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Since the early Fermi-GST discovery of NLSyls as a new clagamma-ray emitting AGN,
we are monitoring the first source of this new class, J094820@ithin a Fermi-dedicated blazar
monitoring alliance called the F-GAMMA program: a samplabbut 60 gamma-ray loud blazars
is observed monthly with the Effelsberg 100-m and IRAM 30ehe$copes quasi-simultaneously
at 10 frequencies between 2.6 and 142 GHz (11cm to 2mm waytelerin 2010, we extended the
program towards two further Fermi-detected NLSy1s, narhkel¥323+342 and PKS 1502+036.
Here, we present preliminary results of this first cm/mm berahitoring of y-ray, radio-loud
NLSyls with particular emphasis on their spectral and ‘dlitg properties. Subsequently, we
compare these properties with those obtained for the iclas$-ermi-detected blazars in our
sample and explore possible differences in their radioatttaristics.
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1. Introduction

Before the launch dFermi-GST the known types of-ray emitting AGN were blazars and ra-
dio galaxies. Indeed, the eaffermiLAT three-month results ([2]) confirmed that the extragtta
y-ray sky is dominated by radio-loud AGNs, being mostly biazand a few radio galaxies. How-
ever, an important and impressive early discovery-@miGST is the detection of-rays from
a different class of AGNs: Narrow Line Seyfert1 galaxies @yils). These types of objects are
believed to be active nuclei similar to those of Seyfertshvaptical spectra showing permitted
lines from the broad-line region, although much narrowanttypically those seen in Seyfert 1s
or blazars (FWHM(H8) < 2000km st). NLSy1s are generally hosted in spiral galaxies and fur-
thermore appear to accrete with high Eddington ratios edhxiibiting only low black-hole masses
(e.g. [12]). These and other characteristics make NLSylsiGqua class of AGN, whereas as a
class they are typically radio-quiet — only less than 7 %.(E.4]) are found to be radio-loud (RL)
and only~ 2.5% are found to be ‘very’ radio loud§,_,, /s, > 100).

The firstFermiLAT detection ofy-rays from a NLSy1, namely in PMN J0948+0022 ([3]),
certainly once more raised the question whether powerfativestic blazar-like jets exist in this
type of object, as indicated by previous studies in parmictor the most radio-loud NLSy1 (e.qg.
[19]). TheFermVLAT and MW observations of PMN J0948+0022 ([4]) clearly damatrate for the
first time the existence of gray emitting NLSy1 hosting a relativistic jet similar todalars even
though the environment in the vicinity of the central enggmmost likely pretty different. However,
this discovery strongly challenges the common paradigrmabsociates powerful relativistic jets
with elliptical host galaxies.

However, despite being intensively studied at X-ray andcapbands, still little is known
about the detailed, long-term radio properties of NLSyXagared to ‘classical’ blazars as revealed
by e.g. monitoring of variability, spectral evolution and®1 morphology. Previous studies often
used (low-frequency) radio surveys (e.g. NVSS, FIRST; H4)5AGN catalogs and/or optical/X-
ray surveys (SDSS, ROSAT) to identify RL NLSy1 and/or ‘veRL NLSyl1 samples (e.g. [16],
[14], [19]) and often radio properties such as radio loudnseizes and (hon-simultaneous) vari-
ability and spectral indices have been deduced. A few VLABVEtudies have been performed
revealing pc/kpc-scale source properties of NLSyls (4.8], [6], [11]).

In order to study the radio characteristics iy emitting) NLSy1s and therewith, investigate
their possible jet emission in greater detail, a cm/mm bah&y monitoring in total intensity
and polarisation was initiated in 2009 as part of a largermi-GST related blazar monitoring
program (F-GAMMA program, [10]). Here, we present for thetfifme radio cm/mm monitoring
(variability and broad band spectral evolution) resultsNb.Sy1-type objects obtained using the
Effelsberg 100-m and IRAM 30-m telescopes. Three Fernmeatet, ‘very’ radio-loud NLSyls are
continuously observed: J0324+3410, PMN J0948+0022 (ftere®948+0022) and J1505+0326.
Preliminary results of this NLSy1 program are presented rdio characteristics (broad band
variability and spectral properties) are discussed, arallficompared to those of the ‘classical’,
‘powerful-jet like’ y-ray blazars in our program. More details of this NLSyl moriitg and the
results will be presented subsequently (Fuhrmann et afjekakis et al. in prep.).
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2. Observations

Radio cm/mm light curves and quasi-simultaneous broad bpaedtra for the three NLSyls
have been obtained within the framework ofFarmiGST related monitoring program gtray
blazars ([10], [5]): the F-GAMMA FermiGST AGN Multi-frequency Monitoring Alliance) pro-
gram is the coordinated effort of several observatorieseaas to probe AGN physics through the
multi-frequency monitoring approach. The core prograriesebn monthly observations with the
Effelsberg 100-m (EB) radio telescope (operating at 8 feegies between 2.6 and 43 GHz), the
IRAM 30-m telescope on Pico Veleta (PV, observing at 86 arl@#z) and additional measure-
ments with the APEX 12-m telescope (operating at 345 GHzg AY millimeter observations of
the F-GAMMA program are closely coordinated with the moraegal flux monitoring conducted
by IRAM, and data from both programs are included here. Thie sample consists of roughly
60 FermiGST/LAT monitored blazars. The multi-frequency data atreaource are taken simul-
taneously within 40 minutes for Effelsberg (2.6 — 43 GHz) andly simultaneous at the IRAM
telescope (86 and 142 GHz) while the cross-station cohglisraf order of< 10 days.

In June 2009, the Fermi-detected NLSy1 J0948+0022 wasdadlin the program (EB and
PV) after a major revision of the general source sample dawprto the firstFermiLAT results
([2]) followed by the sources J0324+3410 and J1505+032@#0ZEB only), after theiFermk
LAT detection ([1]).

3. First Results and discussion

3.1 Light curves and cm/mm band spectra

In Fig. 1, first light curves of the three NLSyls are shownudahg all data collected until
2011.2. Evidently, all three sources show some level of/iagtat basically all wavelengths, i.e.
indicating variability on time scales of months to years.

The most pronounced variability is seen in the case of JO9d&2 (Fig. 1, center row) which
exhibits the longest data sets (2009.0 — 2011.2) as wellalbst frequency coverage including
PV measurements at 86 and 142 GHz. The source was obseniag dwery active phase and
shows a long-term increasing trend sire2009.3 with several large amplitude, rapid "sub-flares
superimposed. The amplitude of the variability is incregdowards higher frequencies. Further-
more, flares appear delayed towards lower frequencies. aiie activity in 2010 happened during
its GeV flaring activity — the first detected GeV flare of a NLSytth FermiLAT (see [7] for
details).

For the NLSyls J0324+3410 and J1505+0326 the observed tnms sare still too short
(2010.6 — 2011.2) in order to obtain a detailed picture ofrthkariability behavior. However,
J0324+3410 (Fig. 1, top) shows a clear trend of monotonicedse between 2010.6 — 2011.1
at all EB bands followed by a pretty rapid increase until 2@11n the case of J1505+0326 the
source appears less active during the observing period neitbbvious stronger variations until
2010. However, a slight increase in flux density afterwandiéciates possible pronounced variabil-
ity/activity in the near future as well.

The obtained quasi-simultaneous broad band spectra amshd-ig. 2. J0948+0022 shows
dominant spectral evolution with mostly inverted spectpatal 43 GHz and prominent spectral
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Figure 1. First multi-frequency light curves of the thrgeray NLSy1s monitored by the F-GAMMA pro-
gram. The inset labels give the different observing fregiesnin GHz.Top: J0948+0022 with the longest
time series as observed with EB and PV at low (left), mediundgite) and high (right) frequencieS€en-
ter: J0324+3410 as observed with EB at low (left), medium (mipdied high (right) frequencie®&ottom:
J1505+0326 as observed with EB at low (left), medium (mifdte high (right) frequencies.

peaks occurring in the frequency range between that of EBPafide. between 43 and 86 GHz.
Several ‘events’ are occurring which seem to move througtsgectrum from the highest down to
the lowest frequencies.

J0324+3410 exhibits a clear steepish spectral comporatihgtat 2.6 GHz with a flat/inverted
spectral component temporarily appearing at the higheguénciesX 10 GHz). J1505+0326 ex-
hibits a flatish spectrum at frequencies less than 8 GHz wiheatral steepening towards higher
frequencies.

3.2 Variability properties

A first detailed variability analysis (see [9] for detailsashbeen performed using the data
shown in Fig. 1. A formalyx?-test reveals the presence of variability on a 99.9% sigmifie
level for J0948+0022 and J0324+3410 at all available freqieés. Due to the non-detection of
significant variability at most of the observing bands, BH3IB26 is excluded from the following
analysis.
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Figure2: Firstcm/mm broad band spectra of the thygay NLSy1s monitored by the F-GAMMA program.
The inset labels provide the observing epoch of each qumasitaneous spectrumlop: J0324+3410 as
observed with EB between 2.6 and 42 GHz (11 cm to 7 i@ejter: J0948+0022 as observed with EB and
PV between 2.6 and 142 GHz (11 cm to 2 mBgttom: J1505+0326 as observed with EB between 2.6 and
42 GHz (11cmto 7 mm)
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To further quantify the observed variability, the rms-a#ions and corresponding modulation
indices (%] = 100x o/ < S>) of each light curve have been calculated. The results cortfie
large variability amplitudes for J0948+0022 withvalues between 15.6% at 2.6 GHz up to 45.8%
at 142 GHz (as comparison, typical values of non-variablidbredors are 0.8% at 2.6 GHz and
3.0% at 32 GHz), i.e. the variability amplitude stronglyrieases towards higher frequencies. A
similar behavior is observed in the case of J0324+3410 hermeever, with lower amplitude values
(between 7.6% and 35.6% at 2.6 and 32 GHz, respectively).

Finally, variability time scales of the multi-frequencyglit curves have been obtained us-
ing a detailed structure function and wavelet analysis. dlbiined time scales and variability
amplitudes furthermore provide estimates for variab#iturce sizes, brightness temperaturgs T
and Doppler factors D (see e.g. [9] for details) using lightel time arguments as well as the
Inverse-Compton (IC) and/or equipartition brightnessgerature limits ([13], [17]). The obtained
variability time scales for J0948+0022 range between abdddays (long-term trend) to events as
short as about 90 days. The range of resulting brightnegsatertures are.1 x 101°K (142 GHz)
to 4.6 x 102K (2.6 GHz) and Doppler factors 2.6 are required to bring these values down to the
theoretical IC limit. J0324+3410 exhibits variability tarscales in the range of 60 and 180 days.
Due to the so far limited observing period and thus only olettrends in the light curves, these
values are only lower limits. The resultingsValues are in the range of 3- 9.1 x 102K and
obtained Doppler factors 2.2.

Thus, both sources appear relativistically Doppler bahstewever, only mild values are
required in order not to violate the theoretical limits.

3.3 Spectral properties

Mean spectral indicesS{d v“) have been obtained from the quasi-simultaneous broad band
spectra at low (4.8, 10, 15 GHz) and for J0948+0022 also &t tnapuencies (32, 86, 142 GHz).
While J0324+3410 and J1505+0326 show on average flat sge@08 and -0.18, respectively) at
low frequencies, J0948+0022 exhibits on average a highlriad spectrum at both, low and high
frequencies (0.43 and 0.21, respectively), resemblingptiserved flaring activity of the source.
The latter is also evident in significant evolution of thedpa peaks in th&yax— Vmax plane.

For the other two NLSy1s, the observing period is still torsktmstudy their spectral evolution
in detail. However, the low-level activity seen in theirHigcurves of Fig. 1 seem to temporarily
appear as ‘up-turn’ at the high frequency end of their spectr

3.4 Comparison tothe’classical’ y-ray bright blazars

The variability and spectral properties of the three NLSgéduced above can now be com-
pared to those obtained for the ‘classicglfay blazars of our sample to investigate possible dif-
ferences in the two source classes. For this purpose, wehastata sets gathered over the first
four years of observations (2007.0-2011.2, Angelakis.efNastoras et al. in prep.). Due to the
length-limited data sets as well as statistically incorgpamples, we note however, that a detailed
and robust statistical analysis is not possible.

The variability and spectral characteristics of the NLSgfgear similar to those of the typical
blazars: e.g. variability amplitudes increasing with fregcy and mean spectral indices being flat
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to inverted. In particular, the inverted ‘flare spectra’ 6048+0022 and corresponding evolution
are similar to flaring events in our blazar sample showingninent spectral evolution (Angelakis
et al. in prep.) and adiabatic expansion related delaysaypo those expected in a shock-in-
jet scenario ([15]). Furthermore, the steep spectral corapbat low frequencies in J0324+3410
speaks in favor of the existence of an optically thin, ‘qoésg jet' as often observed in blazar
spectra.

However, differences seem to occur in terms of strength ihldity, Ts and Doppler factors.
Taking the rms-variations of the light curves, the NLSy1kikit much lower values than typically
observed in the~ray blazar sample, i.e. they occur as the lower envelop witetting rms-
variations vs. frequency including all sources (blazard MhSy1s). J0948+0022, for which the
longest light curves (with prominent events) are availatdéues differing by more than a factor of
~ 100 are seen.

In addition, the obtained brightness temperatures apgehedower end of those typically
observed in the blazar sample. For instance, the blaZar&glues at 2.6 GHz range betweeB %
101K and 18 x 10" K (mean: 59 x 10%° K; median: 13 x 10! K), while it is remarkable that the
correspondindg of J0948+0022 is 4 x 1012 K. Similarly, at 4.8 GHz we obtain a range o8«
109K to 3.1 x 10K (mean: 12 x 10 K; median: 59 x 1012K), and at 32 GHz a range of®x
109K to 1.4 x 103K (mean: 21 x 102K; median: 12 x 10'2K) as compared to.8 x 101K
(4.8 GHz) and B x 10'°K (32 GHz) for J0948+0022, respectively. Similar resulis abtained at
other frequencies. Consequently, the resulting Dopplgofa show the same behavior e.g. at 2.6
GHz, the blazars’ mean is 8.7 (median: 4.1) as compared ttua w&2.6 for J0948+0022.

4. Conclusions

Preliminary results of the first long-term, cm/mm monitgriprogram of NLSy1s have been
presented providing — for the first time — broad band specitavariability characteristics of (radio-
loud) NLSy1-type objects. The obtained variability andcps characteristics of the first period
of monitoring indicate blazar-like behavior, i.e. the grgery’ radio-loudy-ray NLSyls exhibit
non-thermal synchrotron emission from relativistic je¢ers close to the line of sight. Possible
differences occur in variablity amplitudes, brightnesaperatures and Doppler boosting compared
to the ‘classical’y-ray blazars. The obtained lower values indicate intradsidess powerful events
occurring in NLSy1s and/or lower jet speeds or larger vignémgles towards these objects and
hence, less Doppler boosting. Given the fact that the lusiin@f J0948+0022 is observed to be
similar to those of blazars (i.e. between those of flat-spattadio quasars and BL Lacs, [8]), it
appears more likely that the viewing angles towards NLSyé&daager than those towards blazars.
However, longer time series are required in order to stuay quossible differences in greater
detail.
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