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Abstract
This paper provides an overview of the current status of ultrafast and ultra-intense lasers with peak powers exceeding
100 TW and examines the research activities in high-energy-density physics within China. Currently, 10 high-intensity
lasers with powers over 100 TW are operational, and about 10 additional lasers are being constructed at various institutes
and universities. These facilities operate either independently or are combined with one another, thereby offering
substantial support for both Chinese and international research and development efforts in high-energy-density physics.
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1. Introduction

Parameters such as the duration, energy, power and wave-
length are commonly utilized to characterize laser pulses.
The development trend in laser technology aims to overcome
the limitations of these parameters. Laser pulse durations
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have been shortened to the attosecond scale, and pulse
energy has increased to megajoule levels. Various scientific
studies and applications can be conducted using various
lasers.

Based on the pulse duration and energy characteristics,
facilities utilizing intense lasers for high-energy-density
physics research can be categorized into two distinct
types. The first type comprises high-energy lasers that
typically operate over a duration of several nanoseconds
and produce output pulse energies ranging from kilojoules
to megajoules (kJ–MJ). An exemplary high-energy laser
system is the National Ignition Facility (NIF), constructed
at the Lawrence Livermore National Laboratory (LLNL).
This facility can deliver approximately 2.0 MJ at 3� within
5–10 ns using 192 laser beams[1]. The second category
encompasses high-intensity lasers, which primarily utilize
the chirped-pulse amplification (CPA) technique, invented
by Strickland and Mourou in 1985[2]. This technique
allows the compression of laser pulses to femtosecond or
picosecond scales, significantly enhancing the peak power of
the lasers. Although these lasers have relatively lower pulse
energy than their high-energy counterparts, their ability of
the highly focused intensity on the target surface due to
the short pulse duration categorizes them as ultrafast and
ultra-intense lasers.

In recent decades, China has achieved remarkable progress
in developing both categories of laser technologies. Facilities
such as Shenguang I (SG-I), Shenguang II (SG-II) and
Shenguang II upgrade (SG-II U) with a petawatt (PW)
picosecond beam have been established in Shanghai. The
recent upgrades to the SG-II U facility have doubled its
energy output and added an additional picosecond PW beam.
Moreover, a laser facility capable of 100-kJ-level outputs and
its prototype have been constructed in Mianyang[3]. These
advanced high-energy lasers are predominantly employed
for exploring inertial confinement fusion (ICF), laboratory
astrophysics and other processes related to high-energy-
density physics.

Numerous institutions and universities across China have
developed or are in the process of constructing ultrafast
and ultra-intense laser facilities, with peak powers spanning
from terawatts (TW) to 100 PW. The Shanghai Institute
of Optics and Fine Mechanics (SIOM) of the Chinese
Academy of Sciences (CAS), the Research Centre for Laser
Fusion of the China Academy of Engineering Physics in
Mianyang and the Institute of Physics (IOP) of the CAS in
Beijing were among the first to initiate the construction
and research of these sophisticated laser systems. Over
the years, other prominent institutions such as Shanghai
Jiao Tong University (SJTU), Peking University (PKU),
Tsinghua University, Chinese Academy of Atomic Energy,
National University of Defense Technology (NUDT) and
Shenzhen Technology University (SZTU) have joined this
field. These ultrafast facilities are primarily engaged in

physics and application research in areas including laser-
driven electron acceleration, ion acceleration, ultrafast
X-ray emission, terahertz radiation and laser nuclear
physics.

In recent years, there has been a surge in the establishment
of ultrafast laser facilities and laboratories across various
disciplines. However, this study does not encompass all these
developments. Consequently, our review will focus pre-
dominantly on those ultrafast high-intensity laser facilities
boasting peak powers exceeding 100 TW and the associated
research activities in high-energy-density physics that utilize
these facilities.

2. Main laser facilities and research activities in China

This section presents an overview of the intensive laser facil-
ities and related research activities in high-energy-density
physics, organized by geographic distribution across Beijing,
Shanghai and other areas.

2.1. Institute of Physics, Chinese Academy of Sciences

In 1995, the Optical Physics Laboratory of the IOP, CAS
in Beijing, commissioned a femtosecond laser system. This
system, characterized by a pulse energy of 5 mJ, pulse
duration of 120 fs, wavelength of 800 nm and repetition
rate of 10 Hz, represented the first-generation femtosecond
laser from spectra-physics, utilizing an argon-ion pump laser.
Relying on this laser, the IOP started to study ultrafast
intense laser–plasma interaction physics, and made advance-
ments in the generation of hard X-rays and hot electrons[4–6].

Since 1997, the team at the IOP has been engaged in
the independent development of femtosecond lasers, suc-
cessively establishing the Xtreme Light (XL-I)-I, XL-II and
XL-III Ti:sapphire systems. The XL-I system was completed
in 1999, delivering an output of 36 mJ over 25 fs at a repeti-
tion rate of 10 Hz. The beam quality surpassed four times the
diffraction limit[7]. The focal spot size, as determined by an
X-ray pinhole camera, was approximately 10 µm, achieving
focused intensities on targets of 1 × 1017 W/cm2. The pulse
contrast at 1 ps exceeded 105, as measured using a third-order
autocorrelator.

In contrast to XL-I, the XL-II laser system, constructed
in 2001, incorporated a regenerative amplifier for pre-
amplification to enhance beam quality[8]. An image-
transfer system in vacuum was utilized to project the
near-field modes of the pump laser onto the amplifying
crystal, improving both the pump efficiency and the post-
amplification beam quality. Stretchers and compressors
equipped with gratings of varying densities were employed
to offset high-order dispersion. This system produced a laser
output of 644 mJ at 33 fs, corresponding to a peak power
of approximately 20 TW. The beam quality was three times
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Figure 1. Layout of the XL-III laser system[9]..

the diffraction limit, with the focused intensity approaching
1019 W/cm².

In 2006, the team developed the XL-III femtosecond
laser, achieving a peak power of 350 TW, and subsequently
upgraded this system to the petawatt level in 2011[9]. Figure
1 shows the layout of the XL-III laser system. A sub-
10 fs Ti:sapphire laser oscillator was designed to serve
as the seed source. By integrating femtosecond optical-
parametric amplification (fs-OPA) with double-chirped-
pulse amplification (DCPA), the contrast ratio was enhanced
to 1010. The laser output reached 32.3 J at a duration of
27.9 fs, corresponding to a peak power of 1.16 PW, making
it the highest output for Ti:sapphire laser systems at that
time.

In 2012, the IOP constructed a new experimental building
and relocated the XL-III laser facility and the team to a
new laboratory within this structure. In addition, a 20 TW
femtosecond laser provided by Amplitude of France was
installed. A new experimental target area was established
within a year, further enhancing the facility’s capabilities.

Since 2018, the IOP has been developing the National
Research Infrastructure, known as the Synergetic Extreme
Condition User Facility (SECUF), situated in Huairou Dis-
trict, Beijing. The SECUF provides extreme experimen-
tal conditions – including exceptionally low temperatures,
strong magnetic fields, ultra-high pressures and ultrafast
light fields – for both Chinese and international researchers
to engage in pioneering research in materials science. The
facility commenced operations in early 2023. Within the
SECUF, the team constructs and manages two experimental
platforms: the ultrafast X-ray dynamics platform, driven by a
PW laser system, and the ultrafast electron diffraction (UED)
platform, driven by a kHz fs laser system.

The Huairou PW laser system and the ultrafast
X-ray dynamics platform are primarily designed to offer
ultra-intense light fields and laser-driven ultrafast X-rays
for studying material dynamics and high-energy-density
physics. Figure 2 illustrates the layout of the Huairou

PW laser system and its target areas. The design of the
laser system was a collaborative effort between Amplitude
and the IOP and was implemented by Amplitude. It is a
dual-arm system, featuring a PW (25 J, 25 fs, 800 nm)
arm capable of operating at one shot per minute, and
a secondary 3 TW (60 mJ, 20 fs, 800 nm) arm that
operates at 100 Hz. Both arms utilize a common high-
contrast front-end based on double CPA, as well as a cross-
polarized wave (XPW) system that significantly enhances
pulse contrast, measured to be 2.5 × 1010@200 ps. The
system demonstrates exemplary performance in pulse
spatiotemporal characterization and stability, thanks to
various active control systems including the automatic beam
alignment system, programmable acousto-optic spectral gain
controller Mazzler, Dazzler–Wizzler feedback and laser
adaptive optics (AO) system.

The PW arm is designed to deliver pulses to various
target chambers, enabling a spectrum of high-energy-density
physics experiments. These experiments include laser wake-
field acceleration (LWFA), generation of ultrafast X-ray
sources, interactions between lasers and clusters, the use of
near-critical density (NCD) gas targets, laser-driven nuclear
physics and the production of novel THz radiation. The
resulting X-ray emissions act as probes to study the dynamics
of different samples in a single shot.

In the 3 TW arm, laser pulses are focused onto tape-
or disk-shaped targets to generate K-alpha X-ray emissions
at a 100 Hz repetition rate with a high average flux. This
configuration is ideal for high spatial resolution imaging
and ultrafast X-ray diffraction. The photon fluxes of Cu
K� (~8.04 keV) and Mo K� (~17.44 keV) measured are
1.7×1011 and 7.5 × 1010 photons/s, respectively. By vary-
ing the target materials, different X-ray photon energies
can be achieved. This platform facilitates the synchronous
integration of fs laser pulses, X-rays and THz sources to
explore the ultrafast dynamics of matter using various pump–
probe schemes, such as fs laser/THz pumps followed by fs
laser/THz/X-ray probes.
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Figure 2. Layout of the Huairou PW laser and target areas. Target Chamber A with f /3 off-axis parabola (OAP) is used to study novel THz radiation. Target
Chamber B with f /4 and f /15 OAPs is used to study interactions between the laser and cluster or near-critical density gas targets and laser-driven nuclear
physics. Target Chamber C equipped with an f /40 OAP is used for studying laser wakefield acceleration and associated X-ray sources. The 3 TW/100 Hz
beamline is for ultrafast X-ray and THz generation and applications.

Research activities of the IOP team
The IOP team has primarily focused on investigating alter-
native ignition schemes for ICF, the production of intense
laser-driven X-ray and THz radiation and laboratory astro-
physics.

Fundamental to the fast ignition (FI) approach to ICF and
the creation of secondary particles and radiation sources is
the generation of fast electrons during intense laser–plasma
interactions. The team has studied the characteristics of fast
electrons, including their generation mechanisms, spatial
and energy distributions, dynamics and transport in dense
plasmas, as well as their dependency on laser and target
parameters. For instance, they observed a collimated fast
electron beam emitted along the front target surface at large
laser incidence angles[10] owing to the confinement effects of
surface magnetic and electrostatic fields. To address the issue
of large divergence angles of fast electron propagation in the
high-density plasma core relevant to FI, they demonstrated
that laser-to-core coupling efficiency could exceed 10%
when a multi-megagauss magnetic field was used to guide
fast electrons in particle-in-cell (PIC) simulations[11]. They
also showed that such a magnetic field can be generated
using an open-ended coil[12] or a capacitor-coil target[13,14]

driven by high-power lasers. Based on these findings, Zhang

et al.[15] proposed a double-cone ignition (DCI) scheme for
ICF that encompasses four processes: quasi-isentropic com-
pression, acceleration, head-on collision and rapid heating.
Their experiments confirmed the feasibility of this scheme
at current energy levels[16].

The generation of high-intensity and broadband THz radi-
ation sources presents significant challenges in advancing
THz science. Our team has been exploring the production
of THz radiation using relativistic (>1018 W/cm2) laser
pulses interacting with high-density plasma targets[17]. They
discovered that coherent transition radiation, emitted by fast
electrons escaping from the rear side of a laser-irradiated
foil, could yield strong THz radiation[18]. In collaboration
with scientists in the UK, they achieved extreme THz radi-
ation with pulse energies up to approximately 200 mJ and
unprecedented terawatt-level peak power by optimizing THz
generation efficiency at the VULCAN laser facility[19,20].
Recently, the team utilized THz radiation as a diagnostic tool
to observe the dynamics of fast electrons, finding that the
electron pulses could be as brief as the driving duration of
the femtosecond laser pulses[21].

In collaboration with colleagues from the National Astro-
nomical Observatory, Beijing Normal University, SJTU and
other institutions, the team has been investigating magnetic
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Figure 3. Layout of the 100 TW laser system.

reconnection (MR), collisionless shocks, jets and other
topics in laboratory astrophysics at the SG laser facility. In
their MR studies, they demonstrated that the MR topology
produced in high-power laser–plasma interactions in the
laboratory closely resembles the loop-top-like X-ray source
emissions observed in solar flares[22]. More recently, they
observed turbulent MR characterized by fragmented current
sheets, multiple magnetic islands and fluxtubes using optical
shadowgraphy[23]. For collisionless shocks studies, they
demonstrated a supersonic plasma collision scheme driven
by intense laser pulses to generate collisionless shock waves,
and observed their dynamic evolution process[24].

2.2. China Institute of Atomic Energy

Since 2017, the China Institute of Atomic Energy (CIAE)
team has been developing a 100 TW laser system. By 2020,
the final output achieved was 3.5 J at 35 fs and 1 Hz[25].
The pulse duration was further refined to 30 fs using Dazzler
and Wizzler loops. The laser beam wavefront, after being
directed through an off-axis parabola with a 1.2 m focal
length, was corrected using a deformable mirror and SID4
sensor feedback system, resulting in a Strehl ratio of 0.85
and a focal spot size (full width at half maximum, FWHM)
of 20 µm.

Using an off-axis parabola with a 350 mm focal length, the
focal spot could reach approximately 7 µm (FWHM). Owing
to the implementation of double CPA, XPW generation in
air and Pockels cells, the measured temporal contrast was
6.5 × 1010. Consequently, the peak power of the final output
reached 116 TW (3.5 J/30 fs at 1 Hz), with an energy stability
of 0.65% root mean square (RMS). This configuration is
illustrated in Figure 3.

To generate a broadband XPW signal, a multi-order
waveplate with a thickness of 0.117 mm was positioned
before the regenerative amplifier to reduce the gain-
narrowing effect, and the measured spectrum of the XPW
was 68 nm (FWHM)[26]. A pinhole was used in the XPW

system to improve the energy stability[27]. To refine the
amplified beam profile, the pump beams of the pre-amplifier
and first amplifier were projected onto the Ti:sapphire
crystal from the exit of the pump laser in air, on both sides
of the crystal. The pump beams for the second amplifier
were directed onto a Ti:sapphire crystal within a vacuum
chamber. The pump beam profiles for the final amplifier
were homogenized using a diffractive optical element (DOE)
plate.

Research activities of the CIAE team
The CIAE team has primarily focused its research on laser
wakefield electron acceleration, laser-driven proton acceler-
ation, fast neutron generation, laser-driven THz generation
and laser nuclear physics[28].

The supersonic gas target is a key element in laser wake-
field electron acceleration. The team has systematically con-
ducted simulations and experimental studies on gas targets
customized for laser accelerators. A Nomarski optical inter-
ference system with high spatial-temporal resolution (6 µm,
6 ns) was set up to diagnose gas density[29]. The team has
developed supersonic gas targets with various structures and
investigated the impact of multiple parameters on the gas jet
performance[30]. To accurately measure the electron beams,
the team designed multiple electron magnetic spectrometers
covering different energy ranges and systematically studied
the characteristics of imaging plate (IP) plate detectors[31].
Currently, the team has generated a high-energy electron
beam (200 MeV, ~50 pC) using a gas target.

For laser-driven proton acceleration, the team has pro-
posed schemes based on target normal sheath accelera-
tion (TNSA) and radiation pressure acceleration (RPA),
assisted by an external axial magnetic field. These schemes
are designed to accelerate and collimate protons when a
right-hand circularly polarized laser irradiates an over-dense
plasma and a multispecies nanofoil[32,33]. For fast neutron
generation, the team has proposed the irradiation of a mul-
tichannel target consisting of a row of parallel microwires
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Figure 4. Layout of CLAPA-II.

and a plane substrate with a relativistic femtosecond laser to
enhance neutron yields[34].

The team has also developed a scheme based on the
interaction between a relativistic femtosecond-intense laser
and a T-shaped target to generate ultrafast terahertz radiation.
The results demonstrated that T-shaped targets can increase
the terahertz radiation intensity by an order of magnitude,
achieving up to 2.8 TV/m, compared to 0.3 TV/m for planar
targets. In addition, the cone angle of the collimated terahertz
beam was reduced by approximately six times[35,36]. The
team further proposed enhancing terahertz radiation through
a double-layer target configuration consisting of ‘NCD plus
solid’ layers, which showed that the peak electric field
was more than five times greater than that of single-layer
targets[37].

The dynamics of nuclear reactions in laser-driven plasma
environments, including astrophysical reactions and the ICF
design, are critically important in laser nuclear physics
research[38]. The team has developed a direct calibration
method using a gated fission neutron source from 252Cf
to accurately calibrate neutron detectors for experiments
involving laser-driven nuclear reactions[39].

2.3. Peking University

At the Beijing Laser Acceleration Innovation Center
(BLAIC) at PKU, funded by the Ministry of Science and
Technology, a team is constructing a proton tumor therapy
system powered by a petawatt femtosecond laser. The
central component of this system is the laser-driven proton
accelerator, CLAPA-II, which utilizes a transient ultra-strong
electrostatic field generated by the interaction of an ultra-
high-intensity laser with high-density targets to accelerate
protons[40,41]. This accelerator is equipped with a dedicated
beam transport system that collects protons and precisely
controls the energy and flux of the beam. At the treatment
terminal, the treatment head adjusts the shape and energy
spectrum of the proton beam to deliver the required radiation
dose to the tumor according to the prescribed treatment plan.

The predecessor of CLAPA-II, CLAPA-I, was completed
by our team in 2018. It employed a 200 TW Ti:sapphire
laser as the driving source and was capable of generating
monoenergetic protons with energies ranging from 1 to
15 MeV, achieving an energy spread of 1% and a flux
of 106–108 per shot[42–44]. At CLAPA-I, the team gained
extensive experience in various applications, including cell
irradiation[45–47].

The CLAPA-II laser, developed collaboratively by PKU
and Thales, can achieve dual-beam outputs of 2 and 200 TW,
as shown in Figure 4. Specifically, the 2 PW laser delivered
a pulse with a duration of 30 fs and a peak energy of
60 J. This system is based on a double CPA architecture
using Ti:sapphire amplifiers and employs a hybrid technique
of XPW and optical-parametric chirped-pulse amplifica-
tion (OPCPA) to achieve temporal contrast in the area of
1013@100 ps. To meet the requirements of tumor treatment,
the laser operates at a repetition rate of 1 Hz with a 300 mm
beam diameter at FWHM. The integration of a large-aperture
AO system allows for effective correction of wavefront phase
aberrations, resulting in a Strehl ratio better than 0.85 after
correction.

Once the laser reaches the target area, its contrast is further
enhanced by a dual-plasma mirror (PM) system. High-
contrast laser pulses, once focused by an off-axis parabolic
(OAP) mirror, are anticipated to achieve peak intensities
exceeding 1022 W/cm2. Early theoretical and experimental
results have indicated that utilizing nanometer-thick film
targets[48,49] or composite targets[50] at such high intensities is
highly promising for generating protons exceeding 100 MeV,
with an adequate flux for tumor therapy[51,52]. Treating a
tumor effectively requires hundreds of shots at a frequency
of 1 Hz, with each target being completely destroyed during
its interaction with the laser. Therefore, the target system in
the laser accelerator must continuously supply high-quality
targets at the laser firing rate, ensuring that the position
of newly positioned targets does not deviate by more than
a few micrometers. Currently, researchers at the BLAIC
have developed a high-repetition-rate target system capable
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of accommodating various types of targets, including solid
film[53], liquid film[54], free-standing and composite carbon
nanotube targets[49,55–58]. A debris shield system has also
been designed to protect the OAP mirror and other valuable
optical components from contamination.

Directly behind the targets, CLAPA-II uses three
superconducting solenoids to collect the diverging laser-
accelerated protons. After collection, the quasi-parallel beam
is directed to either a horizontal or vertical achromatic beam
transmission segment for energy selection[59]. Notably, in
the vertical segment, superconducting canted-cosine-theta
(CCT) magnets are employed to generate both dipole and
quadrupole magnetic fields, significantly reducing the weight
and complexity of the apparatus.

The overall control system of the proton therapy unit
operates on the Experimental Physics and Industrial Control
System (EPICS) software platform, a distributed control
system that enables time-synchronized control of the laser,
target area, beam transport system and treatment terminals
with comprehensive safety interlock control functions[6]. The
treatment planning system, based on Monte Carlo algo-
rithms, generates treatment plans tailored to the characteris-
tics of the laser-accelerated beam, ensuring the effective use
of protons generated by laser acceleration to safely irradiate
tumor tissue while sparing healthy tissue.

The installation of the CLAPA-II laser is now completed,
and it is currently undergoing testing and commissioning.
The construction of the target area and the horizontal beam
transport system has also been finalized, with experiments
projected to commence by 2024.

2.4. Tsinghua University/Beijing Academy of Quantum
Information Sciences/Institute of High Energy Physics,
Chinese Academy of Sciences, 1 Hz 30 fs 1 PW system

2.4.1. 1 Hz 30 fs 1 PW system
In collaboration with Tsinghua University and with the
support of the Beijing government, Beijing Academy of
Quantum Information Sciences (BAQIS) has developed a
compact 1 Hz, 30 fs, 1 PW Ti:sapphire laser system. This
system features high-contrast front-ends using the XPW
scheme and multi-stage Ti:sapphire amplifiers, achieving an
energy output of approximately 47 J before compression. The
compressed pulse possesses a peak power exceeding 1 PW
and a pulse width of less than 30 fs. The typical parame-
ters are detailed in Table 1. The system’s modular design
incorporates industrial-grade lasers in a compact structure.
Compared to commercial PW laser systems, its footprint is
reduced by a factor of three, resulting in exceptional long-
term stability.

Figure 5 illustrates the PW laser system, comprising sev-
eral independent modules: a femtosecond oscillator, CPA1,

Table 1. Typical parameters of a PW laser system.

Parameters Values
Wavelength ~800 nm
Energy (post-compression) >30 J
Pulse duration <30 fs (FWHM)
Repetition rate 1 Hz
Picosecond contrast >1010@100 ps
Pulse energy stability <0.5% (RMS, 8 h)

CPA2, XPW contrast booster, 20 TW amplifier, 200 TW
amplifier, PW amplifier, test compressor and pump lasers.
The seeding source utilizes an 800 nm@80 MHz femtosec-
ond oscillator with a 100 nm bandwidth and 200 mW aver-
age power. The high-contrast front-end amplifier employs a
double CPA design coupled with an XPW contrast booster.
Initially, the seeding pulse is amplified in CPA1 to a few
millijoules, compressed to 30 fs, then enhanced for pulse
contrast via the XPW model, and further amplified in CPA2
to reach 10 mJ. The pulse subsequently passes through the 20
and 200 TW multi-pass amplifiers, achieving a pulse energy
of 7 J. The final PW amplifier boosts the pulse energy to
over 47 J, with the pulse then being compressed to less than
30 fs, resulting in a peak power exceeding 1 PW. The primary
pumping sources for the 200 TW and PW amplifiers are
compact high-energy neodymium-doped yttrium aluminum
garnet (Nd:YAG) lasers (8–15 J at 532 nm) operating at
1 Hz, with potential for upgrading to 5 Hz. An integrated
monitoring system has been developed to monitor and con-
trol the operating status and environmental parameters of
each module, including the spectrum, energy, beam profile,
temperature and humidity.

In 2023, a collaboration between BAQIS, Tsinghua Uni-
versity and the Institute of High Energy Physics (IHEP) of
the CAS was initiated to establish an advanced research
platform for plasma wakefield acceleration (PWFA). This
platform, situated in the #10 experimental hall of the IHEP,
integrates the PW laser system, the 2 GeV BEPC-II electron
and positron linac (Beamline-I) and a new 150 MeV high-
charge electron linear accelerator (linac; Beamline-II). The
PW laser can be combined with Beamline-I’s linac to inves-
tigate LWFA with external injection of both electron and
positron beams. Beamline-I and Beamline-II are designed to
merge collinearly at a focal point through a dogleg configura-
tion. This setup, utilizing the 2 GeV electron/positron beams
from Beamline-I and the low-emittance high-charge electron
beams from Beamline-II, facilitates a variety of experimental
studies related to LWFA and PWFA. The research focus of
this platform includes critical physics issues in LWFA and
PWFA, such as enhancing beam quality, boosting accel-
eration efficiency and suppressing various instabilities. In
addition, utilizing the unique positron beam from BEPC-
II, the platform will conduct pioneering research on high-
quality positron acceleration in PWFA and LWFA.

https://doi.org/10.1017/hpl.2024.69 Published online by Cambridge University Press



8 Y. Li et al.

Figure 5. BAQIS–Tsinghua 1 PW laser system.

2.4.2. Fudan-BAQIS-Tsinghua 3 Hz 300 TW laser system
and ICS
Since 2023, Fudan University, BAQIS and Tsinghua Univer-
sity have also collaborated to develop a compact MeV-level
inverse Compton scattering (ICS) source for nuclear photon-
ics research. This ICS platform is driven by a 25 fs, 3 Hz,
300 TW high-power laser, employing the same technology
as the aforementioned PW laser system. Detailed parameters
of this system are listed in Table 2.

Table 2. Typical parameters of a 300 TW laser system.

Parameters Values
Wavelength ~800 nm
Energy (post-compression) >8 J
Pulse duration <25 fs (FWHM)
Repetition rate �3 Hz
Contrast >1010@100 ps
Pulse energy stability <1.0% (RMS, 1 h)
Pointing jitter <1.0 µrad (RMS, 8 h)
Beam size ~100 mm (1/e2)

The MeV-level ICS source employs a dual-beam collision
scheme, as illustrated in Figure 6. The primary advantage
of this scheme is its capability to independently adjust the
parameters of the two laser beams to optimize the ICS
gamma-ray output. In this setup, the 300 TW ultra-intense
laser pulse is divided into two beams: a 200 TW beam
is focused and directed into the main target chamber to
drive LWFA, while the 100 TW scattered laser beam is
focused to collide with the LWFA electron beam at an angle
of approximately 170�. This collision generates MeV-level
ICS gamma rays with a single-shot photon flux exceeding
1.5 × 108. The system comprises several modules, includ-
ing a laser compression/splitting module, a plasma source
generation/control module, an optical diagnostic module for
plasma structure, a laser transmission/control module, a laser
focusing module, an electron beam energy spectrometer, a
shielding module and other synergistic subsystems. Through
its monitoring and control modules, the system provides
comprehensive control over the generation, tuning and diag-
nostics of ICS gamma rays, creating a flexible and versatile
experimental environment for various applications.
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Figure 6. Layout of the Fudan–BAQIS–Tsinghua 300 TW laser system and the MeV ICS source.

2.4.3. ‘Zhongyuan Light’: the Zhengzhou
University–Tsinghua joint laser accelerator facility for
application
In 2023, the first medium-scale scientific facility in Henan,
China, named ‘Zhongyuan Light’, was officially approved,
and construction commenced. Jointly designed by Tsinghua
University and Zhengzhou University, this facility aims to
build a laser–plasma accelerator for end-users across diverse

research fields by utilizing the latest domestically developed
compact robust ultrashort high-power laser technology.
The facility will feature approximately 10 independent
beamlines, including a compact petawatt laser system, PW
laser-driven high-energy high-quality electron acceleration,
proton acceleration and application, a test platform for
LWFA-driven free electron lasers, a betatron radiation
source, an ICS source, a single-cycle intense mid-infrared
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Figure 7. Layout of Zhongyuan Light.

source, and an UED platform. Figure 7 depicts the layout of
these beamlines. The construction plan spans five years, with
seven beamlines expected to be operational and available for
users within approximately three years.

Research activities of Tsinghua team
The laser–plasma accelerator group at Tsinghua University
has been dedicated to advancing laser–plasma accelera-
tion technology (LWFA/PWFA) and its applications. The
group has also actively engaged in developing compact
ultrafast ultra-intense lasers for various applications through
collaboration with BAQIS and the Qiyuan Institute of New-
light Source in Kaifeng.

In LWFA/PWFA-related physics, the group has made sig-
nificant progress on various topics, including the phase space
dynamics of injection schemes[60–63], ultra-high-brightness
beam generation[64–67], electron snapshots for plasma wake-
field diagnostics[68,69], positron acceleration[70,71] and exter-
nal injection[72].

For high-brightness injection in LWFA/PWFA, various
injection schemes[63–66] have been proposed for generating
high-quality beams with low emittance and low energy
spread. In phase space dynamics, the origin of the phase
space mismatch in plasma accelerators was analyzed[61],
and matching schemes were proposed to preserve beam
emittance[62]. In the phase space manipulation method,
a hollow channel plasma is proposed to rotate the
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