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Abstract. Fast magnetic reconnection in extragalactic jets leads to
electron acceleration by the DC electric field in the reconnecting current
sheet. The maximum electron energy (y > 10%) and the acceleration time
(< 10%s) are determined by the magnetic field dynamics in the sheet.

Many extragalactic jets originating in active galactic nuclei are sources of radi-
ation that results from synchrotron emission by relativistic electrons. In some
cases, continuous radiation extends to optical and even to X-ray frequencies, im-
plying the presence of electrons with TeV energies (Eilek & Hughes 1991). This
paper demonstrates that the electric field associated with magnetic reconnection
can accelerate these electrons locally all along the jet.

The electron energy gain in the reconnecting current sheet is determined
by the potential drop experienced by a particle: mec?y = eElye.. Here, v > 1
is the electron Lorentz factor, m. and e are the electron mass and charge, E
is the electric field in the sheet, l,.. is the acceleration length defined as the
particle displacement along E in the sheet, and c is the speed of light. Charged
particle orbits in the sheet are determined by the magnetic field inside the sheet:
B = —(y/a)Box + By (z)y + B)z. Here, the field is approximated by the first
nonzero terms in the Taylor expansion around y = 0. The reconnection electric
field E = Ez is in the z-direction, and a is the current sheet half-thickness. Both
By and the nonreconnecting component B) may be assumed constant.

A sufficiently strong longitudinal field Bj magnetizes the electrons and
makes them follow the field lines (Litvinenko 1996). Acceleration will cease
when the particles leave the sheet. Integrating the magnetic field-line equations
gives the acceleration length l,cc = aB)/B. This leads to the electron energy
gain:

Mec?y = eEaB)/B,. (1)

Obviously, laec and 7 are very large if By — 0. The magnetic field projection
onto the zy-plane has the geometry of a standard magnetic X-pointatz =y =0
where B; = 0. This is where the field lines are “cut and reconnected”. The
spatial variation of the field is related to its temporal evolution. The reconnect-
ing field lines move into the sheet with the speed vi, and out of the sheet with
the Alfvén speed va = Bp/(4mmyn)t/?, and carry the magnetized particles with
them. The reconnected field lines straighten out so that B, increases from zero
at £ = 0 to a maximum value at the edges of the sheet + = +w/2 for each
reconnected field line, leading to a dependence B, = B/ (z) in a steady state. I
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assume for simplicity a constant speed of the reconnected field lines:
B, (t) = 4(B1)vat/w. (2)

The following numerical values are used. The reconnecting field component
By = 107%*G and the particle density n = 10~* cm~2 follow from numerous
observations. The width w and length [ s of the sheet are of the order of the jet
size 0.5kpc = 1.5 - 10?! cm. The reconnecting and nonreconnecting components
of the field are assumed to be the same: B, = By. Models for fast collisionless
reconnection suggest that (B))/By = vin/va =~ 0.1 (Hill 1975). The current
sheet half-thickness a is of the order of the ion skin depth (myc?/4mne?)}/? =
2-10°cm. The electric field E ~ 0.8 - 10~® statvolt cm™! corresponds to the
electric drift inflow speed v, = 0.1vp ~ 2.4-108 cms™!.

The maximum electron energy can be estimated by noting that the magne-
tized electrons move almost along B inside the sheet, so their relativistic Lorentz
factor increases with time as

v(t) = eEt/mec. 3)

The maximum energy is determined by Eq. (1) with the time-dependent B,
for a reconnected field line given by Eq. (2) and the time-dependent Lorentz
factor given by Eq. (3). Making the substitutions leads to an equation for the
maximum acceleration time, which is solved to give

1 ( By wa)\'? 5

tace = = — ~35-1 .

ace = ((BJ_) ch) 3.5-10° s 4)

Substituting this into Eq. (3) gives the sought-after maximum electron Lorentz

factor 12

eE B wa 6

= — ~5-10°. 5

max 2mec ((BJ_) ch> (5)

The resulting ymax corresponds to an energy of about 3 TeV. This explains the
observed optical synchrotron jet emission that appears to require ymax ~ 10°.
The maximum acceleration length lycc = ctaee = 1018 ¢m is much less than
either the length of the sheet .5 or the synchrotron loss length. Thus, even for
the highest electron energies, the strong DC electric field acceleration is a local
acceleration mechanism that is not influenced by the synchrotron losses.

The interested reader can learn more about this work in Litvinenko (1999).
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