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Narrow-line Seyfert 1Narrow-line Seyfert 1

Fe II
Fe II

FWHM(HFWHM(Hβ) < 2000 km/s) < 2000 km/s

[O III]/Hβ < 3[O III]/Hβ < 3

Strong Fe II multipletsStrong Fe II multiplets

They may be low-
mass/high-Eddington 

sources 

Progenitors of BLS1s?

M. Berton - 6M. Berton - 6thth CSS/GPS virtual workshop, Toruń (Poland) – 12/05/2021  CSS/GPS virtual workshop, Toruń (Poland) – 12/05/2021 



  

Jetted NLS1sJetted NLS1s
Identified as a third class of gamma-Identified as a third class of gamma-
ray blazars beside FSRQs and BL Lacs.ray blazars beside FSRQs and BL Lacs.

Their SED is similar to that of FRSQs, Their SED is similar to that of FRSQs, 
but with lower power.but with lower power.

Jet power scales with the black hole Jet power scales with the black hole 
mass (Heinz & Sunyaev 2003). mass (Heinz & Sunyaev 2003). 

Foschini+ 2015
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What is the parent population What is the parent population 
of gamma-ray emitting sources?of gamma-ray emitting sources?

red FSRQ, blue NLS1, green BL Lac

Paliya+ 2013Paliya+ 2013



  

Jetted NLS1s vs CSSJetted NLS1s vs CSS

00

NLS1s may be linked NLS1s may be linked 
with some particular with some particular 

classes of CSS, classes of CSS, 
especially those with especially those with 

the lowest luminosity the lowest luminosity 
and HERG and HERG 

classification.classification.

N.B. not all NLS1s are N.B. not all NLS1s are 
CSS, not all CSS are CSS, not all CSS are 

NLS1s!NLS1s!

Berton+ 2016

Berton+ 2016
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Berton+ 2016

Berton+ 2017

A new unified model?A new unified model?
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Schulz+ 2016 An+ 2017
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Some examples of this unification exist...



  

Berton+ in prep.

Berton+ in prep.

Optical spectroscopy is often Optical spectroscopy is often 
essential to understand the essential to understand the 
nature of AGN.nature of AGN.
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Yao & Komossa 2021



  

PKS 2004-447
It is one of the first gamma-ray NLS1s 
detected by Fermi.

Oshlack+ 2001 classified it as a hybrid 
NLS1/CSS. Gallo+ 2006 and Schulz+ 
2016 confirmed the CSS nature + turn-
over below 1 GHz.

Recent optical spectrum confirms the 
NLS1 classification.

Schulz+ 2016

Berton+ in prep.
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3C 2863C 286

3C 286 is a misaligned NLS1 (z = 0.85, 3C 286 is a misaligned NLS1 (z = 0.85, 
Berton+ 2017, Liao & Gu 2020, Yao & Berton+ 2017, Liao & Gu 2020, Yao & 
Komossa 2021).Komossa 2021).

Despite the high inclination (42°), it is a Despite the high inclination (42°), it is a 
gamma-ray source and a CSS, just like PKS gamma-ray source and a CSS, just like PKS 
2004-447.2004-447.

In the In the FermiFermi catalog, only a handful of CSS  catalog, only a handful of CSS 
have been detected: 2 are NLS1s… have been detected: 2 are NLS1s… 

  

3C2863C286
An+ 2017An+ 2017

i = 42°i = 42°



  

Jetted NLS1s vs CSSJetted NLS1s vs CSS

PKS 2004-447 and 3C286 are unique because of PKS 2004-447 and 3C286 are unique because of 
their gamma-ray emission, but not the only their gamma-ray emission, but not the only 
CSS/NLS1s.CSS/NLS1s.

Our JVLA survey of NLS1s at 5 GHz (Berton+ Our JVLA survey of NLS1s at 5 GHz (Berton+ 
2018) often showed CSS sources, mostly with 2018) often showed CSS sources, mostly with 
low-luminosity (but not as low as star-forming!).low-luminosity (but not as low as star-forming!).

Upcoming study by Järvelä+ (in prep.) on spectral Upcoming study by Järvelä+ (in prep.) on spectral 
indexes confirms this result. Other examples also indexes confirms this result. Other examples also 
exist (J1432, Caccianiga+ 2014,2017). exist (J1432, Caccianiga+ 2014,2017). 

Are there any other parent population Are there any other parent population 
candidates?  candidates?  

Järvelä+ in prep.
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The role of Metsähovi

Since 2012 Metsähovi has been Since 2012 Metsähovi has been 
observing NLS1s in radio at 37 observing NLS1s in radio at 37 
GHz (high frequency). GHz (high frequency). 

The monitoring campaign, The monitoring campaign, 
beside well-known radio beside well-known radio 
emitters, included some radio-emitters, included some radio-
quiet or silent objects.quiet or silent objects.

Image credit: M. TornikoskiImage credit: M. Tornikoski
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Metsähovi detected for the first Metsähovi detected for the first 
time several time several radio-silentradio-silent NLS1s. NLS1s.

The rapid flaring activity at Jy-The rapid flaring activity at Jy-
level indicates jets.level indicates jets.

12%12% of radio-silent sources have  of radio-silent sources have 
been detected.been detected.

What is happening?What is happening?
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We observed MH-detected We observed MH-detected 
sources with the JVLA at lowsources with the JVLA at low

frequencies (1.6, 5.2, 8.9 GHz).frequencies (1.6, 5.2, 8.9 GHz).

Metsähovi has a 14m dishMetsähovi has a 14m dish
sensitivy 200 mJysensitivy 200 mJy

JVLA 27x25m dishesJVLA 27x25m dishes
baseline 36 kmbaseline 36 km

sensitivity 10 sensitivity 10 μμJyJy

Radio-silent NLS1s with the JVLA
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Radio-silent NLS1s with the JVLA

???

Berton et al. 2020
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Lähteenmäki et al. 2018

Berton et al. 2020



  

Radio-silent NLS1s with the JVLARadio-silent NLS1s with the JVLA

Berton et al. 2020

The radio morphology does not The radio morphology does not 
obviously indicate the presence obviously indicate the presence 

of relativistic jets.of relativistic jets.

It resembles typical radio-quiet It resembles typical radio-quiet 
NLS1s.NLS1s.

Infrared indicate the low-Infrared indicate the low-
frequency radio emission is due frequency radio emission is due 

to star formation.to star formation.
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Radio-silent NLS1s with the JVLA

Berton et al. 2020

The difference between low and high The difference between low and high 
frequency cannot be due to different frequency cannot be due to different 

beam sizes (Jy-level variability far from beam sizes (Jy-level variability far from 
the nucleus!?).the nucleus!?).

At high frequencies, the flares indicate At high frequencies, the flares indicate 
that a jet is present. At low frequencies, that a jet is present. At low frequencies, 

the (small-scale) jet is obscured. We only the (small-scale) jet is obscured. We only 
see radio emission from the host galaxy.see radio emission from the host galaxy.

Very inverted spectral index = absorption. Very inverted spectral index = absorption. 
Similar to GPS/HFP?Similar to GPS/HFP?

Free-free or synchrotron self-absorption?Free-free or synchrotron self-absorption?
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Radio-silent NLS1s with the JVLA

Berton et al. 2020

If free-free is the cause, If free-free is the cause, 
what is the source of what is the source of 

ionization?ionization?

Star formation is strong in Star formation is strong in 
NLS1s.NLS1s.

Is the jet itself ionizing the Is the jet itself ionizing the 
medium?medium?

Problem: we have used low-Problem: we have used low-
frequency radio emission to frequency radio emission to 

identify jets for 50 years...identify jets for 50 years...

Bicknell+ 1997 
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Even radio-silent NLS1s can harbor Even radio-silent NLS1s can harbor 
relativistic jets!relativistic jets!

They may be part of the parent They may be part of the parent 
population (or of the beamed population (or of the beamed 

population!)population!)

  The orientation-based unification The orientation-based unification 
needs confirmation.needs confirmation.

Future studies will clarify what is going Future studies will clarify what is going 
on with NLS1s (hopefully!)on with NLS1s (hopefully!)

Keep an eye on NLS1s!!Keep an eye on NLS1s!!

Berton et al. 2017

RS-NLS1
RS-NLS1

RS-NLS1
RS-NLS1
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