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There are obvious questions, namely: 

A what? Where is? And when? 

Of course, we have to add more, what for? 

In the last few years there have been various discussions 
about the development of millimeter and sub-millimeter 
astronomy in Russia.  

The report will address: 

 Today's state in Russia; 

 Overview of leading foreign (international) observatories; 

 Offers to choose an antenna; 

 Proposals for choosing the location of the radio telescope 
installation. 



The program of the meeting will 
discuss all these issues in detail. I 
will try to describe the general vision 
from the point of view of a person 
who has observed the evolution of 
       «questions-and-answers» 
to these problems over the last 40 
years in the USSR and the Russia 
from within. 



The answers to these questions can 
be obtained by solving the problem of 
linear programming, i.e. optimizing 
the parameters that are not 
optimized at the same time. 
Naturally, to answer these questions 
it is necessary to start with the main 
thing, namely - whether we are 
talking about single antennas or 
antenna array. 
 



Early stage of millimeter 
astronomy in the USSR 

Then I will present on the basis of the book 
A Brief History of Radio Astronomy in the USSR. 
2012. (chapter «Radio Astronomy Studies in Gorkii») 

almost verbatim 



Early stage of millimeter astronomy in the USSR 

Radio astronomy studies at short millimeter wavelengths 
(λ<4 mm) were begun at Gorkii (Radio Physical Research 
Institute, NIRFI-НИРФИ} by Kislyakov in 1954. By 1960, a 
modulation radiometer at 4.1 mm had been devised at NIRFI, 
as well as a broadband (3–7 mm) detector radiometer. 
Kislyakov and his colleagues used these radiometers to 
investigation of the Moon (phase dependence of the Lunar 
radio emission) and the Sun, as well as detailed studies of the 
dependence of the atmospheric absorption at 4 mm on the 
meteorological parameters (Kislyakov, Nikonov, Strezhneva 
and et al.). 



Early stage of millimeter astronomy in the USSR 

Further, a unique series of detector radiometers operating at 1.8, 
1.3, 0.87 and 0.74 mm (Naumov, Yu. A. Dryagin, Fedoseev) were 
developed at NIRFI, which were used for observations of the 
Moon and the Sun, as well as studies of the atmospheric 
absorption of radio waves (L. M. Kukin, L. V. Lubyako, Fedoseev). 

Studies of the radio emission of the Sun and studies of the radio 
emission of the Sun and Moon at 4 mm were then continued in 
collaboration with LPI (Lebedev Physical Institute), using the LPI 
22-m radio telescope and radiometers provided by NIRFI. In this 
same period, Kislyakov, A. D. Kuz’min and Salomonovich 
conducted the first investigations of the radio emission of Venus 
at 4.1 mm. 



Early stage of millimeter astronomy in the USSR 

The new RT-25×2 radio telescope due to is good 
resolving power was used to study at  millimetar 
wavelengths (4.1, 6, 8 mm): 
 the brightness distribution over the disk of the 

quiet Sun, including limb effects; 
 chromospheric granulation; 
 a survey dark nebulae. 
 

Kislyakov, Chernyshev, Fedoseev, S. A. Pelyushenko, 
Zinchenko, Shvetsov et al. 
` 



Early stage of millimeter astronomy in the USSR 

Further studies of the Sun and planets (Venus, 
Mars, Mercury, Jupiter) were continued in 
Crimea on the 22 m radio telescope of the 
Crimean Astrophysical Observatory 
(Kislyakov, Efanov, Moiseev, Naumov, V. N. Voronov, I. I. 
Zinchenko and others). 



Project “POLYGAMY” 
The decision on the need to create the VLBI Network in 
the USSR, united by a specialized communications 
satellite, which in its scientific capabilities goes far 
beyond the radio astronomy itself, was taken at the 
general Session of the Council "Radio Astronomy" at 
the Presidency of the USSR Academy of Sciences. 
(December 11-13, 1978, Svenigorod). 

In 1980, a project called POLYGAMY was announced. 
 

(Bulletin of the Special Astrophysical Observatory 
Сообщения Специальной Астрофизической Обсерватории, 
No 27, 1980) 



Project “POLYGAMY” 
 

In the community of radio 
telescopes, the following variants 
of "family happiness" are 
imaginable (folklore of IAU 
Commission No. 40) 
This community has already 
gone through three phases. 
 
This project envisages a 
transition to the fourth phase. 
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Project “POLYGAMY” 



Project “POLYGAMY” 
First stage – antennae, D = 64-70 m, λ ≥ 1.35 cm 
Further expansion of POLYGAMY into the millimeter 
and decameter range can be carried out by joining the 
system of mirrors already existing in the USSR. The 
development of the millimeter range is of particular 
interest, so it is necessary to consider the possibility of 
improving the surfaces of large elements of the 
system, as well as to include in the system, as one of 
their dominant elements, a millimeter range antenna 
with a diameter of D ≈ 36 m. 



However, as they say in sport, there was a loss of pace. It 
ended with the creation of a national VLBI network with 
only three antennas with a diameter of 32 m – IAA RAS 

The “Quasar” VLBI network  
 
 

Three Radio Telescopes with D = 32 m; 
Three Radio Telescopes with D = 13.2 m. 



RT-13 (Badary, IAA RAS) 



The following table is followed by a list of 
antennas and networks operating in the 
millimeter range 
                        Frequency Range ≥ 50 GHz 
 



Radio Telescope 
(Abbreviation) 

D (m) Nation Altitude (m) Frequency Range (GHz) 

Green Bank (GBT) 100 USA 807 0.3–116 

Effelsberg (EFF) 100 Germany 319 0.3–96 

Tianma (TMRT) 65 China 7 1.25–50 

Sardinia (SRT) 64 Italy 600 0.3–116 

Large Millimeter Telescope 
(LMT)  

50 Mexico 4640 75–280 

Nobeyama (NOB) 45 Japan 1349 20–116 

Yebes (YEBES) 40 Spain 931 2–116 

Noto (NOTO) 32 Italy 78 1.4–86 

Pico Veleta (IRAM30) 30 Spain 2850 70–370 

Mopra (MOPRA) ; ATCA, 6 
dishes 

22 Australia 860; 236 
 

1.2–117 

Korean VLBI Network (KVN) 21 Korea 120; 260; 320 21–129 

VLBI Exploration of Radio 
Astrometry (VERA) 

20 Japan 116; 574; 
273; 65 

2.2–50 

20 m Onsala (ONS20) 20 Sweden 20 2.2–116 



James Clerk Maxwell 
Telescope (JCMT) 

15 USA/Hawaii 4092 211-710 

NOrthern Extended Millimeter 
Array (NOEMA, 12 dishes) 

15 France 2552 72-373 

Quinghai Observational  
Station 

13.7 China 3200 85-115 

Metsahovi Radio Observatory 13.7 Finland 79 2-150 

Atacama Large Millimeter 
Array (ALMA, 54 + 12 dishes) 

12 and 7 Chile 5058 31-1000 

Greenland Telescope (GLT) 12 Denmark 3210 84-377 

Atacama Pathfinder 
Experiment (APEX) 

12 Chile 5064 200-1500 

Arizona Radio Observatory 
Telescope (ARO 12m) 

12 USA 1894 84-116 

ARO Submillimeter Telescope 
(SMT) 

10 USA 3185 205-720 

Solar Planetary Atmosphere 
Research Telescope (SPART) 

10 Japan 1350 100-230 

South Pole Telescope (SPT) 10 USA/Antarctica 2800 90-230 

Atacama Submillimeter 
Telescope Experiment (ASTE) 

10 Chile 4860 270-500 

Submillimeter Array (SMA, 8 
dishes) 

6 USA/Hawaii 4080 200-400 



Decommissioned Radio 
Telescope (Abbreviation) 

D (m) Nation Altitude (m) Frequency Range 
(GHz) 

Combined Array for Research 
in Millimeter-wave Astronomy 
(CARMA), 6 + 9 + 8 dishes 

10.4, 6.1, 3.5 USA 2196 80-270 

Nobeyama Millimeter Array 
(NMA), 6 dishes 

10 Japan 1350 80-230 

Swedish-ESO Submillimetre 
Telescope (SEST, will be 
installed in Namibia as Africa 
Millimeter Telescope, AMT) 

15 Chile 4875 85-345 



Higher frequency requires high altitude 



Geographical distribution of the mm radio telescopes 

 



VERA (VLBI Exploration of Radio Astrometry) Japan 

Altitude 116; 574; 273; 65 m; D = 20 m; 2.2–50 GHz 



KVN (Korean VLBI Network) 



Taehyun Jung, Millimetron workshop 2019 @ Paris, September 10, 2019 



Tianma Telescope and Observation Station 

 • 65-m in diameter, fully 
steerable radio telescope; 

• Active surface system 
installed;  

• General-purpose (radio 
astronomy, single-dish, 
VLBI, geodynamics) 

• Covering 1 – 50 GHz with 8 
bands  

• L(1.6GHz), 
• S/X(2.3/8.4GHz) 
• C(5GHz),  
• Ku(15GHz),  
• K(22GHz)  
• Ka(30GHz),  
• Q(43GHz) 



Qinghai observation station (Purple 
Mountain Observatory of CAS) 

• Located in Qinghai Province 
(Delinha) on Tibetan Plateau 
at approximately 3200 m 
elevation (latitude ϕ = 
37°22'.4N and longitude λ = 
97°33'. 6E).  

• The primary facility of 
Qinghai observation station 
is the 13.7m radio telescope 
equipped with a SIS 
superconductor receiver 
working in the band of 85-
115 GHz. 

 



The quote for mm dish from CETC54 (China) 

Our current design is for: 

 D    15 m 

 ν     300 GHz 

 surface accuracy 40 micrometer 

 pointing accuracy 5” 

 travel speed  2.0 degree/s 

 El speed  1.0 degree/s 
The estimated budget will be EURO 5.3m 



NOrthern Extended Millimeter Array 
(NOEMA) 

• Located on Plateau de Bure, 
French Alps, 2550m 

• 11 antennas (09-2020), up to 12 
• 15 meter dishes 
• 70-373GHz frequency coverage 
• 1.5 km maximum baseline 
• About 0.1 arcsec resolution at 

350 GHz 
 

 
 
 



NOEMA weather statistics 

Neri R., The NOthern Extended Millimeter Array NOEMA, Xth Interferometry  
School (IRAM, 1-5.10.2018), p. 16 



Some of the listed 230 GHz - capable 
instruments are in the EHT collaboration 



PWV statistics for the RATAN-600 site, 
974 m, 2005-2010yy 
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PWV statistics for the RATAN-600 site compared with  
the nearby Zelenchukskaya Observatory (IAA RAS) 

satellite data for 2016 year 
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The plots are deliberately distorted to align the y-axis 

PWV, mm – averaged in the one month bins for 5 years 

PWV, mm – one year, not averaged 



Wind statistics for the RATAN-600 site, 
974 m, 2005-2010yy 
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PWV statistics for the Zeiss-1000 site, 
2100 m, 2008-2020yy 
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Wind statistics for the Zeiss-1000 site, 
2100 m, 2005-2010yy 
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Comparing PWV at low-altitude telescope sites  

Percent of 
time 

NOEMA 
(2550m) 

Estimated 
PWV, mm, 

winter 

NOEMA 
(2550m) 

Estimated 
PWV, mm, 

total 

CARMA 
(2196m) 

Estimated 
PWV, mm 

BTA 
(2100m) 

Estimated 
PWV, mm 

RATAN-600 
(974m) 

Estimated 
PWV, 
mm 

90% 7 11 12 16 20 

50% 2.1 4 5 7 11.5 

25% 1 2 4.5 4.5 7.5 

10% 0.3 1 3 3 4.5 

5% 0.2 0.4 2 2 3.5 

CARMA: Shiao et al, Water vapor in the atmosphere: an examination for CARMA phase  
correction, Proc of SPIE, v. 6275 (2006)  
NOEMA: Neri R., The NOthern Extended Millimeter Array NOEMA, Xth Interferometry  
School (IRAM, 1-5.10.2018), p. 16 
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Muus-Khaya 
mount. 
near Cold Pole 
(2012) 

Puschino RT-22 
(2013) 

SAO RAS, 
(all 2014) 

Suffa Plateau,  
(from 2014 – 
pres.time) 

Badary obs.  
(June 2016 –  
June 2017) 

Sayan Solar 
Observatory 
ISTP, (2016) 

Caucasus 
Mountain 
observatory 
(Jan-Feb 
2016) 

Svalbard  
(2018-2019) 

Крым 
(2017) 

Potential site locations (2012-2019) 

From Astroclimate Research talk by Bubnov et al, SAO RAS, October 24, 2019  



Proposed mm dish location on the back of BTA/Zeiss telescopes 

BTA 6-meter, 
2070 m 

Zeiss-1000 

2300 m 



Thanks for your attention! 



PWV estimation based on the 
temperature/humidity data 



PWV estimation based on the 
temperature/humidity data - II 



Some literature data on PWV for the proposed locations 

RATAN, CMO - February 



Some literature data on PWV for the proposed locations II 
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Tibet. PWV seasonal variations 

 https://giovanni.gsfc.nasa.gov/giovanni 
From Astroclimate Research talk by Bubnov et al, SAO RAS, October 24, 2019  

https://giovanni.gsfc.nasa.gov/giovanni
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Atacama (Chile) PWV seasonal variations 

 https://giovanni.gsfc.nasa.gov/giovanni 
From Astroclimate Research talk by Bubnov et al, SAO RAS, October 24, 2019  

https://giovanni.gsfc.nasa.gov/giovanni
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