Korean VLBI Network
Current Status and Plan

Taehyun Jung (KASI)

On behalf of KVN TEAM

A AIEX} 81| @ M3CH WEHT A (August 29)



Korean VLBI Network (KVN)
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Multi-Frequency Receiving System

e Simultaneous Multi-frequency Observation
e @ 22/43/86/129GHz
e Dual Pol : LCP & RCP 129 GHz 43 GHz 22 GHz

mirrors
,f ﬂ"- ~—

e (Source) Frequency Phase Transfer
« Weak Source Detection
e Chromatic Astrometry

e Multi-Frequency Observation
e SED
e Rotation Measure

Beam from the

Recelverplate k. sub-eflector




MASK: Multi- Frequency AGN Survey with KVN
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Largest number of New detections Ever! (on-going)
« ~574 AGNS(>80%) @ 43GHz _ “MASK Team in prep

~428 AGNs(>60%) @ 86GHz . 20 2T (2059
~281 AGNs(>50%) @ 130GHz 2" ' - I M/F maser maps
+ ~80 high-z AGNs (z = 2.5-6.5) 3 T e # 1 of Vx Sgr

M/F Images/Astrometry e e [T

S5C v=2,)-10 (42 Gk

« Evolved Stars & AGNs o OO et al. 2017

R.A, cffset (mas)

Multi-Frequency Polarimetry

« AGN jet structure and magnetic fields
from M/F Rotation Measure

Demonstration on the performance of M | Polarimetry
. It M/E 00 56 111 166 222 277 333 388 443 (%
S]mu aneous ‘}8~ —0.10Jy / beam 2017 Jan |7
. Tropospheric / lonospheric phase calibration g 5 = ; o
- |deal system for mm-VLBI observation 8 5: &y = é
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KVN Operation Status

KVNZ&52& 8 & (2014-2018)

VLBI > 3500h/yr (+ SD 500-1000 h/yr/site)
« KVN Only : 2500h
« KaVA (KVN and VERA Array) : 1000h
« EAVN/EVN/GMVA/Sejong > 300h

KVN Key Science Projects : 1000h/yr
« Evolved Star(1) & AGN (2)

KaVA Large Programs : 500h/yr

« AGN, Star formation, Evolved stars, Galactic
astrometry

Global Common Use : 1000h/yr
« KVN(500h/yr) + KaVA/EAVN (500h/yr)

Proposals status
« 2018B: KVN(16), EAVN (14)
« 2019A: KVN (12), EAVN (19)
« 2019B: KVN (8), EAVN (24)

Total 122 refereed papers using KVN
(from 2013)

« Toal 95 SCI papers (14 SCI papers/yr)
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KVN Operation Statistics 2018B/2019A

BENZE | 2 mEs | EBEAZ | MpEaz | Success | a0l Fail
w/ minor err
2019A 246 2010 1866 232 8 6
2018B 231 2030 1924 218 11 2
2018B Error counts KTN KUS KYS | Sum
Antenna control failures 47 41 8 96 TRO'" E'l H:I§-I' 20188/ 2019A( 'I')
Problems with recorder 8 17 25 50 | ¢
Severe weather condition 28 22 20 70 :; m 20186 mA13A
Other problems 55 54 37 146 | 13
Sum 138 134 90 362 ig
2019A Error counts KTN KUS KYS | Sum | 20
Antenna control failures 4 1 2 7 1;
Problems with recorder 6 7 4 17 5 L
= 0
Severe weather condition 26 £ el i Antennza Rocorder Weather Antenna Rocorder Weather’Antenna Rocorder Weather
Other Problems 25 22 37 84 ‘
KTN KUS KYS
Sum 74 56 70 197




KVN System Upgrade Plan
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KVN System Upgrade: Receiver

« Upgrade current Rx by replacing narrow band components
~ LNA, Feed Horn, Polarizer, tunable LO etc

e Instantaneous Bandwidth = 8GHz

KVN

Receiver Freq. (old) Freqg. (new) Trx (new) Installation

Completed in 18
(all KN stations)
KYS (19 Sep)

Q-band 42.10 - 44.10 35-50 <50 KUS (20)
KTN (20 or’21)

KYS (19 Sep)

K-band 21.24 - 23.25 18 - 26 <40

35 -95 35 - 116 < 80 KUS (done, "18)
KTN (20)
125 - 142 125 -172 <60 23 ~

Radio Telescope User’s.Meeting 2019 @ SNU PyeongChang (Aug 29-30,2019,



KVN System Upgrade: (old) DAS

Antenna Receiver Room

Digital
E/O

Q

Digital
O/E

4 VSI Inputs

Stokes
,Q U,V

Mark5B

Fila10G

Mark6




KVN System Upgrade: (new!) DAS

7|E AAH

antenna receiver room «=--z--- +» observing building

IF : 8-10GHz 4X1GSps

'OCTAD

Digital E/O Dlgltal O/E

Spectro
meter
— Mark5SB

10GbE (4 x 2Gbps ) Mark6

< FPGA >

DBBC A ——

10G Switch

GPU

IF: 8-16GHz

Spectro

M AJAES




KYS KUS

OCTAD 4 ADC (4 x 16Gsps)
- Input Freq. 8 - 16GHz
- Digital Down Conversion !
- Digital Filtering
E « 4 x 10GbE output

W» e [ VDIF format
| Y

|
\

» {
s r

KVN 4-Frequency Full Polarization

| K-DAS (4 CH)+ OCTAD (4 CH) or |

Bandwidth Max Num Max Data Rate
(MHz) of Channels (Gbps)

{ OCTAD (8 CH) with Marké

22 R/L, 43 R/L, 86 R/L, 129 R/L !
'Datarate: 1,2, 4, 8,16, 32 Gbps |

Mark 6

- Max 16Gbps recording
« 4 disk modules with

8 HDDs each
« 4 10GbE input




16Gbps Fringes with 32Gbps mode
KYS-KUS with 22/86GHz Dual-Pol (f18324 & f18362)

f18362 fringe test
32Gbps setup in simultaneous K/W observation —> W-band fringes (16Gbps) detected!

512 MHz x 8 Channels x 2 Pols 1024 MHz x 4 Channels x 2 Pols 2048 MHz x 2 Channels x 2 Pols

| v oy
I\if

[¥o, 0
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- Signal Chain: K/W-band Rx (2 Pol) —> OCTAD —> 10G switch —> Marké (2EA)

- 2048 channels / IF
Partial fringe detection at K-band Pol data (f18324)



KVN Baseline/Image Sensitivity

Frequency 22 GHz 43 GHz 86 GHz 129 GHz

SEFD (Jy) 1500 1800 3400 5000

Sensitivity Tint=100s = T.int=60s  T.nt=30s  T.int=30s

Wl ediEme) |/ Tine=thr  /Tine=thr /[ Tine=lhr -/ Tine=lhr
1 Gbps

(Max 256 MHz)

..................................................................................................................................................................

2 Gbps

(Max 512 MHz)

4 Gbps
(Max 1024 MHz)
8 Gbps
(Max 2048 MHz)

16 Gbps
(Max 4096 MHz)

32 Gbps
(Max 8192 MHz)

- Note: (baseline) / (image) sensitivity in the unit of mJy

- When FTP is applied (maximum integration time of 30min & referrenced from K),
the expected improvement of baseline sensitivity is more than 2 times better!

..................................................................................................................................................................
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17/023 = 26/027 = 70/051  10.3/0.75




KVNYONSE (m)

based on KaVA K-band geodesy

KVN Antenna Position Updates

- The accuracy of KVN antenna positions are much improved (- a few mm level)

- Daily antenna positions of KVN is available
- Great advantage for VLBI astrometry/geodesy
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Example: Daily IVP of KVN Yonsei radio telescope (2015. 1. 1~ 2020.12.31)
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“Web-based” Operation

ZAE{’KVN Data Archiving= /5t AOC S2n 224 Jj4p
(MAf4]) 2F2

External users

Internal users

AOC operator

Pl

SMS server

Mail server

Yonsei KVN

Ulsan KVN

Tamna KVN

KVN data Archive
mangement

Observation data
Migration

Each station log
Migration

Search
observation
Search
correlation

Monitoring / Log

Data Server
Weather Station
Pointing File Server

Antenna M&C Server

e ———————

Notice & News

- workshop

- Science Highlights
- Publications

Proposal
Schedule
Feedback
User support

Status Report

- T <
Mysql Mongo
DB DB

< Vexfile
Fits file
ANTAEB file
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Array Operation Center business flow & function

Proposal Change
Management

&

Schedule

Proposal Correlation
+ Proposal » Correlation
Announcement Schedule
« Proposal » Correlation status
acceptance and history
» Proposal approval management

Correlation result
verification and
distribution
management

Observation
schedule
management
Observation history
management

O

Ready for observation

)

Observation data
transmission

Observation code
management

Vex file
management
Observation
requirements
correlation
requirements

Observation data
transfer status
monitoring

Disk pack shipping
and receipt status

{

feedback

Observation status
monitoring
Observation status
& comment
recording
recording Log file
from each site

482
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Resource
management

Base information
master code

X|QA01E
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Master code
maangement
observation

target source
management

Homepage
Contents

Notice board
Meeting board
Colloquium
board

Event

Equipment

Maintenance
Moenitoring log
Failure and
notification
management

Operator

Operator work
schedule
management




Important Dates

- January 15 ~ June 15: 1st season
- June 15 ~ August 15: summer maintenance

- August 15 ~ January 15 : 2nd season

- Call for Proposals (announcement / deadline)
- 1st season: mid-September / early-November
- 2nd season: mid-April / early-June

- Schedule announcement
. ~ 20th of the month (for the next month schedule)

KVN Data Reduction Tutorial
KVN AOC Workshop

- User Surveys (summer)
- User's Meeting (summer)

e S
v 4



Notice to Users (1)

KASI-INAF MoA (sighed on Apr 9, 2019)

MEMORANDUM of AGREEMENT
BETWEEN
THE ISTITUTO NAZIONALE DI ASTROFISICA
AND
THE KOREA ASTRONOMY AND SPACE SCIENCE INSTITUTE
ONJOINT VLBI OBSERVATIONS

The Istituto Nazionzle di Astrofisica (hereafter referred to as INAF) hezdquartered
at Viale del Parco Mellini n.84, 00136 Roma, Italy and represented by its
President, Prof. Nicolo” D’Amico, and the Korea Astronomy and Space Science
Institute (hereafter referred to as KASI), headquartered at 776 Daedecke-daero,
Yuseong-gu, Daejeon 34055, the Republic of Korea and representad by its
President, Dr. Hyung Mok Lee,

hereafter referred to as Parties of this Memarandum,

B Taking into account their mutual interest in conducting Very Long Baseline
Interferometry (VLBI) experiments,

B Considering the long-standing collzberation between INAF and KASI,

B Considering the international joint research project between KASI and INAF
since December, 2016: "Supermassive Black holes: turning on the most
powerful engines in the Universe", funded by the National Research Council
of Science and Technalogy (of the Republic of Korea), KASI, and INAF

' Korea-ltaly collaborations in conducting |
VLBI observations

KVN + IVN (Medicia, Noto, Sardinia)

30 hours per season
(Guaranteed for common VLBI observations)
Pl associated with INAF and KASI

No restrictions for Co-|

Submit two proposals to each network
Publication “acknowledgement”

[e]

[e]

[e]

Start from 2020A season and details under
discussion (CfP, UST etc)



Notice to Users (2)

12" East Asian VLBI Workshop

23-27 September 2019
Ibaraki University,
Mito, Ibaraki,

Japan

2009 October 16\ )|

" 2019 October 21

KASI, Korea




Notice to Users (3) 5. 7. Han)
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Compact Triple-band Receiver (CTR)

(S.T.Han & D. Y. Byun)
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| Pomtmg offset among 3 channels less than 3 arcsec to conduct s1multaneous observatlons |
68 %, Q-: 66 %, W-band : 50%)
» Receiver noise temperatures : Not bad, but have to be improved (OMT, Polarizer and LNA)

» Aperture efficiencies : Obtained as much as we could (K- :

\/

** CTR is tailorable for use in telescopes with a small receiver cabin.

%+ Ultimately this concept may lead to development of much more compact
multi-frequency receiver systems for mm-wave and sub-mm radio telescopes



KVN (K/Q/W/D)

el Simultaneous Multi-Freq. VLBI System in Globe

Sejong (K/Q/W)

i System”

ATCA 22m x5
(Australia, Q/W)




Mg~ giAIz A2 ;
R0l ‘28 PG T

IZU AN RFEMAE RN X R FUSE AUE 2200 802 WEE S0 08 21m 321 A 20§
£ 20} UCL ME BN - RO FNA-HT RACAFINCR AR PRI HOHQIKVN) ALY 0422 SR8 M
AE REAROUUMEQ] SR BHJOI AL 1Y YFAR O AN 2154 FOIUTH YUY T 4 02 HRQH A
B S SU B 8 BE UL S AEHUSE I UCL HILFHOGBSAE BN R2|5 §59 UL E
HFUASHFAHSANEEOTY 4 UL B 2RSS HW SUEYY & UA 89 of ANE NS
Tow R WS TAZ BY NTR ROl BUAG MAZ/YER 717 bongiBhani co ke

THE MosT P ERFUL EYES

UNIVERSE

= __ _INTH

' . s'&\.'i 5 : ‘4 -

—— -

' - \
! - r ‘ n




