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Table 1 List of the rest frequency of molecular/atom emission lines that could be

observed with the TM65m radio telescope

Name Rest frequency/GHz
H 1.420
OH 1.612/1.665/1.667/1.720, 4.750/4.765, 6.030/6.035
H,CO 4.83/14.5
CH30H 6.7/12.2...
HC3N 18.196/27.294/36.392...
HCsN 7.988/15.976...
NH; 23.694/23.723/23.870
H>O 22.235
CS 48.991
SiO 42.424
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Table 2 The parameters of molecular line observing modes
Mode Nuwws BW Noon Af Av /(km-s71)
/MHz /kHz 45 GHz 22.5 GHz 9 GHz 6.7 GHz 1.7 GHz

1 1 1500 1024 1465 9.8 19.5 49 66 259
2 1 1500 16384 92 0.6 1.2 3.1 4.1 16.2
3 1 1000 16384 61 0.4 0.8 2.0 2.7 10.8
4 1 187.5 32768 5.7 0.04 0.08 0.19 0.26 1.01
) 1 187.5 65536 2.9 0.02 0.04 0.10 0.13 0.51
6 1 187.5 131072 1.4 0.01 0.02 0.05 0.06 0.25
7 1 100 32768 3.1 0.02 0.04 0.1 0.14 0.55
8 1 100 65536 1.5 0.01 0.02 0.05 0.07 0.26
9 1 100 131072 0.8  0.005 0.01 0.03 0.036 0.14
10 1 23.44 32768 0.7 0.005 0.009 0.023 0.031 0.124
11 1 2344 65536 0.4  0.003 0.0053 0.013 0.018 0.07
12 1 23.44 131072 0.2 0.0013  0.0026 0.0067 0.009 0.035
13 1 23.44 262144 0.1  0.0007  0.0013 0.0033 0.0045 0.018
14 1 23.44 524283 0.05 0.00035 0.00065 0.00165 0.00225  0.009
15 1 11.72 32768 0.4 0.003 0.0053 0.013 0.018 0.07
16 1 11.72 65536 0.2  0.0013  0.0026 0.0067 0.009 0.035
17 1 11.72 131072 0.1  0.0007  0.0013 0.0033 0.0045 0.018
18 1 11.72 262144 0.05 0.00035 0.00065 0.00165 0.00225  0.009
19 1 11.72 524288 0.02 0.00013 0.00026 0.00067 0.0009  0.0035
20 8 23.44 4096 5.7 0.038 0.076 0.19 0.26 1.01
21 8 23.44 8192 2.9 0.02 0.04 0.1 0.13 0.51
22 8 23.44 16384 1.4 0.01 0.02 0.05 0.06 0.25
23 8 2344 32768 0.7  0.005 0.009 0.023 0.031 0.124
24 8 2344 65536 0.4  0.003 0.0053 0.013 0.018 0.07
25 8 15.625 4096 3.8 0.025 0.051 0.13 0.17 0.67
26 8 15.625 8192 1.9  0.013 0.025 0.063 0.085 0.34
27 8 15.625 16384 0.95 0.006 0.013 0.032 0.043 0.17
28 8 15.625 32678 0.48 0.0032  0.0064 0.016 0.021 0.085
29 8 15.625 65536 0.24 0.0016  0.0032 0.008 0.011 0.042
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Fig.2 The sketch map of orbit for the centroid of the Earth-Moon system. S stands for the Sun. ABCD

stands for the orbit for the centroid of the Earth-Moon system. E is the position of the centroid. 7 is the

radius vector between the Sun and the centroid of the Earth-Moon system. w is the heliocentric ecliptic

longitude of perihelion. f is the true anomaly. a is the semi-major axis of the orbit!™.
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Table 3 Contribution to V from different velocity components

Velocity magnitude
Velocity component v mag

J(km s~
Velocity of source relative to LSR (Visr) -
Velocity of the Sun relative to LSR (Vzun) 20
Velocity of centroid of the Earth-Moon system relative to the Sun (Vem) 30
Velocity of the Earth relative to centroid of the Earth-Moon system (V&) 0.1
Velocity of the station relative to the Earth (Vobs) 0.5
Planets perturbation of the Earth orbit 0.013
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Fig.3 Left: the response of DIBAS to a PCAL signal. We inject the PCAL signal with an interval of 1
MHz in X band under DIBAS mode 24. This figure gives a spectrum of one window. Right: Gaussian
fitting for a spike in the spectrum. The solid line stands for the observed result, while the dashed line

stands for the Gaussian fitting line.
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Fig.4 Left: frequency shift of the 12th spike within one hour. Horizontal axis gives the scan number,
while vertical axis gives the value of channel number minus 32983. Right: frequency shift between the 5th
and 20th spikes within one hour. Horizontal axis gives the scan number, while vertical axis gives the

value of channel number minus 41943.
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Fig.5 Left: We observed the HoCO absorption line of IRAS00338 with DIBAS mode 6 on March 21,
2014. The ON SOURCE time is 2 min. Right: We observed the H,CO maser and absorption line of NGC
7538 with DIBAS mode 6. The ON SOURCE time is 2 min.
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Fig.6 Left: We observed the spectrum of 1665 MHz OH maser of W3(OH) with DIBAS mode 24 in April,
2014. We observed 31 scans in total, and the ON SOURCE time for each scan is 1 min. The black, red,

and blue lines show the spectra of the first scan, the last scan, and the average scan, respectively. Right:

We observed the spectrum of 6.7 GHz methanol maser of W3(OH) with DIBAS mode 6 in July, 2014. The

time interval for different scan is one hour. The spectra of different scans are plotted in different colors.
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Frequency Calibration of Molecular Line Observing
System of the TM65m Radio Telescope
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AsstracTt In order to carry out molecular line observations with the TM65m ra-
dio telescope, we carry out the frequency calibration and test observations of DIBAS
(Digital Backend System), which is the spectrometer of the telescope. First, we test
the performance of DIBAS with PCAL signals. We find that the spectral resolution
is equal to the channel width, and the inaccuracy of spectral resolution is much lower
than the channel width. Second, we observed HyCO lines toward two sources. The
centroid velocity of calibrated data is consistent with GBT (Robert C. Byrd Green
Bank Telescope) observations. At last, we observed 1665 MHz OH maser lines toward
W3(OH) for one hour. The line shapes keep stable, and the RMS (Root Mean Squares)
noise levels are consistent with theoretical values. We also observed 6.7 GHz methanol
masers toward W3(OH) for several scans with a separation of about one hour. The line
shapes of each scans are well consistent with each other.
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