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F 4 AT Ny 7 7 HERE SRS VLBl ZlHHE OCTAVE+DRESE 1

Pl B SR BT, BRI O B, OCTAVE 20—

'ENLR SR

B

Octave (J&#EA VLBIELHIME) 1%, BifEE T OC48 EHEHR (2.5 Gbps) & L CTHIE L TX 7 hEA VLBI
B TH D28, 41%I1% SINET3, JGN2 &\ - 7= 10 GbE FLAE#E. F7- 1 Gbpsx4 AD[E#% 10 GbE |2
FLOTBETHLENWI N LI T T UAFA— gy (BN L9 X5 REx RadtRoEHFE 2 -7
LZMENRGD DL, T T, TAAI Ny 772 AWTEIED TUX A AONFEABIAEOREEIC L BRIZE 2
DR MRFEAT o T2, ZORER. 2008 FEO ZJEMHBEROT 1+ 27 3y 7 7 Bk, FHBSLEED S FITS
JEHAE T VERA, OCTAVE WLELZ DA% 10 GbE N7 &2tk & U TEIET 5 & RO RERERY 72>
27 A (Octavet+) IZ7BENHL MWL RoT-,

1. 1XCHIT

Octave (OtfE& VLBIEMME) X, BAEEN6 /A (BE 34 m, S 32 m. FIMA 64 m., 0145 m, Ik
Bl m, WA 32 m) OT7 7 TR0 BIRE B LR HIERk D 8 GHz #7121 2. T 22 GHz 47 O#ELH|
HLAREL 2D Do H D, 2008 FEENDIL, B/ 11 m, EF 32 m7 T FONEELLED SNDTE
THUY, ZIFET OCTAVE 7 LA FNEFNCHB L CE 7z, Lo LS, 2007 4R CHMEEKR (BhaiLsE
To) N+ 2FARY, KEEONT U TFTHD6 Amid < &b REE IS VLBI (OCTAVE)IC
BIARAIREE 720 . SR AMAE L o T D, FBIEE T 0C48 EAMEFR (2.5 Gbps) & LTHEL
TS VLBIBLHINE CTH 528, 5713 SINET3, JGN2 &\ 7= 10 GbE JLAEHME. 72 1 Gbpsxd A
DlE#E%Z 10 GbE ICF O TaET DWW VI T 7V F—ray (B S BIEEEINE O RS
B L OBEE L WD X9 Rk x R BR FXOBIREZ S T ARENRH Y | Flon— KT 4 A7 ITFRS
N DGR DOTTEEE S 2 Gbps ZEK T 5 EL T T A OB AT AL EHEICED ER->TE 2

(K5. Mark5, VDB-2000) , #Z T, 5%IIT A AT R 775522 1 kX 7 7I0TF —H ZRTD,
W7 7 A N—THERBIBEET D) TIVZ A LONFEABIEOBENZE LD DOb b, 2008 4%
DO ZJEFBARIOT 4 A7 3y 7 7 FABESREAIRGL., E 7 AHBALER) S FITS Z#i% T VERA, OCTAVE
W ALEL R DR A 2 B I AN =SB O —EIZ DWW T, 10 GbE N7 2 R L2 v AT DB RFHE I D0
TLL IR 35,

2. =B B REMRIL

ZJEFABIRIIEE ZE FX ARBEE (6 )% 10 J&8%) | e AHBE (B )R 10 5&8) . Ny 7T v 7Y 7 b
T = T HHBISR VN S, ZAUSHEV Gbps RRER S — I VB EEBFREEH S TE L, TICE LD D,

2.1 ie8%
2008 4E[#(2008 4 4 7 H(E) “ AR RICIZLL T 5 FD L =t — & B STV 5.

Tablel L =a—%
La—4 B LRI ASIEA i1 FOERIE
DIR1000 10 128 Mbps VSI-H VSI-H *
DIR2000 5 1024 Mbps VSI-H VSI-H *
K5/VSI 9 1 or 2 Gbps VSI-H, 1 GbE 1 GbE 196h@1Gbps
VDB2000(DDB)) 6 1 or 2 or 4 Gbps VSI-H, 1 or 10 GbE VSI-H, 1 or 10 GbE | 337h@1Gbps
Fantec 1 1 or 2 Gbps VSI-H, 1 GbE VSI-H, 1 GbE *
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KL a—HZOWTL FOR A ZE T H5ENTED

DIR1000 : L2 _THOENOENDITEME S, FB8ICRBNH 5FH)0 5 KVN, CVN (Z b EUETE T
b5, - =JE VSOP-FX FHBEEER & L 7-FHEILER, #AABRE D, FITS, 77 U A U EEED
MFEAME225E T L VERA FL[FEFH, K2PHEHE VLBl 45 THEEM 217> TV 5, 128 Mbps D itdk &
WIHHIBRE, 7TH e 7 RDX = FIL NERENFHEATOMEL 2> T 5,

DIR2000 : VERA4 /5. ZJEFEARIZ 5 BEME. £7-Y 7L KIIVC HBEIRICHARREE LT 2 BEUETE
T b, DIRI000 [FEE, —JE VSOP-FX fHB%s 2/ U7-fHBIALEE, #RALEEE D, FITS, 77V
AV KBS ORGESEZSE T L, VERA EF B, LFEFAHBIHNICER S, EEELIT
JADE #1112 T VERA4 J& + - < I F(=JE& DIR2000 5Tk 5 JBBIHIAS S hi S Av, T HREATRE 5
PERDOBRER R —F LT\ 5b, BfERERIEThH D E, £72 2015 EETRSFLHIETH
LFEN R E OB ARSI TN D,

K5/VSL : ENER, ZEHEBRIC 9 BEE STV D, U PC IR — FEHETHF CREICHER TRE, *
TEARFTHNEHE LTHERSNY 7 P T HEOREBRRE>ENL TV D,

VDB-2000 : KIIVC i8R D3 v 7 7 & L THIZE S 41, 10 GhESVSI-H ZHids & 10GbE AH IR IED T 4 A
7 La—Znbiesd, LA 10GbE % i LT K5/VSI, Mark5 £ OO PC & D7 7 & AN
ARECH D, FIB I F—ICH ALY T VB RAZITHoTWAHTZD, T4 AZITHEENEL T
7 —L— b®%t (Error-Rate = #fE HD & &/4 HD &) OHTT — X ZRFFT 5 FN AIHE,

2.1 fHES%S

2008 - = JEFA B RIZ 1L VSOP-FX #HBESS. AEAHMRESR. Ny 7 7 v 7Y 7 MABZR O 3 FOFHBEZS 2
HAXIND,

Table.2 FARH#S

FH B % —J#& VSOP-FX OCTAVE (6546 fHB4s N 7T TR
# of Antennas 10 or 5 (1Gbps) 5 (2 Gbps) 9 (1 or 2 Gbps)

Max .# of correlation 45 or 10 (1Gbps) 10 10*

Input data form VSOP.,K4 Or VSI-H VSI-H VSI-H or GbE
Bandwidth 8, 16, 32, 64, 128, 512 16,128 (256, 512)"

* FHBARR TR O BT ISR, BUR VSOP-FX AHRE85D VERA £ — REiEALER (FITSAL) ZMA L TWAHFIT IV 10 SEBRALE I IR
* BRI AT, VERA ORISR 2 FWV T 5 72012 16.128 (ZHHl IR,

3. OCTAVE+ & {k#Ek

OCTAVE+ & 1T FEE=ED VERA FEBALEER & OCTAVE 2 Of@l& % FIRE L. VERA & OCTAVE /& o
DI 72 59, Marks. K5 308k AT L& ## L7 KVN. CVN., EVN, VLBA 7 L 1 & OHE% & AIREIC
L, @7 LA L L CHEERT2FEEERET, #LR25D1F 10 GBE TH Y, 10 GbE T & HiE & LTH
ADOYVAT LOT—HZ TP L%EITH, VERA LSOHE— R (256 MHz, 512 MHz #73k, 4765 2048 sRLL
EoE) (2B L COMBRIBAEITISIEN RS 72 EN) D OCTAVE RICH — L TIT 9 K VAT L& &E
EFEL T D, F7AMBEEEE LT, OCTAVE, #5 (VERA &) Oy 7 =2 REERE (F VXNV T 4 V4
FUHNGHEH) OV T URTICE BB, £T7 7 A NRN—DEER 5> TWRWFRE OUEERH 7 ) U
Ty 7B —EEEER D AL ELEE L T D,
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31 7ag—F¥—k

PUFIZ OCTAVE+O 7 —F ¥ — h&m-d, K7 7 A =%\ T7 — 2 EERARERROT — 213, =
JEFHEA R K5/VSI, Mark5, VDB-2000 (DDB) (2 &Iz Ao Cregk L. —J VSOP-FX, OCTAVE, /N »

S— >

7Ty TEMBEZIC T AT, FHAET — X ZEH#403 1, 10 GbE or VSI-H (2 TYT 9,

\ N . —> 10GbE
® 10GbE N7 %L LTF — 4 ik Octave+ Data flow | .
o EHAROT—&IT = TRk am
. ADSn000 1 012 Gbps | —> [ voA200-DIO > ik
([ ] DIR-ZOOO\ KS/VSI\ Mark5 Iﬁ‘ﬁj— 5 [EYES Sé?nple:‘ or recorder {(j‘?bsen‘moly PC ot KS/VSI
FARTD S — I VOB BIALER A AT T e e,
REETD
L “IEMBRICT2 Gbps X8 JRy D REgRI Xk ADSn000 1 o2 Gbps | —>| VOA200-DIO EEOUER
i RIAE i ystapons | | (en Kastimey [ o
o TNy Tr—EHNw T AR : {73 Using JoN2- o
N [ nat==» g [#s5. Dir200
Fa'\e'ﬂ%@il XV, 1or2Gbps ?~5 } 0/ 35000 o2 s | — [Sommom0i0
VLB AT G OFE BB 6 vl hE i Vot | | @ty ‘/
[ ] MBI U TC 5{?‘;’%&/] (2. FHBE. tHBEE ﬁﬁ?‘ﬁ ‘-; _:_>_U;';‘g SINETS Marks | [ DIR2000)
S S A ES S N T 3
OCTAVE RIZHE T E 15182000 | | (et femmmm
N - N . Marks || Buffer Correlation Site
o ERIHT YU YT = v ZHEREMIN
1: OCTAVE+T — 4 71—

32K avR—xr b (FH)

OCTAVE+% 2t AR —3 > h DM 5 2007 4 LAREHT IR BA%E X 47z VDB-2000 (2 DWW THAS L, fthoo
{EIE (K5/VSI, Mark5, ADS1000, OCTAVE #HR9%%, VSOP-FX FHRIES) 12 oW T TikE BB E - L,

3.2.1 VDB-2000

VDB-2000 & 1X KJJVC FHEAZS DT — X N o 77— L L CEREBR INZHLDOTH Y . VOA-200(DIO) +DDB

(T—F 7y T757) O©2O0%ENG/SH (DDB OFUT 1-4 £ TEE) . VOA-200 & X VSI-H & 10GbE-LR
DOEHIEETH Y . 1 or 2 Gbps O VSI-H AHJJ, 10GbE-LR D AH 1 #HH ., 2 BRAICHWAFHIZ LY,
UTWVHE A LTS8 Gbps DT —HRIEZARELTDHHLDTH D, TOREPC L O, F7-8EEN4AE C-HEe
DOFfIE LT, T—XIREHEE % 128 B CTHIETRETH Y . AL 16 Mbps F THSAEBETH 5, DDB
IZ 1B T2 Gbps DAHI S or 4 Gbhps DAS), AT —2FEWMOELH Z LN TX %, VOA-200 (DI0) & A
EDOELHFEIZLD, 45D DDB T8 Gbps DRIFFAHDIZKIST HHENAETHD GEEOH, HAEDAT
HIUXDDB2 5T 8 Gbps DAL, HITHKHETR]) , fmk7 1 b =2 /LIX VRTP, VRTCP (RTP, RTCP &) #H 7
7 haE NG (BES CHREEN S EE > TVARWnWg) o 41 Tsunami, VSI-EZ4D 7o k=
NSO FSIZ AT NICT 7 v—7 L ORI PGS 5 FETH D,

AT —ATL—LIE> <ERRT—SHETL— LSS VDB-2 OOO
ern i B BET | Tyee |74 FCs Ethe 2z EET |Tyee | 7% FCS
Tsbimne 7iLA 7K | o~ aormne P Fundamental structure
8byte SBbyte Bbyte 2byte | 1338byte Abyte Aoyte
© e 1P P [ip P
1338byte | Awr— F—5 56~1456byte | Aws— F5
20byte 1318byte 20byte 36~1436byte
uop [uop UDP uop [uop UoP
gbyte [Avs— |F—% | 3B~14%byte  [Avs— |F—4 |
8byte 1310byte foyte 28~ 1428iyte lor g Disk Server (DDB)
Gbps ———— | 10 GbE Disk Server (DDB)
x4 +—— |Converter 4
vere | VRTP VRTP Vo (VOA200)
1310byte | N5 g | RTOR Zgiffzsb S|
byte 1280byte 28~1428byte e VSI-H
/
PC, Opical Fiber, Sampler, /\—F18BES
YIMEM, F—5F 5,
v N >, v N 7 2 “ >,
2 BINT —2 7 L— LS 3 BT — Z il 7 L — LS [ 4 : VDB2000 &AM E
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4 . tHBIRTHR AL

FHBI R ALEE & 1%, FHBIALBRRTICAT DI 2 FHBILBRRII N Z A — % (FFT 5%k, 77U A VEFE, R
Eaite) BE & MHBRIITON ST — X B (FITIFMEET — 205 FITS 7—X{EET) &4, Bl
7£ Gbps 7 — % OALEEAIL VERA, OCTAVE WifHBILELAMNFET D, 2 DOMBEANFET DHEBIL, B
SEFIIC VSOP-FX fHBE%R % 2001 4R VERA HICHE L, F=1Z DIR2000 (VSI-H ER) # AJj& LT 1 Gbps
xR L TE b OISk LT, OCTAVE OEfES) 1XZ LI BUED R BA%E Z4u, 2 Gbps (512MHz #;
) OF—XEWROFOFRE L THEREBINT 2 MLENEL, O VSOP-FX (VERA) FARIELEEDSIE D
W T > 7-F) 5 OCTAVE DL RAZ IR T D MENEUZFICLDH, ENENOLER TAHE
72— RITITHIR2A S Y . FRElIRT & B 0 MBEmAIKROMRE (~Gbps FIRESE %) DA T <, EARMEHIC
BOWTIIAMRABIC G EEZL Y LERH D, FrllmHREAER 246 L7e OCTAVEHLELR OEEIZD
WTERT

v b U — 27 fxik, Disk BRI IS T E

® VERA, OCTAVE ffiz23£(Z VDB-2000 7 7—_“_/)-¢Hy3[5 ~FITS = iR
\ " =T
4 AT Ny T 7 D AT = B
o Ny U7 v 7LD VERA LISt DT — VERAZH B ALIE % OCTAVEffHF‘aSUE;
K (256MHz, #7272 /30 NigIRAFAB) ,
2oV OCTAVE-*-@?LL}E—F‘VC;QLJL? [Optml(ZGbps) » |VDB2000(2Gbps)| Optical (2Gbps) [:>| \DB2000(20bps)|
T (SENES %) @ & o9
BUED VERA R (v 27 7 o 7RSS | Digial Fiter (1Gopf —
T2) 118, 16,32, 64, 128 MHz /3> FifF — ‘ THRIATALE
Z OB F\NATRE (LEITIE LT 256 g
MHz (% OCTAVE 3% TxHita ¥ &) RAFFI*EESEH 2(5/3 1084
NN OCTAVEARS 2%
BfFD OCTAVE %1% 512 MHz /8> RIET 5 >
— X D Pt A HE /\/’77/7°$EE§%§ =mEx | g @
®  VDB-2000, K5/VSI, Mark5 tHA.DT —% ‘*EBM JLE FITSIEQGbps)
EWMPFRETH Y . 7 — 2B TDX |$EF;E]1§LIE FITS{E(1Gbps) |

X 5 : FHBIRIZALELR 7 2 —F ¢ — |k

5. T LA

® T ANy Ty HAMONEHEA VLBI~OCTAVE+
% 10 GbE Z#ik & U CHEEET D H 03 W HE VDB-2000 and eVLBI Correlator at Mitaka
& T HNMRIIHIEBRELIENHEETHY, 4 | 10GbE
B L <IN % E— RIZ2W Tk OCTAVE % TR _:@ Hub
LHEMETD [ P ]| voazo0
= “__%J (10GbE)
® %4 —3J L (K5/VSL Marks, DIR2000, VDB-2000) -
DAL ARG R OG5 BT e DDB
. (Disk
O T A A DERSTORVRDY — A AR = Buffer)
THLERD D - (Giga bit
" . R S . I = 1| Correlator
L] fHnggRe (ONw 7= KB, #EEFFH 7Y o UF o | L (Sstations)
=4 =) IZOWTA B ERE
6 :OCTAVE+@Mitaka
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X7 7 4 2#¥A4R VLBI SR OCTAVE O B4l

EVALUATION OF THE OCTAVE's PERFORMANCE

R R =]
koji FUIISAWA

JIERIsE  /NUAY R h

VLBI is one of the most powerful tool for high resolution imaging of distant radio sources in the

universe. In the case of traditional VLBI, the data is stored on tapes or hard disks. However, there are

serious limitation to recording rate, namely a sensitivity of array is limited. OCTAVE(Optically

ConnecTed Allay for VIbi Exploration) is a Japanese optically connected VLBI allay with optical fiver.

OCTAVE enables to correlate data immediately without recording and the broad bandwidth data z

collected at a higher data rate enable us to observe with high sensitivity. I will present performance

evaluation comparing OCTAVE and DIR1000(old VLBI device).

Keywords: OCTAVE VLBI radio astronomy

1. FL®Iiz

AILFETIL, VLBIIZ LD 8GHz # OB KBRS
WTik_%, VLBIIZ KL % &l K SCERNC I,

- 225 FRREDS
- S
EWVH ZoFE &,
« SRR MR
BB D T £ TR 0 D
LW ZODRANRD D,

OCTAVE TiX, %7 74 NI X 28T — & Ofizik)
L T ERBIALER ] LD ZoHEIIC L - T,

- R
D_oDOFEBLE BT,

INIZEYD AFETHES TRINTA2Z EBTE o7
KIEOBRINFREIC /2D Z LIS D, £72. VTV
Z A MBI L B BUAIRE R D U 7L & A AEERIZ X
D, FEERD KM, WD T TN KL BT —FZ DK
o< 720, VLBIBIRIO U 27 Bk S5 Z & 233
Eh,

2. VLBI OB & figHT £ T
DIR1000( 1) & OCTAVE(X 2) D, RiED>H DFHT —
B H G LT BRNTIC E O DInD ETOMNERT,
MR ST DR DN RIEOE S R & &
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ENENOERGE T =T — X IIIKEA - —FHT
Bt DU v 7 I X > TGS RS bh b,

DIR1000 TiE) ZERFFITMRT — 7RI,
BRI B =% BUR TR0 S AL 72 RELIFF B2 3D
&, AHBRER TPND,
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2 OCTAVE ToO#LAI

TOCTAVE Tid] ZEEBIINT 7 A4/ %&@ L THE
FIZELND, ZOLE, T 7 A NOEREREIZL Y,

WEBENRAET S, BB SBT3 513 FIFO KU

DA CT — 2 O F A I v T EAEbELN(Ny T 7
FRFL 500ms). 43 BfE B CHBIAE N TTOI D,

MR T — 7 Citdk  E L TV bDEE T 7 A N THE
PERET 2 Z &Ik R ESR Sz, F7o, B
FIBIAMELZ LC L% 9 2 LTk 0GRk E o IS HIR
END LRI OT— 2 EED D Z L NEREIC
77,

OCTAVE & DIR1000 TiE, BB L > TEWES
L, ZEEEIFY 7T T AD BT 5 E TR UK
%78 %, OCTAVE Tld, T VXNT 4V Z EHE 7R
7212, BPF Zil4 [\ 1[4 72, OCTAVE THi %
TR XL T oo =,

VOA100
P TInbHIENT VSI BRXOEBERIE 5 L D%k
BEEMHEICERT S, Lo TBIRD & BRI E
PND, RIEODEZTT —ZIZONWTWAHIELIF S L 1pps
EICICHEG A 5, £i2, B 5 & oHEBERIC O
HEI L R,

Sy Era g
BRAr 2 — A RNEINTZ RT v F 7 7 A NV EFHRA
AT, AX Y B DETLHEEITH, 7V 02, VT
NWEARNIY 7 N =T L CHERTHZENTE D, FHE
W ENTo7 — 2%, Mg E o THhsh b,

OCTAVE TiX AIPS & PLOT_RAW @ —i# v Off#T )5
EEBEEL TN D,
PLOT_RAW : fHRBIZRE% ORI 04T — X2 %
WO ZENTE D, BRFFEMAMER RN TND,
AIPS : A A=V TiIAB DT T 558X 6%
FHT %,
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3. OCTAVE o VLBI &i#4
312, OCTAVE o VLBI #A#8 %=,

@ scHz @ miEn
@ 206tz O rHFE
® s6Hz, 22GH:?

3 OCTAVE O #LifIH

3 DEMOLESEIT, EFRICITEMEANITHD 2
BOLREEDZ L THIN, 7=2—AT v 7L 2 B% 1
BOLEELE LTI EEBELTWD,

4. FHm A E

OCTAVE OFFlid J7ik & LT, (3% VLBI 1|2 &
?)DIR1000 & RIRFICEIZ U, fEFThs e b+ 5,

BRI R E T D2 —7 v MiE, 4C32.44FFH, b7
MIZ o0 arR—x v MERFOREKR) L, 1329+315,
NRAO512(E DI T H T 5 Z LR TERVW)D 3K
KTH D, 4C32.44 OBRNL 5 FER], 5 B RERIZHR 2
K[ 35 0 TH D,

4|2 4C32.44 ®» NED(NASA/TPAC Extragalactic
Database) TR HTZA A — V%R T, HEIT 2002 4,
VLBA CTHllll sn=d o,

Clean map. Array: FKLNOP
1323+321 at B.550 GHz 1994 Jul 0B

Permission to cite this material must be ablained from
The US Naval Observatory, Wostington, OC 20392
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-20

4 4C32.44 DA A —Y(VLBA)

5. F— X fEHr

FBLR S 27 A TR L 727 — & % Rk~ FHBEAL
H-FITS k¥ 5, 2Dk, 7T —4 % AIPS T AT A
DEVWEZBEBLT-H5 WMo ERE)E R CLHEET 5,
£, AT D EKERIEX,. OCTAVE (X 300HMz,
DIR1000 /% 16MHz & 3 5 (FRIOME T G HKE L
T — 2L L),



) FHEARE Y — DK IE
OCTAVE,DIR1000 LBl SN2 T T e /55%2 2y
M4 LW TTFOH LY T ) 7L T0nD, FLyL
DYy MR B3d D & EE OB KREZ L 72D IE

DANAFIET A LERH B, Oy NAiOFiE %,
BT T T O CHBEORREEIEIIT O,

Fio, HAEAMBEAET —Z BN STV, 22T
HOMHAT =2 2 W THBILT 20ERH Y | By Ry
A O IE & FRFIZIT > TV D

In%ﬁﬁﬁE

REAZ K DWW D S BCBUANEE (R R 5 M D2
%E&@ FR<, RIBOBIEIZIZ Y AT L% {ﬁﬁ%H{ME(TSyS)
LT TF A v ERCTHBSR N SDET 22T T
v I ABEICERT HIEEE G, A RCFA T
—TNERW, F0 BUAZEEISER T 5 HE 0%
BIXPEICENAZ RTINS,

) (AR IE

VLBI TR BT A BT Enfwétb KIEN S

DEWE DR — A BIAE T 5 RZ B BRI L 0 By |
DOMERA HiliE LTV 720 Z ORIZE R 25 b BER A1
AT B, FHBEALER O BRICBLR R ARG &, BB E, H
ERIAIHE /ST A — & 55 T30 5 OFSERGERAE FE R By OV AE
MR Z TOFREICE ) PRI LAEEZIT S 28, THIT
TRVWKRKOEH R LIy, BENELD, TO
BINERMETDOINEND D, IFF ¥ RILADMH
DFE Z (OCTAVE - DIR1000), % L CIFF v > RV DAL
FHO A EFE(DIR1000) % i IE 35 72 D127 5

IV) BIFED /S RASAKIE

JARE T v > R ATHS T DA AR BINLAR & RIE T, A

Ik LTRIER —E T2 HT0 hoidbsb, =
FUTBLRNR DS RASRA T ¢ v 2 70 & BN R 5

5 IF i CORBEERMEERD LTS, ZOFRM%EZEL

7o L A OB T IR T Al F T ABRIC

—l A RELALOT, KIET 5,

V) A7 Y v b
INFECOREEZBHT 5, £7-, HIETER2WATEE A2
F—EZHE I TT7IIL, YuELd,

VD BL7Fy VT L—va v

T YUY —F TR WV REREIC L DML
FEB & ET V& DA W T/ ZRIEIC T 72
MEME 2152, 1 BT IR & (58 LALFETEIC R LT
1TV, 2 [\ B AR &2 e IS K LT, 3| E
LU AR S N AR T DWW T H T 5, &:ﬁ%?é
AA—T T ERAIHEDIR L, OMEET )V ELE
ARGH
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CLEAN &\ 5 FETREDREHGD,

CLEAN [ T#5® deconvolution THbH A E =

’ﬁbﬂ“(%élﬁéﬂﬁ"]@?/ﬁ“@&)é Pd =

]\72 EWIR BN L7246, dirty image IZBWCAKRE
— LD N T ox Y L bﬁ‘ Z NS, T, dirty
image P CHEOE —27 % o, Gt —2% 24—
Y7 LTdirty image 7262 LB|IE ZDOH A K —7
ZE0 RS,

6. FEMTRER

D RIEHEEEIZONT

NRAO512 O Bt D RIKIRE &2 £ 2 12777, £z, &K
RO EREDORBED I E K 512787,

2 RIKHRE

1 2 3 4 5
DIR1000 1.4 1.4 1.7 0.9 1.1
OCTAVE | 2.3 1.8 2.5 1.3 1.4
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., 08 2 * 13204315
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DIR1000 D Z L1FHE VLT D 35N 5,
CFUHNT 4 NFICE D EEA e A 12%)
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R T—7 DT —L— KT 0.5%)

II) CLOSURE PHASE {25\ T

OCTAVE, DIR1000 #:(Z[X 6,7 (279, i B,

e AR 2 & D, ARSI DIR1000 % FFHLC& T
LD bhD
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6 Jio CLOSURE PHASE
I : OCTAVE T : DIR1000

KAéHLMA-TéUKUBaé-VAMAézz !
I il S
o
I 4 5 -
| F— # * |
1 L X | 1 1 L | I
KASHIM34-TSUKUB32-Y AMAG U32 M

a
- pEE

7 W& AFHOXR{EKD CLOSURE PHASE
+ : OCTAVE TF : DIR1000

I A A — v JfE R
A A=V U TRERER 8T,

PLO{ |Ile verslon 8 created 08-FEB-2008 14:56:50
32.44 IPOL 8442.000 MHZ 4C32.44C.ICLO01.5

r S| A& - 1
N ‘\\‘\ T\ N

MIIIARC SEC

0
MINIARC SEC
Center at RA 13 26 16.5114000 DEC 31 54 09.520000
Cont peak flux = 5.7453E-01 JY/BEAM
Levs = 9.000E-03 * (-1, 4, 8, 16, 32)

PLol ﬂle verslon 8 created 08-FEB-2008 14:56:08
32.44 IPOL 8432.061 MHZ 4532D2ICLm1 1
T =K

MIIARC SEC

100 50 0 50 -100
MIIARC SEC

Center at RA 13 26 16.5114000 DEC 31 54 09.520000

Cont peak flux = 3.8828E-01 JY/BEAM

Levs = 9.000E-03 * (-1, 4,8, 16, 32)

K8 A A=V TR
£ :OCTAVE T : DIR1000
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MAP @ 10 1Z OCTAVE, DIR1000 #£(Z 3mdy TH - 7=,
ZHRRCIZZ2 572D, AT Tsys 77T 5 AT
— T NVEFEH LD, RIKEEOE—2 X OCTAVE 23
574mdy, DIR1000 7% 388mdy T, ¥/} I v 7L v
X OCTAVE OF2 1.5 fFRL oz, 4 X 8 »
OCTAVE OfER A4 L., Zo0DarR—xr hD
JERE B— 7 BRENIIE L TWD I ERNbND

IV) PLOT_RAW T15 7= B i

PLOT_RAW T157- FAH — i 5D NRAO512 @ 60 #»
5y SNR 1 1300 725 7=, RIKDOHENR 1.6Jy Th 5
235, 101%1.23mdy THh D, 5 K DR KM FB A ER
HCEoTlold Tludy &0, TIEEDOEBOLEL
T 57 51E, 0.5mdy O REOKRHNAHETEA 5,

7. ¥&O
+ Tsys OHE Z BN ETe = & CTRIKRIREE 34 E FHE,
+ CLOSURE PHASE (2 DIR1000 % 8,
(#i7:< B% & OCTAVE (213 1 EEDORFFEENH D)
« A A—T 2713 DIR1000, VLBA &R Uz o 72,
BRI — S AR, 60 BRSO 10=1.23mdy
(5 W O R REIAAB A EFE 53 C Tl Iy 1272 D A T)

8. SBOMH
*BPFIZ#E/R S OB EH I TV, #MIERHDIC
BIET D Z & TIREN 1.3 512725 RiA A

* PLOT_RAW D #5F13 0 RAZDOMHIEEE £ 720,
FDTD, BORMURE LT & X OFFMA LE,
CHEBEREL DL~y TREONEL ot TORKRIE
THTH LD, ROLERD D,

HEE

AW IE A D DI 8T o T BLUAFREHE ORI 2RI
T27EE MREEEE L CL S 2 EN R LED) 0 HIEE
BUHRITIR JEH N2 UE T, AP E &I TR ZTHRE L
T< fiéotﬁjfiﬁmﬂﬁﬁ?&;éd\m&%é/ua:
N2 LET, T —H IS LT EE o7
.4353:#7\«~7\ VLBI H#E = O #5467 Bh 8% &

BRFRRKFZOEEBBH S A, St - A —-

X@Jﬁﬁmé/\zpﬁ‘éﬁgﬂ\tbi@‘oﬁ@ N W= 720
TR = L E T, BN RCAR CTOMTEOE % 5
AT EEY Kt eED D L THERBIEZLEE-
TIEBRFEORABRERICLL Y BILER L BT ET,

ZE IR
D &l s A5 TAEETER, S AE == A - VLBI it 1997
1I) NASA/IPAC Extragalatic Database(NED)
http:/medwww.ipac.caltech.edu/
D +att~—2 7 — L #HF#(2003,2005)
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Abstract

My report constructs of three parts.
1. SPEC of OCTAVE
| introduced eVLBI in the world. OCTAVE has
unique observation frequency and resolution.
2. SEFD of OCTAVE
| derived SEFD of OCTAVE using source flux.
But | want to apologize that some results aren’t correct.
3. Summary

1: spec of OCTAVE

eVLBI i the world

. EMERLIN

1: spec of OCTAVE

Report about e-VLBI

Author ' Year Array Object Frequency
Phillips 2007 PAMHELA(Australia) Circinus X-1 11,6 & 8.4GHz
Pagagi 2007 eEVN SN2007gr 5GHz
Tudose 2007 eEVN Cygnus X-3 5GHz
Rushton | 2007,2006 eEVN GRS1915-105 |5GHz
Paragi 2005 eEVN+Cambridge+Arecibo  |SN2001em 1.6GHz
Richards 2005 eEVN+etc IRC+10420 OHmaser(1.6GHz)
Garrett 2004 eEVN B0218+357 2
Japan OCTAVE 8GHz & 22GHz

X-ray binary

Ib/c supernova *Other(North-hemisphere) array cannot

Post-RSG observe at 8GHz & 22GHz

Gravitational lens




1: spec of OCTAVE

Resolution & Sensitivity

Author beam size __rms noise

Phillips 183*56mas 0.200mJy/beam ATCA(5 phased)
Paragi ? 0.075mJy/beam Phase-reference
Westerbork(14 phased)
Phase-reference

Tudose [|7.6%6.9mas |0.030mJy

Rushton |9.6%9.5mas 0.300mJy

Paragi ? 0.136-0.493mJy(baseline)
Richards |25mas ?

iGarrett | 20mas? ?

OCTAVE IlOmas |0.737mJy(lmin) calculation

0.095mJy(1hour) calculation
0.039mJy(6hour) | calculation
0.034mJy(8hour) calculation
* OCTAVE is comparable with eEVN
PAMHELA
[ eEVN |

1: spec of OCTAVE

Data-rate & Band

Author Data-rate[Mbps] Filter bank

Phillips 256(-128) 2IF*16MHz*2pol
256(-128) 4|F*8MHz*2pol

128 2IF*8MHz*2pol
10041024 not real-time

32Mbps

OCTAVE [2048 | 11IF*512MHzf1pol ]

PAMHELA .
—eEVN OCTAVE reached 2Gbps
* eEVN call for proposal (512Mbps)

1: spec of OCTAVE

VLBI in Japan(usual case)

« VERA(BW256MHz)

— 4station

— 2,8GHz

— 22(2beam)

— 43GHz(2beam)
«QVN(BW16MHz)

— 6.7GHz 54t.(test)

— 8 GHz 9dtations E)

— 22 GHz 6st.(test) =
«@CTAVE(BWS12MHz) .

— 8GHz 4stations

— 22GHz 4st.(test)

1: spec of OCTAVE

MA

—— VLBA(8GHz)

—=— VLBA(22GHz)
VLA A(8GHz)
VLA B(8GHz)

—*%— VLA C(8GHz)

—e— VLA D(8GHz)

—— eEVN(1.6GHz)

—+— eEVN(5GHz)

—=— eMERLIN(1.35GHz)
eMERLIN(157GHz)
eMERLIN(4 5GHz)
eMERLIN(6.0GHz)
eMERLIN(22.0GHz)
OCTAVE(8GHz)
OCTAVE(22GHz)
JVN(8GHz)

200 400 600 800 |——JVN(22GHz)

[

L-Band C-Band X-Band K-Band

=) i m e e B

— 43Ghiz 2st.(test)

1[mas] 0.3[mas] M\ 1|~ IN+TAKAHAGI8GH?)
JVN+TAKAHAGI(22GH7)




1: spec of OCTAVE

MA (X-Band)

—+— VLBA(8GH2)
—=— VLBA(22GHz)

VLA A(8GH2)

VLA B(8GH?)

—x— VLA C(8GH?)

—e— VLA D(8GH2)

—— eEVN(16GHz)

—— eEVN(5GH?)
eMERLIN(1.35GHz)
eMERLIN(157GHz)
eMERLIN(45GHz)
eMERLIN(6.0GH?)
eMERLIN(220GH2)

‘ OCTAVE(8GHz)

OCTAVE(22GHz)

‘ ‘ ‘ ‘ ‘ JVN(8GH2)

—— JVN(22GHz)

0 2 40 60 8 100 JVN+TAKAHAGI(8GH)

10[mas] 3.4[mas] MM 1. JUN+TAKAHAGI(22GHz)

D

| Between VLBA and VLA

X-Band

1

MA

spec of OCTAVE

.

‘

\

OCTAVE(22GHz)
NVN(8GH2)

—— VLBA(8GHz)

—=—VLBA(22GHz)
VLA A(8GHz)
VLA B(8GHz)

—*— VLA _C(8GHz)

—e— VLA D(8GHz)

——eEVN(16GHz)

—+— eEVN(5GHz)
eMERLIN(1.35GHz)
eMERLIN(157GHz)
eMERLIN(45GHz)

X
'\\
X

eMERLIN(22GHz)
OCTAVE(8GH?)
eEVN(5GH?)

L-Band C-Band X-Band K-Band

|
|

20 40
10[mas]

80

60
34[mas] ]

eMERLIN(6.0GHz)
eMERLIN(22.0GHz)
OCTAVE(8GHz)
OCTAVE(22GHz)
JVN(8GH2)

—— JVN(22GHz)
JVN+TAKAHAGI(8GHz)
JVN+TAKAHAGI(22GHz)

2: SEFD of OCTAVE

Derive SEFD from data

S = \_/SEFDI x SEFD, p,

Flux Sensitivity of stationi & j
=known =unknown =known
(c.f.VLBA) (OCTAVE)

SEFD = 2k 1 Y3
A,

SEFD[Jy]

2: SEFD of OCTAVE

SEFD(X-Band) 3epoch

OCTAVE SEFD

1000 |-

O KAS
O TUK

900

800

700

600

Not correct—

500
400 |F

300 |- 8

%

¢

200
100 |-

S07014A

S07077A
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SEFD(X_Band3 SEFD of OCTAVE

station DOISEFD[Jy] |newSEFD[Jy](OCTAVE)
(JVN) about S07014(NRAO512)  S07153A(2013+370)
KAS 352 300 258
TUK 506 400-550 31 507-459)
uUsD 111 100| Not correcf’% 123- 85
YAM 636 300-500 456 358-361
station Efficiency[%] Tsys[K]
DoIiSEFD |about S07014A SO07153A |typical
KAS 56.2 65.9 58.8 65
TUK 37.3 47.2 37.4 36.5 55
34.3 N 40.3 55
usD 46.4 515 2.4 41.9 60
e C%t 60.6 60
YAM 29.7 629 | 420 52.7 55
378 |  T— 52.3 55

* Blue,Black value used Typical Tsysand measurement

2: flare of NRAO512

NRAOS512(L,S X ,Ku,K,Q-Band)

NRAO512 flux
20 L-Band aready flared!!
15 [
> gy
= F 2t .
?1'0 [ L-Band ", LAWY T
= [ | S-Band SN AT IR
X-Band = Yoy X
05 [ |* Ku-Band °
[ | x K-Band
0.0 HeQ-Band ——F——— 1 1 date
1990 1993 1996 1999 2002 2005 2008

Summary

e SPEC of OCTAVE
— Unique frequency (X-Band)
— Unique resolution-range (VLA<OCTAVE<VLBA)
— Comparable sensitivity (0.040mJy)
» SEFD of OCTAVE
— Consistent with K4
« NRAO512 Flare

— | need Multi-frequency observation in JAPAN
(SCXK,Q)
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22GHz iRl e-VLBI DBAF

A== B . BN, ERILE

EMXXE NBAaBE, mEFEN. /MLUKRER

ELEKRE =ENE

E + ithIBfE BE—. /PR

FEKE LR &Ko EERE RESES

TEERBETIEMME SRR, MUSREA, BF @& FHMEMERREME MR R

1. IROER - B

VLBI (352 < Bl 7= Bk O TN Limbs © RINERIA [RIRHCBE L, B OZRER 2% © afbols
JECHRETHIET

1) 2RMOMIEEZ 2 U A— MLVORSETRD S (HIH)

2) HEREHR/ T A—&— (HHsEONEZ L BERHE 2 L) 2R D (HIEREER)

3) RIKBHIRONECHEEZ X URPALLF TS R, (rER30)
T LNTE A9 L HIEROBEERSEE R A T B,

2D B, MM TIT GPS 23, B dEREIZIV T VLBl Z K& <#EELTEY
= HEEBE> GPS BUHEIL 7 — W V2R B O 72 ISR E R E I Tngd, 2o GPS it
@Rk A - T D72l GPS HROHIEE LV FEICIRET 20385 ¥ . HIEKENE S
T A —=Z OEHIL « FREEAII T OREERETH D,

HIER[EdR/ XT A — 2 — T RESCHFR & DA v TV o 77 ECEAbT 572 B FRINREECTH D |
FHORTORKERFZ VD VLBL OHD, ZTOETO/NRT A—H—%ETE, EENe Ry b
—2 TERS(International Earth Rotation and Reference Systems Service) CEIHIZMTHONTEH Y, HA
TIEEHERE S < 1E 32m S35 LT\ D, Zodl, @S L2 VLBL 0 7 v — L 7afliA
@I 5 Z EBAARAIRTHY . IVS(International VLBI Service for Geodesy and Astrometry)
1% VLBI2010 & UCHr L < [ERSHIH VLBI Ul A7 A0 2 Btk L=, 2006 4F 9 HIZBRIE S -5
—[a] Working Meeting Ci, MR L7 DIZBHIER S O @ ERAY., £ 72 B3 b AR 7] KT
bV, A A 72 e VLBI FROEANLE L2 EviiE S,

I RS CIREINL R SR & 3E[AC 11m B Emsi s % v o/ SANICERE L, 2003 4210 H LY A—
23—SINET (28 U CE HHiPz> < 1% 32m #5 L e-VLBI 2 27 ADMMY OB A D T\ 5, /X
R R 2 R OBIT — 4 % BN R SCE Z R X OB CRI &2 | ZAWER9~2 T Bk B | A BHFE L,
4 Gbps &9 R EHEE D e-VLBI 2581 L, 1EkOEGLE T E 3 I Y DINOBIMAER T 5
ZEMTET,

T - HER[ENER T X — 2 OEFEELIZIX

1) LV ERCRIAZ R L, BIEEECT @I N &35 & 1/ N CRazERD)

2) X L, EERHEORERE LY EiF S (kA £ & 9258 VA f TRRZERD)
D EEE2 D, 1) (FeVLBLIZL 2@ CEREITE 5, 2) 1B\ CTER =SB TR
T X DHARI BRI U B3 5 7, BUERE O S EREAL ST & 722 %, B E BT U 51
DOHEFIRIEN LY F12 KR D T KE 725728, 15-40GHz RN L& 2 b T\ 5,

Z 2 CARIZE IR, IR 11m 85, [EHHPRSE 32m $5. IS HOmEHTERE 34m #8574 v, LI
Bk % 22GHz b L7= e-VLBI EBa1T95, BUEONKERRDO LY & Ty O TEHANWDS Z & THES
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8Gbps LfFHE S5 Z & TIOEBEFICENTH o7/ #8845 Z LT, VLBI2010 Tk
FHENTND AT AOZYGMEZREE LT,

e"VLBI CII R AL M B3 578, 1 BUHIRFHZ SO RE L E 752 L b rReL 72D,

I B R 11m 8536 K OVE HHiFEpe> < 1F 32m 8518 8 fE/Fb& 7 o T HIEmE ThRE T & . SO RKY)
UE=37d S 30 REETH D720, BEIEH L EO T1IEMIN 1T T L, 1 HT 1000 BHILLED
F—HEASNARE L 725, ZAUTIEAEORIM VLBI #LD 3-5 507 — 2T Zl?) D KRERUKZHEZUZHOWT
KIAER] Lﬂuzf’ﬁﬁﬂif“%ﬁﬁﬁﬁ“é ZEMNAMREL IR D) | KAKERIC L D RNREAEEZ B SEH 2 L
HAREICR D & B2 B D, FIZEN K CETIE 30GHz £ T EICT VX /U T HifmE A/D 25
®%%%ﬁbfﬁb INEHWS Z ET22GHZ 12— ZEFORKUKERD T A 7 a7 7 A )VEEL

S L. B MOKEREEZ RO D LA TE D (KERT VA A—2{b), T b ZERFE L -CHlH
**f;ﬁi% IO TUTE TN,

2. PRSNLERLESR

1) [ERHIH e-VLBI M8l L > THIERSIETOY 7 I U A — ML OB ORESE A F2814 5 HALASE
. VLBI2010 (Z Bk 5,

2) HERIENS ST XA — X OEFEE L, HHR LA FTREIC 72 . GPS 2 OWLEDY L Y FEL S,
GPS JHoOREEE M) EIZH= w5,

3) VLBIAZERSCAZERBWTIE, 10w AL T CTRIKOMLEZRET H VERA 7r =7 | 75§
NRILEBETED N TEBY AFEEZ WD Z L CEIR RS E 2 S IR ET D 2 &N T
&, NERLOMER LR CE 5,

3. HARNKR

Iz B R 11m 85 C1E SIX HHEERS - 258 %:E& DAL, ENLRICE & SERCRA%E L7z 22GHz Hh
HIZ o a 5 Ule, E2E THEERE 32m $5CH . SR RKFOER K L7 N —7 3% U= hH I 50
L, 77 AN TA ML (EbiT 2006E 12 A),

IR B 11m S5 — 1 A0l S A 34m 8%
M, YRRz 7= e VLBI B A LT
W5 (X 200744 H), F7-EHEERE>< COR_NO=1,STREAM=1, IF _NUI =626

-

TINE=2007105130318(%) , 2007105130318(Y)
1E 32m #5 B IH RIS IoREE 34m & K512k D 23533511453”“55%32?334'33"%"3245 "
TV VT ARMIEHL TS (200745 1), TELT_T20,0000e+00,0,00006+00

BRI 11m 855 £ 0o < 1 32m 85 DLYTRK=-526792, 446354, 615185, 0

FRGROT=36435879,153288,3288538,0,2

SR A T A DBYWE, WA T v THEH PEAK=130,8,9141e-02, SNRESS, 4555
VAT LD RO TR Y . 2008 FEEE LY

e-VLBI @ 2ch {bFEBRZBlMAT 2 FETH D,

S o oo o oo oo
* * o+ 0+ +* 0+ * * *
S oo o oo oo

SR MNOE O~ W

I R 11m 85— 1 HBE 7o 34m $il2 L5
22GHz #e'VLBI D7V > (200744 A).

16 F0FE57C SNR~58 & BTN 453 7258 s
BHNTNA.
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N A RN .o 4

OCTAVEM 22GHz#B D& &

—_—

Ak ThE (KK)

WA FERX) . BF & NICT) ., &3 i (K K)
mo A== & OCTAVEF—L

A% AT N £, ¢

EZIK:I‘/tj’F

VERAGJJH At EFEE~ DERH
BLERLE (KY#F57%phase calibratord g H)

BRIO1=-—J KX VLBIEEDHEE
+EERTOL AL

= East—Asia VLBI, O\ TIE
VSOP-2MHEE~NF 5T S

S A RN > 4

L AN E.o 4

7’? FoA -
. :;‘/h 7%/\4Z’£ A
e g g - %ﬁBL\T—Li‘é' D

HAF 8t R
EEENCDERR -
BEXTYT
BiHEH

#E . R T L Calibration
PATOREHIZRAITT

Ve WP T OB

CI2EDBERTYTE
— % —9%—»
Step I:

BEIS, ik 8
Step 1I:

HKEES. IKE
Step III:

BB ILH N Z 124 (and/or FL K 11m, LUEA32m)
Step 1V:

mlyRADERH

EEFENDEER

Step I/11
AHERBAIR2007410H = 200844H

(KIER2MT U TFFREVTAVTEDH
)

(BEBIGN2O 7y T T—MMEX)
Step III
HALOXEROBEEJIOSA)
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N A RN ARl L L AN E.o 4

SEDEHIKR SEDEETFE
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EE—IEE, fEE—D2<ILIZTKS, e-VLBIIZT Down Converter®{ & Fx v
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IR KRELNSTIVEL, T2 1EBER (22GTMDEEE ; f. FEREA)
128 . E3EFE 8GHZ# & 3438 - - - BIEWG by = T
YUTo—  MImBEEE. IRLE (f. 7S
| ECE T GHA L OEERATE SN |
Calibration RTLDEEFE
R . S S ) [
FluxBlEREEDRELY (H1E10%) day-scaleD & E 4
R-skylZ & ATsysHIE Y AT L fEESR %K. T. dT/dt
FMOBEEDAIE XABEZEDOBERM
SEFD (cf. EBXA) &t
58 EE 0D #8 1 4/ 1E A Calibrator4-—F B—=HLDIRT—=)=T)T4. N
BE D (bandwidth) ZEROBHTAOLE (FR)
Closure Closure Phase (3/) . Amplitude (4/)
FudEEEBH B, FAISEETREN? AEESTIRELEVATLIEVNZBDN ? ZDIEER

SHOT AN Step I, ITOHAIUR

K5& M 2485 Rl B B &R 81 (12 8) FREBRHIZKRTL. YA/ UR([Z&ES
SNROD BRI %R E D LLER RNET—~
Bit Ratetlt M5 FRISNHRERE R LED LLER LetEibIZ#ES B ER O E SR EE (R
(f. BREA) SA)
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VLBl B2 URT ™ L 2007

OCTAVE [Z&% BAL /x—H—DEL A

TJEAL, M E— (SAS/JAXA), + kS VLBl F—2A

1. [FCHIZ

Broad Absorption Line (BAL) Zx=—%—&i%
T UV HEDOARZ ST IR 0 e g
WA R DY = — Y —DFEE Th D, 7=

—H—D55 10-50%%H HHHELVVHILTEY,

RLUTBLONFEE TR, TEEHERIA .00k
BN DIAET DT IR — T RIZLDWRIN
LEZONTEY, ZO@EL 1000km/s ~
0.2¢c [ZHYT 5, ZOLHR@EeTUR7a—
DAFTEN, BB G OMERZ DL DT Tl |

T Ty IRV DR BRI T R O il

ST AT ZADINE, Lo 72 RICFRIRTEIC R

BWICEES D, 7TUh7r—Idd, EiZ2250

PR 2SN TR, i Fren>T0D,

(1 MEEF . T _XTOI=—H—IT Y
Fa—zFbL, TN =y Y
Fr NTEWT L TWD, 72
FloEH A NED TN LBIILT-
B\ BAL LTRSS, FEAg
DIAEA BAL 72— —IZRADRA
VR THD (e.g, Murray et al., 1995),
(2) ML) 7 =—Y—HE (b

PECTUh7m—2 8L BAL &L T
BISND, &VVOFL, A MEOM
FIMLFLHEE T AL, LB
MWINALME72D (e.g, Becker et al.,
2000; Gregg et al., 2000),

BUE, EEIAICQ) RSN TWD, BEEM

OB Lo TREAMBOBEZ DL

RAFELL TNETHRBTE TV, DT

0 ZIHDFBUTIFRA D DUNTU VR,

2. BRTECHBALY=—H—
BAL Z=—H—I3 [ HE~X #RoTEF ORFFE

MHBETHY, T, ZORMBEITIFEALED
radio—quiet 72T, FEFAHF TOMFFEHNTITEL A
E7pu, LnLanin, BB BAL 77—
P —OWF BT E R BB TED ATREME D B
Do

BT v raba B TIED Y =y MK
RO FITISY, BEA5 M OHh 7 AN H LT
WAHZ LTI 2, Yy hOB XX F
V7T =T DBRITI S TV =y MRS
PRICAZDZEEBLIIT D2 LI2ED | HETED,
VLBl OV OZEM 3 fiReeIL, S—8 727
—/l ufﬁ:ﬁ‘%’)/:ﬁ/]\% BRI > TER
TX%, BAL Z7x—H—0OREAEMEOMHEE%
HZEINTEL, WA — L ThHDH, F-. B
B DO BWEMORETIE, Yoy b KRESE
HIECTE, MBI EHEE T 5L TED,
Tbb  EEFEETICOWT, BHIAZ
AHLE TR BLTED D TH D,

ZHETOED I WERBLIHIAHIE, EITR
JER BN RPN 7T —T — AROD " REME 2%
L, Ty UV R TWDEWMEEFHAE S E
L72Y (Zhou et al. 2006), &2 BAL FEIK R D
0—7NRy 7T —T = A EZIT I R
RATCWDTENDHET A E LT WD i3
b, FINFTBALZ=—HV—0D VLBIEH
il 1Z 4 RAKL 2> 72 < (Jiang & Wang 2003,
B O KEIN
2kpc FREETHAHZEDNDH~10 ROES THHI L
OHE(LRRERIRLIZD, SV BIR S S,
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# 1: Results of OCTAVE observations for 23 BAL quasars.

- = = Source Seor B, St St o log (Ip) [FIST  q(JFIRST _ geor—mmax)
RS RS = 8.4GH uv 8.4GH FWHM FWHM 1.4GH. 1.4GH 8.4GH
Source g(fxofjw;‘ (%L;\‘> g(z?%g!;; ¢(2§NH§\1 ¢f1~1(tw1)11\r1 103(’}((7;5) 1(}_%3,1; a(IF&H, — Ssuats | (mJy)  (MA)  (mJy)  (mas) (pc) (K) (indy)’ ‘ ‘
mly) D) (mly) (mas) (e my o) 5 ) M ¢ N - MO (O SN M ©
1) (2) (3) (4) (5) (6) (7) (8) 9 1042+074 * * * * * * * *
0043-001*T <9.9 1.5 N N e .. 103 e 10574032 * * * * * * * *
<3.4 4.3 11034023 * * * * * * * *
<§-g 1?»2 1119+600** 102 3.9 <21 <170 >5.5 186 0.3
<2.6 E
<55 215 N
<7.4 22.9 1228-030 * * * * * * * *
0217-005*2 43 15 42-92 340-750  4.5-5.2 212 —09 12234503 102 35 105415 <21 <15 >8.8 222 —0.4
<i4 4.4 113 175
<46 5.9 06 211
<gfr) 18.7 1228-030 * * * * * * *
<;-Z gi-g 1405+405 179 2.8 182424 <24 <20 >8.9 206 0.0
<7 : 193 156
0756+371 140 3.0 139£14  2.0+0.6 16+5 8.9 239 —0.3 170 18.4
iii igg 1432+410 45 2.9 4645 53401 4541 7.6 257 -1.0
3 : 2 156
0800-+402*! <34 3.3 . . - . 190 21 184
<§-g Ll;g 1510+595 18 3.8  19+3 <25 <21 >7.9 182 -1.2
<O : 20 181
0815+330 30 2.8 3144 7.5+0.7 61+6 7.1 328 -1.3 17 21.9
?g 151’-2 1528+531*2 12 3.6 7.9-51 62400  5.0-6.6 172 -15
- <26 174
0928+444 314 32 315432 15402 1342 9.6 156 +0.4 <55 210
311 9.6
; 305 12.7 Col. (1) Truncated name of target source; Col. (2) Correlated flux density; Col. (3) Baseline length; Col. (4)
1005+480*3 16 3.4 . <51 <420 >5.0 206 —1.3
21 10.3 Fitted flux density of a Gaussian profile; Col. (5) Fitted FWHM size of a Gaussian profile; Col. (6) Fitted FWHM
20 13.6 . . N : : ~ .
10134491 90 34 97410 8.740.1 7941 75 267 06 in pe; Col. (7) Brightness temperature; Col. (8) FIRST 1.4 GHz peak intensity; Col. (9) Spectral index between
49 10.5 1.4 and 8.4 GHz, calculated from the FIRST peak intensity and the maximum correlated flux density.
28 13.9
10184053 * * * * * * * * *1: Undetected at all baselines. Indicating a 7o upper limit of the shortest baseline.
1020+432 ig? 3[1) 234+92  9.9+2.4 83+20 7.8 108 +0.3 *2; Detected at only the shortest baseline.
62 1‘2:1 *3: Complex visibility profile, cannot be fitted with a Gaussian.
1030+085 * * * * * * * * " R ) .
1034+592 45 34 42412 35+28 20423 7.9 193 —08 # An only single bascline observation.
31 13.0
40 16.9
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Back-end system
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MWEROIZHITFAVIBIERDFTHE (3) - VKALD Ubservations

FAERDE HIZDFEER L Type Normal Intensive
Network VERA International
Model (VERA+Shanghai,Urumgi,
Hobart, Wettzell)
Period 1 year 1 month x 2
. Frequency 24 hours a week >24 hours a week
At the Limb
Total Time ~1300 hours ~200 hours
2007 2008
112/3/4|5/6/7/89OND 123456/ 789 CND
Normal
o | Intensive
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BE XM
[1] TMartin-Mur, P.Antreasian, J.Border, et al. ,"Use of Very Long Baseline Interferometric Data for
Spacecraft Navigation”, IST'S 2006-d-50, 2006
[2] Hiroshi Takeuchi, et al., "Development of a 4 Gbps Multifunctional Very Long Baseline Interferometry
Data Acquisition System", PASP, Vol. 118, pp.1739-1748, 2006
[3] CCSDS, “Radio Frequency and Modulation Systems--Part 1: Earth Stations and Spacecraft. Blue Book,
Issue 17.”,p 2.5.6B-1,2006
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An Evaluation of Geodetic Position Errors using Fast Ray Tracing
Algorithms through the JMA Mesoscale Numerical Weather Data
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Abstract

We simultaneously calculate atmospheric parameters (zenith wet delay and a gradient vector) and position er-

rors estimated from atmospheric slant path delays obtained by new ray tracing technique [Hobiger et al., 2007]

through the meso-scale numerical weather data with 10 km horizontal resolution. In this numerical calculation

both isotropic and anisotropic mapping functions are evaluated. We find that the large horizontal and vertical

position errors up to 20 mm associated with severe rain fall event. These horizontal position errors are dramati-

cally reduced by anisotropic mapping function. On the other hand, the vertical position errors are not reduced.

This result suggests the errors of zenith total delay estimates associated with the lateral heterogeneity of the

atmosphere yield the vertical errors.

1. FU&HIC

VLBI ®#7% 53, GPS, GLONASS, Galileo, & %%
WRTABIE > R 7 L 7% EOfIEMIES 27 & (GNSS: Global
Satellite Navigation System) Tl¥, B RMEC ANTHEDL
SH EICEET 2~ A 7 ulEaZE L GHIlT—2 293,
ZIZTHF—# Lk, VLBI T3 b 2 i< D JEAEI
fZETd b, GNSS TIHHFED & LR £ T D EHkR:
MZEEL., 2ho 0 HEEIR, Pl b 10 20 0
T 5,

—J7. HERKRAIC & % AT B~ 4 7 aiiofRkRE o
O, ThbbLEMELIAA (Atmospheric Path Delay/DAf%
Iz “REGER” L8 1, RIA AT 2.3-2.8m ITH K
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Very Long Baseline Array observations of the Intraday
Variable source J 11284592
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A. Witzel? J.A. Zensus? X. Liu? H.G. Song?

April 11, 2008

1 Introduction

Short time scale (few hours to few days long) variations of the radio flux density - named In-
traday Variability (IDV) - in flat spectrum radio-loud quasars and blazars were discovered
in the mid-eighties [6; 13]. If interpreted as being source intrinsic, the short time scale of
the variations would imply - through the light travel time argument - micro-arcsecond-scale
sizes of the emitting regions, which would result in excessively large apparent brightness
temperatures. The calculated variability brightness temperatures obtained are typically
in the range of 109K to 10! K, which is far in excess of the inverse-Compton limit of
102K [10]. Thus, theories which explain IDV with variations intrinsic to the quasar,
require excessively large Doppler boosting factors or special source geometries or coherent
and collective plasma emission to avoid the inverse-Compton catastrophe.

An alternative theory explains IDV as a propagation effect. In this source-extrinsic
interpretation, IDV is caused by interstellar scintillation (ISS) of radio waves in the tur-
bulent plasma of the Milky Way. One of the most convincing arguments in favor of an
extrinsic explanation of IDV is the so called annual modulation of the IDV time scale.
The characteristic variability time scale is inversely proportional to the relative velocity
between the observer and the scattering medium. The observer’s velocity (and so the rela-
tive velocity vector between the observer and scattering medium) undergoes a systematic
annual modulation as the Earth orbits around the Sun. This annual velocity variation
is observed as an annual change in the variability time scale. Such seasonal cycles are
seen in three IDV sources: J1819+3845 [2], PKS1257-326 [1] and PKS1519-273 [7]. In
a few other IDV sources, such as B0917+624 [8; 12|, PKS0405-385 [9], and B 09544658
(Fuhrmann et al. in prep.), the observed variability time scales do not show such a clear
effect, and a possible seasonal pattern is either not present or is smeared out. For two
sources, B0917+624 and PKS 0405-385, the so called episodic IDV [e.g. 9] is observed,
where previously observed pronounced IDV, either temporarily disappears (PKS 0405-
385), or even ceases (B0917+624 [5; 11]). This makes it difficult to prove beyond doubt
the existence of any annual modulation pattern. We note that such episodic IDV can
also be due to changes of the source structure (i.e. expansion of previously scintillating
component) or due to changes in the properties of the scattering plasma.

2 Annual modulation in J 11284592

J 11284592 is a compact radio quasar at a redshift 1.795, showing prominent IDV at
cm wavelengths. Densely time-sampled 4.85 GHz flux density monitoring observations of
the source were conducted with the Effelsberg 100-meter radio telescope (Germany) and

ISAS/JAXA, Japan; HAS Research Group Physical Geodesy and Geodynamics, Hungary; FOMI
Satellite Geodetic Observatory, Hungary

2Max-Planck-Institut fiir Radioastronomie, Bonn, Germany

3Urumqi Observatory, China
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Figure 1: The IDV time scale of
J 11284592 measured at 4.85 GHz plot-
ted versus day of the year and fit-
ted by the anisotropic annual modula-
tion model (solid line). Different sym-
bols represent observations performed in
different years: stars stands for 2004,
squares for 2005, circles for 2006 and tri-
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Figure 2: 15GHz VLBA map of
J11284-592. The peak of the total in-
tensity is 0.24 Jy/beam, lowest positive
contour is 4 % of peak intensity and the
contour levels increase by a factor of
two. Beam-size is 1.04 mas x 0.35 mas at
3.62°. The beam is shown at the lower
left corner of the map.

angles for 2007. Filled symbols represent
observations carried out with the Effels-
berg telescope, open symbols for obser-
vations with the Urumgqi telescope.

with the Urumgqi 25-meter radio telescope (China) in more than twenty epochs during the
last 3 years [3; 4]. In all measurements, J 11284592 showed pronounced variability, with
peak-to-trough amplitude reaching ~ 25%. The measured variability time scales range
between 6 hours and 1.7 days. We try to explain the changes in the variability time scales
with an annual modulation model. The best fit to the variability time scale was obtained
assuming the anisotropic annual modulation model of [1] shown by the solid curve in Fig.
1. In the anisotropic model, the scintillation time scale also depends on the ellipticity of the
scintillation pattern and on the direction in which the relative velocity vector (between the
Earth and the screen) “cuts through” this elliptical scintillation pattern. Thus, the fitted
parameters obtained from the anisotropic scintillation model are the velocity components
of the scattering screen (vga and vs), the scattering length-scale (s, which is determined
by the screen distance and the scattering angle), the angular ratio of the anisotropy (r) and
its position angle (3). The parameters of this fit: vga ~ —1km/s, vy & —11km/s, s =
1.3-10km, r ~ 6, 8 ~ —90°.

3 VLBA observations and results

We proposed multi-epoch and multi-frequency Very Long Baseline Array (VLBA) obser-
vations of J 11284592 in order to reveal any intrinsic change in the source. We had six
epochs of VLBA observations, separated by 6 to 8 weeks, performed quasi-simultaneously
at 5GHz, 8 GHz and 15 GHz. All the observations were performed in dual polarization
mode. The first observation was carried out on 18th of July.

After correlation with the VLBA correlator in Socorro, a priori amplitude calibration
using system temperature measurement and fringe-fitting were carried out with the stan-
dard AIPS procedures. Editing, phase and amplitude self-calibration and imaging were
carried out using the Caltech Difmap package.

In Fig. 3, the 5 GHz map of the first epoch (2007 July 18) is shown. In total intensity
at 5 GHz, the source is point like, dominated by a bright core component. However fitting
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Figure 3: 5GHz VLBA map of Figure 4: 8 GHz VLBA map of
J1128+-592. Contours represent total in- J11284-592. Contours represent to-
tensity, lines represent polarization vec- tal intensity, lines represent polar-
tors (1 mas corresponds to 1 mJy/beam ization vectors (lmas corresponds to
polarized intensity). The peak of the to- 2.5 mJy/beam polarized intensity). The
tal intensity is 0.33 Jy/beam, lowest pos- peak of the total intensity is 0.3
itive contour is 2 % of peak intensity and Jy/beam, lowest positive contour is 4 %
the contour levels increase by a factor of of peak intensity and the contour levels
two. Beam-size is 2.77 mas x 1.5 mas at increase by a factor of two. Beam-size
—2.35°. The beam is shown at the lower is 1.47mas x 0.66 mas at —1.79°. The
right corner of the map. beam is shown at the lower left corner of
the map.

Gaussian model components to the uv-data suggest a secondary component west from the
core, at a position angle of ~ —100°. At the higher resolution, in the 8 GHz and 15 GHz
maps, the existence of the second feature is obvious even in total intensity. The position
angle of the western feature is approximately —98° at 8 GHz and —106° at 15 GHz.

In Fig. 3 and in Fig. 4, the polarization vectors are overlaid on the total intensity
contours. Clearly two polarized feature can be distinguished in the maps. At 5 GHz the
brighter feature has a polarized flux density of 3.1 mJy and the electric vector polarization
angle (EVPA) is ~ 62°. The other feature at 5 GHz has a polarized flux density of ~1.3 mJy
and EVPA of —14°. At 8 GHz, the polarized flux densities of the components are ~ 3mJy
and ~ 2mJy; the EVPAs are —59° and 18°. The position angle of the western polarized
feature is ~ —116° and ~ —100°. (Unfortunately the polarized intensity at 15 GHz is too
low, so reliable map of the source polarization cannot be created at this frequency.)

These position values of the second component agree well with the position angle
of the anisotropy derived from the annual modulation model. This suggests that the
observed anisotropy in the seasonal variability pattern of J1128+592 could be attributed
to the orientation of the scintillation pattern. In the case of J 11284592, the ISS may
work as a synthesis radio-telescope, providing information on the source structure (the
Fourier transform of the brightness distribution) with an angular resolution of order of
the scattering size, which is much higher than achievable from ground based Very Long
Baseline Interferometry.
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Positional Coincidence of H,O Maser and a Plasma Obscuring Torus in Radio
Galaxy NGC 1052
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ABSTRACT

We present multi-frequency simultaneous VLBA observations at 15, 22 and 43 GHz towards the
nucleus of the nearby radio galaxy NGC 1052. These three continuum images reveal a double-sided jet
structure, whose relative intensity ratios imply that the jet axis is oriented close to the sky plane. The
steeply rising spectra at 15-43 GHz at the inner edges of the jets strongly suggest that synchrotron
emission is absorbed by foreground thermal plasma. We detected HoO maser emission in the velocity
range of 15501850 km s~!, which is redshifted by 50-350 km s~! with respect to the systemic velocity
of NGC 1052. The redshifted maser gas appears projected against both sides of the jet, in the same
manner as the Hri seen in absorption. The HyO maser gas are located where the free-free absorption
opacity is large. This probably imply that the masers in NGC 1052 are associated with a circumnuclear
torus or disk as in the nucleus of NGC 4258. Such circumnuclear structure can be the sence of accreting

onto the central engine.
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galaxies: Seyfert — galaxies: water maser
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Table 1. Parameters of the continuum images
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VSOP-23yavit&Z -7y 77—k
FHEZRE (JAXA/ISAS)
ASTRO-GZAT Ik (JAXA/ISAS, NAOJ4th)

(murata@vsop.isas.jaxa.jp, url: http://wwwj.vsop.isas.jaxa.jp/vsop2/)
1. [ZL®IC

VSOP-2 I >\ TlX, 434F VLBI 52
R URTY T AIZEBWT, VLBI =23
2 =7 1 L CHEBEZ®RE L TE T
5o RHEIZ DWW TR HIZIR NS & 1997
FIZFTD B o, #W1 TEB LI AN
— A VLBI Gl %38 S+, BIfE, b
bk, WAL= VLBI #HTH 5
VSOP-2 st # DT 5, VSOP-2 #i
2L, ASTRO-G & (K1) & LT
B O EIHRD TN D,

2. VSOP-2/ASTRO-G ® HH)J

[%] 1 ASTRO-G & &2

VSOP-2 #tHii%, VSOP & [AHE 1 #oD
A~— A VLBI fif 2 & il BB BmESERE 2 &b . Mg E o VLBI 8l 247 5 BUAIEE ©
HD, wEEAEEIT 43 GHz, MBEEITR 40 ~A4 7 ufb Lt p | 2R EW Chm i E 2 32814
%o, 5T, 22,8 GHz OB S T, WEBHAZTT S, ZOEEEZH > T, ITEERTZO
Ty ORI, BEOT T v 7 A—/VEDEBOZEREER X O OEEEZ T 5002 5,
X5, BIBAGERD A — I — <o, FERAOEEEN i 2 F A L CEBRER OGS, A
EEZ R, BN EENAEKOREEZI LT 5,

I EDOBMZERT D201, VSOP-2 TIZLLTOFHEZHIEL T 5,

< EARREIZ X DR
7T 7 R VERDOEEER 40 p AR O i G E TIREBBIN ATV, V= v MRITOHE
EEEEREBRTHZ EICEY, Yoy bORA, K, IEERELE L CEZOFEENTREINT
WAHBEEMBOEESCY A X - JBIRAR L, ZNE TIRESN TEEEHERTT VORGENHIFE SN
% s
- BEIGHETE O i R e e L
RARD> & ORI B O m G BAGBLIR, RIETERE > TG EZ L, U= v FOER -
EREEAE DR 217 5,

- BRI EE T D AT N AAEROEE
NARREBLI 21T\ . 8GHz #5,22GHz #7,43GHz # OMEEE W A8 8T X 5 2 J8) e i fi 14 s e
BB LY 2y FOF T X~ HABRIHZIT 5,

« 3IRIL AT AEB) O E G EE
KA —H(22GHz) & SiO A —4 (43GH z) MEfRZE - T, EERERCE TOH 2 OiES) % 3
WL EREE COBMPEIT 5, FUERA~DH AFEE DR, TI0HDOT U b7 —0fk1%
PR 2 5 FCREIEAEIR O S 21T D .

3. ASTRO-G DO¥5#%
3.1 VLBIL ##l| > 27 A

BIAO KRR 7 7 FiE. ETS-8 DFEY = — A MOKMEER T o7 F O, FFT
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—ZOWTIE, LW U7« 7= FROERKEEY 2 — VZFE Lo, A2, 9.26m,

A EEE L, 0.4 mmrms TH D,

B, 8 GHz & (8.0—-8.8 GHz) , 22 GHz & (20.6-22.6 GHz) X1V 43 GHz # (41-45
GHz #) ® 33 K, 22GHz X1V 43 GHz # CTix. GaAs ® MMIC HEMT #4fE#s(LNA) % f
VN, WEHBEIC L o T, K 30K £ THHIEZITV, BEDON EEX 5, 8 GHz IZHOW TR F1#
Thb, ThREnoFEIZB VT, LHCP 3L RHCP @ 2 >® LNA Z£-> T\ 5,

22 GHz #¢. 43 GHz #1122\ Tlx, 8 GHz @ IF #IZ AR EIN S, LNASD 6 DD
DB, 200F ¥ RN ERINL, 20D IF F¥ » RVIESRE NS, TFNno IF F
¥ UFRMIEBWT, SHIZEBEEEREFITV, 1.1 GHz+0.128 OX—AX RZE# L, 1Gbps
TADER, T4V T7 4B )7 (DF) &b, Ziu OB L OVA/D 240,
ERNOEE SNTR PRI GIEO N EREE S 0iTbs, 7V X b I T-1E 5.
QPSK Zifint., 375 GHz o7 v 7 av "—hr&n, M ERICEEShS, (¥2)

Dbservation Frequency ADC requirement
Q-band (R) LNA Q-band:41 -45 GHz Input :  m>4.44-0.128 GHz
0 K-band: 20.6- 22.6 GHz Rate: 1024 Msps
{37/35GH:) X-band:8.0-8.8 GHz Quantization: 3bit
Jitter - < 1ps
! Q-band (L) LNA I (X) IF Gain flatness: <PPO.5dB(128MHz)
6.6- 8.8 GHz

ADC Input Signal
=>1.1+-0.128 GHz

Synthesizer MOD TX-AMP

——00—{a0c {0 H+fun,| ISR

K-band (R) LNA

K-band (L) LNA

(Z 03 9) HOLIMS-I

I X-band (R) LNA }—-—-—-—-—-—-—. Synthesizer
VLBI DATA
Rate: 512/255 Msps
i X-band (L) LNA }—. Bit: 1/2 i
Channel: 2 ch

2 ASTRO-G VLBI #l]> 25 A

3.2 LEMHIE

ASTRO-G 1Z, THEHEA ONAFLIE, RO EBN 2 48E LT, ElE CRNAS 22
TXDOHEREZ A CWVWD, BEOHZE LTEHELTWD 15 BT 3 ElfADOEBwEITHDH, =
DOHEREIZ L 0 . FE O KEARIROHH CERO B EAITH Z LN TE S, £, KEBAHIRE
[ZOWTIE, BRIDFEICHR LT, 50 FE X 0 KB EEN TOAUXBINT ATRE & L TRigt 2D T
A, REMEREERIT. 43 GHz TOE— ALY A XD 1/10 T 0.005 FETH 5,

3.3 WUBERIE

ASTRO-G TOMARMEBI O DI, b9 1 DMEREOITEEY ML ORERETH S,
ZDIZDITH RO EREEPEREZ1T O LENH Y . GPS {5 & SLR(Satellite Laser Ranging
D DR 8% 2l L T D,

3.4 FHEOEERIOTH Fifasr vy b

ASTRO-G O#iiE L, mHA & 25,000 km, JTHAEE 1,000km, #uEERAG 31 EE 50 &
ZAEDLoSTWRWY, fTH Eifasry by H2A THHD, FHREVIZR D E I D, £7-, FHEY
W7o TG AE D FOFEEIZOWVWTIERETH D, D LEIFIL2012FEDTE L 72> T 5,

116



3.5 f#E D H A=

SHELFHE LT, ASTRO-G DA AR OIBNHIEZE A T2DIZ, 77D TR LWERE -
TWb, —FH T, SFEUBROERIZOWTIE, BHEMICAERRT =23 502 Ll En 254
X, REOREZ VP a— 22 T EAMMZERN T2 L2HEL TN D,

4. ASTRO-G Fm =7 FOBLR
4.1 AL

ASTRO-G 7YuB Y =7 hE, 2007 £ 3 A 19 BIZV AT LAEFRFAL (SDR: System Definition
Review) Z#& T L7z, SDRIZ., I v a v ERBIOV AT AZERITK U CTHESEGGHORE Rt 2
VAT DI EGT LTI EN TV DO N LR T 2F AR TH D, SDR #%iFTrrey=zy
NOABRRA 2 2007 4E 4 A 5 HIZHK T L, 7Yuy=7 MBITMN JAXA THGREINTZ, EBEO oy
=7 MEITIZ 2007 T AL TH D, 7av=r h~F—Vvid, FHHOEEE CHR, 70
V7 M A =T 4 A MCEEREER MM ST, BUIE, EOEARHZBIR-oTEY, Z
ZTIE, ROV T VAT AEE. UF MR E VAT A, #EET L o T, fEL L
TRENKNL L TWD Z L 2T 5, BAREO VY2 —%, HiEICHD HEDOHEER, KA
EBA7T > 77 (LDR: Large Deployable Reflector) ., Wt dD 7 7 A4 A A% v b JRFHGEEH O
Ka #7 7 FIZ oW Tid, B —k® Preliminary Design Review(PDR)IZ LY LA X END, £
UL, 2008 4D 2 A D 6 HIZ)T T T 5,

5 @ PDR (X, 2009 % 3 HIZTEINTEY, 2K T LTrL, #iEE 7 Vi (PFM
OIRENEER) . BET LB (BEZEHER) 2T, 774 MET VOB EHIBITT 5,

BN 2T LAOVERERIFNER B & U CHERFITEVVENRE STV, EAREORR, £
DL BWD Y AT AVEREIZZR Y £ 9 IOHEEMENRE SNT-DTE IR, 72720 Ziud |
TEHEHZDOFFEORN TR bES 25 A[EEELR & 5,

%1 ASTRO-G OVERED TAEE

B A g s T4 SEFD ko HiE SEFD VLBA 25m & O 3L

TR ek
8 GHz 205 pas 6100 Jy 4080 Jy 32 mdy 23 mdy
22 GHz 75 uas 3600 Jy 2200 Jy 72 mdy 50 mdy
43 GHz 38 uas 7550 Jy 3170 Jy 188 mdy 107 mdy

(i)

SEFD=2kTsys/Ae

BHFIREB IOV 7Y 7 ey MM 128 MHz /2bit
To 7V Ik

4.2 W 71E8%

BRFE L OWZEERE & 13, JAXA FHEBAEART O 7 v v = 7 NMEEFEE Ol B % FERE 12
FAT21ED, BERRAZIIHEE S HBEEZHED TV D, BUFEHES. 2007 0 6 HIiZ
ENRKLEEORZEZZRVAZDLLIEOZIZIU D E LT, EH##FFE, NICT & % VLBI (2T
LI E4TH EEH 2L T20074ED 9 A XV AT 2 HEEELZ L Vb LTV 5,

FEIRE 02DV THE, ARSI, VSOP CTHEIL L 72 ikl 2 Alfe7s & 2 A13% O F Fiflkie L
W EZ TS, £72. VSOP-1 TiE, 7 V7 HICB W TIZAARDIEDT, PEO E#ER
BD2m 7T T HIZBML T b7, LL, ZOENDT 77 4 7 413 o7, UL,
VSOP-2 ®H B HEEIZIE, ENTH VERA °KFH# VLBI % v U —72 (JVN) 230720 KX
Ry NT—=22/>THEY, ELICEETIEH, KVN 2, FELHZICIER, BHOT 7 F»
ELNTEY, 2hbE2HAET 2R 7 Y7 VLBI % v 7 —2 (EAVN) 1. VSOP-1 OEEIZ A~
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FEFIIRE NI > T D, VSOP-2 7= M, BV RKXHEOFEDTLIZ EAVN B8 LW
KVN O7=IZEbivd Y Mg (KJJVC) E#71 L VSOP-2 0#ill =D 5 TETH 5,

KENZ DWW TIE, VSOP-1 OFFIZIZT TIINAS ANAR—AV LB I IZEMT 570D THE
AL THY ., 3250 DSN(Deep Space Network) 8 L OV —2 X T D4 5D T v F 7
RO . VLBA fHE R L OV AIPS @ A~_— & VLBI %fjits, VLBA OiEME . NASA/JPL ©
HaEE DR, JPL AX—AVLBL 7o v =/ FEDOEMKRELAZH L Tz, VSOP-2 TH. [F
OV R— IR TEDLLIIZ, b7 vF v 7R, VLBA < VLBA RO S MO 720 D%
LR E B, JPL 7' /:1:7 R OE SRR DR Z NASA IZxF L T{T-> T\ 5,

—J5. BRMIZoWCTiE, VSOP-1 ®ifiE, EVN(European VLBI Network): L O, {EBIIZA #
U7 ®NOTO, AV =—F > ® Onsala &M L 72, VSOP-2 (ZOWTCIE L D BEmAIZ 2> T D,
ARA D Yebes D 13m % VSOP-2 D+ 7 v X7 LTHERAT S & & bic, JIVE FHEESE
FOVEVN RESMIE LD TREREZBRFT LTS, THHDOREL 2008 FOHEIITH T
ETHD,

INHOEBEH N EED AT HIZ, VSOP-2 7u Y=/ NMIZL OEBEESEEH - TX -, KK
@%%f%®t®®%%@k%ﬁﬁff%éF7/#/7%®%L S OR%EHE, VSOP-1 OFFD

WZK RN ANTANTIATO O TIE 7L, HBEORFEEDL Z LillhhoTe, ZNEERT L1201
7 /ﬂ’r/ﬁ}%r\uaﬂa . 2006 - 11 HIZ JPL T&F 1 [\ H 247V, 2007 & 2 HIZ A1 D Yebes,

W ZFERER, 8 HIZ Greenbank, 12 HAIZFEFEE CRAME iz, £ ORER, EORE Z/EY L
DD\ AAMNITIRWEZBAAT 2 & &I, KERIZENZ IS THRERZIT> T 5D,

F72. FOEIOEENRT 7T 4 8T 4 & LT, VSOP-1 Lessons and Learned &% 2007
o4 BIZHRT, £, KET aR— #w®#4i/xm FTORBERFIZOWTikam T D72 D,
VSOP-2 Japan-US KSP(Key Science Program)=4723, 10 HIZ ZETiThh-, X512, Jeil 12
H@3H~7E@H&?\VﬂmayyﬁyvAﬁﬁﬁﬁ?%%éMko:@yyﬁyvA’mﬁ
H 16 HEND 130 ARV DOBMBH Y . < DRPAR—=ZV L B LIZHET AIERERERDVTD
U, VSOP-2/ASTRO-G 7' v ¥ =7 MNMIxtT D EEMNRELOGE I DRI,

SH%OTEE LTEZEBINO ZV—TL DY A T AD#EMmEIED D120, 2008 D 5 H
14-16 HIZAR > ® Max Planck Institute fuer Radoiastronomie TH A = A&+ 1 HOHE
BERFOZ LIRS TS,

5. VLBA 2011 Efif & VSOP-2 7'm ¥ = 7 |

AR URT T LATHERSINTND ERBY, BIE VLBA (22T, 2011 4 CKkEO 2011 4
JEIX 2010 4E 10 A S E A 72012 A Y12 2010 4ERIE T H %) DO IEE #£ % 2 NFS CK[H National
Foundation of Science) LI#0> 6 DV AR — fMEWEA 1L, VLBA ZHETA L WS 77 AN
ERTW5, ZDO7=HIZ NRAO (., KEMNTIE NASA, [ESMIITEMN ., AAZ 81k L CEE R
%iﬁé@ﬂ 2T D, FI2%A L L CIL, Major Partner |2 D\ T, MEAFMI$6M O & X2

W2k LT, $1-2M, N EE L WIS IR S B2 ($100-300k) TH HERWTZREK TN D,
VSOP-2 7’u =7 k& LTI, ifﬂé@i&z 2 NASA [ZAGR 4L, & 26 NFS AN D& 4
ELTCTENESTEIEY@E T TnD

6. fn Ot

ASTRO-G (VSOP-2) 7u v =7 MIBUEE A EARFHPEATED . 2009 FI12iT00 L LA
EET VR, Be T L EBRICHET, B bIRA ICARK e > T\ 5, VSOP-1 R CTlI/hE o
VLBI Bfg#E L, < OFH 2 DEITIHUEREL 25T D (AD¥, VLBIL 77 F 07
E..)o VSOP-2 TiE, &bizzmala=T 42X 0KF, LTS LRSS 2 HE
HEo7Tmrel baEHEOTHETZU,
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ASTRO-G/VSOP- 2 212 H FHEVERAG6.TGHzZAA S E—FHR—>2 D RAHF

KEREFEH . ARMRE (BLXXE) RO, FIGED. RERT MILEA NIER (KRFIIKRE) . FHEGEBRX)

1. ZE—FR—CDREBLEE

BEOA#EA— CIEIAREREDEARAE—FTHATEIIABHOBTOEMRS HTELY. . E—LDXRER
ERADPKRENE), BE—FR—TIE A=V RO T—/NAEEZLERICEILIETERE—RERES
. FAOETERLTEELVE—LEHEEHBS (K2), VSOP2TIE, LHH10%NTIEXRZRIE. HhD. R—
COINMERNDBEZST=DTEE—FR—2FREL, T —hR—U TR B ELE R XA, REEIC
ENGODOTHEISNSEY  GFRPETORELR RIS, T, T—/\AVXZELOZIALTEHEDL
30%FEEHIB TE =,

bean pattern of straight horn bean pattern of corrugated horn 30,0GHz]
e S
1. AfR—> (E) Eay—bik— ! ford o — ‘ eyt
() DE— LR OB, 25—k
ﬂ<-—:/IEEﬁé:}IEEODtf—-l:d)i#?ﬂ“ﬂtbfdl<s 0 hxtx "ﬁ*H*MWM*%N&*x\&

ﬁ%ﬁi&ﬁ‘wgl'\o +*>i*;++++uu “\
L Y .0 ‘
B M N g
b Y, KXXXY . : ’
Lo

1/ e

Angleldeg] Angleldeg]

PouerCdBi

0.005

-0.005

=0.01p0

-0.01 -0.005 0 0.005 0.01

0.01f.

X2 ERENDERHWDH, 0.00%
ELIITENE—F, EXE—FTHY. AdfER—
OROEEBER . ALIETMIIE—K, DFY,
DHDERE—RT,. ChETENE—FESIFELAE 0
THEEBTROISIBERSELGY . XERI
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3. VSOP2HRHKR— DRFEIRR
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EFFEHREBEFERMEE VOL.J79-B-11 No.1 pp.33-41
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BEFEHRBIEFSIHICEE, 1982, Vol.J65-B-II, No.5, pp.664-665
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1) VLBI-related research in Finland
2) Dark matter millilensing and VSOP-2

Kaj Wiik (kaj.wiik@utu.f£i)!, Erik Zackrisson?® and Theresa
Riehm?
Tuorla Observatory, University of Turku
2Stockholm Observatory
3Department of Astronomy and Space Physics, University of Uppsala
2007-12-11
University of Hokkaido

K. Wik, E. Zackrisson, and T. Richm

VLBI-related research in Finland

Metsahovi Radio Observatory

1) VLBI-related research in Finland2) Dark matter milllensing

@ 13.7 m ESSCO antenna,
usable to ~ 150 GHz
AGN monitoring & Planck
CMB probe foreground source
extraction
VLBI observations with EVN
(22 & 43 GHz) and GMVA
(86 & 150 GHz)
GeoVLBI in co—operatiog\zg
Finnish Geodetic Insituté
operates also a laser ranging
station in Metsahovi

K. Wik, E. Zackrisson, and T. Riehm 1) VLBI-related research in Finland2) Dark matter millilensing

VLBI-related research in Finland

Tuorla Observatory

o Multiwavelength VLBI
monitoring of AGN (with
VLBA & GMVA)

o Jet physics, binary black
hole source OJ 287

o Optical and TeV
Monitoring (KVA &
MAGIC, Canary Islands)

o Dark matter research

o N-body simulations &
cosmology

o Dark matter subhalo
millilensing detection
probability statistics

K. Wik, E. Zackrisson, and T. Richm

VLBI-related research in Finland

Technical development (A. Mujunen, J. Ritakari jrkurp.hut.fi & J. Wagner)

Software correlator for the Cell processor: 16 PS3 can correlate
10 stations at 1 Gbps in real time.

10 Gbps link from Mets&hovi to Funet hub (summer 2007)
Four recorder PCs connected via 10Gbps Ethernet

Next generation sampler research with three Berkeley iBob/iADC
systems

Research project to connect Metsahovi and Onsala to eMerlin
with 4Gbps connections

Ultra-fast UT1 measurements with Kashima and Tsukuba
Tsunami protocol now routinely used worldwide by many
observatories in Geo-VLBI

Mark5 true file system now in wide-spread use

World-first 4 Gbps Tsunami transfers (Dec 2007)

Data-pushing tsunamifs under development

K. Wiik, E. Zackrisson, and T. Riehm 1) VLBI-related research in Finland2) Dark matter millilensis



Dark matter millilensing and VSOP-2

Dark matte

@ Where it is?
@ How to detect it?
o Can VSOP-2 detect it?

@ How does it look like?

1) VLBI-related research in Finland2) Dark matter milllensing

TENCE OF DARK MATTER *
ANTHONY H, GONZALEZ, MAXIN MARKEVITONS, ScorT W
HUSTING JONES®, AND DENNIS ZARITSKY

Apl Let

A DIRECT EMPIRICAL PROOF OF THE E.

horcras CLown!, Marusa Bran
«

RANDALLY,

in press

ABSTRAC
Wo present new weak lensing observations of 1E0657 558 (> = 0.206), a unique cluster merger,

that enable a direct detection of dark matter, independent of assumptions regarding the nature of th

smavitational force law. Due to the colliion of two clusters, th disspatonloss stelar component and

the fluid-like emitting plasma are spatially searegated. By using both wide-field

images and HST/ACS images of the cluster cores, vz maps which show

ound based
avitational len:

that the gravitational potential docs it trace the plasma disbution the deminaat buryonic mase

component, but rather approximately traces the distribution of It

et of the conter of the tatal mase from the conter of the

with an alteration of the gravitational force Law

the system is unscen.

o significance spatial
baryonic mass peaks cannot be explained
and thus proves that the majority of the matter in

Subject headings: Gravitational lensing
g G

Galaxies: clusters: individual: 1E0657-558 - dark matter

555 with the whie
e S 1 e o

Dark matter — introduction

73% DARK ENERGY 239 bARK MArTeR

3.6% INTERGALACTIC GAS
0.4% STARS, ETC.

Current estimate of distribution of dark matter and dark energy in the
universe (CMB, supernovae, galaxy dynamics, direct observations). ..

K. Wik, E. Zackrisson, and T. Richm | 1) VLBl-related research in Finland2) Dark matter milllensing

Dark matter halo (gray) and the visible galaxy
() derived from a N-body simulation

osing. st of D07 The wh
Conbdence levels. The biue s show

E. Zackrisson, and T. Riehm 1) VLBI-related research in Finland2) Dark matter millilensing.



How does DM look like in a VLBI image?

A very optimistic example

Gravitational silhouette of IMCOs

B, |

fias_resolution=0025mas
102Mg  Inoue, Chiba (2003)

Optimistic case: Qepy = Qmsh-

. Richm

. Wik, E. Za 1) VLBI-related research in Finland2) Dark matter milllensing

Is detection possible?

Inoue & Chiba proposed to search already known multiply-imaged
quasars (macrolensed objects) for substructures. If the true density
profile of subhalos is shallow and leads to small image separations,
perhaps the number of the known suitable lensed AGN is not enough
even for a single detection?

@ We are going to investigate if detection probability would increase
by targeting AGN with larger impact parameters by trying to
estimate the average detectable area of AGN jets using data from
the published surveys and compare that with the predicted optical
depth of the subhalo objects.

At lower frequencies thimof the sources are larger but
resolution is worse = is an optimum frequency (other than
43 GHz, perhaps 8.4 GHz)?

DM subhalo detection is certainly possible but difficult.

K. Wik, E. Zackrisson, and T. Riehm 1) VLBI-related research in Finland2) Dark matter millilensing

Image separations

Density profiles from N-body simulations

ForHO3 and K04 a6 <1 pas

GAIA, SIM, ALMA

= ] El
log,, 40 (arcsec)

Massive subhalos are less frequent, optical depth and therefore

probability of detection goes down. On average more than 100 suitable

sources must be observed for a single detection...
K. Wik, E. Zackrisson, and T. Richm

10713

. Wik, sson. a el 1) VLBI-related rescarch in Finland2) Dark matter milllensing

Conclusion

@ DM subhalos are harder to detect using gravitational lensing
effects than was thought.

@ Searching also AGN jets without evident macrolensing for
perturbations might increase detection probability.

o All images that are produced by VSOP-2 should be looked at with
this effect in mind!

K. Wiik, E. Zackrisson, and T. Riehm 1) VLBI-related research in Finland2) Dark matter millilensing
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Table 3: 8 GHz U OO OO0OOO (7o) [mJy]

VERA KVN DD/DD goo oad oo ogd gooo VSOP-2
VERA 32 44 39 18 32 41 37 135
KVN 32 11 10 5 8 10 9 34
00/00 44 11 13 6 11 14 13 46
ooo 39 10 13 5 10 12 11 41
oo 18 5 6 5 5 6 5 19
oo 32 8 11 10 5 10 9 34
oo 41 10 14 12 6 10 12 43
ooood 37 9 13 11 5 9 12 39
VSOP-2 135 34 46 41 19 34 43 39
Note—OODOODO60010000000000O0O00O0O0ODOOOO pn=0.70000
Table 4: 22 GHz OOOOOOOO (70) [mJy]
VERA KVN DD/DD/DDD oog oad oo gooo VSOP-2
VERA 48 109 31 54 103 101 111
KVN 48 61 17 30 58 56 62
00/00/000 109 61 40 69 131 128 142
ooo 31 17 40 20 38 37 41
Od 54 30 69 20 65 64 71
0d 103 58 131 38 65 122 135
Oo0ano 101 56 128 37 64 122 131
VSOP-2 111 62 142 41 71 135 131
Note—OOO0O0O2001000000000000O00DO0OODOODOOp=070000
Table 5: 43 GHz D00 00000 (7o) [mJy]
VERA KVN ooo oo VSOP-2
VERA 141 101 198 328
KVN 141 57 112 185
ooad 101 57 80 133
0o 198 112 80 260
VSOP-2 328 185 133 260

Note—O0OO0O0O 100100000000 0O00O0ODOOOODOOp=070000
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Observation & Data analysis
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Discussion

1.
Ita et al. 2006
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M \2 » 1 5
Q= P(Ej =5.13x107°PM 2T, L *
(Wood 1990)
Q P M
Tef K L
3 R UMa fundamental mode

fundamental mode
logP =1.94logR —0.9logM - 2.07(Q = 0.0085) (Vassiliadis & Wood 1993)
R UMa 301  R=356R,_ M 2.96M
(AGB ) 1~8 M

Summary
1.R UMa
R UMa 1.73+ 0.10mas 581+36.3pC 6%

1
LMC LMC 46.34+2645 gokpC
LMC
3.RUMa
356R 2755K 5850L - -
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Observations of H20 and SiO Masers in the M Giant IRC-10414
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VLBISRHES S VRI ™ L, 2007/12/10-12@3EE K%
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ERXRXTHET B,
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#(Lockwood 1985)NDEETHIE VST ERNDN D> TLD, MIE(E. RA 18h23m17.854s DEC
-13d42m48.55s . ZNEERE(E Jura,Kleinman(1989)(M 710pc & Maeda et al.(2008)MD 2kpc M

SIEDREDONTULS, FIREE(E 1.4Me(Imai et al. 1999) T, E%ﬁﬁlﬂj$b‘4x10_6M@yeaf
1(Jura,KIeinman 1989)CdH D,
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2\ BH>R

19994, SIOX—H'—MVLBABRIICH VLT, EEANXABROEFEZETRKRT IBENKEINE
(1AL : Imai et al. 1999), F/22004-2005% (CH\FTVERATITONIENTZHIOX —F —D
VLBIERRI (. EBEEHNEILAAICHL <. MBRERET IEERREEINTLBIRIAET :
Maeda et al.2008), CNSMOERHI S, FHICHYOX —F—DHFIDBDFEIFRE & SIOX —H'—D
OER(CER Ulze CNIFIEEREFVEEEREND—FITH D, EERH X AEEERIEERNIEEE
BHDORADO EDTIFEVD, EEZXS5ND,

FESIOX—HT—FERLKBESNBAGBEICHUT., 2DDOX—F—ERv=1K&Uv=2D8ELk(Z.
BRRVAY(C (X TSE V) EIRE ST N T L S (Nakashima Deguchi 2003), Lh\L. 1997-19994 &
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2,3) o COZENSEXTEIRC-10414ZAGBENH TEIFHBPNLEETIIELD, EEZXS
na.

3. &R

C DERIE. Japan VLBI Network(JVN)DHEREFIBERRAI TITONTZ, BRIICESMU EERES
VERA20m BREEHT(ICRE - AXB - NERB - AER) DL 45m BREEE. EE
NiICT34mEBERLBEECH D, BEHERE : Q-band (43GHz & : J=1-0,v=1,2)T. B85NZHE
DEREE(IHI 0.21km/s TH D, BEA (L 16MHz Fi8 CEEETH 110km/s) % 2ch128Mbps
Thim7T—FICEBR U, BABROFFMIEUTICTRI,
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2007 VLBI

VERA

Tomoya HIROTA (VERA, NAOJ)

Nearby star-forming regions

m H20 masers in SFRs within 1 kpc (3260 ly) from the Sun
= One of the initial projects of VERA (since 2004 January)
= Aim of this project . Frermaatos wop TTPFARCE

» Distance measurements \-n
m 3-D structure of molecular clouds

= Structure of Local Arm

= Refine the physics of star-formation .

Distribution of spiral arms

and H20 maser sources H
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Distance to Orion KL

m Hirota et al. 2007, it
PASJ, 59, 897 '*\Q’/

= 220+010mas = | ¢’ 0
=437+/-19pc =, i
-4 */ "

2333
20051

30051087
g 200581

= Well known value: 5

120 240 360 480 600 720 540

480+/-80 pc Day (from 2004.000) E - :
5 = H i H
(Genzel et aI 1981) h % ............ ..... / ...... ...... ......
0 . i i :
= :”? é -15 i 7
g * 20 n..-2645{+
5 Nyi g P E
g 10 \ktﬂ\ i 2005/323 N
e i i =2 [ .2905,?3.54. - TOUETO6T Jrmaneee
a8 LY : 0060112
| A NI - 2 2
-20 M / G :
'Zjl] 120 240 360 480 600 720 840 & 10 . 5 .0
Dray ( from 2004.000) RA offset [mas]

Distance to Orion KL

m Radio continuum source in Orion Nebula Cluster
s GMR-A: 389 +24/-21 pc
(VLBA 15 GHz: Sandstrom
et al. 2007, ApJ, 667, 1161)
= Average of 4 non-thermal radio
sources in ONC: 414+/-7 pc

]
5722000 §

(VLBA 8 GHz: Menten etal. 5 .,
2007, A&A, in press)
= SiO masers in Orion KL $
= 419+/-6 pc (VERA: Kim et al.
2008, in preparation)
Position of radio sources R
(Menten et al. 2007) Right Ascension (J
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Distance to NGC1333

m Hirota et al. 2008, PASJ, in press
m 4.25+/-0.32 mas =235+/-18 pc
= Consistent with the photometric distance ~220 pc(25% accuracy),
rather than parallactic distance of Per OB ~ 318+/-27 pc

6 1 " \
™, Ceature 2 |
(a) (b) (c) Feare2 |
4 . 8 - % _— {7
Feature 1 . 2 .
. . N
. S+ -
—_ = \\ e - - - -+
F 5 * . & = 5115
£ E \ ! N E 08,140 O
= Y 4 \\.\ Feature 2 n
% E . -
= } X . 2
£ 2 .- 2 R
/ T~ — 2005 080
" Feature | Feature 1
4 e = y/ 0 o
—.
B0 330 36D 390 430 450 4m0 S0 S40 M0 330 360 390 420 450 430 S0 S40 e 4 4
Dy {from 2004.000) Dy (frons 2004.000) RA offset [mas]

Perseus Molecular Cloud Complex

m Chain of dark clouds, HIl regions, and OB clusters
m Gradient of the distance to each region (Cernis 1993)

& (2000)

Distribution of
molecular clouds
(Ridge et al. 2006)

03B50™  45™  40™  35™  3o™ 25™

a (2000)




Other researches

= Radio continuum sources in Taurus (VLBA 8 GHz)
m T-Tau Sh: 147.6 +/- 0.6 pc (Loinard et al. 2007)
= Hubble 4: 132.8 +/- 0.5 pc (Torres et al. 2007)
s HDE283572: 128.5+/-0.6 pc (Torres et al. 2007)
m Distance and depth of Taurus Molecular Cloud: 137 +/- 20 pc

= Radio continuum sources in Ophiuchus
m Distance of Ophiuchus Molecular Clouds:
~120 and ~160 pc (Loinard et al. 2007, in IAUS248)

m 3-D structure of molecular clouds can be revealed
for Taurus, Ophiuchus, Perseus, and Orion

Summary

Parallactic distances to Orion KL, NGC1333 and

IRAS 16293-2422 were reported.

Annual parallax of Orion KL will be refined based on

the observations of the SiIO masers.

New observations and further data analyses will be conducted
to reveal 3-D structure of molecular clouds and the local arm.

Similar studies are rapidly developed through the radio
continuum observations of YSOs.
- Future development of optical-linked VLBI network in Japan
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Abstract

Orion-KLOOOOOOOOODODOOOOOO0OOODODODOOO0OO out owdOOooono
00000000 out owOOOOOOO VLAD VLBAOOODODOOOOOOOODOOO
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3.1 Orion-KLOODOODO

20060 1100020070 500000 70000000007M00000000000 v=2J=1-0
SiOO0000000V,, -9kms '000000000000000000000CODNTY epoch
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VSOP-2 Key Science Program Proposal
Deep Exploration of the Dynamics of the Milky Way Based on
High Precision Water Maser Astrometry

Hiroshi Imai (Kagoshima University) and VSOP-2 Science Working Group

Introduction

% 22 GHz band in VSOP-2: Study on water masers and their accompanying sources should be one of the key
scientific themes in VSOP-2.

% Although most of the Galactic water masers are resolved out with ground-radio-telescope (GRT) baselines,
some of important maser sources will be still observable with ASTRO-G - GRT baselines (size =0.1 mas, see
figure 1).

% Extremely high angular resolution of VSOP-2 is ideal for precisely investigating maser feature proper motions
with acceleration, which may reflect in detail the dynamics of outflows and jets from young stellar objects and
dying stars and circum-protostellar disks.

% High precision astrometry for water masers to measure their trigonometric parallax distances on a kpc scale
(see figure 2, 3), which may extend to 10-kpc scale in near future. VSOP-2 should also lead such astrometric
study.

% In order to lead the science made with VSOP-2 in limited observation hours and to push the VSOP-2

observations on the highest priority (VSOP-2 Key Science Program), our Japanese working group has discussed
to select a few of the most important scientific themes that should provide great impact on astronomy.
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@ Selection criteria of the highest priority scientific themes

% Scientific themes in which ASTRO-G - GRT baselines are really dispensable.

Distant (D>1-2 kpc) sources whose location, kinematics, and physical condition are quite unique.

% Sources in the southern hemisphere (5<-35°) where they are visible from a small number of VLBI
telescopes but ASTRO-G efficiently provides good (u,v) plane coverage. In the same reason, sources near the
celestial equator (6~0°)should be also the targets.

% Proper motions of water maser proper motions in the level of 100 pas yr-1 or shorter within a time baseline
of ~3 years.

% The Galactic Center region cannot be selected due to expected scattered maser images.

% SiO maser sources cannot be selected due to insufficient information on their spot sizes and correlated flux.

@ The Galactic dynamics: selected scientific themes for the VSOP-2 Key Science Program

% Dark matter distribution on the 50 kpc scale in the Galactic system.

% Deep exploration of the Galactic dynamics including the interaction of the satellite galaxies with the Galaxy
and of the Galactic spiral arms and the Galactic warp.

1/2 Astrometry (annual parallax and secular motion measurements) for the Galactic water maser sources
(RGAL=2-30 kpc).Measurement of the Galactic rotation from ~20 sample sources. Source section is sitll
opened issues (see below). 2-3 maser sources in each of the spiral arms, especially in the obscured region
(see figure 4).

2/2 Astrometry for the water masers in the Large and Small Magellanic Clouds (LMC/SMC, RGAL~50 kpc) in a
time baseline of 3 years. Annual parallax distances to LMC/SMC (~20 pas): a challenging goal achieved by
monitoring the brightest maser source. Relative motions of the maser sources for estimating rotation parallax
distance to LMC and the internal dynamics of LMC/SMC: a few maser sources should be monitored.

Secular motions /orbits of LMC/SMC (~400 pas yr-1), easily detectable. 7-10 sample sources should be
monitored in LMC/SMC (see table 1 and figure 5, 6).

-~
9-68""I""I""I""I""I"
°© -1 < LMC
o -70F ¢ -
=]
= L
N 720 i
. L SMC °
FEEE,  { BN R R SR R TR RSP TR R RN NS R e
8 6 4 3 1
Q R.A. (J2000 hour)
Figure 5 Locations of water masers in LMC/SMC.
Scutum-Crux
Table 1. H>0O masers in LMC and SMC identified before 2007 December.
: H _ H Maser Vhelio Flux Coordinates!
Fllgul:e' 4 SfCher(;’]tatlf(.;faCde on Vleth?f the _C;alaxy’ source (km s~ 1) (Jy) RA(J2000)  Dec(J2000) Ref.?
wnicn IS referred 10 decide a sultable minimum in LMC
number of target water maser sources (~20 sources) N105A ........ 257 1.1-2.5 (JS}'Uf)tl'st}jm 70:8“53128”46 2
. 260 1.5-1.8  05809m50570 —68°5323".0 3, 4
for our proposed VSOP-2 KSP observations. N113 ... 248-258 82.0 05M13m2521 —69°22/45".9 3
253.0 73.8  0513m23510 —69°22347.0 4
254.5 19.4 4
. . . G / rhqomq7s 00« y b
@ Future action items for KSP planning o B30 UolTReT —GFRL B
* Selecting water masers for the astromery, which 0539—691a ... 269.5 27 013874900 —69°04'347.0 4
Should be most |nterest|ng |n Ste”ar evolu“on as We” (){’)397691[) e 2610 0.4 ()514'38'.“55‘7:2(] 7()'9i04/12”4() 4
as in the Galactic dynamics N157A (30 Dor) 266-272  0.7-3.7 05M38146365 —69°04’45".5 2,3
- 0539—691C .... 266.0 1.0 05"38m47510 —69°06'067.0 4
% Measuring precise coordinates (0<0”.1) and 0539—691B .... 194.0 0.4 039N0£30  ~69°0752".0 4
. . N160A ........ 245-261  0.6-3.8 05h39m43392 —69°43'36".0 2,3
angular S!Zes of the water m?.sers using GRTs. 251-255 5.0 05M39m39505 —69°39'107.8 3
% Checking maser flux stability for long-term 253.0 3.3 05M39m4270  —69°38'26".0 4
astrometry N159 oisinssnss 245-251 3.7 05239m29341  —69°47'18".9 3
L . in SMC
% Finding suitable extragalactic reference sources S 120.8 7.4 0004314800 —72°22/48".0 1
around the LMC/SMC Water masers on the bas|s of S9, N19 ....... 120.9 4.2 00045m42500 —73°24/42".0 1

. . . LCited from either Lazendic et al. (2002) or Oliveira et al. (2006).
863 MHz sources in the Sydney UnlverSIty MOIonglo ?References (duration of observations). 1: Scalise et al. (1983)(1978-1980),

Sky Survey (SUMSS) (~100 radio sources (| 843MHz 2‘: \"\'hitcoak et al. (lf)é‘i.‘i)‘(lf)a%l Dcc‘:cml?or‘ 1982 April), 3:
> 100 mJy/beam Size < 70” Separation < 20) ] (2002)(1996-1998), 4: Oliveira et al. (2006)(2001 June-July).

Lazendic et al.
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VSOP-2 Key Science Program
Proposal:
* Extra-galactic Water Maser

Yoshiaki Hagiwara
NAOJ

ASTRO-G 22GHz Fringe detection levels

i Introduction

The space-ground baselines of VSOP-2 will achieve 75
microarcsec angular resolution at 22GHz band, which will result
in approximately factors of 3, compared with those of ground-
only baselines

Space-VLBI observations of luminous water megamasers are
potentially productive science area

VSOP-2 with increased resolutions would refine the
measurements of proper motions, accelerations, distances, and
other physical parameters of these megamasers toward active
galaxies, particularly, towards AGN (see tables in next pages).
Water megamaser study with VSOP-2 has thus been proposed
for the Key Science Program and discussed on its future
prospects in VSOP-2 Science Working Group.

Potential key sources with resolved
disc(-like) structure

22GHz Line sensitivities (Velocity resolution =1 km/s)

Telescope Tsys SEFD
ASTRO-G 9m 30K 3600 Jy
VLBA 25m 60K 650 Jy
GBT 100m 38K 2l )y
Coherent integration time 120 sec 240 sec 600 sec
ASTROG-VLBA baseline r.m.s sensitivity 0.44 |y 032 Jy 0.20 Jy
(res=1km/s, 1=0.8) 7o=3.1Jy) (To=22Jy) To=14y
ASTROG-GBT baseline r.m.s sensitivicy 0.08 Jy 005 Jy 004 Jy
(res=Ikm/s, n=0.8) (70=0.56 Jy) (70=0.35 Jy) (70=0.28 Jy)
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D Linear-scale at 75pas
galaxy Flux density (JY) resolution JAcceleration observed| Requirement of GBT?)
(Mpc) )

NGC 4945 40 8 0.0015 ?

(Circinus) 42 10 0.0015 No
NGC 4258 72 4 0.0026 Yes
NGC 1068 14.5 0.4 0.0054 No Yes
NGC 1386 17 0.9 0.0064 ? Yes
UGC 3789 30 0.1 0.011 Yes Yes

IC 2560 35 03 0.013 Yes Yes
NGC 6323 104 0.03 0.039 Yes Yes
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Potential proposals of water
megamaser observations

Disc imaging to explore sub-parsec scale structures of AGN

To image more masering discs in NGC-4258 like objects at the highest possible
angular resolution of 75 microarcsec and derive physical parameters of the
discs (e.g. disc thickness)

Fueling/mass accretion process

To detect proper motion of the maser spots on the disc for tracing accretion
flows and this may enable us to estimate the mass accretion rates into the
central engine

Distance measurement

The locations of the maser spots, measurement of their proper motions, and
line of sight velocities of the masers will provide a distance to galaxies. VSOP-
2 observations at higher resolution will enable more accurate modeling of
maser disc structure, which leads more accurate distance measurement and
indirect Ho determination for distant megamasers (> 10 Mpc)

Advantages and disadvantages of
water megamser observations

Disadvantages

- Poorer sensitivities than ground-only VLBI observations

- Larger baseline errors would affect positional accuracies of water
maser spots and phase-referencing: smaller orbit errors would be
critical for measuring the locations of maser spots (below)

- Positional Error (first order) is expressed as AB8=(AB/B )A®
(B:baseline length, AB: baseline error, A®: angular separation)
AB/B (VLBA) = 2-3mm/8,000 km is attained, but it is expected that
AB/B (VSOP-2) will be 20-60mm /30,000 km > AB/B (VLBA)

Advantages and disadvantages of
water megamser observations

= Advantages

- To enable mapping in distinguished source structures with the
higher angular resolution

- To image more distant (> 10 Mpc) megamasers of which discs
cannot be resolved

- Some megamasers in lower source declinations observable

with VSOP-2, in conjunction with large telescopes in southern
hemisphere

Possible types of observations

= Single-epoch observations for resolving structures of
AGN at the better angular resolution

= Multi-epoch observations to detect proper motions of
maser spots on a disc (40 microarcsec/year reported in
NGC4258 (Herrnstein et al. 1999)):

+10 possible megamaser sources including promising
sources from the GBT surveys



Future action items for the Key Science
Project

- To conduct single-dish water megamaser surveys in southern
hemisphere, particularly in LMC/SMC

- To search for phase-referencing calibrator sources < 2-3° from
target megamaser sources

To support or encourage K-band VLBI capabilities in Southern
hemisphere

To estimate required observing time within available KSP time
throughout mission period
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VSOP-2 observation of M 87: A proposal for VSOP-2 Key Science
Program

Keiichi Asada’ Akihiro Doi*, Motoki Kino*, Hiroshi Nagail
Masanori Nakamura! Seiji Kameno? & VSOP-NAQOJ Science WG

Abstract

We report that advantages and potentials of VSOP-2
observations for studying the central engine of M 87.
Extremely high angular resolution of VSOP-2 of 38 u-
arcsecond will provide us the unique opportunity to
observe M 87 with spatial resolution of 0.0031 pc. It
corresponds to around 10 times of the Schwarzschild
radii so that VSOP-2 can be a powerful tool to reveal
the accretion disk and jet launching site, and discuss
the formation, acceleration and collimation of the jet
in connection with the physics of the accretion disk. A
polished plan based on these studies will be proposed as
one of the Key Science Programs' of VSOP-2 mission
in category of Active Galactic Nuclei.

1 Introduction

Taking images of the central engine of the Active
Galactic Nuclei (AGN) would be powerful tool for
understanding its physics. The image would contain
much information on an accretion disk as the central
engine, the launching, acceleration and collimation site
of the ultra-relativistic jets. Moreover, a multi-epoch
observation would provide us to probe its evolution.
Detailed analysis of the images provide us important
clues to understand those unsolved issues; how the
gravitational energy of the accreting matter are con-
vert to radiation energy?, how jets are formed, acceler-
ated and finally collimated?, and so on. This challenge
has not been achieved since the region we should ob-
serve is much smaller that the angular resolutions of
the telescopes we have already had. However, VSOP-
2 observations enable us to access to the region using
(see figure 1.), and we study the feasibility for this,
especially, in the case of M 87.

ISAS/JAXA

fNAOJ

fLANL

§Kagoshima univ.

1Key Science Programs (KSPs) are researches in important
science area performed under the responsibility of the VSOP-2
mission. VSOP-2 Science Working Group begins to investigate
potential KSPs. KSPs will be peer-reviewed by VSOP-2 Inter-
national Science Council (VISC-2).
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2 Previous VLBI observations of
M 87

M 87 is the closest AGN (D = 16 Mpc), and have
been a primary target of VLBI astronomers. At this
distance, one milli-arcsecond (mas) corresponds to 0.08
pc, and the proper motion of 1 mas yr—' corresponds
to 0.25 ¢. There is a precise measurement of the mass
of the central black hole by Hubble Space Telescope
observations, it has directly determined the mass of the
central black hole of 3.2 x 10° Mg, (Ford et al. 1994,
Harms et al. 1994, Macchetto et al. 1997). These
give precious measurement of Schwarzschild radii, rg,
of pas. The angular resolution of VSOP-2 corresponds
to 10 ry.

Global VLBI observations revealed jet having a very
complex brightness distribution with strongly limb
brightening structure (Reid et al. 1989). This limb
brightening jet has also detected at inner most region
with VLBA observation at 43 GHz (Junor et al. 1999,
Biretta et al. 2002.). Though it is pointed out that an
“opening angle” of 60° at inner most jet is remarkably
broad in comparison with the “opening angle” for the
structure located about 10 mas from the core observed
by VSOP (Junor et al. 1999), It is suggested that the
jet is strongly collimated at 30 to 100 r, from the core
(Junor et al. 1999, Biretta et al. 2002.). Moreover,
possible counter feature has been detected with VLBA
observations at 43 GHz and 15 GHz (Ly et al. 2004,
2007, Kovalev et al. 2007), and mainly two possibili-
ties; “counter jet” or “self-absorbed core” are suggested
for the origin of this counter components. It is still
open issue

Subluminal motion of 0.28 c is detected for the com-
ponent at 70 mas from the core (Reid et al. 1989), but
VSOP observation does not detect any proper motion
within inner 30 mas region (Junor et al. 2000, Dodson
et al. 2006). Kovalev et al. (2007) also reported that
no evidence for motions faster than 0.07 ¢ within the
inner 20 mas based on VLBA observation at 15 GHz.
Though, recent VLBA observations at 43 GHz shows
possible apparent motions between 0.25 ¢ and 0.40 c
for three transient features located about 3 mas from
the nucleus (Ly et al. 2004, 2007, Walker et al. in this
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Figure 1: Cartoon of M 87 in comparison with the synthesized beam size of VSOP at 5 GHz and VSOP-2 at

43 GHz.

proceeding), On the other hand, HST observations de-
tected several superluminal features within the first 6
arcsec of the jet with apparent proper motion in the
range 4 ¢ - 6 ¢ (Birreta et al. 1999), and superluminal
motions of radio features at this region are also detect
by VLBA observation at 1.6 GHz (Chueng et al. 2007).

3 As the target for the VSOP-2
observations: A plan

3.1 Required fringe sensitivity

With VLBA observation at 43 GHz, it is expected to
have a correlated ux density of 120 mJy at the longest
baseline of VLBA (see figure 2). On the other hand, an
expected fringe detection limit of the baseline between
VSOP-2 and VLBA is expected to be 239 mJy at 43
GHz (Tsuboi et al. in this proceedings). Therefore it
requires a contribution of the large telescope such as
Green Bank telescope, E elsberg, or phased VLA in
order to detect certain fringes, but no need phase ref-
erencing technique in order to improve the sensitivity.

3.2 Required image sensitivity and dy-
namic range

3.2.1 For the accretion disk

The expected brightness temperature of the accretion
disk is 109719 K (Doi et al. in this proceedings). At
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the distance of M 87, the angular resolution of VSOP-2
corresponds to 13 rg4, so that the total intensity of 2.4
- 24 mJy beam™! is expected for the accretion disk at
43 GHz. An expected standard deviation of the image
sensitivity for 7.5 hrs observation with VLBA is 0.23
mJy beam™!. Therefore, the accretion disk would be
detectable in terms of the image sensitivity.

On the other hand, the peak intensity at VLBA ob-
servation at 43 GHz is 610 mJy beam™! (Ly et al.
2004). Assuming the the total intensity of 2.4 - 24
mJy beam™! as mentioned above, dynamic range of
180 - 1800 is required. The averaged dynamic range
obtained for M 87 with VLBA observations at 43 GHz
is around 1200. Therefore, in order to achieve the high
dynamic range of 1800 to detect the accretion disk, we
may require support of the ground telescopes to im-
prove the uv-coverage and need consideration on the
optimization of the observation. It might be also re-
quired to develop a new method of the data reduction.

3.2.2 For the jet

From previous VLBA observations at 43 GHz (e.g., Ly
et al. 2004), the total ux density larger than 3 mJy
beam ™! is expected for the innermost jet region. As is
the same to the case for the detection of the accretion
disk, VSOP-2 observation for 7.5 hrs observation with
VLBA would be achieve the required image sensitivity.

As is the same to the case of the accretion disk, dy-
namic range of 180 - 1800 is required. Therefore, it
also require the support of the ground telescopes.
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Figure 2: (left) VLBA image of M 87 at 43 GHz. (right) Radial plot of the visibility of M 87.

3.3 Required epochs
3.3.1 For the accretion disk

In order to discuss the time variability of the accretion
disk, we need to consider two time scale. One is the
time scale of the Keplarian rotation and the other is
the times scale of ten rotation of the accretion disk.
Former is expected to be the time scale of the growth
of the Magneto Rotation Instability (MRI) (Hawley &
Balbus 1991) and later is expected to be the time scale
for the saturation of MRI (e.g., Machida & Matsumoto
2003). VSOP-2 at 43 GHz will observe the accretion
disk at 10 ry, then these time scale are 3 and 30 months,
respectively. Therefore we need the monitoring time
scale of 1.5 month (Nyquist rate) is required.

3.3.2 For the jet

From VLBA observations at 43 GHz, the apparent
proper motions between 0.25 - 0.4 ¢ are observed (Ly
et al. 2007). In order to trace the proper motions,
we need the monitoring time scale of 15 days. If
we continue the monitoring observation during the
mission life time of 3 yrs (at least), we would be able
to detect the proper motion of 3 x 1073 ¢. Although
faster possible motion are reported using VLBA
observations (Walker et al. in this proceedings) so
that we need further pre-launch studies in order to
determine the monitoring time scale.
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VSOP-2 Observations of Accretion Disks in Active
Galactic Nuclei. A proposal for a Key Science Program

Akihiro Doi, VSOP-2 Science Working Group

Institute of Space and Astronautical Science, Japan Aerospace
Exploration Agency, 3-1-1 Yoshinodai, Sagamihara, Kanagawa
229-8510, Japan

Abstract.  We report that advantages and potentials of VSOP-2 observations
for research on accretion disks, and a polished plan based on this studies may be
proposed as one of the Key Science Programs of VSOP-2 mission in category of
Active Galactic Nuclei (AGN). A radiative inefficient accretion flow, a possible
model of accretion disks on low-luminosity AGNs, predicts electron tempera-
tures of about 10° K at radii within several tens of Schwarzschild radius. The
region should be optically thick at the observing frequencies of VSOP-2. Hence,
the shape of accretion disks could be imaged with the sensitivity and angular
resolutions of VSOP-2 for some nearby low-luminosity AGNs. We show a list
of candidates to be targets in terms of their apparent Schwarzschild radius and
radio properties. A pre-launch ground-based survey would be needed in order
to determine the priority order, which will be useful for preparing an effective
VSOP-2 observation plan.

1. Introduction

The very-long-baseline-interferometry Space Observatory Programme-2 (VSOP-
2) is a next-generation space VLBI project with a new radio telescope satellite,
the pre-launch name ASTRO-G, to be launched on 2012 by Japan Aerospace
Exploration Agency (JAXA). Its expected apogee height is 25,000 km, providing
us a 38 micro-arcsecond (pas) angular resolution at an observing frequency of
43 GHz. In the case of a nearby (20 Mpc) active galactic nuleus (AGN), the
apparent diameter of Schwarzschild sphere of super-massive black hole (SMBH)
of 10° solar mass correspond to ~ 2 pas. Therefore, the extremely high spatial
resolution of VSOP-2 would be given the opportunity to make direct imaging of
accretion disks in the vicinity of SMBHs.

Almost all of the nearby AGNs are low-luminosity AGNs with Ly, <
10%0 erg s71, corresponding to the bolometric luminosity of < 10%? ergs s ! (Ho
et al. 1997). As one of solutions of accretion models, an advection-dominated
accretion flow (ADAF; e.g., Narayan & Yi 1994) is very radiatively inefficient.
The ADAF is a promising model for accounting for the unusual low-luminosities
given relatively abundant accretion rate, and has been applied to explain the
low luminosities of low-luminosity AGNs. This is because almost all of viscously
dissipated energy is stored in the flow and advected beyond the event horizon
rather than radiated away. The dissipated energy is mainly transferred to ions,
and subsequently electrons are heated, up to ~ 10'° K, due to Coulomb colli-
sions with the hot ions and advection of electrons themselves. For cooling on
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the electrons, mainly three radiation mechanisms are assumed: Bremsstrahlung,
synchrotron radiation, and Comptonization of the synchrotron photons. The ac-
cretion flow is optically-thin, but optically-thick only at a radio band. Hence, the
self-absorbed synchrotron emission is expected to achieve ~ 109 K in brightness
temperature (13), which is detectable with VLBIs. From the theoretical point
of view (Narayan et al. 2000) and the numerical simulations (Igumenshchev &
Abramowicz 2000; Hawley & Balbus 2002), it has been shown that radiatively
inefficient flows of low accretion rates tend to stimulate strong convective insta-
bilities and powerful outflows. The ADAF model cannot deal with such dynam-
ical phenomena. Hence, a term ‘radiatively inefficient accretion flow (RIAF)’
has been often used in recent papers, instead of ‘ADAF’, when such dynamics in
disks are considered. In other words, ADAF is an analytically-motivated model
for the dynamics of RIAFs.

2. Low-luminosity AGNs as VSOP-2 targets

The extremely high angular resolutions, ~38 pas at 43 GHz, of VSOP-2 enables
us to resolve the shapes of accretion disks of nearby LLLAGNs if their sizes are
more than 10-100 times the Schwarzschild diameters. The sizes of optically-thick
regions estimated by an ADAF model are several tens of Schwarzschild diameter.
The image sensitivity of VSOP-2 in brightness temperature is expected to be
~10% K, sufficient for detection of the optically-thick accretion flows with ~
10°® K. We selected candidates of VSOP-2 targets in terms of the apparent
angular diameter of SMBHs, from nearby low-luminosity AGNs (Table 1).

The largest angular diameter of SMBH is expected in M 87 (Virgo A). Its
expected diameter of SMBH of 7.5 pas means that its accretion disk can be
resolved with VSOP-2 if the diameter of accretion disk is more than only 5.1-
times the diameter of the SMBH. A correlated flux density for M 87 in space
baselines could be 100 mJy or less at 43 GHz, which requires very large tele-
scopes, such as Green Bank Telescope 100 m, Effelsberg 100 m, or phased VLA,
etc., to detect fringes in VSOP-2 observations for M 87. M 87 has prominent,
complex jet structures (e.g., Ly et al. 2007). It might be a concern to finding
out the features of disk structure around a bright jet base in a image with a lim-
ited dynamic range. Additionally, a disk diameter in Schwarzschild unit might
strongly depend on some properties of each source. Although M 87 should be
the most encouraging candidate in terms of black hole diameter, other LLAGNs
also have to be observed with the greatest imager that ever existed. It is also
worth finding out the second and third evidence of accretion disks from the other
LLAGNS in order to observationally prove the existence of accretion phenomena
around SMBHs.

In Table 1, we have 11 LLAGNs with apparent black hole diameters of more
than 1.3 pas, in which we can resolve their accretion disks if their diameters are
more than 30-times the SMBHs. Most of them have already been detected with
the ground-based VLBI arrays, with correlated flux densities of ~ 1-100 mJy. A
phase-reference technique, which is also available in VSOP-2 observations, can
provide us to observe these candidates. Unfortunately, Sgr A* should not be a
candidate for a VSOP-2 target even with the largest expected diameter, because
of interstellar broadening.
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3. Proposal of pre-launch studies for VSOP-2 targets

The priority order of candidates is very important for an effective investment
of the VSOP-2 time. However, the priority order still cannot be determined
based on available our experiences. The nuclear components of LLAGNs have
been still unresolved, implying less than ~1 mas (103-10*Rg), mainly by 5 or
8.4-GHz VLBA imaging (e.g., Falcke et al. 2000; Ulvestad & Ho 2001; Nagar et
al. 2002, 2005; Anderson & Ulvestad 2005). There have been only a few VLBI
observations at 22 or 43 GHz so far (e.g., Anderson et al. 2004; Ly et al. 2004).
We also have relatively insufficient experiences in southern sky. We have to
do all the studies we can make with the abilities of ground-based VLBI arrays
before the launch.

We propose complete imaging studies for the candidate at 8.4, 22, and
43 GHz (VSOP-2 bands) with ground-based VLBI arrays, including southern
sky. These data would provide us very important information to determine the
priority order of targets for resolving accretion disks, studying disk—jet connec-
tion by multi-band (X-ray, submm, etc.) monitoring, and polarimetric imaging.

4. Proposal of accretion disk imaging with VSOP-2 as a Key Science
Program

We propose to make accretion disk imaging as one of Key Science Programs
(KSP) for VSOP-2. The extremely high angular resolutions that ever existed
will give us opportunities to achieve direct imaging of accretion phenomena for
the first time, which is befitting a KSP to devote substantial antenna resources.
To find a disk-related feature, such as intensity structures perpendicular to jets
and magnetic structures in accretion flows, the best uv-coverages at 43 GHz for
high dynamic ranges to distinguish from jet’s ones.
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Stellar Molecular Jets Traced by Water Maser Emission

Hiroshi Imai
Department of Physics, Faculty of Science, Kagoshima University, 1-21-35 Korimoto,
Kagoshima 890-0065, Japan

Summary

Highly collimated jets found in AGB and post-AGB stars are expected to play an important
role for shaping planetary nebulae. Recent VLBI observations of water maser sources have
revealed that some of the spatio-kinematical structures of water maser sources exhibit stellar
jets with extremely spatially and kinematically high collimation. Such stellar water maser jets,
so-called "water fountain" sources, have been identified in about 10 sources to date. Table 1
summarizes recent VLBI observations and relevant observational results of the water fountain
sources. They have revealed a typical dynamical age and the detailed kinematical structures of
the water fountains, possibility of the existence of "equatorial flows", and the evolutionary
status of the host stars. The location and kinematics of one of the water fountain sources
(IRAS 19134+2131) in the Galaxy has also been revealed, implying that the progenitor of the
water fountain source may be an intermediate- or low-mass star (M+=9 My,,) .

Table 1 Parameters of “water fountain” sources.

IRAS name Other name Length AV P tjet(z) Distance Reference™
(arcsec) (kms™) (year) (kpc)

15445—5449 OH 326.5—0.4 91 4
15544—5332  OH 325.8—0.3 40 4
16342—3814 OH344.1+5.8 2.4 240 ~100 2 3,15,16,17,18
16552—3050 GLMP 498 170 19
18043—2116 OH09—04 204 4
18139—1816 OH 12.8—0.9 0.11 55 70 ? 1,2,10
18286 —0959 0.24 200 ~15 3.1 5,11
18450—0148  W43A,0H31.0+0.0 0.8 190 50 2.6 6,8,13,15,16,20
18460—0151 OH31.0—0.2 0.11 290 ~5 6.8 5,11
18596+0315 OH37.1—0.8 59 4
19134+2131 0.15 100 40 8.0 12,14,16

(DFull range of the line-of-sight velocities of maser emission.

®Dynamical age of the jet.

®See the references listed in Imai (2008). 1: Baud et al.(1979), 2: Boboltz & Marvel (2005), 3:
Claussen et al. (2004), 4: Deacon et al. (2007), 5: Deguchi et al. (2007), 6: Diamond et al. (1985), 7:
Engeles (2002), 8: Genzel & Downes (1977), 9: Engeles et al. (1986), 10: Gomez et al. (1994), 11:
Imai et al. 2008 in preparation, 12: Imai et al. (2007), 13: Imai et al. (2005), 14: Imai et al. (2004), 15:
Imai et al. (2002), 16: Likkel et al. (1992), 17: Morris et al. (2003). 18: Sahai et al. (1999), 19: Suarez

et al. (2007), 20: Vlemmings et al. (2006).
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K% VLBI H#IZ K 5 NML Cygni D7k A ——&H]
O KkILE, REBF, 450, BT, mEes, MRrsEl (BIREK) . K¥ VLBI
HLHET— 2\

Abstract

Japanese VLBI Network (JVN) Z i/ L 7o /R U E 2NML Cygni (LA FNML Cyg) DH,0 A
— P — O E A EEFHIZ OWTHRET 5, BLIIIE 2006 4725 2007 42 E T 3 [FI%EH L
7o BBHITK 5 HDOA—Y—7 4 —Fr—ZHHL, 2055 2 [BLL B L7z 13 {#
OBEFEEZFHA L7z, A —W—0D 3 WITOEBNIIURIEOFEEZRLTWD, T K7
0—OWIR T g T 70 1050, SR RNCKT oA vy U xR —a T U0 14°
Thbd, HHOA—HF—nbROONTEA 7 V=2 a T 7N ESIOA—F—Y 7D
R 1 O EIHRHEE 11,0 km s &6 LC, NML CygD 2D B4 62417 M_ L R 5 2
EMWTE T,

Introduction

NML CygiE Kk 7> & OBk 2 kpelIAZfE L, JEEE 5x10° L, 8 50 M, OARGABERT
»H5 (Morris & Jura 1983), SiO. H,O0. OHA —¥ —Z 425, ZH DI ALY ML idHE
J¥ 20—40 km s HHEILT- F TV B — 7 RN GE O SEENCARET B 2 L VRIS TV S
SIOXE#EET B U o 7 HEE. HOOL OHIIIEET A7 v b 7 a— D451 & 7R L/Tb\%)(Dlamond,
Norris, & Booth 1984; Richards, Yates, & Cohen 1996; Boboltz & Marvel 2000), H,0 A —H#—®
BEAEERFHANC & &5 < 3 ROTHNEBOMTIX, B 7 LR T U h 7 v — DDt
@@k ICH2E b RVWHIETHD, Vo r7eTvbhvun—nfr7)x—vara¥ln

(AR, HBRGTROEE N S REEGEE 2 EfEICHRE L, EOHEREZRODLZENTE

2

Observations

2006 41 H 30 H.2007 4= 1 H 29 H.4 H 30 HIZNML CygiZftfifid HH,0 A —H—DVIBI
BLN A L7z, VERA4 R, BEE 34m, &/ 1ImDER 6 SO 2 i1 L7z, B0
5% Table 1 (27”9, fRHTIZIZAIPS 24 1 L 72,

Results

Figure 1 [Z/KIR 20m T HNT-H 0 A —F—D AT ML EIRT, KA — — | ZEHRHE
T-25—17 km s OHIPHIC LR > TV D, BEICR LN D KIS ORSZRET 52 BT
X7, bo L bMENES, TNA—v T NLERSGITEEDO R 7 b3b 5D, T OGO
BIRE 1%, 1981 4E(2-17.8 km s™, 1994 4£(2-20.6 km s™, 2006 4Fl2-21.8 kms ' Th 5,
ZHB TR DHE-6.6 km s (Boboltz & Marvel 2000) 7> 5 1% EEq = —0.2 7> 5-0.1 km st yr ™
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TY 7 FL TS, AKROE—SEENIC X 5 L NML CygTIEL5 DD E Y (Viss = —21.4,
-17.9, -16.7, 2.4, 5.6 km s ) THI# ¥ |a]=0.09—0.26 km s~ yr ' 23F 1 & 41T V> % (Shintani et al.
2008),

Figure 3 {ZNML Cyg®H20 A — % — D 43 & At [E A E#) 2 <7, HO0 A —H—(%
220x160 mas (440x320 AU) D#FIPHIZ LN - T\ D, 7 —3 7 M4y (Visr = -22.2 7>5-12.5
kms?) i3dblc, by RU 7 S (M= 3.0 7205 155 km s ) 1EBICHT 5, 2
1t 25 DMERLIND LI R & — %09 % (Richards, Yates, Cohen 1996), MERLIND A % — Tl
JEVE & B EICHY 600 masifin e 7 4 —F ¥ — 2 523, AL B IXA EIOVLBIBLI T I
TERhoT,

EAEEN L 2 BILL B L2 13O 7 4 —F v — TR 7o, [EAEB) ORI OIS %
R, BUABHED 2 A F X Bt v X —IE(X, Y) = (2628, —-8+14) [mas] T, Figure 3 |2+ TR
LT\, x, y, 27 1D LSBT Z AR, (i, wl, [v]) = (6.8, 3.8, 13.6) [km s,
(O Oy 012) = (7.8, 4.1,13.9) [km s '] T, AN —FBKRE N, ZHUL, 77 b7 a—»zhH
(BT ) IR bEBL TS Z & 2R T 5,

Discussion

77 k7 u—Diili AR 5 7= 812 velocity variance-convariance matrix (VVCM)IZ$ &30
T g #2247 - 7= (Bloemhof 2000), i K D B A EIZ xS D EA N7 MW7 v b7 v —0i)
EH 2%, WESBUNGEEIND VWCM & ZDOxtfA{bix

Cor Oy o 66.18 526 37.83 1566 0 0
Oy Oy 0w | =] 526 1831 —1474 =] 0 5864 0
Tur e O 37.83 —14.74 200.08 0 0 220.17

D, ZOBNST T h T a—DRY Y a T SNV E 105240, A T U F— g v
TN (BRGNS K L T) 1442° L A 5 2 N TE e, BoNleRY a7 7
VT, OH A=W —DJEN % Hm e —EH LT\,

NML Cyg TlEH A X 33x27 mas (66x54 AU), fA#RJ7 1M OHEE 11.040.1 km s 'y = 1, J =
1—0 DSIO A —H—V > F OREEARIE STV 5 (Boboltz & Marvel 2000), = o [aldiz o> i
(~141°) FH,0A =V —DT 7 F 70 —DKRI T g 7 7 (10524°) LR —E L T
%, SIOA—H—1 > 7 OEERf) & H,0A —F—D7 7 k7 a—inFE U ERET D &
EOEBEEM. ~ Vr/GhbHRDDHZENARETH S, 22T, MIMEESEE, r=27AUIX
WE RS, GIZENERTHD, T h7u—f 7 U x— a7 70 (i=14£2°)
MR M OEEREE (V,=11.020.1kms-1) T2 & [BHESEEILYV =V, /sin i = 4516
kms*EFHRETX S (Figure 5 #2H), LoT, BOEREM =62+17 M_ LitHT 52 &
MTE Tz, ZAUTSEE 5x10° L 56 SRS B 5 E R~50 M, &R —89% (Morrs & Jura
1983),
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Table 1. Status of the telescopes, data reduction, and resulting performances in the individual epochs of the JVN observations.

Epoch Date Duration Used 1-o level Synthesized Number of
telescopes® noise beam! detected
(hr) (Jy beam™1) (mas) features
1.. 2006 Jan 30 10 MZ, IR, OG, IS, KS, TN 0.040 1.2x 1.0, =167 16
2. 2007 Jan 29 8 MZ, IR. IS, KS 0.052 2.9 % 0.9, —30° 13
3. 2007 Apr 30 8 MZ, IR, OG, IS, KS, TM 0.039 1.6x1.1, =757 14

* Te]cscopes that were effectively operated and whose recorded data were valid: MZ: the VERA Z0-m telescope at Mizusawa, TR:
the VERA 20-m telescope at Iriki, OG: the VERA 20-m telescope at Ogasawara Is, IS: the VERA 20-m telescope at Ishigakijima
Is. KS: the NiCT 34-m telescope at Kashima, TM: the Hokkaido University 11-m telescope at Tomakomai.

t The synthesized beam made in natural weighted visibilities; major and minor axis lengths and a position angle.

L Ll I T I Ll I L I Ll ]
Mizusawa 20-m A
400 - 06.01.30 7
! ] B .
Z %
— 200 F - T
]
= i
ES <
z SRR E—— S , ;
= 10 J ! ! E Observer :f]'lz(]
] = outflow
=
5 >

Fig. 5. The relationship between the inclination angel (i),
| L 1 X 1 the rotation velocity (V'), and the rotation velocity in the =z
30 20 10 0 axis (V:). The i = 14 +5° is obtained by the present work.
The velocity of Vz = 11.0+0.1 km s~ in the line of sight was
LSR velocity (km s ]) obtained in the v=1, J =10 5i0 maser observation (Boboltz

& Marvel 2000).

Fig. 1. H20O maser spectrum in NML Cyg obtained with the
Mizusawa 20-m telescope.

Proper Motions in NML Cy References

SEONEER HER00 and St Bleomhof, E. E. 2000, ApJ, 533, 893

Boboltz, D. A., & Marvel, K. B. 2000, ApJ, 545,
L149

Diamond, P. J., Norris, R. P,, & Booth, R. S.

&
1984, MNRAS, 207, 611
Dy ical .
el Morris, M., & Jura, M. 1983, ApJ, 267, 179
1.0 mas yr-1 a Richards, A. M. S., Yates, J. A., & Cohen, R. J.
9.5 kms—1 at 2 kpe ]_SR ltl-:;ml\o(km T()I) 1996, MNRAS, 282, 665
100AUat2kee [T ™ " D Shintani, M. et al. 2008, PASJ, submitted

Il 50 100 50 0 =50 =100 =150

Relative R.A. offset (mas)

Fig. 3. Distributions and proper motion vectors of HeO
masers in NML Cyg. The color index denotes the LSR ve-
locity range from —22.2 to 15.5 km s~!, where 22 features
are located. The map origin is located at the position of
the reference maser feature at Visg = 5.6 km s—!, which
is estimated to be a(J2000)=20"46™255543 £ 05008 and
S(J2000)=4006'59/"42 £ 0”10 from fringe rate analysis. The
displayed proper motion vector is that subtraced by a velocity
bias (pz, jiy) = (0.19, —0.28) [mas _vr_’] from the original
vector to cancel out the average motions of all features.
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ERHPYASEREW Hydraed 7 2 e X Y 8Ll

FEV R R ERABE B LAt M1 PR K

PR

W Hydrae(LL'F W Hya)iZ. HLHIAIZ % (Semi-regular a)lc 03 S N 2 MR A EE ST
AGBRE)DETH 5. SBMRNICE T % 2 7L RO CERR 2 % 7o, 20034E10H 2>
520064E5H £ TVERAZ W TR A —F—DE =¥ —BlHlZ T\, FGHEZRkD I L LTS,
% 7:W Hyald kX =¥ =B SN 2 IREZ R & LT HIEVEI114pe) Kk TH 5. AGBREIZE T
ZE R, IREIZYEIZ X >THEL 2EHEEDLEED A A XL %22 DICHBN R RIETH 5. L
D LR % L7455, W Hyalc (RS 2k X —HF—2 K v F i S A8, RIS S g
%728, #FEIZVLA EKNIFEIC & ) 81 & 17z f5 58 & o i3t L . & 2 TN % 7 - 7220054
DBHAE R 2 AN T 5.

B H

KX 7 v EELMOND I 7 RN O FHECERIR X RO R E WDV S W7 DREEER )
FoTWw3DICX L, KBHEFD 2 7 BE R IFHEORNEEZ2 EHEE KL wieo, EifEREE T
B2 E T 205 D3H 5. VERAIZI0kpeE TOWiEEZ 10% DR ETHIETE 3720, KBHEfHED
SOMZNEEFTORMEZRHERC RO S Z EDHKS.

)
/Eﬂiﬂuﬁﬂf'aﬁ : 20034E10 H~20064E5 H §+21IEI\ Epoch BH
RREMA : W Hydrae ~H1HIFIZ 1 5 (SRa)~ : P

RA  : 13h 49m 01.9980s (J2000)

DEC :-28d 22’ 03.488 ”(J2000) 2 2005/01/20
2R 361 H
A7 PV M7e 3 2005/05/17

PEEE ;114 pc [1] 4 2005/09/21
ZIABEIIR : J1342-2900

RA  : 13h 42m 15.345608s 5 2005/11/06

DEC :-29d 00’ 41.83114 ” (J2000)

BEfy : 1.6 [deg] 6 2005/12/02
R 8 - K-Band(22.2235GHz) 7 2006/01/11
SRIESYRRE ¢ 0.21 km/s

aoEk  16MHzAHS 8 2006/05/08
W& — 7 DIR2K1024Mbps
- / 1 fRHTR OB 2 — 1
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FERTIRE R

20054E12H2H L2006 H1H11HOBHIC >WT =2y BV LR, KSR TKA —F—2 Ky
F D3OG S 172 VLA KNIFED BN B TR S 72K X =4 —Z K v M, 300masbA D
FIcH 2o THAE LT 3B23(K2 -« 3), VERAAFIZE T 2BHITIEA—F—ZARy b bIEL
BHEINZTA—F 2Ky b P70,

® 42.8km/s
v 41.1km/s
1 0 10.7km/s 40.3km/s
® 39.8km/s
300
Peak Flux RMS
B3 ARy
» BIE 1 (y/Beam) | 1y/Beam] | *F7 T
2005/12/02 15.5 0.29 1
00
E o 2006/01/11 | 53.4 0.27 4
§ °
& o
2
e 100 1 32: VERAIZ X 2 W Hya?D /KX —F —ZA R v b DA,
-200
10 AU —[X1: VERAIZ X 2W HyadD KX =% —ZA K v b D34f.
) ) ) ) ) ©:2005/12/02. O:2006/1/11.
_300300 200 100 0 -100 -200 -300

RA offset (mas)

e 423-443 km/s

® 424-445Kkm/s
O 40.1-41.8Kkm/s
®
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500 T T T T T 300 T T T T T
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(Bowers, Claussen & Johnston 1993) * (KNIFE observation)
~ 400 1 z200F .
: : i
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v 300 i 1 g 100 o o y
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S 200 TS S ¢, "
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= = e U
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M2:VLAIZ X > TBIHM & 7=W HyaD /K X —HF—Z2 K v b 5540 (19854F)[2]
XI3:KNIFE(IZ k& > THIH X 172 W Hyad Kk X —H — 2 K v + 2546 (19924F)[2]
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[I]Perryman M.A.C et al.1997,A&A323:1.49-52
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VERA Observation of SiO maser around R Aqr
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000000000 1000000000000000
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04000000000000000

Trms [Mas] | Yems [mas]
Hollis (1.5M;:1M5) clock 0.11 + 018 | 0.70 + 0.23
counter-clock | 0.13 £ 0.18 | 0.70 £ 0.23
Hollis (2M,,:1Mg) clock 0.10 £ 0.18 | 0.67 £ 0.23
counter-clock | 0.12 £+ 0.18 | 0.67 £ 0.23
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counter-clock | 0.12 £+ 0.18 | 0.76 + 0.23
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Table 2. OOO0OO0OOCOOOO0O0O0O0O0O0O0OO

oo R.A. DEC rms

(Jy)
+30:23:30.0 0.56
+30:38:53.2  0.48
+30:31:43.3 0.38
+30:40:44.4 0.38
+30:46:42.9 0.32
+30:56:45.9 0.30
+30:52:50.3 0.27
4+30:47:19.3 0.31
+30:38:06.9 0.28
+30:39:07.1  0.30
+30:39:17.8  0.30
+30:32:45.3 0.35
+30:40:47.7 0.33
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+30:34:51.4 0.30
+30:33:43.3 0.30
+30:43:59.7 0.30
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01:33:28.3
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01:33:16.0
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01:33:37.5
01:33:39.2
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01:34:00.2
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Table 3. ODO0OOOOOOOOOOOOOO

00 00000000 0O0o0O000
0 (Jy) (Lo)

MC18/N11 0.3 2.1 x 1070
MC28/N105a 0.2 4.8 x 1077
MC76/N160a 0.2 4.8 x 1077
IRAS 05011-6815 4 9.6 x 1076
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Abstract : We present here several technical problems on Galactic maser astrometry
using differential VLBI. (1)Correlated flux densities of Galactic SiO and H20 masers
decrease with the length of baselines because the sizes of the both maser sources are not
point like but quite large, comparable to the fringe spacings of VLBI observations with a
few thousands kilometer baselines. For examples, the correlated flux density of H20
maser in RT Vir decreases to the 50% of total flux density at 850 km baseline, and that of
SiO maser in VY CMa decreases to the 50% of total flux density at 700 km baseline. (2)
We estimated the probability of existence of VLBI continuum source that is
indispensable for phase referencing. In order to observe all Galactic maser sources we
must use reference sources whose separation angles from target masers are to 10 degrees.
The probability that any target maser source has reference continuum sources is less
than 47% for H20 masers and 29% for SiO masers if we limit the separation within
2degree. (3)We found the errors in visibility amplitude calibration also introduce errors
in maser spot positions. Above all in the case where the maser structure is complicated
one, the amplitude error will decrease the detection rate of maser spots. Amplitude
calibrations using gain curve information and system temperature measurements are
insufficient; we need the self calibration method for finding fine amplitude calibrations.
Because we cannot apply the same calibration solutions onto target source obtained from
the reference source if the instrumental differences occur between multi-beams. These
differences will lead insufficient amplitude calibration, resulting in limit the position
accuracy of maser sources. (4) We also found that the degree of coherence recovery is
quite different between the cases where pair sources can be observed at the same time
and where only one source and another are cyclically observed with antenna nodding.
The degree of coherence recovery is lower in 43 GHz observations where the phase

variations due to atmospheric fluctuations are violent.

230



(HAGE) $RI % A — P & %5 L3 5 HE%F VLB IZ & AALE R SCBLNIC BT % B2 L Mt =
Z7R9, Si0 A—, H$_{2}$0 A —H & L2 VLBI O fiEREIC K L+ 72 AT O K & S & FF
DT EITIG UTZ O AR B IS T3 %, Fl 21X RT Vir @ H20 A — TliX 850km,
VY CMa @ Si0 A —# TiX 700km F2EE T H—8E CTOREIRE (total flux density) D431
FCHER%E LD, mﬁmwwl’%%&ﬁ%@&%@fﬁﬁ$%#~&4%ﬁ’ﬁ@ko
LS IRRIR 2 FE I D IS BEfA 10 EARNLETH D, I 2 FEALINOBES Tid H20 A

PR L 47%, Si0 A —HIZxF L 29% LA, 100mJy L/LLO)u ZRREITI N, Q) EDE
U7 4 (visibility) ORIEDEIEIZHOWTIE, MEHEIZIEIHE Y HENWNE SN TE
k#,%ﬁb%%ﬁfi&w:&%%%#_bko%_@%&%m#%of,@ﬁ@%~
P ARy MBRBHLGE, TORBICEET S, 43 GHz 72 E@EKRE TIXEREO AT AR
EREOKE CIEARAETHY, +oRBECEFELVT - v VT L —v 3 ik
(self-calibration) BT A MLETH D, w7 - Fx VT L —2a  MWEMET—HFD
REICESME 5 Z L3 TE VL ) Bl AT AT, RIBHEOBLENS, (EHIERF
FECHIRR2 M & 5 5, (4) £72 3 U HH (43 GHz) @ VLB TIXZOMAEEITIHKL <, 2 KIE
% [ ICBLN T & S HE% VLB & @O 7 7 F T e R B KK & A8 HAZ B9 5 A8 %
VIBI #EORICIZ 2 e — L ADEIED R THERIEVWE D 5,

BHEBH 22 Gz,
Py W RS 2268 <R

Imas O 77 7 AU FE 5547 RAK 2 @811
L7csd. B85 L 2 MmN EM
(total flux density) 721F & FEEEIZ
A—=HFOVIBI B EZIET DL, &
FERRCIXEE R E TR TE 20!
\ REMEN® 5.

09 \ BRI 22 GHz, B 1. RIS & AL

bt o
- ==
.___._,———'_'_._'—-""_F.-.-_—r.-

TERR1EFERA R %
]

o
e
| —]

03
o
0

0
0 1000 2000 3000 4000 5000 6000 7000 8000
EHE (km)

231



1.8. REBFOBIEICHKIAHEOKREEDMME

ST E =L T T T OB D HE B EICI AT DR E IR OB IEITK D AT — AT
—TERVDOTEDOMEDRENEAET . ZORBEEZ H3ICBRETE RN ST, KENLH
Loz X v 2V LTBERND, FhilZEZR]AR/RLIAL I LIZb. 2 OTWEHIE
WX, TOMFIERIEZ, SR CIEMRMEOM LN TWARIEREZBATHZ TR
D, BRFT T FTITRIERIKN D OWVATR =K 2 EAL, £TDOLVAR ANGARAEZND
DIFTHD. ZOFEEEDLALHENEERTWHOHREID RN, ZOREFIEZZE
WTWEHEZEREE- S LDDHT /=y 7 D—DOThHEE>TRW. bo&bI VAL TIE
KREEE DT OB EREN S OB T PATH I CTIE2< b, FFICERENEL 2D LRIEE
LTI b2t b D, v LTFE—2L - T T T THXVLBIZ1T-> 254, B —24M
DA, ERROMERND OFEIIME 220, b, FE—L0RBHFBENELRD
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VSOP-2 Key Science Program Proposal: Disk-Jet Connection in the
nearby Low Luminosity AGN M 81
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M81 D LR F (] R H

= Fi,
MK B 14

1 BXEAGN &(&

Ho FEFOCREAY 10%%rg /s LN AGN & L TER SN A0S AGN 1ZHIURNC 1076 ~ 1074 Lggq FEELTHEL
WD TRESIERIR 72 AGN TH 5, LR AGN & LINER /S Seyfert /BERER1C22 < A 6N, YTHRI OF]
/3IHAHET 28 0 SNI=KIKTH H08, Z OHEHECE LTI S 2T 5 THRWLERAIZN,

PO AGN Z1lH AGN DIcRKDBWNE, 1. M) TREIFIERTH S 2 &, 2. SN T (Wb 5 Big Blue
Bump) BFEELZRWZ &, 3. R N— R X fRARY MV ERTZ &, D 3BH T 65, HlHF D AGN T
BHOENLLENN Y T DHREIFIT DD B FINITE  RE RN HOEREFHRE 7OV TR 25 2 12 L T

— /O AGN @R TG, N— R72 SED [3EEMTHNT 2 Z L BNHETH S, Zh b 0FKNS
TSy 7 IR— VATFIT B BB H 2 OYFLRBCH] 5y AGN &G AGN CTIEAEMZ2ENH 5 Z & HVR
HBEhb,

2 BEXE AGN ORFTHERE

IOV AGN OREHIHSREICIIBERE L 2 DO BT AUMFEET 5. 1 2 HIE, Radiatively inefficient accretion
flow (BRI 2 BEAGTR) €T N TH S, BATTAMUHE TET A A4 > M OBUMESIEIFR IR T2 DI+ R A AR
TET, MMETCEC BT ACEAONLETE T T v 7R NVICHRT 5. ZOMRBERITIEFICHIEICZ
. &N RO PR S h b, RIAF ICBT SHBIRSE T T v 7 AR — VAIL% (B 10Rs) 2> & D EU >~
vrakareEA5NTBY, AEBVBYVDARY MVETET S, 22HIE. 759 7 R—NVITHETRAET S
VA VA= S Y I\EPOD;'F?W ST B XALT A ED BTN CH D, BIFIRITEY =y MO H
CIRI v 27 a hay e AllodesmcdEny vyra e yofinsghbE e L TEHlE NS, RIAF TF VTN
L SgrA* R X FHHE DO N— RAT — b, OO AGN ICHEH S h, ZhE CHYMEMR TN cE 4
o T BRI (Masd T sub-Eddington, 484N TR0, N— K72 XARARY MV Rl 25 2 LITkIfiL
TeDEH, — /i CRE > THBBUIRO YRR 2 BN L TLUE 5 0 INERS - 72720, IO AGN O
RS O RER 2RI & ETIIES R > Te, ZOBEPIREONLTHEH L TS hZzoBa "7 b=y b
WMTH D, JIFD VLA & VLBA W IHBRIOEE AGN —RAIT LD, KEBOMOLE AGN 13i#N Y =y
FE2FFD AGN &L LD %75y MR ARY MIVEIRTZ EWMH S M2k 5 7z, [6RFIC VLBA OBLHI S
%2 DAOLE AGNICIEEICa > N7 b (Blmas A7 —)V) TEH LMY =y MROWMEPAET 5 2 & bR
hTnwsg, LaLBERTIE. UL AGN SBT3 ERBUT OREEVB MR TH LDV =y N THLDP2DODE
TNz T B RERRBHEHLT £ 25 6 h T,
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3 EXE AGN MS81*

MS81 133K « DI FM S BTV AGN TH V. R A~X MBI GEMCBHI M Thh Tnd, #k
@ VLBI B2 & LRSI 5 ¥ =y MROMESHER SN THEM, = TVLAIKKSE =2 VT Ty 7
AL C RIAF M FET 5 A7 MUERIC 8T 5., XABHIA & b EENEA & JIIFF S 5 SR A
MEInTELT, ZoRYHEIIC >\ IR TV 5,

AR HEIT O VLBA+Effelsberg 7 —H A 7% HWTC 84CGHz DA A=V T R{To7Tz, T ORE, LR
D 70%Ll L% 9 B unresolved core AL AMNTH D550 T =y MEHE L WD, INFE TLRMOFREZE
7z RIKE TOREREN 3.6Mpec THDHZ &M, BEUSN V=T A=V ThTN 10 AU OV =y bl 2
il b,

e 1E M81 DFFNY =y M+ PRI %2 & U ISR AXT MUROZERIN I~ v T2k T %
ZeEBEZTND, AR MARBZEMAMGEZ/FRT A2 & T 30 Y =y boIER, 2F 0 ABMEY =y b &K
HINIZE T D DD, inverted ZRBET DICIFIZ & 2 A, a7 DIEKIEY =y by, RIAF MY, Z2¥h o v
8 =T =y NBERZIRONDDIR E &S TeHERITT L /)72l 35 2 8 W TE 5, ecm/mm BT 1 HFE
DONJEEFN ORI N TS 720, 5L K SED 23l d 2 7= D1 IFZ R AIRFEHI AR EA] R TH 5.

4 IR

Bt VLA @7 — 14 7% T M81 ONEEFN D HMGEEZT>Tnd, &) Db, ecmaAlHBWT 1 HFL
DOHEEINIMER S N TUIND D3, FERC 1 H LY HINSRO R RAE TR E) & i m ST L 7=l h37
WS TH D, cm BN T 1 HEINOBEEZEEINH NI, intrinsic TH B LIFRS T, Bl v FL—v g
I & BA[EEME D ZRICANR T NI 57220y, 1mas LU D unresolved core 7* & O A ELEET 5 M81 Tl R
VUFU—va v ORI INBEZOND, O ORIMREE LR LN T A 2 21k, 1 HDNT
DR EEND 7 A LA — VeI CERMICGGHNT 5 Z N TE, 2T MUER< v 721FKT 5 L Tofi
AR OfFEIC b b, Hi, Efy v Flr—yaryERIEThiE~A 7 apficard A Xz T 5 2 &2
T, 2O VEKRI7OREICOWTY VNI N TELbD L EZ TS,

S &3k

Bietenholtz et al, 2000,ApJ, 532, 895
Falcke et al,1999,A&A,342,49
Narayan & Yi 1995,ApJ,452,710
Nagar et al ;, 2005,A&A,435,521
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Space VLBl B2 ¥51)5 IDV RIEDOHFFE
PEASE RIS, R K | i 5575 IE . 1 AR 1 (1 0 Rep)

B=

Fk 4 1%, Space VLBI % - @20 fREEBLAIC IDV KIK 16114343 OFREAEOJFIN A AL
7o TOREGR, Wim TR 2 D8 IR DS (S22, 2O RIRD LB O JF RIT R
WSO AR RIEENC L DL DO TId e, TN T T X~ OEELZ IR E LI M BRI L AL D72
LEZbND, Fo, MEDOBRED I VBN EB S 2RV =y hOEEMEHIL, RO S
T2/ ST A=Y 2y RS SEHR IV T DR 7 VTV B CHEETL COD N
YR NASY

1. BA

1E BRI B (Active Galactic NucleD)&i%, R HLAZO H THIEF T HEE | D> O LVVE
AR LR PO DRFR TH D, AGN OHNIIZE KT T 78— (108 M) TELEL
THEY., ZDEIDOT ALY E D EE T DRI RSN B =T —NZDIH B L DT
FIX =PRI TNDEB Z BN TUND,

IDV(Intraday Variability)&iZ, AGN D9 1~% H 2 DIEF TRV RFF] A — /L C o A8 H)
EATORIK CTH D, ZORBAIRREZBOJRREL T, RIKA H OREHRETH THLH b
LIS BRI L5 BT DL THHD 2 SDEZITHD, Kl 1% 1T R N D 2
TR X HEELASS  Interstellar Scintillation) MR THhDHEWIFAN® D,

IDV OFHE T2 im v BRI L 2 KO IR IR 2% . E72RIT 1SS PR EDITITR KA =
ININTHLEPLETHY, @\ O R TG ZHE X D503 A HEZe Space VLBI & IV TELHIZ
1T-o7,

2. #A

ABFFE Tl Space VLBIBURIIC LD #5472 IDV KIK 1611+343(DA406) DT —HAT T — 5%
i L CHEHT 21T 72, 1611+343 [3R 7w 2=1.397(SDSS 2006) T, OVV(Optical Violently
Variables)& L CTHISHAILTIY, £/2 EGRET 1LV y a3 57 L —F —L L TR RSN KK
D 1 > THIH5, Heeschen et al.(198)I2L5 IDV EHEDO /A TIIXA T 11 RSB A W TE
BENTHBT, | HRIEOKIAS — L ORI LB 25 0) LT,

1611+343 OBLHIRED T A—=2 %3 11T, uv ALy VE R LIRS, BT —4% AIPS %
JAWN AT FHES (FE B OMETREIIE ATV, Difmap | ZEHAA A= 7 D%, LT GICx LT
ETNT 4T AV EA Tl
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# 1:1611+343 OBREED T A—H

BLAIH EF(UTC)

1999/8/27 18:00 - 8/28 5:00

JA¥E [GHz]

4.800 - 4.816

v (10°3)
o

BLR

1350 +VLBA(11 &)

3.

v EBONDIRNSTARGE DTS TED, IRIZ,

B/

U (10%a)

1: VSOP Bl u—v B Loy

VERS LTI A A= 2 17T, ZOfE 1T EDOB DA A—(Jorstad et al. 2001, An et al.
200)Z L TWD, -, KO FMZFaTtEz b AEEE RAENTE, TOMANCY =

a7 b=y bORSEEH R O MY

VTV ERWCET VI AT AT BT R —

7 BB RET L O R— R NI 21T ot
VERS LToA A=V L HEIQAORL TS, BT /L
TAT A TIZXOIGEINT /T A—=E )5

FAROBRESRIE 7, 1ZBL F O

S
T,, :1.77><1012(1+Z)W [K] -

TRODDHLBFNRTED, 12770, SITT7 T 7R
B v IR RS, 0 130T RO
AP AR (EHE 0 e FHIE 0 10, 2L T Lot o

10 al o]

(D

Relative Declination  {mas)

=10

-
-5

Right Ascenszion (mas)

QZM)T%%O EFINT AT AT

TRLNIAAL R =R DT A—=H (1)

NTROTEEREZE 2 (TR

2:1611+343 DAA—VELET /LA R—F b, Map Peak &

1.73 Jy/beam, B — L -fEME 1% 1.15X0.61mas (P.A.:20.3° ).

EERIT~ YT /A RO RMS % 3 %L, 36=0.0129 Jy/beam

X(-1124816 32 64)DMFHTEINTND,

£ 2ET NI4T A T TRLNIZA IR —R NG A—H

TTITA FLH0D | PositionAngle ¥ (M) A>T 7V R R
B Syl | f4BEEmas] [deg] B 0,5, [mas] | S8R 0, [mas] | P.A. [deg] T [K]
C 2.22 - - 0.44 0.40 79.3 | 2.3X 10"
J2 0.73 2.54 177 0.72 -] 2.6x10"
n 1.17 3.51 167 2.55 0.82 80.7 | 1.0 10"
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IDV I ::f‘//\°7Wx%iﬁ@fﬁif‘t:éfﬂ%f&;@ BCZORESSELERLCERFICH
VRS TR EE A4 o, KAKOBEEEIRE (2 Tfias o fRRIC R B2 s EIRERSY  F0fE
135 102 K THOLENHEFRIIZRD BV TS (Readhead 1994) , A [BIOEH|Tixa AR—xr b

ClZBWTZED EREZ#BIE LI ENEE NI, ZhUTa T iabnWy =y M 3 3Ry 75—
R ZH ST Lo T AT OREEEIR D R/ TOD LW ATREMEDN B 2 HALD,

RIT, P hDEhEE RA412 Jorstad et al.(2001) 2 TX An et al.(2001) D&M — % (K 3 KO
4) LD AT ST, BB %D IR—X DT, Fex DfF72F — X2 )N EH)
DIER FITFIEL WD EE DL O REH L, EB DR HFHOBfR AR LIZD A 5 Th
D, 2OV TT7DEEIPSY =y b RINF OB B, ZROLENTES, F, K1) TRO 7
FERENDIIR Y 77 —1851 0 LA FOXCTHEATE S,

052 1/(13-2a)

s, ={[103F(a)]3“[%} (1+2)22 519 (10%y )y ()
ZOWE N T IVER F0.7T1, AT VRS o =0.37 (7272L Soc v @) | M a=-0.37)=3.88
(Scott & Readhead 1977)&L7z, ZOHMND § ,=35.9 EWHMENRD LIV, ZINHLEDOKE B | &
—L U MRH T | Viewing Angle Z 3t R LIAERNE 3 THD, BITIEED 99.9% VO EAED,
F7= Viewing Angle & ON £ OEHIE T &« OELR O HLEEOFRE RN, 2=y MR ZUTV VT,
PN IT TN AT BE CHEEBN L O ERIIBDNT e o7, 72 T OfEiE, Lister et al.(2001)
73 Space VLBHZ LA CEE H L7z —L V4550 EFRAE T'=30 LLLEIL T, FJEL T e
L2~ TN5,

4[] Space VLBI TR/ fEREDBLAI M TN ST ED A3 0 RS AU TRIBD ULl 5y
B IR DN R OB, IB32(2005)(2 85 11 0 32m Z F V2 1611+343 @%3&%@&%@52@@@%@]

INEROOIVBRFERE 7, 13 7, =3.2 X 10K &7g>72, L)L Space VLBI BLI THHOIV/ L
B 7,80, 0OBRLE, T, DEZHATHITIE S ~10° LWIEDMBELT D, Ll ik
FNCBLRIEID 6 o DIEIEAREL T 20 2 (Guijosa & Daly 1996) ThY, ZD LI K& fE% E

LITE 2, T ST RND T T A= L DBELNEB DR IR L& 2 HD,

5. FLHESHEDERE

Space VLBI ZH W BT, IDV RIKOAEE, BERREZE 2 28R | Bl BIR A2 2 5
FRTE, ZINOY =y OB A R IT WL B E DRSO FER BN 5T,
Fo 1A 32m E LS TR E I TOAC 8BNS | RIKOIREEZSE) O JFR K 23 R H
H ORERETTZEEZZ DOITHLNERh o7, SBREEED HITHTZD | BEEB) D
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Gas Feeding to Galactic Center due to Nested Bars in Our Galaxy

Dausuke NAMEKATA!, Asao HABE?, Hidenori MATSUT® and Takayuki R. SAITOH*
123 Department of Cosmosciences, Graduate School of Science, Hokkaido University, Sapporo 060-0810, Japan

*National Astronomical Observatory of Japan, Mitaka, Tokyo 181-8588, Japan
ABSTRACT

We investigate possible inner bars that induce efficient mass supply toward the Galactic
center (G.C.). For this purpose, we perform two dimensional hydrodynamical simulations in
the gravitational potential model of our galaxy, in which we take into account the inner bar. We
show the case that a massive nuclear disk (M  10’M, and R < 20 pc) can be formed by a
large gas inflow due to the inner bar. Such nuclear disks can fragment into many small massive
clumps and a part of these clumps spirals into the galactic center by the exchange of angular
momentum between the clumps.

1. INTRODUCTION

Study of gas fueling process to a galactic center is very important for nuclear starbursts and growth
of supermassive black holes. Our galaxy is a good target for this study, since the G.C. is the most closest
galactic center and there are evidence of recent mass supply to the G.C.. Many theoretical studies show
important role of a “bar” on mass supply (e.g. Athanassoula 1992). Especially, nested bars may play an
important role in transporting gas from large radii to very near a galactic center (Shlosman et al. 1989;
Friedli & Martinet 1993). Recently, a smale-scale bar, which is different from the well-known kpc-scale
bar, is observed in the inner Bulge of Milky Way (Alard 2001; Nishiyama et al. 2005, 2006). It is expected
that the mass supply to the G.C. is due to the inner bar. However, previous numerical studies have not
reported the case of major contribution of inner bars in gas supply to a galactic center (e.g. Maciejewski et
al. 2002; Rautiainen et al. 2002), since they studied limited cases. Thus, it is important to study effects of
an inner bar on gas dynamics of central region of a galaxy in more general cases.

We investigate possible inner bars that induce mass supply toward the G.C. by hydrodynamical simu-
lations.

'name @astrol .sci.hokudai.ac.jp
2hidenori @astro].sci.hokudai.ac.jp
*habe @astrol .sci.hokudai.ac.jp

*takayuki.saitoh@nao.jp
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2. MODEL

Our gravitational potential models are based on the results of Bissantz et al. (2003) and we modify the
inner region according to Launhardt et al. (2002). We assume the Ferrers bar models for density profiles
of the inner bar, since a density profile of the inner bar is not observationally determined. We assume that
the pattern speed of the inner bar is near the local maximum of Q2 —r/2, which is consistent with N-body
simulations for formation of nested bars (e.g. Friedli & Martinet 1993). We systematically change the
parameters of the inner bar models, such as a semi-major axis, an axial ratio and its mass.

3. RESULTS

Our simultions show that a nuclear gas disk is formed due to the inner bar in the case that the semi-major
axis of the inner bar is 200 pc. Since the nuclear gas disks are very massive (107 M) and compact (R ~ 20
pe), itis expected that vigorous star formation occurs in the region. To confirm this possibility, we investigate
the self-gravitational evolution of the nuclear disk. We show that the nuclear disk is gravitationally unstable
and fragments into many small clumps (the time average of the number of the clumps is 40 and typical
mass of the clumps is  10%* M). A part of these clumps spiral into the galactic center by the exchange
of angular momentum between the clumps and some clumps collide each other with a large relative speed
in the outer part of the nuclear disk. These morphology are consistent with the circum-nuclear disk (e.g.
Mezger et al. 1996) and the young massive compact star clusters (the Central, the Arches, and the Quintuplet
cluster) in the Galactic center (Figer 2002).

8 kpc 0

Fig. 1.— Formation of a nuclear gas disk due to an inner bar. The gray-scale shows log ©[M, pc~2]. The
sizes of the boxes are (16 kpc)z, (1 kpc)z, and (200 pc)2 from left to right.

We thanks to the Hokkaido university Information Initiative Center (IIC) for using a super computer
SR11000/K1 for our numerical simulations.
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Fig. 2.— Time evolution of surface density of a nuclear gas disk. The gray-scale shows log X[M, pc2].
The size of the boxes is (100 pc)z.
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Ultra Rapid e-VLBI experiments for Earth Orientation
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