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Abstract We have studied the simultaneous spectral energy distimi{SEDSs) of
the 2009 December flare and those of the quiescent stdlezaf 3C 454.3 by con-
structing a multi-component model. We find that all six SERs be explained by
a one-zone leptonic model involving synchrotron self-Ctonpg(SSC) plus external
Compton emission from an accretion disk (ECD) and that frobnaad-line region
(ECC). X-ray emission is dominated by the SSC mechanismtlagray spectrum
is well represented by a combination of ECD and ECC proce&sgsesults indicate
that the energy density of the magnetic field and electroosedse with distance from
the central engine, and the Doppler factor increases witbthb moving outward in
the development of the 2009 December flare. The increase whiberved flux density
is possibly due to the increase in the Doppler factor of tled.bTrhe relation between
the Doppler factop;, and the distance from the central black hole suggests the mag
netically driven jets span a sub-pc scale, and the relattwden the magnetic field
B’ and the dimension of the emission regif) is in good agreement with what is
required by conservation of magnetic flux. The weak “hardleen-brighter” behavior
of the y-ray spectrum could be a result of the increase in Doppldofaturing the
outward motion of the blob. The parameters during the qeiatsstate obviously de-
viate from those during the flare state. We propose that theflas likely caused by
the ejection of a new blob. The gamma-ray emissions in diffestates are associated
with the evolution of the blob.

Key words: radiation mechanisms: non-thermal — methods: numericablaxies:
active — quasars: individual (3C 454.3)

1 INTRODUCTION

Blazars include flat-spectrum radio-loud quasars (FSRQ&$)B. Lac objects with relativistic jets
pointed closed to our line of sight, and can be detected witing variability from the radio to
~-ray bands. In general, the non-thermal emission from bkaadginates in relativistic jets that
are beamed and Doppler-boosted towards the observer. tadlmnd spectral energy distribution
(SED) of blazars typically exhibits a double-peaked stitetlt is commonly accepted that the low-
energy component spanning the range from radio to ultrei{tlV) bands, sometimes extending to
the X-ray band, is interpreted as synchrotron emission Higie-energy component locatedatay
energies may be attributed to inverse Compton up-scattefitinternal synchrotron photons of the
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same electron population (synchrotron self-Compton m¢&ieC), Bloom & Marscher 1996; Finke
et al. 2008), or the external radiation field interceptedigyjét (external Compton model (EC)). The
external photon field includes photons directly from theration disk surrounding the black hole
(BH) in the center of an active galaxy (Dermer & Schlickei2@02), the radiation reprocessed and
scattered by clouds in a broad line region (BLR) (Dermer.e2@09), and the infrared (IR) emission
from the dusty torus (Sikora et al. 1994).

3C 454.3 is one of the most remarkable blazars at redshift 0.859 (Jackson & Browne
1991). Since 2000, the source has been exhibiting excepiyosctive behavior from radio to the
very high energy (VHE)-ray bands (Vercellone et al. 2008; Donnarumma et al. 20@8eAnann
et al. 2010; Abdo et al. 2011). The rapid and violent varighimost notably in they-ray band, is
still poorly understood. In order to interpret the varigpicharacteristics at different frequencies,
an interpretation involving changes in the viewing angléhef different emitting regions of the jet
with respect to the line of sight has been proposed by sonm@eaiVillata et al. 2007; Raiteri et al.
2008a,b). Ghisellini et al. (2007) constructed simultarss8EDs covering the radio teray bands
in 2000, 2005 and 2007 but obtained poor results imtnay band, and found that the SEDs can be
reproduced by Katarzyhski & Ghisellini (2007) who invokadinternal shock scenario in which the
jet power is assumed to be constant. The idea of a constgyjeatr might be challenged when the
~-ray band has been detectedAsyl LE andFermi, because a real increase of the jet power is flagged
by the increased emissions in the optical gadhy bands (Ghisellini et al. 2007). By analyzing the
behavior of the parsec-scale jet of 3C 454.3, Jorstad &@1.Q) concluded that the three major flares
may be associated with propagating disturbances, and siggthat the location of the dissipation
region of the 2005 May flare may be closer to the central BH.riddiret al. (2011) found that a
simple one-zone SSC-plus-EC model can account for all theidered SEDs, and suggested that
the flare could be due to the injection of electrons based emesults from independent fits of the
SEDs at six different epochs. The other surprising resthigsthe Ge\y-ray spectra are much better
described by a broken power law than by a simple power lawynadels that incorporate smooth
curves. To date, the origin of the GeV spectral break is stiler debate (Abdo et al. 2009; Finke
& Dermer 2010; Poutanen & Stern 2010; Stern & Poutanen 20&trislet al. 2012; Cerruti et al.
2013). In our model fits, we modeled the GeMay spectra with a superposition of two different
Compton-scattered components (Finke & Dermer 2010; deztrat. 2013).

In this work, we use a simple one-zone model to assess whathet a flare could be caused by
an emission region’s outward movement along the jet. Inmaldetermine the physical parameters
of the model, we utilize &2 minimization technique in our work. The simultaneous nwadiielength
(MWL) data, collected from 2009 November 6 to December 3 (Bdinet al. 2011), are used to
analyze the nature of the flare associated with blazar 3C3434e giant flare lasted about one
month at all wavelengths, and the flux in theray band reached a peak value2if8 + 1.2 x
1079 photons cm~2 s~!, corresponding to a peak luminosity bf, ~ 3 x 10* erg s™!, a factor
of ~ 30 larger than theeGRET luminosity. This paper is organized as follows. In Sectiorw2
describe our model and assumptions; the results of ourlesitwos are presented in Section 3; finally
in Section 4, we discuss our results and draw conclusiortkidrvork, a flatACDM cosmology with
Hy=T70kms™ !, Q,, =0.3andQ, = 0.7 is used.

2 THE MODEL

We adopt a standard one-zone leptonic model to reproducgthdtaneous MWL SEDs at the dif-
ferent states of the 2009 December flare and quiescentStaties by some authors have indicated
that the differing behaviors of the radio and optical comtim lack correlation, and higher-frequency
variations lead to lower-frequency ones in the radio bargl (¥illata et al. 2007; Raiteri et al. 2011,
Ogle et al. 2011). However, theray emission has been observed to correlate with the dpatinch
X-ray bands, supporting a single emission zone, with noisggmt lag between optical angrays
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(Bonning et al. 2009; Bonnoli et al. 2011). For simplicityetemission zone is assumed to be a blob
of radiusR;, = cdptvar/(1 + z) in the comoving frame, which moves with a Lorentz fadfgrat an
angled,,s with respect to the line of sight,.,, is thev-ray light variability time and: is the source
redshift.d, = [[',(1 — B, cos )]~ is the blob’s Doppler factor, wherg, is the blob’s speed in
units of the speed of light. In the comoving frame of the blisie, magnetic field is assumed to be
randomly oriented, and the relativistic electron disttibn is assumed to be isotropic (Dermer et al.
2009; Band et al. 1993),

ne(v') = KH (Y Yinin %’nax){v’fpl exp(—'/7,)

xH[(p2 = p1)vi, — '] + [(p2 — pr) )
xy' P exp(p1 — p2)H[Y' — (p2 — Pl)%’;]}a 1)
where K is the normalization factor, angy, and p, are spectral indices of the pre- and post-
break Lorentz factory, respectively, and wherg/ . and~/,, .. are the low energy and high en-
ergy cut-offs, respectivelyl (x; 21, x2) and H () are the two versions of the Heaviside function:
H(z;x1,29) = 1forxy <z < a9 andH(z;21,22) = 0 everywhere else, whilé/ (z) = 1 for
x> 0andH (z) = 0forz <0.

In the model, photons from the accretion disk and from the Bk®considered (Foschini et al.
2010; Tavecchio et al. 2010; Yan et al. 2013). These photars wetected during faint states of
the source (Raiteri et al. 2007; Ikejiri et al. 2011). Theration disk spectrum is assumed to be a
Shakura & Sunyaev (1973) disk spectrum extending fédtn to 5000 R, and its luminosity is also
assumed to be constant. The angular dependent energydtiresited away from the accretion disk
at positionzy, is

2mec? €3
Uy DISK (€4, Qi) = - ; (2)
N exp(e./O(R)) — 1

where\c = h/m.c is the Compton wavelength of the electr@(.R) = %g%) is the dimension-
less temperature of the blackbody radiation field at radius 2,/ 2 — 1/ R, in units of gravi-

tational radiiR, andkg is Boltzmann's constant’(R) = [3La(1 — \/6/R)/8mnosp R2R%]Y* is
the temperature at radius for a Schwarzschild metric, whet, is the bolometric luminosity of
the accretion disky = 1/12 is the efficiency of transforming accreted matter to esaapatiant
energy, antrsp = 5.6704 x 107° erg cm~2 s~! K~ is the Stefan-Boltzmann constant (Dermer
& Schlickeiser 2002). In order to model the BLR and its raidiafield, we adopt the simplest thin
shell model outlined by Donea & Protheroe (2003). For sioigli we only consider the inverse
Compton scattering of the kyphotons with energy;,. ~ 10 eV, which was observed by the
GALEX satellite in 2008 October (Bonnoli et al. 2011) and is expeédb be much brighter than
the other emissions and than the Balmer continuum from thk Big.,Crv, Mgy, Ha, HG, etc)
(Francis et al. 1991; Gaskell et al. 1981; Liu & Bai 2006).

In the model, the radius of the BLRg r, is far greater than the thickness of the thin spherical
shell,hgLr = Ro—R;, whereR, = RprLr+hpLr/2andR; = RprLr —hpLr/2 are the outer radius
and the inner radius, respectively. Between the inner atet cadius of the BLR, the number density
and the radius of clouds are assumed to follow a power-latsilalision, for which we adopted the

power-law exponents preferred by Kaspi & Netzer (1999 1.5 andg = 1/3. Then the emission
line emissivity is a function of radius j(r) = fgg;g%?,%iifg:::::),
factor for the entire BLR associated with the central UV atidin. The energy density of the BLR
photons at anglé = arccos 1. With respect to the jet axis at positiep is

Lminl Cmax
e, BLR (2 f12) = /0 dj(r)/c+ / at j(r)/e, 3

Linin2

wheref.., is the covering
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where
T2 = 2 — 2Zb£ﬂ* —+ £2 (4)
Umint,2 = 2bfis £ 20/ 12 + (Ri/2)% — (5)
émax = ZbMx + Zb\/ﬂ* R /Zb) (6)

The luminosity of the accretion disk and the BLR can be edth&rom observations, thus the radius
of the BLR is the only essential parameter describing therazl photon field that we consider. Note
that throughout this paper, unprimed quantities refer éodhserver’s frame and primed quantities
refer to the comoving frame. We do not consider the absarmifdigh-energyy-ray photons due
to the pair-production process from extragalactic backgdolight (EBL) or the external photons
originating from the accretion disk or BLR in this work (Ab@b al. 2009; Anderhub et al. 2009;
Finke et al. 2010; Finke & Dermer 2010).

The observed flux density is given by

7TR

wheredy, is the luminosity distance antl(e¢’) = ile::; [1 — exp(—+/(¢')Ry,)] is the synchrotron in-
tensity that is assumed to be uniform for a spherical gegmEte synchrotron radiation coefficient
and the absorption coefficient for isotropic relativistlearons in a randomly oriented magnetic

field are respectively given by

’
Ymax

Jo(€) = ne(v)Pa(€',7)dy (8)
'Ymin
73 Toax d nl(Y), 2
K (€) = —7/ —— === |V P,y )y 9)
87Tmf§666’2 o dy' [ 7/2 }

HereP!(¢',~") = ‘/_6 B’ R(z) is the mean emission coefficient for a single electron iretegt over
the isotropic d|str|but|on of pitch angles in whielis the electron charge ards the Planck constant
(Blumenthal & Gould 1970). In our calculation we use an appration for R(z) presented by
Finke et al. (2008) where = 4r¢'m2c®/(3e¢B'h7'?). €mec® = hvdy, /(1 + z) is the synchrotron
photon energy, where is the observed frequency.

The SSC flux density is given by Finke et al. (2008),

125471 00 l /

JFSSC _ 3core; o, Vi, de/“syn(e)
v 167d? 2
Y8 i 0 €

Tmax ! (~
x 20 g, 1), (10)
’Yr/nin ’Y
whereor is the Thomson cross section and,, (¢') = 0.75 - I'(¢’) /c is the field energy density of

synchrotron radiation over the solid angle (Gould 197g)= 47TR{)3/3 is the blob’s comoving vol-

ume.eimec® = hvéd, /(1 + z) is the self-Compton scattered photon energy, whessthe observed
frequency. The inverse-Compton cdfe(q,T'.) = 2gIlng + (1 4+ 2¢)(1 — q) + ﬁ where

q= % is in the range§4—,5, 1] andl’, = 4€'y'.
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The observed Compton-scattered external photon field igpeah be calculated from the fol-
lowing formula,

JFEC _ 3coes? 6 Vb?{dQ / de e*, )

327Td2
’Ymaxé.b 5 z 2 z

x / dy (72/ ”H( L ) (11)
'Y/' 5y, ’}/ 2 1 + 26

min

whereZ = y + y~ ! — 3;3 + (wy)zy y = 1 — £ and the invariant collision energy ~

el — /1 —1/92p,). esmec® = hv(1 + z) is the Compton-scattered photon energy where
is the observed frequency. The density of target photais,, 2..) is calculated by Equations (2)
and (3).

3 RESULTS

The simultaneous MWL SEDs of blazar 3C 454.3 obtained by Bbmebal. (2011) are used to ana-
lyze the development of the flare observed in 2009 Novemigeebber. The following constraints
on the parameters are from the observations and the re$oltises authors:

(1) The variability timescale is assumed to be on the ordeewéral hours (Tavecchio et al. 2010;
Foschini et al. 2010).

(2) The beaming effect plays an important role in the highihosity and rapid variability detected
in v-ray loud blazars. Unfortunately, both the Lorentz factod ¢he viewing angle are unob-
servable. Different methods have been used to estimate ¢ippl&r factor by many authors
(e.g., Mattox et al. 1993; Lahteenmaki & Valtaoja 1999a#p et al. 2002; Xiang & Dai 2007,
etc). In this work, the minimum Doppler factéy,i, ~ 13 and the upper limit of the Doppler
factoré, ~ 25 are adopted, which were derived from the flux variabilitydiand highest en-
ergy photon measurements (Ackermann et al. 2010), and fiertohg-term very long baseline
interferometry (VLBI) (Jorstad et al. 2005; Lister et al 02), respectively.

(3) Following the analysis of the estimate of BH mass by Bdinebal. (2011), the mass of the
BH is assumed to b& x 108M,. The bolometric luminosity of the accretion disk surroungi
the central BH,Lq ~ 3 x 1046 erg s'!, is adopted (Raiteri et al. 2007). The BLR luminosity
is assumed to bégrr ~ 3 x 10*° erg s (Pian et al. 2005, 2006), which implies a typical
covering factor off.., ~ 10%. The accretion disk and BLR luminosity are derived when the
source is in a faint state.

In order to avoidy~y absorption by interaction with the photons originatingifrthe BLR, the
BLR is assumed to be located Br.r = 9 x 10'7 cm when the Ge-ray radiation is produced
at the smallest allowed distance f~2 pc from the central BH (Ghisellini & Madau 1996). For
the purpose of illustration, the left panel of Figure 1 shdtws relationship between the energy
density of BLR-reprocessed radiation with differeig g and hgpr for the BLR structure and
the location of the emission region, while we show theabsorption optical depth, ., due to
interactions withLy« line photons Herp at 54.4 eV andd; LyC at 13.6 eV from BLR and UV
photons from the accretion disk in the right panel of Figurénlthe left panel of Figure 1, it can
be found that the energy density inside the inner radiusasas as parameties.r increases for
a fixed Rprr, and increases as the parametes g decreases for a fixellz,r, and vice versa.
When considering the above and for simplicity, we assumiegt® R has a thin spherical structure
where the details of the radial distribution of the BLR matiedo not play an important role. If
the GeV~-ray radiation produced at distances0.01 pc can escape from the BLR, the minimum
radius of the BLR may be roughly x 10'7 cm. Here, the luminosities iH; LyC at 13.6 eV and
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Fig. 1 Left panel: the radial dependence of the energy density of the BLRegssed radiation on
two parameter®prr andhprr in the comoving frame of the emission region with = 20. The
red solid line labeled byRgrr = 9 x 10'” cm shows the BLR-reprocessed radiation. The dashed,
dotted and dash-dotted lines are plotted with differenapetersigrr = 0.9RBLR, RBLR =

6 x 10'" cm andRpLr = 2 x 10'® cm, respectively. For a comparison, the energy density ditect
from the accretion disk and from BLR-scattered radiatiguidsted in the figure. The black solid line
shows the energy density directed from the accretion dis&.green dash-dot-dotted line shows the
energy density directed from BLR-scattered radiationdated with a wind-like model, where the
Thomson scattering deptt = 0.01 and the half-thicknesbgL.r = 0.9RpLr are adoptedRight
panel: The photoabsorption optical depth of the interaction ef{kray photons with the external
radiation field. The opacity of the-ray photons by the photon-photon pair production onlihe,
Herr andH; line photons from the BLR, and UV photons from the accretitk @re labeled. The
optical depth corresponding to the different EBL modelsimn in the legend. The vertical dashed
line corresponds to the observeday photon with a maximum energy ef 10 GeV.

Lya line photons at 10.2 eV are assumed to be equal, andlitheluminosity reported by Wills
et al. (1995),Ly., ~ 6 x 101 erg s}, is adopted for the case of absorption coming fridng;.
Following the straightforward estimation from eq.(2) ofueanen & Stern (2010), the maximum
opacityr = 0.27 at energyr.7 GeV (or2 x 10%* Hz) is in good agreement with the resulting optical
depth obtained by us (right panel of Fig. 1). If tHe;; LyC luminosity is larger tharn0** erg s—1,
the~-ray photons at energi&s7 GeV will suffer significant absorption, which will rapidly dezase
below the peak energy. The remarkable absorptioH bgndLy« line photons should appear above
2.5 x 10%* Hz (or 10.3 GeV), which is the upper bound for energy of theray spectrum in this
work. The absorption coming from the accretion disk is ordgrs above the energies 0.5 TeV (or
1026 Hz).

Additionally, the opacity due to photoabsorption foy-@iay photon traveling in the EBL is also
calculated and plotted in the right panel of Figure 1, whiere¢ EBL models are used (Finke et al.
2010; Franceschini et al. 2008; Kneiske & Dole 2010). Thusay absorption via photon-photon
pair production on the external photons can be regardedg@ggiide in this work. Note that the
formula for absorption has been presented in Gould & Sar€P67); Dermer et al. (2009).

In the following, we use the improved Levenberg-Marquatgbathm (Transtrum & Sethna
2012) to fit the SEDs in six different epochs. The modified athm is designed to improve both its
convergence speed and robustness to initial parametesegjeghich are likely to be the most useful
modifications in a problem with many parameters where thalusevenberg-Marquardt routine
often has difficulties (Transtrum & Sethna 2012).

The fitting results are shown in Figures 2 and 3. The resutiisate that the simultaneous MWL
SEDs in six different epochs can be well reproduced by oureh@€g. 2), and the SEDs of the
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Fig.2 Multifrequency simultaneous spectra of 3C 454.3 at fiveeddht epochs of the 2009
December flare and in the previous quiescent state supesadpmn the spectral model. The SEDs
in the different epochs are labeled in the figure. The thididdimes corresponding to the different
epochs represent the sum of all the individual componentéshawcontain the accretion disk, the
synchrotron, the SSC, the ECD, and the ECC processes. &strdtion, individual radiation com-
ponents of the SED in the quiescent state are shown as désltdioes (synchrotron and SSC),
dashed lines (accretion disk and ECD) and dotted lines (ES@tg that we also show archival data
(in gray), including the 2000 June 5B&ppoSAX data (Tavecchio et al. 2002).

log, (vF [erg cm” s™])

225 23.0 235 24.0 245
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Fig. 3 The modeledy-ray spectrum compared with the observed data ofythey band.

ray band can be well represented by a combination of ext@wmlpton emission from the accretion
disk (ECD) and that from the BLR (ECC) (Fig. 3). The input paeders and the ratio of the best fit
parameters to the degrees of freedom (dof), Cost/dof, stelin the upper part of Table 1, where

the cost function takes the forfi/2) Zn]\f:l[(f — fobs)/c]?. In the lower part of Table 1, we list
the derived electron energy densify’j measured in the comoving frame, the radiation efficiency
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Table 1 Parameters for the SEDs of 3C 454.3 in the Five Different Bpand
in the Previous Lowy-ray State

Units 06/11 27/11 01/12 02/12 03/12 Low

5 138 213 230 252 254 170
B’ 598 266 247 234 227 401
K} 10° 772 292 263 230 186 064
p1 193 18 184 184 183 186
P2 411 400 444 393 434 422
Ve 50 50 50 49 58 25

¥ 448 746 681 574 633 504
tvar h 755 605 601 606 632  10.0
2 106 304 805 88 898 1089  7.88
Cost dof 074 103 120 198 147 171
g R, 1578 1587 1591 1595 1597 1599
Ul 157 112 107 087 073 026
lgLp 4497 4483 4490 4501 4503 4523
g Le 4501 4543 4554 4561 4558  44.83
Ig Ly 46.17 4650  46.62  46.72  46.63  46.17
Ig Ly 46.37 4630 4638 4651  46.40  45.48
" 058 036 034 036 034 015

(n) and the power carried by the jet in the form of magnetic fiélg), cold protons L.,), relativistic
electrons {.), and produced radiatior’(), which are defined by Celotti & Fabian (1993) and
Celotti & Ghisellini (2008), and wher&, ~ I" is assumed.

We use linear regression to analyze how the Doppler fagtand radiation efficiency depend
on the distancé,, how the magnetic field” depends on the radiug , and how the energy density
of electrondJ/ depends on the produEtZ;,. The results are plotted in Figure 4, including the best
fit and the95% confidence bands.

We find that there are four good linear relations between Hrarpeters of the flare states in
logarithmic space. The relationships of the parameters(&jes, < Z2-°; (2) n o« Z;°*%; (3)

B’ « R}, "*% (4) U. x (I'Z,)~°%. The parameter values in the quiescent state are distimt fr
those in the flare state (see Fig. 4).

4 DISCUSSION AND CONCLUSIONS

In our work, we have studied the flare of blazar 3C 454.3 in 2D8@ember, which plausibly orig-
inated from an emission region propagating in the reldtwists. By fitting the five simultaneous
SEDs of the flare state and one of the quiescent states, wehfih¢llf) all the considered SEDs can
be well explained by involving SSC plus the ECD and ECC preegs(2) the power-law index of
the relation betwee’ and R; is in good agreement with that required for conservation afm
netic flux; (3) the power-law index of the relation betweea Doppler factow, and the distance
Z), is consistent with what is predicted by magnetically drijets if we assume the viewing angle
0~ 1/5b

The variability of the Doppler factor could be caused by gesin the Lorentz factor (Blandford
& Payne 1982; Blandford & Znajek 1977; Li et al. 1992) or thewing angle of the blob (Qian
et al. 1992, 2007, 2014), or even a combination of both. If esueed, ~ I', an accelerating jet
possibly exists at the sub-pc scale where the magnetiadrafithe relativistic outflows is supported
(Vlahakis & Konigl 2004). Alternatively, variation of thBoppler factor along a curved or helical
jet is also a possibility. The different behaviors of radiwdaptical light curves suggest that the
optical and radio emissions come from two separate and ignieal jet regions (Villata et al. 2006,
2007). The authors argued that the jet should present somairige A similar model had been
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Fig.4 The linear regression results of parameters for five diffe®EDs shown in Figure 2. The
Doppler factord, and radiation efficiency) as a function of distance are shown in the upper-left
and upper-right panels, respectively. The magnetic fi#ldneasured in the comoving frame as a
function of the radius of the blob is shown in the lower-ledhpl. The energy density of electrdi
measured in the comoving frame as the produgt is shown in the lower-right panel. The solid line
is the best fit and the dashed curves aredi{é confidence intervals. The corresponding parameters
in the low state are also shown in each panel.

adopted to interpret the radio, optical/UV, X-ray apday behavior from April 2008 to March 2010
(Raiteri etal. 2011). Ogle et al. (2011) presented evidémaigthe radio-optical SED consists of two
variable synchrotron emission peaks, the primary at IR hedsecondary at sub-mm wavelengths,
likely arising from distinct regions in the jet. The curvgd-motion, with the consequent changes
in observation angle, is also supported by the analysis @fdr et al. (2012), using the VLBI
observations of blazar 3C 454.3. The VLBI observations stimt/the observed accelerations due
to significant changes in intrinsic speed and/or directibfeatures are common, and indicate that
changes in the Lorentz factors of features dominate therebdespeed changes rather than bends
along the line of sight (Lister et al. 2009, 2013; Piner et28l12; Homan et al. 2009, 2015). The
analysis of Homan et al. (2015) suggests that observedeatiehs tend to increase the speed of
features near the jet base and decrease their speed at tlisgerces, and the transition between
speeding up and slowing down seems to occur at a projecteshdésof roughly~ 10 — 20 pc.

The location of the transition is much farther from the cahBH than the location of the blob
obtained in our work. The location of the emitting regionabed from the SED modeling is
0.01 — 0.1 pc from the central BH. Our result is in accordance with theegel results of some
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Fig.5 The change in the energy densities measured in the comawngefof a magnetically driven
jet with the distance from the central BH.

authors through modeling the quasi-simultaneous mutfifemcy SEDs of the sample froRermi
(Ghisellini et al. 2010; Yan et al. 2012), where all the SEDE®RQs can be well reproduced when
the emission regions lie in the range from several hundregvteral thousand Schwarzschild radii
from the central BH.

At the different distances from the central BH, the correspog Doppler factors obtained from
the SED modeling vary from 13.8 to 25.4. Ghisellini et al. @ZDmodeled the outburst in 2005 as
an event that occurred closer to the BH than the outburst @7 28nd the derived Doppler factors
are~ 13 and~ 16, respectively. Bonnoli et al. (2011) modeled the outbur&009, and the derived
Doppler factor ranged from 24.5 to 28.5 in different stafd®s values are smaller than the value of
the variable Doppler factors,., ~ 33, estimated from radio data (Hovatta et al. 2009; Savolainen
et al. 2010). Jorstad et al. (2010) derived the Doppler faatbsuperluminal knots K1, K2, and K3
as being 23.4,17.6, and 49.1, respectively. It would meatrtlie Doppler factor will slowly increase
and achieve relatively stable values or decrease when teiblat a larger distance, which could
be determined by the external environment surroundingetharjd the driving mechanism of the jet
(Blandford & Payne 1982; Blandford & Znajek 1977). Additaly, the simple relation between the
Doppler factor and the distance from the BH possibly impthed the jet has bulk velocity structures.
An inhomogeneous jet model with bulk velocity structureprisbably more realistic for discussing
the multifrequency emissive properties, in which both vwiepangles and bulk velocity structures
play important roles in the Doppler beaming pattern (Glirgedt al. 1985; Blandford & Levinson
1995; Yang et al. 2009).

Based on the model fitting and the results of linear cormhatif parameters, we propose that
the 2009 December flaring event could have given rise to thagdin Doppler factor, and that the
emission in the flare state likely comes from a new blob prafiag along the jet axis. We could infer
the physical picture, where blobs are ejected from the ba#eeget and move outward along the
jet axis, the energy density of the magnetic field and elestdecrease, and the radiation efficiency
also decreases, while its radius and the Doppler factorihotbase. Compared with the contribution
from Compton up-scattering of photons directly from theration disk, the contribution of the
Comptonization of photons reprocessed by clouds in the Blaldgplly increases with distance from
the central BH. The increase in the observed flux densityccoeldirectly caused by the increase of
the Doppler factor, which suggests that there may exist miagaily driven jets in FSRQ 3C 454.3.
For illustration, the energy densities of the BLR and of tberation disk in the comoving frame are
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presented in Figure 5, where the bulk Lorentz fadtot (Z,/6R,)%. Thus, the weakly “harder-
when-brighter” behavior of the-ray spectrum can be naturally explained. In turn, undedsiey
whether the “harder-when-brighter” behavior of theay spectrum is an indicator of geometrical
motion in the jets of blazar 3C 454.3 will need more detailddarvations with more sensitive
instruments in the future.
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