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Abstract. HINOTORI (Hybrid Integration Project in Nobeyama, Triple-band Oriented) has
constructed a higher sensitivity 22/43 GHz and a 22/43/86 GHz simultaneous observation sys-
tems in the Nobeyama 45-m telescope by introducing new frequency separation filters in the
telescope’s quasi-optics. The performance of the observation systems, such as the beam squint,
the aperture efficiency, the system noise temperature when inserting the filters, and the phase
stability of the signal path have been evaluated. It is indicated that the established systems
have sufficient performance for single-dish and VLBI observations. The single-dish observation
demonstrations using the triple-band system were successfully conducted in acquiring scientific
data including multiple maser lines.
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1. Introduction

HINOTORI is a project to realize simultaneous single-dish and VLBI observations
in three frequency (22, 43, and 86 GHz) bands with the Nobeyama 45 m telescope
(Okada et al. 2020). Four receivers named H22 (22 GHz, RHCP+LHCP), H40 (43
GHz, LHCP), Z45 (43 GHz, two orthogonal linear polarizations), and TZ (86 GHz, two
orthogonal linear polarizations) are used in this project for radio signals flow from the
quasi-optics of this telescope (Imai et al. 2022). The H22+H40 simultaneous observation
system has already been established and used for scientific single-dish and VLBI obser-
vations. This time, we have established new simultaneous observing systems, H22+4-745
and H22+H40+TZ, by installing another frequency-separating filters. Here, we summa-
rize the instrumental performance of these simultaneous observation systems and the
observation demonstrations in the H224+-H40+TZ mode.

2. System evaluation

The beam squint measurements with the new filters have been conducted using the
data of HoO, SiO v=1 and 2 (J=1—0) maser lines for the H22+Z45 mode and SiO
v=1 (J=2—1 and 1—0) maser lines for the H224+H404+TZ mode. The pointing off-
sets of H22 and Z45 with the filters due to the bean squint were distributed around
(dAz,dEl) ~ (+3",+7"), respectively (Imai et al. 2022). The pointing offsets of TZ in
the H224+H404+TZ mode was distributed around (dAz,dEl)~ (43", +3"). These dis-
tributions are smaller than 1/6 of each beam size, resulting in a negligible effect on
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Figure 1. Phase stability of IF signals at 6 GHz from TZ and 5.435 GHz from H22 (used in
VLBI). The IF signals from TZ have a phase variation less than 0.1 rad per second. The phase
stability is comparable to that of H22, which is currently used for simultaneous 22/43 GHz VLBI
observations, and stable for longer than the timescale of the atmospheric variability, so that the
effect of phase fluctuations due to the observing system is less than thermal fluctuations, at
least on that timescale.
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Figure 2. Spectra of IRAS 1931241950 obtained from single-dish observations on January
17, 2023, using the H22+H40+T7Z simultaneous observation system. Molecules detected and
indicated by arrows are (from top left to bottom right sub-panel): H,O, NHs, SiO v =2 and 1
(J=1—0), SiO v =1 (J=2—1), H¥CN (J=1-0), H¥*CO" (J=1—0) and SiO v =0 (J=2—1)
and also identified by Qiu et al. (2023).

observations of point-like sources such as maser sources. The beam sizes with the new
filters are unchanged (~ 75", ~ 41" and ~ 19" for H22, Z45 and TZ, respectively). The
aperture efficiency was 74 ~ 52% for Z45 with the new filter, 5 points lower than that of
H40 without the filter (94 ~57%) for the former two-band mode, and ns ~ 32% for TZ
with filters, 11 points lower than that of TZ without the filters (na ~ 43%). The decrease
in 4 in the former case is consistent with that in the H22+H40 simultaneous observa-
tion system already in use for scientific observations today within 1%. The system noise
temperature was Ty ~140 K for Z45 with the filter, 20 K lower than that of H40 without
the filter (Tyys ~120 K) for the former mode, and Tyys ~500 K for TZ with filters, 100 K
lower than that of TZ without filters (Tyys ~400 K) for the latter triple-band mode.
The phase stability of the intermediate frequency (IF) signal path from TZ has also
been measured because we have installed a new remotely controllable signal generator
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as the first local oscillator of TZ. It was evaluated with Allan standard deviations o(7),
which were measured by observing artificial RF signals, converting them to IF signals
with the new signal generator, and comparing the converted signals with those directly
from another high-quality signal generator. The measured stability looked sufficient for
VLBI observations (Figure 1).

3. Observation demonstrations of the H22+H40+TZ mode

Single-dish observation demonstrations in the H224+-H40+TZ simultaneous observation
mode toward IRAS 1931241950 have confirmed that a variety of maser lines can be
simultaneously detected (Figure 2). Thus, one can see multiple maser sources within a
common antenna beam, which should be the targets of future simultaneous single-dish
and VLBI observations for study on high-mass star formation and the progress and fades
of copious mass loss from dying stars.
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