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The BL Lac ob ject 3C 66A w as the target of an in tensiv e m ultiw a v elength

monitoring campaign organized in 2003{2004. During the campaign, its sp ec-

tral energy distribution (SED) w as measured and 
ux measuremen ts from ra-

dio to X-ra y frequencies as w ell as upp er limits in the v ery high energy (VHE)


 -ra y regime w ere obtained. Here, w e repro duce the SED and optical sp ec-

tral v ariabilit y pattern observ ed during our m ultiw a v elength campaign using a

time-dep enden t leptonic jet mo del. Our mo del could successfully sim ulate the

observ ed SED and optical ligh t curv es and predict an in trinsic cuto� v alue for

the VHE 
 -ra y emission at � 4 GeV.
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1. In tro duction

Blazars constitute the most extreme class of Activ e Galactic Nuclei (A GN)

and exhibit the most violen t non-transien t high-energy phenomena observ ed

so far. They are primarily c haracterized on the basis of their non-thermal

con tin uum sp ectra and radio jets with individual comp onen ts often ex-

hibiting apparen t sup erluminal motion. The broadband sp ectra of blazars

consists of t w o broad sp ectral comp onen ts that are asso ciated with non-

thermal emission pro cesses. The sync hrotron emission from non-thermal

electrons in a relativistic jet pro duces the lo w-energy comp onen t whereas

the high-energy comp onen t is attributed either to the Compton upscatter-

ing of lo w energy radiation b y the sync hrotron emitting electrons (for a

recen t review see, e.g., 1) or the hadronic pro cesses initiated b y relativistic

protons co-accelerated with the electrons [6,7]. Blazars are often kno wn to

exhibit v ariabilit y at all w a v elengths, v arying on time scales from mon ths,
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to a few da ys, to ev en less than an hour in some cases.

The blazar 3C 66A is a lo w-frequency p eak ed (or radio selected) BL Lac

ob ject (LBL) with a relativ ely uncertain redshift determination of z = 0 : 444

[4]. It has previously exhibited rapid micro v ariabilit y at optical and near

infrared and has b een suggested as a promising candidate for detection

b y H.E.S.S., MA GIC, or VERIT AS [5]. In this pap er, w e use a leptonic jet

mo del to repro duce the broadband SED of 3C 66A and the observ ed optical

v ariabilit y pattern and mak e predictions regarding the in trinsic cuto� v alue

of the sp ectrum at VHE 
 -ra ys.

2. Mo del Description and Mo del P arameters

A one-zone homogeneous leptonic jet mo del w as used to sim ulate the SED

as w ell as the observ ed optical v ariabilit y pattern of 3C 66A. According to

the mo del, a p opulation of ultrarelativistic non-thermal particles (electrons

and p ositrons) is con tin uously injected in to a spherical emitting v olume

(the \blob") of como ving radius R

b

at a time-dep enden t rate. The injected

p opulation follo ws a single p o w er la w distribution describ ed b y a particle

sp ectral index p, como ving densit y n

e

and lo w- and high-energy cuto�s 


1

and 


2

, resp ectiv ely , suc h that n

e

( 
 ) = n

0




� p

for 


1

� 
 � 


2

. The blob

carries a randomly orien ted magnetic �eld B of uniform strengt , whic h is

determined b y an equipartition parameter e

B

� u

B

/ u

e

(in the como v-

ing frame), where u

B

is the magnetic �eld energy densit y and u

e

is the

electron energy densit y . A t a heigh t z

0

, ab o v e the plane of the disk, the

electron p opulation is injected initially and the emitting region starts to

tra v el relativistically with a sp eed v =c = �

�

= (1 � 1 = �

2

)

1 = 2

along the jet.

The jet is directed at an angle �

obs

with resp ect to the line of sigh t and

the Doppler b o osting of the emission region with resp ect to the observ er's

frame is determined b y the Doppler factor � = [�(1 � �

�

cos �

obs

)]

� 1

. As

the emission region tra v els out w ard along the jet, the electron p opulation

in the blob loses energy via sync hrotron emission, Compton upscattering

of sync hrotron photons (SSC) and/or Compton upscattering of external

photons (EIC). The ev olution of electron and photon p opulation inside the

emission region is go v erned b y equations (4) and (5) of 3.

The mo del indep enden t parameters giv en in equation (4) of 2 w ere used

to form a base set of input parameters to repro duce the quiescen t and the


aring state of 3C 66A. Appro ximately , 350 sim ulations w ere carried out to

study the e�ects of v ariations of v arious parameters, suc h as 


1

, 


2

, p, B and

�, on the resulting broadband sp ectra and ligh t curv es. The v arious mo del

parameters used to sim ulate the t w o states of 3C 66A, using a pure SSC
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emission pro cess, are listed in T able 1. A Doppler factor of � = � = 24 and

a viewing angle of �

obs

= 2 : 4

o

resulted in a satisfactory �t to the quiescen t

state of 3C 66A. [2]. The quiescen t state w as sim ulated suc h that it did

T able 1. Mo del P arameters used to repro duce the quiescen t and 
aring state of 3C 66A as

sho wn in Figure 1.

Fit L

inj




1




2

p Pro�le e

B

B � R

b

�

obs

[10

41

ergs/s] [10

3

] [10

4

] [G] [10

15

cm] [deg]

1 2.7 1.8 3.0 3.1 ||{ 1 2.4 24 3.59 2.4

2 8.0 2.1 4.5 2.4 Gaussian 1 2.8 24 3.59 2.4

Note : L

inj

: luminosit y of the injected electron p opulation in the blob, 


1 ; 2

: lo w- and high-

energy cuto�s of electron injection sp ectrum, p: particle sp ectral index, Pro�le: 
are pro�le

used to sim ulate the optical v ariabilit y pattern, e

B

: equipartition parameter, B: equipartition

v alue of the magnetic �eld, �: bulk Loren tz factor, R

b

: como ving radius and �

obs

: viewing

angle.

not o v erpredict the X-ra y photon 
ux as X-ra y photons are exp ected to

b e dominated b y the 
aring episo des. On the other hand, the 
aring state

w as repro duced suc h that the sim ulated time-a v eraged sp ectrum passes

through the observ ed time-a v eraged optical and X-ra y data p oin ts. This

w as ac hiev ed b y v arying 


1

, 


2

and p. The e�ect of EIC mec hanism on the

high-energy comp onen t of the sp ectra of 3C 66A has not b een considered

y et and is a w ork in progress.

3. Results and Discussion

Figure 1 sho ws the sim ulated SED of 3C 66A, for the quiescen t and the 
ar-

ing state. The quiescen t state is a sim ulation of the state observ ed around

1st Octob er 2003 whereas the 
aring state is the repro duction of a generic 10

da y 
aring p erio d corresp onding to the timescale of sev eral ma jor outbursts

that w ere observ ed during the campaign. The 
aring state w as repro duced

b y v arying individual input parameters b et w een the v alues for quiescen t

and 
aring states with a pro�le that w as Gaussian in time. The c hange in

the v alue of p, in our sim ulations, from 3.1 to 2.4 migh t indicate a p ossible

c hange in the B-�eld orien tation or an in terpla y b et w een the 1st and 2nd

order F ermi acceleration that is making the particle sp ectra harder.

Figure 2 sho ws the sim ulated time-a v eraged sp ectrum of 3C 66A in the


aring state. As can b e seen, the high energy end of the sync hrotron com-

p onen t passes through the time a v eraged X-ra y data. This sho ws that the

soft X-ra y photons are pro duced from sync hrotron emission during 
aring
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Fig. 1. Sim ulation of the quiescen t state of 3C 66A observ ed around Octob er 1st 2003

and the 
aring state for a generic 10 da y 
are corresp onding to the timescale of sev eral

ma jor outbursts observ ed in the optical regime during the campaign. The blac k solid

line indicates the instan taneous sp ectrum generated after the system attains equilibrium

in the quiescen t state. The lo w-energy comp onen t of the quiescen t state p eaks in the

optical at �

syn

� 4 : 8 � 10

14

Hz whereas the high-energy SSC comp onen t p eaks in the

MeV regime at �

SSC

� 1 : 6 � 10

21

Hz. The sync hrotron co oling timescale in the observ er's

frame is � 1.2 hours, whic h is on the order of the observ ed minim um optical v ariabilit y

timescale of 2 hours. The rest of the curv es sho w the instan taneous sp ectra in the 
aring

state at sev eral di�eren t times in the observ er's frame, for e.g., long-dashed blac k line

( � 8th da y , highest state attained b y the system during 
aring) and red solid line ( � 22nd

da y , equilibrium state reac hed b y the system after the 
aring episo de is o v er). The

sync hrotron comp onen t of the 
aring state p eaks at �

syn

� 1 : 1 � 10

15

Hz and the SSC

comp onen t p eaks at �

SSC

� 2 : 7 � 10

22

Hz. The SSC comp onen t of this state cuts o� at

�

SSC ; cuto�

� 2 : 3 � 10

24

Hz and the sync hrotron co oling timescale is � 37 min utes.

whereas the harder X-ra y photons come from the SSC mec hanism with

the exp ected sp ectral hardening taking place at � 7 k eV. The high energy

comp onen t, due to SSC emission, for the time-a v eraged sp ectrum cuts o�

at � 4 GeV and our mo deling results predict that the ob ject is within the

sensitivit y limits of MA GIC, VERIT AS and GLAST.

Figure 3 is a hardness in tensit y graph that indicates that the ob ject fol-

lo ws a p ositiv e correlation of b ecoming harder in B-R while getting brigh ter

in the R band, whic h agrees w ell with the observ ed optical v ariabilit y pat-

tern. The sim ulated v ariabilit y amplitude in the R band (0.55 mag) also
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Fig. 2. Time-a v eraged sp ectral energy distribution of 3C 66A around a 
are as sho wn

in Figure 1. The �lled colored circles are the time-a v eraged optical and IR data p oin ts for

the en tire campaign p erio d and the \RXTE 2003" denotes the time-a v eraged X-ra y data

p oin ts. The dot-dashed blac k line is the con tribution from the sync hrotron comp onen t

only whereas the long-dashed blue line indicates the con tribution of the SSC comp onen t

only . The time-a v eraged sync hrotron comp onen t p eaks at �

syn

� 7 : 2 � 10

14

Hz whereas

the time-a v eraged SSC comp onen t p eaks at �

SSC

� 5 : 3 � 10

21

Hz. The green, maro on

and magen ta lines indicate the sensitivit y limits for an observ ation time of 50 hours for

MA GIC, VERIT AS and MA GIC (Large Zenith Angle) resp ectiv ely whereas, the blac k

line indicates the sensitivit y limit for GLAST for an observ ation time of 1 mon th.

matc hes the observ ed v alue (0.3 - 0.5 mag) for a 10 da y p erio d outburst.

4. Summary

A detailed analysis of the data of 3C 66A w as carried out using a one-zone

time-dep enden t homogeneous leptonic jet mo del. The sim ulations yielded

a satisfactory �t to the observ ed SED in the quiescen t as w ell as the 
aring

state and could successfully repro duce the observ ed optical v ariabilit y pat-

tern. According to the sim ulations, the pro duction of hard X-ra y and VHE

photons is dominated b y the SSC mec hanism throughout whereas the soft

X-ra y photons start out with the dominance of the SSC mec hanism during

the quiescen t state and later on get tak en o v er b y the sync hrotron mec h-

anism during the 
aring state. The sync hrotron comp onen t is exp ected to

cut o� near 7 k eV whereas the SSC comp onen t cuts o� at � 4 GeV yielding
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Fig. 3. The sim ulated hardness-in tensit y diagram indicates a p ositiv e correlation b e-

t w een the R- and B-band for an outburst lasting for � 10 da ys. The ob ject b ecomes

brigh ter in B and harder in B-R as sho wn b y the red arro ws. The upturn tak es place at

B-R � 0.72 mag where the 
ux in B equals that in R (corresp onding to �

BR

= 0). The

inset �gure sho ws the sim ulated ligh t curv es for v arious energy bands. The sim ulated

v ariabilit y in the R band is � 0.55 mag as indicated b y the blac k arro ws.

an in trinsic cuto� v alue at VHE for this ob ject. This puts the ob ject w ell

within the observ ational range of MA GIC, VERIT AS and GLAST. In the

ongoing w ork, the p ossible presence of an external in v erse Compton com-

p onen t is b eing ev aluated (Joshi & B• ottc her, in preparation), whic h ma y

substan tially enhance the lev el of exp ected 
 -ra y emission.
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