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Spectral States of OJ 287 blazar from Multi-wavelength
Observations with AstroSat
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ABSTRACT

We present AsfroSat soft X-ray, near-UV (NUV) and far-UV (FUV) observations of a blazar, (0] 287, carried out in
2017, 2018, and 2020. The simultaneous observations with NuSTAR in 2017 provide a broad-band look encompassing
NUV, FUV, soft and hard X-rays. Captured in three different broadband spectral states in three observations, the
X-ray spectrum is found to be the hardest during 2018, while the high-energy-end of the simultaneous optical-FUV
spectrum shows a steepening that is modeled with a broken power-law spectrum. The spectral energy distribution
(SED) in 2017 shows a relatively Hlatter optical-FUV and soft X-ray spectra, implying an additional emission compo-
nent. The 2020 optical-FUV spectrum is harder than in 2017 and 2018, with an extremely soft X-ray spectrum and
a hardening above ~1 GeV, similar to the SEDs of High-energy-peaked BL Lac objects (HBL), thereby establishing
that this additional emission component has HBL-like properties. The AstroSaf multi-wavelength observations trace
the spectral evolution from the end-phase of the HBL component in 2017 to its disappearance in 2018 followed by its
revival in 2020. A single zone leptonic model reproduces the 2018 broadband spectrum while the 2017 and 2020 SEDs
require an additional HBL-like emitting zone. The spectral evolution of the high-energy-end of optical-UV spectrum,
revealed by the FUTV observations in 2017 and 2018, strongly suggests that X-ray spectral changes in the normal
broadband spectral state of (0] 287 are primarily due to the evolution of the optical-UV synchrotron spectrm.

Key words: BL Lac objects: individual: 00 287 — galaxies: active — galaxies: jets — radiation mechanisms: non-

2110.14978v1 [astro-ph.HE] 28 Oct 2021

arXxXiv

thermal — gamma-rays: galaxies — X-rays: galaxies

1 INTRODUCTION

BL Lac type objects are a special class of active galactic nu-
clei known as blazars, that are powered by aceretion on to a
super-massive black-hole (SMBH) and have a super-luminal
relativistic jet directed almost along the line-of-sight to us.
The radiation from such objects covers the entire range of
electromagnetic spectrum from radio to very high energy
(VHE, E = 100 GeV) y-rays and can be highly polarised.
The entire emission originates almost exclusively within the
jet and exhibits a broad spectral energy distribution (SED)
with two distinct humps ascribed to synchrotron and inverse-
Compton processes, and with their peaks shifting towards
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lower frequencies with inereasing bolometric luminosity thus
giving rise to a spectral sequence that has been clubbed
into three classes known as Low-Trequency-peak BL Lac
(LBLz), intermediate-frequency-peak BL Lacs (IBLs), and
high frequency peak BL Laecs (HBLs) (Fossatl et al. 1998;
Abdo et al. 2010). X-ray emission from blazars is either due
to Synchrotron (Sy) process from highly energetic electrons
{or protons) or due to Synchrotron Sell-Compton (35C) pro-
cess where low frequency photons are boosted in energy by
the inverse Compton (1C) process from the same electrons
that produced the Sy emission. Radiation from these objects
15 highly variable in intensity and spectral shapes on time-
scales of minutes to years, indicative of highly compact yet
powerful sub-parsee size for the emission regions powering
these objects.

O 287 iz an archetypal BL Lac object with red-shift,



