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Spatial gaps between sub-beams in high-peak-power lasers with tiled-aperture-based coherent beam
combining (TACBC) give rise to relatively strong sidelobes and impair the power in bucket (PIB) at far
field. To address the aforementioned issue, spatial chirp is employed in this paper to fill the gaps and further
enhance PIB. With two sub-beams, both simulations and experiments indicate that spatial chirp can boost
PIB by 1.8 times at a gap-beam width ratio of 0.2. The same enhancement is observed in simulations even
when four sub-beams are considered. To put it briefly, the spatial-chirp-assisted TACBC approach holds
the potential in boosting focal intensity during constructing tens to hundreds of petawatt (PW) lasers.
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I. INTRODUCTION

Laser technology is currently pursuing higher energy
and shorter pulse duration to achieve ultrahigh peak power,
the key to unlocking the increasingly significant appli-
cations in relativistic optics and high-field laser physics
[1–5]. However, such high-peak power nearly reaches the
ceiling with one single beam due to limits in manufactur-
ing dimensions and damage thresholds of essential optics,
such as nonlinear crystals and gratings.

To further improve laser peak power, Blanchot et al. [6]
firstly proposed the TACBC scheme involving beam phas-
ing instead of grating mosaic phasing [7,8] to obtain PW
lasers in 2006. In TACBC, several small-size laser beams
(or sub-beams) were coherently combined together to an
ultrahigh-power integrated beam. Recently, the TACBC
technology [9–13] had undergone extensive theoretical
research and gained experimental success. In 2014, the
TACBC of several optical parametrical amplified fem-
tosecond beams was demonstrated together with a two-
loop relative timing jitter active stabilization scheme [11].
Leshchenko et al. obtained relativistic intensity femtosec-
ond laser pulses by TACBC [12]. The 1.15 PW @ 850 J
laser at the Petawatt Aquitaine Laser facility (PETAL) was
successfully achieved in 2017 [13]. Besides, the TACBC
method was applicable when it came into the hundreds
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of PW regime. The SEL facility [14] in China origi-
nally planned to reach 100 PW scale by combining four
tens of PW beams. More than ten sub-beams with tens
of PW were TACBC-designed to achieve 200 PW in the
Exawatt Center for Extreme Light Studies [15] in Russia.
Another 200 PW laser plan in Extreme Light Infrastructure
[16] from Europe also adopted this multibeam combining
technology.

However, there was an inevitable “gap problem” in
tiled-aperture laser beam. Several theoretical [17,18] and
experimental [12,19] works had shown that the spatial gaps
induced relatively high sidelobes, which would weaken
the main lobe of the focal spot during final focusing even
under the condition of meticulous calibration and phase
matching. The presence of more intense sidelobes was
observed [18] when enlarging the gap of two of the same
sub-beams. Then, PIB that is defined as the power ratio of
the beam circled by a specific radius to the total combined
output at far field decreases with the increasing the gap-
beam width ratio (the ratio of gap width to beam width).
Here the beam contained within a ring with a specific
radius denotes the main lobe at far field. Note that only
the influence of beam geometry is estimated; the wave-
front error and mismatch in spectral phase are not taken
into account in this paper.

Since it is the gap that hinders PIB, is it feasible to
make up for the gap space between sub-beams in TACBC?
In our recent works [20–22], beam smoothing by spatial
chirp was proposed to decrease the beam spatial intensity
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modulation, aiming to increase the total input and output
pulse energy in PW compressors. In this paper, we present
that the gaps between sub-beams in TACBC can be filled
by inducing spatial chirp to the laser beam. As a result,
sidelobes at far field can be decreased, thus boosting PIB.
As for TACBC with two sub-beams, simulations illus-
trate that the PIB enhancement ratio, defined as the PIB
ratio between the conditions with and without spatial chirp,
can reach 1.5 or 1.8 when gap-beam width ratio equals
0.1 or 0.2. Subsequent experiments validate these results.
Four sub-beams are also analyzed to check the applicabil-
ity, which realizes a PIB enhancement ratio of 1.6 or 1.8
through 200- or 290-mm spatial dispersion when gap-beam
width ratio is 0.05.

II. BASELINE MODEL AND SIMULATIONS

The basic principle of PIB enhancement through spatial
chirp is illustrated in Fig. 1. The normalized light field of
one sub-beam right before the convergence element (lens,
curved mirror and so on) can be expressed from [23] as

En f1 =
∑

i

e−[2ln2(x−αx(ωi−ω0))2/D2
xr]

m

× e−[2ln2(y−αy (ωi−ω0))2/D2
yr]

m

× e−[2ln2(ωi−ω0)2/�2]
n
,

where αx, αy are the spatial chirp coefficients in X, Y direc-
tions. The amount of spatial dispersion width is WSDx =
αx(ωs − ωl)/2, WSDy = αy(ωs − ωl)/2; ωs, ωl denote the
frequencies of the shortest, longest wavelengths. Dxr,
Dyr are the relative beam sizes in X, Y directions; ω0
denotes the center frequency; � is the relative spectrum
width; m and n denote the orders of super-Gaussian beam
and spectrum profiles. The whole beam Enf at near-field
can be expressed by summing up all of the sub-beams,
where other sub-beams can be written by the mathemat-
ical expression above but with some translation on the
Cartesian coordinate system. In practice, spatial chirp in
one direction can be ensured by the asymmetry of a
four-grating compressor [24], and the other by oblique
beam incidence on the diffraction gratings or by the tilted
grooves [25].

FIG. 1. The optical diagrammatic sketch of the PIB enhance-
ment approach.

Then under the effects of focusing elements and free-
space diffraction, light field can be described as the inverse
Fourier transform of

F
{

Enf × exp
[
− ik(x2 + y2)

2f

]}
× exp

[
i(k2

x + k2
y )z

2k

]
,

where the position of the convergence element is defined as
z = 0; k denotes the wave vector and f is the focal length.
Paraxial approximation is taken into consideration. When
z = f , the output is the far-field profile.

A. Case 1, two sub-beams with a gap-beam width ratio
of 0.1

The sizes of each sub-beam are set to be 180 mm in
X direction and 400 mm in Y direction with gap width of
40 mm as shown in Figs. 2(a) and 2(b). Thus the combined
beam width Dx equals beam height Dy with a value of
400 mm. The spectrum ranges from 825 to 1025 nm. m and
n are set to be 10. Proposing that the pulses are perfectly
chirp compensated, the Fourier-transform-limited (FTL)
pulse duration is 14 fs.

Under the condition of no spatial chirp with zero spatial
dispersion width, i.e., αx = αy = 0 in simulation, the far
field in Figs. 2(c) and 2(d) contains a main lobe (referring
to the area from the peak to positions where the intensities
firstly drop to 0 or closest to 0) and a series of sidelobes,
where the former one takes up 68% of the total energy.

In order to find out the exact effects of spatial chirp
on beam quality, various amounts of spatial dispersion
widths are induced to the input in X direction with αx �= 0.
Figure 3(a) shows the varying curves of PIB and peak-
point power (referring to the point with maximum power)
enhancement ratio with different value of WSDx-Dx (the
ratio between lateral spatial dispersion width and beam
size). Here the parameter WSDx-Dx is chosen as the inde-
pendent variable rather than a sole WSDx since the ratio is
more comprehensive, accounting for the gap width, beam
size, and induced spatial dispersion.

Obviously, PIB increases nearly linearly with WSDx-Dx
at first, leveling off at a value of 92% as WSDx-Dx increases
to 0.33 (αx = 0.6). Correspondingly, PIB enhancement
ratio reaches 1.5. In contrast to the energy ratio, the
peak-point power-enhancement ratio exhibits nearly lin-
ear growth all the time. This phenomenon is primarily
attributed to the continuous increase of the input beam size
in X direction as the spatial chirp increases. Consequently,
the lateral size of focal spot becomes progressively smaller,
and energy converges persistently in the same direction.
However, an indefinite peak-point power enhancement is
not the optimal outcome due to the substantial amount of
spatial dispersion width required and an excessively small
focus size in X direction. Hence, the situation of WSDx-
Dx = 0.33 is picked and exhibited in Figs. 2(e)–2(h). The
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FIG. 2. (a)–(d) Beam profiles when αx = 0. (a) Input beam. (b) One-dimensional (1D) intensity curves of (a) at Y = 0 and
X =−115 mm. (c) Beam at far field. (d) 1D intensity curves of (c) at Y = 0 and X = 0. (e)–(h) Beam profiles when αx = 0.6. (e)
Input beam. (f) 1D intensity curves of (e) at Y = 0 and X =−115 mm. (g) Beam at far field. (h) 1D intensity curves of (g) at Y = 0
and X = 0.

gap in Fig. 2(a) is filled, which helps eliminate sidelobes at
far field and enhance PIB.

B. Case 2, two sub-beams with a gap-beam width ratio
of 0.2

The sizes of the sub-beam are set to be 160 mm in X
direction and 400 mm in Y direction with gap width of
80 mm as shown in Fig. 4(a).

With αx = 0, the input beam in Fig. 4(a) has a bigger gap
than beam in Fig. 2(a). As a result, the far field in Figs. 4(c)
and 4(d) contains sidelobes with higher intensity, leading
to a PIB of 58%.

From Fig. 3(b), PIB increases nearly linearly with WSDx-
Dx at first, leveling off at a value of 92% as it increases
to 0.39 (αx = 0.7). Correspondingly, peak-point power is
enhanced by 1.8 times. Similar to the last case, the growth
of peak-point power-enhancement ratio remains nearly

linear all the time. Here larger spatial dispersion width is
needed to reach the PIB plateau since the gap is wider.
Figures 4(e)–4(h) show the beam profiles at far field when
WSDx-Dx = 0.39.

C. Case 3, four sub-beams with a gap-beam width
ratio of 0.05

The sizes of one sub-beam are set to be 400 mm in X
direction and 400 mm in Y direction with gap width of
40 mm as shown in Fig. 5(a).

When αx = 0, the input beam in Figs. 5(a) and 5(b) has
gaps in both X and Y directions. As a result, the far field
in Figs. 5(c) and 5(d) contains more sidelobes than the two
cases above, leading to a PIB of 64%.

From Fig. 3(c), PIB increases nearly linearly with
WSDx-Dx at first, leveling off at a value of 95% as
it increases to 0.34 (αx = αy = 1.3). Correspondingly,

W
SDx

-D
x W

SDx
-D

x
W

SDx
-D

x

FIG. 3. Curves of PIB and peak-point power-enhancement ratio (PPER) at different WSDx-Dx. (a) Two sub-beams with a gap-beam
width ratio of 0.1. (b) Two sub-beams with a gap-beam width ratio of 0.2. (c) Four sub-beams with a gap-beam width ratio of 0.05.
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FIG. 4. (a)–(d) Beam profiles when αx = 0. (a) Input beam. (b) 1D intensity curves of (a) at Y = 0 and X =−115 mm. (c) Beam
at far field. (d) 1D intensity curves of (c) at Y = 0 and X = 0. (e)–(h) Beam profiles when αx = 0.7. (e) Input beam. (f) 1D intensity
curves of (e) at Y = 0 and X = −115 mm. (g) Beam at far field. (h) 1D intensity curves of (g) at Y = 0 and X = 0.

peak-point power is enhanced by 1.8 times. Similar to
the two cases above, the growth of peak-point power-
enhancement ratio remains nearly linear all the time.

Here, the situation of WSDx-Dx = 0.24 (αx = αy = 0.9)

with peak-point power-enhancement ratio of 1.6 is picked
and exhibited in Figs. 5(e)–5(h) due to the ease of inducing
less spatial dispersion width.

III. EXPERIMENT AND RESULTS

Based on a 1-kHz Ti:sapphire laser system with output
pulse energy of 6 mJ and uncompressed pulse, the proof-
of-principle experimental setup is shown in Fig. 6.

Firstly, a 4f system (4f1) consisting of L1 (f 1 =
−200 mm) and L2 (f2= 1500 mm) is used to expand the
beam. Then a circular soft-edge aperture with a diameter

FIG. 5. (a)–(d) Beam profiles when αx = αy = 0. (a) Input beam. (b) 1D intensity curves of (a) at Y = −216 mm and X = −216 mm.
(c) Beam at far field. (d) 1D intensity curves of (c) at Y = 0 and X = 0. (e)–(h) Beam profiles when αx = αy = 0.9. (e) Input beam.
(f) 1D intensity curves of (e) at Y =−216 mm and X =−216 mm. (g) Beam at far field. (h) 1D intensity curves of (g) at Y = 0
and X = 0.
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FIG. 6. The optical setup. L1 is a plano-concave lens. L2–L4
are plano-convex lenses. G1–G4 are gratings with groove density
of 1480 lines/mm. BS, beam splitter.

of about 18 mm intercepts the beam center with pulse
energy of 1.2 mJ for the consideration of beam homogene-
ity before the beam is sent into the grating compressor. The
compressed pulses are converged by L3 (f3= 1500 mm) to
obtain the focus. A beam splitter with a 50:50 reflection-to-
transmission ratio is located behind L3 and far away from
the focus to reflect partial light to L4 (f4= 250 mm), which
forms another 4f configuration (4f2) together with L3, to
attain the collimated and size-reduced beam for near-field
characterization. Here the focus is captured by a charge-
coupled device (CCD, BC106, Thorlabs). Besides, the
pulse energy is measured to be 380 μJ transmitted through
the beam splitter due to the energy loss caused by mirror
and grating reflections and high-order grating diffractions.
L3 is placed 1500 mm behind G4, while another CCD is
placed at the rear focal plane of L4, so as to capture the

beam image right after G4 and keep free-space diffraction
from the near-field beam.

In this paper, spatial chirp is induced through transform-
ing a four-grating compressor (FGC) into an asymmetric
four-grating compressor (AFGC). There are also other
methods such as prisms that can serve as spatial chirp intro-
ducers. According to former researches [20,21,24,26], the
transition just requires simple translation of two gratings,
such as G2 and G3 in Fig. 6. Denoting the perpendicular
distance between the grating pairs (G1 and G2, G3 and G4)
as L1 and L2, the compressor is classified as AFGC when
L1 �= L2. As long as the value of L1 + L2 remains constant,
the induced spectral dispersion provided by the compres-
sor remains the same. The induced spatial dispersion width
WSD of the compressor can be expressed according to [24]
as follows:

WSD = (tan βλl − tan βλs) × cos α × (L2 − L1),

where βλs and βλl are the diffraction angles of the short-
est and longest wavelengths of the input laser. α denotes
the incident angle to G1, which is 51° in this context. The
induced spatial dispersion width is linearly related to the
difference between L1 and L2. Three cases of compres-
sor configurations with L1 – L2 = 0, 60, and 120 mm are
investigated, corresponding to spatial dispersion width of
0, 6.5, and 13 mm.

Figure 7 displays the near-field beams (a)–(c) and foci
(d)–(f) when the gap width equals 0. Under such circum-
stances, the energy is essentially concentrated in the main

FIG. 7. (a)–(c) Near-field beams of WSD = 0, 6.5 and 13 mm. The normalized 1D intensity curves at Y = 0 and X = 0 are plotted
in white. (d)–(f) Far-field beams corresponding to the three cases above. The normalized 1D intensity curves at Y = 0 and X = 0 are
plotted in red.
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FIG. 8. (a)–(c) Near-field beams of WSD = 0, 6.5 and 13 mm. The normalized 1D intensity curves at Y = 0 and X = 0 are plotted
in white. (d)–(f) Far-field beams corresponding to the three cases above. The normalized 1D intensity curves at Y = 0 and X = 0 are
plotted in red.

lobe and there are no discernible sidelobes at the foci. Fur-
thermore, the addition of lateral spatial dispersion width
causes an expansion to the lateral size of the near-field
beam, which in turn decreases the lateral size of the focus.
The PIB and peak-point power-enhancement ratio—two
metrics that assess the quality of the focal spots—are com-
puted utilizing the one-dimensional intensity profile along
the X axis rather than scanning the whole image as in the
simulation in an effort to minimize environmental white
noise. The PIBs for (d), (e), and (f) in Fig. 7 are 94%, 93%,
94%, respectively.

A 3-mm-wide soft-edged paper strip is positioned in
front of G1 subsequently to block the central portion of
the light beam vertically, which can be treated as two
sub-beams with gap and a gap-beam width ratio of 0.17.
The captured spatial profiles are illustrated in Fig. 8. As
the modeling indicated, the gap is successfully filled with
spatial dispersion, and the main lobe energy of focus expe-
riences a greater concentration. Specifically, the PIBs are
70%, 81% and 89% in Figs. 8(d)–8(f), respectively, while
the peak-point power-enhancement ratios of (e) and (f)
reach 1.5 and 1.8 in comparison to (d).

The nature of intensity change in the gap region with the
introduction of spatial chirp is the shift of spectral com-
ponents. Spatial chirp effect allows light from a shorter
wavelength band on one sub-beam and a longer one from
the other sub-beam to fill the gap between the two sub-
beams. The output laser is directly injected into a fiber
connected with a spectrometer (USB4000, Ocean Optics)

and the spectra at the beam center are recorded in Fig. 9.
The spectral profile in an FGC at WSD = 0 primarily arises
from scattering and subtle edge diffraction effects, which
is very weak. When WSD = 6.5 mm, the spectrum con-
sists of two peaks at both longer wavelengths and shorter
wavelengths. Meanwhile, it is evident that there is still a
noticeable gap in Fig. 8(b). When WSD = 13 mm, the spec-
trum profile is filled with entire wavelength components
with relatively strong intensities.

Another soft-edged paper strip with larger width of
3.8 mm, which corresponds to the gap-beam width ratio
of 0.21, is used to cause more serious sidelobes in
Fig. 10. The PIBs are 58%, 73% and 85% correspond-
ing to Figs. 10(d)–10(f), respectively, where the peak-point
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FIG. 9. Spectra at the output beam center.
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power of (e) and (f) is improved by a factor of 1.4 and 1.7
compared to (d).

Based on the experimental results above, several con-
clusions can be drawn. Firstly, the proposed spatial chirp
method has a significant effect on improving the intensity
and quality of the focal spot. Secondly, as the gap-beam
width ratio increases, the number and intensity of sidelobes
also increase. Under such a condition and the same amount
of induced spatial dispersion width, the peak-point power-
enhancement ratio and the proportion of main lobe energy
is smaller. In other words, with a larger gap-beam width
ratio, larger spatial dispersion width is required to achieve
an equivalent PIB. Thirdly, the spatial chirp approach
significantly improves the focal spot for TACBC with dif-
ferent gap-beam width ratios, emphasizing its universality.
Fourthly, with the introduction of spatial chirp, the PIB
does not show a linear growth trend, mainly because it
tends towards saturation and is affected by environmen-
tal noise. Lastly, with the introduction of spatial chirp,
peak-point power-enhancement ratio will not continue to
grow indefinitely, mainly due to white noise and limita-
tions imposed by the face flaws of the focusing element,
making it impossible for the focus size to shrink indef-
initely. The experimental results are consistent with the
simulations.

Besides energy, the pulse duration is also one of the
key parameters for ultrahigh-power laser. During the trans-
formation from FGC to AFGC, an indispensable step is
to testify that the compressor is well aligned. Hence the

whole output beam is injected into a home-made self-
referenced spectral interferometer setup to characterize the
temporal properties, which are shown in Fig. 11.

Here, two scenarios are presented, namely FGC in
Figs. 11(a)–11(c) and AFGC with a spatial dispersion
width of 13 mm in Figs. 11(d)–11(f). In Fig. 11(c), the
measured temporal profile closely resembles the one of
FTL, indicating that the FGC is well aligned. Essentially,
the pulse widths of the FGC and AFGC are consistent, with
values of 39.6 and 40.7 fs. The slight spectral profile dif-
ferences between AFGC and FGC shown in Figs. 11(a)
and 11(d) are primarily caused by the spectral compo-
nent shift on beam cross section resulted from spatial
chirp. However, the differences are so minimal as to
barely impact the pulse width and subsequent beams. For-
mer researches [21,23] also indicate that the spatial chirp
scarcely influence the temporal width at far field due to the
spatiotemporal focusing effect.

IV. DISCUSSIONS

Considering a very specific application, the syn-
thetic aperture compression scheme PETAL [9,27] serves
as an illustrative example. The sub-beam sizes are
170 × 85 mm2, assuming a super-Gaussian spectrum rang-
ing from 1045 to 1061 nm.

When gap-beam width ratio is set to be 0.1, which
corresponds to a gap width of 19 mm, the simulation
results are shown below. Without spatial chirp, the gap at

FIG. 10. (a)–(c) Near-field beams of WSD = 0, 6.5 and 13 mm. The normalized 1D intensity curves at Y = 0 and X = 0 are plotted
in white. (d)–(f) Far-field beams corresponding to the three cases above. The normalized 1D intensity curves at Y = 0 and X = 0 are
plotted in red.

024018-7



WENHAI LIANG et al. PHYS. REV. APPLIED 22, 024018 (2024)

(a) (b) (c)

(d) (e) (f)

In
te

ns
it

y 
(a

rb
. u

ni
ts

)

In
te

ns
it

y 
(a

rb
. u

ni
ts

)

In
te

ns
it

y 
(a

rb
. u

ni
ts

)

In
te

ns
it

y 
(a

rb
. u

ni
ts

)

In
te

ns
it

y 
(a

rb
. u

ni
ts

)
In

te
ns

it
y 

(a
rb

. u
ni

ts
)

FIG. 11. (a) Spectral intensity profiles of FGC (blue), the transient grating (TG) reference spectrum (red), and interference between
them (black). (b) Measured spectrum of FGC (red), retrieved spectrum (black) and retrieved phase (blue). (c) Retrieved temporal
profile of FGC (black), FTL pulse (red) and retrieved phase (blue). (d)–(f) Corresponding curves of (a)–(c) but for AFGC.

near-field beam leads to a series of sidelobes at far field,
and the main lobe energy takes up 70% of the total energy.
Next, if αx = 2 and spatial dispersion width along X direc-
tion is 27.2 mm, the gap between the two sub-beams is
filled, as Fig. 12(e) shows. And the main lobe energy of
focus increases to 91%.

The PETAL and the first simulation case in Sec. II have
the same gap-beam width ratio of 0.1, while the spatial
chirp coefficients vary significantly (2 versus 0.6) to attain
a comparable main lobe energy ratio (91% versus 92%).
This phenomenon is primarily due to the relatively narrow
spectral range of the PETAL case.
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FIG. 12. (a)–(d) Beam profiles when αx = 0. (a) Input beam. (b) 1D intensity curves of (a) at Y = 0 and X =−70 mm. (c) Beam at
far field. (d) 1D intensity curves of (c) at Y = 0 and X = 0. (e)–(h) Beam profiles when αx = 2. (e) Input beam. (f) 1D intensity curves
of (e) at Y = 0 and X =−70 mm. (g) Beam at far field. (h) 1D intensity curves of (g) at Y = 0 and X = 0.
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As the peak power increases, nonlinear effects may
affect the gap-filling process, as exemplified by lenses L2
and L3 below.

Lenses L2 and L3 are both made of BK7 glass with
thickness of about 8 mm. According to the B-integral
formula below:

B = 2π

λ
∫ n2I(z)dz

in which λ is 800 nm, denoting the central wavelength;
I (z) is the intensity of light along the optical axis z,
and n2 = 3.3 × 10−20 m2/W, is the nonlinear refraction
coefficient.

The beam within L2 owns a beam radius of 37.5 mm,
pulse energy of about 6 mJ. Note that the laser pulse at
L2 is uncompressed and has a pulse width on the order of
nanosecond to picosecond, making the B integral induced
by L2 trivial.

The beam within L3 owns a beam radius of 9 mm, pulse
energy of about 0.8 mJ, resulting in a B integral of 0.16. If
the pulse energy exceeds 5 mJ at L3, corresponding to a B
integral of 1 and intensity of 5 × 1014 W/m2, it is necessary
to take into account the effect of nonlinear effects such as
self-phase modulation on the coherent beam combining.
However, in ultrahigh-power laser systems, the focus-
ing elements after the compressor are generally reflective
optics, such as off-axis parabolic mirrors, in which case the
pulse energy is not limited by the lens-induced nonlinearity
considered here.

All in all, the nonlinearity caused by L2 can be
neglected, partly because the considerable pulse width in
front of the compressor, and partly because the beam-
expansion stage consists of L1 and L2 is unnecessary in
application. As for L3, it set limits to the pulse energy and
intensity in this case. Yet, L3 can be avoided in applica-
tion, hence leaving the pulse energy unconstrained by the
lens-induced nonlinearity.

V. CONCLUSIONS

In summary, to conquer the low PIB problem induced
by spatial gaps between sub-beams of TACBC configura-
tions, the spatial chirp approach is proposed in this paper.
In both simulation and experiment settings, it has been ver-
ified that PIB can be boosted by more than 1.5–1.8 times,
which specifically depends on the gap-beam width ratio
and amount of spatial dispersion. The enhancement occurs
without apparent energy loss or pulse-duration changes,
implying a potential increase of over 1.5 times in the
practical focal intensity of the combined laser. Simulta-
neously, spatial chirp helps smooth the near-field beam
profile, reducing the laser spatial intensity modulation.
Moreover, these results demonstrate versatility across vari-
ous sub-beam quantities and gap widths. Thus, this method

represents a pivotal step in advancing focal intensity, open-
ing avenues for the reliable and efficient construction of
ultrahigh-peak-power lasers with TACBC technology.

Data underlying the results presented in this paper are
not publicly available at this time but may be obtained
from the authors upon reasonable request.
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