Spectral Studies of Flaring FSRQs at GeV Energies Using Pass 8 Fermi-LAT Data
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Abstract: Flat spectrum radio quasars (FSRQs) are bright active galactic nuclei surrounded by gas clouds within a UV-visible intense radiation field that
form the so-called broad line region (BLR). These objects emit relativistic jets from a region close to the central supermassive black hole and through the
BLR. The Fermi-Large Area Telescope (LAT) is sensitive to gamma-ray photons from ~30 MeV to more than 300 GeV. We have performed spectral
analysis of bright FSRQs in a 5.5 year (2008-2014) data sample collected by Fermi-LAT data, using the new Pass 8 event selection and instrument
response function. Also, our study of flaring episodes in a limited time range brings interesting results while compared to the full 5.5 year data samples.
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Project: Studying the spectral shape of flat spectrum radio quasars (FSRQs)
in the 0.1-100 GeV energy range to constrain the location of the gamma-ray
emission region: within or beyond the broad line region (BLR).

Modelling the radiation field of the broad-line region

We expect > 10 GeV photons of FSRQ to undergo absorption in the BLR through the two photon pair production process, where the
target photon with energy ¢ is a UV photon from the BLR radiation field. As most of these photons are expected to come from the
emission lines, we use a model that includes the 6 strongest lines between ~10 to 41 eV (Telfer at al 2002). We model these lines
using a Breit-Wigner distribution, given by:
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FSRQs is a class of active galactic nuclei with a denser
BLR in which gamma rays are absorbed due to electron-
positron pair creation, if produced below the outer shell of
the BLR. Indeed, BLR is expected to be denser in
FSRQs compared to the BL Lac class.

The vy opacity in the BLR is calculated assuming the

gamma rays are produced within a x R_ _, where R_ _ IS

the outer radius of BLR and a < 1. Since this absorption
happens at some distance from the supermassive black
hole, this corrective factor that we called 'a’ represents the
fraction of the BLR responsible for the absorption.

= R, : radius of the BLR
2 T [(6 — ez-)Q —|— (w%/2)2] L,..: luminosity of the accretion disc

Under the commonly used relations L. =0.1L andR_ = L _
BLR disc BLR disc

(Baldwin & Netzer 1978; Ghisellini & Tavecchio 2009), the photon
density n. of the radiation field for each line i can be written:

L,
10%erg s—1

Derived from Gould and Schréder (1967) and Brown, Mikaelian & Gould (1973)
the opacity, as a function of E and z, is expressed as:

Operating since 2008, the Fermi satellite has amassed
more than 6 years of data, continuously surveying the
whole sky (Atwood et al. 2009). The energy sensitivity of
Fermi-LAT in the 30 MeV-300 GeV range is ideal for the
study of the gamma-ray absorption inside FSRQs at high
energy and constraining it may yield the location of the
gamma-ray emission region.
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Opacity in the BLR using the Breit-Wigner line model

n; ~ 1.66 x 10~ Tyy(E, 2) = Rppr ¥ (F,z)
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- FSRQS versus BL Lacs where r_is the classical electron radius, m the electron mass, w. the EW of line i.
| e Line Rel. flux

' Radio Galaxy Blazars are identified by the position NV 0.22

of the synchrotron peak iy o 1'00

(Low, Intermediate or High) and 0 V?Ly 3 0.191
classified into two classes: '

C III N IIT 0.081

* Flat Spectrum Radio Quasars (FSRQSs) Ne VIII O IV 0.047

- Always radio-loud He II Ly « 0.22%
- Strong emission lines

O - Almost all FSRQs are LSP blazars

- Leptonic process of gamma ray emission mainly
though external Compton

- Higher luminosity
- Softer spectral index
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The table and the figure on the left
display the line properties of the
average spectrum of quasars we
used in our model, as they were
compiled in Telfer at al 2002. Due to
the wuncertainty of these Iline
properties for the He Il Ly alpha line,
we arbitrary fixed its EW and relative
flux to be equal to the ones of N V
(uncertainty represented by *).

gamma-gamma absortion from EBL

Very high energy
gamma rays travelling
from far distances un-
dergo absorption from
the extragalactic back-
ground light ('"EBL', and
mainly composed of
infrared radiation). This
absorption is to be
considered above 10
GeV and has been
added in our model.
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* BL Lacs

» Emission lines weak or non existent

Photon spectral index
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- Leptonic process of gamma-ray emission mainly self-
Compton

> Lower luminosity
- Harder spectral index

n
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Poutanen & Stern (2010) and Stern & Poutanen (2014) have
reported evidence of absorption in the BLR for some FSRQs.

Image credit: Christian Zier , Peter L. Biermann (2002)

M. Ackermann et al. 2011 ApJ 743 171
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Results on the 5.5 years of data

resent now the results on the 7 bright FSRQs. Data under the label “5.5 years” are processed from 4 August 2008 till 30 April 2014.
Sources are presented in the same order of decreasing flux in the 1-100 GeV energy range as in Table 1. Values of the luminosity in the
broad line region (L_ ) is given on the plots, as taken or dirived from Pacciani et al (2014) and Xiong & Zhang (2014)

Results on high statel/flaring episodes

Data were analysed during flaring/high state periods for the
following sources:

PKS 1510-089 (Pass 8 - Feb-Apr 2012) PKS 1424-41 (Pass 8 - Sep-Jul 2013)
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In the figures below, as well as in the following section, some of the fits are not visible, mainly the BPL and PLEC. The reason is that they ARY ARY

are overwritten by the BPLt and PLEC< functions, for which the parameter 'a’ is very small.

- 3C 454.3 (high state and giant flare) during Nov-Dec 2010
(Abdo et al 2011);

- PKS 1510-089 during Feb-Apr 2012 (Aleksic et al 2014) ;

- PKS 1424-41 during Sep 2012-Jul 2013 (series of 4
successive radio flares).
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1.903 £ 0.021
8361 + 1117.7

LPT
LPT

function BPLT

During these outburst episodes, the gamma-ray emission

2.157 £ 0.018
0.0764 £ 0.0116
2.156 £ 0.029

2.299 0.022
0.0569 0.0065

2.069 £+ 0.014
0.1134 £ 0.0120
1.900 £ 0.019

I &
&
3

:

L L RLLE

1 5
Energy (MeV)

Log-parabola x exp( -at, , - Teg ) Log-parabola x exp( -at, , - Teg)
Broken Power Law

BPLxexp(-at,,) a
Power Law exp cutoff (PLEC)

PLEC xexp(-at,,)

(with BLR
absorption
model)

BPLt
BPLT
PLECT
PLECT
LPr
BPL7
PLECT
LP_unbinned
LP
BPL
PLEC
LPT
BPL7
PLECT
LP/PLt
BPL/BPLT
PLEC/PLECT
LP/LPT
BPL/BPLr
PLEC/PLECT

2,518 + 0.050
921 + 0.2
2.183 & 0.034
9983 + 2113.2
0.00703 = 0.00551
0.01059 + 0.00591
0.00001 =+ 0.00629
4553 (14)
4.041 (11)
13.158 (10)
6.912 (10)
0.928 (10)
3.780 ( 9)
6.914 (10)
3.113e+00
9.378e+00
1.586¢-03
7.769¢-02
2.195¢-03
0.000e+00

2.426 + 0.036
1375 + 0.2
1.903 + 0.021
8361 + 1135.7
0.00001 + 0.00132
0.00001 =+ 0.00320
0.00001 + 0.00108
79.634 (15)

37.481 (12)
01.358 (11)
77.643 (11)
37489 (11)
10)

11)

LP7
BPLT
PLECT
LP_unbinned
LP
BPL
PLEC
LPT
BPL7
PLECT
LP/PLT
BPL/BPL7
PLEC/PLECT
LP/LPT
BPL/BPLt
PLEC/PLECT

0.00516 + 0.00185
0.00666 + 0.00195
0.00001 % 0.00055

36.419 (30)
29.316 (27)
45.647 (26)
42.999 (26)
17.591 (26)
25.071 (25)

0.00147 + 0.01118  0.00001 £ 0.00139 0.00232 £ 0.02143 0.02140 % 0.01007 = 0.01500 £ 0.00943  0.00745 + 0.00515
0.00785 + 0.00735 0.00001 £ 0.00167 0.00919 = 0.01496 0.03641 & 0.00391 ~0.02002 =+ 0.00881 0.00558 =+ 0.00488
0.00001 + 0.00529 0.00001 + 0.00151 0.00001 + 0.00682 0.00001 + 0.00606 ~ 0.00001 + 0.01584  0.00001 + 0.00248

7454 (17) 18.821 (16) 14.783 (16) 8.988 (15) 36.173 (16)

7.278 (14) 13.009 ( 6.448 (12) 22.826 (13)

9.963 (13) 11.269 ( 8.826 (11) 19.366 (12)
13.115 (13) 21817 ( 5.158 (11) 17.037 (12)
7.245 (13) 13.017 ( 3.181 (11) 20.495 (12)
7.242 (12) 9.870 (11) 2.069 (10) 17.474 (11)
13.117 (13) 5.159 (11) 17.042 (12)
3.360e-02 3.267e+00 2.331e+00
2.720¢+00 6.757e+00 1.892¢+00
1.888¢-03 6.277e-04 4.025¢-03
8.546¢-01 7.070e-02 2
9.337e-03

Broken Power Law

region can have a different location compared to the
guiescent state. In this section we present the results
obtained on these three high states. Under the same criteria
than the ones used in the previous section, we still find no
evidence of BLR absorption, though we still have a hint of
it for 3C 454.3 with a p-value of around 2.2x10° for the
discrepancy between the BPL and BPL fits (significance of
almost 3 sigma).

Though we dispose of less photons in the data analysis of
flaring episodes, during strong and long flares, it could be v
possible to constrain the location of the gamma-ray i
production region if it is deep enough inside the BLR.

BPLxexp(-at,,)
Power Law exp cutoff (PLEC)
PLEC x exp(-a t,,)

SRS RN R [y

x* (ndf) 0.04667 0.04550
without abs.
model
x* (ndf)
with abs.
model
Ax? v
(ndf)

13 11.516 (13)
28.960 (12)
17.094 (12)
6.526 (12)
4.282 (11)
17.095 (12)
4.989¢+00
2.468¢+01
1.646¢-03

2.551e-02

10°
Energy (MeV)

)
12)
12)
12) ;
5.694
7.424 (12)
2.747¢-02
1.596e+00
1.464¢-03

8.684e-01
2.064e-01

x*(ndf)
without abs.

model

x*(ndf)

with abs.
model

A v
(ndf)

43.017 (26)
1.173e+01
2.058¢+01
1.812¢-02
6.166¢-04

21.823 (12)
7.208¢-03
1.399¢+00
6.614¢-03
9.323¢-01
2.369¢-01

We would consider having evidence for absorption

in the BLR if we get all the following:
- at least one good quality fit among one of the i

fits with EBL+BLR absorption (LPt, BPLtT and PLECT);
- a good quality fit of the corresponding function with only EBL absorption (LP, BPL or PLEC);
- parameter 'a' with a relatively small error bar;
- a small p-value.

24.648

77.652
7.583e-03
7.671le+01
9.270e-03

9.908e-02

6.395e-11

In Tab. 2 are presented the fit parameters. In are the parameters that suggest a possible BLR absorption, as
some of the above conditions are partially met for 3C 454.3 (with a p-value of 6.2x10“/ 3.9 sigma C.L.), and for TXS 1520+31
(with a smaller significance). We have no hint of absorption for the other sources we studied.
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