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Abstract A new Chinese radioheliograph project (CSRH) at multiple frequencies in the

decimetric to centimeter wave range with *100 antennas of 2–5 m is proposed. A pro-

totype study of 2-element interferometer was tested for overall design. The site survey for

the CSRH array is carried out and a radio quiet region in Inner Mongolia of China appears

promising. As a first step, the CSRH in decimetric wave range with 40 antennas of 4.5 m is

proposed. The progress about the project is introduced.
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1 Introduction

The solar activities such as coronal mass ejections (CMEs), flares, and solar energetic

particles (SEPs), etc., have great influence in the space weather studies. These activities are

believed due to sudden energy release, particle acceleration, and/or transportation pro-

cesses of the solar magnetic field. Radio bursts are prompt indicators of various solar

activities. Therefore, radio observations provide important diagnosing tool on the related

parameters, such as the magnetic field, electron density, plasma temperature, etc.

Imaging spectroscopy over centimeter and decimetric wavelength range are important

for addressing fundamental problems of energy release, particle acceleration and particle

transport (Bastien et al. 1998). Therefore a new instrument capable of true imaging spec-

troscopy, with high temporal, spatial, and spectral resolutions is required to meet this end

(Gary and Keller 2004). The Chinese solar physics community had long been wishing to

build a radioheliograph. Some pre-studies were carried out on proposals for radioheliograph

in either centimeter-band (Hu et al. 1984) or millimeter-band (Fu et al. 1997), but none of
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these had been implemented. Following these lines, it was suggested to build a Chinese

Spectral Radioheliograph (CSRH) in the decimetric to centimeter-wave range with a limited

budget in the next few years (Yan et al. 2004). A prototype study of 2-element interfer-

ometer has been built and tested for overall design. The site survey for the CSRH array is

carried out and a radio quiet region in Inner Mongolia of China appears promising.

2 CSRH SYSTEM

In order to understand the coronal dynamics, there is a strong need to have high spatial,

temporal, and spectral resolutions in radio observations with CSRH or FASR (Bastian

2003; Vilmer 2006; Benz in press). The proposed specifications for the CSRH, as driven by

scientific requirements, are shown in Table 1 (Yan et al. 2004). The system block diagram

is shown in Fig. 1.

Table 1 The specifications of
CSRH

Frequency range *0.4–15 GHz (k: *75–2 cm)

Frequency resolution 64 or 128 chan (I: 0.4–2 GHz)

32 or 64 chan (II: 2–15 GHz)

Spatial resolution 1.30 0–500 0

Temporal resolution *\ 100 ms (0.4–15 GHz)

Dynamic range 30 db (snapshot)

Polarizations Dual circular L, R

Array (40 9 /4.5 m ? 60 9 /2m)
parabolic antennas

Lmax 3 km

Field of view 0.6�–7�

Fig. 1 CSRH System block diagram
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2.1 Outdoor Equipments

As shown in Fig. 1, the outdoor equipments include antennas, wide-band feeds, LNAs,

optic transmitters, optic fibers, control units, as well as power supplies, etc. It is considered

that the RF signal in 0.4–15 GHz will be divided into 0.4–2 GHz (CSRH I), and 2–15 GHz

(CSRH II) bands. The bands are then transmitted to the indoor unit by optical fibers. The

array configuration is chosen as a self-similar spiral geometries and the design and

development for wide-band feeds have been carried out with the performance evaluated

(Wang et al. 2006). We have analyzed the blocking effect when two antennas are aligned

in either east-west or north-south direction. It can be expected that about 8–10 h can be

elapsed for observations in a day.

2.2 Indoor Equipments

The indoor equipments include optic receivers, analogous receivers, A/D converters,

digital correlation receivers, LOs, monitors, computers, etc., as shown in Fig. 1. The signal

of each band will be processed digitally. We plan to use a filter bank of 100 MHz (or up to

1 GHz) range for analog/digital converting. The sampled signal then go through a digital

spectral analyzer of 4 (or 8) channels with 25 (or 12.5) MHz being bandwidth of each

channel for CSRH I. Then we will correlate signals at a frequency point within each

channel. For whole frequency coverage we will repeat above procedure. Therefore, we

have repeating times and the whole channels. The signal from each 25/12.5 MHz but at a

point frequency (*5 MHz) will be correlated with signals from other antennas. The

delay compensation bank is estimated to be in the range of 104 with step of *1 ns. The

number of complex correlators is 40(ant.) 9 39/2 9 5(ch.) = 3,900 for CSRH I and

60(ant.) 9 59/2 9 5(ch.) = 8,850 for CSRH II.

3 Prototype Study and Site Survey

The 2-element prototype system includes three 4.5 m antennas, 2 sets of 1.2–1.8 GHz

feeds, LNAs, optical transmitters, optical fibers, optical receivers, RF receivers, and a

digital correlator receiver. The experiment for short baseline of 8 m and long base line of

*1 km had been done at Miyun Radio Astronomical Station of NAOC to validate the key

technology design. Figure 2 shows the fringe variation obtained by the prototype experi-

ment on 8 July 2005 when observing the Sun with 8 m baseline. For the experiment we

have simultaneous 64 delay channel outputs within ±80 ns shift in order to analyze the

results. The deduced phase change of the visibility and the comparison with the theoretic

results are also shown. It can be seen that the observed results are very promising, vali-

dating the development and the design of the prototype system.

The site survey for future location of the CSRH array is carried out and a radio quiet

region in Inner Mongolia has been monitored. At moment the radio interference at the site

is very low and it is expected to be protected for the CSRH project.

4 Summary

A radioheliograph with high temporal, spectral and spatial resolutions has been proposed.

The key technology studies for CSRH have been conducted. The site survey and RFI
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monitor for the CSRH array have been carried out. CSRH will play an important role in

solar physics and space weather studies.

Acknowledgments The CSRH project is supported by MOST (G2000078403) and NSFC-CAS (Nos.
19833050,10333030, and 10473020) grants. Profs. Fu Q., Chen H., Zheng Y., Zhang X., Qiu Y., Qin Z.,
Piao T., Nie Y., Zhang F., Zhang G. and Liu Y. are acknowledged for helpful discussions and comments in
CSRH project.

References

T. Bastian, Proc SPIE, 4853, 98, 2003.
T. Bastian, A. Benz, D. Dary, Ann. Rev. Astron. Astrophys., 36, 131, 1998.
A. Benz, Sur. Geophys., these proceedings.
Q. Fu, Z. Xu, Z. Qin, et al., Astrophys. Rep. Publ. Beij. Astron. Obs., 30, 71, 1997.
D.E. Gary, C.U. Keller, Solar and Space Weather Radiophysics (Dordrechet, Kluwer, 2004.)
C.M. Hu, Q. Fu, S.D. Li, et al., ACTA Astrophysica Sinica, 4:4, 340, 1984.
N. Vilmer, Solar activity: progress and prospects—3rd French-Chinese Meeting on Solar Physics, ed. by

C. Fang, B. Schmieder, M. Ding (Nanjing: Nanjing Univ Press, 2006), p. 104
W. Wang, Y. Yan, J. Zhang, et al., Astron. Res. Technol. Publ. Nation. Astron. Obs. China, 3:2, 128, 2006.
Y. Yan, J. Zhang, G. Huang, et al., in Proc. 2004 Asia-Pacific Radio Science Conference, Qingdao, China,

ed. by K. Tang, D. Liu (Beijing: IEEE, 2004), p. 391

Fig. 2 Left panel: Observed fringe variation at an cadence of *5-min with 8 m short baseline. Right panel:
The phase change of visibility versus time deduced from the left panel data (plus symbols) and the theoretic
curve (the solid line).
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