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Kanata 1.9—m Optteal Telescope




H@shl—}h@nma ObseW

—sFound in 2006; operated by Hiroshima University S
*Only 25 min by car from campus (503m above 8eafl/eﬁ /,;//
~40% observable nights s
-Better seeing condition (median FWHM ~1.2 atese’/
«Sky brightness R=19-20 mag/arcsec? in dark nights i

 wamttigashi Hiroshima Obsery




««'Hfgashi*@shima Observator ~AIm
/ S e -

Multi-wavelength and/or Multi—bam—zls//lﬁﬁo%/f

variable, transient objects
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Gamma-ray, X-ray and

Optical/NIR Observations

GRB, XRB, AGN, etc

1.5m Optical/NIR telescope, Kanata (2006-)
Gamma-—ray satellite (Fermi 2008-)
X-ray satellite (Suzaku 2005—, Astro—H 2016-)
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f _ Ty Nasmth
High Speed-readout ] o = HOWPol 2009-
spectrograph ' S = Opt Imaging: FoV 15'®
FoV: 2.3'x 2.3’ Opt ImagPol: One-shot type
Wavelength res.: R = MAA = § u Spec: R~400(400-1050nm)
e g | b _ \\Ne-Do-Wo type Wo_llaston |
150(430-690nm) N Rl L \:_I__m\‘\ One-shot polarimetry
~30 frames/sec is available -- Unique
Cassegrain fOCUS potential for quickly-variable

object like GRB afterglows

‘Kanata’ Telescope B

*Successor of IR simulator of %I:bfnzlf-l (future 2) NIR band (simultaneous)
Subaru tIeSCO Opt+NIR Imaging: FoV 10'x 10’

Opt+NIR Spec: R~400-500

_, -~ Opt+NIR ImagPol/SpecPol

2-4 times faste nor ¢ Maximizing information by single observation
size telescopes. (merlt in high- )

response observation (e.g. GRBS)
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m CVs mBlazars ™ SNe ™ GRBs ™ XRBs . ® Others

Year (paper #) ‘ ‘

2010 Aug-2011 Jul
(3 papers) |

Follow-up obs. for
2009 Aug-2010 Jul Fermi, MAXI, etc.
(10 papers)

2008 Aug-2009 Jul
(6 papers)

2007 Aug-2008 Jul
(4 papers)

r/___,.-"" Y
ffﬁ After Fermi launched,
2006Aug-2007 Jul extended polarimetric

monitoring of blazars
N o

CVs were initial main 300 400 500 600 700 800 200 1000
targets. Total Observation time (hr/year)
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*O"stervat@Jr Targets with Kanata telescope 2
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20144F8 A ~2015%7H =

Recent years

Others

YSOs)
al | J.éc'?yo-
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, Multi—wavelength study
Supernovae with HE photons (+radio)

36%
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$3%72(2007~2015)
10 |54%% 54 papers

2007 2008 2009 2010 2011 2012 2013 2014 2015
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A few Campaign Observation in a year
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"'D"iﬂécrim'm”éti/OH from other tele

Transient phenomena

o

— Requiring high response systemfagd%cfextended
observations (being hard for large telescopes) —

Multi-wavelength

— Coordinated with X/Gamma—ray observations
supported by high—energy (and theoretical) people.

Multi-mode

— Simultaneous Opt/NIR observation including
polarimetry and spectroscopy, maximizing information

.- .waininjg from a.single observation.
- o
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‘Comment formulti-wavelength observation

There are large differences in obsefving =
_technique and conditions betwe%th/NIR and
X/Gamma-ray regimes. =

—

Special skill is required for planning an effective
multi—wavelength collaborative study:

For long—lasting collaborative study, daily
cooperation (, mutual understanding, and
interdependence, ***) will be necessary.

Our group may luckily satisfy it, because it has
: &abhshed.sumsmg daily educatlonand
collaboration in‘a single unit. W




‘Comment formulti-mode observati

Polarimetry has been focused in our— —
iInstrumentation and observation.-—

//’:-—’:‘"HF.FIFJ

" Generally, polarization of Iight’/ls/m/inor subjec
in astronomy (although I disagree with it) and
optical instruments having capability of
polarimetry is still rare.

It iIs quite rare that a polarimeter is always

attached to telescope (that is, polarimetry is

capable every night at the telescope), even among
ldwide 1-2—-m class small telescopes.

V?;- o - El
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NES) focus#’2' F
quh Sjae/d readout

Sﬁectroqraﬁh
TEoV: 2.3 x2.3'

W,aVeIength res.. R = W
~ 9-70(400-800nm) /
150(430-690nm)

~30 frames/sec

eSuccessor @
Subaru telescoe

size telescopes. (merit in high-
response observation (e.g. GRBS)

Opt Imaging: FoV 15'®

Opt ImagPol: One-shot type

Spec: R~400(400-1050nm)

We-Do-Wo - " /ollaston
rimetry’

_ --- Unique

object like GRB afterglows

HONIR : 2012-

1 Optical band + 1 (future 2) NIR band (simultaneous)
' Opt+NIR Imaging: FoV 10'x 10’

Opt+NIR Spec: R~400-500

Opt+NIR ImagPol/SpecPol
" ,. Maximizing information by single observation
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Multl Wavelength Observatlon Sample 1:—

Blazars and related objects
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(@) ‘. (o) [/ ©| cold gas
£y | / hot gas
ke 4 % ) / —
3000 Lightyears 300 Lightyears 3 Ligh_tyear; acc ret|0n

The Innermost Region of the Active Galaxy NGC 1068 disk

(VLTI + MIDI)

ESO PR Photo 13/04 (5 May 2004) © European Southern Observatory

Blazars are believed to be AGN seen along the jet axis.
— Synchrotron radiation would dominate the flux at

‘woptltal wavq”\gths




"SED of Blazars
-

Relativistic beaming;
brightened by 6 "4~
10,000 times

Narrow Line
Region

Region
Jet

i

Obscuring
Torus

Broad Line

Accretion
Disk

g

Emission from rj:hy_t dominates
from radio th mma-ray; —
rapid and Iarge/a/mjtude variability

and strongly polarized light

High—peak (HSP)

(BL Lac objects)

22 24
Gamma-—ray



-'Emlssmn/mgdel of high energ

Synchrotron —Self Compton (SSC)
External Radiation Compton (ERC)

luminosity

FHigh—peak : Mrk421 Abdo+11

)

cm |

R Narrow Line
Region
\\ _
Broad Line
Flegion

1 E, fMe‘:’] .
Accretion . - o Freq [Hz] .

Disk

erg 5!

vF

Jet

Low—peak :
PKS1502+106

Abdo+10 lﬁ
Obscuring synchrotron -
Torus s :

- -gT o N
Emission at'GeV regime

® = = = = Aug.2008 outburst: SSC+ERC
....... / Aug.2008 post flare: SSC+ERC/SSC2

o~ ol I.. A
(] \
High—-peak : SSC foW .
i L/ . | (Effelsberg,0VRO,Metsdhovi,Kanata, UVOT,XRT,LAT)
wi " " . .

Y LT IR AN I -
23

Low—peak : ERC
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“Kanata lazar Photo— Polarlm
/

7 Campaign
/

We performed polarimetric campaignm telescope
and a simultaneous optical and NIR instrument, as a joint

observation with Fermi Gamma-ray satellite =
in 2008-2010.

42 blazars (13 FSRQs, 8 LSPs, 9 ISPs, and 12 HSPs; the

classification based on Abdo et al. 2010) are monitored in V,
J, and Ks—band.

Most comprehensive polarimetric data set obtained.

Ikejiri et al. 2011

PKS 0048 QSO 0324 PKS 0754 Mrk 421 3C279 H1722+119 BL Lac
S2 0109 1ES 0323 1ES 0806 RGB 1136 0Q 530 PKS 1749 1ES 2344
MisV1436 PKS 0422 OJ 49 ON 325 PKS 1502 S5 1803 3C454.3

PKS 0215 QSO 0454 OJ 287 ON 231 PKS 1510 3C371
3C66A 1ES 0647 S4 0954 3C 273 PG 1553 1ES 1999
AO 0235 S5 0716 3EG 1052 QS01239 Mrk 501 PKS 2155
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Flux—color-correlation

3C 371 3C 454.3 PG 1553+113

In B b OO s AR

15
4700 4800 4900 5000 5100 4600 4700 4300 4300 5000 5100 5200 4650 4700 4750 4800 4850 4900 495
2450000
135 - 13.7 J0-245
14 N 138
145 e 129
15 1 14
155 e I
16 14.1

16.5 14.2
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Ikejiri et al. 2011

trend in the whole data
(72%)

it :
‘ggﬁwhén brighter‘%‘ Bluer when brighter in brighter phase (16%)



e
-
e

o~

Flux—potarization correlation

MisV1436

AO 0235+164
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Ikejiri et al. 2011
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Rotatlon “of Linear Polarlzatlo
—PKS 1510-089 2666A

V mag

PA (observed)

PAobs

PA180

PAshift E

Typically 10—

around average

Our dense monltorlng (every "3 days) revealed hldden
characterlstlcs of variation of polarlzatlon vector

okt
aver
ion

dlagraﬁ

Ux10ergs’em

Ikejiri+ 2011

Q10 ergs’ em™)
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Abdo+10, Hayashida+12; Itoh private comm.




.M'ﬁ'lti—wa}e/l/ength study in

ISP (z = 0.444)
Flare in 2008 Sep

Extended monitoring with
Fermi/LAT & Kanata tel.

Gammazflux
[ph/cm®/s]

[mag]

3C 66A Gamma-—ray image

=
S
=
]
=
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o]

JE

Holor RV -

1FGL J0137.0+4751

e Optical polarization

T

3C 66A
L]

PSR J0218+4232
1GL J0136.5+3905 4

—_

1FGL J0319.7+4130
"

1FGL J0221.0+3555

PA(deg) Pol (%)
=

1FGL J0237.9+2848

5400 55000 55100 55200

2008-08 2010-02
Date [MJD]
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Tnverse @n Scatteriné; Externa “radiation source

Period 1 = Period 4. /,//// g

Optical flux: Increased///wz/times
Gamma-ray: No variation =

Variation of ERC radiation

Lxrc o Uext
~ I

Shikora et al. 2007

Lsync up

(B=0.23[G], =50, R=1.5 X 10'® cm are assumed by spectral fitting; Abdo+10)

Epoch Uext [10~7 erg cm™3]
Period 1

Period 4

-

Suggesting different environment/location for radiation
soueces for Period 1 (more ER) and 4 (less ER)
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Active p’ﬁgse/monitoringﬁiﬁ' CTA+
= —

[toh, Fukazawa, Tanakat+13
09/24 09/26 09/29 10/01

FSRQ (z = 1.037) p
Flare observed on 1412
19 Sep 2012 Optical report (ATel #4397)

155
21 Sep 2012 GeV report (ATel #4409) 135

14
14.5

Opt. Flux
Brg V)
[mag)

&L
[mag]

(

Started dense monitoring with
Kanata + OISTER

NIR Flux
[mag]

(J, H, Ks)

Two types of violent
variation in optical
polarization observed.

‘ f“\\-— - .+84[GHZ] : :
> _Both flux and po
ﬁfdeg flared.

194 195 196 197 198 199 200 201 202 203 204
MJD - 56000 [day]

a}——\
o2
@ @0
Qog,
oC

Pol. Angle
(R-band)
[deg]

Radio Flux
(8.4GHz)
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Flare Witﬁggla rization (MJD 5 5262)

/ Itoh, Fukazawa, Tanakﬂ/

o

S

Pre—eyfsting emitting region . / s
. Bh e First detection of simultaneous

ﬂariné/i@e’th’ luminosity and
polarization within <1 day.

-band Flux
‘?erg.’cmgfs]

Ry

[10

Polarization variation in Stékes QU

Strongly polarized
emitting region emerged

x 0
=y
iC £
ol
ap
-Emm
—O‘T

o2

Stokes U

'""'"MEJD=5651 94 —I—E ]

Emergence of new oo p T ey

emission region? MIb-oeion
MJD=56200 —e—

-0.15 : : : - MJD=56201 —e— -

H H : MJD=56202 —_—

: MIJD=56|203 —

polarization vector Ll
-02 -0.15 01 0056 0 005 01 015 0.2
Stokes Q




Sﬁmar{f/wr blazar monitMoss flaring
/ ' == /

/

e

Itoh et al;—private comm.
Object Class | Correlation of Corr. of opt Multi site Alignment
opt and gamma flux and opt | for emitting | of jet and
fluxes polarization region polarization

3C 66A
Mrk 421
CTA 102

AO
0235+164

GB6 1310

ISP
HSP
FSRQ
LSP

FSRQ

~ Piner & Edwards (2005) *
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Gﬁgoin ;tl;dv (Itoh+ in p/rep)

. : ) (*): Number of optical observations -
More comprehensive study with Fermi and Kanata J.Mource S e

FSRQ LSP ISP HSP RL-NLSy1
3G 454.3 (498) BL Lac (539) S5 0716+714 (628) Mrk 501 (244) 1H 0323+342

-

3C 273 (332) OJ 287 (413) 3C 66A (487) PG 1553+113 (225) PMN J0948+0022
3C 279 (177) AO 0235+164 (93) 1ES 1959+650 (202) PKS 2155-304 (161)

PKS 1749+096 (163) 0J 49 (70) S2 0109+22 (102) Mrk 421 (74)

3C 371 (124) S4 0954+658 (5) PKS 0048-097 (63) ON 325 (56)

RX J1542.8+612 (113) 1ES 1218+304 (3) ON 231 (48) 1ES 0806+524 (54)

PKS 1510-089 (110) 0Q 530 (19) H 1722+119 (66)

Mis V1436 (106) “\)42%004 (42)
. r\g SOO1ES 2344+514 (33)
PKS 1502+106 (76) G Om\ 1ES 0647+250 (24)

QSO 0454-234 (28) 1ES 0323+022 (21)

CTA 102 (92)

S5 1803+784 (35)
PKS 0754+100 (28)  Bright in GeV gamma-ray
e (Observable with Kanata telescope

PKS 0215+015 (5)
e Flares have been observed

GB6 J1239+0443 (5)
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Multl Wavelength Observatlon Sample 2:—

X-ray bma_ry, Micro quasars

- ':' » t, o
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X~-ray binary -
/

jet sxpchrotron ook
— UKIRT HST )
Accretion X-ray heating Optically thick [ " 4 EUVE
disc .\. : Post-shock Jet / i
\- / 4 N “Disk" BB
Hot spot / |
( / ‘ /
/ 4 Optically thin
,.-" . l o Post-shock Jet
\ re-shock Je .’;‘ ’ ‘ _
+ Nozzle J/ /" Inverse | "'-." Y
Accretion \ 3 > d I$ k
Disc wind stream Companion / .
star | w &=
i i

B Agpnss 2007

Binary including BH or NS

0
log,, v (GHz)

XTE J1118+480; Markoff et al (2001)

e It has been claimed that NIR light is produced by jet. (Most X-ray
binaries locate near the milky way, and the optical light is heavily
absorbed, but NIR light is much less absorbed.)

. @@; canrbe m’obeﬁ( NIR observation (as well as X-ray and radio

obsematlons) f‘\



GRS 1%5*015 as microqu
SUPERLUMINAL MOTIONS
QUASAR 3C279 MICROQUASAR GRS 1915+105

@ «rp

19920 =

D « &
1993.0— E}u - -
@ -

1994 0 — G
L TREI

INFRAEED
n!!ﬂ
L

%wwvliﬂ_
TR
imm\mmwﬂ

] A7 et R A

Normalized luminesity

Smoepl 09, 1997

mqw

3 milliarcseconds

3.2 H.4
UT Titne {hours)

e Superluminal motion in radio (VLBI)
— High—velocity jet — Called as microquasar
e BH mass 14x4 M, from NIR spectroscopic period (Greiner et al. 2001)
e A time—sequential flare among X-ray, NIR and radio wavelengths is
ﬁm explained by-; —jet model (Mirabel et al. 1998)

Bg: the observatio al material for accretion and jet physics is still

poor.
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X—ray hardness ratio suggests
this binary-1s in soft state at
MJD 54320-54570. —
Around MJD 54370, X-ray and
radio flare appeared

— jet ejection

In contrast, NIR flux decreased.
(Time lag < 1d)

Ks magnitudes

“
=1
4]
=
=
n
'_
o
o

Radio {mJy)

54320 54340 54360 54380 54400 54420 54440

MJDArai et al (2009)

Th'i‘S'PHR'—‘-'X/r'adid%ti—correlation continued during its
soft state ("250 d).

NIR photometﬁc//c>n|tor|n o

—



“What do;éé the anti—correlation-indicate?

Ks magnitudes

log,, v (GHz)

NIR flux becomes redder at flare.

This suggests that the jet synchrotron
component is significant at flare, but thermal
emission from hot accretion disk dominates Arai et al (2009)

NIR flux normally.

0
j=
o
2
=
o
o
W
u
=
P
T
£
=
0
<

Why. does NIR flux decrease at jet ejection?

Ac;ﬂ'rdi-on- dfsk di-sapp_é&!;d temporally?
Gordhal disk wind¥hides the disk in NIR?
Future NIR spectroscopy and/or polarimetry will give another insight.
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Multl Wavelength Observation Sample 3:—

Gamma-ray bursts and their afterglows




- -

A considerable fraction of GRBs (~30%0)
show afterglows in optical wavelengths.

They are explained by synchrotron
radiation originated in an external shock

region where the relativistic jet interacts
with circumstellar matter.

External f
Internal é
_I

Time since (sec)

GRB afterglow ///} -
Meszaros 02



nolarization

‘EXxpected geometry of magnetism-an

1. Totally random orientation of magnetism.
- Null polarization
2. Comblnatlon of coherent patches (scale Ieng'th
-7 ¢ 7). Within each patch, the magnetic fi eldis
ordered. Normal jet may have ~50 patches.

> Constant polarization of ~10% (=70%/4 N)
(e.g., Gruzinov & Waxman 1999)

3. Axi—-symmetric polarization pattern due to
compressed, tangled magnetic field, coupled
with relativistic "beaming’ and “occultation’ of
emitting region.

- Variable polarization of p=0—-10% from oblique
line of sight (e.g, Sari+ 1999; Rossi+ 2004)

Large scale ordered—magnetic field in (not

h'ﬁragynanicjet bl;goynting—ﬂux dominated

Jet u(e.g, Lyutikov+ 20

> Large polarization (up to ~50%)

=
9.
+ £
WEE
Ni
| -
©
[e)
o

Time si‘fnce GRB
Rossi+ 04




List of Kanata optica po"lﬁémrim ry Fo 5

GRB 091208B  9:49:58 9:50:24 9:52:27 149 123

GRB 111228A  15:44:43 15:45:33 15:47:25 162 112

GRB 121011A  11:15:30 11:16:09 11:17:02 92 23

GRB 130427A  7:47:57 7:49:15 11:40:26 14027 13949

GRB 130505A  8:22:28 8:22:51 10:46:08 8643 8620

GRB 140629A 14:17:30 14:17:46 14:18:43 73 57

‘We have the record of earliest observation (<"100s after
gamime _’rq»ftﬁgger)ﬂ GRB afterglow in polarimetry
(091208B, 121011A,140629A).




GRB 111228A (2=0.714)

Swift XRT _

Flux [ergem s~

PA [deg]

Takaki, Toma, KK+, submitted

10!
Time since GRB trigger [s]

Optical afterglow shows significant temporal polarization change.

¢ 11228A: Strongly.polarized

e
Katsutoshi Takaki will gi‘(?e a talk on the study of this GRB afterglow
on third day of this GRB conference.




GRB 140629A (2=2.3)
=

T9o (15-350keV) = 75.6+12.7sec
Galactic Ay, = 0.022 ; upper-limit py;,~0.07%

Polarimetry began at Ty + 73 s

(22 s in rest frame)

The record of earliest polarimetry ever!

p=18x11%at 7;+73sto 183 s
p=15x18%at 7,+198 s to 436 s
p=28*x6.4%at 7,+7456 s to 8618 s

S P a e
GRBﬁ}UGZQA: Unpolg}zed (or only
weakly polarized)

ime since

Takaki+, in prep.
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Other ea"liiy/aﬁe rglow p olarime —
/ :

Mundell+ (2013), Nature

GRB 120308A — RIN
GRB 110205A —RIN
GRB 090102 ———RIN
GRB 091208B ———HO
GRB 060418 — RIN
GRB 091018 ISAP
GRB 030329 R

Polarization (%)

L)

104 T T
(t-T(1 +2) ETime from GRB (sec)

~ S e e :
_:'Earhest afterglow is generally strongly polarized?
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~w/ HOWPol data

‘Other early afterglow polarimetr

Mundell+ (2013), Nature

GRB 120308A —RIN
GRE 110205A —RIN
GRB 090102 —RIN
GRB 091208B ——HOWH
GRB 060418 — RIN

111228A GRB 091018 ISAf

GRB 030329 FOR

Polarization (%)

' 121024 (Wiersema+ 2014)

T80505A, I B (e

(t-T¥(1 +2) ETime from GRB (sec)
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- Summary and Future Prospects
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‘Summary of Kanata telescope ——

/,,»-"" //’:—:/f
- _QOriginally constructed for multi—wa'flelpgth observation
/

Basic, multi-purpose instruments have been developed
and are always stand—by for observation

Unique results have been provided for optical/NIR
photometry/polarimetry monitoring for Blazars, XBs,
GRBs, supernovae, etc.

e
o

v
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Future Prospects with Kanata telée
 (Collaborative Study with future telescop /Lsatellites

(Small telescopes still can contribute featuri g unique modes,) —— ——

—

e Search and Follow—up of Optical Counterpart of
Gravitational Wave Source (a member of J-GEM)

* Promoting a future project: SGMAP
First polarimetric survey in northern hemisphere

“10% stars (existing catalogue)

— 10%-107 stars

Supplementary with Gaia astrometry
(including distance) catalogue (72021)

=) Seeds for future study

BHEISNTDEIFED BFh407 0EF1aE0
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