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� 6 �ABSTRACT4344 Following the reent disovery of γ rays from the radio-loud narrow-lineSeyfert 1 galaxy PMN J0948+0022 (z = 0.5846), we started a multiwavelengthampaign from radio to γ rays, whih was arried out between the end of Marhand the beginning of July 2009. The soure displayed ativity at all the observedwavelengths: a general dereasing trend from optial to γ−ray frequenies wasfollowed by an inrease of radio emission after less than two months from thepeak of the γ−ray emission. The largest �ux hange, about a fator of about 4,ourred in the X-ray band. The smallest was at ultraviolet and near-infraredfrequenies, where the rate of the deteted photons dropped by a fator 1.6−1.9.At optial wavelengths, where the sampling rate was the highest, it was possibleto observe day-sale variability, with �ux variations up to a fator of about 3.The behavior of PMN J0948+0022 observed in this ampaign and the alulatedpower arried out by its jet in the form of protons, eletrons, radiation and mag-neti �eld are quite similar to that of blazars, spei�ally of �at-spetrum radioquasars. These results on�rm the idea that radio-loud narrow-line Seyfert 1galaxies host relativisti jets with power similar to that of average blazars.Subjet headings: quasars: individual (PMN J0948+0022) � galaxies: ative �45 gamma rays: observations � X-rays: galaxies � ultraviolet: galaxies � infrared:46 galaxies � radio ontinuum: galaxies47 1. Introdution48 The reent detetion by Fermi Gamma-ray Spae Telesope of γ rays from the radio-loud49 narrow-line Seyfert 1 galaxy (RL-NLS1) PMN J0948+00221 (z = 0.5846) opened new and50 81Crimean Astrophysial Observatory, 98409 Nauhny, Crimea, Ukraine82Pulkovo Observatory, 196140 St. Petersburg, Russia83Department of Astronomy and Astrophysis, Pennsylvania State University, University Park, PA 16802,USA84National Institute of Information and Communiations Tehnology, Kashima Spae Researh Center,893-1, Hirai, Kashima, Ibaraki, 314, Japan1We note that the absolute magnitude of this soure is MB = −23.6, so formally mathes also thede�nition of quasars.



� 7 �interesting questions on the uni�ed model of ative galati nulei (AGN), the development51 of relativisti jets and the evolution of radio-loud AGN (Abdo et al. 2009a, Foshini et al.52 2009a). Indeed, before Fermi/LAT (Large Area Telesope) it was known that γ rays from53 AGN are produed in blazars and radio galaxies, but we have to add also RL-NLS1s.54 NLS1s are ative nulei similar to Seyferts, where the optial permitted lines emitted55 from the broad-line region (BLR) are narrower than usual, with FWHM(Hβ)< 2000 km s−156 (see Pogge 2000, for a review). Other harateristis are [OIII℄/Hβ < 3 and a bump of FeII,57 making them a peuliar lass of AGN. NLS1s are di�erent from Seyfert 2s, whose optial58 spetra typially display FWHM(Hβ)< 1000 km s−1, [OIII℄/Hβ > 3 and no bump of FeII.59 NLS1s are also di�erent from the naked AGN disovered by Hawkins (2004), a peuliar lass60 of Seyferts without the BLR, whih have [OIII℄/Hβ >> 3. Indeed, NLS1s do have both BLR61 and the narrow-line region (NLR), but the BLR emits only permitted lines narrower than in62 Seyfert 1s (Rodríguez-Ardila et al. 2000).63 NLS1s are generally radio-quiet, but a small fration of them (< 7%, aording to64 Komossa et al. 2006), are radio-loud. It is not lear how these soures �t into the framework65 of radio-loud AGN. Some studies of the average non-simultaneous multiwavelength properties66 (from radio to X-rays) of RL-NLS1s suggested some possibilities. Komossa et al. (2006)67 argued that RL-NLS1s ould be some young stage of quasars, while Yuan et al. (2008) found68 some similarities to TeV BL Las, but having strong emission lines they would represent69 the so-alled �high-frequeny peaked �at-spetrum radio quasars� onjetured by Padovani70 (2007). Foshini et al. (2009b) found instead that there is no one-to-one orrelation of RL-71 NLS1s properties with any spei� type of blazar or radio galaxy. In some ases, there are72 similarities with �at-spetrum radio quasars, while others are like BL Las.73 Now, the �rst detetion by Fermi/LAT of γ rays from one RL-NLS1 - namely PMN74 J0948+0022 - sets the de�nitive on�rmation of the presene of a relativisti jet in these75 soures. The disovery of γ−ray emission from other soures of this type (Abdo et al.,76 in preparation) raise RL-NLS1s to the rank of γ−ray emitting AGN. However, any average77 spetral energy distribution (SED) of a γ−ray loud AGN leaves open several important ques-78 tions on the mehanisms of radiation emission, suh as whether the synhrotron self-Compton79 (SSC) or the external Compton (EC) prodution mehanism is dominant at high-energies80 and where the zone is where most of the dissipation ours. Beause PMN J0948+0022 is81 the �rst objet of this new lass of γ−ray AGN, it is important to observe it for a long time,82 in order to understand if there is something unexpeted and if its behavior is very di�erent83 from blazars and radio galaxies or not.84 With these aims in mind, we deided to set up a multiwavelength ampaign on this85 soure. The ampaign involved several spae and ground-based failities aross the whole86



� 8 �eletromagneti spetrum, from radio to γ rays (in alphabetial order): ATOM (Landesstern-87 warte), F-GAMMA (E�elsberg), e-VLBI (EVN, LBA), Fermi, G. Haro Telesope (INAOE),88 Metsähovi, OVRO, RATAN-600, Swift, SMARTS, MOJAVE (VLBA), WIRO. The period89 overed was between 2009 Marh 24 and July 5. We measured variability at multiple wave-90 bands, modelled the resulting SEDs, and ompared the results to those for more typial91
γ−ray blazars in the FSRQ and BL La lasses.92 Throughout this work, we adopted a ΛCDM osmology from the most reent WMAP93 results, whih give the following values for the osmologial parameters: h = 0.71, Ωm = 0.27,94
ΩΛ = 0.73 and with the Hubble-Lemaître onstant H0 = 100h km s−1 Mp−1 (Komatsu et95 al. 2009).96 2. Data Analysis97 2.1. Fermi/LAT98 The data from the Large Area Telesope (LAT, Atwood et al. 2009) were analyzed using99 the same proedures outlined in Abdo et al. (2009a), but with a more reent version of the100 software (Siene Tools v 9.15.2), Instrument Response Funtion (IRF P6_V3_DIFFUSE,101 Rando et al. 2009) and bakground2. Photons with energy above 100 MeV and between102 MJD 54910 (2009 Marh 20) and 55017 (2009 July 5) were seleted. The quoted 1σ errors103 of the analyses are statistial only and systemati errors should be added. The most reent104 estimates set these values as 10% at 100 MeV, 5% at 500 MeV and 20% at 10 GeV (Rando105 et al. 2009).106 The result of the �t with a power-law model in the form F (E) ∝ E−Γ to the data inte-107 grated over the whole ampaign gives an average �ux (E > 100 MeV) equal to (1.5± 0.1)×108
10−7 ph m−2 s−1, a photon index Γ = 2.48 ± 0.09 with Test Statisti TS = 337 (whih is109 roughly equivalent to 18σ, sine σ ∼

√
TS; see Mattox et al. 1996 for the de�nition of TS).110 Comparison with the values obtained from the �t of the �rst 5 months of data, reported in111 Abdo et al. (2009a) and realulated here as FE>100MeV = (1.6 ± 0.1) × 10−7 ph m−2 s−1112 with Γ = 2.7 ± 0.1 (TS = 386), shows no hanges in the average �ux, but a slight spe-113 tral hardening during the present multiwavelength ampaign. We observed no emission for114 energies above ∼ 2 GeV.115 PMN J0948+0022 shows some variability on shorter timesales (Fig. 1), but the weak-116 2Everything now publily available at: http://fermi.gsf.nasa.gov/ss/data/



� 9 �ness of the γ−ray �ux hampers the study of the hanges of its properties. Therefore, we117 deided to divide the ampaign into three larger bins, by integrating and analyzing data118 month-by-month. The results are summarized in Table 1. The better statistis allow us to119 measure a lear drop in �ux of a fator ∼ 2 from April to May and June, with a orrespond-120 ing hardening of the spetral slope. We also note that the 2009 April �ux was higher than121 the average �ux in 2008 August-Deember.122 2.2. Swift (BAT, XRT, UVOT)123 The Swift satellite (Gehrels et al. 2004) observed PMN J0948+0022 11 times, starting124 on MJD 54916.26 (2009 Marh 26 06:21 UTC) and ending on MJD 55015.53 (2009 July 3125 12:41 UTC), with average exposures of ≈ 5 ks for eah observation. Data of BAT (Barthelmy126 et al. 2005), XRT (Burrows et al. 2005) and UVOT (Roming et al. 2005) have been analyzed127 by means of the HEASoft v. 6.6.3 software pakage, with default parameters (exept as128 spei�ed below) and the alibration database updated on 2009 June 5.129 No detetion was found with BAT in the hard X-ray energy band, after having inte-130 grated all the available data obtained in this ampaign (total exposure 55.6 ks, inluding131 the observation performed on 2008 Deember 5, see Abdo et al. 2009a), with an upper limit132 (3σ) of 3.2 × 10−10 erg m−2 s−1 in the 20 − 100 keV energy band.133 XRT was set to work in photon ounting mode. Photons in the 0.2 − 10 keV energy134 band and with grades 0-12 (single to quadruple pixels events) were seleted. A hek for135 pile-up gave negative results. The extrated spetrum was rebinned to have a minimum of 30136 ounts per bin, in order to apply the χ2 statistial test. In one ase (ObsID 00031306006) the137 exposure was lower than expeted (1.4 ks) and it was neessary to use the Cash statistial test138 (Cash 1979), whih allows parameters estimation in low ounts measurements through the139 likelihood ratio. The spetra were �tted with a power-law model with Galati absorption140 (5.22 × 1022 m−2, Kalberla et al. 2005) and the results are summarized in Table 2 and141 Fig. 1.142 UVOT ounts in all the 6 available �lters (V, B, U, UVW1, UVM2, UVW2) were143 extrated from a soure region radius of 5′′ and a bakground region with radius 1′, entered144 in a nearby soure-free region and not in an annulus region around the soure beause of145 nearby ontaminating soures. The observed magnitudes were orreted for the Galati146 absorption AV = 0.277 mag. The absorption for the other �lters was alulated aording147 to the extintion laws of Cardelli et al. (1989). The dereddened magnitudes were onverted148 into �uxes in physial units taking into aount the zeropoints by Poole et al. (2008). Data149



� 10 �are displayed in Fig. 2 and 3.150 We note that the optial/IR �lters bandpasses of the several failites employed in this151 researh (UVOT and the other ground-based telesopes ATOM, SMARTS, INAOE, WIRO152 desribed in the next Setions) do not math exatly. However, after a areful inspetion of153 simultaneous or quasi-simultaneous observations, we found that these mismathes in �lter154 bandpasses are negligible beause they are smaller than the error bars.155 We note also that at all the UV/optial/NIR wavelengths the quasar is unresolved with156 no hint of a ontribution from starlight of the underlying galaxy.157 2.3. Automati Telesope for Optial Monitoring for H.E.S.S. (ATOM)158 Optial observations in Johnson R and B �lters for this ampaign were obtained between159 Marh 27 and May 20 with the 0.8 m optial telesope ATOM in Namibia. ATOM is operated160 robotially by the H.E.S.S. ollaboration and obtains automati observations of on�rmed161 or potential γ−bright blazars. Data analysis (debiassing, �at �elding, photometry using162 SExtrator; Bertin & Arnouts, 1996) is onduted automatially. The magnitudes were163 then orreted for galati extintion using the extintion laws of Cardelli et al. (1989),164 assuming RV = 3.1 and AV = 0.277 mag, whih gives an absorption of AB = 0.37 mag and165
AR = 0.23 mag. The magnitudes were onverted in �uxes using the zeropoints of Bessell166 (1979). Data are shown in Fig. 3.167 2.4. Small and Moderate Aperture Researh Telesope System (SMARTS)168 The soure was monitored at the Cerro Tololo Inter-Amerian Observatory (CTIO)169 SMARTS 1.3 m telesope plus ANDICAM, whih is a dual-hannel imager with a dihroi170 linked to an optial CCD and an IR imager, from whih it is possible to obtain simultaneous171 data from 0.4 to 2.2 µm. Optial/Near-Infrared (NIR) observations with the �lters B, R and172 J were arried out between 2009 June 1 and 14 (MJD 54983-54996).173 Optial data were bias-subtrated, oversan-subtrated, and �at-�elded using the dpro174 task in IRAF. The optial photometry was alibrated absolutely using published magnitudes175 (from the USNO-B1.0 atalogue) of seondary standard stars in the �eld of the objet. IR176 data were sky-subtrated, �at-�elded, and dithered images ombined using in-house IRAF177 sripts. The IR photometry was absolutely alibrated using 2MASS magnitudes of a se-178 ondary standard star. We estimated photometri errors by alulating the 1σ variation in179 magnitude of omparison stars with omparable magnitude to PMN J0948 + 0022 in the180



� 11 �same frame. The results are summarized in Fig. 3 and 4.181 2.5. Instituto Naional de Astrofísia, Óptia y Eletrónia (INAOE)182 NIR observations of PMN J0948+0022 were done between 2009 April 3 and June 21,183 at the 2.1 m telesope �Guillermo Haro�, with the NIR amera �CANICA�, equipped with a184 Rokwell 1024× 1024 pixel Hawaii infrared array, working at 75.4 K, with standard J(1.164185 - 1.328 µm), H(1.485 - 1.781 µm) and Ks (1.944 - 2.294 µm) �lters. The plate sale is 0.32186 arse/pix. Observations were arried out in series of 10 dithered frames in eah �lter. A187 proper number of additional observations were adopted for the Ks observations. Data sets188 were oadded after orreting for bias and �at-�elding. Flats were obtained from sky frames189 derived from the dithered ones. Data are shown in Fig. 4.190 2.6. University of Wyoming Infrared Observatory (WIRO)191 The NIR observations at WIRO of PMN J0948+0022 were obtained on 2009 May 8-9,192 as part of a blazar observing ampaign in whih seleted AGN are monitored over timesales193 of months, one the AGN is measured by the LAT to exeed a nominal threshold of 15 ×194
10−8 ph m−2 s−1 (E > 100 MeV). The NIR amera is sited on the Wyoming Infrared195 Observatory's 2.3 m telesope, whih is optimized for IR observations, and loated on Mt.196 Jelm at an elevation of 2943 m. The detetor is a professional grade 2562 InSb hip � a197 spare from the Spitzer mission � with a square 100′′ �eld of view. One aounting for198 atmospheri absorption, the amera's J (1.171−1.328 µm) and K (1.987−2.292 µm) �lters199 have bandpasses and enter wavelengths very similar to the MKO-NIR system (Tokunaga200 & Vaa 2005).201 The observations of PMN J0948+0022 were made on 2009 May 8-9: sixteen 26 s integra-202 tions eah in the J and K �lters, per night. Eah set of frames was �at-�elded and reviewed203 for transpareny � with maximum of three frames per set disarded � and the remaining204 retained frames staked in registration. The soure �uxes were then ompared with �uxes of205 same or near-frame stars as well as with �uxes of NIR Arnia3 standards stars whih were206 also obtained with the NIR amera, to derive J and K magnitudes. Data are shown in207 Fig. 4.208 3see Table 2 in L. Hunt et al., Aretri Tehnial Report no. 3, 1994:http://www.aretri.astro.it/irlab/instr/arnia/arnia.html



� 12 �2.7. Owens Valley Radio Observatory (OVRO)209 PMN J0948+0022 has been observed regularly between 2009 Marh 26 and July 3, at210 15 GHz by the Owens Valley Radio Observatory (OVRO) 40 m telesope as part of an211 ongoing Fermi blazar monitoring program. Flux densities were measured using azimuth212 double swithing as desribed in Readhead et al. (1989). The relative unertainties in �ux213 density result from a 5 mJy typial thermal unertainty in quadrature with a 1.6% non-214 thermal random error ontribution. The absolute �ux density sale is alibrated to about215 5% using the Baars et al. model for 3C 286 (Baars et al. 1977). This absolute unertainty216 is not inluded in the plotted errors. The light urve is shown in Fig. 5.217 2.8. Metsähovi218 The 37 GHz observations were made between 2009 April 10 and May 30, with the 13.7 m219 diameter Metsähovi radio telesope, whih is a radome enlosed paraboloid antenna situated220 in Finland. A typial integration time to obtain one �ux density data point is 1200−1400 s.221 The detetion limit of our telesope at 37 GHz is on the order of 0.2 Jy under optimal222 onditions. Data points with a signal-to-noise ratio < 4 are handled as non-detetions.223 The �ux density sale is set by observations of DR 21. Soures 3C 84 and 3C 274 are224 used as seondary alibrators. A detailed desription on the data redution and analysis225 is given in Teräsranta et al. (1998). The error estimate in the �ux density inludes the226 ontribution from the bakground and the unertainty of the absolute alibration. The light227 urve is shown in Fig. 5.228 2.9. RATAN-600229 The 2 − 22 GHz instantaneous radio spetrum of PMN J0948+0022 was observed two230 times, on 2009 Marh 24 and 25, with the 600-meter ring radio telesope RATAN-600 (Ko-231 rolkov & Parijskij 1979) of the Speial Astrophysial Observatory, Russian Aademy of Si-232 enes, loated in Zelenhukskaya, Russia. The broad-band radio ontinuum spetrum was233 measured quasi-simultaneously (within several minutes) in a transit mode at �ve di�erent234 bands. Details on the method of observation, data proessing, and amplitude alibration are235 desribed in Kovalev et al. (1999). The presented data were olleted using the Northern236 ring setor of RATAN-600. Averaged �ux density spetrum is presented in Fig. 6.237



� 13 �2.10. F-GAMMA (E�elsberg)238 The radio spetrum of PMN J0948+0022 at entimeter wavelength was measured with239 the E�elsberg 100 m telesope, within the projet F-GAMMA, the monitoring program of240 Fermi γ-ray blazars (F-GAMMA projet, Fuhrmann et al. 2007). The observations were241 performed at di�erent epohs (from 2009 April 13 to June 27), with the seondary fous242 heterodyne reeivers between 2.64 and 42 GHz, and quasi-simultaneously with ross-sans,243 that is slewing over the soure position, in azimuth and elevation diretion, with adaptive244 numbers of sub-sans in order to reah the required sensitivity (for details, see Fuhrmann245 et al. 2008; Angelakis et al. 2008). Pointing o�-set orretion, gain orretion, atmospheri246 opaity orretion and sensitivity orretion have been applied to the data. The results are247 summarized in Fig. 6.248 2.11. Monitoring Of Jets in Ative galati nulei with VLBA Experiments249 (MOJAVE)250 PMN J0948+0022 was observed on 2009 May 28 within the framework of the program251 MOJAVE, whih is a survey with the Very Large Baseline Array (VLBA) at 15.4 GHz aiming252 at the study of the parse-sale struture of relativisti jets in soures with delination> −30◦253 (Lister et al. 2009). Total intensity and linear polarization were measured (Fig. 7). The254 total integrated �ux density is SVLBA = 437 mJy (peak value: 425 mJy/beam), while the255 integrated linear polarization is 3.5 mJy (peak value: 3.6 mJy/beam). The relative error in256 both ases is about 5%. For details of data proessing we refer to Lister et al. (2009) and257 Lister & Homan (2005).258 These observations were performed with a 512 Mbps reording rate and resulted in a259 very high dynami range (about 8,000:1) parse-sale total intensity image. The struture260 was modeled using three omponents with irular Gaussian intensity pro�les. It was found261 that the VLBA ore highly dominates the emission and is unresolved: the ore �ux density262
Score = 420 mJy overs 96% of the total parse-sale emission. We estimated an upper263 limit of the ore size following Kovalev et al. (2005), whih turned out to be θcore < 60 µas264 (on�dene level > 99%). We are able to get suh a small upper limit, beause of the high265 dynami range and the simpliity of the soure struture. The ore brightness temperature266 in the soure frame is estimated to be greater than 1.0 × 1012 K.267 The objet is highly ompat in omparison to the sample of radio-loud AGN reported268 by Lister & Homan (2005). Its ore-to-jet �ux density ratio is about 25, well above the269 average value of 3 in the sample. However, the 0.7% frational linear polarization of the270



� 14 �struture is in agreement with the average distribution of bright quasars (Lister & Homan271 2005).272 Another MOJAVE observation was performed after the end of the ampaign (2009 July273 23, not shown here4), revealing that the �ux density at 15 GHz was already dereasing274 (SVLBA = 340 mJy), and the parse-sale ore appeared to be fainter than in 2009 May.275 2.12. e-VLBI276 PMN J0948+0022 was observed with the e-VLBI (eletroni Very Long Baseline Inter-277 ferometry) tehnique on April 21 at 1.6 GHz, and on May 23, Jun 10, and July 4 at 22 GHz.278 The epoh at 1.6 GHz was a pilot observation, lasting about 80 minutes with EVN (Euro-279 pean VLBI Network) stations only. In the following epohs, EVN telesopes were joined by280 Australian and Japanese antennas, for about 9 hours at eah epoh with about 1 hour of281 mutual visibility between Europe, Asia, and Australia (exept in the last epoh).282 Real time fringes were deteted in all baselines between partiipating telesopes at all283 epohs. This inludes Europe-Australia baselines as long as 12000 km, whih reveals that284 the soure is highly ompat and allows us to onstrain its angular size. From visibility285 model �tting to the �rst 22 GHz epoh, we determine an upper limit to the ore size of286 0.2 mas. This orresponds to a lower limit for the brightness temperature of TB > 2.9×1010287 K, and is onsistent with the result from the seond 22 GHz epoh and the 15 GHz data288 from MOJAVE. The 1.6 GHz observation and the �nal 22 GHz one laked Europe-Australia289 baselines, resulting in less tight onstraints. Also, the soure shows an inverted spetrum290 between 1.6 and 22 GHz, being only 0.17 Jy at 1.6 GHz and 0.41 Jy at 22 GHz (weighted291 average), with a spetral index of −0.3 (Sν ∝ ν−α).292 Extended emission is not revealed within our noise levels of about 1 mJy/beam. The293 elongation of the �tted Gaussian is roughly along the extended emission seen at 15 GHz,294 but the extended emission is resolved out in these maps. Further details on the observations295 and a higher level analysis will be presented in a forthoming publiation (Giroletti et al.,296 in preparation). The results are summarized in Table 3.297 4See http://www.physis.purdue.edu/astro/MOJAVE/sourepages/0946+006.shtml



� 15 �3. Spetral Energy Distributions (SEDs)298 We have built optial-to-γ rays SED by piking time intervals so that they would be299 entered on the epoh of the Swift observations (see Table 2). We used the data from Swift300 XRT and UVOT, and, when available, the optial/NIR data from ground-based failities5.301 In the ase of γ rays, we adopted an integration time of 5 days, entered on the day of the302 Swift snapshot. The integrated LAT data were analyzed in two energy bands (0.1 − 1 and303
1 − 10 GeV) and we have taken as detetions those with TS ≥ 9. We have also re-built304 the SED orresponding to the Swift observation performed on 2008 Deember 5, whih was305 reported in Abdo et al. (2009a). However, this time, we used for LAT the data integrated306 over 5 days (instead of 5 months). The 12 SEDs are displayed in Fig. 8.307 We have modeled these SEDs with the synhrotron and inverse-Compton (IC) model,308 whih is desribed in detail in Ghisellini & Tavehio (2009) and was also used in the previous309 study (Abdo et al. 2009a). For the sake of simpliity, we just reall some basi de�nitions310 and symbols used in the present work.311 The emitting blob of plasma has spherial shape with size r and is loated at a distane312
Rdiss from the entral spaetime singularity with mass M = 1.5 × 108M⊙ (see Abdo et al.313 2009a), moving with onstant bulk Lorentz fator Γbulk = 10.314 The energy distribution of the injeted relativisti eletrons has a broken power-law315 model, with shapes de�ned by γ−s1

e and γ−s2
e , below and above γe,break, respetively, where γe316 is the random Lorentz fator of eletrons. This input distribution is then modi�ed aording317 to the radiative ooling ourring during a �nite time of injetion (the light rossing time318 of the blob) and the possibility of pair prodution through γγ → e±. The distribution in319 output is then used to generate the observed radiation through the synhrotron, synhrotron320 self-Compton (SSC) and external-Compton (EC) proesses. The seed photons for EC are321 generated diretly by the aretion disk and its X-ray orona, the broad-line region (BLR),322 and the infrared torus.323 Obviously, in this ase, the BLR emits only narrow-lines, but what is important with324 respet to EC is the energy density in the omoving frame. As already outlined in Abdo et325 al. (2009a), the di�erenes of the BLR in NLS1s are thought to be due to (1) a disk-like326 shape of the BLR (Dearli et al. 2008) or (2) a shift of the BLR farther from the entral327 supermassive singularity due to the radiation pressure of the highly areting disk (Maroni328 5Radio data were not used in the �t of the SEDs, beause they are generated in regions external to thatwhere optial-to-γ rays are produed. More details on radio observations will be presented in Giroletti et al.(in preparation).



� 16 �et al. 2008). From the point of view of generating seed photons for EC, in ase (1) there is329 no di�erene from a shell-like shape of the BLR, sine what is important is the angle with330 whih the blob sees the BLR (see angles α1 and α2 in Fig. 1 of Ghisellini & Tavehio 2009).331 In ase (2), we performed some tests by pushing the BLR further out (up to 5 × 1017 m),332 but we found minimal hanges in the parameters. We note also that the size of the BLR333 is de�ned on the basis of the aretion disk luminosity, whih in turn is measured from334 the SED, as RBLR = 1017
√

Ldisk,45, where Ldisk,45 is the luminosity of the disk in units of335
1045 erg s−1.336 The maximum eletron energy is reahed with γe,max, and that orresponding to the337 IC peak is γe,peak. The injeted power in the form of relativisti eletrons is L′

e (omoving338 frame), while the power arried out by the jet is omposed of kineti motion of eletrons339 (Le) and protons (Lp, one for eah eletron), radiation (Lrad) and magneti �eld (LB).340 The summary of the 12 SED �ts is reported in Table 4, while Fig. 9 and 10 display the341 evolution of some parameters on a time sale oordinated with those of the light urves of342 Figs. 1-5, to allow an easy omparison with observations.343 We have also built an overall SED from the averages of all the data olleted in this344 ampaign (Fig. 11). It is not an average over the whole ampaign, exept for LAT data, whih345 are olleted daily. At all the other wavelengths, the result is an average of the available346 observations, generally limited to some periods in the ampaign. The parameters obtained347 by the modeling of this overall SED are also reported in Table 4.348 4. Disussion349 An immediate omparison between the two average SEDs obtained from the present350 ampaign (2009 Marh-July) and that of the period 2008 August-Deember analyzed in351 Abdo et al. (2009a), together with arhival data (Fig. 11), displays some hanges in the352 emission, more pronouned at some frequenies. An inspetion of the multiwavelength light353 urves highlights variability both in �ux (at all the observed frequenies; see Fig. 1-5) and354 spetral properties (Table 1, Fig. 6 and Fig. 12), exept for X-rays, whih show no variability355 in the photon index, despite showing the strongest �ux variations.356 To hek for the presene of variability, we �tted the light urves at di�erent frequenies357 with a onstant �ux light urve, but we got high values of redued χ2, thus on�rming that358 the soure displayed some ativity at all the wavelengths (Table 5). The most dramati �ux359 hanges are in X-rays (fator 3.9), radio 37 GHz (fator 3.2) and optial V and R �lters360 (fator 2.7 and 2.9, respetively), the latter with day timesales (Table 5). Interestingly,361



� 17 �a lear dereasing trend from X-rays to optial wavelengths is visible at the beginning of362 May and orresponds to a period with dereasing γ rays (Table 1). Although only a few363 observations are available between May 5 and 15, the drop in �ux is onsistent with an364 exponential deay of the form F (t) = F (t0) exp[−(t − t0)/τ ], with a deay onstant τ ∼ 7365 days. The opposite ours at radio and NIR frequenies, reahing a peak at 15 GHz about366 20 days after the beginning of the X-ray-to-optial �ux derease.367 This oordinated trend is the typial behavior expeted from the eletromagneti emis-368 sion of a relativisti jet. At the radio, optial and X-ray frequenies, there is a dominane369 of the synhrotron and synhrotron self-Compton (SSC) proesses, while γ rays are gener-370 ated by external Compton (EC). This is also lear by looking at the hange in the opti-371 al/UV spetrum (Fig. 12). Indeed, it is known that these frequenies sample the rising372 part of the aretion disk bump, but before May 5 the optial/UV spetrum was �atter373 (αV −UV W2 = 0.08 ± 0.06) and at high �uxes(6). This is likely due to a higher synhrotron374 emission, while the aretion disk had relatively small hange. In the following ∼ 10 days,375 the synhrotron emission dereased to its minimum, and the shape of the optial/UV emis-376 sion returned to being hard (αV −UV W2 = 0.4± 0.2) and mainly due to the rising part of the377 aretion disk bump. The X-ray emission followed this behavior, being due to SSC, i.e. it378 was high on May 5 and dereased to its minimum on May 15.379 The radio emission, oming from zones farther away from the optial-to-γ rays dissipa-380 tion region, reahed its peak about 20 days after the optial-to-X-ray drop, as shown in the381 light urves at 15 and 37 GHz (Fig. 5). However, the spetral index α5−15GHz, as measured382 between 4.85 and 14.6 GHz, hanged well before, from a rather �at value (α5−15GHz ∼ 0) on383 April 13 (MJD 54934.98) and earlier, to an inverted spetrum (α5−15GHz = −0.40 ± 0.03)384 already on April 30 (MJD 54951.75) (about two weeks, see Fig. 6). On May 27 (MJD385 54978.79), lose to the maximum �ux, the spetral inversion was at its maximum too386 (α5−15GHz = −0.98 ± 0.05) and then, on June 27 (MJD 55009.53), the spetral index was387 already returning to a �atter shape (α5−15GHz = −0.77 ± 0.04). This is in agreement with388 the �ndings by Kovalev et al. (2009) with referene to the general radio vs γ−ray properties389 of the blazars deteted by Fermi/LAT during the �rst three months of operation (Abdo et390 al. 2009b). They found that the time separation between γ−ray and radio �ares is typially391 up to a few months, in agreement with the results obtained by other authors on individual392 soures studies (e.g. Raiteri et al. 2008, Larionov et al. 2008, Villata et al. 2009). In the393 present ase, if we adopt as referenes the peak of the γ−ray emission that ourred in the394 �rst two weeks of 2009 April and the peak of the radio �ux at 15 GHz that ourred in the395 6Having de�ned α12 = − log(F1/F2)/ log(ν1/ν2), where F1 and F2 are the �uxes at frequenies ν1 and ν2.



� 18 �seond half of 2009 May, we an roughly estimate a delay of 1.5-2 months.396 The modeling of the SED (Fig. 8, Table 4, see also the evolution of the model parameters397 in Fig. 9 and 10) on�rmed this phenomenologial view. During this ampaign, the modelled398 values of the magneti �eld, injeted power, and the radius at whih dissipation of energy399 ours varied by fators of 2.4, 4.1 and 2.4, respetively. At the same time, the power in400 radiation, eletrons, protons, and the magneti �eld varied by 4.4, 3, 4.2 and 1.2, respetively.401 The dissipation radius was (3.6− 8.8)× 1016 m, roughly 0.04− 0.091 light years or 0.012−402
0.028 p from the entral supermassive blak hole. At the beginning of May, when the403 synhrotron and SSC emission dominate the optial-to-X-ray emission, the dissipation region404 is very ompat and the magneti �eld is high. The trend of the injeted power (�agged405 by the γ−ray emission) is dereasing. Then, on May 15, the dissipation radius is larger406 together with a smaller value of the magneti �eld. We note that the aretion remained407 almost onstant, at about 40-50% of the Eddington value7.408 The �t from the �overall� SED (Table 4) had the following values: the dissipation409 radius is 67.5 × 1015 m, Ldisk = 0.5 times the Eddington luminosity, the injeted power is410
2.3 × 1043 erg s−1, while the power arried out by the jet is 1.5 × 1046 erg s−1 in protons,411
2.9 × 1044 erg s−1 in eletrons, 2.1 × 1045 erg s−1 in radiation, and 2.8 × 1044 erg s−1 in412 the magneti �eld. These values are well within the range of typial values for other γ−ray413 blazars (f Celotti & Ghisellini 2008, Ghisellini et al. 2009).414 5. Conlusions415 We thus on�rm that PMN J0948+0022 � despite being a radio-loud narrow-line Seyfert416 1 � hosts a relativisti γ−ray emitting jet, similar to those of FSRQs, and on�rms all the417 hypotheses adopted to model the non-simultaneous SED in Abdo et al. (2009a). This418 type of soure an develop a relativisti jet like blazars and radio galaxies, even though the419 onditions of the environment lose to its entral spaetime singularity are quite di�erent.420 This is indeed a new lass of γ−ray emitting AGN.421 We have shown that the variability at multiple wavebands and the physial parameters422 resulting from modelling the SEDs are typial of a soure midway between FSRQs and BL423 Las. The alulated powers arried by the various omponents of the jet are low ompared424 to the distributions of values for FSRQ, but above those of BL Las (f Celotti & Ghisellini425 7The Eddington value of the aretion disk luminosity orresponds to the power emitted in a onditionof equilibrium between the fore due to the radiation pressure and the gravity.



� 19 �2008, Ghisellini et al. 2009), and therefore within the average range of blazar powers, despite426 the relatively low mass of its blak hole, 1.5 × 108M⊙ (Abdo et al. 2009a). The γ−ray427 observations performed to date have not revealed very high �uxes, i.e. above the usual428 threshold adopted to de�ne an outburst in normal blazars (FE>100MeV > 10−6 ph m−2 s−1).429 However, it is not lear yet if this is due to the duty yle of this soure � and hene if430 we have just observed a minor event � or if the di�erent environmental onditions in the431 ore of RL-NLS1s hampers the development of a high power jet. This question will likely432 be answered by the ontinuous monitoring that Fermi/LAT is performing on this and other433 soures of this type.434 The Fermi LAT Collaboration aknowledges generous ongoing support from a number435 of agenies and institutes that have supported both the development and the operation of the436 LAT as well as sienti� data analysis. These inlude the National Aeronautis and Spae437 Administration and the Department of Energy in the United States, the Commissariat à438 l'Energie Atomique and the Centre National de la Reherhe Sienti�que / Institut National439 de Physique Nuléaire et de Physique des Partiules in Frane, the Agenzia Spaziale Italiana440 and the Istituto Nazionale di Fisia Nuleare in Italy, the Ministry of Eduation, Culture,441 Sports, Siene and Tehnology (MEXT), High Energy Aelerator Researh Organization442 (KEK) and Japan Aerospae Exploration Ageny (JAXA) in Japan, and the K. A. Wallen-443 berg Foundation, the Swedish Researh Counil and the Swedish National Spae Board in444 Sweden. Additional support for siene analysis during the operations phase is gratefully445 aknowledged from the Istituto Nazionale di Astro�sia in Italy and the Centre National446 d'Études Spatiales in Frane.447 This work is sponsored at PSU by NASA ontrat NAS5-00136.448 The SMARTS observations were supported by Cyle 1 Fermi GI grant number 011283.449 The Metsähovi team aknowledges the support from the Aademy of Finland.450 e-VLBI developments in Europe are supported by the EC DG-INFSO funded Communi-451 ation Network Developments projet �EXPReS�, Contrat No. 02662. The European VLBI452 Network is a joint faility of European, Chinese, South Afrian and other radio astronomy453 institutes funded by their national researh ounils.454 The National Radio Astronomy Observatory is a faility of the National Siene Foun-455 dation operated under ooperative agreement by Assoiated Universities, In. RATAN-600456 observations are supported in part by the Russian Foundation for Basi Researh (projets457 01-02-16812 and 08-02-00545). This researh has made use of data from the MOJAVE458 database that is maintained by the MOJAVE team (Lister et al. 2009). The MOJAVE459
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Fig. 3.� Swift/UVOT (B), ATOM (B, R) and SMARTS (B, R) optial light urves ofPMN J0948+0022 (irles: B; triangles: R). Fluxes (νFν) are in units of 10−12 erg m−2 s−1.
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Fig. 7.� VLBA (MOJAVE program) 15 GHz ombined total intensity and linear polar-ization image of PMN J0948+0022 observed on 2009 May 28. The total intensity is shownby ontours of equal intensity (with ×2 steps). The lowest ontour is 0.2 mJy/beam andthe peak intensity reahes the value of 425 mJy/beam. The diretion of the eletri vetorsis superimposed and represented by blue solid lines, with their length proportional to theintensity of the linear polarization, whih peaks at 3.6 mJy/beam. The FWHM size of therestoring beam is shown in the left bottom orner. The spatial sale is 6.59 p/mas in theadopted osmology.
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Fig. 11.� Overall SED built from all the measurements obtained during the observationsperformed in the present multiwavelength ampaign. Red points are the data olletedduring the present ampaign. The dotted blak line indiates the ontribution from thearetion disk, X-ray orona and IR torus. The short-dashed green line is the synhrotron(Syn) and the long-dashed orange line is the synhrotron self-Compton (SSC). The dot-dashed blak line is the external Compton (EC). The blue ontinuous line is the sum of allthe ontributions. Grey symbols indiate arhival data from Abdo et al. (2009). The �tdoes not inlude radio data, although they are displayed, sine they are produed in regionsexternal to that of the γ rays. The region of synhrotron self-absorption is learly visiblearound 1011 Hz.
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� 35 �Table 1: Summary of the spetral �tting of the Fermi/LAT data on a monthly timesale.Time Period FE>100MeV Γ TS[10−7 ph m−2 s−1℄April 2009 2.2 ± 0.4 2.7 ± 0.2 158May 2009 1.2 ± 0.3 2.4 ± 0.2 65June 2009 1.0 ± 0.2 2.2 ± 0.2 76Aug-De 2008 1.6 ± 0.1 2.7 ± 0.1 386



� 36 �Table 2: Summary of results from analysis of the Swift/XRT data. See the text for detailsand Fig. 1.ObsID Time Exposure Γ Flux0.2−10keV χ2/dof Notes[MJD℄ [ks℄ [10−12 erg m−2 s−1℄00031306002 54916.26 4.8 1.75 ± 0.10 7.7 ± 0.3 33.7/2300031306003 54936.34 4.4 1.67 ± 0.13 5.4 ± 0.3 14.4/1300031306004 54956.42 4.8 1.61 ± 0.09 8.1 ± 0.3 18.8/2200031306005 54961.51 4.9 1.83 ± 0.14 4.2 ± 0.4 5.7/1200031306006 54966.13 1.4 1.77 ± 0.49 2.1 ± 0.7 − 2 PHA bins; Cash statisti (Cash 1979)00031306007 54976.43 5.0 1.75 ± 0.14 4.3 ± 0.4 7.2/1100031306008 54986.16 4.5 1.72 ± 0.15 4.3 ± 0.4 9.1/1000031306009 54996.04 3.9 1.69 ± 0.14 5.4 ± 0.3 14.1/1100031306010 55005.42 7.7 1.63 ± 0.11 3.6 ± 0.4 7.5/1500031306011 55006.81 4.7 1.52 ± 0.23 3.3 ± 0.3 3.6/600038394001 55015.53 4.2 1.77 ± 0.25 3.1 ± 0.3 3.3/5



� 37 �Table 3: Summary of the observed �uxes from e-VLBI. See the text for details.Time Frequeny Flux density TB Resolution(MJD) (GHz) [Jy℄ [K℄ [mas × mas, deg℄
54942 1.66 0.17 ± 0.03 > 1.7 × 106 35.4 × 22.9, 12

54974 22.2 0.7 ± 0.2 > 3.1 × 1010 0.22 × 0.59, 24

54992 22.2 0.3 ± 0.1 > 2.3 × 1010 0.19 × 0.47, 28

55016 22.2 0.5 ± 0.1 > 1.5 × 1010 0.41 × 0.48, 55



�38�

Table 4. Summary of the �ts of the SEDs.Time Rdiss Ldisk L′

e B γe,break γe,max γe,peak s1 s2 U ′ log Lrad log Lp log Le log LB(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
54916 65.3 0.5 3.3 4.2 700 2000 675 -0.5 2.2 4.4 45.49 46.20 44.56 44.45
54936 72.0 0.5 2.6 3.8 600 1900 556 -0.25 2.2 3.9 45.38 46.10 44.49 44.45
54956 36.0 0.5 1.8 7.6 400 2200 462 -1.0 2.2 8.1 45.21 46.05 44.34 44.45
54961 45.0 0.45 1.3 5.8 500 1800 476 0.0 2.2 5.3 45.06 45.86 44.29 44.40
54966 76.5 0.4 1.7 3.2 600 1800 526 0.0 2.2 3.4 45.19 45.95 44.36 44.35
54976 81.0 0.5 2.5 3.4 900 1700 636 0.0 2.2 3.6 45.37 46.08 44.47 44.45
54986 49.5 0.5 1.6 5.5 700 2100 656 -0.5 2.2 5.1 45.17 45.83 44.27 44.45
54996 87.7 0.5 3.7 3.1 600 2500 604 0.0 2.2 3.6 45.54 46.26 44.61 44.45
55005 56.3 0.5 1.4 4.4 600 1700 543 -0.5 2.2 4.4 45.11 45.80 44.26 44.45
55007 54.0 0.4 1.3 4.5 900 1400 640 -1.0 2.2 4.3 45.08 45.81 44.23 44.35
55015 38.3 0.4 0.9 6.4 500 1500 465 -0.5 2.2 5.8 44.90 45.64 44.14 44.35Overall 67.5 0.5 2.3 4.1 530 2000 464 -1.0 2.7 4.0 45.32 46.19 44.47 44.45
54805 72.0 0.4 2.3 3.4 1000 1500 623 -0.25 2.2 3.7 45.33 46.04 44.45 44.35Abdo et al. (2009) 67.5 0.4 3.2 2.4 800 1600 411 1.0 2.2 3.7 45.30 46.68 44.70 44.25Note. � Columns: (1) time [MJD℄; (2) radius at whih most of the dissipation ours [1015 m℄; (3) luminosity of the aretion disk in Eddingtonunits; (4) injeted eletron power in the omoving frame [1043 erg s−1℄; (5) magneti �eld [gauss℄; (6, 7, 8) random eletron Lorentz fators γe,break,

γe,max and γe,peak, respetively; (9, 10) power law indexes of the eletron distribution below and above γe,break, respetively; (11) radiation and magnetienergy density in the omoving frame [erg m−3℄; (12, 13, 14, 15) radiation, proton, eletron and magneti �eld power of the jet [erg s−1℄. See the textfor details and Fig. 11.



� 39 �Table 5: Results of the �tting of the light urves with a onstant �ux line and maximumobserved fator of �ux hange.Band/Filter/Frequeny χ̃2 Fator Flux Change
γ ray 2.0 2.2X-ray 30.3 3.9UVW2 22.0 1.9UVM2 16.7 1.9UVW1 10.2 1.8U 28.3 2.4B 19.6 2.5V 12.5 2.7R 22.4 2.9J 46.8 1.9H 41.6 1.8K 60.9 1.637 GHz 5.9 3.215 GHz 252.3 2.6


	Introduction
	Data Analysis
	Fermi/LAT
	Swift (BAT, XRT, UVOT)
	Automatic Telescope for Optical Monitoring for H.E.S.S. (ATOM)
	Small and Moderate Aperture Research Telescope System (SMARTS)
	Instituto Nacional de Astrofísica, Óptica y Electrónica (INAOE)
	University of Wyoming Infrared Observatory (WIRO)
	Owens Valley Radio Observatory (OVRO)
	Metsähovi
	RATAN-600
	F-GAMMA (Effelsberg)
	Monitoring Of Jets in Active galactic nuclei with VLBA Experiments (MOJAVE)
	e-VLBI

	Spectral Energy Distributions (SEDs)
	Discussion
	Conclusions

