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BLAZARS:	  A	  Brief	  Introduction	  
Radio-‐loud	  subclass	  of	  AGN	  characterized	  by	  	  

Extreme	  broadband	  variability	  from	  radio	  to	  gamma-‐rays	  (to	  TeV	  

energies),	  both	  in	  amplitude	  and	  time-‐domain	  	  à	  compact	  

emitting	  regions.	  

Non-‐thermal	  continuum,	  strong	  polarization	  at	  radio	  and	  optical	  

wavelengths	  and	  super-‐luminal	  motion	  	  à	  jet	  driven	  

Only	  truly	  simultaneous	  multi-‐wavelength	  	  observations	  have	  the	  

potential	  to	  infer	  the	  extreme	  nature	  of	  these	  sources.	  	  
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Blazars:	  Classification	  
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Blazars:	  Main	  Features	  of	  SED	  
•  Low	  Energy	  Hump-‐-‐	  high	  degree	  of	  polarization	  and	  smooth	  

connection	  of	  the	  observed	  radio	  flux-‐densities	  to	  IR-‐	  Optical-‐

UV/X-‐ray	  and	  a	  power-‐law	  spectra	  à	  Synchrotron	  emission	  

from	  non-‐thermal	  electrons.	  

•  High	  Energy	  Hump:	  Attributed	  to	  Inverse	  Compton	  scattering	  

of	  soft	  seed	  photons	  from	  Sync,	  	  UV	  from	  AD,	  	  	  BLR,	  IR-‐Torus	  ?	  

•  ASTROSAT	  covers	  the	  region	  of	  transition	  between	  the	  two	  

humps	  	  (valley)	  à	  variability	  in	  different	  bands	  of	  the	  

ASTROSAT	  –	  can	  resolve	  the	  scale	  size	  of	  the	  regions	  
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SED	  of	  a	  Blazar	  (3C279:FSRQ)	  
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Blazars: Physical Processes 
Target photons for IC 

process: 
ECD: External 

Comptonization of 
Direct Disk 
radiation 

ECC: External 
Comptonization of 
radiation from 
Clouds 

RSy: Reflected 
Synchrotron 

SSC: Sy. ν in the jet 
IR emission from 

circum-nuclear 
dust ? 

 Bottcher (2001) 



A	  possible	  proposal	  for	  
Baseline	  Science	  with	  Astrosat	  

•  LBL/HBL	  :	  OJ	  287	  (PV	  Calibrators	  Mrk	  421,	  

PKS2155-‐304),	  Mrk	  501	  

•  FSRQ 	  :	  PKS1222+216	  
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OJ	  287	  	  	  
LBL	  ;	  	  	  z=0.306;	  A	  γ-‐ray	  Flare	  in	  2009	  

	  	  
Peculiar	  double	  peaked	  periodic	  
outbursts	  in	  optical~12	  years	  

Next	  one	  in	  Dec	  2014	  –	  Jan	  2015	  
Binary	  SMBH	  
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High energy emission processes in OJ 287 2383

Figure 1. Multiwavelength light curves of OJ 287 during a flare in 2009 (October 6–December 20) from radio to γ -ray frequencies. The vertical lines delineate
the three different states of OJ 287. The X-ray (Swift-XRT) and γ -ray (Fermi-LAT) data are from their respective data base. The IR–optical data are reproduced
from Yale-SMARTS (filled circles) along with optical V-band data from Arizona-Steward (filled squares) Fermi follow-up programs. Radio data were obtained
from Boston and OVRO blazars’ monitoring program as labelled in the figure. The 7 d binned LAT data from MJD: 55152–55166 are shown in the inset with
the same x-scale.

time-scale (tvar) as

R′ = δ

(1 + z)
ctvar. (6)

For the present work, we consider the viewing angle of the jet for
OJ 287 to be ∼3◦ as estimated from VLBA studies (Jorstad et al.
2005) and the bulk Lorentz factor of the jet # is chosen to be
12 to obtain the observed superluminal velocity of 10.8c (Agudo

et al. 2011).8 Under these assumptions and constraints, a plausible
mechanism responsible for the high energy emission can be argued
based on the observed fluxes in optical, X-ray and γ -ray energies.

8 However, it should be noted that our conclusion on emission mechanisms
remains unchanged for the possible ranges of viewing angle and bulk Lorentz
factor inferred from the VLBA studies.
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We have chosen the spectrum corresponding to the State 1 for
present study and used the approximate analytical solution for syn-
chrotron and EC emissivities (Sahayanathan & Godambe 2012) to
estimate the source parameters.

3.1 Synchrotron self-Compton

In the interpretation based on SSC mechanism being operative, we
consider the X-ray and γ -ray emission as resulting from inverse
Compton scattering of synchrotron photons by the particle distri-
bution described by equation (1). The SSC peak (νp,SSC) of the
spectrum can then be related to the synchrotron peak (νp,syn) as

νp,SSC = γ ′2
b νp,syn, (7)

with

νp,syn = δ

1 + z
γ ′2

b νL. (8)

Here νL = eB ′/(2πmc) is the Larmor frequency.
The observed synchrotron flux for ν > νp,syn can be approximated

as

Fsyn(ν) ≈ s(z, q)δ(q+5)/2B ′(q+1)/2R′3κν−(q−1)/2 Jy, (9)

where s(z, q) is a function of z and q (for z = 0.306 and q = 3.54,
s = 3.8 × 10−47). Substituting equation (6) in equation (9) and
choosing p = 2.42 and q = 3.54 (corresponding to photon indices
1.71 ± 0.05 and 2.27 ± 0.10), we can obtain the source magnetic
field in terms of observed quantities as

B ′ ≈ 0.08
!

F5.5×1014 Hz

6.6 × 10−3 Jy

"0.44 !
δ

17.2

"−3.20 !
tvar

2.5 d

"−1.32

×
!

κ

2.4 × 109

"−0.44 !
ν

5.5 × 1014 Hz

"0.56

G. (10)

The value of κ is chosen to reproduce the SSC flux of (5.5 ± 0.5) ×
10−11 Jy at 0.55 GeV. Considering νp,syn ! 1014 Hz (see Fig. 2) and
using equations (8) and (10) we get γ ′

b ! 5.8 × 103. These estimated
parameters correspond to an equipartition parameter η ∼ 215 for
assumed γ ′

min = 40.

Figure 2. Time averaged broad-band SED of OJ 287 obtained for MJD:
55124–55131 (State 1), MJD: 55131–55152 (State 2) and MJD: 55152–
55184 (State 3) (see Fig. 1) during the 2009 γ -ray flare. State 1 SED
corresponds to an average spectra from 2009 October 20–27. The brightest
γ -ray flare happened on 2009 October 22 while the XRT data for this state
correspond to 2009 October 25. State 2 SED corresponds to an average spec-
tra from 2009 October 28–November 17 while the State 3 SED corresponds
to 2009 November 18–December 19.

Figure 3. Model spectrum due to synchrotron and SSC processes along
with the SED corresponding to State 1 (see Fig. 2). The dashed and dotted
curves represent the synchrotron and SSC components, respectively, while
the solid curve is the total emission. The grey data points represent five times
the observed XRT flux (black point) during State 1 (see text).

If we consider the SSC spectrum as a broken power law with
indices αX = 0.71 ± 0.05 and αγ = 1.27 ± 0.10, then the peak
SSC frequency in SED can be obtained through X-ray and γ -ray
fluxes as

νp,SSC =
#

FSSC(νγ )ναγ
γ

FSSC(νX)ναX
X

$%
1

αγ −αX

&

≈ 3 × 1022 Hz. (11)

From equation (7), this frequency corresponds to γ ′
b " 1.5 × 104

which contradicts our earlier condition on γ ′
b. However, considering

that the X-ray observation was performed during the falling edge
of the γ -ray flare, the X-ray flux of State 1 may be underpredicted.
If we increase the X-ray flux approximately five times, consistent
with the factor of increase in the γ -ray flux corresponding to the
highest and the lowest value, we can obtain γ ′

b ∼ 4.1 × 103. This
satisfies the γ ′

b constraint obtained earlier (using equations 8 and
10). However, the parameters required to explain the SED deviate
from the equipartition condition considerably.9 In Fig. 3, we plot the
resultant spectrum due to synchrotron and SSC processes using the
parameters described above. For the model plot presented in Fig. 3
and the ones following (Figs 4–7) we have used the exact description
for radiative processes (Rybicki & Lightman 1986; Dermer 1995)
rather than the approximate analytical expressions mentioned above
and afterwards to analyse the different emission mechanisms.

3.2 External Compton

In the EC scenario, the emission region moves through an external
photon field and the high energy emission is dominated by EC
process rather than SSC process. For simplicity we assume the
external radiation to be of blackbody origin corresponding to a
temperature T∗ (quantities with subscript ∗ are measured in the
AGN frame). In the rest frame of emission region, the Lorentz
boosted external photon field is scattered to high energy through

9 η can at best be reduced to ∼30 by choosing superluminal velocity of 6.4c
and a viewing angle of 4.◦1.
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OJ	  287:	  SED	  Modeling	  
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Figure 4. Model spectrum due to synchrotron, SSC and EC processes
along with the SED corresponding to State 1. The high energy emission
is interpreted as a result of EC process only. As in Fig. 3, the dashed and
dotted curves represent synchrotron and SSC components, respectively. The
EC spectrum is represented by dash–dotted curve and the solid line is total
spectrum due to all these emission processes.

Figure 5. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 1. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

Figure 6. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 2. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

Figure 7. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 3. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

inverse Compton process. The peak of the EC spectrum due to the
particle distribution given by equation (1) will be

νp,EC = δ

1 + z
γ ′2

b ($ν∗), (12)

where ν∗ = 2.82KBT∗/h with KB and h being Boltzmann and
Planck constants. The observed EC flux for ν > νp,EC can be written
as

FEC(ν) ≈ c(z, q)δ(q+5)/2$(q+1)/2R′3κν(q+5)/2
∗ ν−(q−1)/2 Jy, (13)

where c(z, q) is a function of z and q (c(z, q) ∼ 8.3 × 10−105 for z =
0.306 and q = 3.54). Using equations (8), (9), (12) and (13) we can
obtain the magnetic field B and νT in terms of observed quantities
as

B ′ ≈ 0.3
!

F0.55 GeV

5.5 × 10−11 Jy

"0.5 !
F5.5×1014 Hz

6.6 × 10−3 Jy

"−0.5 !
$

12

"

×
!

νp,syn

1.4 × 1014 Hz

"2.14 !
νp,EC

3 × 1022 Hz

"−2.14

G. (14)

Then from equation (8) and (12)

ν∗ ≈ 1.5 × 1013
!

F0.55 GeV

5.5 × 10−11 Jy

"0.5 !
F5.5×1014 Hz

6.6 × 10−3 Jy

"−0.5

×
!

νp,syn

1.4 × 1014 Hz

"1.14 !
νp,EC

3 × 1022 Hz

"−1.14

Hz, (15)

where νp,EC is obtained by considering the EC spectrum as a broken
power law (refer equation 11). The lowest photon frequency of EC
spectrum will then be

νmin,EC = δ

1 + z
γ ′2

min($ν∗)

≈ 3.4 × 1017
!

δ

17.2

"!
$

12

"!
γ ′

min

12

"2 !
ν∗

1.5 × 1013

"
Hz.

(16)

However, this frequency is larger than the minimum observed fre-
quency at X-ray energies (1.2 × 1017) unless one assume γ ′

min <

$ which is unphysical under shock acceleration theory (Kino,
Takahara & Kusunose 2002; Kino & Takahara 2004). Alternatively,
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Figure 4. Model spectrum due to synchrotron, SSC and EC processes
along with the SED corresponding to State 1. The high energy emission
is interpreted as a result of EC process only. As in Fig. 3, the dashed and
dotted curves represent synchrotron and SSC components, respectively. The
EC spectrum is represented by dash–dotted curve and the solid line is total
spectrum due to all these emission processes.

Figure 5. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 1. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

Figure 6. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 2. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

Figure 7. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 3. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

inverse Compton process. The peak of the EC spectrum due to the
particle distribution given by equation (1) will be

νp,EC = δ

1 + z
γ ′2

b ($ν∗), (12)

where ν∗ = 2.82KBT∗/h with KB and h being Boltzmann and
Planck constants. The observed EC flux for ν > νp,EC can be written
as

FEC(ν) ≈ c(z, q)δ(q+5)/2$(q+1)/2R′3κν(q+5)/2
∗ ν−(q−1)/2 Jy, (13)

where c(z, q) is a function of z and q (c(z, q) ∼ 8.3 × 10−105 for z =
0.306 and q = 3.54). Using equations (8), (9), (12) and (13) we can
obtain the magnetic field B and νT in terms of observed quantities
as

B ′ ≈ 0.3
!

F0.55 GeV

5.5 × 10−11 Jy

"0.5 !
F5.5×1014 Hz

6.6 × 10−3 Jy

"−0.5 !
$

12

"

×
!

νp,syn

1.4 × 1014 Hz

"2.14 !
νp,EC

3 × 1022 Hz

"−2.14

G. (14)

Then from equation (8) and (12)

ν∗ ≈ 1.5 × 1013
!

F0.55 GeV

5.5 × 10−11 Jy

"0.5 !
F5.5×1014 Hz

6.6 × 10−3 Jy

"−0.5

×
!

νp,syn

1.4 × 1014 Hz

"1.14 !
νp,EC

3 × 1022 Hz

"−1.14

Hz, (15)

where νp,EC is obtained by considering the EC spectrum as a broken
power law (refer equation 11). The lowest photon frequency of EC
spectrum will then be

νmin,EC = δ

1 + z
γ ′2

min($ν∗)

≈ 3.4 × 1017
!

δ

17.2

"!
$

12

"!
γ ′

min

12

"2 !
ν∗

1.5 × 1013

"
Hz.

(16)

However, this frequency is larger than the minimum observed fre-
quency at X-ray energies (1.2 × 1017) unless one assume γ ′

min <

$ which is unphysical under shock acceleration theory (Kino,
Takahara & Kusunose 2002; Kino & Takahara 2004). Alternatively,
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Figure 4. Model spectrum due to synchrotron, SSC and EC processes
along with the SED corresponding to State 1. The high energy emission
is interpreted as a result of EC process only. As in Fig. 3, the dashed and
dotted curves represent synchrotron and SSC components, respectively. The
EC spectrum is represented by dash–dotted curve and the solid line is total
spectrum due to all these emission processes.

Figure 5. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 1. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

Figure 6. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 2. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

Figure 7. Model spectrum due to synchrotron, SSC and EC processes along
with the SED of State 3. The high energy emission is interpreted as a result of
both SSC and EC processes. The dashed, dotted and the dash–dotted curves
represent the synchrotron, SSC and EC spectral components, respectively.
The solid curve is the total emission from all the spectral components.

inverse Compton process. The peak of the EC spectrum due to the
particle distribution given by equation (1) will be

νp,EC = δ

1 + z
γ ′2

b ($ν∗), (12)

where ν∗ = 2.82KBT∗/h with KB and h being Boltzmann and
Planck constants. The observed EC flux for ν > νp,EC can be written
as

FEC(ν) ≈ c(z, q)δ(q+5)/2$(q+1)/2R′3κν(q+5)/2
∗ ν−(q−1)/2 Jy, (13)

where c(z, q) is a function of z and q (c(z, q) ∼ 8.3 × 10−105 for z =
0.306 and q = 3.54). Using equations (8), (9), (12) and (13) we can
obtain the magnetic field B and νT in terms of observed quantities
as

B ′ ≈ 0.3
!

F0.55 GeV

5.5 × 10−11 Jy

"0.5 !
F5.5×1014 Hz

6.6 × 10−3 Jy

"−0.5 !
$

12

"

×
!

νp,syn

1.4 × 1014 Hz

"2.14 !
νp,EC

3 × 1022 Hz

"−2.14

G. (14)

Then from equation (8) and (12)

ν∗ ≈ 1.5 × 1013
!

F0.55 GeV

5.5 × 10−11 Jy

"0.5 !
F5.5×1014 Hz

6.6 × 10−3 Jy

"−0.5

×
!

νp,syn

1.4 × 1014 Hz

"1.14 !
νp,EC

3 × 1022 Hz

"−1.14

Hz, (15)

where νp,EC is obtained by considering the EC spectrum as a broken
power law (refer equation 11). The lowest photon frequency of EC
spectrum will then be

νmin,EC = δ

1 + z
γ ′2

min($ν∗)

≈ 3.4 × 1017
!

δ

17.2

"!
$

12

"!
γ ′

min

12

"2 !
ν∗

1.5 × 1013

"
Hz.

(16)

However, this frequency is larger than the minimum observed fre-
quency at X-ray energies (1.2 × 1017) unless one assume γ ′

min <

$ which is unphysical under shock acceleration theory (Kino,
Takahara & Kusunose 2002; Kino & Takahara 2004). Alternatively,
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Kushwaha,	  Sahaynathan	  &	  Singh	  2013	  

•  SSC	  alone	  does	  not	  work	  
•  EC	  alone	  (where	  seed	  photons	  originate	  outside	  of	  the	  jet)	  also	  does	  not	  work	  
•  SSC+	  EC	  	  with	  a	  Black-‐body	  temperature	  ~250	  K	  and	  luminosity	  of	  ~	  1042	  erg/s	  

is	  reqd	  
•  Distance	  of	  emitting	  region	  ~	  10	  pc	  (consistent	  with	  mm-‐γ-‐ray	  (Fermi)	  

correlation)	  
•  Distance	  and	  temperature	  à	  	  IR	  Torus	  

Emission	  region	  is	  assumed	  to	  be	  a	  
sphere	  of	  radius	  R	  moving	  down	  the	  
jet	  at	  relativistic	  speed	  (βc)	  with	  bulk	  
Lorentz	  factor	  Γ	  =	  (1	  −	  β2)−1/2	  at	  an	  
angle	  θ	  with	  respect	  to	  the	  line	  of	  
sight	  of	  the	  observer.	  The	  emission	  
region	  is	  permeated	  with	  a	  tangled	  
magnetic	  field	  B′and	  populated	  by	  a	  
broken	  power-‐law	  distribution	  of	  
particles	  	  
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Table 1. Model parameters and properties of the source.

State Parameters Pjet Prad
p q γ ′

b B′ η T∗

State 1 2.42 3.54 1.4 × 103 0.4 1.0 280 1.1 × 1046 2.4 × 1042

State 2 2.60 3.80 2.6 × 103 0.4 1.0 224 1.3 × 1046 2.3 × 1042

State 3 2.80 3.76 2.2 × 103 0.7 0.2 235 1.1 × 1046 2.4 × 1042

Description of columns: (1) different states of the source (see Fig. 1); (2)
particle spectral index before break (from X-ray data); (3) particle spectral
index after break (from LAT data); (4) break Lorentz factor of the electrons;
(5) magnetic field (in Gauss); (6) equipartition factor (see Section 3); (7)
temperature of external photon field (in K); (8) total jet power (erg s−1); (9)
total radiated power (erg s−1).
Notes. For all the states we have chosen the emission region size R = 9 ×
1016 cm (corresponds to a variability time of ∼2.5 d), bulk Lorentz factor
# = 12, viewing angle θ = 3◦, minimum Lorentz factor of the electrons
γ ′

min = 40 and maximum Lorentz factor of the electrons γ ′
max = 3 × 104.

Columns (2)–(7) are the parameters governing the broad-band spectrum of
different states of the source, whereas columns (9) and (10) are the jet and
radiated power derived from these parameters.

νmin, EC can be lowered by reducing # and δ. However, this de-
mands an increase in K to explain the observed EC flux. Since
the SSC flux has a quadratic dependence on K (Sahayanathan &
Godambe 2012), this will result in dominant SSC emission at X-ray
energies and hence our EC interpretation fails. Furthermore, the γ ′

b
required to produce an EC peak frequency at 3 × 1022 Hz by scat-
tering of the soft photons at frequency ν∗ is ≈3.4 × 103. This again
contradicts our constraint obtained earlier (see Section 3.1). Hence
the interpretation of high energy emission by EC process alone may
not be a viable option though the deviation of the deduced quantities
from the observed ones is marginal. The estimated value of B′ cor-
responds to an equipartition parameter η = 2.3 for γ ′

min = 12. The
resultant spectrum due to synchrotron and dominant EC processes
is shown in Fig. 4.

3.3 SSC and EC processes for high energy emission

We consider the case where high energy emission is an outcome of
both the SSC and EC processes since individually either of these
processes is unable to explain the observations satisfactorily. Under
this scenario, the X-ray emission is attributed to SSC process and
the γ -ray emission to EC process. Then using equations (2), (9)
and (13) for η ∼ 1 we obtain the temperature of the external photon
field as10

T∗ ≈ 280
!

F0.55 GeV

5.5 × 10−11 Jy

"0.23 !
F5.5×1014 Hz

6.6 × 10−3 Jy

"−0.23

×
!

B ′
eq

0.4 G

"0.53 !
#

12

"−0.53

K. (17)

The value of B′ is chosen to reproduce the SSC flux of (9.1 ±
0.5) × 10−7 Jy at 2 keV. The resultant spectrum of OJ 287 due to
synchrotron, SSC and EC during State 1 is shown in the Fig. 5
along with the observed data. The physical parameters of the source
governing the spectrum are given in Table 1. An exercise similar to
one described above for State 1 is repeated for States 2 and 3 and
we have found that their high energy spectra can be explained only
if both SSC and EC processes are included. The resultant spectrum

10 The obtained temperature can vary for different # estimated from the
allowed ranges of superluminal velocities and viewing angles.

due to these emission processes is shown in Figs 6 and 7 and the
corresponding parameters are given in rows 2 and 3 of Table 1. The
spectrum of State 2 is reproduced using the equipartition parameter
η ∼ 1 whereas for State 3, during which the source was almost in
quiescent state, we need to consider η ∼ 0.2 to reproduce the ob-
served spectrum. Incidentally, we obtain almost similar temperature
for the external photon field (∼250 K) in all the states. The radio
fluxes of all the states lie on synchrotron self-absorbed regime in
the model plots (as is the case for most of the blazars) and the low
energy break seen in synchrotron spectrum is due to synchrotron
self-absorption effect.

4 D ISCUSSION

Our study suggests that the broad-band spectra of OJ 287 observed
during different stages of the γ -ray flare in 2009 cannot be explained
by considering the synchrotron and the SSC processes alone unless
unlikely physical conditions are assumed. Hence an additional emis-
sion component is required to explain the high energy emission. A
plausible candidate for this additional component can be the EC
scattering of soft photons external to jet. We assume this external
photon field to be a blackbody radiation. With this addition in the
emission mechanisms we are able to reproduce the SED of OJ 287
obtained during the different stages of the flare successfully. This
result is similar to the conclusion obtained through the empirical
SED modelling of various LBL observed by Fermi-LAT (Abdo et al.
2010). Models involving inverse Compton scattering of IR photons
(EC/IR) from a dusty torus, proposed by the unified picture of the
AGN (Urry & Padovani 1995), are also used to explain the VHE
emission from 3C 66A (Abdo et al. 2011) and ON 231 (Abdo et al.
2010). The EC/IR interpretation is also proposed for the BL Lac
object AO 0235+164 since the SSC interpretation requires a very
small covering factor of the broad line regions (BLR) and IR dusty
torus compared to the typical values of quasars (Ackermann et al.
2012). Earlier simultaneous observations of OJ 287 in X-ray and
VHE during 2007 optical outbursts were modelled by Seta et al.
(2009). No significant excess was reported at VHE during these ob-
servations and they explained the broad-band spectrum from radio
to X-rays using synchrotron and SSC emission models. These ob-
servations were done before the launch of Fermi and there were no
instruments available to observe the source at MeV–GeV energies.
However, inclusion of MeV–GeV flux, due to later observations by
Fermi, requires an additional emission component to explain the
broad-band SED (fig. 8 of Seta et al. 2009).

The physical parameters extracted by reproducing the observed
spectrum of OJ 287 through synchrotron, SSC and EC processes
can be used to estimate the total power of the jet. To do so we assume
the jet is loaded with cold protons with their number density being
equal to that of non-thermal electrons. The power of the jet can then
be approximated as (Celotti, Padovani & Ghisellini 1997)

Pjet = πR′2#2βc(U ′
p + U ′

B + U ′
e), (18)

where U ′
p is the cold proton energy density. For the chosen set of

parameters we find Pjet ≈ 1046 erg s−1 which is approximately four
orders of magnitude larger than the total power released as radiation
Prad ≈ 1042 erg s−1 (Table 1). Hence the radiative processes are
inefficient and most of the jet power can be carried to large scales.
The X-ray jet of OJ 287 seen by Chandra X-ray Observatory has
been studied by Marscher & Jorstad (2011). Using parsec scale
viewing angle of ∼3.◦2, they derived the de-projected length to
be greater than mega-parsec. The X-ray emission from this mega-
parsec scale jet is modelled as a result of IC/CMBR since at these
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For	  all	  the	  states	  we	  have	  chosen	  the	  emission	  region	  size	  R	  =	  9	  ×	  1016	  cm	  
(corresponds	  to	  a	  variability	  time	  of	  ∼2.5	  d),	  bulk	  Lorentz	  factor	  Γ	  =	  12,	  viewing	  
angle	  θ	  =	  3◦,	  minimum	  Lorentz	  factor	  of	  the	  electrons	  γ’min	  =	  40	  and	  maximum	  
Lorentz	  factor	  of	  the	  electrons	  γ’max	  =	  3	  ×	  104.	  	  

ASTROSAT:	  Test	  Synchrotron	  Dominated	  Spectra	  in	  BL-‐Lacs:	  OJ287,	  Mrk	  421,	  
PKS2155-‐304,Mrk501	  etc	  à	  Correlated	  variability	  at	  low	  and	  high	  energies	  (X-‐rays	  
&	  γ-‐rays),	  lag/delay	  study	  along	  with	  spectral	  indices	  at	  low	  and	  high	  energies.	  	  EC	  
part	  should	  be	  more	  variable	  than	  the	  synchrotron	  part	  .	  	  
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OJ	  287:	  
LBL	  
z=0.306	  
B=15.91	  
	  
0.11	  cps	  
	  
Half	  the	  
counts	  
in	  the	  
“Q”	  
state	  



SXT:	  PKS2155-‐305	  PV	  Phase	  calibrator	  
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PKS	  2155-‐304	  
HBL	  
Z=	  0.116	  
B=13.36	  
	  
Flaring	  State	  
14.6	  cps	  
	  
Quiescent	  	  
State:	  3.2	  cps	  
Ph.	  Index=2.4	  



From	  LAXPC	  Team	  
PKS 2155–304 ↵ = 2.4

Counts: 18 s

�1
, 14� detection in 100 s
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SXT:	  Mrk	  421	  (HBL)	  -‐	  PV	  Phase	  calibrator?	  
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Mrk	  421	  
HBL	  
z=0.03049	  
B=13.5	  
	  
26	  cps	  !	  



PKS1222+
216	  

z=0.432	  FSRQ	  (IC	  
dominated)	  
B=17.56	  

	  Two	  flares—Apr	  	  &	  	  
Jun	  2010	  (a	  rapid	  
TeV	  flare	  observed	  
by	  MAGIC	  	  on	  June	  

17,	  2010,	  with	  
doubling	  time	  ∼	  10	  

m)	  	  
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Figure 1. The daily binned Fermi-LAT light-curves of PKS 1222+216 in three energy bands obtained during the flare along with the model light
curves. The instantaneous jet power (Pjet) is shown in the bottom panel. Error bars are standard 1σ, statistical only. The estimated systematic
uncertainties in the fluxes are 10% at 100 MeV, 5% at 500 MeV, and 10% at 10 GeV. The solid and dashed vertical line marks the epoch of VHE
and XRT observation during the LAT flaring episode. Inverted triangles are LAT fluxes at the time of VHE detection by MAGIC, extracted from a
two hour integrated LAT data (see §2).
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Figure 2. The broadband spectrum of PKS1222+216 atMAGIC and XRT observation epoch. The VHE data (black solid circles) are obtained from
Aleksić et al. (2011) and the corresponding LAT fluxes are extracted from two hour (black squares) integrated LAT data. The grey data represents
the XRT observation with corresponding LAT fluxes from six hour integrated LAT data.The dashed, double dashed and dotted line represent the
synchrotron, SSC and EC spectra at the time of VHE detection by MAGIC. The solid black and grey lines represent the total emission from all
spectral components at the two epoch respectively. The IR-optical-UV data are taken from literature and are reproduced by the torus emission at
1200 K and multi temperature blackbody emission from accretion disk(see §2 and §5).
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Detection	  at	  VHE	  suggest	  the	  emission	  is	  due	  to	  EC	  of	  IR	  as	  BLR	  is	  optically	  thick	  to	  
VHE	  emission.	  	  Rapid	  varà	  a	  very	  compact	  region	  at	  a	  distance	  of	  IR	  region	  or	  BLR.	  
Peak	  luminosity	  (LAT)	  ~1048	  erg/s	  cannot	  be	  explained	  by	  the	  cooling	  (in	  minutes)	  
of	  non-‐thermal	  particles	  under	  EC	  of	  IR	  
A	  continuous	  injection	  of	  particles	  (very	  fast	  acceleration	  processes)	  are	  reqd.	  
	  

VHE	   XRT	  
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Figure 1. The daily binned Fermi-LAT light-curves of PKS 1222+216 in three energy bands obtained during the flare along with the model light
curves. The instantaneous jet power (Pjet) is shown in the bottom panel. Error bars are standard 1σ, statistical only. The estimated systematic
uncertainties in the fluxes are 10% at 100 MeV, 5% at 500 MeV, and 10% at 10 GeV. The solid and dashed vertical line marks the epoch of VHE
and XRT observation during the LAT flaring episode. Inverted triangles are LAT fluxes at the time of VHE detection by MAGIC, extracted from a
two hour integrated LAT data (see §2).
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Figure 2. The broadband spectrum of PKS1222+216 atMAGIC and XRT observation epoch. The VHE data (black solid circles) are obtained from
Aleksić et al. (2011) and the corresponding LAT fluxes are extracted from two hour (black squares) integrated LAT data. The grey data represents
the XRT observation with corresponding LAT fluxes from six hour integrated LAT data.The dashed, double dashed and dotted line represent the
synchrotron, SSC and EC spectra at the time of VHE detection by MAGIC. The solid black and grey lines represent the total emission from all
spectral components at the two epoch respectively. The IR-optical-UV data are taken from literature and are reproduced by the torus emission at
1200 K and multi temperature blackbody emission from accretion disk(see §2 and §5).
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Model:	  X	  –	  γ	  emission	  	  	  
from	  a	  compact	  region,	  
formed	  by	  compression	  
of	  jet	  matter	  at	  the	  re-‐
collimation	  zone	  
(compact	  region-‐	  10m	  
var).	  The	  flare	  is	  then	  due	  
to	  deceleration	  of	  jet	  
associated	  with	  this	  
focusing	  effect.	  Rise	  of	  
the	  LAT	  flare	  is	  due	  to	  the	  
opening	  of	  emission	  cone	  
followed	  by	  the	  decay	  
resulting	  from	  jet	  
deceleration.	  

Kushwaha	  et	  al.	  2014	  

A	  "Decelerating	  Jet"	  can	  explain	  both	  the	  LC	  and	  SED	  
at	  γ-‐ray	  energies.	  
Model	  also	  suggests	  that	  high	  energy	  should	  lead	  
lower	  energy	  photons	  (seen	  in	  LAT	  band	  !).	  
	  

EC	  

SSC	  

Sy	  

AD	  
BBody	  

ASTROSAT	  +	  GMRT+CT:	  Simultaneous	  Observations	  during	  Q	  and	  F	  	  

GMRT	   ASTROSAT	  
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From	  LAXPC	  Team	  
PKS 1222+216 ↵ = 1.61

Counts: 18 s

�1
, 14� detection in 100 s
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Thanks	  !	  
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