wavefront errors in the two directions are 10 

assumed to be identical, but the diffracted beam is broaden along the x   direction due to 11 

( ) 90     , which represents the periods of wavefront vary with   after diffraction, but this 12 

variation is compensated at NF4. In a word, the diffracted wavefront can be equivalent to the input 13 

wavefront for  1, and the input wavefront is directly mapping to distribution of NF4 fluence.  14 

The NF4 fluence modulations caused by G2   or G3   with 15mm, /4T H= =   are 15 
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displayed on Figure 3. As described in Section2, G2  and G3 possess -dependent shift along1 

the dispersion direction, it indicates that the initial phase of periodic wavefront for individual sub-2 

beam varies with  . To evaluate the effects of wavefront errors on NF4 fluence, G2  and G3 of 3 

each sub-beam are accumulated over   in the same aperture as the sub-beams are recombined at 4 

NF4. The summed result of the wavefronts are smoothed along the x  direction due to the different 5 

initial phases. As a result, the fluence modulation are smoothed along the  direction, which can 6 

be seen in Figure 3  b ,  d . It is important to note that the accumulations of wavefront errors are 7 

fictitious distributions without physical significance, but they provide representations of the 8 

induced fluence modulation characteristics.  9 

10 

x

 b  a 
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 Figure 3. NF4 fluence modulation induced by the periodic wavefront errors G2  or G3 with 1 

15mm, /4T H= =  . (a) Accumulation of G2 over   in the same aperture. (b) NF4 fluence2 

modulation induced by G2 . (c) Accumulation of G3 over   in the same aperture. (d) NF43 

fluence modulation induced by G3 . 4 

Figure 4 exhibits the NF4 intensity distributions induced by G2   in different spectral 5 

components, the distortions of the intensity arise from spectral clipping of the compressor. It can 6 

be seen that the intensity modulation of each sub-beam is similar to the distribution of G2 , which 7 

is the features of the Talbot effect, the different initial phases of G2 result in different intensity 8 

distribution. Ultimately, the fluence modulation are smoothed along the dispersion direction. This 9 

interesting property can significantly mitigate fluence modulation induced by G2 and G3 , in 10 

the case of 15mm, /4T H= =   , the modulation index is only about 1.2   for G2 and 1.05   for 11 

G3 , much less than 1.  for G1 . Additionally, it can be observed that the NF4 peak fluence12 

caused by G2  are higher than that caused by G3 , it is evident that an increased propagation 13 

distance can exacerbate the NF4 fluence modulation induced by wavefront errors under present 14 

working-distances.  15 
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1 

Figure 4.  a  The distributions of  G2   along the 2x direction with 2 0y =   for different 2 

wavelengths, the black line represents the accumulated result of G2 .  b  The resulting NF43 

intensity distribution in different wavelengths along the 4x direction with 4 0y = , and the fluence 4 

along 4x direction is displayed at the bottom. 5 
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1 

Figure 5. NF4 fluence modulation induced by  a  G1 ,  b  G2 ,  c  G3 ,  d  periodic wavefront 2 

errors of all upstream gratings, with 0.5 40mm, /4 or /8T H= − =   . 3 

 To study the effects of different  V values and periods of periodic wavefront errors for the 4 

first three gratings on NF4,  considering a period range of 0.5 40mm−  with an interval of 0.5mm , 5 

0T =   corresponds to the ideal case. The NF4 fluence modulations induced by a single-period 6 

wavefront errors with  V value of  /4 or /8   for each upstream grating are calculated, as shown 7 

in Figure 5  a ,  b,  c ，and for all three gratings, as shown in Figure 5  d . It can be seen that the 8 

modulation index is roughly proportional to the square of the  V, which is consistent with the 9 

analysis in[36]. Under the fixed optical distance to  4, for three upstream gratings, the mid-to-10 
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 d 
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high spatial frequency wavefront errors lead to oscillatory distributions of modulation index, and 1 

the peak modulation index only induced by wavefront errors of characteristic periods, this is also 2 

the features of Talbot effect. On the other hand, the characteristic periods are distinct for each 3 

grating due to different propagation distance of field, for G1 , they are 3.5mm,5- mm with the 4 

maximum modulation index exceeds 3. For G2 , they are 2mm, 3mm, 4.5mm, 6mm with the 5 

maximum modulation index of about 1. 8. For G3 , they are 1mm, 2mm, 2.5mm with the 6 

maximum modulation index of about 1. 8. And 2.5mm,4.5-11mm with the maximum modulation 7 

index exceeds 3 for all. In addition, to limit the modulation index less than 1.5 , in case of /4H =  , 8 

the period ranges that needs to be controlled are 0.5 15mm−   for G1  , 0.5 10mm−   for G2 , 9 

0.5 5mm− for G3  and 0.5 20mm− for all. In the case of /8H =  , the ranges are 0.5 12mm−10 

for  G1  , 0.5 15mm−   for all three gratings, for only G2 or G3 , all the induced modulation 11 

indices are less than 1.5.  It needs to be emphasized that these ranges are obtained based on the 12 

wavefront errors of the diffracted beam, which must be divided by 0cos  for G1 , G3   or cos 13 

for G2  to approximately transformed onto the grating plane. 14 

In general, the maximum modulation index induced by the periodic wavefront errors of  2 15 

and  3 is significantly lower than that of  1,  1 also possess the maximum characteristic period, 16 

confirming the influence of angular dispersion and diffraction effects described before. Besides, 17 

the result in Figure 5  d  reveals a significant enhancement of NF4 fluence modulation at the 18 

overlapping characteristic periods of each gratings. It is worth noting that the simulation considers 19 

only single-period wavefront errors to evaluate the characteristic period ranges for NF4. However, 20 

actual fabrication typically produces wavefront with multiple periods. Calculations based on the 21 

measured wavefronts presented below suggest a better performance of the practical multiple-22 
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period wavefront errors.  1 

3.3 NF4 fluence modulation induced by mosaic gap amplitude error 2 

3 

Figure 6. NF4 fluence modulation induced by gap amplitude error G1A .  a Diagram of gap 4 

amplitude error for three selected frequencies on the diffracted beam plane at  1.  b  NF4 fluence 5 

modulation induced by G1A . 6 

In the gap area of mosaic grating no exposure takes place, leading to energy loss of 7 

diffracted beam, defined as gap amplitude error. Figure 6 (a) illustrates the gap amplitude error on 8 

the diffracted beam plane at G1, as described in Section 2.3, the spatial positions of mosaic gaps 9 

are independent of  , but the equivalent gap width varies with  . The resulting NF4 fluence 10 

modulation is shown in Figure 6 (b), with a modulation index of 1.7 , intense modulation is 11 

originated from the diffraction effects of the gap edges. The output energy is reduced to 1.178kJ , 12 

the laser peak power is decreased by approximately 1.2%  from 141.127 10 W  to 141.113 10 W , 13 

this result remains valid for the G2 and G3 gap amplitude error. Notably, the modulations induced 14 

by two gaps are independent on each other and exhibit a pattern akin to a thin opaque strip [37].  15 
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1 

2 

Figure  . NF4 fluence modulation induced by gap amplitude errors G2A and G3A .  a  Diagram of 3 

gap amplitude error for three selected frequencies on the diffracted beam plane at  2.  b  NF4 4 

fluence modulation induced by G2A  .  c  Diagram of gap amplitude error for three selected 5 

frequencies on the diffracted beam plane at  3.  d  NF4 fluence modulation induced by G3A . 6 

The amplitude error of diffracted beam caused by the gaps on grating planes at  2 and  3 7 

are displayed in Figure     a ,  c , respectively. Similarly, the spatial positions of gap amplitude 8 

error for each sub-beam are dependent upon   at  2 and  3 due to angular dispersion. As   9 
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increase, the gap positions shift from right to left on the diffracted beam plane at  2, and shift in 1 

the opposite direction at  3, as marked by the red lines in the Figure 6. Ultimately, the NF4 fluence 2 

modulations induced by gap amplitude error of these two gratings are smoothed due to the sweep 3 

of gap positions, with two tiny depressions forming at the location of gaps, the modulation indices 4 

in two cases are almost identical, both about 1.04. 5 

6 

Figure 8. Comparison of the modulation index induced by diffraction of  1 mosaic gap and thin 7 

strip.  a  NF4 fluence modulation induced by G1A and the modulation induced by strip diffraction 8 

for 0  under different w , the propagation distance is 20m .  b  The variation of the modulations 9 

with the propagation distance  up: w=5mm , down: w=3mm  . 10 

Figure 7 demonstrates that the gap amplitude errors of G2 and G3 possess a relatively 11 

minor impact on the NF4 comparing to that of G1. Therefore, the further analysis is only focused 12 

on G1. Considering a gap width range of w 0.5 6mm= −  with an interval of 0.5mm  on the grating 13 

plane, the equivalent width on the diffracted beam plane of G1 is . The modulation index 14 

is calculated and shown as the blue line in Figure 8 (a). The other curves in Figure 8 (a) represent 15 

modulations induced by thin strip diffraction with three fixed strip widths of 16 

wcos ( ) 
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0wcos , w/2.6 and w/2.8  on the beam plane under a propagation distance of 20m  for 0 , which 1 

is equal to the working-distance of 0 =10617mmQ . The results reveal that the NF4 fluence 2 

modulation characteristics caused by G1A closely resemble those induced by thin strip diffraction. 3 

Due to the -dependent equivalent width, the characteristics of NF4 fluence modulation align 4 

more closely with which of thin strip diffraction with widths of w/2.6, w/2.8 , instead of a strip 5 

width of 0w cos  ( w/2.2 , approximately). Within the range of w 0.5 6mm= − , smaller width 6 

result in lower NF4 fluence modulation, but the width of the mosaic gap is limited to 3 5mm−  7 

under the current fabrication conditions. Therefore, considering the typical cases of 8 

w 3mm  5mm= ， , the fluence modulation induced by G1A with 0 =10617-14717mmQ , about 9 

20-24m optical pathlength for 0 , and the modulations induced by thin strip diffraction with 10 

width of w/2.6, w/2.8  under the propagation distances between 20-24m  are shown in  Figure 8 11 

(b). It can be observed that changing the working-distance cannot significantly mitigate the NF4 12 

fluence modulation induced by G1A , when 0Q is lengthened by 4m , the modulation index only 13 

decreases by about 3% . 14 

3.4 NF4 fluence modulation induced by measured wavefront of mosaic grating 15 
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1 

Figure 9. Two diffracted wavefronts from Littrow-mounted mosaic gratings measured by a 2 

600mm circular-aperture interferometer.  a The first wavefront with  V of about 0.3 .  b  The 3 

second wavefront with  V of about 0.9 .  4 

To evaluate the characteristics of NF4 fluence modulation caused by phase jump across the 5 

mosaic gap, two diffracted wavefronts with phase jumps across 5mm - width gaps are introduced, 6 

which are shown in Figure 9 (a), (b). The gratings are Littrow mounted, the monochromatic probe 7 

light with =1053nm  is diffracted to propagate along the incident path and returns to the 8 

interferometer, the four corners of measured wavefront distribution is cropped due to the 9 

interferometer possesses a circular aperture with 600mm diameter. It can be observed that the 10 

phase jump of the first wavefront is more severe, and there are mid-to-high frequency wavefront 11 

errors occur at the mosaic gaps. For the 1.4m 0.42m  grating utilized in the SG-II UP PW 12 

picosecond system compressor, the Littrow angle is 66 , the length of the rectangle in lateral view 13 
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is about 569mm , the resolution is 0.274mm  with 1500 2050 sampling points for two 1 

wavefronts, respectively.  2 

Based on the previous results, only considering the G1 errors with the most severe impact 3 

on the NF4 in this Section. The area enclosed by black dotted lines corresponds to the aperture of 4 

the input beam, the interpolation algorithm is adopted to increase the sampling points to 5 

4096 4096 , taking the two wavefronts as G1 , the resulting NF4 fluence modulations are shown 6 

in Figure 10 (a), (c), respectively. It is obvious that the peak fluence modulation is induced by mid-7 

to-high frequency wavefront error across the mosaic gap, both of the fluence modulation indices 8 

reach approximately 1.36, implying that the low frequency wavefront error almost have no effect 9 

on NF4. After introducing the amplitude error G1A , the near-field modulations are displayed on 10 

Figure 10 (b, d). It can be seen that the combined effect of wavefront and amplitude errors further 11 

degrades the near-field quality, with near-field modulation index has reached 1.9 for the first 12 

wavefront and 1.8 for the second. Notably, the first wavefront, which has a smaller PV value, 13 

results in a higher modulation index than the second wavefront, this phenomenon is caused by the 14 

worse continuity across the gap of the first wavefront. Furthermore, referring to Figure 6, Figure 15 

7, Figuer 8 and Figure 10, it is evident that the near-field modulation induced by G1 gap amplitude 16 

error is dominant under the current status, confirming that controlling the mosaic gap width of G1 17 

is an effective approach to mitigate near-field modulation. 18 
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1 

Figure 10. NF4 fluence modulation induced by  a The first wavefront without G1A ,  b  Both the 2 

first wavefront and G1A ,  c The second wavefront without G1A ,  d  Both the second wavefront 3 

and G1A . 4 

IV. CONCLUSION5 

To better understand the near-field propagation properties within the mosaic grating based 6 

compressor, based on ray tracing and diffraction propagation theory, we proposed a 3D near-field 7 
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propagation model for the SG-II UP PW picosecond system compressor. Focusing on the periodic 1 

wavefront error and mosaic gap error under the laser pulse with narrowband, we investigate the 2 

characteristics of NF4 fluence modulation induced by the errors of the first three gratings 3 

respectively. The results indicate that the errors of G1 have the most significant impact on NF4. 4 

In severe cases, the mid-to-high frequency single-period wavefront errors of 0.5 15mmT = −  at 5 

G1 can increase NF4 fluence modulation index to 3 , but just about 1.8 for G2 and G3 due to the 6 

smoothing along the dispersion direction of NF4 fluence modulation caused by angular dispersion. 7 

These smoothing effects also significantly mitigate the NF4 fluence modulations induced by gap 8 

amplitude error of G2 and G3. Besides, the periods of G1 diffracted wavefront along the x  9 

direction must be divided by 0cos  to approximately transformed onto the grating plane.  For gap 10 

amplitude error of G1, the simulation highlights the control of mosaic gap width, under current 11 

fabrication conditions, a gap width of 3mm  is recommended. Relying on two diffracted 12 

wavefronts measured by an interferometer, we preliminarily identify that the phase discontinuity 13 

across G1 gap can magnify the NF4 fluence modulation induced by gap amplitude error, to 14 

mitigate this effect, a continuous wavefront is recommended. In summary, it is recommended to 15 

use a grating with the highest quality diffracted wavefront as G1. Notably, the errors of G1 can be 16 

equivalent to the input pulse errors, underscoring the importance of precise control for the phase 17 

and amplitude of the input pulse. The simulation model can also be used to optimize the positions 18 

of other downstream optics, such as following transport mirrors. Moreover, this study does not 19 

address the composite impact of gap amplitude errors of all gratings, which is more reflective of 20 

the reality, further investigation is warranted. 21 
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1 

Figure and table captions 2 

Figure 1.  Schematic of broadband pulse propagation model for grating compressor. 3 

Figure 2. NF4 fluence modulation induced by the periodic wavefront error G1  with =15mmT , 4 

= /4H  .  a  Accumulation of G1  over  .  b  NF4 fluence modulation induced by G1 . 5 
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Figure 3. NF4 fluence modulation induced by the periodic wavefront errors G2  or G3 with 1 

15mm, /4T H= =  . (a) Accumulation of G2  over   in the same aperture. (b) NF4 fluence 2 

modulation induced by G2 . (c) Accumulation of G3 over   in the same aperture. (d) NF4 3 

fluence modulation induced by G3 . 4 

Figure 4. (a) The distributions of  G2  along the 2x  direction with 2 0y =   for different 5 

wavelengths, the black line represents the accumulated result of G2 . (b) The resulting NF4 6 

intensity distribution in different wavelengths along the 4x  direction with 4 0y = , and the fluence 7 

along 4x direction is displayed at the bottom. 8 

Figure 5. NF4 fluence modulation induced by  a  G1 ,  b  G2 ,  c  G3 ,  d  periodic wavefront 9 

errors of all upstream gratings, with 0.5 40mm, /4 or /8T H= − =   . 10 

Figure 6. NF4 fluence modulation induced by gap amplitude error G1A .  a  Diagram of gap 11 

amplitude error for three selected frequencies on the diffracted beam plane at  1.  b  NF4 12 

fluence modulation induced by G1A . 13 

Figure  . NF4 fluence modulation induced by gap amplitude errors G2A and G3A .  a  Diagram of 14 

gap amplitude error for three selected frequencies on the diffracted beam plane at  2.  b  NF4 15 

fluence modulation induced by G2A .  c  Diagram of gap amplitude error for three selected 16 

frequencies on the diffracted beam plane at  3.  d  NF4 fluence modulation induced by G3A . 17 

Figure 8. Comparison of the modulation index induced by diffraction of  1 mosaic gap and thin 18 

strip.  a  NF4 fluence modulation induced by G1A and the modulation induced by strip diffraction 19 

for 0  under different w , the propagation distance is 20m .  b  The variation of the modulations 20 

with the propagation distance  up: w=5mm , down: w=3mm  . 21 

Figure 9. Two diffracted wavefronts from Littrow-mounted gratings measured by a 600mm22 

circular-aperture interferometer.  a The first wavefront with  V of about 0.3 .  b  The second 23 
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wavefront with  V of about 0.9 . 1 

Figure 10. NF4 fluence modulation induced by  a The first wavefront only,  b  Both the first 2 

wavefront and gap amplitude error,  c  The second wavefront only,  d  Both the second 3 

wavefront and gap amplitude error of  1. 4 

5 
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