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We present a detailed X-ray spectral study of the high energy peaked blazar MKN 421 using the
simultaneous broadband observations from the LAXPC and SXT instruments on-board the As-
troSat satellite. In order to investigate the spectral properties of the source, we used the method
of time resolved spectral analysis by dividing the total observation time into time-segments of
10 ksecs and then by fitting each segment with synchrotron emission of particle density from
logparabola model. In each time-segment, we fitted the observed broadband X-ray spectrum.
The X-ray spectrum of Mkn 421 showing significant spectral curvature is usually described by
log-parabola model, however, the model fails to give the information of underlying physical pa-
rameters as the exact relationship of model parameters with the underlying physical quantities
is not clear. Therefore in order to obtain the information of underlying physical parameters,
we reproduce the X-ray spectrum with a analytical models viz. energy-dependent accelera-
tion(EDA) model. On comparing the goodness of the fit of synchrotron convolved logparabola
model with the EDA model, we noted that both the models provided nearly equally good fit
to the broadband spectrum, though EDA model is comparatively better. Moreover, we studied
the correlation between EDA model parameters (norm, v, k) and the observed quantities using
the Spearman rank correlation method. A significant anti-correlation is observed between
and k with r, = —0.82(P,, = 1.69 x 107?) and similar anti correlation is also obtained for the
case of k and norm r, = —0.86 (P, = 3.5 x 107!). The above obtained correlation results
between fit parameters for the case of EDA model are consistent with the definition. Which
refer that the model is more appropriate for reproducing the X-ray spectrum of Mkn 421.
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Blazars

* Active galactic nuclei (AN with relativisticjets that
Point very close to the line of sight of the observer

« Variable non thermal emission from radio to y - rays.

< Spectral energy distribution (SED) Sgnchrotron
process Procluces low~energ9 (radio-UV/ X—-rag)

Accretion disk

comPonent

Torus of neutral
* Inverse Compton process giving rise to high»-energg gas and dust

(X~r39 . y~ray) spectrum
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Markarian 421(Mkn 421)

o Mkn421is a nearest and an extremelg ]:)right source and clisplag a

strong variabilitg across electromagnetic spectrum.

* During 2017 January 3-8, AstroSat carried a ToO observation of
the ﬂaring activitg of Mkn 421 for a total observation time of 409

ksec.

* We carried a time resolved sl:)ectral stuclg bﬂ clivicling the

1 : . : ’
observation time into time segments O1C 10 |<5ec.
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Spectral analgsis

+ The combined X—-rag sl:)cctrum in each segment is fitted bg sgnchrotron emission from ‘cligerent
Particle energy distribution e.g Iog Parabola (lp), and Particle model such as energg«ﬂependent
dittusion (EDD), energy clePenclent acceleration (EDA), Power-law with a maximum energy &)

moclel.

+ The motivation of our work was to obtain a more consistent Physical scenario rcsponsible for

emission.

* The sgnchrotron flux emission arises from a spherical region of radius (R) filled with tanglecl magnetic

field (B) and relativistic isotrol:)ic electro distribution (n(y)) received bg the observer at energy € IS

53(1

given 59 Fy(€) =

Z)

di

VA

P
max

flel&Hn(&)ds

ug ;
min

« This equation is solved numerica”g and included it as local convolution model, syncony @ n(&) in
Xorfo.
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* Shal:)e of lnl:)ut Particle clensitg as
n(€) = K(E/E)=aPlog)

* We Pemcorm the combined sPectral ftin

each time bin with synconv @ n(<&) model

5(1
LY 9y
dt

lssue:

o The exact relationship of model Parameters

with Phgsical Parameters is not clear.

Log~Parabola model
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/—\nalgtical model

The steac19 state Particle distribution

0 % 3 n,
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y TCZCC TeSC
Power-law with a maximum energy due to radiative cooling (& ) model (z,
and T, energy iﬂclel:)eﬂdent)
Cnergy depcnclent diffusion (EDD)model G energy clclacnclent)
Energy clel:)enclent acceleration (EDA) model (z,,., energy clel:)enclent)
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EDD model:

—K
Energy clepenclent of escape time scale Lol oty (%))
R

* The particle energy distribution n(&) = K'&~'exp [‘Z 5'1 where y = 1g (Crg
K

K' = Qyt,.\/Cexp | R <ﬁ>

K /R

) 4

The free parameters for the model are W, K and N gjven bﬂ N — VAK’




EDD model:

=K

* Y=Yy, log gy = — 0.38k + 0.42

- * jp = 2.6and & ~ 2.4 keV

* The observecl Photon energy corresl:)oncliﬂg to vp .»:R =
2.4 keV
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EDD model:

ke e NSNS s

L v N =R A*_ xlog £, + B

| K
« Fromthe ﬁt, =06 B=15 and e = 2.6

S IIEN o lts y oits a i

s The injection energy of the acceleration regjon, as

Yo ~ 0.26y5
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EDA model:

K
- Energy dependence of acceleration time-scale 0 b =T (l))
YR

® The Par‘cicle energy distribution n(&) = K’ exp [—Z 5’1 W = g (Cyl%)_'dz _
K

K' = QOTacc,R\/Eélg KGXp n_R (é>

K GR
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* The free parameters for the model are W, K and N given ]:)9. B — V AK’
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EDA model:

* [nN =;7—RA’<—1<10g§R+B

K

» From the fit, A= 0.19, B=2.70 and e = 2.0

o The injection energy of the acceleration region, as

Yo ~ 0.197p
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Conclusion and Future work

« We have shown that Time-resolved spectral analgsis 1S Powc—:r{:ul toll to check

the consistencg the models.

o The cor

Phgsica

o The model contains in this work are simple ones which have analytical solution,

-elation between sPectral Parameters and the inferred estimates of

{

u values can be usecl to constraint the moclels.

but in realitg the Physical situation may be more complex.

o We will clevelop more sophisticate model by considering both ditfusion and

acceleration process to be energy clepenclent.
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