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Dephasing time of a positron
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The dephasing time of a positron in the total field associated with a laser pulse in a plasma is studied numerically.

It is shown that the dynamics of the positron is quite different from that of an electron due to the electrostatic potential

in the body of the pulse. The dephasing time of the positron increases with the pulse length and decreases with the pulse

intensity nonlinearly. In the long pulse case (L > ),) the dephasing time is proportional to the pulse length. These

results provide a scientific basis for experiments to observe the positron acceleration scheme, and may be important to

the physics of laser—particle interactions in multi-component plasmas.
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The dynamics of a test particle in the fields
associated with a laser pulse is important for the
study of the physics of laser—particle and laser—
plasma interactions,[!! especially for the new concept
of accelerators.[2~6! For a particle initially in front of
the pulse, if the pulse speed is ¢ (¢ is the light speed
in vacuum), the particle will always be overtaken by
the pulse eventually. The acceleration effect of the
leading edge of the pulse on the particle will be coun-
teracted by the deceleration effect of the back edge
of the pulse. However, if the pulse speed is less than
¢ (for example in a plasma), the particle can be ac-
celerated by the leading edge of the pulse to a speed
higher than that of the pulse, and it outruns the pulse
eventually (not suffering from the deceleration of the
back edge of the pulse).m Our recent research shows
that in the long-pulse case (L > 1A,), this accelera-
tion scheme is more profitable to the positron accel-
eration than to the electron acceleration, due to the
electrostatic potential generated by the pulse in the
plasma, thus greatly decreasing the intensity thresh-
old of the pulse for positron acceleration.!8! In this
paper, we numerically study the dephasing time of
an accelerated positron to determine the propagation
time and plasma length required for observing this di-
rect acceleration scheme for positrons, where the pulse
is assumed to be of any length. The dephasing time
is the interaction time between the particle and the

pulse whose intensity is above the repelling threshold

(or the time interval during which the particle is ac-
celerated until it outruns the pulse).

The basic dynamics of the interaction of a parti-
cle of charge ¢ and mass m with an electromagnetic

field is described by the momentum equation
v
dp=q(B+2xB), )
and the energy equation
d(yme®) = qE - v, (2)

where v is the velocity of the particle, and ~ is the
Lorentz factor associated with this velocity, which
is defined by y72 = 1 — v?/c?. The fields associ-
ated with the laser—particle interaction can be de-
scribed by the normalized vector and scalar potentials,
ie. a = qA/m.c?, and ¢ = e®/m.c?, respectively.
The Coulomb gauge V - a = 0 is used and, for conve-
nience in the following analyses, the time ¢t and mo-
mentum p are normalized as t — ¢t and p — p/myc,
respectively.

We suppose that the pulse is of plane-wave radi-
ation, and a positron is initially in front of the pulse
and not moving transversely, so that its motion is gov-

erned by the equations

1 2
dtpz - _Zaza - 3z¢: (3)

1 .
dyy = —ha® + 220.4, (4)
2y v
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p, = —a. (5)  the simple profile as in Ref.[10],
The pulse is assumed to be circularly polarized
and propagates without significant distortion, i.e. a(§) = agsin(néB,/(2L)). (8)

a = Jal®)(cos(hn)e, +sin(kne,),  (6)

where £ = z — f4t, n = z — Bt, and [, and [ are
group and phase velocities associated with the pulse
divided by ¢, respectively.

Neglecting the modification of the pulse fields
due to the test particle, the scalar potential ¢ can
be written as a function of @ under the quasi-static

approximation[®!
26 _ky <1+_a . 1) , )
0 2 \(1+¢)°
where the boundary condition (¢ = 0 when & = 0)
is assumed. Our numerical analysis shows that this
scalar potential ¢ is always positive in the whole body
of the pulse, and the negative ¢ can only appear be-
hind the pulse.

We study the time evolution of the longitudinal
momentum p, by solving Eqs.(3), (6) and (7) numer-
ically. As in Refs.[7] and [10], we assume that the
distortion of the pulse shape is very slow and can be
neglected during the time of the laser—particle inter-

action. To illustrate the particle motion, we consider
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It is shown that for a low intensity pulse, the pulse
will overtake the particle. Thus eventually the par-
ticle oscillates longitudinally in the wake field behind
the body of the pulse. If the pulse intensity is above
the repelling intensity, however, the longitudinal mo-
mentum of the particle will continuously increase with

time and eventually the particle will outrun the pulse.

In general, the dynamics of a positron is very dif-
ferent from that of an electron due to the electrostatic
field in the body of the pulse. In the following numer-
ical analysis we define 7, as the Lorentz factor associ-
ated with the initial velocity of the test particle, and
vp as that associated with the group velocity of the
pulse, i.e. 75 2 = 1—vy?/c2. 'y;z =1—v,%/c% Figure
1 shows the difference between the time dependence
of an electron and that of a positron, where the pulse
intensity is large enough to accelerate a positron, but
It is shown that the

trajectory of a positron could be completely different

not to accelerate an electron.

from that of an electron in the body of a laser pulse

propagating in a plasma.
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Fig.1. The difference between the time dependence of an electron (a) and that of a

positron (b), where k, L = 10, vo = 7, v = 30, and a% = 1. The time t is expressed

in units of optic cycle.

We assume that, initially, £ = 0 and the particle
is slower than the pulse. Then £ will become negative
and decrease to a minimum value, then increase, at
time t4, £ = 0 again, and the particle just runs out

of the pulse (outruns the pulse). The particle speed

increases monotonically during the time interval from
0 to tq. Here tg is the dephasing time. At a certain
vp, for a shorter dephasing time, a shorter accelera-
tion distance is needed.

Figure 2 shows the dependence of the dephas-
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ing time of an accelerated positron on the normalized
pulse length k,L. It is obvious that this dephasing
time nonlinearly increases with k,L, but not like that
in Ref.[10] (where it is proportional to k,L). This de-
phasing time is proportional to k,L only in the long-
pulse limit k,L >> 1.
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Fig.2. The dependence of the dephasing time of an
accelerated positron on the normalized pulse length
kpL, where ag = 10. The other parameters are the

same as in Fig.1.
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Fig.3. The dependence of this dephasing time on pulse

intensity ag. The parameters are the same as in Fig.1.

Although a positron can be accelerated to a high

energy by a low-intensity pulse,®! it is still necessary

to use a pulse of higher intensity to decrease the de-
phasing time. Figure 3 shows the dependence of this
dephasing time on the pulse intensity a2. It is shown
that this dephasing time decreases when a2 increases.
Thus one can improve the acceleration rate by increas-
ing the pulse intensity.

In addition, the dependence of the dephasing time
on the initial energy of the particle 7 is illustrated in
Fig.4. It is shown that, in the case of small v, the de-
phasing time decreases when 7y increases. In the case
of large 7, however, the dephasing time increases with

Yo-

11

10 F

t,, /10t
~

0 5 10 15 20 25 30

Yo

Fig.4. The dependence of the dephasing time of an
accelerated positron on the Lorentz factor associated
with the initial speed of the particle v9. The parame-

ters are the same as in Fig.1.

In conclusion, the trajectory and dephasing time
of a positron associated by a laser pulse of any length
It is

shown that the positron can be accelerated to a high

in an electron—ion plasma have been studied.

energy even when the pulse intensity is low. The de-
phasing time nonlinearly increases with k,L. This de-
phasing time is proportional to k,L only in the long-
pulse limit k,L > 1. This dephasing time decreases
when the pulse intensity a2 increases. These results
may be important to the laser—particle acceleration
concept and the physics of laser—particle interactions

in positron and multi-component plasmas.!*!]
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