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Abstract We present the estimation of the solar observation with the Five-hundred-meter

Aperture Spherical radio Telescope (FAST). For both the quite Sun and the Sun with radio

bursts,
eI HSISIEaeis . cven resulting in the damage to the receiver.
As a g the

observing at ~ 1.25 GHz. The separation for lower frequency should be larger. For simplic-

ity, the angular separation between the FAST beam and the Sun is suggested to be ~ 5° for

observations on 200 MHz or higher bands.

1 INTRODUCTION

The solar radio emission is related to the hot plasma and magnetic activities in the solar atmosphere @

). With a brightness temperature of 106 — 10'? K (m ), the Sun is one of the strongest and
closest radio sources in the sky.

There have been several radio telescopes or arrays with the capability of solar observations around the

world MIE) Currently, arrays, such as LOFAR ( |2Q]j), VLA

), ALMA (Bastian et glJ 2018), and SKA(Nindos et alJ 2019), have their observations of the Sun or
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(Chinese Spectral RadioHeliograph, (Yan et al! [2009)) or MUSER (MingantU SpEctral Radioheliograph,
the name after its completion) has worked for years. It is consisted of 40 4.5-m-diameter dishes (covering a
frequency range of 0.4-2.0 GHz, with spatial resolutions of 51.6 to 10.3 arcseconds) and 60 2-m-diameter
antennas (covering 2-15 GHz, with spatial resolutions of 10.3 to 1.3 arcseconds ) (Yan et al.[2021)).

As the largest single dish radio telescope in the world, FAST (Nan et al.[2011; Jiang et al.! 2019, [2020;

Qian et al. [2020) is now pushing China’s radio astronomy forward to the frontiers in the fields including
pulsars, Fast Radio Bursts, and InterStellar Medium. FAST covers some commonly used bands of solar

observations, e.g., 100-240 MHz for the non-thermal radio solar emission (Sharma et all2018), and 2.8

GHz which is related to solar extreme ultraviolet emissions on timescales of days and longer (Covington

1947). Nowadays, the FAST 19-beam L-band receiver with a frequency range of 1.05-1.45 GHz is used.

Its beam size is about 3’, approximately one tenth of the angular diameter of the Sun. The possible solar
observation with this receiver can map the whole disk and atmosphere of the Sun. With the high sensitivity,
FAST also have the potential to study the short-timescale (~ 1 ps with a channel width of ~ 1 MHz)
phenomenon and track the evolution of the ejected material from the corona to a lower brightness level.
The first and most important thing to consider is the safety of the observation. In this study, we estimated
the power from the Sun received by FAST, and check if the receiver will be damaged. The estimation of
FAST solar observation was given in Section 2. The angular separation for proper observation of FAST was

discussed in Section 3. The conclusions were given in Section 4.

2 WILL THE QUITE SUN OR ITS BURSTS DAMAGE FAST?

Suppose that for a source with brightness temperature of T}, the corresponding antenna temperature is 7.
The power goes into the feed is then

P = kT,Av, 1)

where k = 1.3806 x 10723 J K~ is the Boltzmann’s constant, and Av is the bandwidth Typically, for the
L-band 19-beam receiver of FAST, Av is 400 MHz (1.05 to 1.45 GHz). In order to work in the linear range,

the threshold of input power for this receiver is roughly estimated as (Liu et al. 2021)),
Prax = —70dBm = 107" mW, )

which can be converted to an antenna temperature threshold as

Prax
,max,l — kA

Ta ~1.8x10*K, (3)

which depends on the bandwidth. As another threshold, the input power should be strictly lower than -52
dBm, or, the low noise amplifier would be damaged. This limitations corresponds to an antenna temperature
of

Tamaxs ~ 1.1 x 106 K. 4)

Since the angular size of the radio bright region of the Sun is usually larger than the FAST beam, there is
no beam dilution. The antenna temperature equals to the brightness temperature of the Sun.

If the bandwidth of the FAST receivers in the future is between 100 MHz and 1 GHz, the brightness
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of the solar radio emission in the quiescent state can be ~ 10° K, while that of a burst may reach ~ 10° K
or higher (Jursal1985). Obviously, the solar observation with either the current L-band 19-beam receiver or

other possible FAST receivers would cause damage.

3 THE PROPER ANGULAR SEPARATION OF FAST BEAM FROM THE SUN

The radio emmission comes from the upper atmosphere of the Sun. The typical size of the radio bright
region of the Sun during an outburst is ~ 1° (Chhabra et al.[2021).
According to the design and laboratory tests (Dunning et al.[2017), the power pattern of FAST can be

approximated with
2w+l (ruD /)]
(ruD/X)p+1 ’

Po(u) = (&)

where Jy, 11 is the Bessel function of the (p + 1)t" order, p = 2 is for the illumination of FAST feeds.
Based on this theoretical beam pattern (see Figure 1), to ensure that the total power received lies in the safe
range (Eq. M), a bright region of the sun with Tj, ~ 10° K should be kept ~ 2 beams away from the main
beam. To keep FAST working in the linear range (Eq.[3), the bright region should be kept ~ 5 beams away.
In addition, the Sun should be kept further away to avoid damage from more extreme solar radio bursts,
although they may be rare. A 10-beam (~ 0.5°, with beam size ~ 1.22%) separation would keep FAST

working in the linear range during a 10! K burst. The diameter of the field of view of the FAST 19-beam
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Fig. 1: The approximate beam pattern of FAST.

receiver is approximately 30°. To summarize, we suggest that the center of the Sun should be kept at least
2° away from the main beam of the central element of the 19-beam receiver to avoid damage to the receiver.

The separation depends on the observing frequency (corresponding to the beam size) and the bandwidth
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MHz), it varies from more than 8° to around 1° (see Figure[2)) It is clear that the 5° is enough for observation

above 200 MHz (the empty circle in Figure[2)).
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Fig.2: The proper separation between the Sun and the main beam of FAST, as a function of frequency, for

a bandwith of 100 MHz (dashed line), 400 MHz (solid line), 1 GHz (dotted line).

4 CONCLUSION

We have estimated the possibility of FAST solar observation. The conclusions are as follows:

1. Either the current L-band 19-beam receiver or other possible FAST receivers in the future will be
damaged if the telescope directly points to the Sun.

2. Based on the beam pattern and safety considerations, we suggest that the main beam of FAST should
be kept at least ~ 2° away from the Sun during the observation when using the L-band 19-beam receiver.

3. The proper angular separation between the FAST beam and the Sun varies with the observing fre-
quency and bandwidth. For simplicity, a separation of ~ 5° for observation above 200 MHz is suggested
for most FAST observations.

4. If one considers the solar observation as a science goal of FAST, receivers should be specifically

designed to deal with the large power received.
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