
The Power of Relativistic Jets: A Comparative Study 
Luigi Foschini(1), Benedetta Dalla Barba(1,2), Merja Tornikoski(3), Heinz Andernach(4), Paola Marziani(5), Alan P. Marscher(6),  

Svetlana G. Jorstad(6), Emilia Järvelä(7), Sonia Antón(8), Elena Dalla Bontà(9) 

(1) Brera Astronomical Observatory, National Institute of Astrophysics, Merate (Italy) 
(2) Dept Science and High Technology, University of Insubria, Como (Italy) 
(3) Metsähovi Radio Observatory, Aalto University, Kylmälä (Finland) 
(4) Thüringer Landessternwarte, Tautenburg (Germany) — On leave of absence from Dept. Astronomía, Universidad de Guanajuato (Mexico) 
(5) Padova Astronomical Observatory, National Institute of Astrophysics, Padova (Italy) 
(6) Department of Astronomy, Boston University (USA) 
(7) Homer L. Dodge Department of Physics and Astronomy, University of Oklahoma, Norman (USA) 
(8) CFisUC, Departamento de Física, Universidade de Coimbra, (Portugal) 
(9) Department of Physics and Astronomy, University of Padova (Italy).

Summary: We present the results of a comparison between different methods to estimate the power of relativistic jets 
from AGN. We selected a sample of 32 objects (21 FSRQs, 7 BL Lac objects, 2 misaligned AGN, and 2 changing-
look AGN) from the VLBA observations at 43 GHz of the Boston University blazar program. We then calculated the 
total, radiative, and kinetic jet power from both radio and high-energy gamma-ray observations, and compared the 
values. We found an excellent agreement between the radiative power calculated by using the Blandford & Königl 
(BK1979) model with 37 or 43 GHz data and the values derived from the high-energy γ-ray luminosity. 

Comparison of the total jet power from BK1979 estimated by using VLBA data of MOJAVE Program (15 GHz), Boston University blazar program (43 GHz), and single-dish 
Metsähovi Radiotelescope (37 GHz). 

Comparison of the kinetic jet power from BK1979 estimated by using VLBA data of MOJAVE Program (15 
GHz), Boston University blazar program (43 GHz), and the kinetic power from extended radio emission 
estimated according to Bîrzan et al. (2008, ApJ 686, 859; 327 MHz) and Cavagnolo et al. (2010, ApJ 720, 1066; 
200-400 MHz).

Comparison of the radiative jet power from BK1979 estimated by using VLBA data of MOJAVE Program (15 GHz), Boston 
University blazar program (43 GHz) vs the corresponding value estimated from high-energy gamma-rays detected by Fermi 
LAT (0.1-100 GeV).

Jet Model by Blandford & Königl (1979, ApJ 232, 34)

All linear fits shown are in the form: 

log P1 = m log P2 + C

ρ: correlation coefficient
σ: dispersion

m ∼ 1.26
ρ ∼ 0.82
σ ∼ 0.71

m ∼ 1.08
ρ ∼ 0.99
σ ∼ 0.14

m ∼ 1.00
ρ ∼ 1.00
σ ∼ 0.067

m ∼ 1.14
ρ ∼ 0.89
σ ∼ 0.37

m ∼ 1.65
ρ ∼ 0.84
σ ∼ 0.68

m ∼ 0.91
ρ ∼ 0.89
σ ∼ 0.38

m ∼ 1.35
ρ ∼ 0.86
σ ∼ 0.64

m ∼ 0.47
ρ ∼ 0.51
σ ∼ 0.94

m ∼ 0.85
ρ ∼ 0.93
σ ∼ 0.51

The agreement is still acceptable if 15 GHz data are used, although with a larger dispersion, but it improves if we 
use a constant fraction of the γ-ray luminosity. We found a good agreement also for the kinetic power calculated 
with the BK1979 model with 15 GHz data and the value from the extended radio emission. We also propose some 
easy-to-use equations to estimate the jet power. 

👉  For more details, see: Foschini, L., et al., 2024, Universe 10, 156. 

Data from: 
• MOJAVE Program: https://www.cv.nrao.edu/MOJAVE/ 
• Boston University Program: https://www.bu.edu/blazars/BEAM-ME.html 
• Metsähovi Radio Observatory: https://www.metsahovi.fi/AGN/data/ 
• CATS: https://www.sao.ru/cats/ 

Rearrange

k2 from 15 and 43 GHz VLBA data

Radiative and kinetic contribution to the total jet power
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Easy-to-use equations to estimate the jet power

Ptotal ∼ (4.5 × 1044)(
Sνd2
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1 + z )
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[erg/s]

Pkinetic ∼ (3.9 × 1044)(
Sνd2
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[erg/s]

Pradiative,synchrotron ∼ (5.6 × 1043)(
Sνd2

L,9

1 + z )
12
17

[erg/s]

Pradiative,Compton ∼ (2.7 × 10−3)Lγ [erg/s]

Sν: radio flux density at the frequency ν [Jy]
dL,9: luminosity distance [Gpc]

z: redshift
Lγ: γ − ray luminosity [erg/s]
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