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TeV-Blazars

• AGN with Jets pointed directly towards Earth
• Highly variable broadband emission from radio to 𝛾𝛾
• Typical double-humped spectrum
• Classified according to Synchroton Peak Frequency

-> HBL and Extreme Blazars (synchr. peak > 1015 Hz)

Figure 2: Blazar Sequence, Fosatti et al. 1998
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Figure 1: Artist‘s
Impression of an Active
Galactic Nucleus/AGN 
(Credit: ESA/NASA) 



• Known correlation of TeV and radio emission
(e.g., Giroletti et al. 2016)

• Possible sources of UHE cosmic rays and neutrinos
(PKS 1424-418, TXS 0506+056, PKS 1502+106)

• Blazar VLBI Flux-Neutrino Associations found (Plavin et 
al. 2020 & 2021, Hovatta et al. 2020, Kadler et al. 2016)

Radio-𝛾𝛾 Connection
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• Investigate the radio-𝛾𝛾 correlation (especially with upcoming CTA)
• Pin down neutrino sources by radio flaring activity (follow up of ANTARES, IceCube, KM3NeT, …)
• Tracing dynamical processes in pc-scale jets related to flares or 𝜈𝜈-detections.
• Characterize variability to test different emission models

Goals

Figure 3: Radio Images of PKS 1424-418 before and after a 
possibly coincident (2𝜎𝜎) Neutrino Event (Kadler et al. 2016)

-> Use single-dish monitoring with Effelsberg 100-m Telescope -> TELAMON!

BUT: still no 3𝜎𝜎 neutrino association! 



About

• Tev Effelsberg Long-term Agn MONitoring
• Est. Aug 2020
• Monitoring radio spectra of TeV-Blazars and 

candidate neutrino-assoc. AGN
• High cadence observations at high radio frequencies

• every 2-4 weeks
• From 14 GHz up to 44 GHz
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Figure 4: Effelsberg 100-m Telescope
©J. Heßdörfer

• Located in Effelsberg, Germany
• Operated by Max-Planck-Institute for Radio 

Astronomy in Bonn
• One of the largest fully steerable radio

telescopes in the world
• Superior sensitivity compared to smaller dishes

Effelsberg 100-m Telescope

TELAMON

FRANCI 2021



• 20mm, 14mm and 7mm receiver (secondary focus)
-> simultaneous data at 14,16,19, 21, 23, 25, 36, 39, 41, 44 GHz

• Cross-Scans with typically 8 subscans at 20 mm and 14 mm 
and 16 subscans at 7 mm

Observational Setup
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Figure 6: Effelsberg Secondary Focus
Receivers (adapted from Effelsberg
Wiki)

Figure 7: Example cross-scan of a point-like source



Sample

• Unique sample of TeV-detected
and neutrino-candidate AGN

• Main focus on HBL and Extreme BL
• Complete sample for HBLs (down 

to 10-20 mJy)
• Newly detected sources

dynamically added
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Table 1: List of all TELAMON sources



Example Source: S2 0109+22
• Continuous dynamic spectra and light curves
• Example: flaring activity with increase in flux density over ~100 days at 14mm and 7mm
• Sampling rate well suited to resolve changes
• Spectral gap at 30 GHz filled by coordinated ATCA observations
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Figure 8: TELAMON light curve at 7 mm and 14 mm (left) and spectra (right) of the source S2 0109+22



Collaboration with MWL Partners
• Sample includes many targets of TeV-telescopes (e.g., MAGIC, VERITAS, …)
• Coordination with AGN groups of Fermi-LAT, FACT, H.E.S.S., MAGIC and VERITAS

Credit: John Quinn
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Figure 9: Light curve of Mrk 421

Figure 10: Light curve of TXS 0506+056

©John Quinn



Scientific Output 

• Two ATels
• 4 Contributions @ ICRC 2021
• 1 Bachelor Thesis just started (D. Kirchner)
• 1 Bachelor Thesis finished (J. Heßdörfer) 
• 2 Master Thesis in work (F. Eppel, J. 

Heßdörfer)
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Pilot Phase:



Outlook

 Effelsberg Key Science Project to extend the program
in the long term

 Coordination with next gen TeV & Neutrino 
telescopes (CTA, KM3NeT, …)

 Statistical database to test the significance of radio
flaring activity with neutrino emission in Blazars

 Extract polarization data
 Coordination with VLBI monitoring observations of

TeV and neutrino-candidate Blazars (TANAMI, 
MOJAVE)

 Multiwavelength studies with partners Fermi-LAT, 
FACT, H.E.S.S., MAGIC and VERITAS
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Figure 11: Florian Eppel, thirsty & hungry

Questions
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Thanks for your attention!

See you at „Tio Rustica“



Selection Criteria
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• Excluding low peak blazars
-> already well covered

• Sources whose low-state flux density
< 500 mJy

• Complete sample for HBLs (down to
10-20 mJy)

• Other sources for comparison
• Newly detected sources dynamically

added

Table 1: List of all TELAMON sources



Neutrino Candidate Follow-up
• Target list dynamically updated with new 𝜈𝜈-detections
• Example 1: NVSS J065844+063711 three days after IC 201114A event
• Often uncertainty region of Neutrino alert too large

• Radio data can yield independent information to judge possible associations
• TXS 2016+386: radio flaring after neutrino detection IC 201120A
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Figure 12: TELAMON light curve of TXS 2016+386 (left) and spectrum of NVSS J065844+063711 (right)



Subband Averaging

• Logarithmic spectral fit for each receiver
• Average flux density from fit
• Min/Max flux density from min/max fits
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Figure 13: Example of the sub-band averaging process (TXS
0506+056 on Jan 2, 2021 at 14 mm). The average flux density is
calculated by taking the integral of the best fit between 19 GHz and
25 GHz. The errors are determined by integrating the Min/Max fits
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