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It has been shown that wakefield in the regions, occupied by bunches-drivers, does not depend on a longitudinal
coordinate for certain lengths of bunches, distance between bunches and the charge is ramped by linear law. For
increase of number of accelerated electrons long sequence of electron bunches-drivers, charge of which is
distributed according to linear law along each bunch, providing large transformation ratio and homogeneous
wakefield, which enable to completely decelerate bunches-drivers, has been constructed.
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INTRODUCTION

The transformation ratio, defined as ratio Tg=E,/E,
of the wakefield E,, which is excited in plasma by
sequence of the electron bunches, to the field E;, in
which an electron bunch is decelerated, is considered at
first with charge shaping along each bunch and along
sequence according to linear law and later only along
each bunch. In [1] Tg increase is investigated in linear
and nonlinear cases at charge shaping according to
linear law along sequence as well as along each bunch.
The bunch length equals to wave-length &,=A. The
interbunch gap also equals 6&=A. Before this sequence
at some distance a rectangular bunch of length A/4 and
small density has been placed. Then Tg>2nN can be
derived in nonlinear case, N is the number of bunches.
In this paper it is shown that this large transformation
ratio can be achieved also for other lengths of bunches
E=A, 2A, ... and for other interbunch gaps 6£=0, A,
2N, ...
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Fig. 1. E, on a radius equal to the radius of bunch
(red), radial wakefield F. (dark blue), n;, (vellow),

radius of bunches ry, (blue)

Also asymptotics of infinite sequence of the
electron bunches-drivers and bunches-witnesses has
been derived using 2.5 D code Icode [2] for increase of
number of accelerated electrons at large transformation
ratio. The charge distribution in each this bunch-driver
is represented in kind of turned on a corner w/2
rectangular trapezoid. The transformation ratio
Tg=2 nNy is achieved in this sequence. Ny, is the num-
ber of bunches-drivers from the first front of sequence,
the charge of which grows along the sequence
according to the linear law or according to the known
law 1, 3, 5 etc. Similar Tg is achieved in [3, 4] for one
long bunch the charge of which grows according to the
linear law along bunch and by numerical simulation in
[1] for short sequences of the electron bunches-drivers.
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1. WAKEFIELD EXCITATION IN PLASMA BY
BUNCHES OF SEQUENCE SHAPED
ACCORDING TO LINEAR LAW

In many investigations on Tg, performed earlier, it is
impossible to obtain the full deceleration of all electrons
of bunches, because decelerating wakefield is strongly
inhomogeneous along bunch.
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Fig. 2. Change of longitudinal momentum of bunches
dp. at wakefield excitation by them. dp. and t are
normalized on mecz and @y,
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Fig. 3. E, (red), averaged <E,> (black), n, (vellow),
ne (gray)

We investigate the case, when the decelerating
wakefield is homogeneous along each bunch. From
Fig. 1 one can see that all electrons of all bunches are
decelerated approximately in identical longitudinal
wakefield E, in the case &,=A, &=\ at charge shaping
according to linear law along sequence as well as along
each bunch and using before this sequence at some
distance a rectangular bunch of length A/4 and small
density.
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Fig. 4. Change of Op. in nonlinear case
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 the
sequence. In this case one can obtain maximal Ty and
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complete deceleration of all electrons of bunches —
drivers (Fig. 2).

From Fig. 1 one can see that all bunches are in the
areas of the focusing fields.
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In nonlinear case (one can see Figs. 3—4) Tg=9.4
after 1-st bunch and Tg=16.4 after 2-nd bunch. le.
TE>27TN.

For the case of sequence of ten bunches one can see
Figs. 5-7. Part of Fig. 5 is shown in detail in Fig. 7.
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|E» <EP One can select interbunch gap, equal to 56=gA, q=0,
l__ j j g i . 1, 2 (Fig. 8, 0&=2A at length of bunch, equal to &=1).
o | One can also select length of bunches, equal to
I‘ ’ | &=pA, p=1, 2, 3, (Fig.9 at length of bunch and
| | | \ t i — =
55 e 50 interbunch gap, equal to &,=2A, E=21).
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Fig. 8. E, on a radius equal to the bunch radius (ved), F, (dark blue), ry, (blue)
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Fig. 9. E, on a radius equal to the bunch radius (red), F, (dark blue), r, (blue)

2. WAKEFIELD EXCITATION WITH HIGH
TRANSFORMATION RATIO IN PLASMA
BY INFINITE SEQUENCE OF SHAPED
BUNCHES-DRIVERS AND BUNCHES-
WITNESS ACCELERATION

One can see that large Tg is achieved. However F,;
grows along the sequence that can result in instability.
However one can obtain a homogeneous stationary
case, if to select certain witnesses and to conform them
with certain drivers, alternating witnesses (Figs. 10-12).

There are several reasons that cause to derive the
optimized sequence of bunches with large Tg:

1) large number of accelerated electrons is needed;

2) large Tk is needed.

However there appeared difficulties:

1) it is impossible strongly to extend the sequence,
shaped on the linear law, because a maximal charge is
limited,;
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2) with sequence lengthening, shaped according to
the linear law, F, grows along it, the latter can destroy
driver.

As a result the infinite sequence of electron
bunches-drivers is derived. The bunches-drivers of
asymptotic part of sequence are identical each other and
are represented turned on a corner m/2 rectangular
trapezoid. These bunches-drivers are alternated with
bunches-witnesses. Each this bunch — driver restore the
wakefield amplitude after each bunch-witness. The
bunch’s charges of the periodic part of sequence equal
to Q.= (2Ng-1)Qq, n>Nyg. Ny is the number of
bunches of frontal part of sequence with growing
charge. The charge of every bunch is shaped along
bunch according to linear law.

The advantages of this sequence are following:

1) large transformation ratio Tg=2nNg;

2) homogeneous E, for bunches-drivers along every
bunch and along the sequence;

3) bunches-drivers n>Ny are focused by identical
focusing forces;

4) a long sequence of bunches-witnesses.
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Fig. 11. E, on a radius equal to the bunch radius (red),
F, (dark blue), ry (blue), n,, (vellow)
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In the head of sequence of bunches a rectangular bunch
— precursor, length of which equals A/4, is placed. Then
short sequence of electron bunches, a charge in which
grows according to the linear law both along every
bunch and along the sequence, follows. After this short
sequence an asymptotic long (infinite) periodic
sequence of electron bunches-drivers and bunches-
witnesses follows. Charges of these bunches-drivers are
identical, but they are distributed according to the linear
law along every bunch. These bunches-drivers are
alternated with bunches-witnesses.
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Fig. 12. Change of longitudinal momentum of bunches-
drivers and bunches-witnesses op.. Two point

accelerated bunches alternate the shaped

bunches-drivers

CONCLUSIONS

It has been shown that the wakefield E,, decelerating
bunches-drivers, in the areas of bunche-drivers location
approximately does not depend on longitudinal
coordinate if the charge is shaped according to linear
law. l.e. it has been succeeded to obtain, that all
electrons of every lengthy bunch and all bunches of
sequence are decelerated by almost identical force if
lengths of bunches equal &,=pA, p=1, 2, 3, ... and
interbunch gaps equal 8¢=qA, =0, 1, 2, ....

The long sequence of electron bunches-drivers and
bunches-witnesses has been derived, providing the large
transformation  ratio, = homogeneous  wakefield,
decelerating bunches-drivers, and long sequence of
bunches-witnesses. The charge of this bunch-driver is
distributed according to linear law along every bunch.
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BO3BYXJIEHUE KNJIbBATEPHOTI'O ITIOJISA B IIVIASME ITOCJIEJJOBATEJBHOCTBIO
MNPOPUJIUPOBAHHBIX JIEKTPOHHBIX CTYCTKOB C PACTYIIUM 3APAJ0OM
O JIMHEMHOMY 3AKOHY

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

[TokazaHo, YTO KWJILBATEPHOE MOJIE B 00JIACTSIX JIOKAIU3AINH CI'yCTKOB-APABEPOB HE 3aBHCUT OT MPOIOJILHOM
KOOPJMHATHI MPH OIPEAEICHHBIX JJIMHAX CTYCTKOB M IPOMEXYTKax MEXIy HUMH, €CIU 3apsi Npo(UIMpoBaH 110
JTUHEWHOMY 3aKOHy. 7 YBEIMYEHUs YHcla YCKOPEHHBIX J3JIEKTPOHOB IMOCTPOCHA UTMHHAS ITOCIICAOBATEILHOCTh
JNEKTPOHHBIX CI'yCTKOB-APANBEPOB, 3apsil Y KOTOPBIX PACIPEICIICH 0 IMHEHHOMY 3aKOHY BJIOJIb KaX/I0I0 CTYCTKa,
obecrieunBaromas OoyblIoN KodGhbuureHT TpaHnchopMalMd M OJHOPOJHOE KHIIBBATEPHOE II0J€, KOTOPOE
MO3BOJISCT MOJHOCTHIO 3aTOPMO3UTh CI'YCTKH-PaNiBEPHI.

3BYPKEHHA KUIBBATEPHOT'O ITOJISI B IIASMI ITOCJIINOBHICTIO MNPOPLIBOBAHUX
EJIEKTPOHHHUX 3I'YCTKIB 3 JITHIMHO HAPOCTAIOYHUM 3APAJO0OM

B.1. Macnos, IM. Onuwienxo, LII. Aposa

[TokazaHo, 110 KiJbBaTepHE IOJIE B MeXax JIOKadi3aulii 3ryCTKiB-JpaiiBepiB HE 3aJISKUTh BiJl MO3JI0BXHBOT
KOOPJWHATH TIPU BiAMOBIIHUX JOBXKHHAX 3TYCTIB Ta MPOMIXKKAX MK HHMH, SKIIO 3apsi MPodiIbOBaH BiIMOBIIHO
miHiifHOMY 3aKkoHy. Jlnms 30UIbIIEHHS 4YHclIa MPHUCKOPEHUX eNeKTPOHIB MMoOyIoBaHa JOBTa IIOCIIJOBHICTh
@JIIEKTPOHHUX 3TYCTiB-ApaiBepiB, 3apsil B SKUX PO3MOAITICHUHN MO JIHIHOMY 3aKOHY B30BXK KOXKHOTO 3TYCTKY, SKa
3a0e3mnedye 3HAYHUKA KoedillieHT TpaHcdopmallii Ta OMHOPIAHE KiIbBATCpHE IOJIC, SKE J03BOJISAE TOBHICTIO
3araJbMyBaTH 3TyCTKH-IpaiBepH.
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