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Abstract.During last 50 years different aproaches of relativistic jets were propcsed.But they
couldn't explain satisfacatory the high energy of emisson, the extremely short time of variability and
the pasition d the source. A likely Fermi acceleration mechanism is the chaotic gun effect. We
investigate analitically in this paper the avail ability of this effect to describe the conical geometry of
thejet.
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1.Introduction

In the past decades high energy gamma rays were deteded coming from Mrk
501 and Mrk 421 and other activ nucleis.Both o them are thought to be blazars.
Blazars are very powerful sources characterized by their variable poarized
synchrotron emisson . They are asciated with radio jets emerging from giant
ellipticd galaxies sen at small angles with the line of sight.Mrk 501is ~ 3x10°
light years from Earth .It produces a tera-electron volt gamma ray flux during
outburst. The mechanism of producing such high energy is not yet established .
Mannheim asaumes two mechanisms responsable for production of high gamma
rays.(a) inverse-Compton scattering of low- energy photons by accderated
electrons or (b) pion production hy accelerated protong6]. Models for y-ray
emisson from active galadic nuclei(AGN) based on hadronic interactions have in
the paste considered interactions between relativistic protons and matter in an
accretion disk surrounding a black hoe. In amost all attempts to explaine the
acceleration of charged particles this mechanism referres to an initial shock in
plasma which can provide eledrons or protons of high energy. Gamma rays
originate in relativigtic jets in which the matter density is too low to provide the
required target matter for relativistic protons or eledrons [5]Also such high energy,
of order 10 eV,in many models performed until now, implies the reacceleration of
the beam in order to achieve the energy.

To data no mechanism of reaccderation was propaosed,as we now, except the
chaotic gun eff ect[1]. The authors mentioned that this effect could be goplied to the
AGN jet’s approacdes.

Chaotic gun effed provides the reaccderation of a dharged particle by an “on
resonance” wave in two regimes.of isolated resonance and o resonances
overlap.Both accderation could provide synchroton emisson .



Chaotic gun effect was studied as numerical simulation and all parameters are
dimensionless.In our paper we attempt to derive the energy of the synchrotron
emission and to suggest the way to fit the conical geometry of the jet of an active
galactic nuclei to data . The power of synchrotron emission due to relativistic
charged particles consists in two terms. one describing the veocity of the
momentum variation and the other one describing the velocity of the energy
variation.In ordinary cyclic relativistic motion the former is much bigger than the
last.But in chaotic gun effect the last term becomes to be important .In chapter |1
we assume that the second term,mentioned above, becomes to be of the same range
asthefirst is and we derive the synchrotron energy

2.Assuming the gun effect equations
The power of the synchrotron emission of a charged accelerated particleis
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where m, E and p are the rest mass,the energy and the momentum of the particle
which Lorentz factor yis referred to the observer[2].In a relativistic motion one
may writes
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where p, isthe transverse momentum referred to the external magnetic field.
Then the variation of Lorentz factor may be writen as

)

where,according to [1]
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Substituting (4) in (2) one obtaines a relation between the two terms of the bracket
of (1)
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Therefore the power of the synchrotron emisson can be expressed as
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if wewill assume Ed—sz = de—['g.The energy emitted during accelerationis
OdtO Odt O
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Accordingto eq.(44) and (45) from [1]
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where K isthe wave vector of the wave produced by the beam of charged particles
and H =const is dimensionless(8) provides a proof of the extremely complex
motion of the dharged perticle ; the likely gyrofrecquency of this motion depends

onk, p,, X,¢,Hand t. Substituting (8) in (7) the energy is
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Aswe can see from (9) the dimension of the integrand is p.In order to evaluate
the range of the energy it is worth noting that the energy range depends on

k,H, p, if one assumes the ratio — Py to be of the order of unity and also the
Py

angle k(x —ct).
The energy estimated in (9) can be referred to the “n”th resonance at time t

and at distance X from the observer.If we adopt & =cosp thenfor acertain ¢
O
the energy is
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3.Numerical estimations of the size of the emitting region

In order to estimate the size of the emitting region we will use data of [3]
concerning the size of a compact radio source.Strong radio sources have

P >10*WHz™ where P.%is the total spectral power of the emission at 1.4
Ghz.

Let Py, be the lowest momentum of an electron which emits the lowest
synchrotron radio energy and pg,, the highest momentum coresponding to the
highest synchrotron energy.Then for a certain moment and a certain phase ¢

4 e’kH

E -E. . = - - |cos¢ cosk{x—ct)=

Syn,max syn,min 3 mc [ EI max p[l,mln] ¢ ( )

_4 ’kH p (1)

e D
mn —0s¢ cosk(x — ct

3 me Dmax |j' poaX Ep ¢ ( )

where for radio emission E =20x10%3}10" ev ; E_. . =20x10""J=10"

syn,max ' syn,min

eV. Assuming COS¢ Cosk(x—ct)zl and also the bracket in (11) one can

m’c? H
H = 0.2 the Lorentz factor is 10°.For higher values of H the Lorentz factor

decrease. VLBI observations of superlumina motions confirm that the jet plasma
in blazars is moving with Lorentz factors of y U 10[7]. Using radio interferometry

data Mannheim inferred a bulk Lorentz factors y,, ~ 2 to 10 and even for few

2 /2 2
estimate P, .For radio emission this leads to y=%+ Po % DZELO . For

cases of still higher values.For these values H must be of the order of 10 which
implies strong acceleration in resonsce overlap or o decreasing of the external
magnetic field in order to increase (3 [1].

But also from numerical simulations one can obtaine Py, — Pomin @1d hence an
estimation of of the length of jet d;
dj =15 mex T omin (12)

where d ;is the difference between the two radii coresponding to the two

transverse momentum.The estimation of the range of the two momentum involved
(11) may hdp usto express the length as
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where y,, is the Lorentz fador of the “n"th resonancewhich corresponds to
Pomax » V1S the corespordengly gyrofreaquency of the dharged particle motion,
v, isthe Lorentz factor of the “| ”th resonance, which correspondsto p.,, and

V, is the corespondengly gyrofrecquency.

For strong radio source 3C 273 the projected length is about 39
kpc=39x10" m[3].Strong radio sources has the size of the jet lessthan 50 kpc [3].

Asaiming the first term of the bracket in (13) to be much larger than the
second, d;=39kpc, m=9.1110""kg and v, =1.4 Ghz onefinds Py~ 48.75
kgms™.

A way to probe the above derivation of the synchrotron energy might be the

derivation of the velocity of the jet.That isto use the same expresson (8) in order
to achieve our derivation. For radio sources with steady free jets the radius expands

with a constant lateral velocity v, equal toitsinternal soundspeed C whereit first
become freg[ 3]. Thisis the case of the strong sources.For such sources

B (14)

where R; istheradius of jet at the z distance from the nucleus(apex).
In order to verify if(14) occurs for synchrotron emisson generated by

chaotic gun effect we expressthe laterd velocity v, = — as
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where @, is the relativistic gyrofrecquency of the synchrotron motion d the

particle and it is related to w, as wg=w_/y [1]. Using (8) the above velocity
(15) becomes
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From [1] ore can replace w, by w/n where n isthe order of the resonance.For
what it follows we wil | assime cosp cosk(x - ct)=1.Then (16) becomes
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where y,is the Lorentz factor related to the n-th resonance.For relativistic jets,

(14) istheangle y,* .Hence one can estimate the vel ocity of jet from
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This result shows that the velocity of the jet depends on the order of the resonance
andasoon H.For n=1and H=0.2 (20) leadsto v, =0.4c. For n=10 and

H =02 (20) leadsto v; = 4c.To date many authors smulated jets or estimated
jet velocities.Bridle explorred different constraints on jet velocities and found
10_ZC<Vj <0.1cfor radio emissions [3]. Piner et a. calculate for C 279 an
average speed and angle to the line-of-sight for the region of the jet interior to 1
mas of v = 0.992c (y [ 8) and 8 = 4-, and an average speed and angle to the line-
of-sight for C4 (at r = 3 mas) of v =0.997c (y [113) and 6 = 2°[9].For the electron

number density of the jet of 0.741nb(where nb is the ambient electron number) the
average jet velocities for the two simulations performed by Nishikawa are vj =
0.9798c, 0.9977c corresponding to Lorentz factors are 5 (2.5 MeV) and 15 (7.5
MeV),respectively[8].

Using (20) for suitable values of H and none can obtaine also superluminal
velocities asis obtained for jets viewed at large angle to the plane of the sky[3].

1V.Discussions

From (20) one can obtaines a constraint on the product 2nH if we assume
V. <C:
]



2nH <1 (21)

On the other hand vV, >cC could occur because of chaotic behaviour of the

charged particle atH >0.2 as is mentioned in [1].In this regime,eg. H >0.2, (9)
may nat describe the acceleration in the right manner but could explain the
deteded superlumina motion of jets.

Many jets wiggle aound their mean direction.There ae some mechanisms
proposed to explain the periodic lateral deflections. These mechanisms are fraught
with urcertaintiesWell-studied jets rarely match simple orbital or ballistic
precessona shape convincingly.(10) could explain the small variations of the
lateral shape of the jet deteded in some data or the shape of droplets of some jets.

In ou derivations performed above there is not any cut in the growth of the
velocity.This is because our aime was to check if the chaotic guneffed can fit the
geometry of a conicd jet.A further study may lead to achieve constraints which
limit the jet velocity.

V.Conclusions

We derived the synchrotron energy emitted by a charged particle during its
acceleration in the magnetic field of a charged particle beam and also in a constant
and wiform megnetic field.Numerical estimations sowed the avail ability of the
chaotic gun effect to describe the wnicd shape of the jet by fitting the
H parameter.But this parameter may be constraint by the number density of
charged particlesin beam.
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