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Long Baseline Science Opportunities
● AGN jets

○ Collimation and acceleration, role of magnetic fields, plasma instabilities, particle 
acceleration and cosmic rays

● High-precision astrometry
○ Connection with geodesy

● Galactic objects
○ stellar masers, supernova remnants, asymptotic giant branch stars, x-ray binaries 

and contact binaries (AE Aqr, AR Sco, RS Oph), pulsar astrometry
● Imaging and astrometry of transients 

○ gamma-ray bursts, gravitational-wave electromagnetic counterparts, fast radio 
bursts, young radio supernovae
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���%�U�L�J�K�W�Q�H�V�V���W�H�P�S�H�U�D�W�X�U�H: plasma/emission diagnostics, with inverse Compton (IC) and equipartition limits.
�-�H�W���V�W�U�X�F�W�X�U�H���D�Q�G���%���I�L�H�O�G: launching mechanism: disk (Blandford-Payne, BP) or BH (Blandford-Znajek, BZ).
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�0�L�O�O�L�P�H�W�U�H���9�/�%�,
• Continental and global arrays
• D up to Earth size (107 m)
• Recent boost in sensitivity by phased ALMA, offered 

both for GMVA at 3.5 mm and EHT at 1.3/0.8 mm

Resolution limits at present
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�6�S�D�F�H���9�/�%�,
• Ground array supporting space baselines
• D up to 3x or 10x Earth size (107 m)
• High resolution for Tb determination, not necessarily 

for imaging



Ros/Kadler 14dec2022

Some considerations

● ngVLA (1.2–116 GHz) overlaps with Effelsberg (and EVN telescopes) up to 86 GHz
● ngVLA design: core (4.3 km), spiral (39 km), mid (46x, 1070 km), long (30x18m up to 

8860 km; 3x each at Arecibo, SC, Kokee, Hawaii, HN, GBT, BR, DRAO, NL, 
OVRO)

● Long resolution has two options
○ Phasing the ngVLA and joining a VLBI array: 3 VLBI beams phased at once, data 

rate limitation, 10 desirable) - path followed by ALMA, Y27, WSRT
○ Adding remote antennas via fibre to the ngVLA (long design) - path followed by 

MERLIN, correlated in JIVE - you get all baselines!
● Important add-on: fast switching (10-20s), multi-band

○ FPT receivers under deployment in Asia & Europe
○ ngVLA joining FPT VLBI in paired antenna mode, with clusters of antennas 

simultaneously at KQW bands
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mm-VLBI imaging: the jets in Centaurus A

• 1mm VLBI imaging 
with EHT reveals 
edge-brightened jet 
base

• Opt. thick radio core?
• Helical magnetic field?

Janßen, Falcke, Kadler, Ros, et al., 
Nature Astronomy 5, 1017–1028 (19jul2021)
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3C274 or Messier 87

EHTC 2021 (M87 Papers VII and VIII)
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Next-generation mm-VLBI with FPT Receivers

• Shared Optics Multifrequency Receivers for Frequency Phase Transfer (FPT)
���: ��FPT born at MPIfR (Middelberg+2006); KVN and European telescopes
 �: ��KQW-Band FPT receiver is funded at Effelsberg;
 �: ��FPT @ GMVA: factor of 10+ improvement of dyn. range; 
 �: ��FPT @ 230 GHz: factor of 50+ boost for the EHT imaging dyn. range  

• New FPT array as natural extension of ngVLA beyond K-band

Han et al. 2013,2018 �0�X�O�W�L���I�U�H�T�X�H�Q�F�\���U�H�F�H�L�Y�H�U�V���I�R�U���)�3�7

�'�\�Q�D�P�L�F���U�D�Q�J�H���L�P�S�U�R�Y�H�P�H�Q�W���Z�L�W�K���)�3�7
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Long Baseline Science Opportunities
● AGN jets

○ Collimation and acceleration, role of magnetic fields, plasma instabilities, particle 
acceleration and cosmic rays

● High-precision astrometry
○ Connection with geodesy

● Galactic objects
○ stellar masers, supernova remnants, asymptotic giant branch stars, x-ray binaries 

and contact binaries (AE Aqr, AR Sco, RS Oph), pulsar astrometry
● Imaging and astrometry of transients 

○ gamma-ray bursts, gravitational-wave electromagnetic counterparts, fast radio 
bursts, young radio supernovae
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Radio Probes of Extreme Particle Acceleration in 
Extragalactic Jets

● Cosmic Rays: Energetic protons 
and atomic nuclei arriving at Earth 
from unknown sources

● Propagation of charged cosmic rays 
affected by astrophysical magnetic 
fields

● Neutrinos and TeV photons point 
back to their sources

● Strong involvement of Germany in 
CTA, IceCube, etc.
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AGN Jets as Sources of Ultrahigh-Energy 
Cosmic rays

Relativistic protons might be accelerated near the central SMBH, e.g., in shocks or 
through magnetic reconnection 

(cf. Matthews, Bell & Blundell 2020)
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Hadronic Processes as Origin of Gamma-Ray 
Emission

Relativistic protons in the fast spine of a jet interact with soft ambient photon field 
(accretion disk, corona, NLR, BLR, etc.)￼ → photopions → gamma rays 

(e.g., Mannheim 1993, Mücke 2000)
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Hadronic Processes as Origin of Gamma-Ray 
Emission

Attractive option for seed photon field, especially in BL Lacs: outer, slower jet sheath
(Ghisellini et al. 2005)



Ros/Kadler 14dec2022

Observational Hints in TeV Blazars: the Doppler Crisis
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Hadronic Processes as Origin of Neutrino 
Emission

Same model might also explain neutrino emission
(Mannheim & Biermann 1989, Tavecchio et al. 2014)
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High-Energy Neutrinos Correlate with Blazar 
Radio Flares

Hovatta et al. 2021, Plavin et al. 2020, 2021
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VLBI Probes of High-Energy Neutrino Emission from 
AGN Jets: TXS0506+056

● VLBI images show apparent 
superluminal core expansion and 
limb-brightened jet

● Light curve shows multi-year radio 
outburst

● Very active field: Kun et al., Britzen 
et al., Sumida et al., Li et al.,…

IceCube, Fermi/LAT, et al. 2018
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Further VLBI Probes of Particle Acceleration in AGN 
Jets: Polarization

Velocity shear between the sheath and the ambient medium might align the magnetic field transverse to 
the jet spine 

(e.g., MacDonald et al. 2017)
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VLBA Polarimetry (MOJAVE)
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VLBA Polarimetry (MOJAVE)
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VLBA Polarimetry
(MOJAVE)
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VLBA Polarimetry
(MOJAVE)
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VLBA Polarimetry (MOJAVE)
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VLBA Polarimetry (MOJAVE)
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ngVLA + International Stations
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Summary and Perspectives for VLBI and 
High-Energy AGN Studies in the ngVLA Era

Probing Very-High-Energy Emission Region in Blazar Jets
● Both TeV emission and neutrinos pose fundamental questions
● Strong synergies with astroparticle physics
● Long-baseline ngVLA observations can reveal the physics in 

structured jets
● High sensitivity and high dynamic range needed to separate 

highly-relativistic spine from slower sheath
● Polarization can be key


