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Since gravitational waves were directly detected in 2015, a new perspective was provided for human to explore the
universe. In 2017, three American scientists have won the 2017 Nobel Prize in Physics for their outstanding
contributions to the LIGO detector and gravitational wave observations. After the realization of high-frequency
gravitational wave detection by employing a ground-based interferometer, the space gravitational wave detection will be
the focus of the next stage, which can break through the frequency band limitation of ground-based detection because of
the large spatial scale, and can realize low-frequency gravitational wave detection. Currently, the well-known space
gravitational wave detection programs include the LISA program led by the European Space Agency, China's TianQin
program and Taiji program, etc. And these programs all employ the three-satellite and six-link structure, in which the
satellite-based laser interferometer is the core measurement instrument of the detection program, and corresponding
research results are relatively numerous and the technology is advancing rapidly. Relatively speaking, the satellite
telescope, as the laser emission and receiving beam expansion system, have much higher performance requirements than
conventional optical equipment, such as stray light and optical path stability, and other performance indicators will
directly affect the signal-to-noise ratio of the gravitational wave detection. At present, little research has been done on
key technologies of satellite telescopes for gravitational wave detection. Therefore, the journal of Opto-Electronic
Engineering organizes the special issue on "satellite telescope for space gravitational wave detection”, which focuses on
the design and analysis, and the optimization and testing of core indicators of the satellite telescopes for space
gravitational wave detection, and introduces the current situation and development trend of the field. A total of more
than ten relevant papers have been received from the key laboratory of the Ministry of Education of the "TianQin
Program" of Sun Yat-sen University, Zhejiang University, Beijing Institute of Technology, Huazhong University of
Science and Technology, as well as Beijing Institute of Space Mechanics & Electricity, Xi'an Institute of Optics and
Precision Mechanics of CAS, Institute of Optics and Electronics of CAS and other universities and research institutes,
and will be published in batches.

The Special issue "Satellite telescope for space gravitational wave detection (I)", published in No. 11, 2023, includes
one review and seven articles. The paper "Research progress of telescopes for space-based gravitational wave missions"
provides an overview of research progress in optical systems, opto-mechanical structures, space thermal environments
and thermal control, stray light simulation and suppression, and stability measurements for satellite telescopes. In
addition, the other seven research articles explore the optimal solutions for the design and development of satellite
telescopes from theoretical calculations, simulations and experimental tests, which mainly focus on the core technical
indexes such as optical path stability, stray light, wavefront and pointing of satellite telescopes. In "Design technology of
the truss support structure of the ultra-low thermal deformation gravitational wave detection telescope”, the problem of
thermal deformation for the truss support structure is solved by designing a CFRP layer to change the thermal
expansion coefficient of the material. Meanwhile, this paper gives a segmented design plan of the support structure for
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the requirements of telescope mounting performance. In "Design of optical path stability measurement scheme and
theoretical analysis of noise in telescope”, a high common mode suppression interferometry program based on
heterodyne interferometry is proposed, a theoretical model for the optical path noise is built, and optical path noise
levels to the components of the measurement system is assigned according to the 1 pm/Hz"’@1 mHz optical path
stability metrics requirements. In "Research on optical field calculation methods in the space gravitational wave
telescope”, the wavefront calculation simulation program is built utilizing a diffraction integration algorithm based on
vector light tracing, and the simulation results of vector optical field are displayed. In "Design theory and method of oft-
axis four-mirror telescope for space-based gravitational-wave mission", the initial telescope structure is built up based on
the traditional focal plane aberration theory and the optical pupil aberration theory, and then the automatic correction
of optical pupil aberration and focal plane aberration was realized by employing Zemax macro programming, and finally
a high-performance satellite telescope is designed. In "Research on wavefront measurement technology of space-based
telescope using Shack-Hartmann wavefront sensor”, the wavefront aberration measurement method for satellite
telescopes based on the Shack-Hartmann wavefront sensor is proposed, which employs a mutual correlation algorithm
with threshold denoising processing in the frequency domain. In "Analysis of surface scattering characteristics of ultra-
smooth optical components in gravitational wave detection system", a non-equatorial scalar scattering model is built,
which can quickly and accurately analyze and predict their surface scattering characteristics for ultra-smooth optical
elements, and the effects of various factors on the angularly resolved scattering distributions under different surface
statistical distribution characteristics are analyzed. In "Study on the charge driven displacement behavior of the actuator
of the point ahead angle mechanism of a space gravitational wave telescope”, an equivalent capacitance calculation
method is proposed to quantitatively analyze the displacement response characteristics of piezoelectric actuators driven
by electric charge, and the accuracy and feasibility of the method is verified experimentally and simulationally, which
provides a possible analytical method and implementation approach for the high-precision pointing control of the over-
targeting mechanism of the space gravitational wave detection telescope.

The Special issue on "Satellite telescope for space gravitational wave detection" is supported by numerous programs,
including the National Key Research and Development Program "Gravitational wave detection", the 2021 Key Special
Program "Design and investigation of the satellite telescope system with ultra-stable and ultra-high stray light
suppression capability", "Investigation of satellite telescope development and adjustment techniques”, and "Investigation
of ultra-high-precision satellite telescope performance testing and evaluation techniques", etc. Some papers published on
this issue originated from the major academic conferences of these programs and subsequent research results derived
from the spirit of the conferences. We hope that through the discussion of this special issue on the theory and
technology status and frontier progress of the satellite telescope for gravitational wave detection, promoting the
generation and iteration of new theories, technologies and methods in this field, and gradually developing and maturing
them, meanwhile, also providing effective ways and strong support for China's space gravitational wave detection
program, and also providing the important reference for the majority of colleagues to carry out related technical
research, cooperation and exchange.

Certainly, this special issue is just a beginning, there are still big gaps in the theory, methodology and technology
coverage, and maturity and the expected goal. We will continue to make unremitting efforts to improve, and also hope
that the majority of researchers in this field can provide us with valuable advice and development ideas, we would be
grateful!
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