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Optical and GeV flux variationsin Fermi blazars
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Abstract. A large fradion of y-ray emitting bazas show correlated flux
variations in the optica and y-ray bands with littl e or no time lag. How-
ever, in aminority of them, uncorrelated ogticd and y-ray flux variations
are seen. From an analysis of the opticd R-band light curves from the
Small and Moderate Aperture Research Telescope System (SMARTS) and
v-ray light curvesfromthe Large AreaTelescope (LAT) on baard the Fermi
Gamma-ray Space Telescope, we find three sources that show correlated
opticd and y-ray flux variations at some gyochs and urcorrelated varia-
tionsat other epochs. These findings pose serious challengesto our current
understanding of the various emisson procesesin the jets of blazas.

Keywords : galaxies. adive — quasars. 3FGL J17330-1305 — qasars:
3FGL J2147.3-7536 — qasars: 3FGL J23247-4040

1. Introduction

Blazas, a dassof adive galadic nuclei dominate the extragaladic y-ray sky. They
are sources that have their relativistic jets aligned close to the line of sight to the
observer (Urry and Padovani 1995. One of the distinctive properties of blazas is
that they show flux variations over the entire dedromagnetic spedrum. This prop-
erty can be used as an efficient toal to probe the location o multi-wavelength emis-
sionin their relativistic jets. In the leptonic model (Béttcher 2007 of emisson from
blaza jets, there must be a @rrelation between flux variationsin the low energy (op-
ticd) and high energy (y-ray) bands. Alternatively, in the hadronic emisson model
(Mucke and Protheroe 2001), correlation between opticd and y-ray flux variations
may not be present. Thus, by studying the nature of variations in the opticd and y-
ray bands, one can distinguish between leptonic and hedronic modelsthat explain the
high energy emisson processes happeningin the jets of blazas.
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Figure 1. Light curves of 3FGL J17330-1305in the y-ray (top panel) and ogicd (bottom
panel). Flaring epochs are marked as A, B, Cand D.

For most of the blazas dudied for multi-wavelength variations, a dose orre-
lation is found ketween the y-ray and ogicd flux variations with or withou lag
(Bonninget al. 2009 Chatterjee é al. 2012 Carnereroet a. 2015 Liao et a. 2014.
However, in sources, such asPKS0208-512(Chatterjee @ a. 2013 and 4 1849+67
(Cohen et al. 2014 there ae evidences of opticd flares with no correspondngy-ray
flares. Also, there ae recent reports of the detedion o y-ray flares with no opica
courterparts in sources auch as PKS 2142-75 (Dutka @ a. 2013, PKS 1510-089
(MadDonald et al. 2015 and PKS 0454-234(Cohen et al. 2014. Thus, available re-
sults on multi-wavelength flux variations in blazas clealy indicate that the relation
between their optica andy-ray flux variationsis complex. We present here our results
onthe seach for the presence/absenceof correlated opticd and y-ray flux variations
in blazas monitored in the SMARTS monitoring program * .

2. Sampleand Data

Our sample consists of 75 Hazas, which includes 35 BL Lacs and 45flat spedrum
radio quasars. For these source we have taken the R-band data from the SMARTS
monitoring program andy-ray data(GeV band) from Fermi-LAT 2 spanningabout 6.5
yeas. From a caeful inspedion o the R-band and y-ray light curves, we find three
sources that show correlated as well as un-correlated variations between the opticd

Lhitp://www.astro.yal e.edysmarts/fermi/
2http://fermi.gsfc.nasa.gov/ss/datg/accesdlat/4yr_caaogap_|cs.php
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Figure 2. The y-ray (top panel) and ogticd (bottom panel) light curves of 3FGL J2147.3-7536

and y-rays. The opticd and y-ray light curves of these three sources are shown in
Figures1to 3.

3. Results

3FGL J17330-1305 The opticd and y-ray light curves for this source ae shown
in Fig. 1. Based oneither the opticd or the y-ray flares, four epochs denoted as A,
B, C and D have been identified from visual inspedion. During epoch A, thereis an
opticd flare withou the correspondngy-ray flare. During epoch B, both opticd and
y-ray emissons show correlated variations. During epochs C and D, y-ray emisson
has flared, but the opticd emisson has not shown any naticeale flux variation.

3FGL J21473-7536 Inthis source, depending onthe presenceof either an opticd
or y-ray flare, atotal of six epochs have been identified visually as marked by A, B,
C, D, EandFin Fig. 2. During epochs A, B and F, both opticd and y-rays show
flaring behaviour at the same time. During epochs C, D and E, there ae y-ray flares
with nocounterpartsin the opticd band.

3FGL J23247-404Q The source has remained nonvariable in the opticd band as
can be seen in Fig. 3. A large y-ray flare is e around JD 2456565(shown by
verticd line), however, duringthat epoch the opticd emissonis nealy stable.

4, Summary

The analysis of the opticd andy-ray variability of thethreeblazas presented hereisa
clea pointer that blazas exhibit complex variability patterns. These limited observa-
tionsindicae that in asingle sourceit is possble to witnessthe foll owing variability
behaviours(i) correlated opticd andy-ray flares, (ii) opticd flare with nocorrespond
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Figure 3. Light curves of 3FGL J23247-4040in the y-ray (top) and ogica (battom).

ingy-ray flare and (iii ) y-ray flarewith no ogica courterparts. The correlated optica
andy-ray variations can be explained in the leptonic scenario wherein the same pop-
ulation o relativistic dedrons is resporsible for the opticd and y-ray radiation via
synchrotron and inverse Compton processes respedively. The observed uncorrelated
opticd andy-ray flux variations from blaza jets might be due to enhancement of B-
field (Chatterjee ¢ al. 2012, hadronic processes contributing to the y-ray emisson
etc. Thoughthese models could explain the variability patterns shown by dazas at
different epochs in isolation, new theoreticd models are needed to explain in totality

the varied variahility patterns shown by asingle blaza at different epochs of time.
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