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Focusing of relativistic electron bunches by nonresonant wakefield, excited by them in plasma, is investigated by
numerical simulation. For a good focusing bunches are placed optimally relatively to the excited wave. For this the
specific difference of wave frequency and bunches repetition frequency is used.

PACS: 29.17.+w; 41.75.Lx

INTRODUCTION

Focusing of bunches by radial component of wake-
field is an important problem. The intensity of this fo-
cusing is larger on a few orders in comparison with used
magnetic focusing [1]. However focusing, which occurs
in the plasma at space charge compensation of bunches,
is also not enough intense. The intensity of focusing can
be increased significantly, at orientation on its use in
colliders, at use of excited transverse wakefield. Focus-
ing by excited resonant wakefield was studied in [2, 3].
Also a uniform focusing by excited wakefield has been
studied in [3, 4] for a relatively long bunches and in [5]
for short bunches. As in the experiment it is difficult to
maintain a uniform and stationary plasma density, reso-
nant for sequence of electron bunches, in this paper fo-
cusing of sequence of bunches of relativistic electrons
by excited non-resonant wakefield is considered.

1. OPTIMAL NONRESONANT WAKEFIELD
PLASMA LENS FOR SHORT SEQUENCE
OF IDENTICAL BUNCHES
OF RELATIVISTIC ELECTRONS

Numerical simulation has been performed using
2d3v-code Icode [6]. For numerical simulation BuGpani
Parameters: n,=10" cm™ is the resonant plasma density
which corresponds to ratio ®pe=0n=27-2.8 x 10°, relativ-
istic factor of bunches equals y,=5, have been selected.
on is the repetition frequency of bunches, ©p=
= (4nnee’/my) Y2 is the electron plasma frequency. The
density of bunches n, =6x10°cm™ is distributed in the

transverse direction approximately according to Gaussi-
an distribution, ¢, =0.5cm, A =10.55 cm is the wave-

length, =V, t-z, V, is the velocity of bunches. Time is
normalized on mpe'l, distance — on c/wp, density — on
Nes, current 1, — on lg,=mmc*/4e, fields — on
(47mresC2me)1/2-

As it has been shown in [3], at the resonant excita-
tion of wakefield the shorter first fronts of the bunches
are defocused by smaller fields, and longer back fronts
of the bunches are focused by larger fields (see Fig. 1).

I.e. focusing by resonant wakefield is strongly inho-
mogeneous.

Let us consider the optimum parameters for the case
of nonresonant wakefield plasma lens for short sequence
of identical bunches of relativistic electrons. I.e. we will
show that for selected: the length of bunches, less than
half the wavelength &,<A/2, their number N, and repeti-
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tion frequency of bunches o, there is a range of suitable
electron plasma frequency . such that all bunches are
in focusing wakefields F,.
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Fig. 1. Longitudinal distribution of radius r, (horns)
and density ny, (trapezoids) of sequence of resonant
rectangular bunches and of radial wakefield F,
(oscillating line), after their focusing/defocusing
at the distance z=33 cm from the boundary of injection
at §=A4/2, 1,=0.45x10
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Fig. 2. Longitudinal distribution of radius r, (points)

of sequence of very short approximately Gaussian
bunches, of radial wakefield F, (oscillating line

of smaller amplitude) and of longitudinal wakefield E,
(oscillating line of larger amplitude) near boundary
of injection at ng=1.35 Ny, &=0.14, 1,=1.56x107,
The arrow shows the direction of the bunch motion
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As it will be demonstrated below, that in the case
Wpe>0m all point (very short) bunches are in focusing or
in a zero radial field, we use the range of parameters
when op.>on. For determination the optimal parameters
we use two conditions. Namely, that all N, are placed on
the length of a beating, it is necessary 0<cpe-0m<er. g
is some critical frequency, associated with Ny. At the
same time, for all the electrons of all bunches are in fo-
cusing wakefields, it is necessary &p<&,.

In the case of point &—0 bunches one restriction is
removed, and the relative position of bunches and F; at
Ne/Nres=1=0.35 (Nges i determined from (4mnyee?/m,) 2=
= o) has the form shown in Fig. 2.

One can see that N,=5 bunches are in focusing
wakefields F,.
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Fig. 3. Longitudinal distribution of radius r, (short
linear segments) of sequence of rectangular bunches
of length, &=A4/4, of radial wake force F, (oscillating

line of smaller amplitude) and of longitudinal wakefield
E, (oscillating line of larger amplitude) near boundary
of injection at Ne=1.35N,, 1,=10
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Fig. 4. Longitudinal distribution of radius ry, (short lin-
ear segments) of sequence of rectangular bunches of
length &=A4/4, of radial wakefield E, (oscillating line)

and of magnetic wakefield H, (trapezoids) near bounda-
ry of injection at n;=1.35 Ny, 1,=107

In the case of bunches of finite length, £,=A/4 at the
plasma density, equal to n.=1.35n,, the relative position
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of bunches and F, has the form shown in Figs. 3, 4. F, is
the total, i.e. radial field of the space charge of the
bunch, wakefield and its own magnetic field of the
bunch current Hgy. E; is the total, i.e. radial field of the
space charge of the bunch and wakefield. As one can
see, for each frequency difference .-, there exist the
length of sequence and the length of the bunches, when
all the electrons of all bunches are in focusing fields.

2. FOCUSING OF LONG SEQUENCE
OF RELATIVISTIC ELECTRON BUNCHES
BY NONRESONANT WAKEFIELD

Let us consider the distribution of long sequence of
short relativistic electron bunches (Fig. 5) relative to
excited wakefield beatings at wye>won (Fig. 6).
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Fig. 5. Spatial distribution of density n, of sequence of
very short approximately Gaussian bunches &=0.11
near boundary of injection at n;=1.35nyes, 1,=1.56 x 10

F

1151074 & ]
0(’\,‘\\’\{/\ n\/\fn\[\!‘r\.ﬁ\ nl

VIVIVIVIVI TYVIVIVIV T

115107 1

0 10 20 30 40 50 60 70 80 90 100

£

Fig. 6. Longitudinal distribution of density n, (vertical
lines) of sequence of very short approximately Gaussian
bunches &=0.14 and of radial wake force F, (oscillat-
ing line) near boundary of injection at n;=1.35n,,
1,=1.56 x 107

At on<wmp, beatings are excited. All bunches are in
focusing fields of beatings except at fronts of beatings,
where they are not focused.

In the case of bunches of length &,=A/4, A=2nVy/w,
one can see Fig. 7 and Fig. 8.
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Fig. 7. Spatial distribution of density n, of sequence
of rectangular bunches of length &=4/4 near boundary
of injection at Ng=1.35 Ny, 1,=10"
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All bunches are in focusing fields except at fronts of
beatings, where they are not focused.
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Fig. 8. Longitudinal distribution of radius ry, (short lin-
ear segments) of sequence of rectangular bunches of
length &=A4/4 and of radial wake force F, (oscillating

line) near boundary of injection at n;=1.35 Ny, 1,=10"°

Let us compare focusing in nonresonant (Fig.9)
On<wpe and in resonant (Fig. 10) oy=wmpe Cases.

One can see that in nonresonant case all bunches are
focused except at fronts of beatings, where they are not
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Fig. 9. Longitudinal distribution of radius ry of se-
guence of rectangular bunches of length &=4/4 at
Ne=1.35 Nyes, 1,=107 after their focusing at the distance
z=50 cm from the boundary of injection
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Fig. 10. Longitudinal distribution of radius r, of reso-
nant sequence of rectangular bunches of length &=1/4
at 1,=107 after their focusing/defocusing at the distance
z=50 cm from the boundary of injection

Now we consider the long sequence of short Gaussi-
an bunches. The sequence is shaped according to linear
dependence. The space interval between bunches equals
to the wavelength (see Fig. 11).
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Fig. 11. Longitudinal distribution of radius ry, (points) and density (vertical lines) of long shaped according to
linear dependence sequence of very short bunches, of radial wake force F, (oscillating line of smaller amplitude)
and of longitudinal wakefield E, (oscillating line of larger amplitude) near boundary of injection at 1,=107
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Fig. 12. Longitudinal distribution of radius ry, (points) and density (vertical lines) of long shaped according to
linear dependence sequence of approximately Gaussian bunches, the length of which equals &=A4/5, of radial
wake force F, (oscillating line of smaller amplitude) and of longitudinal wakefield E, (oscillating line of larger

amplitude) near boundary of injection at 1,=2.5x 107
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Fig. 13. Longitudinal distribution of radius ry, (points) and density (vertical lines) of long sequence with precur-

sor shaped according to linear dependence along sequence as well as along each bunch, of radial wake force F,

(oscillating line of smaller amplitude) and of longitudinal wakefield E, (oscillating line of larger amplitude) near
boundary of injection at 1,=10"
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One can see that all bunches are in maxima of focus-
ing field and thus they are decelerated slowly, as they
are in zero decelerating field, excited by previous
bunches.

Now we consider the long sequence of Gaussian
bunches, shaped according to linear dependence. The
space interval between bunches is equal to the wave-
length, and the bunch length equals &,=A/5 (Fig. 12).
Also we consider a long sequence of short bunches with
precursor, shaped according to linear dependence along
the sequence and along each bunch (Fig. 13). The space
interval between bunches equals wavelength. One can
see that in both cases all bunches are in maximal focus-
ing fields and in a small E,.

Thus, bunches of sequence, shaped according to lin-
ear dependence, and bunches of sequence, shaped ac-
cording to linear dependence with precursor, are in max-
imal focusing fields.

CONCLUSIONS

Focusing of relativistic electron bunches by nonres-
onant wakefield, excited by them in the plasma, has
been investigated by numerical simulation. For an effi-
cient focusing the bunches are placed optimally with
respect to the excited wave. For that it uses a determined
difference of wave frequency and repetition frequency
of bunches.
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D®OKYCHUPOBKA PEJATUBUCTCKUX IJIEKTPOHHBIX CTYCTKOB HEPE3OHAHCHBIM
KWJIBbBATEPHBIM ITOJIEM, BO3BYXKJAEMBIM B I1IJIABME

B.U. Macnos, H.11. Jlesuyk, H.H. Onuwienko

HCCJ’IGILyeTCH YUCJICHHBIM MOJCIIMPOBAHUCM (bOKyCIdeBKa PEIATUBUCTCKUX JJICKTPOHHBIX CTYCTKOB HCEPE30-
HaHCHBIM KWJIbBATCPHBIM II0JIEM, B036y)KL[aeMI)IM HUMHU B IJ1Ia3ME€. I[.Hﬂ Xopomeﬁ (I)OKYCI/IpOBKI/I CT'YCTKH pasMellaroT-
Cs OIITUMAJIbHBIM 06p330M OTHOCHUTCJIBHO Bo36y>1<z(aeM0171 BOJIHBI. I[J'IH OTOT'0 UCIIOJB3YETCs OIMPCACIICHHAA PA3HOCTb

YaCTOThbI BOJIHBI U HaCTOTHI CJICA0OBAHNA CI'YCTKOB.

OOKYCYBAHHS PEJATUBICTCBKUX EJIEKTPOHHUX 3I'YCTKIB HEPEBOHAHCHUM
KIVIbBBATEPHUM ITIOJIEM, IO 3BYIKYETHCS B IIVIA3MI

B.I. Macnoe, LII. Jleguyk, I.M. Onuuwienko

JIOCIIKY€ETHCS. YUCETbHIM MOJCITIOBAHHIM (DOKYCYBAHHSI PEISTHBICTCHKHX EJICKTPOHHHUX 3TYCTKIB HEPE30HAH-
CHHM KiJTbBaTEPHHUM TOJIEM, SIKE 30YIKYEThCS HUMH B TuIa3Mi. J{J1st Xopomroro (poKyCyBaHHS 3TYCTKH PO3MIIIYIOTBCS
ONTUMAIIFHAM YMHOM IIIOJI0 XBWII, SIKa 30yKyeThes. I IIbOro BUKOPUCTOBYETHCS MIEBHA Pi3HUIA YaCTOTH XBHII i

YaCTOTH CIIiAyBaHHS 3TYCTKIB.
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