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ABSTRACT

Gamma-ray emitting narrow-line Seyfert 1 (y-NLS1) galaxies possibly harbour relatively
low-mass black holes (10°~10% M) accreting close to the Eddington limit, and share many
characteristics with their sibling sources, flat-spectrum radio quasars. Although they have been
detected in the MeV-GeV band with Fermi—LAT, they have never been seen in the very high
energy band with current imaging atmospheric Cherenkov telescopes (IACTs). Thus, they are
key targets for the next-generation IACT, the Cherenkov Telescope Array (CTA). In a previous
work we selected, by means of extensive simulations, the best candidates for a prospective
CTA detection (SBS 08464513, PMN J0948+0022, and PKS 1502+036) taking into account
the effects of both the intrinsic absorption (approximated with a cut-off at 30 GeV), and the
extragalactic background light on the propagation of y-rays. In this work, we simulate the
spectra of these three sources by adopting more realistic broad-line region (BLR) absorption
models. In particular, we consider the detailed treatment of y—y absorption in the radiation
fields of the BLR as a function of the location of the y-ray emission region with parameters
inferred from observational constraints. We find that, due to the energy range extent and its
sensitivity, CTA is particularly well suited to locate the y-ray emitting region in y-NLS1. In
particular CTA will be able not only to distinguish whether the y -ray emitting region is located
inside or outside the BLR, but also where inside the BLR it may be.

Key words: galaxies: jets—galaxies: Seyfert—gamma rays: galaxies—galaxies: individ-
ual: SBS 0846+513 —galaxies: individual: PMN J09484-0022 — galaxies: individual: PKS
1502+036.

1 INTRODUCTION

Narrow-line Seyfert 1 galaxies (NLS1s) are a subclass of active
galactic nuclei (AGN) whose optical properties, with narrow per-
mitted emission lines (H 8 FWHM < 2000 km s~!, Goodrich 1989),
weak forbidden [O 111] lines ([O 1] A5007/H B < 3), and strong iron
emission lines (high Fe 11/ H B, Osterbrock & Pogge 1985), set them
apart from the more general population of Seyfert 1 galaxies (broad-
line Seyfert 1s, BLS1s). These characteristics (e.g. Peterson et al.
2004) are generally explained in terms of lower masses (10°-108
M) of the central black hole when compared to BLS1s with similar
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luminosities, and higher accretion rates, close to the Eddington
limit (but see, also, Viswanath et al. 2019 and references therein).
Recent evidence has been found that a small fraction (47 per cent,
Komossa et al. 2006; Cracco et al. 2016) of NLS1s are radio loud
and show a flat radio spectrum (Oshlack, Webster & Whiting 2001;
Zhou et al. 2003; Yuan et al. 2008; see also, Lihteenmiki et al.
2017). Further evidence of a hard component in some of their X-ray
spectra and spectral variability in the hard X-ray was also found
(Foschini et al. 2009).

Following the first detection of an NLS1 in y-rays (E >100 MeV)
by Fermi-LAT (PMN J0948+0022, Abdo et al. 2009a, b; Foschini
etal. 2010) anew subclass of NLS1s was defined, the y -ray emitting
NLS1 (y-NLS1) galaxies, now consisting of about 20 objects, as
sources whose overall observational properties are strongly reminis-
cent of those of jetted sources (see e.g. Foschini 2012; Foschini et al.

Published by Oxford University Press on behalf of the Royal Astronomical Society

220z aunr L.z uo Jasn QLS| - SUND AQ 12€GLLG/L L1/ LIv6T/oIe/seluw/wod dno olwapede//:sdjy woly papeojumo(q


http://orcid.org/0000-0003-0258-7469
http://orcid.org/0000-0001-8678-0324
http://orcid.org/0000-0003-1163-1396
mailto:patrizia.romano@inaf.it

412  P. Romano et al.

Table 1. Sample of y-NLS1, and the parameters of their y-ray spectra in several flux states, optically derived luminosities, adopted for
the simulations.

Source name State RA Decl z Ko Ey r Ref. L P Lﬁisc
(deg) (deg) (phem2MeV~'s™1)  (MeV)
SBS 08464513 High 13251 51.14  0.585 1.08 x 10~10 300 2.10 1 1.32 3.94
PMN J0948+0022  High  147.24 0.37  0.585 9.60 x 10~10 300 2.55 2 373 118
‘Flare’ - - - 2.88 x 107? 300 2.55 3 - -
PKS 15024036 High  226.26 344 0408 14 x 107° 250 2.54 4 0.41 1.12

Notes. Redshift are drawn from NED. Luminosities estimated from optical (SDSS) data, as drawn from Foschini et al. (2015).
“H B luminosities in units of 10*> erg s~

bDisc luminosities in units of 10** erg s~!.

References. For the PL models we adopted:

(1) Paliya et al. (2016);

(2) Foschini et al. (2011);

(3) See Romano et al. (2018): flaring state, assumed a factor of 3 brighter than the high state;
(4) D’ Ammando et al. (2016b).

Table 2. BLR properties adopted for the y—y absorption grids (Section 3).

b - b b b
Source name Liir  Rir UBI R T R}, Rou ’s
(ergs™!)  (cm) (ergem ™) (cm) (cm) (cm)  (cm)

SBS 0846+513 2.8 1.87  212x 1073 203 1.69 206  0.19
PMN J0948+4-0022  7.91 326 198 x 1073 351 2.93 358 033
PKS 15024036 0.869 1.00 229 x 1073 108 0.90 1.10  0.10

“Luminosities in units of x 10* erg s~!.

bRadii in units of x 10'7 cm.

€y in units of x 1073 ergem™3.

2015; D’Ammando et al. 2016a). Currently, however, no detection
has been obtained in the very high energy (VHE, E > 50GeV)
regime (Whipple upper limit (UL) on 1H 0323+-342, Falcone et al.
2004; VERITAS UL on PMN J0948+0022, D’ Ammando et al.
2015a; H.E.S.S. UL on PKS 2004—447, H.E.S.S. Collaboration
2014).

In Romano et al. (2018) (Paper 1), we considered the prospects for
observations of y-NLS1 as a class of sources to investigate with the
Cherenkov Telescope Array (CTA) since the detection in the VHE
regime would provide important clues on the location of the y-ray
emitting region. The CTA, as the next-generation ground-based y -
ray observatory, will boast a wide energy range (20 GeV to 300 TeV)
which will be achieved by including three classes of telescopes with
different sizes, i.e. the large-sized telescopes (LSTs, diameter D ~
23 m), the medium-sized telescopes (MSTs, D ~ 12m) and the
small-sized telescopes (SSTs, primary mirror D ~ 4 m). CTA will
also provide all-sky coverage, by consisting of two separate arrays
on two sites, one in each hemisphere. The current CTA set-up
(Hofmann 2017a, b) includes a Northern site at the Observatorio
del Roque de los Muchachos on the island of La Palma (Spain)
where 4 LSTs and 15 MSTs, covering an area of ~1 km?, will be
located, and a Southern site at the European Southern Observatory’s
(ESQO’s) Paranal Observatory in the Atacama Desert (Chile), that
will cover an area of about 4 km?, where 4 LSTs, 25 MSTs, and 70
SSTs will be located.

The extensive set of simulations of all currently known y-ray
emitters identified as NLS1s (20 sources) reported in Romano
et al. (2018) took into account the effect of both the extragalac-
tic background light on the propagation of y-rays and intrinsic
absorption components. These latter components, mainly due to the
currently unconstrained location of the y-ray emitting region, were
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approximated analytically with a cut-off at 30 GeV (oc e~/ Far,

E.x = 30GeV). In this work, we consider the only three sources
that were deemed good candidates for a prospective CTA detection
in Romano et al. (2018), SBS 0846+513, PMN J09484-0022,
and PKS 15024036, and simulate their spectra by adopting more
realistic broad-line region (BLR) absorption models. In particular,
we shall consider the detailed treatment of y—y absorption in the ra-
diation fields of the BLR of these NLS1s as a function of the location
of the y-ray emission region as proposed by Bottcher & Els (2016).

In Section 2, we detail our sample; in Section 3, we describe
the BLR internal absorption modelling, in Section 4, we describe
our simulation set-up. In Section 5, we present our results and in
Section 6 discuss their implications.

2 DATA SAMPLE

Of the 20-source sample described in Romano et al. (2018, table 1),
as expected due to the faintness of y-NLS1s, we only consider
SBS 08464513, PMN J0948+0022, and PKS 15024036, which
were deemed good candidates for a prospective CTA detection and,
hence, should afford the chance to extract meaningful spectra. For
those three sources different activity states were defined/studied in
Paper I whose properties are recalled below. The properties of these
sources are found in Table 1, and include coordinates (Equatorial,
J2000, Cols. 3, 4), redshift (Col. 5), the spectral parameters for
the best-fitting models to the Fermi data adopted for each source
and flux state (Cols. 6-9), where the spectra are described as a
power-law (PL)
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Figure 1. Input models including only the BLR contribution to absorption (no EBL is taken into account). The grid is calculated for a range of distances, from
Rem < Rin t0 Repy 3> Rour- The models in black are five exemplary cases, from least absorbed to most absorbed: r; >> RpiRr, 2 = 2 RBLR, I3 = Rout> 74 = Rin,
and rs < Rjp, while the coloured lines represent models with intermediate radii. A colour version is available online.

where Kj is the normalization (in units of ph cm2s ' MeV™h),
Ey is the pivot energy (in MeV), and I' is the PL photon index.
Table 1 also reports the HS and disc luminosities derived from
Table 2 of Foschini et al. (2015), that we adopted as the basis of
the modelling of the BLR absorption we present in Section 3. In
the following we summarise the models we considered for the three
sources.

For SBS 08464513 we considered only the high-flux state, which
was derived from Paliya et al. (2016) and was modelled by means
of a simple PL model with photon index 2.10 £ 0.05 and an
integrated y-ray flux (0.1 < E < 300GeV) of (9.92 £ 0.84) x
1078 phcm =2 s~! (F2 flare, integrated over 120 days).

For PMN J09484-0022 two flux states were considered. The high
state (Fg - 10omev = (1.02 £ 0.02) x 10~ phem =2 s7') is described
by a simple PL model with photon index I' = 2.55 &£ 0.02 (Foschini
et al. 2011). We also defined a ‘flare’ state as three times brighter
than the high state, 3 h long, with the same spectral shape which
could represent a very bright state for this source and an excellent
case to test the specific CTA capabilities in detecting bright short
transients.

For PKS 15024036 only the high-flux state was considered,
as derived from D’Ammando et al. (2016b, 1d integration) and
described by a PL with a photon index I = (2.54 £ 0.04) and a flux
Fo1 < £ <300Gev = (93 + ]9) X ]078 ph cm*2 Sil.

3 BLR INTERNAL ABSORPTION MODELLING

For each source and each flux state, we produced a grid of models
accounting for y—y absorption in the BLR as a function of the
location of the y-ray emission region. We followed the methods
described in Bottcher & Els (2016), but with fixed BLR radius and
luminosity derived from observational constraints as detailed below.

In Bottcher & Els (2016), the BLR is represented as a spherical,
homogeneous shell with inner and outer boundaries Ry, and Ry,
respectively, and the y-ray emission region is located at a distance
Ren from the central supermassive black hole of the AGN. For this
work, we assumed that the BLR extends from R;, = 0.9 Rgr to
Rouw = 1.1 Rpyr. For a given (measured) accretion-disc luminosity,
Lygise = 10% Lgisc 45 erg s=!, the radius of the BLR is estimated as
(Bentz et al. 2013),

Reir =3 x 107152 s (cm). )

The BLR luminosity Lgig is calculated by using the measured
luminosity of the H 8 emission line according to the relationship

Lpir =212 Lys (ergs™). 3)

The model BLR spectrum used for the BLR y—y absorption
calculation includes the 21 strongest emission lines with relative
luminosities taken from the quasar spectrum template by Francis
et al. (1991). For the purpose of our y—y opacity estimates, the
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Figure 2. Input models including both the BLR and the EBL contribution to absorption with the same colour scheme as Fig. 1. Overplotted are also the input
models (blue and red lines) and results (blue and red points) of Romano et al. (2018, table 1, figs 8,9, 11, and 12): the blue lines refer to the PL. model affected
by both EBL and BLR absorption, (a cut-off at 30 GeV, with the exception of the high state of PKS 1502+036), while the red lines refer to models only affected
by EBL, that is, assuming that the blue spectra extend unbroken above 20-30 GeV. A colour version is available online.

Table 3. Setup of the (ctools) simulations: site, IRF, and exposure time. (i) r1 > Rpir,

. (i) r» = 2 Rprr,
Source name (State) Site? IRF Exp. (h) (iii) 73 = Rou,
SBS 0846513 (High) N North_z20.N_50h 50 (iv) 74 = Rin,
PMN J0948+0022 (Flare) S  South_z20.average.5h 3 (V) rs < Rin.
PMN J0948+0022 (High) S South_z20_average_5h 5

Finally, in Fig. 2 we show the spectral energy distributions (SEDs)
inputs to our simulations, including both the BLR contribution to
absorption and the attenuation due to the extragalactic background
light (EBL, calculated by adopting the model of Dominguez et al.
2011). Fig. 2 also shows, as a comparison with previous work, the

PKS 15024-036 (High) S South_z20_average_5h 5

ACTA site selected for the simulations: N = North (La Palma, latitude:
28.76 N), S = South (Paranal, latitude: 24.68 S).

stratification of the BLR (with different emission lines originating models simulated in Romano et al. (2018). The blue lines refer to
at different radii within the BLR) is not taken into account. For a the PL models affected by both EBL and BLR absorption, the latter
detailed treatment of the effects of such stratification on the BLR modelled as a cut-off at 30 GeV, with the exception of the high state
y—y opacity, see the appendix of Finke (2016). The BLR radiation of PKS 1502+036." The red lines refer to models only affected
energy density at R < Ry, is derived from the BLR radius and by EBL (no BLR contribution), assuming that the blue spectra can
luminosity (equations 2 and 3), extend unbroken above 20-30 GeV. All points are the results of the
simulations in Romano et al. (2018, figs 8, 9, 11, and 12).
UBLR = Lo (ergcm™). )
47 R, re

A summary of the parameters for the BLR of each source is

reported in Table 2. Grids of models are calculated for a range of 'In Romano et al. (2018) it was assumed that, as also concluded by

distances, from Ren < Rip 10 Rem > Rou. In Fig. 1, we display D’Ammando et al. (2016b), due to the 3-week delay observed between
the grid of models for each source. Among those, we selected five the y and radio (15 GHz) light-curve peaks, the dissipation region may lie
exemplary cases, from least absorbed to most absorbed: outside the BLR, hence no cut-off was applied to mimic the BLR absorption.
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Figure 3. Input models for SBS 08464513 in the high state, including both the BLR and the EBL contribution to absorption (black). The green thick line
corresponds to the current input simulated model, while the filled green points represent the results of the simulations. The arrows represent the 95 per cent

confidence level ULs. A colour version is available online.

4 SIMULATIONS

Our simulations were performed with the analysis package ctools
(Knodlseder et al. 2016, v. 1.5.2)? and the public CTA instrument
response files® (IRF, v. prod3b-v1). We considered only the instru-
mental background included in the IRFs (CTAIrfBackground)

Zhttp://cta.irap.omp.eu/ctools/.
3https://www.cta-observatory.org/science/cta-performance/.

and no further contaminating astrophysical sources in the 5 deg field
of view (FOV) we adopted for event extraction.

Following Romano et al. (2018), we simulated each source from
the CTA site that provides the largest source elevation. The corre-
sponding prod3b-v1 IRFs (reported in Table 3, Col. 3) were used for
the simulations. We chose ‘the average’ IRFs for PMN J0948-+0022
and PKS 15024036, which are visible from both hemispheres
and simulated the sources from the southern CTA site. For SBS
08464513, which is only visible from the Northern hemisphere,
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Figure 4. Same as Fig. 3 for PMN J0948+0022 in the flaring state.

where the geomagnetic field must be taken into account, we chose
the azimuth-dependent IRF, corresponding to a pointing towards the
magnetic North (see e.g. Hassan et al. 2017). We selected the expo-
sures based on our findings in Romano et al. (2018), and we report
them in Column 4 of Table 3. As detailed in Section 3, the input
spectral model files for ctools were derived by extrapolating the
best-fitting Fermi spectra (see Table 1) into the CTA energy range.
We took into account both attenuation due to EBL and internal
absorption.

MNRAS 494, 411-424 (2020)

We selected several energy ranges (20-30, 30-50, 50-70, 70—
100, 100-140, 140-200, 200-280, 280—400GeV) and extracted
spectral points from the simulated CTA observations. In each band,
we first used the task ctobssim to create event lists based on our
input models, and then ctlike to fit a PL model Myecua(E) =
KO(E%)_F (where K is the normalization, Ey is the pivot energy,
and I' is the PL photon index) by using a maximum-likelihood
model fitting. The normalization and photon index parameters were
free to vary while the pivot energy was set to the geometric mean
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Figure 5. Same as Fig. 3 for PMN J0948+0022 in the high state.

of the boundaries of the energy bin. ct1like also calculates the
test statistic (TS; Cash 1979; Mattox et al. 1996) of the maximum
likelihood model fitting, which we used to assess the goodness of
the detection in each band. We considered a detection to have a high
significance when TS > 25, a low significance when 10 < TS < 25,
and not to be detected when TS < 10.

We performed sets of N = 100 statistically independent re-
alizations to reduce the impact of variations between individual
realizations (see e.g. Knodlseder et al. 2016) and calculated the
percentage of the detections for TS > 10 and for TS > 25, the mean
TS value and its uncertainty, and the flux mean and its uncertainty.

When the source was not detected, we calculated 95 percent
confidence level ULSs on fluxes from the distribution of the simulated
fluxes.

5 RESULTS

Figs 3-6 show the results of our simulations. For each source,
in each panel, one of the five exemplary models considered is
plotted in green (while the remaining four are plotted in black),
so that the first panel represents the simulations for r; >> Ry
(i.e. the input spectrum unaffected by BLR absorption), the second

MNRAS 494, 411-424 (2020)
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Figure 6. Same as Fig. 3 for PKS 15024036 in the high state.

for r, = 2 RprR, the third for r3 = Ry, the fourth for ry = Ry,
and the fifth for rs <« Rj,. The green points are the simulated
fluxes for the current model, and the downward pointing arrows
are ULs (95 percent c.l.). Tables 4-7 report the details of the data
points.

We can see that CTA observations will generally enable us to
distinguish models with emitting radii within the BLR radius (Rem
< Ry, from those with R.,, 2 Ry This is particularly true for
SBS 0846+513 in the high state and PMN J0948+4-0022 in flare, and
for PKS 1502+4-036. As expected, for the case of PMN J0948+0022
this is more difficult, even in the high state considered here.

MNRAS 494, 411-424 (2020)

6 DISCUSSION

In Romano et al. (2018), we explored the prospects for observations
with CTA of the largest sample of y-NLSl1s to date. For our
simulations, we included both the extragalactic background light
in the propagation of y-rays and intrinsic absorption components.
By adopting a simplified analytical description for the absorption
of y-rays within the source, a cut-off at 30 GeV (oc e~ E/Fent | E =
30GeV), we could select the best candidates for a prospective
CTA detection: SBS 0846+513 (high state), PMN J0948+0022
(high state), and PKS 15024036 (high and ‘flare’ states, see
Section 2).
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Table 4. Results of the simulations for the high state of SBS 0846+513. Table 5. Results of the simulations for the flare state of PMN J0948+0022.

Model  Energy Det.cl® Det.cl? TSeim E? flux® Model  Energy Det.c.l.* Det.c.l.? TSsim E? flux®
range (TS > 10) (TS > 25) x10713 range (TS > 10) (TS > 25) x10713
(GeV) (%) (%) (ergem™2s7h) (GeV) (%) (%) (ergem™2s7h)

rl 20-30 100.0 91.0 412 = 11.5 89.6 £ 14.5 rl 20-30 100.0 100.0 66.2 + 17.2 361.8 + 494
30-50 100.0 100.0 1263 +21.7 824 £+ 7.7 30-50 100.0 100.0  169.8 4+ 27.3 275.0 + 23.2
50-70 100.0 100.0 2240 &£ 269 740 £+ 4.8 50-70 100.0 100.0  201.7 4+ 29.9 207.3 £+ 16.7
70-100 100.0 100.0 4334 + 389 64.7 £ 3.1 70-100 100.0 100.0  282.1 4+ 37.6 1559 + 11.7
100-140 100.0 100.0  587.1 &+ 44.6 50.8 £+ 2.0 100-140 100.0 100.0 2749 £ 369 1064 + 8.3
140-200 100.0 100.0 6246 £ 546 323 £ 15 140-200 100.0 100.0  198.0 4+ 33.1 579 + 54
200-280 100.0 100.0 2649 + 343 149 + 1.1 200-280 100.0 100.0 748 £ 213 234 + 4.1
280-400 100.0 99.0 598 £ 159 4.6 £ 0.8 280400 71.7 15.2 15.8 + 8.8 6.6 £ 24

22 50-70 100.0 100.0 2240 £ 269 740 + 4.8 2 50-70 100.0 100.0  201.7 &£ 29.9 207.3 + 16.7
70-100 100.0 100.0 4334 4+ 389 64.7 + 3.1 70-100 100.0 100.0  282.1 + 37.6 1559 + 11.7
100-140 100.0 100.0  587.1 +44.6 50.8 £ 2.0 100-140 100.0 100.0 2749 £+ 369 1064 + 8.3
140-200 100.0 100.0  624.6 = 546 323 £ 1.5 140-200 100.0 100.0  198.0 + 33.1 579 + 54
200-280 100.0 100.0 2649 4+ 343 149 £ 1.1 200-280 100.0 100.0 748 £ 213 234 + 4.1
280400 100.0 99.0 595 £ 163 4.6 + 0.8 280-400 70.7 13.1 15.6 + 8.8 6.5 + 24

3 50-70 100.0 100.0 2235 £27.0 739 £+ 48 3 50-70 100.0 100.0  196.3 4+ 30.4 204.5 + 16.9
70-100 100.0 100.0  417.6 & 36.5 63.6 £+ 3.0 70-100 100.0 100.0 2319 4+ 349 140.0 = 11.9
100-140 100.0 100.0 4575 £39.2 445+ 2.0 100-140 100.0 100.0 1240 &£ 23.6 664 + 7.1
140-200 100.0 100.0  292.7 389 209 £ 1.5 140-200 94.0 60.0 275 £ 114 169 + 4.6
200-280 100.0 98.0 516 £ 143 57 £ 1.0 200-280 1.3 0.0 3.1 £ 2.7 <34
280400 14.8 0.0 5.1 £ 39 <l1.1 280400 0.0 0.0 1.8 £ 1.7 <1.8

4 50-70 100.0 100.0 1932 £ 24.6 692 £+ 4.7 r4 50-70 100.0 100.0 1643 4+ 23.4 1864 + 14.2
70-100 100.0 100.0  215.1 &£ 274 450 £ 29 70-100 100.0 100.0  104.7 &£ 227 87.8 £ 10.5
100-140 100.0 100.0 1074 £+ 203 204 + 2.1 100-140 92.0 39.0 22.8 + 9.6 240 + 6.7
140-200 99.0 62.0 303 £ 114 59+ 13 140-200 49 0.0 3.6 £ 2.8 <54
200-280 1.3 0.0 32 £+ 238 <1.1 200-280 0.0 0.0 19 £ 1.9 <2.7
280400 0.0 0.0 1.8 £ 1.8 <0.7 280400 0.0 0.0 1.7 £ 1.7 <1.8

rS 50-70 100.0 100.0  141.6 &+ 21.5 594 + 4.7 5 50-70 100.0 100.0  107.5 &£ 21.2 1455 + 158
70-100 100.0 100.0 604 + 145 219 £ 3.0 70-100 78.0 18.0 172 + 8.9 28.5 + 9.6
100-140 31.0 1.0 84 + 54 <5.0 100-140 0.0 0.0 2.1 £ 2.1 <6.1
140-200 0.0 0.0 2.6 £23 <1.5 140-200 0.0 0.0 1.5+ 1.9 <32
200-280 0.0 0.0 1.5+ 14 <0.8 200-280 0.0 0.0 20 £ 1.9 <2.7
280400 0.0 0.0 1.7 £ 1.7 <0.6 280400 0.0 0.0 1.7 £ 1.7 <1.7

“We consider a detection to have a high significance when TS > 25 and a
low significance when 10 < TS < 25. The source will not be considered
detected for TS < 10.

bULs are calculated for 95 per cent confidence level for all cases where TS
< 10.

In this paper, we capitalized on this optimization of prospective
CTA targets and, motivated by the evidence reported in Berton
et al. (2016) that radio-loud NLS1s seem to be the low-mass tail of
FSRQs, we adopted more realistic absorption models as proposed
for the two FSRQ 3C 279 and PKS 1510—089 by Béttcher & Els
(2016). In that work, this included, within the single-zone leptonic
EC-BLR model scenario, a detailed treatment of y—y absorption
in the radiation fields of the BLR as a function of the location
of the y-ray emission region with parameters inferred from the
individual shape of the spectral energy distribution. For the purpose
of this paper, the BLR parameters (radius and luminosity) were kept
fixed based on the observational constraints on the accretion-disc
and BLR luminosities of each of the three NLS1s we examined
(Section 3).

Fig. 2 compares the input models (including both the BLR and
the EBL contribution t