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Abstract
The influence of an external static field appliadthe direction parallel to the direction of
propagation of a high intensity driving laser putsethe electron trapping in laser wakefield

acceleration is explored.

1. INTRODUCTION

In the LWFA process, an electron density bublle2/ is driven in low density plasma by
the laser pulse through the ponderomotive force.irftensities high enough, self injection of
electrons into the wake can take place, and a ehzag be accelerated. It is well known that
trapping of the background electrons begins mudbmbéhe longitudinal wave-breaking limit
[3-5]. The transverse wave-breaking regime is tingason where a static magnetic field
should play an important role.

A theoretical model for electron self-injection, the case when a strong magnetic field is
applied, is reported in this paper. The spatidrithstion of the potential created by the bubble
is calculated. It is shown that the magnetic fiedduces the transverse motion of electrons,
making trapping in the accelerating bubble morelik It is also shown, with PIC code
simulations, in good agreement with results prestipgpublished /5/, that the electric charge

accelerated can be enhanced by a static magredtic fi

2. THEORETICAL MODEL

In this theoretical approach, the bubble is assutndx a sphere moving in plasma along the
z-axis with relativistic velocityu, = c /6/. Dimensionless units are used. The time iswatized

to ™, the length tac/ap, the velocity to ¢, the electric field taca/e, the magnetic field to
map/e, and the electron density to the background densit The variableé =z-yt is

introduced. The following convenient gauge in thabdratory frame is used
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A =-(By/2) &, +(B)/2) %, - uge, /6l. Inside the bubble one can consider tHatA, =0 as

the intensity of the laser pulse has a nonzeroevahly very close to the front of the cavity.
Then one has to solve these two equatiéig/d&?=-1/[ 2(+u;)|and 0%¢ = -1/2. Considering

that one has a cylindrical symmetry, the solut®g -[xz +y*+ 252/(1+u02)]/8+c, where

C is a constant. The electron sheath around theycagieens the ion field in the surrounding

plasma. The radial electrostatic field acting onreativistic electron is modelled as
E=(E,/2)[ tanH{(R-r)/d)+ IwhereR is the sphere radius, d is the width of the etectr

sheath, r is given by r?=r% 52[(1-%2)/(1“102)] where T2=x%+y% ¢? and
E, =(x/4,y/4,¢/ 2. Taking into account this screening function letmshe following scalar

potential

o(n)= 'gl{r 2.Rr+d(R-r)xIn {]:l-exp {-2(5 - r)}}

-dRI{u costﬁg})d; PonI%@ {xpzyﬂ} +d RS

1
where: Polylog[2,2 ={[ InN1-2z)/t]dt The constant of integration was chosen such as
0

1)

#(r) - 0 whenr - o« . It was shown numerically that(r) varies slowly close to the center

of the bubble and decreases very rapidly closkde@lectron sheath.
The Hamiltonian of one electron isH = /1+( P+ A) - ¢ whereP=p-A is the canonical

momentum of the electron. Then, the canonical teainsation: (zF;) - [f, P{j, given by the

type-2 generating functioﬁz(z,F} t) =R(z-y} is performed. The new canonical variables
are defined byP, =0JdF,/dz=P; and ¢= o"Fz/dng: Z-Ugt .and the new Hamiltonian reads

H=H+dF,/&d= y-Uyp, ( 1+L%)¢. Some electrons which are not trapped in the welkef
are trapped when a very high magnitude static ntagfield is applied (Fig.1).
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Fig.1
One electron trajectory with and without the magnstiatic field.

R=10,d=0.5=05,3=0.(a) :By=0. (b): By=1.
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Many trajectories are bent by the magnetic fieleepng particles closer to the rear of the

bubble. Then, the electron trapping is more likelpccur.
The equation fo€is d&/dt=(P,+A,)/y-uy = p,/y-Uy. At a point of return in the cavity, the

following condition must be satisfiedp, = yu,. Assuming that particles are initially at rest,
the domain in phase space where electrons arestlaggn be defined by
p. 2 Py = Upd|o(L+ug)+ 1] @)

As this condition (Eq.2) is formally the same as time previously obtained by Kostyuket

al. ignoring the magnetic field, the trapping conditi%/R<]/\/§, is still valid /6,7/As we
only consider very high intensity lasers interagtimith low density plasmaj, will not be
significantly affected by a static magnetic fieloreover, the size of the bubble is not
significantly modified by the static magnetic fietdthe situations considered in our PIC code
simulations. Consequently, the enhancement ofreled¢tapping, in the PIC code simulation
results described in the next paragraph, seems tnply due to the fact that strong static

magnetic fields will partly suppress the transversgion of electrons.

3. PIC CODE SIMULATION RESULTS
Numerical simulations were conducted using the-dimeensional PIC code CALDER [8].
As shown in Figs. (2,3), a static magnetic fieldoleggl in parallel with the direction of

propagation of the driving laser pulse does enhéme@article trapping in the first bubble.
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Fig.2
Electron density in the first bubble =5, n=3.4x13" cm® (a): & = 0. (b):5B = 120 T.
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Fig.3
a=5 n=3.4x13" cm?
Electron energy distribution in the first bubble): 3, = 0. (b): B, = 120 T.

4. CONCLUSION

The influence of a strong static magnetic fieldgtiat to the direction of propagation of the
laser pulse on electron trapping in the accelegaglectron cavity has been studied. The
trapping condition is formally the same as the previously derived hyKostyukovet al /6/.
The enhanced trapping associated to the magnelecif due to the partial suppression of the
transverse motion. Numerical simulations were asoducted, they confirm that a constant
magnetic field is an important controlling knob fnproving the electron trapping in the

LWFA process.
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