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Brief History of NAOJ Mizusawa
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EimiE D EREE / Angular resolution
« Wavelength vs angular resolution (0~ A /D)

resolution (mas)
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Recent Science highlights

« VLBIZ AW SBEAERIE A
IC L BIRA RS DR
Galactic structure study based on
high-precision VLBI astrometry

o IRFRERTH - BlErfhiRz Al E
Fundamental parameter: RO, ©0
rotation curve, spiral arm structure



(alactic constants

Reid+ |Honma+ | Reid+ Reid+ | Hirota+
(2009) | (2012) | (2014) | (2019) | (2020)
N 18 52 103 200 224

Src

R, (kpc) 8.4 8.05 8.34 8.15 7.92
0 (+/-0.6) (+/-0.45) (+/-0.16) (+/-0.15) (+/-0.16)

O, 247 238 240 236 227
(km/s)  (+/-16)  (+/-14) (+/-8) (+/-7) (+-/-8)

NB: Sgr A* distance from GC stellar motions
8.178 £ 0.013 = 0.022 kpc  (Gravity Collab. 2019)
7.946 + 0.050 = 0.032 kpc (Do et al. 2019)

The consistency shows that Sgr A* is indeed located at the dynamical center of MWG



Recent Science highlights (I1)

e Black hole

First ever images of super-
massive BHs, after 100 yr since
the first prediction based on
Einstein’s GR (Schwartzschild
+1916)

LNTEEA*

B 1.3mm (EHT)

 AGN activity

Connection of BH and jet ® o mEAN .' %E 7mm [EAVN)

Collimation and acceleration 1T UMA(TZ v 7 R—ILERDHS00E) 12 UBA(TZ v 7 R—ILERDOHS00E)
in the vicinity of BH TExl




Number of publications

Recent publication profile from VERA/EAVN
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Number of publications
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Publications from Mizusawa VLBI

Publications related to VERA+EAVN
Observatory

Science observations: ~3000 h
Observing time per program: ~ 100 h -> 10~15 papers/yr
Publication rate: ~1/3 ~1/2



S DOHTZT / Direction for near-term future
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Purpose/missions (draft under review)

« Purpose
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Renewed project

« EAVN
Japan : VERA+JVN
Korea : KVN+NIG
China : CVN
+ FAST 500m, QTT 120m
Thai : NARIT 40m

EAVN (open use)~1300 - 1500 hr
VLCOP (domestic mode)~1500 hr

+ mm-VLBI/ EHT

We will keep serving as EHT gateway for
Japanese community

+ Future: Global VLBI with SKA, ngVLA
(10-year-scale future)

VERA/KaVA/EAVN and beyond

SMA
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+ Global VLBI
with SKA, ngVLA




Bl HiZ (Scientific goals, draft under review)
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GRMHD prediction

1. Interplay of BH, disk & jet  Neamwareose  Obsenetionalaat

by KaVA

Projecfed distance fro741e BH (mas)
. . . 2 4
- How is a jet accelerated, collimated? L 10

102: Bi d 7
- - !retta+ 1995 @ .
« Does BH has a non-zero spin (Kerr)? . gﬁg§§§:§§§z:;
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Cui et al, in prep, M87 with VLBA + EAVN _
precision due to BH spin? Park+(2019), M87 jet obs. by KaVA



GRMHD prediction

1. Interplay of BH, disk & jet  Neamwareose  Obsenetionalaat

by KaVA

Projecfed distance fro%e BH (mas)

- How is a jet accelerated, collimated? e fe* /. 10°
+ KaVA 22 GHz P Biretta+ 1995 @
« Does BH has a non-zero spin (Kerr)? *ﬁgggggf; _@g-'@‘"\ ‘a1 % gfﬁzlﬁ‘é‘gfi%?z:
(Hada+ 2Qf17) Y EI © m;eét;:
« BZ mechanism in effect? = i SI" Acadas 2014 -
Key questions we would like to address:
How is jet formed,/accelerated/collimated?
Is BZ mechanism in effect? (Is GR correct?)
2000 2020 T100 102 10° 10° 10° 10° 107 10°
o~ De-projected distance from the BH (Rg)

Cui et al, in prep, M87 with VLBA + EAVN _
precision due to BH spin? Park+(2019), M87 jet obs. by KaVA
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7. Dynamic picture of massive star formation

« Various types of maser time-variation has been detected via M20
program.

Double period methanol-maser flare Rapid variation of CH30H maser
spots associated with maser burst

(243 day & 52 day)

10

Fez [Jy]

D (50000 =] Burns+(2020) maser distribution variation
M?20 collaboration (2022), based on during maser burst
Observations at Ibaraki



Ulsr [km S l]

7. Dynamic picture of massive star formation

Various types of maser time-variation has been detected via M20
program.

Double period methanol-maser flare Rapid variation of CH30H maser

(243 day & 52 day) spots associated with maser burst
e e PR P - I
5 % B TR AR S O WSO TR AR AT S e _

: Key questions we would like to address:

How do massive-stars evolve?
What are the roles of these dynamic events in SF?

D (50000 =] Burns+(2020) maser distribution variation
M?20 collaboration (2022), based on during maser burst
Observations at Ibaraki
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3 New science tar gets <|> Burst detection of Magnetar XTE1810 (Eie+2021)
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« Pulsar/Magnetar/FRB 8 GHz
observations with VERA + JVN VERA
stations 22 GHz Lol ke
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First detection of FRB with radio telescope in Japan
(repeating FRB 20201124, Ikebe+2022 in press)
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Burst detectlon of Magnetar XTE1810 (E|e+2021)

3. New science targets (1) = o e o
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Key questions we would like to address:

What are FRBs?

Are they linked to Magnetars/Pulsars?

Japan

3)
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3. New science targets (1)

« SETI observations under the frame work of VLCOP
(VERA Large-scale Collaborative Observation Program,
Kumamoto-U & NAQ)J)

1) BED D YHEEEDBIF / Technical development of ultra-
high resolution spectroscopy

2) BE M ETHEER N TERER R / Test observation of artificial
radio signal emitted from the Earth reflected by Moon

3) KA =B =/ N TOE—IESETI / H20-band single dish
survey



Merit of H20 band SETI with VERA

U n iq u e n ess . Sky distribution of primary targets

75°
60°

1) Unexplored band e

2) Potential SETI band due to link of H20 and life (" ( : 55

3) Higher EIRP expectation compared to lower A mLAL 7y
frequency (scaled as ~ v 2)

4) Large survey speed (4 sta. x 2 beam = 8)

5) Detection allows us immediate VLBI follow-up!
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Merit of H20 band SETI with VERA
Uniqueness: sty drtoonct eyt
1) Unexplored band ST N S
2) Potential SETI band due to link of H20 and life

3) Higher EIRP expectation compared to lower
frequency (scaled as ~ v 2)

4) L

" 10-pc targets

and Secondary targets
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Required Technical development

- B/Lm1 0 8% / Ultra-broadband recording
187216 Gbps max -> 32/64 Gbps or more
- BEEREZENIE/ Ultra-high speed correlation)
B DOIHBIAULIE +
KA DL RIEE (for FRBs @ #4BZ, DM7A EAVRED)
BEOMREELEES Y (for SETI @ S¥EHR. FLIREKRA)

Innld. SKAYNgVLA, FARXXEF 2 X A 2ERMWICH RS



« BRIZREZE ! / Science value
TEAE - ZEMRE
budget scale/instrument scale
FEIBE P DR E
BB - BTORE &K
« AR D4EE / character
EANIIa2=T 4 DEM
E PR
H[EF A / open use
(VERA, EAVN, EHT--*)

VERA/KaVA/EAVN and beyond

VKB TR 20EM / Why NAOJ?
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T B / Budget profile
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Science:  BH and jets
Masers for star-formation, AGB stars, and the MWG
New targets (Pulsar/Magnetar/FRB, SETI)





