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       provide important insights on drivers & physics of AGN 

NLS1s are AGN with extreme multi-wavelength 

properties 

Elliptical    Mrk 699 



radio properties of NLS1s – astrophysical context 

[e.g., Komossa+ 06, Yuan+ 08, Foschini 11] 

 

• new probe of jet-disc coupling :  

- both components in SED 

     - in new regime, different from  

       classical blazars, and on shorter  

       timescales 

 jet formation & acceleration 
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- both components in SED 
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       timescales 

 jet formation & acceleration 

 

• RL-RQ bimodality 

     (historically: RLness & NLS1ness 

/FeII-ness at opposite ends of EV1) 

 driver(s) of radio-loudness (role 

of spin, BH mass, large-scale 

environment) 

 

• new probe of NLS1 physics, new 

test of NLS1 (orientation) models 
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• almost unexplored territory,  pre-

2005; except for ~3-4 RLs 

 

radio properties of NLS1s – 1st systematic studies 

compact, low radio power (radio-quiet) 



• almost unexplored territory,  pre-

2005; except for ~3-4 RLs 

 

 first systematic search for  radio-

loud NLS1 galaxies  (R = f1.4GHz / 

f4400) 

     based on all known NLS1s in VeronQC, 

cross-matched with FIRST, NVSS, SUMSS, 

WENSS, PMN, 87GB, and PKS radio 

surveys  

 

     ~tripled # of known RL-NLS1s 

     (formally: NL type 1 quasars!) 

 

 test of orientation effects in NLS1s. 

esp.:  if BH masses same as in 

BLS1s, and NLS1s preferentially 

pole-on, than  expect more  RL 

NLS1s than BLS1s ! 

radio properties of NLS1s – 1st systematic studies 



• only 2.5% very RL   (R>100) 

     while 14% of BL-AGN vRL 

 

• 7% RL (R>10)    )* 

 

• low BH masses, despite RLness 

• high FeII, despite RLness  

 

• high L/Ledd 

 

• ~70% CSS 

 

• ~30% blazars (flat/inverted spectra  

                             high var) 

 

radio properties of NLS1 galaxies 

Komossa+  06 

[Komossa+ 06] 

   RL 

 NLS1s 

)* recent studies; e.g. 6% radio-loud (6dFGS, Chen+18), 

4% (SDSS, Cracco+ 16), 5%  radio detections (DR12, 

Rakshit+17) 



• 23 NLS1s @ R>100 

 

• several of these show properties like 

          blazars:  

                   flat or inverted radio spectra,  

                   large-amplitude flux and spectral 

                   variability, compact radio cores,  

                   high variability brightness 

                   temperatures, 

                   enhanced optical conti emission,  

                   flat X-ray spec and blazar-like SEDs 

 

 

 

 

• last decade: radio-imaging (VLBI) and radio-monitoring of RL 

NLS1s   review talk 

                                                                       

 

very radio-loud NLS1 galaxies 

[Yuan, Zhou, Komossa, + 08] 



• 0.3-10 keV X-ray spectra (42 sources): 

     < G > =  -2.0                         (F15) 

                   -2.7  RQ NLS1 

                   -1.6  FSRQs 

• 0.1-2.4 keV (ROSAT) 

     < G > =  -2.4                         (K06) 

     < G > =  -2.4                         (Y08) 

X-ray properties of radio-loud NLS1s 

[Foschini+ 15, Komossa+ 06, Yuan+ 08] 

Foschini+ 15 

Yao+ 15       1H0323, Swift 



• 0.3-10 keV X-ray spectra (42 sources): 

     < G > =  -2.0                         (F15) 

                   -2.7  RQ NLS1 

                   -1.6  FSRQs 

• 0.1-2.4 keV (ROSAT) 

     < G > =  -2.4                         (K06) 

     < G > =  -2.4                         (Y08) 

 

• XMM & NuStar: „soft excess“ (disc)  

& pl (corona or jet)   

 

• Fe line only in 1H0323 

 

• rapid variability on timescales down 

to hrs  -- disk, jet 

 

• UV & X correlated in 1H0323 

 

X-ray properties of radio-loud NLS1s 

[Foschini+ 15, Komossa+ 06, Yuan+ 08;   Gallo+ 06, de Rosa+ 08, Abdo+ 09, D`Ammando+ 12, 14, Paliya+ 

13, 14, Orienti+ 15, Yao+15, Kreikenbohm+ 16, Land+ 17, Kynoch+18, Larsson+ 18, Yang+ 18,  ......... ] 

Yao+ 15       1H0323, Swift 

Foschini+ 15 D‘Ammando+ 14        

           PMN0948, XMM 



gray discovery of NLS1 galaxies 
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Abdo+ 09 

PMN0948, Fermi, >200 MeV, 

discovery paper 

Paliya+ 15 

Yang+ 18 

J2118-07 



• Fermi-LAT detection of several RL 

NLS1s in g–rays for the 1st time 

 

• repeat & rapid flaring, Dt ~ 3-30d 

 

• high (isotropic) luminosities, up to 

Lpeak~1048 erg/s (PMN0948+0022) 

 

 

 established NLS1s as a new group 

    of g-ray emitting AGN;  

    re-confirmed their blazar nature,  

    presence of (relativistic) jets 

 

 

• ongoing MW campaigns 

radio-loud NLS1s: grays  

[discovery papers: Abdo+ 09ab, Foschini 11, 

D‘Ammando+ 12, 15, Yao+ 15b, Paliya+ 18, Yang+ 18] 
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radio gals 



gray emitting NLS1 galaxies* 

* detected at high significance & published in main journals; [see Foschini 11, Liao+ 

15, D‘Ammando+ 17, Miller+ 17  for some further candidates] 

galaxy coordinates redshift RLness gray discovery 

PMN0948+0022 094857.32 +002225.5    0.585  350 Abdo+ 09a 

1H0323+342 032441.19 +341045.9    0.063   50* Abdo+ 09b 

PKS1502+036 150506.48 +032630.8    0.409 1550 

PKS2004-447 200755.18 -443444.3    0.24 1710 

SBS0846+513 084957.98 +510829.0    0.584 1450 D’Ammando+ 12 

FBQSJ1644+2619 164442.53 +261913.2    0.145   450 D’Ammando+ 15 

SDSSJ1222+0433 122222.55 +041315.7    0.966 3230 Yao+ 15 

SDSSJ2118+0732 211852.96 -073227.5    0.26   920 Yang+18, 

Paliya+18  

SDSSJ0932+5306 093241.1 +530633.3    0.60 Paliya+18 

SDSSJ0958+3224 095820.9 +322401.6    0.53 

SDSSJ1421+3855 142106+385522    0.49 

TXS 1518+423 152039.61 +421108.9    0.48 3FGL (id as NLS1 by P18)           

PMN J2118+0013 211817.40  +001316.80    0.46 3FGL (id as NLS1 by P18)           



• double-humped structure like 

blazars, high Compton dominance  

 

• plus acc disc in most cases 

 

     g-NLS1s well modelled by one-zone  

 leptonic jet models with external 

Comptonization (EC) 

 

• site of  g-ray formation in 1H0323 

inside BLR, EC from acc disk 

 

• lower jet powers, sim to FSRQs & BL 

Lacs, when scaled by mass, M 1.4; or 

even lower 

radio-loud NLS1s: SEDs 

Sun+ 15 

[e.g., Abdo+ 09abc, D‘Ammando+ 12-16, 

Foschini+ 11,12, 15, Paliya+13, 14, 18, Zhang+ 

13, Sun+14, 15,  Yao+15a, Orienti+ 15, 

Komossa+ 15, Yang+18, Kynoch+ 18, ...] 

Yao+ 15 



• rapid & intraday NIR variability 

(WISE) of several g-NLS1s 

 

     - implies size < 103  pc 

     - smaller than torus, consistent  

        with base of jet 

 

• radio-detected NLS1s more 

variable than non-detected ones 

 

 

 

• radio-IR relation:  

     - majority of RL-NLS1s are  

       powered by jets  [K06, C15]  

     - while sometimes SB contributes  

       /dominates  [C15] 

 

radio-loud NLS1s in the IR: jets vs SF 

[Abdo+ 09c, Jiang+ 12, Yao+ 15, Yang+ 18; 

Rakshit+ 17] 

[Komossa+06, Caccianiga+ 15] 

Jiang+ 12 



• what do we expect ?  

 

• nearby BLS1s: spirals ,    BL QSOs:    ellipticals & mergers 

• nearby NLS1s: spirals ,    NL QSO1s:  ellipticals & mergers ?  

 

•                                          RL NLQSO1s: ellipticals & mergers  ? 

                                                                       plus some discs  

radio-loud NLS1s: optical properties 

host galaxies 

)*   Sy: M > 23, quasars: M<23 



nearby (z<0.04-0.07) NLS1s show 

• no excess companions 

• no evidence for recent mergers 

• a higher fraction of bars; & nuclear dust-spirals & 

stellar rings  than BLS1s  (C03-sample[13NLS1]: 65% of 

NLS1 spirals have bars, 25% of BLS1 spirals have bars; 

z<0.04. O07-sample [50NLS1]: ~60-70% NLS1 have bars, 

~40-70% BLS1 have bars)  

 

 no merger-induced accretion, but bar may play a role 

(secular processes) in fuelling 

 

note: most hosts of more distant/luminous NLS1s/Q1s, 

and radio NLQ1s not yet known  [majority likely 

ellipticals & mergers, like in BLQ1s] 

[e.g., Krongold+ 00, Crenshaw+ 03, Deo+ 06, Ohta+ 07, Ryan+ 07, Orban de 

Xivry+ 11, Mathur+ 12, Xu+ 12, .....] 

Interlude: radio-quiet-NLS1 host galaxies 

Ohta+ 07 

Crenshaw+ 03 

Elliptical    Mrk 699 



gray emitting NLS1s: host galaxies 

HST                       Zhou+ 07 VLT, J                Kotilainen+16 

Olguín-Iglesias + 17, 

D’Ammando+ 17 
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• how well can we measure BH 

masses ?  

radio-loud NLS1s:  BH masses 

Komossa+ 06 

 

Yuan+08 
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• how well can we measure BH 

masses ?  

radio-loud NLS1s:  BH masses 

Komossa+ 06 

Jaervelae+ 15 
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• how well can we measure BH 

masses ?  

 

 different methods for BH mass     

          estimation:  

     - virial estimates from single- 

        epoch spectra (with or without  

                         projection effects; f) 

     - rev. mapping: (only one) 

     - spectropolarimetry (only one) 

     - X-ray variability: excess  

       variance, or PSD break frequency  

       (only one) 

     - SED modelling 

     - host-BH scaling relations 

     

      most of these point to low BH  

         masses 

radio-loud NLS1s:  BH masses 

do RLs in particular, or all NLS1s, 

have higher BH masses than implied 

from width(Hb) estimates ?  

Komossa+ 06 



optical  

• single-epoch, broad Hb:  107  Msun    

• broad Pa, Hb:  2 107  Msun 

 

• rev mapping  (f=1):  6 106  Msun  

                           (f=6):  3 107  Msun  

optical-UV 

• SED modelling:  107  Msun 

 

NIR-optical  

• host magnitude:  108.28.6  Msun  

 

X-rays 

• X-ray excess variance:   107  Msun   

• break frequency of PSD:   107  Msun  

          confirms  low mass, M~107  Msun  

 

example 1: 1H0323+342 – BH mass estimates 

[in order listed: Zhou+07, Landt+17, Wang+ 16, Abdo+09,  Leon-Tavares+ 14, Yao+ 15, Pan+ 18] 

Yao+ 15 

optical 

FeII    Hb          [OIII] 

Zhou+ 07 



optical-UV 

• single-epoch, broad Hb: 4-6 106  Msun  

•                        MgII:               107  Msun 

 

optical-UV 

• SED modelling: 2 107  Msun  

                               4.5 107  Msun 

                               2 108  Msun 

                               < few 107  Msun  

 most estimates on order few 107  Msun 

 

 BH masses near upper end of NLS1 distribution, but lower end of blazars 

 

statistical argument, based on very small fraction of RLness:  no projection 

effects in high BH mass systems [K06] 

example 2: PKS1502+03 – BH mass estimates 

[in order listed: Yuan+ 08, Komossa+ 18, Abdo+09, Paliya+ Stalin 16, Calderone+ 13, 

D‘Ammando+ 16] 



radio-loud NLS1s: optical spectroscopy 

FeII emission 

[Sulentic+ 08] 

Sulentic+ 08 

radio-loudness & FeIIness 

at opposite ends of AGN 

correlation space. 

 

where are the radio-loud 

NLS1s located ?  



radio-loud NLS1s: optical spectroscopy 

FeII emission 

[Sulentic+ 08;  Komossa+ 06, Yuan+ 08, Berton+ 16; two outliers which lack FeII: 

PKS2001 (Oshlack+01, Gallo+ 06); SDSSJ2118 (Yang+ 18, Paliya+ 18)] 

Komossa+ 06 

Sulentic+ 08 

radio louds 



• radio-quiet BLS1s:  few [OIII] outflows (at low z)    [K08] 

• radio-quiet NLS1s: 16% [OIII] outflows („blue outliers“; v>150 km/s)  [K08]                               

• radio-loud NLS1s:  ~17-23%  [Y08,B16,K18]      

•  g NLS1s: highest fraction of [OIII] complexity, 43% (3/7) [OIII] outflows  [B16] 

radio-loud NLS1s: optical spectroscopy 

[OIII] emission and (extreme) outflows 

[OIII]5007 profile complexity comes in two 

types:  

 

(1) presence of „blue wings“  -- very common 

 

(2) „blue outliers“: sources with whole [OIII] 

core (&wing) component  blueshifted  
[Zamanov+02] 
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 “core” 

“blue wing” 

[Komossa+ 08, Berton+ 16, Komossa+ 18] 



 case study: RXJ2314.9+2243 (extreme blue wing) 

[Komossa+ 15] 

• radio-loud NLS1 (z=0.17) 
• possible g–ray detection (Foschini,  priv. com. 

14; Miller+ 17), var. 

• (but) steep radio spectrum,                           

a=-0.7 (Effelsberg) 

 

• luminous IR  (LIRG) 

• very steep UV spectrum, but no 

evidence for optical reddening      

• flat, variable X-ray spect (Swift) 

•  SED likely dom by non-thermal 

emi (X: corona; IR-UV: synchro) 

 

• very broad & blueshifted (v=1260 

km/s) [OIII]5007 emission  strong 

outflow 

•  a case of  strong AGN-induced 

feedback in local universe ?  

•  low-z equivalent of a similar pop 

emerging now at higher z 

[OIII] 

Hb 

+  RXJ2314.9+2243 

__ rq NLS1 average 



• four radio-loud NLS1s with high-velocity ionized gas 

outflows, seen in several emission lines 

radio-loud NLS1s: optical properties 

(extreme) outflows 

[Komossa, Xu, Wagner 18] 

Komossa+ 18 

SDSSJ1305+51 



• four radio-loud NLS1s with high-velocity ionized gas 

outflows, seen in several emission lines 

radio-loud NLS1s: optical properties 

(extreme) outflows 

[Komossa, Xu, Wagner 18] 

Komossa+ 18 

SDSSJ1305+51 



• extreme velocities, up to  

     vc = 2450 km/s in [NeV] 

     vc =   480 km/s in [OIII]  

       FWHM (NeV) = 2270 km/s   

 

• [OIII] still has core-wing 

structure: 

      vw = 1280 km/s 

 

• little zero-velocity [OIII]  

 

       no two-component NLR;  

           bulk of NLR in outflow 

 

• width-shift correlation 

radio-loud NLS1s: optical properties 

(extreme) outflows 

Komossa+ 18 

Komossa+ 18 

[Komossa, Xu, Wagner 18] 



Interlude: (radio-quiet) NLS1 galaxies on the     

MBH-s plane, and the problem of [OIII] outflows  

Komossa, Xu, 

Zhou, Storchi-

Bergmann, 

Binette 08 

Komossa & Xu 07 

    NLS1 

O  BLS1 



Interlude: (radio-quiet) NLS1 galaxies on the     

MBH-s plane, and the problem of [OIII] outflows  

Komossa, Xu, 

Zhou, Storchi-

Bergmann, 

Binette 08 

 BLS1s and NLS1s follow the same M-s relation (with large scatter), 

once sources dominated by outflow, [OIII] blue outliers, are removed   
 even blue outliers in [OIII] follow M-s*, when FWHM([SII]) is used 

Komossa & Xu 07 

    NLS1 

O  BLS1 



radio-loud NLS1s: optical properties 

(extreme) outflows 

Komossa+ 18 

• extreme velocities, up to  

     vc = 2450 km/s in [NeV] 

     vc =   480 km/s in [OIII]  

       FWHM (NeV) = 2270 km/s   

 

• [OIII] still has core-wing 

structure: 

      vw = 1280 km/s 

 

• little zero-velocity [OIII]  

 

       no two-component NLR;  

           bulk of NLR in outflow 

 

• width-shift correlation 
     FWHM([OIII]) no surrogate for s* 

 
[Komossa, Xu, Wagner 18] 



• ionization stratification 

     (or density stratification) 

  

    large-scale outflow, no  

       localized  processes 

radio-loud NLS1s: optical properties 

(extreme) outflows 

Komossa+ 18 

[Komossa, Xu, Wagner 18] 



• BH masses, Lbol , LEdd  

 

• jet power Pjet, hjet    

 

• Ionized gas mass in outflow 

radio-loud NLS1s: optical properties 

(extreme) outflows 

[Komossa, Xu, Wagner 18] 

Vestergaard & Peterson 06: 

1044 erg/s              107 Msun              



• driver of the outflow ?  

 

• key constraints from 

observations:    

 

     - little zero-v [OIIII], little exti 

     - high v, above escape vel 

     - width-shift correlation 

     - high [NeV]/[OIII]  matter- 

                                  bounded 

     - ionization stratification, v-IP 

 

 no two(velocity)-component  

     NLR, with one at rest 

 bulk of NLR in outflow 

 no localized jet-cloud  

 no rad pressure by dust  

radio-loud NLS1s: optical properties 

(extreme) outflows 

• high L/LEdd & powerful jets 

 hydrodyn simulations of  

         large-scale outflows   

Wagner+ 11 

1 x 1 kpc 
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[e.g., Wagner+ 11, 12, 13, 16, Bieri+ 17, Cielo+ 18] 



• driver of the outflow ?  

 

• key constraints from 

observations:    

 

     - little zero-v [OIIII], little exti 

     - high v, above escape vel 

     - width-shift correlation 

     - high [NeV]/[OIII]  matter- 

                                  bounded 

     - ionization stratification 

 

 no two(velocity)-component  

     NLR, with one at rest 

 bulk of NLR in outflow 

 no localized jet-cloud  

 no rad pressure by dust  

radio-loud NLS1s: optical properties 

(extreme) outflows 

• high L/LEdd & powerful jets 

 hydrodyn simulations of  

         large-scale outflows   

• high v  high Lbol , high Pjet  

• fragmented clouds more easily 

accelerated  

• high v  imply young age (< 

few  Myr)  

    consistent with radio-  

    compactness [Gu+15, Berton+ 18] 

 

• ion strat more challenging to 

understand (early phase of 

evolution, AGN-driven bubble still 

evolving; near-nuclear gas more time 

to accelerate  ?) 

[Komossa, Xu, Wagner 18] 



• high v  high Lbol , high Pjet  

• fragmented clouds more easily 

accelerated  

• high v  imply young age (< 

few  Myr)  

    consistent with radio-  

    compactness [Gu+15, Berton+ 18] 

 

• ion strat more challenging to 

understand (early phase of 

evolution, AGN-driven bubble still 

evolving; near-nuclear gas more time 

to accelerate  ?) 

• driver of the outflow ?  

 

• key constraints from 

observations:    

 

     - little zero-v [OIIII], little exti 

     - high v, above escape vel 

     - width-shift correlation 

     - high [NeV]/[OIII]  matter- 

                                  bounded 

     - ionization stratification, v-IP 

 

 no two(velocity)-component  

     NLR, with one at rest 

 bulk of NLR in outflow 

 no localized jet-cloud  

 no rad pressure by dust  

radio-loud NLS1s: optical properties 

(extreme) outflows 

• high L/LEdd & powerful jets 

 hydrodyn simulations of  

         large-scale outflows   

S: - high-ion lines highly shifted & 

broadened, so (OIII) widths no 

suitable substitute for s*, - but sources 

are important laboratories for drivers 

of large-scale, high-velocity outflows 

& AGN-induced feedback.  [Komossa, Xu, Wagner 18] 


