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THETDEADHEH: Martin Ryle

1974%/)—RJLE

Marin Ryle (1918-84)
RES VTV KRET
BIRTHETEMFE

BB E (XA, Hewish (/3L
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% The Nobel Prize in Physics 1974

“for their pioneering research in radio astrophysics: Ryle for his
observations and inventions, in particular of perture
synthesis technique, and Hewish for his decisive role in the
discovery of pulsars"

—
7
Sir Martin Ryle

© 1/2 of the prize
United Kingdorn

Antony Hewish

© 1/2 of the prize

United Kingdomn

University of Cambridge University of Cambridge
Cambridge, United Kingdom Cambridge, United Kingdom

b. 1918 b. 1924
d. 1984
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WSRT (Westerbork Fi%&t) VLA (Very Large Array)
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— VLBI: Very Long Baseline
Interferometer
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VLBI: Very Long Baseline Interferometer

VLBA CKE) EVN (3—Ov/\Zhib IR P D
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EVN Members MAG 0G/2002
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VLBI harizontal velocity around Japan, November 2005
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Rotation curve

= Rotation curve obtained from 3D motions
of ~40 sources (not from radial velocities)

Basically consistent with flat rotation between 4 to 13 kpc

2V ER AT D45 : NGC 3198
n [RDoT=HIE T 1B % Bl SR 47

(20 S R - SR AT [0 33k B2V 4R AT Rl
PERERDEAEL TRITRLI=2 D
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H—HI3—DiEEE
s KEbhITT2FESE

MACHO : Massive Astrophysical Compact Halo
Object

ENTREEN-REMGET—I<5—

WIMP : Weakly Interacting Massive Particle
RAFHIGE —U< 45—

s RIKWIGEA —9<52—(MACHO) (F1990F KA 53 S11Y
[SERENTONEN, SRARDT —II I — R EZHAT
HEFELLY — RAERKWIMPHY A XA

MACHO{& %8 X {&

» TV R—IL

» BERE (KBEEREDEDHRZANT)
» FEFE(RKEEZEDEHK)

» HEERE. RE (BRRLAEISENRIK)

or something more exotic (e.qg.,
Boson star etc)
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» BERIIDBTELVD, BDOBHEZENDEL
ZEASHZEIEAEE (Paczynski 1986)
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TAOALURAIRERDIEH

s YESVEDEDRIFEYSREKEEH
(Alcock et al.1993)
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MACHO., Super-MACHO (k%)
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s LMCARIOMACHOY IL—TD6ERDIER
1200 AN EDE=4—, 154
!

LA (Ime¢ halo) | B, (Im¢ halo) ,
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XHAEE
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~ 20%

MACHOXAEE
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Einstein ring
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WIMPH —9 33— R DRE

REDF—IURFI—RENEH: HEERZELAELGVERAT
WIMP (Za—k31)—/%E)
SH%10~20FTH —I I 2—HF(WIMP)h'ith E CEERHINDS
AlEEEDHY (5l KEXENON1O, #HEIXmassEER)

Spin-Independent Exclusion Limits (90% C.L.)
ooep o

HHDF S EE
10°
WIMP Mass [GeV/c”

Xenonl 0D FEE (Angle et al. 2008)

‘WIMP-nucleon cross—section [cmz']

Schematic view of Xenon 10

DAMAMD#E 8

LEEDZ <L E3E(DAMA)
s VUFL—a BT ERBOE
> HEKNER ([ KAHDMD B DZEAE ?

2-6 keV

DAMA/LIBRA:= 250 ki (0.87 tonxyr) >

»@’meﬁ% ; %\*
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Results from DAMA/LIBRA : Bernabei+(2010)




Xenon 100 D#LE

» Xenonl1l00DHFHHEE (2010)

= No signal

« DAMAD#EREFE |
LTLVS...

10°
WIMP Mass [GeV/c?

Aprile+(2010)

H—93Z—HF LRI [EER

« S—HTA—PRIHEhIIR RETFOUEE
RHEOI. WARKEEOOBLERL/
SA—5—

WIMPH#HIZE oc p_DM xV_DM ~
(00)A3

(p_DM oc (©00)"2 ~ 0.3 GeV/cm~3)
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» BREEZTRED

o BRBIEED,. 4 arm (2 major + 2
minor ?)
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» KEDEEYE
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VLBITR 4 ZRRK
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D2l Syl Syln bty X 1) D D)

Nt ke
E H20, OH,
L CH30OH(class-I)

i\ 5 P

CH3O0H(classs-1I,?),

protostar + H20(?), (Si0?)
Jet/disk

[RIgEMNLOT7oMo7O0—/ vk
s RIREHNSIBHRIZHHBEIND
RE #10 km/s ~ #100 km/s

greyscale: Hy 6.9 (ISOCAM)
contours. €O J=2-1 (IRAM~30m)

HH211 with SiO (J=5-4) and IR

L1157 with CO and IR




2 RS D A—F —

s KA—H—[FEICRIBES VDI 3y IEEZER
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VI.A Observations

Obeervation Date

P & November 5, 1957
N 10 AU w lecember 5, 1997
o - # January 5, 1998

f 8 February 1, 1998

VLBA Observations

Neswly Forming

HSIP UONBLONY

190100 0JeH-BIOH

S106 FIR

Dense Molecular Gas
5'_'AU Material for Newly Forming

*Y_Star
Furuya et al.
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JK A—H—Outflow D 3¢

s BRSO TIL
RILR DN TEFLBERHI IV (Ff2 241)
MBFREBOFENE ? B 5HELERRE 2

Cep A (Torrelles et al. 2001) W75N (Torrelles et al. 2003)

REEBROIF)F

n BB or &R
[BESE. D/ NEEELEAWICRECLTOER
LAL. PIHEHAIOM sunf2EIZET ARIIZERST
[CEOTHBENRAMTTEELVIFREHS
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Cep-A HW 2D 4l
« Cep AHW2DEHIZHEE 2

Patel et al. 2005 L& - R E R DA A B ER% R %
agel et\al. 15M_sun (CH3CN with SMA)

h, BG5S —REERTHEVNENSHR . BROENFET HELVDEHD

A1)A KL SiO A—H—
FFRE : 2.39+/-0.06 mas = 419+/-6 pc
R EHEIE - R+ AR (?)

Kim et al. 2008

SiO maser mlap ot . .
: PV diagram

Visr [knv/s]

Dec offset [mas]

RA offset [mas]
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ERG DL IZrunaway star®7F7E
(BAERIZK->TIELERIEEINI=2)

Rodriguez et al. 2005

Orion BN & source IAGES M 5EE) > runaway star ?

AR ) — )L A—H—

» REEERBETHASIND,
o IE(RIIAER, RIsEMBICHBET HETREMED

G23.657 (Bartkiewicz et al.) Cep-A HW2 (Sugiyama et al.)
r75—REERY HABOAREMED FDEQRYICYVTIRIZH 2
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BEEHRA—Y—

HIIF#ESRDA—H -1 1BDBDORATEFL
MFEEMSERIESN TLVSH(MWC349 f-7=L,
perculiar Be Star)

T T L) T X
-20.0 0.0 2!.0 ' 4!,0
)

Velocity (km s~

Dec Offset (arcsec)
Velocity (km s™")

.02 ]
RA Offset (orcsec)

(MWC 349 with SMA, Moran et al. 2008)

BIHERREICLIDFELE

NGC 281: RiATEmMLH S R—/\—/\T )L LD 2R HEE

.

120 115

VERAIZ&KS T, fRAEMSREN HIEENZHEH (Sato et al. 2007)
B ELGLEICL>TRERESNFEVS T FIFETR—F
E~ 3 x 10”52 erg (multiple SNe) , t ~ 10 Myr
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» RIBERKBEAENAOD O yA4OS 0 o0AVK

Declination {J2000)
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Weak-line T Tau Stard®#)

Rz ERFEDEXEK
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oAU

Orion GMR-A®D !

VA UEEICHEINEER
xAOroabnOylst, JLT7ERCT

"(a)
B mm i
[ ¢ ‘/'i'\_

\ N
- A
AN S8
~ 3mm £ \ .
\
B )
\

-
o

Flux Densilty (mly)
)
<]

* . .
o -

* .« B .'Lé‘A/’GMR 12
- -
o

(=T ] o
TTT T I

a (2mm-3mm)

|
n
TTTT

nux\ug¢;l|u|||u|\¢.||\x|
= — (ol T - 25 30 35 40 45
5357180 16! . 2. UT (Day from 2003 January 1)

Menten et al.(2007) Furuya et al. (2003)
[Rin 2EEEDFENEEL THEBRIELY, 7L, VLBITH 2 AZ(FHELLY

30



AGBE D £ B 818
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31



EINRTESH?
e 0 Ori: S22 8T E A S THRLE LG

| I |
Size of Star
L
Size of Earth’s Orbit

| I |
Size of Jupiter's Orbit

Atmosphere of Betelgeuse ' HST - FOC

PRC96-04 - ST Scl OPO - January 15, 1995 - A, Dupree (CfA), NASA

SiO Maser in TX Cam
s SIOA—H—[EHAURT—ILIZHD T
s VLBIERAIIZXH>THAEERIEE

“Snapshots” of the Envelope of the Star TX Cam

E A 5 v N
AGBEn 2 BN TX Cam®Si0A—+—(VLBA)
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SiO in IK Tau

Velocity structure varies with time (not a
simple rotation, but more complex !)

1 1 L
32 34 36 38 40
LSR Velocity (km st

Dec. Offsel (mas)

Boboltz et at.(2005) Matsumoto et at.(2008)

VY CMa® A*—H—
= VY CMa: #iELI-KE=E2(BHEFHBRAI?)

/
. S0 7

. (5 /

Star

DEC offset [mas]

«  H,0 masers
*  vel J-1-0 Si0 masers
*  ve2 J-1-0 S0 masers
4 = 10 km/s

iy

~200 L L L L L s L L
250 200 150 100 50 0  -50 -100 -150 -200

HSTTRE-BEEMH s
(Smith et al. 2001) H20 & Si0 A—%—

(Choi et al., VERA)

SiO: # AMEREDOMRE (MNEZEL), H20:5M8I (IniEHY)
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VY CMa & HR

s FEREEECKDER: D = 1.1 +/- 0.1 kpc, (VERA)
= VERAFH LU'Massey et al.(2006) OFERMNSHREK E
TOMENFIFIFHEE. NEE25KEEE

in Hayashi’s
Forbidden area

H20D B L (ERHE) HRE L TOHRE

ZDREADIREDHEN

s KEDEIGEE: AR
» 2EOHE (REREE, BHE): FEXA
AGBEXFETIERMIMENFEIRT S ?
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Calabash Nebula OH231.8+4.2
= Bipolar Nebular + AGB Star QX Pub

-

Matsuura et al.(2006)

HST image

Masers in OH231.8

= H20 jet + SiO Disk ?

Desmurs et al.(2007)
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H20

Nakagawa et al.(2008)

= Bipolar structure
Maser distribution at
radius of 5 — 10 AU
Distance 430 +/- 25 pc

photosphere 260+20
R_sun

-8 -10 -12 —14

Relative RA. Offset [mas]

Pi=2.33 mas err 0.3

in S Crt

Relative declination [mas]

|
(&)

| > Imasyr '=2.04kms ™!

T
10 mas =4.3AU _|

1 Il
10 0 10 20 30
Relative right ascension [mas]

Vise (kms™') 34 35 36 38 39 40

H20 in NML Cyg / IRC-10414

H20 maser shows bipolar distribution, l ' '

and maser proper motion confirmed

bipolar expansions of H20 masers

=
= Proper Motions in NML Cyg
Between 1/2006 and 4/2007

Relative decl. offset (mas)

9.5 km s=! at 2 kpe : 1
LSR velocity (km s~1)
2 =20 -10 0 10
100 AU at 2 kpe
—

50 0 =50 -100 -150
Relative R.A. offset (mas)

NML Cyg
Nagayama et al.(2008)

\
Ry
el

Proper motion

1 mas yr!
#

Decl. offset (mas)

| 30 35 40 45 50 55
Visn (km s°)
| 1

1 1
150 100 50 0
R.A. offset (mas
IRC-10414
Maeda et al.(2008)
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AGBMDZ 3t
n fRESICKYENRT S (S5, FREIE eto)
=3 Am > 2.5 mag

Misveasl = OGLE2-BUL-SC23-V1612

TOGLE-IT I-band’ |«
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Period Luminosity relation for Mira

Large Magellanic Clouds
(Feast et al.1989)

Nearby Mira with HIPPARCOS
(van Leeuwen et al. 1997)

Accurate Calibration is important

Feast et

1. 1989

24 2.6 2.8 3.0

log(Period) [day]

}

van Léeuwen etlal. 1997

22

24 2.6
log(Period) [day]

28 3.0

Preliminary PL relation with VERA

= SY Scl, T Lep, R UMa, (S Crt, semiregular)

SY Scl, TLep, R UMa, S Crt

Absolute Magnitude Mk

Mk =-3.62 LogP +1.57

Period (logP) [day]

(Nakagawa et al in prep)
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AGN zoo

AGNIZHBIZKYSESELZRBITEENS...
= QSO, Seyfert 1,2...: XFETOHEE
Radio-loud/quiet: EX&E
TBREER: BRI
FRI, FRII: &FEA—TH (X
Blazar: "BL Lac”-like ... and more

ENTLBHAEEAB+O YD R TH—IIIZHR
b

AGNDFEER

3C273
roJ)y o RM3CHZAT THE (1959)

BoERERAVCTREAEAZRENTH., $113%
BDUT—H—(z=0.158) KA FERENh 1= (1963),

3C273 (¥ EBH KEBELVERTHZDD IV

QSONEARLBIRINFT—%HRATH=HITBHIV DU ERMNE IS



B I ER JA]
s AGNDSEFEITEVMEE T v RESh ., Oy
ceO—J%R. vkl ooarar AL,
VLBI£RBI A BE,

—| M87 -- From 200,000 Light-Years to 0.2 Light-Year |—

ERERA (Z<HEIEA (VLA)

xRy +ERO—T

TybOEIIEEE

w AFRSAVDIYMDOXRKE L TORMNTOREITSEELY
LARECRZDTEDNHD (FEEETILERS N I=FEHL)

SO RMTOBIEEL
TR TH1=3C2790RBHZE Yy ERALADEMR

Super-Luminal Motion
T T T

Vie =095 .

vic =0.90

s L L L L L L L
10 20 30 40 50 80 70 80 90
theta (deg)




M87MD vk

» VLBATREFIDLDHOE=ZSF—EHANCTTYEDIR
NNRZS

—] M7 - From 200,000 Light-Years to 0.2 Light-Year |—

MB87DERAT LT YEDE=F—
(Walker+ with VLBA)

Fermi vs VLBI

s ZLDFermi-A>TEENT YRR
WAV TR BICESTHRFI=EHITONT
WB=EEZ NS,

MOJAVE project

Ray Sky as
VE VLBA Program




3C8ANHIEEILT

» FerminA TR TOEAZTRR,
» TDR, BRELIIVIAHEKX, HELH D

o| E >100 Mev

60
40 L4

Abdo+(2009)

3C84 with VERA

= 3C84: radio jet detection (VERA)
associated with y-ray flare (Fermi)

Nagai+(2010)

Radio light curve -
VLBImap (2 x 2 pc)

HOREBDILTISENTH LG zyra RO HBIRERH
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Angular distance (mas)

RIS RIS 2

= Marsher+(2008) :BL LachZEREE=4—
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VLBI monitor image Schematic view

Radio core is far away from BH itself (?)
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Effective potentials for Newton/General Relativity cases
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Apparently-large BHs

Shadow diameter : 1~5 times Schwartshild radius
For imaging shadow, ~ 10puas resolution is required
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= Simulated image by Falcke et al.
2008
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Black hole shadow size : ~5r g
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Sub-mm VLBI around 2015
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Planned Array around 2015
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