- Thai 'Nati"ofnal‘R'adio'.Astrono C étory Project
| "tpg,l'::t}ture Vision

"a['AstronomicaI Research Institute of Thaildh ' anization),

i, Apichat Leckngam, Wiphu Rujopakarn,PBoonrucksar Soonthornthum, Busaba H. Kramer

ai, Taufiq Hidayat (ITB), Zamri Zainal Abidin, Juan Carlos Algaba (Universiti Malaya), Pham
Saran Poshyachinda (Executive Director of NA7IT),

~on behalf of the Project Team Members of #hai National Radio Astronomy Observatory

o g

_‘_} ! " y - v
Image credit: D. Singwong, N. Thoonsaengngam, & NARIT / TNRO / CROE. . v



\(®

2
IF

NARIT Infrastructure g M N

Dr. Saran Assoc Prof. Dr. Wiphu Dr. Busaba H.
Poshyachinda Boonrucksar Rujopakarn Kramer
Soonthornthum

China s

Gaomaigu Observatory
Ujang

Thailand ==
Thai National

Radio Astronomy
Observatory
. mx . Songkhla E

¥ N\ 3 v g « Regional Otsarvatiry for the Pudii
Australia s = £ \\'ﬁ .
Spvm'?‘h:‘u:n voﬁ:n.r‘mmy w

Chile ==

Cerro Tololo Inter-Amarican Observatory (CTIO)

'ﬁ Z 2.4 meters 'ﬁ Z 1 meters = & 0.7 meters ‘% Z 0.4 meters E Z 40 meters L Z 13 meters

A




Directors Advisors Project Leaders

Members of TNRO Project @ Gl ~ & ™
(project S_i'n_ce | @ 77 © SN

vy
S. Poshyachinda; W. Rujopakarn; B. Soonthornthum; B S EINEIuET S SANETeTTllii(el - TNV AW R G e Tl

“Capacity Building Through
Radio Astronomy & Geodesy”

Speaker: KS.



*** Committee from Europe

e International Technical Advisery Committee (ITAC) members:

o Hideyuki Kobayashi (Chair, NAOJ), Busaba H. Kramer (Secretariat,
MPIfR/NARIT), Do-Young Byun (KASI), Francisco P. Colomer (JIVE, retired),
Michael Garrett (JBCA), Yashwant Gupta (NCRA), Mareki Honma (NAOJ),
Kee-Tae Kim (KASI), Jinling Li (SHAO), Zhigiang Shen (SHAO), Tasso
Tzioumis (CASS), Pablo de Vicente (IGN), & Gundolf Wieching (MPIfR).

e International Scientific Advisery Committee (ISAC) members:

o Michael Bode (Chair, BIUST), Busaba H. Kramer (Secretariat, MPIfR/NARIT),
Hideyuki Kobayashi (NAOJ), & Michael Kramer (MPIfR).

e Special thanks to Yebes Observatory, MPIfR, JBCA, and SHAO for
constructing the TNRT and VGOS with its receivers developments!
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Thai National Radio Astronomy Observatory

oy |

Chiang Mai

=

Thailand © NordNordWest in Wikipedia

® 40 km away toward NE from NARIT head quarters

Site is a part of Huai Hong Khrai Royal Development Study Center
Radio Quiet Zone: less RFI, & Relatively lower water vapor area

) WL 1) : 40-m Thai National e« a \A\r g
% Radio Telescope

............. m

>

r
main entrance | .-
AT R
. - -

Image credit: >P. Jaroenjittichai & TNRO/CROE members (NARIT)



The 40 m Thai National Radio i
Telescope Pl Big Liftin Feb 2020

(TNRT)

e

-band
(1.0-1.8 GHz)
K-band
(18-26.5 GHz)

“Upgraded” version of IGN’s Yebes 40-m Radio Telescope

With Prime-Focus Tetrapod Head Unit (THU)

~ 0.3 =115 GHz: P/L/C/XIKu/K/Q/W-bands

150 um (rms) total surface accuracy Beam size: 13.4 arcsec — 1.43 degree
Pointing: 2” (no wind), 6” (5 m/s wind)  Slew: AZ 3 deg/s, EL 1 deg/s
"’ ST T T Sammee ' T DR PR S TTTZ%mmrUREEemms




: Universal Software Backend Installation & Implementation




(1.0-1.8 GHz)

+22.111

21475 g . | K-band

b +12111
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“Upgraded” version of IGN’s Yebes 40-m
With Prime-Focus Tetrapod Head Unit (T

0.3 = 115 GHz : P/L/C/X/Ku/K/Q/W-]
150 um (rms) total surface accuracy '
Pointing: 2” (no wind), 6” (5 m/s wind)
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https://web.facebook.com/NARITpage/posts/pfbid0264wHjGnV5yUCtaxGjzUpRRuyXczfApxavtYtdfQE6aedGgHX7p2c5iPuKPZABGnml?__tn__=K-R
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Relative power to noise floor

[arbitrary in linear scale]
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The 15t light
- in K-band!

H,O Maser at 22.235 GHz

B on 16 December 2022

from high-mass SFR W49N

Ch. resolution: ~0.1 km s
Integ. time: 0.5 sec
L FoV: 500 x 500 arcsec?

(FWHM in K-band: ~70 arcsec) \N
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White Paper for TNRT

Sciences with Thai National Radio Telescope

arXiv: arXiv:2210.04926 —— on 12 Oct 2022
12 Kramer, H. Busaba @ 31,

Jaroenjittichai, Phrudth® '+ Sugiyama, Koichiro

)20

astro-ph.IM] 10 Oct

|
| €

2210.04926v 1

l and Soonthornthum, Boonrucksar
! Authors
Akahori, Takuya @ 24, Asanok, Kitivanee @ !, Baan, Willem @ *, Bran, Sherin Hassan'®
Breen, L. Shari® 7, Cho, Se-Hyung @ *, Chanapote, Thanapol @ !, Dodson, Richard @ 9,
Ellingsen, P. Simon@ ', Etoka, Sandra'!, Gray, D. Malcolm' "', Green, A. James'?
Hada, Kazuhiro® ' Halson, Marcus', Hirota, Tomoya @ ?, Honma, Mareki @ 14,
Imai, Hiroshi® ', Johnston, Simon® 2, Kim, Kee-Tae® 8, Kramer, Michael @ %11 Li Di® 15
Macatangay, Ronald', Menten, M. Karl @ * Minh, Young Chol @ # Mkrtichian, David® !,
Pimpanuwat, Bannawit @ ' Richards, M.S. Anita® ¥ Rioja, Marin @ 91617
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Thoonsaengngam, Nattaporn', Voronkov, A. Maxim @ 2, Wongphecauxson, Jompoj @ *
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Crab pulsar in optical and X-ray
(Credit: NASA/HST/CXC/ASU/J.

Active Galactic Nuclei

Illustration of AGN
©NASA/JPL-CALTECH

S, 110 Jy]

Time-Domain Sciences with TNRT

Artist’s conception of W33A
Qemlm Observatory, by Lynette Cook)

0426

B T s T ma s S "‘\UM‘

G 353.273+0.641 with Tomakomai 11 m
(Motogi et al. 2016, PASJ, 68, 69)
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or VLBI

= -
East-Asian VLBINetwork
©EAVN-HP: https://radio.kasi.re.kr/eavn
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d Image credit of background world-map:
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Active Galactic Nuclei = | . : .
(AGN) N | (*K. Sugiyama & K. Hada, at p.34, 35 in the WP)

v N\, -t East-Asian VLBI (EAVN)( | EAVN + TNRT

lllustration of AGN
©NASA/JPL-CALTECH

Simulated results of VLBI obs case towards Active Galactic Nucleus M87 at 22 GHz in K-band.

I I [ I I I | | I

DAY 0.0 M87 Jet at 43 GHz with VLBA _
(Credit: C. Walker, NRAO) -

W

SMBH in M87
Credit: EHT Collaboration

Accretion Disk & Root of Jet in M87
Credit: Lu et al. (2023): composition bv F. Tazaki




N. Thoonsaengngam, et al.

Geodetlc VLBI & Astrometry oy NobuykiSakei
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" a Mﬂ‘\ Since November 2022 ~

General (Engineering) Commissioning in L-band

Pointing (relevant) Part Basic Part
m Mapping of RFI Distribution at the Site

Observation Pointing Modeling

Mp‘utﬂ/ Determining theNS temperature
v
Beam-Pattern Skyline Bird’s-eye View Mapping
| v
v v

v

Aperture Efficiency ; _ ' _
& | Linearity Allan Variance

Its Gain-curve Investigation Evaluation
(without THU) '
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Call for Proposals: 40-m Thai National Radio Telescope, Cycle 0 (Resident Shared Risk Observing)

b Announced on 10t October 2023 (Tue), 10 TST !! in L-band
https://indico.narit.or.th/event/197/ Deadline of prop. submission: 30t November 2023
e TNRO/740-m TNRT Now in the reviewing process, & open-use obs from Jan 2024

TNRO / 40-m TNRT

L. Project Members
I L-band System

Status Report
Proposal Submission
Privilege for Students
Policy for Obs Data

User Support

7 tnrtprop@narit.or.th

NARIT Facebook Photo 1-1: (Left) Chiang Mai, (Middle) Sketch of the TNRO site in Huai Hong Khrai Royal Development Study Centre, and (Right) the 40-m
with PR INRT.

E' 'E National Astronomical Research Institute of Thailand (NARIT, Public Organization) has established the Thai National Radio Astronomy
. Observatory (TNRO) in Huai Hong Khrai Royal Development Study Centre, Doi Saket District, Chiang Mai, in the northern part of Thailand 2018,
= which is 40 km away from NARIT headquarters in the North-East direction. This project was stongly motivated by the importance of the

development by ourselves to achieve an empyreal goal of “Capacity building through radio astronomy and geodesy” via constructing national radio
telescopes in Thailand. This construction has provided precious opportunities to develop engineering / technical / instrumental skills, its technology;,
E unique sciences achieved with these telescopes, and essential experiences on the basis of collaboration with world-wide colleagues at the world-
rlace farilitiee ac wall ac ranmihnite 1t ediicatinm ia Fitlnivating noatential voanno actronamere engineare and ocgendecicte Civen a radia miiet 7one


https://indico.narit.or.th/event/197/




Vision for TNRO Project in Thailand & Regional VLBIs

[Construction]

e Big Lift
e Assembly System
e AZ/EL Movement

Big Lift Movie:

https://youtu.be/ wmFGBUDjiw

[Installation] [Upgrade)

©CETC16,
Dan+

%

[Establish Regional
VLBI Networks]

e e Thai National VLBI Array
e L/K-band receivers

Ku Hol h 2024 ] e South-East Asia
* R Tolography ~ 2025 [VGOS stations] VLBI Network

% e Upgrade L-band with MPIfR

©Spiro, J,
June+

N RS ET

AN G L7 e

o
YInINaHDnaIVLBIAvay ﬂmn TS

SR g

(Gundolf, Christoph, +) - () e = meg;&;%’ -3
Vietnam - A
First lights! e Develop & Install e VGOS Building e ﬁg»_ﬁ h
C/X/Ku-bands receiver B
o Chlang Mal & Songkhla Malaysia _. lndonesll ':n A e
| | e Prototype L-band PAF SR se T -
W P e Develop Receivers £ 0;’ s

e Develop C .
Angrynumsnaranosoon . [ ] ommissionin 2] e AUSTRALYA
vgl‘r:{i(?:lrtsnssnuén:nn:mﬁ Q/W-bands receiver g == 5 ......'."g'm..rn...:-.-.



https://youtu.be/_wmFGBUDjiw

i
VGOS in Chiang Mai .

NARIT hosting one of the International Chinese VGOS stations, based on signing MoU with
SHAO, CAS (Zhigiang Shen, Jinling Li, et al.) in 2017, and constructing telescope tower /
installing the 13-m VGOS telescope in Chiang Mai.

Special Thanks to SHAO, CAS, Chinese colleagues: Prof. Zhigiang Shen, Chao Shen, Prof.
Jinling Li, Yuwei Liu, Cong Liu, Chengkai Wan, Zhengxiong Sun, Prof. Jinging Wang, Prof.
Rongblng Zhao, Prof. Fengchun Shu, Zhong Chen, Jiangying Gan, Xuan He, Li Guo

Image credit: SHAO Background ©NordNordWest in Wikipedia



VGOS in Chiang Mai & Songkhla

NARIT hosting one of the International Chinese VGOS stations, based on signing MoU with

SHAO, CAS (Zhigiang Shen, Jinling Li, et al.) in 2017, and constructing telescope tower /
installing the 13-m VGOS telescope in Chiang Mai.

Besides, another VGOS station will be built in Songkhla (Southern), together with the receiver
development at Yebes (Special thanks to Pablo de Vicente, José A. Lopez-Pérez, et al.).

Artist’sillustration

' ‘ S A : of VGOS Songkhla
Current at TNRO, Tower by NARIT M o :
Background ©NordNordWest in Wikipedia

Refer from A. Lecknaam



Vision for the Future: Thai National VLBI Array (TVA)
in C/X/Ku/K-bands, 2026 (?) ~

‘ WT \\
ﬁhlang Mai L//\"/\\

Ubon
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~1,330 km

* Songklha
N
557

© NodNodWent n Wikpeda, and edted

Chiang Mai (1gealwi)

40-m TNRT

(*under construction)
» b » -
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ry. CAS © "W‘L

13-m VGOS

Same type |3-m vGaos

Songkhla (a1van), 13-m VGOS
(*under construction)

Regional 6!:3 for
the Pablic @ NARIT. "

Chonburi (zav73)
& Ubon Ratchathani (uassil)
(*funding proposal)

32-m telescopes

S
® CAT Telecom :--‘ M

PESSAPENE S

as)

Relative Declination (m

VLBI movie of SiO in TX Cam

Diamond & Kemball (2003); Gonidakis et al. (2013)

Jet at M87 simulation with TVA
(K. Sugiyama & K. Hada)




Vision for the Future: South-East Asian VLBI Network
in C/X/Ku/ bands 2027( )

| ~
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Ulsan 21 m

Mizusawa 20 m

Takahagi 32 m

1P
ARV :
|__Tianma 65 m

Hitachi 32 m

@ 6.7 GHz

Malaysia @ 22 GHz

Sheshan 25 m Kunming 40 m Yamaguchi 32 m .

43 GHz

Image Credit: EAVN, Reto Stockli (NASA Earth Observatory), .
& NARIT / ITB / Univ. of Malaya &

Jatiluhur 32-m
5 ©T. Hidayat, I. N. Huda+ in EAVW21



UV-coverage : EAVN + SEAVN in K-band: ngEAVN??

Declination +40°, Northern Declination —-29°(GC), Southern

-5000
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© K. Sugiyama
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Reboot of Asia-Pacific Telescope (APT)

EAVN + LBA
= Asia-Pacific Telescope (APT)

! ~ 11 (since ~1990 yrs:
\ j JAXA/ISAS, CSIRO, NAQJ, etc)

E sl Awan VLBI Network (EAVN) 1cotlabo al wth TNRT

. :,, e ?%).‘\‘ - | __________________ g _______________

-5000
//;
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1
5 B
4
3

i . Australian Long Baseline fArray © CSIRO
I T T 90°E 120°E 150°E 180"
i

—-10*
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Reboot of Asia-Pacific Telescope (APT)

EAVN + LBA + SEAVN
= Asia-Pacific Telescope (APT)

(since ~1990 yrs:
JAXA/ISAS, CSIRO, NAOJ, etc)

Jatiluhur 32-m
/ West Timor
Ul
® &
L vl SSSSEERNNN 0 genm. .......... AU |
-> Accelerate [ ) |00 | ragaeeq 3 P
L 1 .T Parkes g
Global VLBI Alliance ~ §[ RS ey
. Hobartg !
(Colomer, Kobayashl, et aI.) [ T e e T
Wlth EVN/JIVE i < . Australian Lbng BaselineEArray©CSIR:O
T "";’ 90°E 120°E 150°E 180"



http://gvlbi.evlbi.org/welcome

=) \Slgﬁlﬁg MM@ EAVN on 16 Aug 2022

Signing Létter of Intent with ATNF/CSIRO on 9 May 2018

Signing MoU with UM (Malaysi =
e s [ T qz,,,, e R TSI PR o 1> 1

NARIT n o
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[Current Status of 40-m TNRT]
1st lights of Imes/contmuums/pulsar |

~ Key science cases with 40-m TNRT ... arXiv:2210.04926
 Single-dish : Time-domain / Unbiased-survey

2 L : . VLBI: A'S';rgnomy / Geodesy with drastic better imaging quality

I .'. in Sep 2023 (Pomtlng, Beam- pattern RFIkyli view, Tg.*, As/Gain-curve, etc)
al (Cycle 0, RSRO style) was announcd@l’ , 10 TST at the end!

NRT (L-/K-bands in a year) & On-going bllilding VGOS x 2
al VLBI Array, since 2026 (?): [40-m TNRT] + [VGOS x 2] + [32-m telecom x 2]
SEAVN South-East Asian VLBI Netw?( with Indonesia/Malaysia/Vietnam

PPporade EAVNReboot APT, & Accelerate Global VLBI £ anic,:‘,_e with I%VN/JIVE (Colomer, Kobayashi, et al.)



https://arxiv.org/abs/2210.04926v1
https://indico.narit.or.th/event/197/
http://gvlbi.evlbi.org/welcome
https://pos.sissa.it/399/027/

EUROPEAN

Thank you very much for your attentl

Dziekuje bardzo! “rus %

| g

—

st . European VLBI Network 3
©EVN-HP: evibi.org

40-m Thai National Radio Telescope
©D. Singwong, N. Thoonsaengngam,
& NARIT / TNRO / CROE

Narrabri | Tidbinbilla Warkworth

< v
Malaysia @ Existing Radio Astronomy Sites ‘l '.f

y N Southern Lorg Baseling Array
. l 5 5,500 km Baseline N0 M ©Brj|wle/0§mo SR
.Y B T T s T e ’

East-Asian VLBI Network
©EAVN, Reto Stockli (NASA Earth Observatory), & NARIT/ITB Vial

AT




