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Gamma-ray emitting narrow-line Seyfert 1 (γ-NLSy1) galaxies are jetted sources hosting a rela-

tively low-mass black hole (106–108 M⊙) which accretes close to the Eddington limit. γ-NLSy1

galaxies show flux and spectral variability in the gamma-ray energy band and radio properties

similar to those of blazars, which indicate the presence of a relativistic jet. These properties make

them interesting to investigate with the Cherenkov Telescope Array (CTA), the next-generation

ground-based gamma-ray observatory. CTA will cover the 20 GeV–300 TeV energy range, with

an improvement in average differential sensitivity by a factor 5–20 with respect to the current

imaging atmospheric Cherenkov telescope arrays. For transients/flaring events (timescales of ∼ 1

day or shorter) CTA will be about two orders of magnitude more sensitive with respect to Fermi-

LAT at the overlapping energy of 25 GeV, allowing an unprecedented opportunity to investigate

flaring γ-NLSy1 galaxies. We present preliminary results obtained by simulating the prototypi-

cal γ-NLSy1 galaxy, PMN J0948+0022, by means of the CTA public ctools software and the

public instrument response files, investigating its possible detection and spectral properties, tak-

ing into account the effect of both the extra-galactic background light and intrinsic absorption

components.
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1. Introduction

In the last decade evidence has been accumulating that suggests that NLS1s may host a rela-

tivistic jet, as blazars do. Indeed, although historically considered hosted in spiral/barred galaxies

[1], and generally not strong radio emitters, 4–7 % of the NLS1 population have turned out to be

radio loud [2, 3] and with a flat radio spectrum [4 – 6].

The smoking gun was the first detection of PMN J0948+0022 [7, 8], by Fermi-LAT in the

high-energy γ band (E > 100 MeV), closely followed by the discovery that its multi-wavelength

behaviour was that of a source with a relativistic jet, like those observed in blazars [9, 10]. At the

time of writing Fermi-LAT has found a total of 19 NLS1s in γ-rays. Still, no firm detection has

been obtained in the very high energy (VHE) regime: Whipple did not detect significant emission

from 1H 0323+342 above 400 GeV [11], and VERITAS observations of PMN J0948+0022 (5 hr)

only yielded upper limits at E > 100 GeV [12].

Detecting high-energy (E in excess of a few tens of GeV) emission from NLS1 galaxies is

challenging for several reasons. First, they have on average rather soft spectra (Γ ∼ 2.5). Second,

some of them have a rather high redshift (z > 0.3) so we expect a large absorption by extragalactic

background light (EBL). Furthermore, if broad-line region absorption is present, it could produce

a spectral break/cut-off at energies of 20–30 GeV, further weakening the high-energy spectrum.

On the other hand, some NLS1s exhibit strong gamma-ray flares, on timescales in the or-

der of a few hours/a day in γ-rays, as observed, for instance in PMN J0948+0022 [10, 12],

which is considered a prototypical object. Furthermore, the high-state activity can last for sev-

eral weeks/months, repeated on a multi-year baseline (e.g. SBS 0846+513 [13]).

Given these properties, we started an exploratory investigation of the prospects for observation

of NLS1s with the Cherenkov Telescope Array (CTA), the next-generation ground-based gamma-

ray observatory. In this paper we report the preliminary results on one of the 19 sources that

constitute the complete γ-NLS1 sample, PMN J0948+0022. The full set of simulations will be

presented in a forthcoming paper (Romano et al., in prep.).

2. CTA

The Cherenkov telescope array (CTA) [14 – 17], the first open VHE observatory, will operate

on two sites to provide all-sky coverage; the Northern site will be located at the Observatorio del

Roque de los Muchachos on the island of La Palma (Spain), and the Southern site, at the European

Southern Observatory’s (ESO’s) Paranal Observatory in the Atacama Desert (Chile).

The combination of different classes of telescopes, i.e., the large-sized telescopes (LSTs, di-

ameter D∼ 23 m, 20–150 GeV), the medium-sized telescopes (MSTs, D∼ 12 m, 0.15–5 TeV), and

the small-sized telescopes (SSTs, primary mirror D∼ 4 m, 5 TeV–300 TeV), will provide a broad

(20 GeV–300 TeV) energy coverage.

The average differential sensitivity will be a factor 5–20 better with respect to the current

imaging atmospheric Cherenkov telescope (IACT) arrays. A marked improvement will also be the

extension of the accessible energy range from well below 100 GeV to above 100 TeV [18], the

former being a region of utmost interest for NLS1s.
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Figure 1: TS value distributions for several energy bands for PMN J0948+0022 in the flaring state (10 hr

exposure).

CTA will offer a huge advantage over Fermi in the energy range of overlap for ∼minute to ∼day

timescale phenomena [19] such as explosive transients, AGN flares, and binary systems (although

it will also have the disadvantage of a limited field of view, which can be partially circumvented by

a prompt reaction to external triggers).

3. CTA Simulations

We performed our simulations with the ctools (v1.4.2) public analysis package [20]1 and the

public CTA instrument response files2 (IRF, v. prod3b-v1). We chose the IRFs based on the source

visibility from both CTA sites (with a zenith angle ∼ 20◦) and with analysis cuts optimized for

exposures comparable to both the source variability timescales and CTA long term observing plan.

The basic input of our simulations is the spectrum of the source, derived as an extrapolation

of the best-fit Fermi spectra to the CTA energy range, including the effects of the γ-ray absorption

both along the path to the Earth (EBL) [21], and inside the source (internal absorption) [22], which

was modelled by a cut-off at ∼30 GeV. We considered three gamma-ray states:

• quiescence, described by a broken power law [7] with a break at Eb = 1 GeV, photon indices

Γ1 = 2.3 and Γ2 = 3.4, and FE>200MeV = (3.9±0.3)×10−8 ph cm−2 s−1;

1http://cta.irap.omp.eu/ctools/.
2https://www.cta-observatory.org/science/cta-performance/.
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Figure 2: TS value distributions for several energy bands for PMN J0948+0022 in the high state (50 hr

exposure).

• a high-state, described by a power law [10] with Γ = 2.55, and FE>100MeV = (1.02± 0.02)×

10−6 ph cm−2 s−1;

• a flaring-state, not observed in reality but assumed to be 3 times brighter than the high-state

of [10].

For each source state and CTA site, we performed 1000 statistically independent realisations

by adopting different seeds for the background randomization to reduce the impact of variations

between individual realisations. We consider a source detected with a high significance when

the test statistic (TS, [23],[24]) of the maximum likelihood model fitting is such that TS ≥ 25,

with a low significance when 10 ≤ TS < 25, and not detected for TS < 10. For each simula-

tion (set of 1000 realisations) the mean TS value and its uncertainty were calculated as the mean,

TS sim =
1
N

∑N
k=1 TS sim(k), and square root of the standard deviation of the sample of N values,

s2
sim
= 1

N−1

∑N
k=1(TS sim(k)−TS sim)2.

4. Results and conclusions

We started an exploratory investigation on γ-NLS1 galaxies with CTA, and hereon we present

the preliminary results on the prototype of the class, PMN J0948+0022. In a forthcoming pa-

per (Romano et al., in prep.) we shall report on the remainder of the sample and investigate the

detectability with different models based on different locations of the γ-ray emitting region.

As an example of our methodology, in Fig. 1 we show the distributions of the TS values

for several energy bands for PMN J0948+0022 in the flaring state when simulated with a 10 hr
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PMN J0948+0022 
Flare South: 10h

20-30, 30-50, 50-150 GeV

PMN J0948+0022 
Flare North: 10h

20-30, 30-50, 50-150 GeV

PMN J0948+0022 
High South: 50h

20-30, 30-50, 50-150 GeV

PMN J0948+0022 
High North: 50h

20-30, 30-50, 50-150 GeV

Figure 3: Spectral energy distributions of PMN J0948+0022 in the flaring and high state from both CTA

sites. The black line represent the input model after EBL and internal absorption, the points are the simulated

fluxes.

exposure, corresponding roughly to 2–3 days of CTA observations. Fig. 2, instead, shows the TS

distributions for the high state when simulated with a 50 hr exposure (corresponding to the typical

observation time for a guest observer proposal on a given source within one year).

Fluxes (and uncertainties) in each band were calculated as the mean (and square root of the

standard deviation) of the sample of 1000 values. From those values we produced the spectral

energy distributions (SED). Figure 3, for instance, shows the SEDs in the flaring and high state.

To summarise our results, we find that

• when PMN J0948+0022 is in the “flare” state it is well detected in all bands in 10 hr (with a

TS mean value ranging from ∼ 17 to ∼ 46 depending on the energy band, and TS of ∼ 105

for the 20–150 GeV band); it is also detected in all bands up to 50 GeV in only 3 hr (TS> 13);

• when the source is in the high state, it is detected in all bands in 50 hr (with a TS mean value

ranging from ∼ 11 to ∼ 27 depending on the energy band, and TS of ∼ 60 for the 20–150 GeV

band); it is also detected in all bands up to 50 GeV in 10 hr (TS> 10).

• PMN J0948+0022 is also detected in quiescence in the 20–150 GeV and 20–50 GeV band in

100 hr (TS> 21 and TS> 14, respectively).

Therefore, a high confidence detection can be obtained below 50 GeV and given the characteristics

of the spectra of these sources, the LSTs, and partly the MSTs, may be considered as the most

promising telescopes for this investigation. In the highest energy range (50–150 GeV), on the other

hand, the EBL and the internal absorption play a relevant role.
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The harder-when-brighter behaviour observed in the Fermi-LAT data of the blazar PMN J0948+0022

may favour detections with CTA during flaring states when these source will be easier to detect, al-

lowing us to constrain the location of the γ-ray emission region by comparing different competing

spectral models.

If, as discovered for blazars, the location of the gamma-ray emitting region is not always at the

same distance from the central black-hole during different flaring episodes of the same source [25,

26], then a detection of NLS1 galaxies at energies above 100 GeV may help put tight constraints

throughout each of these flares.
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