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Abstract. The magneto hydrodynamic models of relativistic jets from active galactic nuclei
predict the jet power transported by the Poynting flux at the jet base, setting the correlation
between the jet power and the total magnetic flux. For highly collimated jets taking the transver-
sal structure into account allows to rewrite this correlation through the observed jet properties
such as spectral flux and core shift. Applying this method we find that, for the sample of
48 sources, their jet power distribution is well peaked at the theoretically predicted level.
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1. Introduction

It is established that the electromagnetic processes are governing in the relativistic jet
launching from a super massive black hole (BH) in a center of active galactic nuclei. The
ordered magnetic field B, frozen into accreting disk matter is brought to the black hole
by the accretion, with the total magnetic flux ¥y = ngré threading the BH ergosphere

of radius of the order of Schwarzschild radius ry = 2GM /c?. The spinning BH with a spin
parameter a, € [0; 1) and corresponding angular velocity of field lines Qp = ca. /2rg(1 +
\/1—a2) creates in the lab frame the electric magnetic field of the order of QpryB,/c.
This electromagnetic field configuration drives the Poynting flux from a black hole (Beskin
(2010)).

The energy density flux E(¥), conserved on magnetic surfaces designated by the con-

tained magnetic flux ¥, can be written for the central part of a flow, connected with a
black hole, as:

E(\II)ZZO?\QP"FE})M& (11)
where the constant angular velocity Qp =, and Ep. is an initial particle energy
flux. The first term in the Eq. 1.1 represents the Poynting flux at the jet base, while
the second term — the particle kinetic energy flux. The ratio of two terms is equal
(Tchekhovskoy et al. (2009); Nokhrina et al. (2015)) to the Michel’s magnetization param-
eter oy, which value may be safely taken as of the order of 10, as supported by analytical
results by (Nokhrina et al. (2015)) and by the kinematics of bright features in jets on pc
scales (Lister et al. (2009)). If the observed Lorentz factors represent the jet bulk motion,
than the highest I' corresponds to a half of the initial magnetization o). These argu-
ments allow us to state that the first term in Eq. 1.1 with about 10% accuracy represents
the total energy density flux in a jet. The total jet power in this case is approximately
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equal to the integral of the first term in 1.1:

1 Yo A TR
— - BE(W)dy=- [ -2 ) | 1.2
Wu C/o (¥)d 8<7TRL> (1.2)

The result above means that within well-established model of jet launching, there must
be a correlation between the total jet power and the total magnetic flux in a jet. Both
values are estimated through the observation only implicitly.

2. Magnetic flux estimate

The magnetic flux contained in a jet is defined as

U, :/ Bp - dS. (2.1)
S

The analytical modeling (see, e.g., Lyubarsky (2009); Beskin (2010)) of relativistic MHD
outflows provide that the ratio of the poloidal magnetic field that determines the magnetic
flux to the toroidal magnetic field is

Br|/|By| = R/ (2.2)

Thus, the toroidal magnetic field dominates on the scales greater than the light cylinder
with typically unresolved dimension of Ry, =4 x 1073 (MBH/109 M®) pc for the black
hole spin parameter a,=0.1. Any measurements of a magnetic field provide the
dominating toroidal magnetic field that does not determine explicitly the magnetic
flux. The MHD modeling provides an instrument to correlate the toroidal and poloidal
components of a magnetic field in a jet, as has been done by (Zamaninasab et al.
(2014); Zdziarski et al. (2015); Nokhrina (2017B)). The jet magnetic field transversal
structure comprises the central core with the characteristic scale of Ry, with dominating
constant poloidal magnetic field of a magnitude By and the Poynting-carrying outer jet
with the correlation given by Eq. 2.2 and approximate poloidal field profile Bp ocr~2
(Nokhrina et al. (2015); Bromberg & Tchekhovskoy (2016)). It is important that the
amplitudes of both poloidal and toroidal magnetic fields are of the same order Bj.
Taking these estimate we obtain the jet magnetic flux

o =nByR} (1 +2In RJ"*) . (2.3)

Ry,

The field amplitude By introduced into the expression 2.3 does not represent the
magnetic field measured in a jet. The magnetic field in a jet may be estimated through
core shift measurements (Lobanov (1998)) or the brightness temperature measurements
(Zdziarski et al. (2015); Nokhrina (2017A)). Both methods provide the amplitude of a
uniform model magnetic field in a bright feature.

The spectral flux from a jet with prescribed transversal structure may be readily
estimated for the blazars (Nokhrina (2017A)), providing an instrument to obtain the
magnetic field amplitude By measuring the brightness temperature. A jet with uniform
magnetic field Byy; has the same brightness temperature if the magnetic field amplitudes
relate as

By Ry

B =0.86 R
The value Byy,; may be a magnetic field measured either using core shift method or bright-
ness temperature measurements. Thus, the expression for the magnetic flux through the
observables is

(2.4)

\IJO R'et
—— =0.86BuniRiet ( 1+21n =2 . 2.5
ﬂ_RL jet ( + n RL ) ( )
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Figure 1. The distribution for the ratio Wy /Wijet in log-scale for the sample of 48 blazars.

Here we write it so as to have in the Lh.s. the expression entering in the 1.2. The r.h.s.
contains the values that may be estimated through the observables (Byn; and Rje). Here
the light cylinder radius Ry, is unknown, but the r.h.s. depends on it logarithmically
weakly, so we may safely substitute for it the rough estimate Ry, =407, for the black
hole spin parameter a =0.1.

3. Power estimate

In order to check whether the sources obey the correlation

2
R'e
W = < |0.86Buni Rjer | 1+ 21n —2 (3.1)
8 Ry,
we use the averaged over lifetime jet power as a proxy for the jet power. The obtained
by Cavagnolo et al. (2010) correlation of the average jet power needed to fill the cavities
in a surrounding gas against the jet spectral flux at frequencies 200 — 400 MHz

Wiet _35 Waoo—100 \ 0 (3.2)
108 erg/s ) = \ 1040 erg/s '
allows to use the spectral flux data accumulated by the CATS (Verkhodanov et al. (1997))
database to obtain Wijet.

We use the sample of 48 sources describe in Nokhrina (2017B). We calculate (see details
in Nokhrina (2017B)) the uniform magnetic field magnitude B,,; and corresponding value
for Wy. We have also calculated the average jet power Wijc using the data accumulated
by the CATS database. The histogram of ratio of these two values is presented in Fig. 1.
The contrast with the result in Nokhrina (2017B) is more accurate formula for the jet
power estimate using the total magnetic flux: the reasonable energy density flux integral
E(¥) provides the denominator 8, while the estimate used in Nokhrina (2017B) has the
denominator 1.

4. Results and discussions

We observe that the total distribution is well peaked around the ratio Wy /Wi, =1,
with 17 sources falling in the central bin log;,(Wy/Wiet) € [—0.4, 0.4], and 29 sources
falling in the range log,o(Ww/Wiet) € [—1.2, 1.2]. Thus, we conclude, that for about 60%
of the sources under consideration the total jet power can be explained purely by the
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power carried by the Poynting flux at the jet base, and there is no sufficient input from
a possible outflow from a disk. The scatter of the distribution may be attributed to
several factors. The uncertainties in the observed parameters estimation may lead to the
observed scatter. The second factor may be our using the averaged jet power and the
correlation (Cavagnolo et al. (2010)). We will address the correlation between Wy and
a momentary jet power that can be obtained for the number of sources (Ghisellini et al.
(2014); Pjanka et al. (2017)) in the future work. The symmetry of the distribution might
point to the absence of sufficient input of a jet originating from the disk into total jet
power, or to correlation between these two sources of jet energy supply.

Acknowledgments

This study has been supported in part by the Russian Science Foundation: grant 16-12-
10051. This research has made use of data from the MOJAVE database that is maintained
by the MOJAVE team (Lister et al. (2009)), and data accumulated by the CATS data
base (Verkhodanov et al. (1997)).

References

Beskin, V. S. 2010, Physics Uspekhi, 53, 1199

Bromberg, O. & Tchekhovskoy, A. 2016, MNRAS, 456, 1739

Cavagnolo, K. W., McNamara, B. R., Nulsen, P. E. J.; Carilli, C. L., Jones, C., & Birzan, L.
2010, ApJ, 720, 1066

Ghisellini, G., Tavecchio, F., Maraschi, L., Celotti, A., & Sbarrato T. 2014, Nature, 515, 376

Lister, M. L., Aller, H. D., Aller, M. F., Cohen, M. H..Homan, D. C., Kadler, M.,
Kellermann, K. I., Kovalev, Y. Y., Ros, E., Savolainen, T., Zensus, J. A., & Vermeulen, R. C.
2009, Astronomical Journal, 137, 3718

Lobanov, A. 1998, A& A, 330, 79

Lyubarsky, Y. 2009, ApJ, 698, 1570

Nokhrina, E. E., Beskin, V. S., Kovalev, Y. Y., & Zheltoukhov, A.A. 2015, MNRAS, 447, 2726

Nokhrina, E. E. 2017A, MNRAS, 4687, 2372

Nokhrina, E. E. 2017B, Frontiers in Astronomy and Space Sciences, 4, 63

Pjanka, P., Zdziarski, A. A., & Sikora, M. 2017, MNRAS, 465, 3506

Tchekhovskoy, A., McKinney, J. C., & Narayan, R. 2009, ApJ, 699, 1789

Verkhodanov, O. V., Trushkin, S. A.,; Andernach, H., & Chernenkov, V. N. 1997, in: G. Hunt &
H. E. Payne (eds.) Astronomical Data Analysis Software and Systems VI (San Francisco:
ASP) 125, 322

Zamaninasab, M., Clausen-Brown, E., Savolainen, T., & Tchekhovskoy, A. 2014, Nature, 510, 126

Zdziarski, A., Sikora, M., Pjanka, P., & Tchekhovskoy, A. 2015, MNRAS, 451, 927

https://doi.org/10.1017/51743921318006087 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921318006087

	The correlation between the total jet power and the Poynting flux at the jet base
	Introduction
	Magnetic flux estimate
	Power estimate
	Results and discussions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


