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BUNCHES WITH LINEAR GROWTH OF CHARGE
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Using code LCODE, the 2d3v-numerical simulation of nonlinear wakefield excitation in plasma by shaped se-
quence of relativistic electron bunches with linear growth of charge has been performed. The transformation ratio
has been determined taking into account nonlinearity of excited wakefield at shaping of bunches and sequence.

PACS: 29.17.+w; 41.75.Lx;

INTRODUCTION

At electron acceleration by wakefield the transfor-
mation ratio is important. It is determined as Ty, ratio of
the energy, received by accelerated bunches, to energy,
lost by sequence of electron bunches, exciting the
wakefield at their decelerating in plasma. The trans-
formation ratio can be approximately defined as a ratio
Tg=E,/E; of the wakefield, which are excited in plasma
by the electron bunches, E, to the field in which an
electron bunch is decelerated E;.

In 1D case of the alternating decelerated and accel-
erated bunches, lengths of which are less than wave-
length in plasma, the transformation ratio does not ex-
ceed two T<2. The transformation ratio can be in-
creased at the use sequence of bunches. In this case of
bunches of finite sizes the method has been offered in
[1] and investigated in [2-4] of increase of transforma-
tion ratio. In this case the transformation ratio increases
at not very large amplitudes as 2N. N is the number of
bunches in sequence. If bunch length equals to the half
of wave-length, the porosity between bunches equals to
the wave-length.

In [5, 6] it has been found that in the case of one
long bunch the density of which grows according to the
linear law along bunch, the transformation ratio can be
larger

T=2nN,
where N=L,/A is the number of wave-length A, located
on length of bunch L.

In this paper the transformation ratio increase is in-
vestigated in linear and nonlinear cases, using 2.5D
code LCODE [7], at charge shaping according to linear
law along sequence as well as along each bunch. The
bunch length equals to nonlinear wave-length A. The
porosity between bunches also equals A.

WAKEFIELD EXCITATION IN PLASMA
BY SHAPED SEQUENCE OF BUNCHES

Because charges of bunch sequence and of every
bunch are shaped along longitudinal coordinate accord-
ing to linear law, then the charges of bunches follows to
the known law 1, 3, 5 etc i.e. Q,= (2n-1)Q;. At first we
consider the case of single bunch, which is injected in
plasma. Before this bunch at some distance we place a
rectangular bunch of length A/4 and small density. At
certain bunch current after it the electron bubble and
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wave braking (see Fig.1) are formed. From Fig.1 one
can see that all electrons of bunch are decelerated ap-
proximately in the identical longitudinal electric field
E,.
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Fig. 1. Plasma electron density n, (gray) in wakefield,
longitudinal wakefield E. (red), density of bunches n,
(vellow) and averaged <E.> =ldr r Eznb/fdr rny, (black)
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Fig.2. Change of longitudinal momentum of bunches
I, at wakefield excitation. dp, and t are normalized
on m,c’ and Wye
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Fig.3. E. (brown), averaged E, (black), n,, (vellow)

In other words, the longitudinal electric field E,, de-
celerating bunches, approximately does not depend on a
coordinate along a bunch.

From Fig.1 one can derive Tg=8.7, which is larger
then 27 approximately on 30 %.

From Fig.2 one can obtain, that Ty~ 7.73, i.e.
27T<Tw<TE.

Now we consider the case of two bunches of small
current. In this case on length of every bunch-driver large
variation of values of decelerating electric-field is ob-
served (Fig.3), that results in the different decelerating of
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bunch electrons. It does not give to possibility to attain the
complete decelerating of electrons of bunches-drivers.
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Fig 4. E, (red), averaged E. (black), n,, (vellow)

The not maximal transformation ratio is observed in
this case. Namely, from Fig.3 one can derive that Tg is
equal to Tg=3 after 1-st bunch and Tg=6 after 2-nd
bunch. I.e. we have approximately Tg=3N, N is the
number of bunches. To remove these defects, we place
before bunches the same precursor as well as in the case
of one bunch. Then (Fig.4) we get that all bunches are
decelerated approximately in identical E,. In other
words, longitudinal electric field E,, decelerating
bunches, in the areas of location of bunches — drivers
approximately does not depend on a coordinate along
every bunch as well as along a sequence. In this case
one can obtain maximal Ty and complete deceleration
of drivers (Fig.5).

From Fig.6 one can see that in the nonlinear regime
also all electrons of every bunch and all bunches are
decelerated approximately in the identical longitudinal
electric field E,. In this case one can obtain maximal Ty,
and complete deceleration of drivers (Fig.7).
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From Fig.6 one can derive that the transformation ra-
tio equals Tg=9.4 after 1-st bunch and Tg=16.4 after 2-nd
bunch. I.e. Tg>2nN after 1-st bunch in 1.5 times and
after 2-nd bunch in 1.3 times.

Now we consider the sequence of three bunches.
The precursor is also preceded the sequence. At the
certain current of the sequence the electron bubble and
wave braking are formed after the last bunch. From
Fig.8 one can see that all electrons of every bunch and
all bunches are decelerated approximately in identical
E,.
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From Fig.8 one can obtain that after the 1-st bunch
Tg=7.4, after the 2-nd bunch Tg=14.1, after the 3-rd
bunch Tg=19.7. It also as for one and two bunches leads
to Tg>2nN. Here N is the number of bunches in the
sequence.

Similar wakefield distribution and electron dynam-
ics are observed in the case of the sequence of ten
bunches (Fig.9, 10).
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Fig.9. On-axis longitudinal electric field E, (brown), averaged E, (black)
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Fig.10. Change of longitudinal momentum of bunches op. at wakefield excitation by them

CONCLUSIONS

It has been shown that the longitudinal electric field
E,, decelerating bunches, in the areas of bunches-
drivers location approximately does not depend on a
coordinate along every bunch and along the sequence of
bunches. l.e. it was succeeded to obtain, that all elec-
trons of every lengthy bunch and all bunches of se-
quence were decelerated by almost identical force.

It has been shown that at the use of sequence of
bunches, the charge of which is shaped according to
linear law, and at the use before the sequence of short
bunch-precursor of small charge the transformation
ratio is larger than the maximal known now 2zN on
30...50 %. Here N is the number of bunches in a se-
quence.

It the almost ideal wakefield accelerator, because
one can obtain maximal T, in condition of a complete
deceleration of drivers by the almost identical fields.
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KOR®PUIIUEHT TPAHC®OPMAIIAU ITPU BO3BYKJIEHUN HEJTMHEVMHON KWJIbBATEPHOI
BOJIHBI B IVIA3BME ITPO®UJIUPOBAHHOM MOCJIEIOBATEJIBHOCTBIO
3JEKTPOHHBIX CI'YCTKOB C IMHEMHO HAPACTAIOIIEA HHTEHCUBHOCTBIO

B.U. Macnos, H.H. Onuwienxo, U.I1. fAposas

HUcnone3ys kox LCODE, nposeneHo 2d3v-uncieHHOE MOIETHPOBaHUE BO30YKICHHS HEIMHEHHON KHUIbBATEp-
HOHM BOJIHBI B IIIa3Me NPOQHINPOBAHHOH IIOCIIEOBATEILHOCTHIO PEISTUBUCTCKUX JIEKTPOHHBIX CI'YCTKOB C JIH-
HEHHO HapacTarollell HHTCHCUBHOCTHIO. Orpe/esieH KodGGHUIMEHT TpaHCHOPMAIIUU ¢ YYSTOM HEIUHEHHOCTH BO3-
Oy>kIaeMOH KHIbBATEPHOH BOJIHBI IPH NPO(UINPOBAHUH CI'YCTKOB U I1OCIIEJOBATEIBHOCTH.

KOE®IIIEHT TPAHC®OPMALIIIL ITPH 35Y PKEHHI HEJTHIMHOI KIJIbBATEPHOI XBHJII
B IIA3MI IPO®LIBOBAHOIO MOCJAIJOBHICTIO EJJEKTPOHHUX 3I'YCTKIB
3 JJIHIMHO HAPOCTAIOYEN IHTEHCUBHICTIO

B.I1. Macnos, .M. Oniwenxo, LII. fAposa

Bukopucrosyroun kox LCODE, nposeneno 2d3v-uncensHe MoetoBaHHs 30y DKEHHSI HEJIIHIHHOT KUIbBaTepHOT
XBHWJI B IUIa3Mi MpOGiIbOBaHOIO TOCIIIOBHICTIO PEJSITUBICTCHKUX €JIEKTPOHHMUX 3TYCTKIB 3 JIHIHHO HapocTaroueit
iHTeHCHBHICTIO. Bm3HaueH koedimieHT TpaHchopMamii 3 ypaxyBaHHSM HeENiHIMHOCTI 30ymKyBaHOI KiTbBaTepHOL

XBWJII TIPY IPO(UTIOBAHHI 3TyCTKIB 1 MOCTIIOBHOCTI.
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