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ABSTRACT

The spectrum of blazars span over 20 decades from radio to gamma rays. To clarify a variety of physical
phenomena of the blazar jets, a blazar must be monitored in multiwavelengths and simultaneously.

We succeeded in simultaneous multiwavelength observation of a blazar 3C 454.3, a QHB (quasar-hosted
blazar) at z=0.859. It also belongs to the brightest quasar class, with its luminosity reaching 10*8 erg/s.
A huge gamma-ray flarec of 3C 454.3 was reported by the AGILE satellite on November 2nd through
December 1st, 2007. We proposed a ToO observation with the Suzaku satellite, which was approved and
performed on Dec 5, 6. At the same time, we were monitoring its optical magnitudes in three colors (g’,
Re, Ic) using the MITSuME Telescope at the ICRR Akeno Observatory, Yamanashi, Japan. Its R band
magnitude increased from R=16 up to R=13.4 on December 1. We present the spectral energy distribution
based on this multiwavelength observation, and discuss the emission models.
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1. Introduction
1.1.

Active galactic nucleus (AGN) is a compact luminous
region at the center of a galaxy. The outstanding
properties of AGNs are: high luminosity > 10%* erg/s,
sometimes reaches to 10*° erg/s, nonthermal emission
in the radio, infrared, optical, ultra-violet, X-ray and
gamma ray wavcbands, rapid variability as short as
hours. About 10 % of AGN has significant outflows
named ’jet’ from the supermassive black hole at the cen-
ter of the host galaxy.

Active Galactic Nuclei

1.2

Blazar is a class of AGN, which direction from observer
0 ~1/Tgri ~ 5 degree. This narrow 6 is occurred rela-
tivistic beaming effect. Its Spectral Energy Distribution
(SED) has double-humped shape by Synchrotron Radi-
ation in low energy side and Inverse Compton scattering
in high energy side.

Blazar has a characteristic called Blazar Sequence,
which negative relation of peak encrgy of hump and fre-
quency of peak energy (see Fig.1). Blazar is divided into
three classes by Blazar Sequence. From High frequency
of peak energy these are named ’High-frequency peak
BL Lac (HBL)’, 'Low-frequency peak BL Lac (LBL)’,
'Quasar Hosted Blazar (QHB)’. SED of QHB shows the
peak energy of Inverse Compton scattering is larger than

Blazar

one of Synchrotron Radiation hump, so QHB needs Ex-
ternal Compton scattering.
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Fig. 1. SED of three classes of Blazar Sequence : The blue line
shows High-frequency peak BL Lac (HBL), the green line shows
Low-frequency peak BL Lac (LBL), the red line shows Quasar
Hosted Blazar (QHB). The peak energy of hump has negative
relation to the frequency of peak energy.

1.3. 3C4543

Among the Quasar Hosted Blazar (QHB) class of
blazars, 3C454.3 (z = 0.859, R.A. = 22:53:57.7, Dec. =
+16:08:54) is onc of the brightest sources. QHB shows
all the typical hallmarks of the class of blazar: large in-
tensity variations at all frequencies, high radio and opti-



cal polarization, superluminal motion and a SED show-
ing two broad peaks attributed to Synchrotron Radia-
tion and Inverse Compton scattering. The Synchrotron
power peaks in the Infra-red band while Inverse Comp-
ton scattering starts at soft X-ray frequencies and peaks
at MeV energies (Giommi et al. 2002: Blom et al.1995)

In November-December 2007, 3C454.3 exploded and
reach at optical 13.4 mag. This event triggered observa-
tions at gamma-ray energies with AGILE satellite. The
Suzaku satellite pointed 3C454.3 as a Target of Oppor-
tunity (ToO) in X-ray band on Dec 5,6. The optical ob-
servations performed with the ground-based MITSuME
telescope.

2. MITSuME telescope Instrument

Multicolor Imaging Telescopes for Survey and Mon-
strous Explosions (MITSuME) are a robotic telescope
located at ICRR Akeno Observatory, Yamanasi, Japan
and OAO, Okayama, Japan. The each MITSuME tele-
scope has a Tricolor Camera, which allows us to take
simultaneous images in g’, Rc and Ic bands. This Cam-
era have a 28 x 28 arcmin field of view.

These telescopes are built to perform for optical af-
terglow of Gamma-Ray Bursts (GRB), and respond to
GRB Coordinate Network (GCN) alerts and start taking
tricolor images automatically.

When there is no GRB that cat be observed, MIT-
SuME Akeno telescope observe about 10 AGNs every-
day, and create light curve to monitor activity of the
flare.

Fig. 2. MITSuME Akeno 50cm

Fig. 3. Tricolor Camera

3. Observation of 3C 454.3
3.1. MITSuME observation

MITSuME Akeno Telescope observed 3C 454.3 several
times in November and December, we analyzed data
about two weeks, its include the data when simultaneous
with Suzaku, i.e.that performed on December 5.

All raw g’,R,I frames obtained by MITSuME were cor-
rected for dark, bias and flat field with IRAF v 2.12. In-
strumental magnitudes were obtained via aperture pho-
tometry using DAOPHOT (Stetson 1998) and Sextrac-
tor (Bertin & Arnouts 1996). Calibration of the optical
source magnitude was obtained by differential photom-
etry with respect to the comparison stars sequence re-
ported by Raiteri et al. (1998) and Gonzalez-Perez et al.
(2001). The fluxes are corrected for the Galactic extinc-
tion corresponding to a reddening of E{B-V} = 0.108
mag (Schlegel et al.1998).

At the same time, the Rapid Eye Mount (REM, Zerbi
et al. 2004) telescope also observed 3C 454.3 on Novem-
ber and December, and data were analyzed by REM
team.

The light curve in the R band of MITSuME and REM
are shown in Fig.4.
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Fig. 4. MITSuME and REM light curve of 3C 454.3 in the R band
from November 20 to December 8 : The red points and blue
points show MITSuME and REM data (Tosti et al. in prep)
respectively. The dates of Suzaku pointed observations of Dec 5,
6 are indicated by the dashed vertical lines.

3.2,

3C 454.3 was observed by Suzaku between December 5-
6. The total exposure time is 40 ksec. Event files from
version 2.1.6.16 of the Suzaku pipeline processing were
used and spectrum were extracted using XSELECT.
For each XIS, source spectra were extracted from cir-
cular regions of 4.3 arcmin radius centered on the source.
Fig. 5 shows the 0.4 - 2 keV, 2 - 10 keV XIS light curve
and the hardness ratio from the Suzaku observation of
3C 454.3. The light curve of Suzaku data has about 10 %

Suzaku observation



time variance, and the hardness ratio is almost constant.
So the spectrum were made from total accumulated data.
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Fig. 5. Suzaku light curve of 3C 454.3 on December 5-6 : Panels
from top to bottom show the 0.4 - 2 keV, 2 - 10 keV light curve,
the hardness ratio (0.4 - 2 keV / 2 - 10 keV) respectively. The
time variance is about 10 %, and the hardness ratio is constant.

All spectral fits were performed using XSPEC version
11.3.2ag. Errors on model parameters are quoted at the
90 percent confidence level. We applied a simple power
law with Galactic absorption model according to Ny =
0.724 x 10?* cm~2 (Kalberla et al 2005). We obtained
the photon index is I' = 1.51 4+ 0.003.

The spectrum fitted with the above model are dis-
played in the top panels of Fig.6. The bottom panel
shows the ratio between the data and the folded model.
We note large deviation between the data and the model
at low energy.
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Fig. 6. Suzaku spectrum of 3C 454.3 on December 5-6 : High-preci-
sion X-ray spectrum from 0.4 to 60 keV. black points, red points,
green points, blue points represent XIS0, XIS1, XIS3, HXD data,
respectively. The bottom panel shows the ratio between the data
and the folded model, a power law with Galactic absorption.

4. Broad-band spectral energy distribution

We combined our MITSuME, Suzaku measurements
with non-simultaneous multifrequency data from NED
to build the SED shown in Fig.7 and Fig.8. The general
shape of the SED clearly follows the usual two-bump
Synchrotron / Inverse Compton scenario.

First, we tried to fit the SED data with one-zone
Synchrotron + Synchrotron self-Compton (SSC) mod-
els from a power law distribution of relativistic elec-
trons with Lorentz factor of v, = 1, 7, = 200 and
Ymaz = 6000 (see Fig.8). We found that this model can
not explain the high energy at high frequency (> 1022
Hz) . Moreover, this model does not fit to cut-off around
1 keV. (see Fig.7)
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Fig. 7. SED of 3C454.3 : The sky blue line is Synchrotron + Syn-
chrotron Self Compton model. The red points represent MIT-
SuME, Suzaku, AGILE data (preliminary; Vercellone et al. in
prep) on December 5-6. The black points represent from NED.
The pink, yellow, green, blue represent previous observation by
X-ray satellites
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Fig. 8. electron distribution : the 7., is lower limit of electron
distribution. the v,z is higher limit of one.

Next, we tried to fit the SED data with Synchrotron
+ External Compton (ERC) models from a power law
distribution of relativistic electrons with Lorentz factor
of Ymin = 1, vp = 200 and Ymes = 6000 (sece Fig.8).
We obtained reasonably good representations of the data
for both the high energy at high frequency, and cut-
off around 1 keV assuming parameters in Table.1. (see
Fig.9)
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Fig. 9. SED of 3C454.3 : blue line is Synchrotron 4+ External Comp-
ton scattering model. red points represent MITSuME, Suzaku,
AGILE data on December 5-6. The black points represent from
NED. The pink, yellow, green, blue represent previous observation
by X-ray satellites

Table 1. parameters of Synchrotron + ERC model
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Fig. 10. An enlargement SED at around 1 keV : blue line, pink line,
green line is Synchrotron + ERC model when vy, = 1, 2, 3
respectively.

model. The v rays are due to the Compton scattering of
seed photons if T ~ 10%75 K.

6. Multiwavelength observation with Fermi Gamma-Ray

Vp 200

Ymaz 6000
powerl 2.2 (Ymin < v < Yp)
power2 3.2 (Vp < ¥ < Yimaz)
jet

r 10

(C] 0.1 rad

B 10 Gauss
Tdisk 1.0e4 K
Lpir 1.35e43 erg/s
Lsyne 1.30e43 erg/s
Lssc 1.60e47 erg/s
Lerc 5.8e48 erg/s
Lejee 1.1e45 erg/s
U./Us 1/30

We tried to fit the SED data with ERC models case of
Ymin = 2, and Ymin = 3. (see Fig.10) The result of fitting
indicates that only 7,,,;, = 1 is accepted to reproduce the

data.

5. Conclusion

We succeeded in simultaneous multi-wavelength obser-

vations of a blazar 3C 454.3 at the*“

gamma-ray flare”

for the first time. There is a remarkable cut-off at X ray

spectrum.

Its precise measurement of the low-energy

limit of accelerated electrons V,n = 1.
Multiwavelength spectrum is well fitted by ERC

Space Telescope / MAXI
We plan multi-wavelength observation of 8 AGNs after
Fermi Gamma-Ray Space Telescope launched (see Ta-
ble.2). We expect to conduct non-bias blazar survey even
when the source is in a low state (see Fig.11).
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Fig. 11.  Simulation of Fermi Gamma-Ray Space Telescope :
Simulated Fermi Gamma-Ray Space Telescope light curve of
Q08274243 for 1 day binning of data.
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Table 2. Source list of multiwavelength observation with Fermi Gam-
ma-Ray Space Telescope

Source Name z class  Flux (2-10 keV)  Flux (> 100 MeV)
[10712 erg/cm?/s]  [107° ph/cm?/s]

PKS 0208-512 1 HPQ 9.5 85.5 + 4.5
Q08274243 0.94 LPQ 4.8 249 £+ 3.9
PKS 1127-145 1.184 LPQ 11 38.3 £ 8.0
PKS 1510-089  0.36 LPQ 10 18.0 + 3.8

3C 454.3 0.86 HPQ 11 53.7 £ 4.0

3C 279 0.536 HPQ 13 89 £ 3.2
PKS 05284134 2.06 LPQ 30 60 + 3.0
PKS 2126-15 3.3 LPQ 12






