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The F-GAMMA program
The F-GAMMA program aims at probing the AGN physics via multi-frequency monitoring. Roughly 65 
Fermi-GST detectable blazars are being monitored monthly since January 2007 at cm to sub-mm 
bands. The core program includes the 100-m Effelsberg telescope operating at 8 frequencies between 
2.6 and 43 GHz, the 30-m IRAM telescope observing at 86, 145 and 240 GHz and the APEX 12-m 
telescope at 345 GHz. Optical data are provided by the Abastomani 70-cm and 1.25-m telescopes. 

Here we summarize the first results from the monitoring of three gamma-loud Narrow Line Seyfert 1 
galaxies (NLSy1s) and a bias-free Sγ - Sradio correlation study between gamma and radio flux densities.  

Jet emission from 3 gamma-ray loud Narrow Line Seyfert 1 galaxies
NLSy1s are AGNs that show low black hole masses and high accretion rates [e.g. 1-4]. Only some 7 % 
of them appears to be radio loud [5]. The Fermi discovery of γ-ray emission from a small number of 
NLSy1s [6,7]) came as surprise; until then the only γ-ray bright classes were thought to be blazars (i.e. 
FSRQs and BL Lac objects) and radio galaxies (for a review, see [8]). This discovery not only intro-
duced a new class of γ ray emitting AGNs but also challenges the well spread belief that jets are asso-
ciated with large ellipticals. The multi-wavelength campaign between March and July 2009 following 
the discovery of γ-ray emission from PMN 0948 + 0022 showed that the source was exhibiting a spec-
tral behavior typical of a relativistic jet [9, 10]. Responding to the Fermi detection the F-GAMMA team 
initiated a dedicated program, to understand their cm to mm behavior [11]. The light curves and the 
dynamical spectra of the three sources that are monitored are shown below. 
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Radio Variability
1H0323+342: its radio spectrum displays a quiescent part reaching up to roughly 10 GHz beyond 
which a high frequency component (hereafter HFC) appears. Its mean spectral index is of the order of 
−0.23, not very different from a typical value of −0.5 (S ∝ να). The HFC shows intense spectral evolution 
which gradually shifts its peak towards the steep spectrum component. The pace of the evolution is 
remarkably fast. Its light curve, shows a collection of events more prominent at higher frequencies and 
with cross-band lags indicative of the spectral evolution superimposed on a long term decreasing 
trend. The Structure Function analysis revealed times scales of the order of 60 days which implies a 
variability brightness temperature of 1012 K at 4.85 GHz and 2 × 1011 K at 14.6 GHz. The corresponding 
equipartition Doppler factors are 2.4 and 1.5 respectively, placing the source in the lower part of the 
Doppler factor distribution of typical blazars. The Doppler factor calculated from fitting the Spectral 
Energy Distribution (SED) [9] is around 17.

PMNJ0948+0022: For PMNJ0948+0022 the spectral index below 10GHz ranges between marginally 
steep or flat (≈ −0.1) to highly inverted reaching values of +1.0. Its evolution is exceptionally dynamic. 
Its light curve shows at least 4 prominent events which emerge with time lags at different bands. At the 
lowest frequencies the events are barely seen. Yet, the modulation index shows a monotonic increase 
with frequency. The standard variability analysis reveals brightness temperatures of 8 × 1012 K at 4.85 
GHz, 2 × 1012 K at 14.6 GHz and 1.5 × 1011 K at 32 GHz which would require Doppler factors of 6, 4 
and 2 respectively corresponding to the rather higher part of the Doppler factor distribution. The SED 
modeling gives Doppler factors that vary between 10 and 20 with the latter being observed during the 
outburst of July 2010 [12].

PKS 1502+036: The light curve shows at least 2 events better seen at higher frequencies. The high fre-
quency cut-off of the spectrum prohibits IRAM monitoring. The typical time scales identified here are of 
the order of 60 - 80 days. At 4.85GHz the brightness temperature is 2 × 1013 K and at 14.6 GHz it is 3 × 
1012 K implying Doppler factors of 7 and 4, respectively while the SED fitting gives a value of 18.

Conclusions
- The three monitored NLSy1s show a very typical blazar-like behavior: highly variable spectra 

caused by the presence of evolving high frequency spectral components. 
- The variability happens fast with the mean number of events per unit time being clearly larger than 

that of the rest of the F-GAMMA targets. 
- The variability brightness temperature is relatively high with respect to the distribution of the whole 

sample in the cases of PMNJ0948+0022 and PKS1502+036. The opposite is the case for 1H 
0323+342. The derived Doppler factors are lower limits and are systematically lower than the values 
obtained from the SED modeling. 

Sγ - Sradio correlations
The investigation of an intrinsic correlation between radio and the γ-ray luminosity of blazars is a long-
standing problem. Such correlations however are subject to biases, like: (a) in small samples of limited 
luminosity dynamic range, artificial flux-flux correlations can be induced due to the effect of distance, 
(ii) in flux-limited samples artificial luminosity-luminosity correlations can arise: most objects are close 
to the survey sensitivity in each wavelength. Applying a common redshift to return to luminosity space, 
artificial correlations arise, (iii) not synchronous datasets. F-GAMMA and Fermi provide a unique op-
portunity for such studies. Here, we make use of the simultaneous cm- to short-mm wavelengths data 
obtained for the 29 Fermi-detected LBAS sources of the F-GAMMA sample. In the next we show the 
flux densities at 10.45 and 86 GHz plotted against Fermi γ-ray fluxes.  A completely new method intro-
duced and described by [13] and [14] has been developed to quantify the significance of such possible 
correlations.

Conclusions
- Correlations between F-GAMMA and Fermi 1 GeV flux densities at concurrent time intervals and for 

a large radio frequency range, have been investigated.
- Flux densities at wavelengths ≤ 7 mm correlate with 1 GeV fluxes at a significance always better 

than 2 sigma, while longer wavelengths do not show significant correlations.
- Hence γ-ray emission is probably happening close to the mm-band emission region. 
- A physical connection between the radio and high-energy emission may be present. 
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Fig. 9. Top: Radio flux vs. Fermi γ-ray flux at 28 mm (left), 3 mm (middle) and 1 mm (right) wavelength for the sources in our sample with known
redshifts. Bottom: Distribution of permutations-evaluated r−values for Fermi-LAT vs. 28 mm (left), 3 mm (middle) and 1 mm (right) wavelength
fluxes.

Finally, our data allow us to concurrently measure a radio
spectral index, which is an essential input in the statistical as-
sessment of the significance of flux-flux correlations (Pavlidou
et al. 2011). In this way, we can directly assess the sensitivity of
the estimated significance to the adopted radio spectral index.

Conversely, there are certain features of our datasets that re-
quire a particularly careful treatment of statistics. First of all,
the sources do not constitute a flux-limited sample. Although
this makes them less sensitive to artificially-induced luminosity-
luminosity correlations (Malmquist bias), it also means that sta-
tistical tests usually employed to assess correlation significance
can not be benchmarked in a straight-forward way by sampling
the luminosity function (e.g. Bloom 2008). As a result, we need
a specialised treatment to estimate how likely it is that a sim-
ple calculation of the correlation coefficient will overestimate
the significance of an intrinsic correlation between radio and γ-
ray fluxes due to common-distance biases, and to calculate the
intrinsic correlation significance.

As shown in Pavlidou et al. (2011), there is a quantitative
criterion that can be applied to determine the extent to which
common-distance bias affects the correlation significance esti-
mated for a specific dataset using only the value for the correla-
tion coefficient. The bias is larger for samples with a small lumi-
nosity dynamical range, and a large redshift range. Conversely,
samples which have a large luminosity fynamical range com-
pared to their redshift dynamical range are relatively robust
against common-distance biases. This can be immediately un-
derstood in the limit where all the sources are at the same red-
shift, in which case there is no common-distance bias. The quan-
tity summarising the information on the relative extent of the lu-
minosity and redshift dynamical ranges of a sample is the ratio
of the coefficient of variation of the luminosity and distributions.

The coefficient of variation of a distribution, c, is defined as the
standard deviation in units of the mean. Pavlidou et al. (2011)
found that values of cL/cz smaller than 5 indicate that common-
distance biases are important in a sample and can lead to a signif-
icant overestimate of the statistical significance of a correlation
between fluxes in two bands if only the correlation coefficient
is used, without appropriate Monte-Carlo testing. Table 3 shows
the correlation coefficient for the logarithm of radio and γ-ray
fluxes for each of our samples (corresponding to a specific ra-
dio frequency). As an illustration, the radio and γ-ray fluxes are
plotted against each other in logarithmic axes for the cases of the
1 mm, 3 mm, and 28 mm samples in Fig. 9.

As we can see in Table 3, there is a general trend for the cor-
relation coefficient r to be high at high frequencies (r ∼ 0.5
for 1 − 3 mm), and significantly lower for lower frequencies
(r < 0.4 for wavelengths ≥ 7 mm). However, these results can-
not be taken at face value without appropriate statistical assess-
ment, because cL/cz is smaller than 5 for both γ-ray and radio
frequencies for all of our samples, which implies that the lumi-
nosity dynamical range of our sources is small with respect to
the redshift dynamical range, and as a result common-distance
biases are important and can lead to false positive correlations.
To address the specific features of our samples described above
and which complicate the statistical assessment of apparent cor-
relations in our cases, Pavlidou et al. (2011) developed a data
randomization method which is based only on permutations of
the observed data. The method preserves the observed luminos-
ity and flux dynamical ranges and, provided the sample is large
enough, also the observed luminosity, flux, and redshift distribu-
tions. The technique has been designed to perform well even for
samples selected in a subjective fashion, and it has been demon-
strated to never overestimate the correlation significance, while
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