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Note (revised on 2026 May 20): Term of conditions were partly
revised (see Section 5.2).

Major revisions since the 2026 A semester

o All Chinese telescopes do not participate in the EAVN open-use program in the
2026B semester due to the lunar satellite tracking mission (Sections 1 and 2.1).

o Telescope time provided by KaVA (KVN and VERA Array) is changed in the
2026B semester (424 hours; Section 3.1.1).

o Accepting two-semester-long proposals is suspended temporarily in the 2026B
semester (Section 3.5).

« Condition on the services to be provided by EAVN is added (Section 3.7).
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Checklist for preparing an EAVN proposal

Proposers are asked to check their EAVN proposal in accordance with this checklist
to confirm that their proposal follows the detailed conditions.

« Proposal cover sheet (CS)

Using the CS template for the 2026B semester?
(Download URL: ?iiTh,ff" /BQXF bBX 2XF f+7TnpB2rXT?T\B/48R -

[CS item 2.] Preparing another sheet containing the co-author list in case the
number of co-authors being more than eight?

[CS item 3.] Listing the proposal ID submitted previously in case of the
proposal type of ‘Continuation” and/or ‘Recovery’?

[CS item 4.] Choosing the telescopes for your project properly? Choosing
‘non-EAVN telescope(s)’ in case of having a possibility of inclusion of non-EAVN
telescope(s)?

[CS item 5.] Choosing the observing mode(s) properly?
(Refer also to Tables 12 and 13 in pp.48-49 of the EAVN Status Report for the
2026B semester (EAVN SR))

[CS item 7.] Describing the observing frequency, observing mode, request time,

and observing interval (for monitoring project) for each telescope properly?
(Refer also to Tables 1013 in pp.44-49 of the EAVN SR)

[CS item 7.] Following the maximum request time for each telescope?
(Refer also to Table 10 in p.44 of the EAVN SR)

[CS item 7.] Describing the observing duration for each epoch, and the total
number of observing epochs properly?

[CS item 7.] Describing the LST range properly? Check this carefully in case
of including usage of Nobeyama in your proposal.

[CS item 10.] Preparing another sheet containing the source list in case the
number of targets being more than ten?

[CS item 12.] Describing special conditions and requirements properly?

 Body of the proposal

Following the condition on the maximum number of pages?
(Two pages including figures and tables for the scientific justification, and one
page for the technical justification)

Following the condition on the minimum font size (11 pt or larger)?

Describing the rationale and necessity of usage of non-KaVA telescope(s) in
terms of scientific and technical point of view?

Describing the rationale and necessity of usage of special observing mode(s)
in terms of scientific and technical point of view?



Describing the status of the previous observation(s) and the necessity of re-
covery session(s) in case of checking ‘Recovery’ in the item 3. of the proposal
cover sheet?

Describing clearly in the proposal on the necessity and the request for services
which exceed a standard one for the EAVN open-use program?services to be
provided by EAVN

Understanding the conditions on the services to be provided by EAVN, and
mentioning clearly in the proposal on the request for services which exceed a
standard one for the EAVN open-use program?

(Note that the services are not always provided by EAVN as the proposer re-
quested depending on the status of each EAVN telescope; refer also to Section 3.7
in p.47 of the EAVN SR)

Observing mode

Choosing the combination of the telescopes and the observing modes properly?
(Refer also to Tables 12-13 in pp.48-49 of the EAVN SR)

Usage of the one-beam hybrid mode

Following the condition on the maximum request for the one-beam hybrid
mode?
(Total observing time of up to 100 hours using the mode is accepted in the 2026A
semester; refer also to Section 4.3 in p.64 of the EAVN SR)

Nobeyama 45-m telescope

Understanding the term of observation with Nobeyama from November 1, 2026
to January 16, 2027 in the 2026B semester?
(Refer also to Section 4.6 in p.67 of the EAVN SR)

Including 1-hour additional time for overhead to each observing epoch in
Nobeyama’s total request time?
(Refer also to Section 3.1.1 in p.43 of the EAVN SR)

Following the conditions on the LST range and the number of observing
epochs?
(Refer also to Section 4.6.1 in p.67 of the EAVN SR)

Target of opportunity (ToO)

Recognizing that three non-KaVA telescopes (Takahagi, Hitachi, and Yam-
aguchi) join ToO on the best-effort basis, and two non-KaVA telescopes (Nobeyama
and Sejong) do not join ToO?

(Refer also to Section 3.8 in p.48 of the EAVN SR)



1 Introduction

This document describes the current observational capabilities as of 2026 April, and
available observing time of the East Asian VLBI Network (EAVN). EAVN is an in-
ternational collaborative VLBI array operated by Korea Astronomy and Space Science
Institute (KASI), National Astronomical Observatory of Japan (NAOJ), Shanghai As-
tronomical Observatory (SHAO; China), Xinjiang Astronomical Observatory (XAO;
China), National Geographic Information Institute (NGII; Korea), and the National
Astronomical Research Institute of Thailand (Public Organization; Thailand).

EAVN invites proposals for open-use observations to be carried out from September
1, 2026 to January 15, 2027 (2026B semester). The total observing time of 424 hours is
provided for EAVN open-use operation to proposers, while the available machine time
of each telescope is different between each other. Please refer to Table 10 in Section 3
for more details.

In the 2026B semester, EAVN is operated using 13 telescopes, all four 20-m tele-
scopes of VERA, Nobeyama 45-m, Takahagi 32-m, Hitachi 32-m, and Yamaguchi 32-m
telescopes in Japan, all four 21-m telescopes of KVN including a newly constructed
Pyeongchang antenna since 2024B, and Sejong 22-m in Korea. Note that all Chinese
telescopes, Tianma 65-m, Sheshan 25-m, Nanshan 26-m, and Kunming 40-m, do not
participate in the EAVN open-use program in the 2026B semester due to the lunar
satellite tracking mission. Figure 1 shows location of EAVN telescopes which partici-
pate in open-use observations of EAVN in the 2026B semester.

This status report summarizes general information about EAVN and the perfor-
mance of each telescope/array, and how to prepare and submit proposals for EAVN.
Please refer to the project overview of EAVN [4, 24|, as well as the latest report for
the overall performance of EAVN [6].

2 System

2.1 Array

In the 2026B semester, 13 radio telescopes (KVN4 21 m, VERA 4 20 m, Nobeyama
45 m, Takahagi 32 m, Hitachi 32 m, Yamaguchi 32 m, and Sejong 22 m) are avail-
able for EAVN open use, as shown in Figure 1. From the 2024B semester, a newly
constructed KVN Pyeongchang antenna is available for the EAVN common use ob-
servations on the shared-risk basis in the 2026B semester. All telescopes in China,
Tianma 65 m, Sheshan 25 m, Nanshan 26 m, and Kunming 40 m, will not join in
the EAVN session in the 2026B semester due to the lunar satellite tracking mission.

Three observing frequencies, 6.7 (C-band), 22 (K-band) and 43 GHz (Q-band), are
opened in the 2026B semester. Dual-polarization observations at K-band and Q-band
will be open for EAVN without any limitation for the maximum number of antennas
in the shared-risk mode. Details of the polarization observations will be described in
this Status Report (subsections in Sections 2, 3, and 4.1).

KaVA (KVN and VERA Array) is a core array of EAVN, which consists of 8 antenna
sites in VERA-Mizusawa, VERA-Iriki, VERA-Ogasawara, VERA-Ishigakijima, KVN-
Yonsei (hereafter KYS), KVN-Ulsan (hereafter KUS), KVN-Tamna (hereafter KTN),
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Figure 1: Location of EAVN sites for the 2026B semester, including the Korea-Japan
Correlation Center at KASI (Korea) and Mizusawa VLBI observatory (NAOJ, Japan),
overlaid on ‘the Blue Marble’ image (credit of the ground image: NASA’s Earth Ob-
servatory).

and newly constructed KVN-Pyeongchang (hereafter KPC). Dual-polarization obser-
vations at K-band and Q-band are open for all the KaVA 8 antennas. The maximum
baseline length of KaVA is 2270 km between VERA-Mizusawa and VERA-Ishigakijima
stations, and the minimum baseline length is 130 km between the KYS and the KPC
stations. The maximum angular resolution expected from the baseline length of KaVA
is 4.0 mas for C-band, 1.2 mas for K-band and about 0.6 mas for Q-band. The maxi-
mum angular resolution is improved to be 1.8 mas at C-band and 0.55 mas at K-band
for EAVN (the longest baseline of 5100 km for VERA-Ogasawara — Nanshan baseline
for both bands, although it is not available in 2026B), and that at Q-band was iden-
tical to that of VERA (0.63 mas for VERA-Mizusawa — VERA-Ishigakijima baseline)
for the full-array of EAVN. The Sejong 22-m telescope of Korea (hereafter KSJ) has
participated in the open-use program from the 2022A semester, resulting in making
the minimum baseline length in EAVN of 120 km between the KSJ and the KYS
stations. The dual-polarization observations with the KSJ become available from the
2024B semester on a risk-shared mode. The geographic locations and coordinates of
EAVN antennas in the coordinate system of epoch 2009.0 are summarized in Table 1.
Figures 2 and 3 show examples of m plane coverage for KaVA and EAVN, respectively.
Figure 4 shows the elevation angle of each EAVN antenna as a function of the hour
angle.
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Figure 2: Examples of (U, V) coverage for a KaVA observation at Q-band with the
source’s declination of +60 (left panel), +20 (center panel), and 20 (right panel).
Total observation duration of 10 hours and the antenna’s lower elevation limit of 15
are assumed for all cases.

The coordinates and averaged velocities of KaVA sites in Table 2 are predicted values
at the epoch of January 1, 2018. Reference frame of these coordinates is ITRF2014.
The rates of the coordinates of Mizusawa, Iriki, Ogasawara and Ishigakijima are the
average value of change of the coordinates from April 16, 2016 to May 26, 2018, after
the 2016 Kumamoto Earthquake (M; = 7:3). The 2011 off the Pacific coast of Tohoku
Earthquake (M; = 9:0) brought the co-seismic large step and non-linear post-seismic
movement to the coordinates of Mizusawa. Co-seismic steps of the coordinates of
Mizusawa are dX = 2:0297m, dY = 1:4111m and dZ = 1:0758m. The creeping
continues still now, though decreased. The changes of coordinates by the post-seismic
creeping are dX = 1:2148m, dY = 0:6402m and dZ = 0:3042m in total from
March 12, 2011 to January 1, 2020. Antenna positions of the KVN are regularly
monitored by geodetic VLBI observations in collaboration with the VERA.
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Figure 3: Examples of (U, V) coverage for an EAVN observation with full array con-
figuration in the 2026B semester at C-band (upper panels), K-band (middle panels)
and Q-band (lower panels) with the source’s declination of +60 (left panels), 420
(center panels), and 20 (right panels). Total observation duration of 10 hours and
the antenna’s lower elevation limit of 10 are assumed for all cases. (Note that the
number of available baselines is reduced in 2026B compared with previous semesters.)

10



Experiment code: SMP_P60
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Figure 4: Examples of elevation angles of each EAVN antenna as a function of hour
angle for the source’s declination of +60 (top panel), +20 (middle panel), and 20
(bottom panel). Note that the elevation angle plot for Sheshan and Takahagi is al-
most identical to that for Tianma and Hitachi, respectively, because of their positional
proximity.
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Table 1: Geographic locations of each EAVN antenna.
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L Mb? M 3d Ry 9y X9 9j k3 R8Xe kykNX9 kk3jJRyXRdyy 9ejRNkkXd¢
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Table 2: Station code and average velocity of each KaVA antenna.
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2.2 Antennas
2.2.1 Brief Summary of VERA Antennas

All the telescopes of VERA have the same design, being a Cassegrain-type antenna on
AZ-EL mount. Each telescope has a 20 m diameter dish with a focal length of 6 m, and
with a sub-reflector of 2.6 m diameter. The dual-beam receiver systems are installed at
the Cassegrain focus. Two receivers are set up on the Stewart-mount platforms, which
are sustained by steerable six arms, and with such systems one can simultaneously
observe two adjacent objects with a separation angle between 0.32 and 2.2 deg. The
whole receiver systems are set up on the field rotator (FR), and the FR rotate to track
the apparent motion of objects due to the earth rotation. Table 3 summarizes the
ranges of elevation (EL), azimuth (AZ) and field rotator angle (FR) with their driving
speeds and accelerations. In the case of single beam observing mode, one of two beams
is placed at the antenna vertex (separation offset of 0 deg).

2.2.2 Brief Summary of KVN Antennas

The KVN antennas are designed to be a shaped-Cassegrain-type antenna with an AZ-
EL mount. The telescope has a 21 m diameter main reflector with a focal length of
6.78 m. The main reflector consists of 200 aluminum panels with a manufacturing sur-
face accuracy of about 65 m. The slewing speed of the main reflector is 3 /sec, which
enables fast position-switching observations (Table 3). The sub-reflector position, tilt,
and tip are remotely controlled and modeled to compensate for the gravitational de-
formation of the main reflector and for the sagging-down of the sub-reflector itself.

2.2.3 Nobeyama 45-m Telescope

The Nobeyama 45-m Telescope (hereafter NRO45) is one of the largest millimeter
radio telescopes in the world. It has a Cassegrain-Coudé optics. The paraboloidal
main reflector consists of about 600 pieces of panels, each of which has a surface
accuracy of about 60 microns, and the deviation of the whole antenna from an ideal
paraboloid is about 90 microns. The sub-reflector has a diameter of 4 m with a convex
hyperboloid surface, the position of which is computer-controlled to follow the moving
focal point because the main reflector deforms as the elevation angle changes. The
slewing speed of the telescope is 20 /min (i.e., 0.3 /sec). The (EL, AZ) driving
ranges are also summarized in Table 3. According to the status report of NRO45,
observers are required to conduct a pointing measurement and correction every 1 - 1.5
hours. In addition, it is appropriate to conduct a pointing measurement and correction
every 30 minutes during the sunrise and sunset when the outside temperature changes
drastically. The pointing accuracy above is achievable for wind speed of less than
4 m/s. It can be degraded if a wind velocity exceeds 10 m/s. Users are recommended
to avoid observing targets located within 30 degrees from the Sun because the thermal
deformation of the antenna degrades the pointing accuracy. Users who would like to
observe the Sun or targets near the Sun should take care of them. More details on the
NRO45 can be found in the Nobeyama Radio Observatory official website [3].
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2.2.4 Takahagi 32-m Telescope

The Takahagi 32-m Telescope (hereafter TAK32) has a shaped Cassegrain-Coude-type
design with a 32-m diameter main reflector and a 2.9-m sub-reflector on Az-El mount.
The telescope was constructed in 1992. Cryogenically-cooled receivers at 2 frequency
bands (6 — 9 GHz and 21 — 25 GHz) are equipped. The surface accuracy of the main
reflector is < 0:64 mm rms at the antenna elevation angle of 35 deg, and 1.6 mm at
other antenna elevation angles. The surface accuracy of the sub-reflector is < 0:2 mm
rms. The slewing rates of the main reflector is 0.07 deg/sec, as shown in Table 3. The
tentative value of aperture efficiency of TAK32 is 30% at K-band (see Table 4; [25]).
Although TAK32 can point to the El range of 5 El 88, we recommend to use
at the El range of 15 El 85 because the pointing accuracy is not secured at
El  15.

2.2.5 Hitachi 32-m Telescope

The Hitachi 32-m Telescope (hereafter HIT32) has a shaped Cassegrain-Coude-type
design with a 32-m diameter main reflector and a 2.9-m sub-reflector on Az-El mount.
The telescope was constructed in 1983. Cryogenically-cooled receivers at 2 frequency
bands (6.5 — 12.5 GHz and 21 — 25 GHz) are equipped. The surface accuracy of the
main reflector is < 0:64mm rms at the antenna elevation angle of 35 deg, and 1.6 mm at
other antenna elevation angles. The surface accuracy of the sub-reflector is < 0:2 mm
rms. The slewing rates of the main reflector is 0.2 deg/sec, as shown in Table 3. The
value of aperture efficiency of HIT32 is 60-75% at C-band (see Table 4; [25]). Although
HIT32 can point to the El range of 5 El 88, we recommend to use at the El
range of 15 El 85 because the pointing accuracy is not secured at EI 15 .

2.2.6 Yamaguchi 32-m Telescope

The Yamaguchi 32-m Telescope (hereafter YAM32) has a shaped Cassegrain-Coude-
type design with a 32-m diameter main reflector and a 2.9-m sub-reflector on Az-El
mount. The telescope was constructed in 1979. A cryogenically-cooled receiver for
6 and 8 GHz observation is equipped. The surface accuracy of the main reflector is
< 0:64 mm rms at the antenna elevation angle of 35 deg, and 1.6 mm at other antenna
elevation angles. The surface accuracy of the sub-reflector is < 0:2 mm rms. The

slewing rates of the main reflector is 0.25 deg/sec, as shown in Table 3. The value of
aperture efficiency of YAM32 is 60-70% at C-band (see Table 4).

2.2.7 Tianma 65-m Telescope

While the Tianma 65-m telescope will not be available in the 2026B semester
due to the lunar satellite tracking mission, detailed information is summa-
rized in this section for references.

The Tianma 65-m Telescope (hereafter TMRT65) has a shaped Cassegrain-type
design with a 65-m diameter main reflector and a 6.5-m sub-reflector on Az-El mount.
The main reflector consists of 1008 aluminum panels deploying an active surface control
system with 1104 actuators. The prime mirror achieves a surface accuracy of about
0.3 mm rms after compensating the gravitational deformation in real time by the active
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surface control system. The secondary mirror has a surface error of 0.1 mm rms. A
rotatable receiver cabin with the feeds covering frequency range from S-band (2 GHz)
to Q-band is mounted at the Cassegrain focus, while the L-band (1.6 GHz) feed is off
focus mount separately. The slewing rates of the main reflector are 0.5 /sec in azimuth
and 0.3 /sec in elevation, as shown in Table 3. An overhead time of 10 seconds is
recommended to settle the antenna on source.

Dual-beam receivers are installed in TMRT65 at both K- and Q-bands. These two
beams have a fixed separation angle of 140 arcsec at K-band and 100 arcsec at Q-band.

One of the beams is placed at the antenna focus for VLBI observations. The measured
beam sizes (HPBW) are listed in Table 4.

2.2.8 Sheshan 25-m Telescope

While the Sheshan 25-m telescope will not be available in the 2026B semester
due to the lunar satellite tracking mission, detailed information is summa-
rized in this section for references.

The Sheshan 25-m Telescope (hereafter SHRT25) is a Cassegrain-type beam wave-
guide antenna. The telescope has been in operation since 1987 and is located 6.1
kilometers from TMRT65. Current receiver system include a room-temperature C-
band (6.7 GHz) receiver and a cooled S/X co-axis feed receiver. The main surface
accuracy is 0.65 mm rms. The slewing speed are 1.0 /sec in azimuth and 0.6 /sec in
elevation, as shown in Table 3.

2.2.9 Nanshan 26-m Telescope

While the Nanshan 26-m telescope will not be available in the 2026B semester
due to the lunar satellite tracking mission, detailed information is summa-
rized in this section for references.

The Nanshan 26-m Telescope (hereafter NSRT26) has a Cassegrain-type design with
a 26-m diameter main reflector and a 3-m sub-reflector on Az-EI mount. The telescope
was constructed in 1993 with 25-m-diameter main reflector, while refurbishment of the
telescope was completed in 2015 resulting in enlargement of the main reflector of 26 m
and improvement of the antenna surface accuracy. Receivers at five frequency bands,
L, S/X, C, K, and Q, are equipped, while the new Q-band cooled receiver had been
installed in 2018 and now is under evaluation. The C-band receiver is available for the
common-use observations in the 2026B semester on a shared-risk basis. The surface
accuracy of main- and sub-reflectors are 0.4 mm rms and 0.1 mm rms, respectively. The
slewing rates of the main reflector are 1.0 /sec in azimuth and 0.5 /sec in elevation, as
shown in Table 3.

2.2.10 Kunming 40-m Telescope

While the Kunming 40-m telescope will not be available in the 2026B semester
due to the problem in the telescope driving system, detailed information is
summarized in this section for references.

The Kunming 40-m Telescope (hereafter KMRT40) has a Cassegrain-type design
with a 40-m diameter main reflector and a 4.2-m sub-reflector on Az-El mount. The
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main reflector which diameter within 26 meters is solid aluminum panel and 26 to 40
meters is stainless steel mesh. The telescope was constructed in 2006 with only S/X
receivers and upgraded in 2016 for installing a C-band receiver (4-8 GHz). The surface
accuracy of solid aluminum panel and stainless steel mesh are 0.5 mm rms and 2.5 mm
rms, respectively. The slewing rates of the main reflector are 1.0 /sec in azimuth and
0.5 /sec in elevation, as shown in Table 3.

2.2.11 Sejong 22-m Telescope

The Sejong Telescope (KSJ) is a Cassegrain-type 22-m diameter telescope built pri-
marily for geodetic research, and can be observed at S, X, K and QQ bands. Among
them, S/X bands were designed for observation with the International VLBI Service
(IVS), while K- and Q bands were designed for astronomical observation. The slewing
speed of the antenna is 5 /sec in both azimuth and elevation, which enables fast
position-switching observations (see Table 3). Like KVN telescopes, the subreflector
position, tilt, and tip are remotely controlled and modeled to compensate for the grav-
itational deformation of the main reflector and for the sagging-down of the subreflector
itself. The pointing accuracy is  3%and 5%in the azimuth and elevation, respectively.
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Table 3: Driving performance of EAVN telescopes.
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2.2.12 Aperture Efficiency

The aperture efficiency of each VERA antenna is 50-55% at C-band, and about 40—
50% at both K- and Q-bands (see Table 4). The measurements at C-band were based
on the observations of 3C274 and Cyg-A (3C405) assuming that the flux densities are
58.7 and 237.4 Jy in C-band [20], respectively. For the K- and Q-bands, Jupiter is used
for aperture efficiency measurements assuming the brightness temperature of 160 K in
both K- and Q-bands. Due to the bad weather condition in some of the sessions, the
measured efficiencies show large scatter. However, we conclude that the aperture ef-
ficiencies are not significantly changed compared with previous measurements. The
elevation dependence of aperture efficiency for VERA antenna was also measured from
the observations toward Cyg-A (3C405) and maser sources at C-band and K/Q-bands,
respectively. Figure 6 shows the relation between the elevation and the aperture effi-
ciency measured by integrating all the VERA stations data in C-band. The aperture
efficiency at low elevation of 30 deg slightly increases while possible changes in the
efficiency is less than about 20%. On the other hand, the gain curves for the VERA K-
and Q-bands decrease only less than 10% at the low elevation of 20deg. Concerning
this elevation dependence, the observing data FITS file include a gain curve table (GC
table), which is AIPS readable, in order to calibrate the dependence when the data
reduction.

The aperture efficiency and beam size for each KVN antenna are also listed in
Table 4. Aperture efficiency of KVN varies with elevation as shown in Figure 5. The
main reflector panels of KVN antennas were installed to give the maximum gain at
the elevation angle of 48 . The sagging of sub-reflector and the deformation of main
reflector by gravity with elevation results in degradation of antenna aperture efficiency
with elevation. In order to compensate this effect, KVN antennas use a hexapod to
adjust sub-reflector position. Figure 5 shows the elevation dependence of antenna
aperture efficiency of the KVN 21 m radio telescopes measured by observing Mars or
Jupiter. By fitting a second order polynomial to the data and normalizing the fitted
function with its maximum, we derived a normalized gain curve which has the following
form:

Gnorm = AJEL? + AEL + Ay; (1)

where EL is the elevation in degree.

Aperture efficiency and beam size for non-KaVA telescopes are also summarized in
Table 4. The values for NRO45 are based on the latest measurements in autumn 2017,
where the Jupiter or the Mars was used as a reference source. The elevation dependence
of the aperture efficiency is approximately constant over a range of E1 25 — 50 at
both K- and QQ-bands.

In TMRT®65, the main reflector panels were assembled to give the maximum surface
accuracy at the elevation angle of 52 . The aperture efficiency goes down to less than
10% at low (< 10 ) and high (> 80 ) elevation angles, mainly due to the gravitational
deformation. The active surface control system is used for compensating the gravita-
tional effect at different elevation angles, making the gain curves as a constant over
the elevation. Figure 7 shows the elevation dependence of the aperture efficiency at
Q-band with or without the active surface control. The active surface control system is
set ‘ON’ by default at K- and Q-band observations. To calibrate visibility amplitude,
conversion factors from temperature (in unit of K) to flux density (in unit of Jy) are
required. These factors, DPFU (Degree Per Flux density Unit), are also summarized
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in Table 4.
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Figure 5: The elevation dependence of the aperture efficiency for KVN four antennas.

2.2.13 Beam Pattern and Size

Figure 8 upper panels shows the beam patterns for VERA at K-band. The side-lobe
level is less than about 15 dB, except for the relatively high side-lobe level of about

10 dB for the separation angle of 2.0 deg at Ogasawara station. The side-lobe of the
beam patterns has an asymmetric shape, but the main beam has a symmetric Gaussian
shape without dependence on separation angle. Figure 9 shows the beam patterns for
VERA Mizusawa and Ishigakijima stations at C-band (single-beam mode) measured
via observing strong CHzOH maser sources G 009.62+ 00.196 and W3-IRS5, which can
be assumed as a point source, on 2017 Apr 5-8. Almost the similar side-lobe pattern is
clearly seen in both stations and other VERA two stations as well. The measured beam
sizes (HPBW) in C-, K- and Q-bands based on the data of the pointing calibration
are also summarized in Table 4. The main beam sizes show no dependence on the
dual-beam separation angle.

The optics of KVN antenna is a shaped Cassegrain type of which the main reflector
and subreflector are shaped to have a uniform illumination pattern on an aperture
plane. Because of the uniform illumination, KVN antennas can get higher aperture
efficiency than value of typical Cassegrain type antenna. However, higher side-lobe
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Figure 6: The elevation dependence of the aperture efficiency for VERA in C-band.
This gain curve was measured on May 18 and 19, 2017 via observing Cyg-A (3C405)
and integrating all the VERA stations data. The efficiency in this plot is relative value
to the measurement at EL = 50 .
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Figure 7: The elevation dependence of the aperture efficiency ( ¢ ) for TMRT65 at Q-
band. The red and blue colors represent ¢ with or without the active surface control,
respectively.

level is inevitable. OTF images of Jupiter at K- and Q-bands are shown in Figure 8.
The map size is 122 1P and the first side-lobe pattern is clearly visible. Typical
side-lobe levels of KVN antennas are 13-14 dB.
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nas were derived from the mapping observation of strong H,O maser toward W49N,
which can be assumed as a point source, with grid spacing of 75° In the case of KVN
antennas, the patterns were derived from the OTF images of Venus at K/Q-band.
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Figure 9: The beam patterns in C-band for VERA antennas (single beam) at Mizusawa
and Ishigakijima stations. The patterns were derived from the mapping observation of
strong CH3OH masers toward G 009.62+ 00.196 and W3-IRS5, which can be assumed
as a point source, with grid spacing of 4°in 56° 56 field. These observations were

done in Apr 5-8, 2017.
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2.3 Receivers
2.3.1 Brief Summary of VERA Receiving System

Each VERA antenna has the receivers for 5 bands, which are S (2 GHz), C (6.7 GHz),
X (8 GHz), K (22 GHz), and Q (43 GHz) bands. For the open use, C-band, K-band and
Q-band are open for observation in the single-polarization (LCP) mode. Observations
of the dual-circular-polarization are also available for open use programs at K- and
Q-bands. The low-noise HEMT amplifiers in the K- and Q-bands are enclosed in the
cryogenic dewar, which is cooled down to 20 K, to reduce the thermal noise. On the
other hand, both the amplifier and polarizer in C-band are operated at room temper-
atures. The range of observable frequency and the typical receiver noise temperature
(Trx ) at each band are summarized in Table 5 and Figure 10.

Table 5: Frequency range and Trx of receivers at each EAVN telescope.
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After the radio frequency (RF) signals from astronomical objects are amplified by
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Figure 10: Receiver noise temperature for each VERA antenna. Top and bottom panels
show measurements in the K- and Q-bands, respectively. Horizontal axis indicate an
IF (intermediate frequency) at which Trx is measured. To convert it to RF (radio
frequency), add 16.8 GHz in K-band and 37.5 GHz in Q-band to the IF frequency.

the receivers, the RF signals are mixed with standard frequency signal generated in the
first local oscillator to down-convert the RF to an intermediate frequency (IF) of 4.7
— 7 GHz. The first local frequencies are fixed at 16.8 GHz in K-band and at 37.5 GHz
in Q-band. The IF signals are then mixed down again to the base band frequency
of 0 — 512 MHz. The frequency of second local oscillator is tunable with a possible
frequency range between 4 GHz and 7 GHz. The correction of the Doppler effect due
to the earth rotation is carried out in the correlation process after the observation.
Therefore, basically the second local oscillator frequency is kept to be constant during
the observation. Figure 11 shows a flow diagram of these signals for VERA.

K:21.5-23.8 GHz
Q:42.5-445GHz
Base Band:
[— IF:4.7 -7 GHz 0- 512 MHz
Receiver #1 _— I
> 5
1st Local S = 3
S_t oca 2nd Local g 2 g
K:16.8 GHz 4-7GH g T 5
Q: 37.5 GHz . z o = 3
g 5 «
— < a
[ Receiver #2 — I

Figure 11: Flow diagram of signals from receiver to recorder for VERA.
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2.3.2 Brief Summary of KVIN Receiving System

The KVN quasi-optics are uniquely designed to observe 22, 43, 86 and 129 GHz band
simultaneously [9], [10]. Figure 12 shows the layout of quasi-optics and receivers view-
ing from sub-reflector side. The quasi-optics system splits one signal from sub-reflector
into four using three dichroic low-pass filters marked as LPF1, LPF2 and LPF3 in the
Figure 12. The split signals into four different frequency bands are guided to corre-
sponding receivers. Figure 13 shows a signal flows in the KVN system. The 22, 43 and
86 GHz band receivers are cooled HEMT receivers and the 129 GHz band receiver is
a SIS mixer receiver. All receivers can receive dual-circular-polarization signals. The
dual-circular-polarization mode is available for open use programs at K- and Q-bands.
Among eight signals (four dual-polarization signals), four signals selected by the IF
selector are down-converted to the input frequency band of the sampler. The samplers
digitize signals into 2-bit data streams with four quantization levels. The sampling
rate is 1024 Mega samples per second, resulting in a 2 Gbps data rate (2-bit 1024
megabytes per second) and 512 MHz frequency bandwidth. In total, we can get 4
streams of 512 MHz bandwidth (2 Gbps data rate) simultaneously, which means that
the total rate is 8 Gbps.

KVN Muiti-Channel Recelver Optical Bench

2658
- 500 . S

Beam From Sub-Reflector _Q 1 3T5|]
I 3

2030

Figure 12: KVN multi-frequency receiving system [9], [10].

New wide-band VLBI backends, including OCTAD, Mark 6, and GPU spectrom-
eters, are introduced for wide-band operation. They are indicated in the red box of
Figure 13. The OCTAD consists of four analog-to-digital converters, digital signal
processing modules, and a VDIF formatter. It digitizes four IF signals and performs
signal processing for digital down-conversion and filtering. Combining OCTAD and
ADS1K+Filal0G, all eight IF signals (four dual-polarization signals) can be obtained
at the same time. The OCTAD has four 10 GbE outputs, with which we can get a
maximum 32 Gbps aggregated data rate.

In mid-2023, the construction of the KPC Radio Telescope was completed. It has

25






