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Jetted AGN in γ-rays  

2G. Migliori - 09/29/2016

1/3 of the 3FGL sources are unidentified
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Gamma-ray emitter candidates:  
Young Radio Sources
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F. Wu et al.: Kinematics of OQ 208 revisited
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Fig. 1. Total intensity image of OQ 208. Panel a) shows the 2.3-GHz VLBI image, displaying a double-component morphology. Panel b) shows
the tapered 2.3-GHz image. The extended emission at ∼30 mas west of the primary structure is likely a relic radio emission resulting from the past
activity a few thousand years ago. Panels c) and d) show the 8.4 and 15 GHz images. Each mini-lobe is resolved into two hotspots. Between the
hotspots NE1 and SW1, a knotty jet is detected.

by Luo et al. (2007). Extended emission features on kpc to
Mpc scales has also been detected in OQ 208 (de Bruyn 1990)
and in other CSO galaxies (e.g., 0108+388: Baum et al. 1990;
Stanghellini et al. 2005; 0941-080, 1345+125: Stanghellini et al.
2005), which were interpreted as relics remaining from past
(>108 yr ago) nuclear activity. Extended components on scales
of <100 pc are rarely seen in CSOs (J1511+0518 is another ex-
ample; Orienti & Dallacasa 2008) and this puzzling one-sided
extended feature at 40 pc distance requires an interval between
two intermittent activities shorter than 2 × 103 yr (Orienti &
Dallacasa 2008). The non-detection of the northeast fading lobe
likely indicates asymmetric properties of the ambient interstellar
medium (ISM) on pc scales, leading to more rapid radiative or
adiabatic losses and a shorter life of the NE lobe. This, again,
is consistent with the fact that the NE advancing lobe is much
brighter.

The NE lobe is resolved into two subcomponents (NE1 and
NE2) at 8 and 15 GHz. NE1 dominates the flux density of the
whole source. The spectral index of NE1, determined from 8
and 15 GHz data at close epochs, is α15 GHz

8 GHz = 0.99 ± 0.18. The
brightness temperature is calculated using the equation

Tb = 1.22 × 1012 S ob

ν2obθmajθmin
(1 + z), (1)

where S ob is the observed flux density in Jy, νob is the ob-
serving frequency in GHz, θmaj and θmin are the major and mi-
nor axis of the Gaussian model component in units of mas,
and Tb is the derived brightness temperature in source rest
frame in units of Kelvin. The average brightness temperature
of NE1 is 4.4 × 1010 K. The secondary component NE2 is
weaker than NE1 in the range 4.3–16.3. It has a lower bright-
ness temperature of 1.4 × 109 K and a much steeper spectral
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Wu et al. (2013)

10 pc

z=0.0765 
1.406 kpc/“

• linear size <1kpc; 
• symmetric, two-sided radio 

morphology, dominated by mini-lobes/
hotspots; 

• estimated ages from the hot spots 
advance velocities: <103 yrs.

Compact Symmetric Objects (CSOs):
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CSOs in γ-rays: theory 
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Predictions for γ-ray emission from the mini-lobes

Fig. 2.—Broadband emission produced within the lobes of GPS sources with different jet kinetic power (Lj ¼ 1047, 1046, 1045, and 1044 erg s"1) and different linear
sizes (LS ¼ 33 pc, 100 pc, and 1 kpc). Illustrative parameters were considered: !B ¼ 0:3, !e ¼ 3, LV ¼ 1045 erg s"1, LUV ¼ LIR ¼ 1046 erg s"1 for Lj > 1045 erg s"1, and
LUV ¼ LIR ¼ 1045 erg s"1 for Lj # 1045 erg s"1. Single power-law injection function Q(") with spectral index s ¼ 2:5 was assumed, with minimum and maximum
electron Lorentz factors "min ¼ 1 and "max ¼ 105, respectively.
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Lobes expanding in a photon-rich medium

IC of IR and UV 
photons by the 
electrons in the 

lobes
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Young radio sources

PKS 1718-649
z = 0.014

radio linear size

+

hot spot
advance velocity

=

kinematic age ~100 yrs

Tingay, de Kool (2003), 22 GHz VLBI radio imaging   

7 mas ~ 2 pc

PKS  1718-649: 
• closest known 

CSO (z=0.014); 
• kinematically 

estimated age: 
~100 yrs (Giroletti 
& Polatidis 2009); 

• very compact 
radio structure

ideal candidate for a 
gamma-ray detection

5G. Migliori - 09/29/2016

γ-ray searches in 5-yrs Fermi-LAT data of 16 X-ray selected CSOs (Migliori+2016a): no 
clear detections but a 4σ signal for one case.
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PKS  1718-649: 7 years of Fermi data 

3-step analysis (binned likelihood, Pass 8 DR): 
1. confirmation of the γ-ray detection: 

2. γ-ray source localization & association: 

3. temporal analysis: 

Migliori+2016b

- PKS 1718-649 within the r68=0.18° of the 
gtfindsrc best fit position; 

- no other candidates in catalogs of 
extragalactic radio sources.

- >5σ detection @ >100 MeV 
- Γ=2.9±0.3; 
- F(>100MeV)=(11.5±0.3)×10-9 phot-1 cm-2 s-1.

- no evidence of flux variability; 
- faint and steady emission with an 

incrementally increasing significance. 

G. Migliori - 09/29/2016



PKS 1718-648: γ-ray properties 

The position of PKS 1718-649 in the diagnostic plots is separated from blazars 
and common to MAGN + no extreme variability+ symmetric morphology:  

is the gamma-ray emission produced in the compact lobes?

7G. Migliori - 09/29/2016

Migliori+2016b
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PKS 1718-649: nature of the high-energy emission

Young Radio Sources 9
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Fig. 2.— Smoothed ACIS-S images

LX~1.5×1041 erg s-1 

Siemiginowska+2016
ν

νF
ν

synch

IC

radio -  IR  - optical/UV - X-ray    -  γ-ray

disk+ corona

A detection in γ-ray  provides 
clues on the nature of the 

unresolved X-ray emission.
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Sobolewska+ in prep.

Ljet~1043 erg s-1
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Fate of a Radio Source

G. Migliori - 09/29/2016

  

Young radio sources

PKS 1718-649
z = 0.014

radio linear size

+

hot spot
advance velocity

=

kinematic age ~100 yrs

Tingay, de Kool (2003), 22 GHz VLBI radio imaging   

7 mas ~ 2 pc

SED modeling: estimates 
of the jet power 

+ 
multi-λ observations 

(Tingay+2003, Maccagni+2014,2016):  
ISM densities & 

kinematics 

clues on the  
radio source’s evolution

frustrated radio source

expanding radio source
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SED modeling & multi-λ observations

G. Migliori - 09/29/2016

ALMA NuSTAR CTA?

Sobolewska+ in prep.



Is the γ-ray emission 
produced in the mini-lobes? 

The Astrophysical Journal, 738:148 (12pp), 2011 September 10 McConville et al.

Figure 3. CSO model of 4C +55.17 vs. multiwavelength data, including the new LAT spectrum along with contemporaneous data with Swift XRT, BAT, and UVOT
(black bullets). Archival detections (gray) with EGRET (Hartman et al. 1999), ROSAT, Chandra, SDSS, 2MASS, 5 year integrated WMAP, and historic radio data
are also included, as well as archival VLA measurements (black triangles) of the inner ∼400 pc radio structure (see Section 2.2). De-absorption of the observed
Fermi spectral points using the Finke et al. (2010) EBL model was applied in order to properly model the intrinsic γ -ray spectrum. Black curves indicate the total
non-thermal emission of the lobes, with the long-dashed/green representing the contribution from synchrotron and synchrotron self-Compton (SSC). Dashed/pink,
dash-dot-dotted/gray, and dash-dotted/blue blackbody-type peaks represent the dusty torus, starlight, and the UV disk emission components, respectively, along with
their corresponding inverse Compton components as required by the model.
(A color version of this figure is available in the online journal.)

Figure 4. Blazar fit using multiwavelength data for 4C +55.17. As in Figure 3, the dashed/pink, dash-dot-dotted/gray, and dash-dotted/blue blackbody-type peaks
represent the dusty torus, starlight, and the UV disk emission components, respectively, along with their corresponding inverse Compton components as required by
the model. Also indicated are the individual contributions from synchrotron and SSC (long-dashed/green), as well as the total non-thermal emission, represented
in black.
(A color version of this figure is available in the online journal.)

the absolute calibration was taken from Cohen et al. (2003). All
infrared, optical, and ultraviolet data were dereddened by means
of the extinction laws given by Cardelli et al. (1989), assuming
a B-band Galactic extinction (AB = 0.038) as determined
via Schlegel et al. (1998), and a ratio of total to selective
absorption at V equal to RV = 3.09 (Rieke & Lebofsky
1985).

2.2.3. Radio

To model the γ -ray emission in 4C+55.17 (Section 3.1), we
compiled integrated radio to submillimeter measurements of the

source (Bloom et al. 1994; Huang et al. 1998; Reich et al. 1998;
Jenness et al. 2010), including 5 year Wilkinson Microwave
Anisotropy Probe (WMAP) data (Wright et al. 2009), and other
archival data from the NASA/IPAC Extragalactic Database. In
order to isolate the total radio flux from the inner ∼400 pc scale
structure,23 we re-analyzed several archival VLA data sets from
5 to 43 GHz (see Figures 3 and 4). The typical resolutions are
∼0.′′1 to 0.′′4, ensuring a total measurement of the ∼50 mas scale

23 The kiloparsec-scale radio emission is not expected to contribute
significantly toward the modeling of the high-energy portion of the spectrum
(see Sections 3.1.1 and 3.1.2).

5

4C +55.17 (z=0.896):

McConville+2011
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PMN J1603-4904 (z=0.18):

A&A 562, A4 (2014)

2010 May

2009 September

2009 February

8.4GHz
PMN J1603–4904

10 0 -10 -20
relative RA [mas]

Fig. 2. Time evolution of PMN J1603−4904. CLEAN images of the
first 8.4 GHz TANAMI observations are shown. The contours indicate
the flux density level, scaled logarithmically and separated by a factor
of 2, with the lowest level set to the 3σ-noise-level (for more details see
Table 1). The positions and FWHMs of the Gaussian emission compo-
nents are overlaid as black ellipses (for model parameters see Table 2).
From top to bottom: 2009 February (combined image of the 23rd and
27th), 2009 September, and 2010 May. The size of the restoring beams
for each individual observation is shown as a gray ellipse on the left.
Vertical dashed lines which indicate the relative positions of the eastern
and western features with respect to the central component are drawn at
2.7 mas and −3.2 mas, respectively.

the brightness temperature of this brightest of all found com-
ponents is TB,central ! 9 × 109 K (due to the lack of a redshift
measurement, we apply z = 0, i.e., no redshift correction). No
component shows significant flux density or brightness tempera-
ture variability over 15 months. The eastern and western regions
can each be modeled with circular Gaussian flux distributions.
The eastern component is about (0.2 ± 0.1) Jy weaker and about
0.6 mas closer to the central component than the western one.

22.3GHz (b)
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Fig. 3. Top: flux density profiles along PA = −80◦ at 8.4 GHz (gray) and
22.3 GHz “extended model” (blue, a)) and “compact model” (green,
b)). Bottom: spectral index along PA = −80◦. Displayed uncertainties
correspond to a conservative estimate of absolute calibration uncertain-
ties and on-source errors of ∼20%. The spectral index distribution of
the “extended model” is in light blue, the “compact model” is shown in
light green.

The brightness temperatures of both outer components are also
constant at (3–4) × 108 K.

To test for structural variability, we measured component po-
sitions relative to the eastern component. Within the uncertain-
ties, no significant component motions could be found over the
covered period of 15 months. Therefore we can set a limit for
the relative motions of vapp < 0.2 mas yr−1.

3.2. Spectral properties on mas-scale

In 2010 May, contemporaneous 8.4 GHz and 22.3 GHz
TANAMI VLBI observations were performed (see Table 1). The
(u, v)-coverage at 22.3 GHz is poorer than that at 8.4 GHz, be-
cause the TIGO antenna is not equipped with a 22.3 GHz re-
ceiver and the Ceduna data were not usable due to problems with
the maser, such that effectively only data from four Australian
antennas were available. In order to image and self-calibrate the
22.3 GHz (u, v)-data, we used the structural model found from
the high-quality data at 8.4 GHz. We fixed the relative posi-
tions of the three components from the 8.4 GHz Gaussian model
and allowed only their flux densities to vary. This approach
resulted in an acceptable starting model to perform amplitude
self-calibration on long time scales. We then fitted the compo-
nent flux densities again and performed self-calibration on iter-
atively smaller time scales. Overall self-calibration corrections
were small and the final model was in good agreement with the
original data. This model represents the most extended structure,
which is still consistent with both the (u, v)-data at 22.3 GHz it-
self and with the brightness distribution found at 8.4 GHz. More
extended regions in VLBI images of extragalactic jets have steep
spectra so the 22.3 GHz emission region is unlikely to be larger
than the 8.4 GHz emission region. For these reasons, we refer
to this model of the 22.3 GHz brightness distribution as the “ex-
tended” model.

In order to estimate the spatial spectral index4 distribu-
tion, we combined the 8.4 GHz image of 2010 May with the
quasi-simultaneous 22.3 GHz image, which was produced from
the “extended model” (Fig. 3). We convolved both data sets
with a common circular beam with a major axis of 3 mas and
calculated cuts through the two brightness distributions along

4 The spectral index α is defined through S ν ∝ ν+α.
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PKS 1718-649: an isolated case? 
- no other clear detections of CSO classified sources in Fermi-LAT data (Migliori+2016a, 

D’Ammando+2016): selection criteria? 
- Fermi-LAT sources with a CSO-like small scale structure:

• γ-ray bright and hard spectrum; 
• no short term, extreme variability; 
• mas symmetric radio structure; 
• located at larger z.

Müller+2014,2015



Conclusions & Future Work

- The analysis of 7 yrs of LAT data (Pass 8 DR) confirms the detection (>5σ) 
of a γ-ray source associated with the CSO PKS 1718-649; 

- the absence of extreme flux variability and the source location in the 
diagnostic plots are compatible with the gamma-ray emission being 
produced in the lobes; 

- modeling of the SED of PKS 1718-649 (Sobolewska+in prep.)  will give clues on 
the nature of the X-ray emission and its evolution (new Chandra observations, PI: 
Siemiginowska); 

- CSO searches in γ-rays: how can we find other CSOs among unidentified 
LAT sources? selection criterium?  
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