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The electromagnetic losses

The electromagnetic losses can be estimated 
through the following MHD outflow properties

𝑃𝑡𝑜𝑡~𝐼 ∙ 𝛿𝑈

• The electric potential drop

𝛿𝑈 = 𝐸𝑅 =
Ω𝐹𝑅
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• The current in a magnetosphere is carried by 
the Goldreich-Julian particle number density
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Ω𝐹𝐵
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The electromagnetic losses
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• And the corresponding current

𝐼 =
Ω𝐹𝐵𝑅
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The electromagnetic losses estimate

𝑃𝑡𝑜𝑡 =
𝑐
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More thorough MHD calculation
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Here 𝑎 =  𝑟𝑔 𝑅𝐿



Non uniform source – magnetic fields and flux

Nokhrina+ 2015

The principal behavior 
of B and n is obtained 
in many analytical, 
semi-analytical, and 
numerical works: 
Lyubarsky 2009, 
Tchekhovskoy & 
Bromberg 2016, and 
many others



Non uniform source – magnetic fields and flux

Nokhrina+ 2015

The central core:
𝑛 ≈ 𝑐𝑜𝑛𝑠𝑡
𝐵𝑃 ≈ 𝑐𝑜𝑛𝑠𝑡
𝐵𝜑 ∝ 𝑟

Г ≈ 𝑐𝑜𝑛𝑠𝑡



Non uniform source – magnetic fields and flux

Nokhrina+ 2015

The central core:
𝑛 ∝ 𝑟−2

𝐵𝑃 ∝ 𝑟−2

𝐵𝜑 ∝ 𝑟−1

Г ∝ 𝑟



Non-uniform model: analytical results

Nokhrina+ 2015

The central core size
𝑅0 ≈ 𝑅𝐿

The magnetic field 
amplitude 

𝐵0



Non uniform source – magnetic fields and flux

• We can calculate the total magnetic flux Ψ;

• We can relate the total flux Ψ to both toroidal and poloidal field 
amplitude 𝐵0;

• The natural scale for MHD models is 𝑅𝐿 =
𝑐

Ω𝐹
, and it is through 

introducing 𝑎 that we relate it with 𝑟𝑔 by 𝑅𝐿 =
𝑟𝑔

𝑎
.



Magnetic field measurements
By core shift effect (Lobanov 1998, O’Sullivan & Gabuzda 2009, …)

• Uniform synchrotron self-absorbed sphere

• Magnetic field and particles are in equipartition

• The amplitudes of 𝑛 and 𝐵 following Blandford-Königl scalings

By brightness temperature measurements (Zdziarski+ 2015, N17)

• Applicable for the sources suspected to be in non-equipartition 
regime (extreme brightness temperatures)

• Allows for easy account for a non-uniform structure



Magnetic field measurements
By core shift effect (Lobanov 1998, O’Sullivan & Gabuzda 2009, …)

• Uniform synchrotron self-absorbed sphere

• Magnetic field and particles are in equipartition

• The amplitudes of 𝑛 and 𝐵 following Blandford-Königl scalings

In both cases we measure the toroidal dominant component

By brightness temperature measurements (Zdziarski+ 2015, N17)

• Applicable for the sources suspected to be in non-equipartition 
regime (extreme brightness temperatures)

• Allows for easy account for a non-uniform structure



Magnetic field measurements

Same 𝑆ν

𝐵𝑢𝑛𝑖 = 3.3 × 10−2 𝐺

𝐵0 = 3 𝐺

(for BL Lac, from Nokhrina 2017, 
MNRAS, 468, 2372)



We may use uniform-model measured magnetic field, substituting it in 
the flux formula with the obtained factor  𝐵0 𝐵𝑢𝑛𝑖



Power vs. magnetic flux – results

• The magnetic flux may be calculated by

• But the total power for electromagnetic losses has a term Ψa, so it 
depends on 𝑎 logarithmically weakly, and can be checked against the 
observations:
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Power vs. magnetic flux – results

• We use 48 sources with small viewing angles and measured core shift 
and opening angles

• For the jet power estimate we use the correlation between 𝑃𝑗𝑒𝑡 and 
the jet luminosities in 200 – 400 MHz band (Cavagnolo+ 2010):



Power vs. magnetic flux – results



Power vs. magnetic flux – results
The dispersion may be due to

• uncertainty in measurements of the 
observed parameters (core shift, 
opening angle, etc.);

• the power estimate – the method 
implies the averaged over period of 
time power; 

• the caveats in a model – a presence 
of a disk wind, a current closure in a 
jet.

Left upper sources – the flux with 
assumed 𝑎 = 0.5 is in agreement with 
MAD model;



Power vs. magnetic flux – results
• The sources distribution is peaked at 

the power predicted by 
electromagnetic losses mechanism.

• One third of the sources do have the 
power that can be attributed to 
purely electromagnetic losses 
mechanism.

• 60% of sources have jet power that 
may be associated with EM losses.

Further prospective – to use the short-
term power estimate (Ghisellini+2014, 
Pjanka+2017).



Conclusions
• We may estimate the total magnetic flux from the magnetic field 

measurements (differently for different models) if given the rotation 
parameter 𝑎 =  𝑟𝑔 𝑅𝐿.

• The power of electromagnetic losses by a BH depend on 𝑎
logarithmically, other values may be estimated from the observations.

• For the chosen 48 sources the distribution of electromagnetic power 
to total power is peaked at 1, with 60% of sources having the total 
power that is consistent with purely EM losses.





Difference with Zamaninasab+ 2014

Z+15:

Г~
1

𝜃𝑗

With typical 𝜃𝑗~0.01

N17:
Г~𝜎𝑀

where we estimated 𝜎𝑀 in N+15, with typical 𝜎𝑀~10

=> Discrepancy in Ψ of the order of 10, in power – 100.



The core shift magnetic field measurement

• + (specific) equipartition = the bulk flow has a magnetization ~ 1 and 
about 1% of particles have the relativistic temperatures (Sironi,     
Spitkovsky, Arons 2013)

=> 

NB: the toroidal magnetic field dominates the jet, so it is the toroidal 
field we measure 



The brightness temperature magnetic field

• The brightness temperature definition

• The spectral flux for the self-absorbed spherically symmetric source 
(Gould 1979)

• =>       

(Zdziarski+2015,

N17)



Zdziarski, Sikora, Pjanka & Tchekhovskoy, 2015: the distribution of ratio 
of magnetic field is peaked around its equipartition value:


