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The Chinese H↵ Solar Explorer (CHASE), dubbed “Xihe” — Goddess of the Sun, was launched on October 14, 2021 as the first
solar space mission of China National Space Administration (CNSA). The CHASE mission is designed to test a newly developed
satellite platform and to acquire the spectroscopic observations in the H↵ waveband. The H↵ Imaging Spectrograph (HIS) is the
scientific payload of the CHASE satellite. It consists of two observational modes: raster scanning mode and continuum imaging
mode. The raster scanning mode obtains full-Sun or region-of-interest spectral images from 6559.7 to 6565.9 Å and from 6567.8
to 6570.6 Å with 0.024 Å pixel spectral resolution and 1 minute temporal resolution. The continuum imaging mode obtains
photospheric images in continuum around 6689 Å with the full width at half maximum of 13.4 Å. The CHASE mission will
advance our understanding of the dynamics of solar activity in the photosphere and chromosphere. In this paper, we present
an overview of the CHASE mission including the scientific objectives, HIS instrument overview, data calibration flow, and first
results of on-orbit observations.
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1 Introduction

The H↵ line is one of the most important optical lines for
solar observations. The spectral profile near the H↵ line cen-
ter at 6562.8 Å reflects the information of the solar chromo-

sphere, and the far wings reflect the information of the pho-
tosphere. Hence, the whole spectral profile can be used to
decipher the detailed structure of the solar lower atmosphere.
The very first solar H↵ images were obtained by George E.
Hale on Mount Wilson Solar Observatory [1]. Since then H↵
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Figure 1 The schematic view of the CHASE satellite (left panel) and the photograph at the stage of assembling (right panel).

spectroscopic observations have been carried out in ground-
based telescopes [2-7]. One may notice that there were very
few full-Sun H↵ spectroscopic observations except the Solar
Dynamics Doppler Imager (SDDI) installed at Hida observa-
tory, Japan [8], and the spectroheliograph patrol telescope at
Kislovodsk mountain astronomical station, Russia [9]. The
SDDI uses a tunable filter to obtain H↵ images with a pass-
band of 0.25 Å. The spectroheliograph of Kislovodsk station
has a spectral resolution of 0.16 Å. However, due to the see-
ing e↵ects arising from the Earth’s atmosphere, the designed
spatial resolution for the ground-based telescopes cannot be
easily reached except using the adaptive optical systems [10].
Another limitation for the ground-based telescopes is that
they cannot achieve all-day and all-weather solar observa-
tions. It is therefore necessary to promote a solar space mis-
sion to carry out the full-Sun H↵ spectroscopic observations
with high temporal and spectral resolutions.

The Chinese H↵ Solar Explorer (CHASE) satellite, with
a weight of 508 kg and a size of 1210 mm ⇥ 1210 mm ⇥
1350 mm, was designed to test a newly developed satellite
platform and to perform spectroscopic solar observations in
the H↵ waveband. The CHASE satellite was launched into
a Sun-synchronous orbit using a CZ-2D rocket at 18:51:04
on October 14, 2021 (China Standard Time, CST). The orbit
has an average altitude of ⇠517 km and a period of ⇠95 min-
utes. The lifetime of the CHASE mission is designed to be 3
years, which fortunatelly covers the ascending phase till the
maximum of Solar Cycle 25. Along with the X-ray and Ex-
treme Ultraviolet Imager (X-EUVI) onboard the FY-3E mis-
sion launched on July 5, 2021 [11] and the Advanced Space-
based Solar Observatory (ASO-S) scheduled to be launched
in the last quarter of 2022 [12], the CHASE mission marks a
milestone for the Chinese solar physics to glide into the space

age [13].
Figure 1 shows the schematic view of the CHASE satellite

(left panel) and its photograph prior to launch (right panel).
The ultra-precision satellite platform of the CHASE mission
was designed with a pointing accuracy of 5 ⇥ 10�4� and a
stability of 5 ⇥ 10�5�/s. Detailed designment and on-orbit
performance of the satellite platform are described in an ac-
companied paper by Zhang et al. [14]. The excellent pointing
accuracy and stability of the satellite platform ensures solar
spectroscopic observations for the scientific payload — H↵
Imaging Spectrograph (HIS), without requirement for a guide
telescope or an imaging stabilization system.

The CHASE mission was dubbed “Xihe” in Chinese —
Goddess of the Sun. A brief introduction of the CHASE mis-
sion was previously reviewed by Li et al. [15]. There have
been many improvements in the satellite and scientific pay-
load since then. This paper presents the scientific objectives
of the CHASE mission, the HIS instrument overview and its
techonical parameters, data calibration flow, and the first re-
sults of on-orbit observations.

2 Scientific objectives

The primary goal of the CHASE mission is to investigate the
dynamics of solar activity in the lower atmosphere, namely
the photosphere and the chromosphere, and to understand the
physical mechanisms of solar eruptions. The full-Sun spec-
troscopic observations are also useful in Sun-as-a-star studies
that provide implications to stellar physics. We discuss here
some of the main scientific objectives to be studied by the
CHASE mission.



C. Li, C. Fang, Z. Li, M. D. Ding, P. F. Chen, Y. Qiu, et al. Sci. China-Phys. Mech. Astron. March (2022) Vol. 65 No. ?? 289602-3

Figure 2 The schematic view of the HIS instrument (left panel) and its optical design illustrating two observational modes of RSM and CIM (right panel).

2.1 Formation, dynamics, and chirality of solar fila-

ments

The H↵ line is the strongest spectral line in the solar visible
spectrum, and is one of the best spectral lines for filament
or prominence observations. A filament is a volume of cool
material, compared to the surrounding hot plasmas, situated
above the polarity inversion line. There are many contro-
versial topics related to solar filaments, e.g., how they are
formed, how the longitudinal and transverse oscillations can
be utilized to diagnose the elusive coronal magnetic field, and
how they are triggered to erupt [16]. With H↵ spectroscopic
observations, we can derive the 3-dimensional velocities of
the filament counterstreamings [17], investigate the filament
interaction and oscillations that provide important clues for
solar eruptions [18, 19]. Solar filaments are supported by ei-
ther sheared magnetic arcades [20] or magnetic flux ropes
[21], both of which are believed to be the pre-eruption mag-
netic structures of coronal mass ejections [22]. Using the H↵
spectroscopic observations of the CHASE mission, one can
derive the filament topology and chirality that are useful to
diagnose the supporting magnetic fields [23, 24].

2.2 Dynamics of solar activity in photosphere and chro-

mosphere

The CHASE mission provides solar spectroscopic observa-
tions with high spectral and temporal resolutions at the wave-
bands of H↵ (6562.8 Å), Fe I (6569.2 Å), and Si I (6560.6
Å), which will be described in Section 4. Hereafter the
wavelength refers to the air wavelength in comparison with
the ground-based observations. The H↵ line is the strongest

chromospheric line, and the other two are photospheric lines.
Therefore the dynamics of solar activity in both the photo-
sphere and the chromosphere can be revealed by the CHASE
mission simultaneously. How is the magnetic energy re-
leased and transported in white-light flares [25] and Ellerman
bombs [26], via thermal or non-thermal energy dissipation?
What are the precursors and triggering mechanisms of so-
lar eruptions [27]? What is the di↵erence between the dif-
ferential rotations of the photosphere and the chromosphere
[28, 29]? How are materials tranported from the lower atmo-
sphere to the corona [30]? These questions can be anwsered
by the full-Sun spectroscopic observations of the CHASE
mission itself, or by combing spectral and imaging observa-
tions from other solar missions, e.g., Solar Dynamics Obser-
vatory (SDO) [31], Interface Region Imaging Spectrograph
(IRIS) [32], Solar Orbiter (SolO) [33], and ASO-S [12].

2.3 Comparative studies of solar and stellar magnetic ac-

tivities

Stellar magnetic activities are now becoming hot topics in as-
trophysics. Stellar flares, many of which are “superflares”,
have been observed and studied on a variety of stars [34, 35].
Similar to the magnetic energy release on the Sun, stellar
flares are believed to be closely associated with stellar fila-
ment eruptions and CMEs, which may play an important role
in mass and momentum loss of stars, and in producing hazard
space weather of the exoplanetary environment. So far stellar
CMEs have not been well observationally explored [36, 37].
The high temporal and spectral resolutions of the CHASE
mission facilitate the study of the evolution of integrated H↵
profiles during solar eruptions, which can shed light on the
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understanding of similar processes on Sun-like stars. That is
to say, the full-Sun H↵ spectroscopic observations provide a
unique tool to study the Sun as a whole and to compare the
spectral di↵erences, e.g., Balmer line asymmetries, between
stellar eruptions and solar eruptions.

Table 1 The HIS instrument characteristics.
Systems Items Values

Mass 54.9 kg
Mechanics Size 635 mm ⇥ 556 mm ⇥ 582 mm

Power Average: 58 W, Maximum: 98 W

Primary aperture 180 mm
Optics E↵ective focal length 1820 mm

Field of view 40
0 ⇥ 40

0

RSM Array 4608 ⇥ 376 (window applied)
detector Pixel size 4.6 µm

Quantization (ADC) 12 bit
Full well 14.5 k

CIM Array 5120 ⇥ 5120
detector Pixel size 4.5 µm

Quantization (ADC) 10 bit
Full well 12 k

Transmission rate 300 Mbps
Telemetry Ground capture ⇠1.2 Tb per day (compressed)

Data compression 6:1 (typical)

3 Instrument overview

There are two payloads onboarded the CHASE satellite. The
solar atomic frequency discrimanitor aims to test its accuracy
of spectral velocity measurement and experiment the poten-
tial ability of autonomous navigation for future space explo-
rations [38]. The HIS instrument is the scientific payload of
the CHASE mission. It utilizes the excellent pointing accu-
racy and stability of the satellite platform to provide solar
spectroscopic observations in the H↵ waveband. The HIS
instrument has a weight of 54.9 kg and a size of 635 mm
⇥ 556 mm ⇥ 582 mm. It consists of three optical systems:
preposition optical system, raster scanning system, and con-
tinuum imaging system. The schematic view of the HIS in-
strument and its optical systems are shown in Figure 2. Table
1 summarizes the characteristics of the HIS instrument. De-
tailed instrument designment and on-orbit performance are
described in an accompanied paper by Liu et al. [39].

The preposition optical system of HIS instrument is com-
posed of a filter assembly and an o↵-axis three-mirror-
anastigmatic (TMA) assembly. The filter assembly consists
of two radiation-shielding glasses that are coated with a band-
pass film and an infrared-cut film, respectively, allowing the
transmission of the passband of 6430 – 6830 Å. The TMA

assembly consists of three reflecting mirrors and possesses
characteristics of wide Field of View (FoV) and long focal
length in a limited volume of optical system [40]. Specifi-
cally, the HIS instrument has a focal length of 1820 mm and
an e↵ective aperture of 180 mm, leading to an F-number of
10.1 and a FoV of 400 ⇥ 400 .

The raster scanning system is composed of a slit, a fold-
ing mirror, a plane grating, a collimating mirror, an imaging
mirror, and a CMOS detector. The length of the slit is 23
mm, and the width is 9 µm. The grating groove density is
1900 lp/mm. The pixel size of the CMOS detector is 4.6
µm. These lead to the instrument spectral resolution, in other
words, the spectral full width at half maximum (FWHM) of
0.072 Å, and the pixel spectral resolution of 0.024 Å. Another
key component of the raster scanning system is a scanning
unit that moves the solar imaging disk across the slit with a
constant speed. It is driven by a linear electric motor, whose
experimental scanning speed is 4.6 ± 0.3 mm/s. To complete
a full-Sun scanning, only ⇠46 seconds is needed. A redun-
dancy of 1-minute scanning is designed to improve the sys-
tem reliability. For a region-of-interest scanning, a temporal
resolution of 30 – 60 seconds can be achieved.

The continuum imaging system is composed of a beam
splitter, a neutral density filter, a narrow bandpass filter, and
a CMOS detector. The neutral density filter aims to attenu-
ate the solar continuum emission, with a transmittance rate of
1/5000. The narrow bandpass filter has a FWHM of 13.4 Å
with the centeral wavelength at 6689 Å, which is located in
a pure continuum waveband and is not contaminated by any
spectral lines. The CMOS detector has 5120 ⇥ 5120 pixels,
and the pixel size is 4.5 µm. These lead to a pixel spatial
resolution of 0.52 arcsec.

The HIS instrument can operate in two observational
modes: raster scanning mode (RSM) and continuum imag-
ing mode (CIM). The RSM mode acquires solar spectra in
wavebands of H↵ (6559.7 – 6565.9 Å) and Fe I (6567.8 –
6570.6 Å) with high spectral and temporal resolutions. The
RSM mode has three sub-modes, namely the full-Sun scan-
ning, region-of-interest scanning, and sit-stare spectroscopy.
The schematic sketch in Figure 3 shows the relative posi-
tions of the slit against the solar imaging disk. It should be
mentioned that the solar imaging disk, rather than the slit, is
moving during scanning. The full-Sun and region-of-interest
scanning have temporal resolutions of 30 – 60 seconds. The
sit-stare spectrocopy has a temporal resolution of < 10 ms.
The CIM mode is designed to obtain the high-cadence (1 sec-
ond) full-Sun photospheric images that can be applied to ver-
ify the stability of the satellite platform. Table 2 summarizes
the parameters of the two observational modes.



C. Li, C. Fang, Z. Li, M. D. Ding, P. F. Chen, Y. Qiu, et al. Sci. China-Phys. Mech. Astron. March (2022) Vol. 65 No. ?? 289602-5

Slit 
Scanning 
direction

Slit 

Scanning 
direction

Sit-stare

Slit 

Figure 3 The three sub-modes of the RSM observational mode. From left to right: the full-Sun scanning, region-of-interest scanning, and sit-stare spec-
troscopy. Note that the solar imaging disk, rather than the slit, is moving during scanning.

Table 2 The parameters of the HIS observational modes
Modes Items Values

Passbands H↵: 6559.7 – 6565.9 Å
Fe I: 6567.8 – 6570.6 Å

Instrument FWHM 0.072 Å
RSM Pixel spectral resolution 0.024 Å

Pixel spatial resolution 0.52
00

Full-Sun scanning time 60 seconds
Local-area scanning time 30 – 60 seconds
Exposure time for each step < 10 ms

Center wavelength 6689 Å
Passband FWHM 13.4 Å

CIM Pixel spatial resolution 0.52
00

Exposure time < 5 ms
Frame rate 1 fps

4 Data processing

After the successful launch of the CHASE mission on Octo-
ber 14, 2021 (CST), the HIS instrument saw its first light on
October 24, 2021. The CHASE mission does not produce sci-
ence data in orbit, but transmits the raw data to three ground
stations (Miyun, Kashi, and Sanya) located in China. The raw
data are then transfered through a dedicated internet access to
the Solar Science Data Center of Nanjing University (SSDC-
NJU), where the Level 0 data are produced, archived, and
further calibrated to the Level 1 data and higher-level prod-
ucts. Here a brief calibration flow is introduced based on the
first-light observations. Detailed calibration procedures are
described in an accompanied paper by Qiu et al. [41].

4.1 Calibration flow

According to the transmission rate of the downlink stations
and the typical satellite transit time, the ground capture of the
raw data is ⇠1.2 Tb per day. The raw data are JPEG2000

compressed and stored at SSDC-NJU. They are then con-
verted into the Level 0 data that are Rice compressed to
reduce storage requirement. The Level 0 image files are
archived as 4608 ⇥ 376 arrays for the RSM mode and 5120 ⇥
5120 arrays for the CIM mode. Taking the full-Sun RSM ob-
servation as an example, one sequence of scanning generates
⇠14.9 GB decompressed Level 0 data. Therefore a powerful
pipeline system is required for the data acquisition and pro-
cessing. The computing system at SSDC-NJU has the storage
capacity of ⇠6 Pb and the computing ability of ⇠102.4 Tflops.

Processing Level 0 data to Level 1 science data involves
several steps. Here we focus on the calibration of the RSM
spectra. At first, the dark field including digital o↵sets, read
noise, and dark current of the detector, is removed. Step 2
is the correction of the slit image curvature, which is a com-
mon phenomenon in o↵-axis-mirror spectrometers and has
been attributed to both the o↵-axis mirrors and the di↵raction
plane grating. The correction can be carried out by using the
experimental curvature coe�cients, which are calculated by
the pixel positions of the wavelength tunable laser. Step 3
is the correction of the flat field. It aims to remove the sys-
tematic vignetting, the artifacts on the slit and detector, and
the intensity patterns due to irregularities of the slit width.
To obtain the flat field, the center of the solar imaging disk
should be moving along the slit, during which the spectra
are simultaneously recorded. These center-position spectra
do not contain information of solar limb darkening and solar
di↵erential rotation, and can be used to derive the flat field.
After the above procedures, along with the coordinates trans-
formation, wavelength and intensity calibrations, the RSM
Level 1 science data are produced. For more details, one may
refer to Qiu et al. [41]. Figure 4 shows how the RSM Level
0 data are processed into the calibrated science data based on
the first-light spectra observed on 24 October, 2021.

The RSM Level 1 data are Rice compressed and seperately
archived as 4608 ⇥ 260 arrays for the H↵ waveband (6559.7
– 6565.9 Å) and 4608 ⇥ 116 arrays for the Fe I waveband
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(6567.8 – 6570.6 Å), respectively. Here the number of 4608
refers to the pixels along the slit, whereas 260 and 116 refer
to the pixels of the wavelength. For science users, we usually
provide 3-dimensional arrays with the third dimension refer-
ring to the steps of a scanning sequence. Taking one specific
wavelength along the slit from every step, we can splice a
solar image at this wavelength. Therefore one scanning se-
quence produces 376 solar images at di↵erent wavelengths.
Figure 5 shows an example of the full-Sun spectroscopic im-
age at the H↵ center of 6562.8 Å. The full-Sun scanning
time period was from 00:52:49 – 00:53:35 UT on 24 Octo-
ber 2021. Note that the spectral line located in the H↵ blue
wing is the Si I line centered at 6560.6 Å.

Figure 6 The full-Sun chromospheric Dopplergram at 06:01:05 – 06:01:52
UT on December 22, 2021 derived from the H↵ profiles by using the cross-
correlation method.

The RSM Level 1 data can be further applied to produce
higher-level products. For instance, the absolute intensity
calibration can be done based on the spectral profiles and
the emission measure of the continuum spectra near the H↵
waveband. Other important products include the full-Sun or
region-of-interest photospheric and chromospheric Doppler-
grams, which can be derived simutaneously in less than 1
minutes from the profiles of the H↵, Fe I or Si I spectral
lines. Figure 6 shows the full-Sun chromospheric Doppler-
gram that is derived from the full-Sun H↵ profiles by using
the cross-correlation method. Specifically, the Doppler ve-
locities are calculated by comparing the spectral profile of
each pixel with a reference profile, which is an average pro-
file over a central region of the solar disk. The accuracy of
the velocity field is calculated to be ⇠0.06 km s�1. The di↵er-

ential rotation of the chromosphere from poles to the equator
and the complex velocity distribution in active regions are
clearly displayed.

The CIM Level 1 images are produced from Level 0 data
via dark- and flat-field correction, and coordinate transfor-
mation. The flat field is obtained by using the normal KLL
method [42], which, at first, records multiple images of the
solar disk centered at di↵erent positions of the detector by
changing the satellite pointing, and then, iterates these im-
ages by specific algorithm. The CIM Level 1 data can be
used to study the solar activities in the photosphere and to
verify the stability of the satellite platform.

4.2 Data distribution

The FITS formatted Level 1 science data will be available
to the community through the website at SSDC-NJU (https:
//ssdc.nju.edu.cn). The CHASE science team provides rou-
tines in the IDL and Python languages to read the FITS files.
For higher-level products, users are encouraged to develop
new routines. One may contact the CHASE science team for
more information and contributions to the software.

5 Conclusion

The CHASE mission aims to test a newly developed satel-
lite platform and to perform solar spectroscopic observations.
The HIS instrument onboard the CHASE mission acquires,
for the first time in space, the full-Sun or region-of-interest
H↵ spectroscopic images with high spectral and temporal res-
olutions. Since the launch of the CHASE mission on October
14, 2021 and the first-light imaging on October 24, 2021, the
routine observations have begun. The on-orbit performance
of the satellite platform and the HIS instrument is excellent
and meets the pre-launch expectations. Calibration work is
still being developed, but the calibrated data will be available
in the near future to the public. The CHASE/HIS is expected
to advance our understanding of the dynamics of solar ac-
tivity in the lower atmosphere. Combining multi-wavelength
observations from both ground- and space-based solar tele-
scopes, the CHASE mission provides critical data sets for the
research of solar and stellar physics.

The CHASE mission is supported by China National Space Administration
(CNSA). The e↵orts to develop a solar space mission such as CHASE re-
quire a huge amount of skillful and cross-field collaborations. We would
like to thank the team from Shanghai Institute of Satellite Engineering who
built the satellite, the team from Changchun Institute of Optics, Fine Me-
chanics and Physics who designed the scientific payload, and the team from
China Center for Resources Satellite Date and Application who provided
the service of data transmission. Nanjing University is reponsible for the
science and application system. We would also like to thank many individu-
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Figure 4 The calibration flow of the RSM spectra from Level 0 raw data to Level 1 science data. Two passbands of 6559.7 – 6565.9 Å and 6567.8 – 6570.6 Å
are displayed, which are seperated by the black line. The spectra were obtained at 00:53:14 UT on October 24, 2021 when the slit was located at the center of
the solar disk. (a) The Level 0 raw spectra show not only the spectral information, but also the systematic artifacts, digital o↵sets, slit image curvature, etc. (b)
The dark field was obtained when the CHASE/HIS is pointing to the dark cold space. (c) The slit image curvature is corrected by using experimental curvature
coe�cients. (d) The caluclated flat field shows the systematic vignetting, artifacts on the slit and detector, etc. (e) The calibrated Level 1 spectra show clearly
the spectral lines of H↵, Fe I, and Si I that can be used for science purposes.
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Figure 5 Left panel: the spectroscopic image of the full solar disk near the H↵ center at 6562.8 Å. The scanning time was from 06:01:05 – 06:01:52 UT on
December 22, 2021. Right panel: the disk-center averaged H↵ line profile with a pixel spectral resolution of 0.024 Å. The Si I line centered at 6560.6 Å is
located at the H↵ blue wing.


