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Eotvos University RAS platform —>
turned toa telemetry station

Basis

* Former attempts to have a RAS station in Hungary | :
* 1970s (Penc, Almar+Ferencz?); 1992-94 (Penc, Ferencz+Fejes); 1995-98 (Budapest, Toth)

* Contribution to international RAS activities from Hungary
» for example: VSOP (software); CRAF (expert)

1992 plan: a 20m. diameter, radome enclosed,

/Penc RAS station design
/Atha Balogh (2011) .
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Onsala 20 m telescope.
Credit: Chalmers/J-O Yxell

[llustration:



https://ui.adsabs.harvard.edu/#abs/1998ASPC..144..399F/abstract

Lightpollution map of N and central Hungary &
https://www.lightpollutionmap.info ¢

* Geographical features of Hungary
e Pannonian Basin: mountains (less) & flat lands (more)
e =less shielding; “sea level”
* Population distribution: a few less populated spots = low RFI
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e Climatic features - continental (landlocked) ‘ N e
* Only few days with hailstorm or lichen (10/year) g I P Jt} RO  Zi b

* Wind gusts: < 30 m/s (< 15 km/s); days with peak < 1/year; Dense fog is rare (200 hours/year)
* Precipitation is relatively low (< 30 mm/month in winter E-HUN)
* Total precipitable water vapour (TPW): < 10 mm in winter
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Possible locations for RAS stations — general “rules”

Human resources . Nograd county in Hungary
* near to higher education and research centres — _

« far from highly populated areas, far from industrial centres
e but still near to some settlements

“Mountainous” terrain with easy access
* slightly elevated
* ‘“crater” type local terrain - line of sight is blocked
e access on paved road

Acceptable local climatological conditions
* low precipitable water vapour levels
* mild wind gust, few or no hailstorms
* |low number of days with precipitation

Supportive social environment
e community in need for research infrastructure

e community supports the development
* national frequency administrator is in favour of the project

No plan for major industrial development (no new RFI sources)
* mid-term community plans exclude intensive industrialization

5 The region:
E “Heart of Négrad”
-~ 50% forests

BEST at Zugspitze, 24 June 2025, LV TOTH
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Typical characterlstlcs of a radio qwet location are
* reasonable shielding offered by the terrain;

* alarge enough distance from large cities and/or industrial
centres & airports, as well as from busy roads.

e + but outside of nature conservation zones

Qur pycraf(Winkel 2015, 2024; Giovanardi 2022):simulation
results show a relatively'small sized zone where terrestrial
“radio.communication and/or broad band car radars may
endanger the observations.



BEST-18M-RAS - attenuation «-

e Attenuation at 2.965GHz (right, pycraf)

* shielding from major cities > 160 dB
* 4 alternative sites
* 5 nearby very small villages ~120 dB

e Exclusion zone size for (77 GHz) car radars

[dB(mW/MHz)]; aggregated

P_rx

e operating on the roads of the region with
usual traffic

* <20 km —nearby main roads are outside

BEST: carRadar_77ghz (in motion) Radar type: A

Individual iterations
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Support by the national frequency administrator NMHH

* Preliminary consultations — (“No special protection without registration”)
e Spectrum monitoring (2017-2021, several rounds, several locations)

e Consultative support for the preparation of our filing to ITU

max-hold diagram

« highest power measured @ 1-16 GHz
at a given frequency oY |

waterfall chart

* RFI amplitude variation
as a function of time

» aka: spectrogram

Conclusion: limited use of spectrum; no signal in RAS bands at the BEST site



Tasks for the 15t Hungarian research station with RAS

Multipurpose station with more than 1 antenna — in timeshare use
* telemetry; RAS; other basic and applied research; RF development

RAS will be limited to best atmospheric conditions and international campaigns

Planned RAS applications
e dm, cm & mm VLBI (eg. VGOS, GMVA, European multiband frequency phase transfer VLBI)
 single dish radio astronomy

Collaborations
e contribution to university education; popular science mission — remote reality access

* R&D already in the construction phase e.g. joint receiver manufacturing
e partnering with LEVERAGE (since 2024)

Minimized ecological & carbon footprint; environmental monitoring



BEST-18m technical requirements

* Main antenna with at least 33m-18m dish diameter, surface accuracy < 0.1mm
* Fully steerable, precision drives for astronomical applications

LEO TT&C with up to 10 degrees/second speed, at least 4 degrees/second in
tracking is moved to another project

* Receivers, transmitters, back-ends, and other devices:
* To be capable of telemetry for (G, MEO, HEO) satellites, Moon

* To be compatible with the VGOS and GMVA systems (and ngVLA)

* (To be capable of cm and mm-wave single dish radio astronomical pulsar spectroscopy
measurements)

» Supporting technology for VLBI operation (eg. dedicated 10 GBps optical fibre connections

The front-ends to be mounted and switched in a relatively easy and quick way
enabling a multi-function operation

([




Vertex 13.2m VGOS
antenna, Wettzell

Alternatives while planning

Standard azimuth-elevation type antenna mount
* OPTION 1: Cassegrain, ring focus reflector optics

In axis frontend in the secondary focus ,,inside”
e Multipurpose frontend — quick change of the modes of operation

* Exchangeable frontend — % day with cooling
* Beam-Waveguide

* OPTION 2: Offset Gregorian optics

Off-axis frontend , outside”
* Feed indexer — quick change of the modes of operation
. * Easy mounting and un-mounting in acceptable (non-winter) weather c:onditions

|

|

|

! . . '

| ‘ j Feed Arm with Equipment |
. . |

ngVLA Final Design and The ngVLA-18m antenna may become a new standard |
|

1 ngVLA Final Design and
- I Prototype - Figure 28
Prototype - Figure 6 . : yp g
mtex 2022 We wanted to participate in the developments. mtex2022 |

BEST at Zugspitze, 24 June 2025, LV TOTH



BEST + LEVERAGE + ngVLA + GMVA

* Long-baseline Extension in next-generation VLBI Experiments
and Rapid-response Array GErmany (LEVERAGE, Kadler+ 2024)

e u-v coverages for a source at 44° declination;

* tracks are calculated for the new ngVLA long-baseline antenna
design with elevation limit at 7 degrees.

The benefits of adding the BEST-18M-RAS station
 extendsthe long baselines of the LEVERAGE array to 750+ km
 closes gaps on the ~5000km scale for the ngVLA+LEVERAGE
 adds both sort and long baselines for joint obs. with GMVA
 adds shorter baselines to S-Africa for joint obs. with SKA VLBI

* (+20% u-v coverage to European
(+20% E FPT VLBI)
LEVERAGE; LEVERAGE+ngVLA

ngVLA+BEST LEVERAGE+BEST

BEST at Zugspitze, 24 June 2025, LV TOTH
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BEST-18 M-RAS status

0) BEST Program conceptual plans and first RFI measurements
— completed and handed over 2018Q1
— basics of the concept was shown to & welcomed by the government
1) BEST Program feasibility study and BEST RAS site selection
— completed and handed over 2021Q2
2) Technical and management specifications, preliminary plans (engineering, IT, architectural)
— completed and handed over 2021Q4
3) Financial and management plans for the design phase
— completed and handed over 2022Q2
4) ITU registration documentation
— completed and handed over to the HUN frequency administrator 2022Q4
5) ITU registration of the planned BEST multipurpose station as a (cm-mm VLBI) RAS site
— initiated by the Hungarian frequency administrator 2023Q1
—ITU registered the BEST-18M-RAS station 2023Q4
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AL FOOTPRINT

. A detalled analy5|s of cllmatologlcal records was supplemented with our on-site
S p-meteorological monitoring measurements. Expected wind speeds, cloud coverage,

precipitation derived. w .h 2 Yy

REResults of our soil mechanics tests, research on aquifers and groundwater, as well
‘,‘é Bas a study of seismic records were considered.

: =*4\\/e investigated the local flora and fauna, natural waters and soil, re-forestation
':‘; g possibilities, checked the means of energy consumption minimization and green energy

‘\ “Jgeneration possibilities. ' & ’}‘,‘ | g

’Q S Collaboration with local forestry ensures minimizing our ecological footprint and helps

) Plpreserving the biodiversity. [ SINAPRIN

- These steps were aIso important building our social relations.

M- T A W

&

Local people are very determlned to protect their natural enwronment “Green Nograd”



Pycraf77GHz attenuation map

Summary

Proper site was found and proved to be optimal to
host the first Hungarian radio telescope forcm & mm
band observations

Site selection and approval based on climatological,
geographical, geophysical, and sociological research
besides radio spectrum monitoring and attenuation
modelling

Station concept has been worked out: multipurpose
with telemetry service and RAS (timeshare)

International scientific collaborations: GMVA, VGOS
- design requirements
ITU registration for BEST-18M-RAS VLBI site: Nov. 2023

Path attenuation (no gain/clutter) f=77 GHz
90 dB 120 dB 150 dB 180°dB 210 dB



BEST frequency bands: GMVA, European
frequency phase transfer mm VLBI, VGOS (2016)

Frequency band | (FPT) bands

I Nominal frequency  Frequency range

] Start [GHz] Stop [GHz]

TSR 22 GHz 21.25 23.25

43 GHz 42.11 44.11

UEERERN 86.243 GHz 85 95

IEEE 129.363 GHz 125 142

i e

band The new VGOS bands are broader,
3 0004 3.4804 this is why we are eager to keep the

relative radio quiet environment

band 5.2404 5.7204
also at low frequencies.

C-band 6.3604 6.8404
10.2004 10.6804

BEST at Zugspitze, 24 June 2025, LV TOTH




BEST-18m — a possible design: ngVLA-18m

- Main Reflector BUS
- 5th Panel Adjuster

. Aluminum Main Reflector Panels

- Elevation Gear Rim

Elevation Main Encoder - : S Elevation Gearboxes

Aluminum Panel Subreflector
with CFRP BUS

- Elevation Stow Pin
Front End Enclosure

- Counterweight

Subreflector Extension . .~ Azimuth Bearing

Elevation Bearing - m— S AV /Y S - Azimuth Gearboxes

CFRP Feed Arm —— - \ o : i - Azimuth ALS
He-Compressor and Equipment Azimuth Cable Wrap
Elevation ALS V Azimuth Main Encoder
EMI Cabinet

Entrance Door

(Servo, HVAC and NRAO Equipment) {SeurhQrientaslin)

HVAC Outdoor Equipment

Foundation -

NRAO-mtex design (2022)

BEST at Zugspitze, 24 June 2025, LV TOTH



BEST-18M-RAS VLBI starting specification

* ngVLA-18m dual offset Gregorian antenna (up to 115GHz) +feed indexer

* KVN type 4 band receiver (to be partly manufactured in Hungary)

e all basic local infrastructure needed for VLBI (cabling, backends, maser)

» dedicated 10 GBps optical fibre connection (later aiming for 2 independent)
* power supply with redundancy and partly renewable (photovoltaic)

e station ready for remote operation and local archiving



Local support - examples

e assistance in exploring the possible sites — local forestry company
* public hearings organized by local NGOs & local authorities

e assistance for our social survey on the acceptance of the station

* presenting us in local TV and radio channels

* placing WIFI hot spots in favour of the station

* ban on industrialization in and at the forest

* high speed internet access in all villages via optical fibre network
* redirecting the main bicycle “highway” crossing the forest
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The first succesful European Moon-radar measurement by Zoltan Bay
(1946, Tungsram Research Laboratory, Budapest) =

e Antenna: 2.5m (120 MHz) radar manufactured by the Standard Electrical
Co., a Hungarian subsidiary of IT&T; with 36 dipoles

* 1000 pulsed signals; 0.06s duration; 3s intervalls; 2-3kW power; repeated
on and off the Moon

* integration (of S + N) is done using 10 oxy-hydrogen coulometers+
rotating switch sweeping the ten coulometers every 3s

* (coulomb-meter: measuring charge by electrolitically induced
decomposition)

* 1 coulomb ->~0.12 cm3 H, gas (see Faraday’s 2nd law of electrolysis)
* Long enough integration -> H gas excess in one tube (4% > noise)

e Z.Bay and his team (in 1946) invented the technique of long-time
integration generally used in radar astronomy

» Key: signal echoes have a more-or-less fixed structure, while the noise
varies from pulse to pulse, echoes add up faster than noise.

See: https://history.nasa.gov/SP-4218/chl.htm

First echo: John H. DeWitt, Jr (January 1946 at Cespst fyans Signal2baboratory)


https://history.nasa.gov/SP-4218/ch1.htm
https://history.nasa.gov/SP-4218/ch1.htm
https://history.nasa.gov/SP-4218/ch1.htm
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