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PLASMA LENS FOR ELECTRON AND POSITRON BEAMS
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Focusing of both electron and positron bunches in electron-positron collider is necessary. When long elec-
tron/positron bunch is injected into the plasma, the focusing force is not uniform but oscillated. It is shown that a
long positron bunch after focusing is destroyed faster than an electron bunch due to betatron and plasma oscillations.

PACS: 29.17.+W; 41.75.LX

INTRODUCTION

Plasma wakefield accelerators provide an extremely
high accelerating gradient [1 - 13], long sequence focus-
ing and large transformer ratio obtaining [14 - 23], reso-
nant wakefield excitation by a nonresonant sequence of
electron bunches [24, 25]. Focusing of relativistic elec-
tron bunches by wakefield, excited in the plasma, is
important previously studied effect [26 - 37]. Mecha-
nism of focusing in the plasma, by which all bunches of
a sequence are focused identically and uniformly, is
proposed and investigated by numerical simulation in
[14 - 16].

The plasma lens for long relativistic electron and
positron bunch focusing is studied in this paper by nu-
merical simulation using code Icode [38]. Unbounded
non-magnetized homogeneous plasma is considered.
The Gaussian (cos® 4) in longitudinal direction bunch
(current profile) is considered.

The purpose of this paper is to show by numerical
simulation that one can achieve conditions of focusing
of long relativistic electron and positron bunch. In this
paper the authors present the results of numerical simu-
lation on the focusing force distribution for long elec-
tron and positron bunches.

We use the cylindrical coordinate system (r, z) . The

time 7 is normalized to @, , all the distances and coor-

dinate £ — to ca);el, the density — to the unperturbed

plasma electron density, the beam current [, — to

mc* /e =1TkA , the fields — to mcw,, / e, where m is

the electron mass, e is the electron charge, c is the
speed of light, @, is the plasma electron frequency. 4 is
the plasma wavelength. The simulation time is 60.160;81.
v, =5 for all bunches. The length of all bunches is
L, =84 . These normalisations are used also in the Fig-
ures. The arrow on all Figures indicates the direction of
movement of the bunches.

We present the numerical simulation data on plasma
wakefield excitation by a relativistic electron and posi-
tron bunch, obtained with the 2.5D quasi-static code
Icode. It treats the plasma as a cold electron fluid (mag-

netohydrodynamics model), and the bunches as ensem-
bles of macro-particles.
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Spatial step equals 0.1cco;. Time step for plasma

electrons equals 0.160;@1. Time step for beam electrons

equals 0.1 ybw;:. Spatial dependences in selected

points of observation are presented.

RESULTS OF NUMERICAL SIMULATION

At first, the excited field distribution, formed by
long Gaussian electron bunch in the plasma (Fig. 1) is
considered.
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Fig. 1. Spatial distribution of Gaussian bunch electron
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density n, (f, r) (minus indicates to the electron
bunches) at y, =5, 20, =25, o, =0.1, maximum initial
electron bunch current I, =0.6-107
In this case, a rather smooth electrons n,(&,r)

(Fig. 2) density pit is formed in the plasma in the Gaus-
sian bunch region.
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Fig. 2. Spatial distribution of plasma electron density
n,(&,r) (corresponds to Fig. 1)

In addition, smooth focusing force is observed in the
region of the bunch (Fig. 3).

First (approximately, during the first half of the
simulation time), the focusing of the electron bunch is
observed (Figs. 4-6). The centers of the bunches are
subjected to the strongest focusing (see Fig. 5).
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Fig. 3. Longitudinal distribution of focusing force
F, (&) (corresponds to Figs. 1, 2)
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Fig. 4. Spatial distribution of focused Gaussian bunch
electron density n, (&,r)
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Fig. 5. Longitudinal distribution of bunch electron
density n, (f,r =1;,) : before focusing (a); after focusing (b)
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Fig. 6. Longitudinal distribution of bunch electron den-

sity n, (f,r = 0) : before focusing (a); after focusing (b)
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Then (after approximately ¢ =30, — 40w, ) beta-

tron oscillations develop. Since the frequency of beta-
tron oscillations for electrons of the bunch located at
different radii is different, the bunch stratifies and the
electrons of the bunch peripheral along the radius are
defocused (Fig. 7). In general, the destruction of the
bunch can be observed along the entire diameter.
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Fig. 7. Spatial distribution of Gaussian bunch

electron density n, (&,r) due to betatron
and plasma oscillations
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Fig. 8 Spatial distribution of Gaussian bunch

positron density n, (f, r)

From comparison Figs. 7 and 8 it can be seen that
for the same time the positron bunch is destroyed more
strongly than electron.

From the beginning, oscillations are observed in the
second part (after § =30c¢/w), ) of the plasma electron

density pit (Fig. 9).
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Fig. 9. On-axis longitudinal distribution of plasma elec-
tron density n, ((;‘ b= O) (corresponds to Figs. 1, 2)

Then oscillations are excited in the plasma electron
density (Fig. 10).

The development of oscillations can be seen on
F. (&) graph (Fig. 11).

As a result, the bunch is modulated (see Fig. 12).
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Fig. 10. Spatial distribution of plasma

electron density n, (f , r)
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Fig. 11. Longitudinal distribution

of focusing force F
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Fig. 12. Longitudinal distribution of bunch electron

density n, (f, r= rb) at large (end of simulation) times

In general, the destruction of the bunch is visible
along the entire diameter. Thus, the inhomogeneity of
the focusing force and the modulation of relativistic
bunches of electrons and positrons during their propaga-
tion in the plasma due to betatron and plasma oscilla-
tions are shown. In addition, it has been shown that
positron bunch is destroyed more strongly and faster
than electron bunch.

CONCLUSIONS

A numerical simulation of the focusing of electron
and positron bunches by a plasma lens is carried out.
When a long electron/positron bunch is injected into the
plasma, the resulting focusing force is not uniform, but
oscillates. It was shown that a long bunch of positrons
after focusing is destroyed faster than an electron bunch
due to betatron and plasma oscillations.
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IMJIASMEHHASA JIMH3A JJIA 9JJEKTPOHHOI'O 1 ITIOSUTPOHHOI'O ITYYKOB
A.C. Bonoapw, B.U. Macnoe, U.H. Onuwenxo, P.T. Oscannukos

Heobxomuma (GokycHpoBKa Kak 3JIEKTPOHHBIX, TaK M MO3UTPOHHBIX CI'YCTKOB B 3JICKTPOH-TIO3UTPOHHBIX KOJI-
nainepax. [Ipyu MHXEKIUU JUIMHHOTO CT'YCTKa 3JICKTPOHOB/TIO3UTPOHOB B IITa3My 0Opa3yromasics (poKycHpyromas
CUJIa HE OJIHOPOJIHA, & ¢ HEKOTOPBIMHU OCIUIAIMAMHE. [10Ka3aHO, YTO JUIMHHBIA TO3UTPOHHBIA CTYCTOK rocie ¢o-
KYCHPOBKH pa3pyliaeTcsi ObICTpee, YeM 3JICKTPOHHBIA CTYCTOK 3a CUST OETAaTPOHHBIX KOJCOAHWH WM IUIa3MEHHBIX
OCIHMJIISLIVI.

IMJIA3ZMOBA JIIH3A JJIA EJJEKTPOHHOI'O 1 IIO3UTPOHHOI'O ITYUYKIB
.C. Bonoapw, B.I1. Macnos, I. M. Oniwienko, P.T. Oecannixos

HeoOximHe poxycyBaHHS SK €IEKTPOHHHUX, TaK 1 MO3UTPOHHUX 3TYCTKIB B CIEKTPOH-ITO3UTPOHHUX KoJaiaepax.
[Ipu iHXKEKIN1 JOBroro 3rycTka eJIeKTPOHIB/IIO3UTPOHIB Y IUIa3My YTBOpIOBaHa ()OKYyCyroUa CHiia He OJHOpiIHA, a 3
JESIKUMH OcIIIIAIiAMU. [TokazaHo, 110 JAOBTUH MO3UTPOHHUM 3IyCTOK Micis (hOKYCYBaHHS PYHHYETHCS INBHIIIIC,
HiXk €JICKTPOHHHIA 3TYCTOK 32 paXyHOK OCTATPOHHHMX KOJHBAHD 1 IIA3MOBHX OCIIHJISIIIMH.
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