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Abstract

3C 66A is an intermediate-frequency-peaked BL Lac objettated by the Large Area Telescope onboard the
Fermi Gamma-ray Space Telescop¥e present a study of the long-term variations of this blaean over-2 years
at GeV energies witlrermi and in the optical (flux and polarization) and near infrarethwihe Kanata telescope.
In 2008, the first year of the study, we find a correlation betwéhe gamma-ray flux and the measurements taken
with the Kanata telescope. This is in contrast to the latemsueements performed during 2009-2010 which show
only a weak correlation along with a gradual increase of thical flux. We calculate an external seed photon
energy density assuming that the gamma-ray emission isadextérnal Compton scattering. The energy density
of the external photons is found to be higher by a factor of tw®008 compared to 2009—2010. We conclude that
the different behaviors observed between the first year laadater years might be explained by postulating two
different emission components.

Key words: galaxies: BL Lacertae objects: gengrat gamma rays: observations

1. Introduction ponent (typically X-ray to TeV), is not fully understood. &h
most plausible scenario is that the emission is due to ievers
Blazars are highly variable active galactic nuclei (AGN) deCompton scattering off some combination of synchrotron and
tected at all wavelengths from radio to gamma rays. They hageternal photons.
strong relativistic jets aligned with the observer’s lifesight 3C 66A is one of the most famous TeV blazars, and is classi-
and are apparently bright due to relativistic beaming . Thdied as an intermediate-frequency-peaked BL Lac object;(IBL
emission typically consists of two spectral componentse Tischlegel et al. 1998; Abdo et al. 2010a). Its low-energy comp
first, highly polarized, one is attributed to synchrotrodiea nent extends from radio to soft X-rays with a peak in the @btic
tion from relativistic electrons and is emitted at lower eneband (Abdo et al. 2010a). Most TeV BL Lac objects are clas-
gies (typically radio to UV). The other, higher energy, comsified as HBL (high-frequency-peaked BL Lac), and therefore
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3C 66A, as an IBL, is a rare and valuable source which can thee contamination by gamma rays from the Earth’s limb. We
used to study the emission mechanisms of high-energy gamiparformed anUnbinned Likelihoodanalysis to calculate the
rays. The high-energy component located in the MeV to Teyamma-ray spectrum and flux of 3C 66A, using giel ike
gamma-ray band, can be explained by a Synchrotron Sgiackage in thescience Tools. An area of 15 around
Compton (SSC) plus External Compton (EC) model (Abd8C 66A was selected as a region of interest (ROI) for this
etal. 2011, and references therein, referred to as “Pap&C’ analysis. We constructed a model of the ROI that includes
66A is listed as 2FGL J0222.6+4302 in thermi Large Area a point source at the position of 3C 66A (R.A. = 35.662
Telescope (LAT) second source catalog (Nolan et al. 201Pec. = 43.038, J2000) , the Galactic diffuse emission compo-
Due to a lack of strong emission lines in the optical band, thent g11_iem_v02. £it) and the isotropic diffuse emission
redshift is uncertain. Miller et al. (1978) reported a rafish component{sotropic_iem v02.txt, this is the sum of
= 0.444 based on a detection of the M¢jne. However, as the extragalactic diffuse gamma-ray and the residual &targ
pointed out by Bramel et al. (2005), this redshift is unitgliéa particle background). There are also six bright (Test Stati
and should be reported as= 0.11~0.444 because it was de-> 100¥ point sources within 150f 3C 66A which were in-
termined by only a single weak line. The redshift uncertaintluded in the model, as shown in Figure 1 and Table 1. The
prevents a definite correction of the TeV gamma-ray absmmptiother sources with a TS values af 100 in Fermi LAT first
by the Extragalactic Background Light (EBL). Thus, the trusource catalog (Abdo et al. 2010d) are not included in the
spectrum is not well known and the emission mechanism in theodel. It is necessary to account for the emission from the
TeV gamma-ray band is not yet understood. Thus, multiwaveulsar PSR J0218+4232, located at 0.8®m 3C 66A. Due
length observations are an extremely powerful tool to pthbe to the small point spread function of the LAT (Atwood et al.
emission mechanism. 2009), we can separate the emission from the pulsar from the
The launch of thé&ermi Gamma-ray Space Telescaarted emission from 3C 66A and obtain an accurate measurement of
a new era of multiwavelength monitoring observations dhe GeV gamma-ray flux of 3C 66A without a risk of contam-
AGN. In particular, the all-sky monitoring capability ofeh ination from the pulsar. The gamma-ray emission from PSR
FermiLAT Telescope has prompted extensive simultaneou8218+4232, can be represented by the following pulsarsupe
gamma-ray and optical observing campaigns. These areimpaponential cutofff LSuperExpCutof £) function.
tant since correlation studies between the GeV gamma-icy an —y
optical bands of IBLs provide information on the source elec aN =Ny (E) exp <_£) 1)
tron population. Optical polarization measurements aréga dE Eqy E.

ularly important since they can probe jet structures. s ffd- e fixed v, E,, and E.. to the values found in Abdo et al.
per, we report a correlation study of the GeV gamma-ray aggo10b):y = 2.02, E, = 1 GeV andE, = 5.1 GeV .

optical emission of 3C 66A, based on simultaneous observawe verified that the flux of PSR J0218+4232 is stable by
tions by the Large Area Telescope onboardfBemi Gamma- creating a light curve with 50 day time bins, and confirmed
ray Space Telescopnd the Kanata optical telescope. We aghat the flux is statistically constant within the errorsyAtest
sume a flanCDM cosmology withfl, = 71 km s™'Mpc™"  for a constant fit to the light curve of PSR J0218+4232 yielded
andS,,, = 0.27 (Wright, E. L. 2006). ax2/d.o.f=4.008/7. Hereafter, we fixed the model parameters

of the spectral shape of PSR J0218+4232 to those listed above
2. Observationsand Results

2.1. Fermiobservations and Data analysis Table 1. Background point sources included in the model.
The LAT is the main instrument onboard thermi Gamma-

ray Space Telescop&he LAT is an electron-positron pair pro- Source name Separation from 3C 66A [deg]
duction detector which is sensitive to gamma rays with ener-  1FGL J0136.5+3905 9.5

gies from 20 MeV ta> 300 GeV. The LAT observes the whole 1FGL J0137.0+4751 9.3

sky every 3 hours with a large effective areasof)0 cm? at 1FGL J0221.0+3555 7.1

1 GeV, a wide field of view of.4 sr, and a single photon an- i"ig'[ jgg%-?"i?gg ig-g

. 0 . . T+ .
gular resolution (68% containment radius) of Oat 10 GeV. PSR J0218+4232 0.96

Details of the LAT instrument are described in Atwood et al.
(2009). The data used in this analysis were taken between
2008 August and 2010 February almost entirely in sky surveyWe modeled the spectrum of 3C 66A as a power-law:
mode. The data were analyzed using the stanBamnohi anal- AN ENY

ysis software §cience Tools, version vorls, IRFs P¥3 a5~ Mo (E_> (2)

1). In order to limit residual contamination of charged-peiet 0

backgrounds, only “Diffuse” class event data above 100 MeWhereN, is the normalization at energy, = 100MeV and-~y
were selected. “Diffuse” class events are highly likely ® bis the photon index. The same model was used for the other
photons. We also restricted our analysis to events withtizenpoint sources in the ROI, except for PSR J0218+4232. The in-
angles<105 and rocking angles of the LAK52° to limit tegrated photon flux between 100 MeV and 100 GeV is cal-

L http:/ffermi.gsfc.nasa.gov/ssc/data/analysis/docuation/Cicerone/ 2 The Test Statistic (TS) is defined as F5—2(log L0 — log L1) with L0
CiceroneLAT _IRFs/IRF.overview.html the likelihood of the Null hypothesis model as compared &litkelihood
of a competitive modeL 1
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r— ' 2.2. Kanata Telescope Observations and Optical properties

S > \ We performed/, J, Ks-band photometry and polarimetry ob-
servations of 3C 66A from July 2008 to February 2010, using
Fig. 1. Smoothed count map of the 3C 66A region as seen by the TRISPEC instrume_znt inga_lled on the 1.5m Kanfata tele-
Fermi-LAT between 2008 August and 2010 February with data above SCOpe€ located at the Higashi-Hiroshima Observatory indapa
1 GeV. The TRISPEC consists of a CCD and two InSb arrays, en-
abling photopolarimetric observations in one optical and t
culated by integrating equation 2. In the source model fdHR bands simultaneously (Watanabe et al. 2005).
the likelihood analysis, the spectral indicies of the baokgd We obtained 278 photometry and 208 polarimetry observa-
sources were fixed to their catalog values while their normaions in theV band, 180 photometry observations in thgand,
izations were left free. and 77 photometry observations in tke band. Each observ-
Figure 2 shows how the flux and photon index of 3C 66#&(g sequence consisted of successive exposures at four posi
varies with time in the 100 MeV to 100 GeV energy band cation angles of a half-wave platé?,45°,22.5°,and67.5°. The
culated by performing a likelihood analysis in 5-day timeem data reduction involved standard CCD photometry procesjure
vals. Data points which have small TS valuesl(0) are desig- aperture photometry usingPPHOT packaged irPYRAF 3 4
nated by arrows and indicate 90% C.L. upper limits. Two flaresd differential photometry with a comparison star takethé
are evident in the light curve, one around MJD 54750 (hersame frame of 3C 66A. The position of the comparison star
after “flare 1”), and the other one around MJD 54960 (“flaris R.A. = 02"22™55.12¢ and Dee= +43°0315.5” (J2000),
2"). Flare 2 is not considered in this paper because simul&@ad its magnitudes ané = 12.809,J = 12.371,Ks = 12.282
neous optical data are not available due to the proximity®f 3Gonzalez-Perez et al. 2001, Cutri et al. 2003). The data hav
66A to the Sun during the flare. The maximum flux during flareeen corrected for Galactic extinction usidg}')=0.274 and
1, which is also discussed in Paper I5is 10~ ph cnt2s™!  A(J)=0.076. We confirmed that the instrumental polariza-
from 0.1-100 GeV. Except during these flares, the flux of 3tn was smaller than 0.1% in the V band, using unpolarized
66A is around~ 2 x 10~7 ph cnt2 s~! (0.1-100 GeV), as standard stars and thus applied no correction for it. The po-
reported in Paper I. On the other hand, the photon index ddaszation angle (PA) is defined in the standard manner (mea-
not change significantly (&2 test with a constant fit gives asured from north to east), by calibrations with polarizexdst
x?/d.o.f = 138.5/121) and no clear correlation with the flux i51D19820 and HD25443 (Wolff et al. 1996). Because the PA
seen. Figure 3 illustrates a trend; the spectrum is softenwhhas an ambiguity o-180° x n (wheren is an integer), we se-
the flux is higher. However, this could be parameter couplidgctedn which gives the least angle difference from previous
since there is a mathematical correlation between thernategneasurements, assuming that the PA would change smoothly.
flux and index; the integral flux is obtained from integrating Figure 4 shows how the optical and NIR flux and polariza-
equation 2. In addition, the sensitivity of the LAT is gredm  tion change with time. The GeV gamma-ray light curve from
harder spectrum objects. This correlation can also be dauségure 2 is reproduced in panel 1 for comparison. Several po-
by observational bias, so we cannot conclude that this leerrdlarization and flux states are seen in the optical data. Based
tion is significant. This is consistent with the findings ofddb on the optical flux and polarization degree (PD), we define
et al. (2010g), who state that intermediate synchrotrokgea four periods; MJID 54705-54830 (hereafter “period 1"), MJD
blazars (ISPs) in general show only a small change of photo4831-55047 (“period 2"), MID 55048-55150 (“period 3")
index (< 0.2) with flux variations. and MJD 55151-55220 (“period 4”). We collect the properties

3

PYRAF is a product of the Space Telescope Science Institutéh is
operated by AURA for NASA.

4 http://www.stsci.edu/institute/softwareardware/pyraf
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Fig. 2. GeV Gamma-ray light curve of 3C 66A measured byFeemiLAT from MJD 54683 to 55232 (2008-08-04 to 2010-02-04). Oimedorresponds
to 5 days. The upper panel shows the integral photon flux fro6MeV-100GeV, and the lower panel shows the photon inders Rith TS values
smaller than 10 are indicated by arrows and are 90% C.L. Uppits.

of variability for each period. In period 1, both the gammaPD, = 8.0 %) and the color reddened. The optical flux
ray flux at 20 GeV and the optic& band flux g1, Fy1) are  was higher than in the other periods but the gamma-ray flux
low at an average afg; = (3.54+1.6) x 10"t ergen?s™t,  (Fga = (3.8+£1.6) x 10~ erg cn2s~ 1) was similar to that
Fy1=(3.2£0.9) x 10~ erg cnm2s~ ! respectively, with the in other periods. A weak flare in the optical band was seen on
exception of the flare 1. During period 1 the optical progsrti MIJD 55190, associated with a decrease of the PD and a tem-
vary violently and the gamma-ray flux is well correlated witlporary shift of the PA by~40°.
the optical flux, color, and polarization degree. 23 Correlation Studies

On MJD 54830 (the beginning of period 2), the optical flux
suddenly increased and a high-optical-flux state began. TheCorrelations between the various gamma-ray and optical
optical coverage during parts of period 2 are incomplete bgroperties can be quantified by calculating the discrete cor
cause 3C 66A was located near the Sun. Thus correlation strelation function (DCF) (Edelson & Krolik 1998). Since the
ies during this time are problematic. The polarization éegrgamma-ray flux is averaged over 5-day intervals, it was nreces
became relatively low (its average value in periods 1 andsary to also average the optical data. The significance of the
arePD; = 11.9 % and PDy = 6.6 %, respectively) and the correlation (95% C.L.) was tested using the Student’stt-tes
PA is also constant. From MJD 54835 to MJD 54850, thest statistic for the t-test{S;) was calculated as follows,

PA changed by almosit80° in 2 weeks. Such a rotation of

e DCF
PA is similar to that found for BL Lac and 3C 279 (Marscher TS, = NieToa xvn—2 (3)
et al. 2008; Abdo et al. 2010c). Figure 5 shows the variatfon o 1-DCF

PA and Stokes parametasandU from MJD 54835 to MJD where DCF' is the DCF value and is the number of degrees

54850. The variation on the QU plane implies rotation, but @&f freedom. The DCF value for zero time lag corresponds to

could be due to random motion around the origin of the Qthe correlation coefficient. If th&'S, value is larger than the

plane. Because of the aforementioned observation spasenesitical values of the t-distribution for a significance édof

we cannot discuss this behavior further. = 0.95 against the null hypothesis and the DCF value is larger
In period 3, continuous optical observations are availabléan 0.5, then the correlation is considered significant.

and the PD became relatively high (the average value ingerio In Table 2, we summarize the correlation coefficients and

3isPD3; =12.4%). t-test results for each combination of observed values.y Onl

In period 4, the PD became lower (the average value period 1 shows a possible correlation between the gamma-ray
and optical flux. This correlation can be seen in Fig. 6 which
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Fig. 4. Optical flux and polarization of 3C 66A plotted versus timeresasured by the Kanata telescope. The Gamma-ray light (L00&eV-100GeV)
is shown in the top panel for comparison. Bins with TS valuealker than 10 are indicated by arrows and are 90% C.L. uppés| The second panel
is the opticalV, JandKs-band flux in units of magnitude. The third panel shows thécaptolor index ¥ band -J band). The fourth panel is théband
polarization degree (PD) and the bottom panel is the paitioiz angle (PA).

plots the gamma-ray flux versus the optical flux and designatee PD correlated with the optical flux with a 5—7 day delay
each period with different colors. The correlation in pdrib in period 1 and anti-correlated with-a6 day precedence in
reported here is also suggested in Fig. 6 and is consistémt waeriod 4. Such an anti-correlation between the optical fhck a
previous measurements (Paper I). The correlation between polarization has been found for other blazars with the Kanat
optical flux and optical polarization degree at zero lag it ntelescope (Ikejiri et al. 2011). The optical polarizatitrows
significant in any of the periods. Fig. 10 shows the DCF of theecorrelation with the gamma-ray flux in period 1 (Fig. 8), and
PD against the optical flux for each period. The PD variation with the optical color in periods 1, 2, and 4 (Fig. 7, this is
period 1 seems to correlate with the optical flux with sometinknown as a bluer-when-brighter trend).

offsets; the extrema on MJD 54750, 54770, 54830, and 55190We note several differences in the correlation trends betwe
are seen in both the optical flux and PD. It can be seen tihé four periods. Fig.6 shows that the optical flux is différe
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in different periods by a factor of 3—4 for the same gamma-ray 110
flux. If the origin of the gamma-ray emission is identicaltiat

of the optical emission and the environment of the emission
region is the same, the gamma-ray and optical fluxes should
change together .

The PD is systematically different among the four periods
(Fig. 7). This behavior is due to a slow change of the PD in
the long-term variable component. This trend is similatiat t
found for 3C 454.3 (Sasada et al. 2010). An anti-correlation
between the optical flux and PD is seen during periods 3 and 4,
and this could be due to such a long-term variation. A bluer-
when-brighter trend is seen within each period, as well as be
tween periods 1 and 2 and between periods 3 and 4 (Fig. 9). e Te07 1e-06
This is due to the long-term change of color as reported for 3C Gamma flux [phicm?/s}(0.1-100GeV)

454.3 (Sasada et al. 2010). However, the color-flux relation

is systematically different between periods 1-2 and 3-4; th Fig. 6. Gamma-ray flux vs. OpticaV band flux. Colors indicate four
color in periods 3—4 is redder than that in periods 1-2. As a periods; red: period 1 (MJD 54706-54831), green: perio¥2
result, the correlation is weak over the full data set. ASsgm  54831-55047), blue: period 3 (MJD 55047-55151), and pirkiop
a new emission region appeared in periods 3—4, the cooglati 4 (MJID 55151-55220).

would not be significant. These observations imply at least t

Optical flux[erg/cm?/s]

components with different variability timescales in theical 25 :
band. -

20 + B
3. Discussion iy #* * ’

15 | + A’ N ** * *m*% i

Many FSRQs, such as PKS 1510-089 (Abdo et al. 2010e), ¢ Ty 1y giw **g%ék*& [#

3C 279 (Abdo et al. 2010c), PKS 1502+106 (Abdo et al. 5 10 *Jp 1 4% ?li X X o 1
2010f), and 3C 454.3 (Striani et al. 2010), exhibit clear Ty m T
correlations between their gamma-ray and optical progerti 5r d 4 Jr ﬂf ¥ gﬁ oI ]
Additionally, their broad-band spectral energy distribng x ¥
(SED) are better explained by SSC+EC models than SSC mod-  °[ i
els (Abdo et al. 2010a). These prior measurements indicate t ‘ ‘ ‘ ‘ L
the radiation region of gamma-rays is the same as that of the 20 3.0 40 50 60 70 80
optical emission for FSRQs and LBLs. From our observations, Opical flx [10°** erglem’ss]

3C 66A presents two different behaviors: one with a correla-

tion between the gamma-ray and the optical bands, and anotherig. 7. OpticalV band flux vs. optical polarization degree (PD). Colors
uncorrelated one . The correlation in period 1 in 2008 was als are the same as those of Fig.6.

reported in Paper |, and, for the first time during thermi

era, the gamma-ray emission of this IBL can be explained BySSC+EC model (prior measurements of the IBL W Comae
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Table 2. Correlation coefficients. The significance of the correlativas tested using the Student’s t-test. Correlation ciesffis whose significance is
within the 95% confidence interval are marked with an asteris

Period 1 Period 2 Period 3 Period 4
Gamma-ray v/ band 0.530.22° -0.10+0.16  0.19:0.84 0.02-0.18
V-band vs PD 0.3%0.18 0.05+:0.25 -0.34:0.20° -0.26+0.14
Gamma-ray vs PD 0.820.200  -0.13:0.22  -0.90:0.58 0.11-0.17

V-band vs Color{-J) -0.65£0.22° -0.64:0.29° -0.22£0.20 -0.56:0.48
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Fig. 8. Gamma-ray flux vs. optical polarization degree (PD). Colors

are the same as those of Fig.6.
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145 b ! ! ! ! L9 Fig. 10. Discrete correlation function (DCF) between the gamma-ray
2.0 3.0 4.0 " 5-05 60 70 80 flux and optical flux (left plot), and the optical flux and PDgft plot).
Optical flux 10" erg/cm/s] Colors indicate four periods; red: period 1 (MJD 54706-388reen:
period 2.(MJD 54831-55047), blue: period 3 (MJD 55047-3515
. . . and pink: period 4 (MJD 55151-55220). The DCF in periods 2, 3
F|g._9. Optical flux vs. color index\{(-J). Colors are the same as those in Figure (b) are not shown because of large errors. The sz axis
of Fig.6. represents the time lag.

by VERITAS in TeV gamma rays as part of a multiwavelengtfyith respect to the line of sight at a very small angle so thet t
campaign suggested the emission was _SSC+E(_3 based Accﬂﬁfbplerfactor is equal td) = (T[1 — Bcosbobs]) L =T, where
etal. 2008). On the other hand, the optical flux indepengleny] , is the angle of the jet with respect to the line of sight and
increases against the gamma-ray flux from period 1 to 4, apds (1 —-2)-1/2,
no clear correlation is seen between the optical and gamayna-r according to a simple SSC or SSC+EC scenario , if the flare
flux in periods 2, 3, and 4. This type of behavior is novel fgg assumed to be caused by a variation of the Lorentz factor
3C 66A. ) ) ~ I'(=D), the gamma-ray peak luminosifyssc or Lgc is pre-

The average flux in the optical and gamma-ray bands in R§eted to vary ad ssc o« D2or Ly o D*F27 wherey is
riod 1 (2008) and period 4 (2009) are listed in Table 3. Th@e photon index (Dermer et al. 1995). In an SSC or SSC+EC
optical flux in period 4 is about twice as large as that in priqnodel, if the flare is assumed to be caused by electron input
1 even though the gamma-ray flux is similar . In the framgp the jet, the relation betweebssc: or Lc andLyyy. is ex-
work of a one-zone picture, we assume that the jet is orientﬁqassed asLssc oc L2, OF Lpc o Lyyne Where Ly, . is

sync
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Table 3. Average optical flux, optical color and gamma-ray flux.

Period Optical flux [ergcm?s~ 1] color (V-J) Gamma-ray flux at 20GeV [erg cris™!]

period 1 (B.2:0.9)x10 T 1.68+ 0.07 (35 1.6)x10 11
period 4 (6.0+ 0.3)x 101! 1.62-+ 0.06 (3.8+ 1.6)x 1011
the luminosity of the synchrotron emission of the jet. Intbot Lsync

cases, the gamma-ray flux is expected to increase with the op-uhymc dmR*cD* ©)
tical flux but our results from period 4 do not match eithersce In all cases, theu.. in period 4 is about twice as that in
nario. Since period 1 is explained by an EC model (Paper period 1. uey can differ when the distance of the gamma-
hereafter we only consider the EC model. ray emission region to the seed photon source is different be
The EC radiation luminosityl(zc) and synchrotron radia- tween periods 1 and 4. For example, if the seed photons come
tion luminosity (Lsync) are related by (Sikora et al. 2008): ~ from the accretion disk, the distance to the central BH could
I be different by a factor of only 1.4 between the two periods.
BC | p2llext, (4) However, if the seed photons come from the broad-line region
Lsyne up or the dusty torus, the situation is more complicated and be-
Here,I is the bulk Lorentz factor of the jet,. is the energy yond the scope of this work. On the other hand, the long-term
density of the external photons ang is the energy density of correlations in the optical properties indicate the existeof
the magnetic field. Transforming this expression with= g_j two emission components which could explain the change of
whereB is the amplitude of magnetic field, the valuewaf,, s th€ Lec/ Lsync ratio.

then represented as Marscher et al. (2008) proposed a similar scenario that the
) radiation source consists of two or more emission regions; o
o ~ _B° Lec (5) @global jet region and the others a local one. In this scenari
872 Leyne the local emission is characterized by short-time varigbil

(because of the small emission region) and highly polarized
emission (because the small emission region aligns the mag-

be caused by variations in. If variations ofu are the rea- netic field). On the other hand, the global emission consists

son, thenB would have to be stronger in period 4. In genera‘he addition of many local regions. We conclude that the lo-

the correlation between the optical flux and PD should irtebicaCal emission is dominant in 2008, while the global emissson i

whether the magnetic field is strong, butourobservationwshdo_w:nabm. ir;]tZO(_)Q. tical tin 2009 iated
an opposite trend. Therefore variations.gf are unlikely. The € brightening optical componeént in was associate

Lic/ Loyue ratio also depends on the shape of the electron eg'th a bluer color, but the PD decreased as the flux increased.

ergy distribution. However, we find that the color is almdet t

uch behavior is also found in other blazars (lkejiri et Q1L P),
same between periods 1 and 4 (Table 3), and thus this po%g could be explained by the existence of an underlying con-
bility is unlikely. Therefore, we focus on the variationsthé

stant component, and a short-term variable component with a
energy density of the external photon fielg,; as the source d|ﬁere{[rr11t polgrlzla'ylon direction (tlﬁ]emura ?t _al. tgolo)ithSg;

of the variability. Of course there are other possible caude coase, € underlying component has a polarization wi

the variability seen in thesc/ Leyne ratio, such as the mag_[/o] and PA~20C°, while the variable component that causes
netic field and the electron energy distribution varyinghat t

the flux variation in periods 1 and 4 has a polarization whose
same time. In this discussion, however, we focus on only Oﬂgectlon is quite different. A gradual shift of PA in perd
parameter for simplicity.

and 2 supports the two-component model.

We assume that the gamma-ray flux at 20 GeV, which is the
peak energy of EC radiation estimated from paper |, gives'a
peak luminosity of the EC radiation, and also that both the op .
tical and gamma-ray emission originates from the samemegi% We performed long-term monitoring of the ISP blazar 3C

The Lgc/ Leync ratio depends ofit, uexy andug. AS previ-
ously discussed, the variations seen in this ratio are elylilo

Summary

We then calculate the energy density of external photons ?A with the LAT onboard theFermi Gammg—ray Space
periods 1 and 4. The.y in period 1 is estimated in paper elescopeand the Kanata telescope and studied the correla-
I, based on fitting the multiwavelength spectra. On the Othgﬁ)nsltamor}g \éatnouz_g?mrp?-ray ar]:dbor[?tlc_al Propert]esz.o,g?g a
hand, it is difficult to estimate how much the EC radiationcor{es.uh’ vr\:e ind two ;st!nc by|toes 0 the avlpr.lone, mt'ejs ’
tributes to the gamma-ray emission in period 4 using only t}%h'c Shows a C}?rre a :jo?h € \{[vheen ) ez%%g:a f\?oﬁe(; ' ant
optical and gamma-ray data. Therefore, here we assume &t gamma-ray Tiux and thé ofher, in 2L9, which does no
the gamma-ray emission is dominated by EC radiation. ow a good correlation. This result indicates that the emis

roughly calculate the energy density of external photords afj - region.is <_jifferent be_tween these periods. _Paperd:a'ndi;

syngchrz)tron photons, by ugi);]g the r>rl1agnetic finFt)he size that the emission from this source is well explained by a SSC +
of the emission regioynR and the jet Lorentz factdr in the EC model during the 2008 flare and we estimated the environ-
case of redshift z = 0.1 '0 2.0.3, 0.444, following Papeihe T ment of the jetin 2009 using same model mentioned in Paper I.

. ' Based on this assumption, we calculatecithg value in each
energy density of synchrotron photons is represented as L
9y yorsy P P state and found that it is different by a factor of two. Those
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Table 4. Comparison of the estimated energy density of synchrotnoheaternal photons inn 2008 (period 1) and 2009 (period 4&#ch redshift.

Parameter z=0.1 z=02 z=03 z=0.444
Comoving magnetic field&3[G] 0.35 0.22 0.21 0.23
jet Lorentz factol” 30 30 40 50
size of blobR [10'°cm] 0.5 1.2 1.5 1.5
Usync (period 1) [0~° erglcm’]  10.56 8.36 4.27 4.40
Usync (period 4) 107" erglcn’]  19.60  15.51 7.92 8.17
Uext (period 1) 10~ 7 erg/cn?¥]  58.61  22.98  11.78 9.04
Uext (period 4) [0~ 7 erg/len?]  29.21  11.54  5.92 4.54

different behaviors between the gamma-ray and optical danikkjiri, Y., et al. 2011, PASJ, 63, 639

might be explained by postulating two different emissiomeo Marscher, A. P., et al. 2008, Nature, 452, 966

ponents. Miller, J. S., French, H. B., & Hawley, S. A. 1978, Proc. Hitisgh
Conf. onBL Lac Objectsed. A. M. Wolfe,

Nolan, P. L., etal. 2012, ApJS, 199, 31
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