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Possibility of increase of the transformation ratio at plasma wakefield excitation by long relativistic electron bunch, which charge is
shaped according to cosine, with purpose to provide the absence of oscillating (on length of bunch) decelerating wakefield, usually
attainable, using bunch - precursor, is considered. Length of bunch is selected more larger than wavelength. It is shown analytically
that at the choice of charge shaping of long bunch according to cosine distribution one can do without a bunch — precursor to
eliminate oscillating decelerating wakefield. Thus the transformation ratio is just in one and a half times less than in the case with a
precursor.
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KO3®PUINEHT TPAHC®OPMAIINU ITPU BO3BY KJAEHNN KWJIBBATEPHOT O ITOJISI B TINTIASME JJINHHBIM
JIEKTPOHHBIM CT'YCTKOM C ITIPO®PUJINPOBAHUEM EI'O 3APSIJIA IO KOCUHYCY
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PaccMarpuBaeTcsi BO3MOXKHOCTh yBeIH4eHHUs KodbduuueHta TpaHchopMarmy npu Bo30YKICHUH KUJIbBATEPHOrO IO B IIIa3Me
NpOoQMINPOBAaHHBIM 110 KOCHHYCY JUIMHHBIM PEJSITUBHCTCKAM JJISKTPOHHBIM CIYCTKOM C IEJIBI0 OOECIIeUUTh OTCYTCTBHE
OCLIJUTMPYIOIIETO TOPMO3SIIETr0 KHWIGBAaTEPHOTO IOJSI HA JJIMHE CryCTKa, OOBIYHO IOCTHraeMoe C HCIIOJIB30BAaHUEM CTyCTKa —
npeiBecTHHKA. JIJIMHA CrycTKa BBIOMpaeTcs 3HAYMTENILHO OOJbIIeH [UIMHBI BOJHBL AHAJMTHYECKH I0Ka3aHO, YTO IPH BHIOOpE
3aKOHa MPOGHUIMPOBAHKS 3apsi/a JUIMHHOTO CTYCTKA MO PaclpeAeIeHUI0 KOCUHYCa sl YCTPaHeUsl OCHUIUIUPYIOIIEro TOPMO3SILLIEro
KWJIBBAaTEPHOIO MOJIsSI MOXKHO OOOHTHCH 0e3 CrycTka — mpeiBecTHHKA. [Ipu 3ToM K03 GHIMEHT TpaHchopMaliK BCEro JHIIb B
TIOJITOpa pa3a MEHbIIE, YeM B CIIy4ae ¢ NPEABECTHUKOM.
KJIFOYEBBIE CJIOBA: xunsBatepHO€ 110J1€, KOAGPHUIUEHT TPaHCHOPMALIUH, PEIATUBUCTCKHNA JIEKTPOHHBIN CI'yCTOK
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PosrnsimaeTscst MOKIMBICTD 301TbIIEHHS KoedimieHTa TpaHchopMalii npu 30yIKeHHI KiTbBaTEPHOTO OIS B IUTa3Mi IpodiTboBaHIM
0 KOCHHYCY JOBTHM PEJSTHBICTCHKHM EJIEKTPOHHHUM 3TYCTKOM 3 METOI0 3a0e3eYHTH BiJCyTHICTh OCIMIIIOIOYOrO TalbMyHUYOro
KiJIbBaTEPHOTO TOJISt Ha JIOBXKMHI 3TyCTKY, IO 3a3BUYall JTOCATAETHCS 3 BUKOPHCTAHHAM 3TYCTKY - IepeaBicCHUKA. JOBXKHHA 3TyCTKy
BHOHMPAEThCS 3HAYHO OUTBIIIN JOBXUHH XBHJIl. AHATITHYHO MOKA3aHO, IIO MPH BHOOpPI 3aKOHY HPOdiIIOBaHHS 3apsay JTOBrOro
3TYCTKY IO PO3IMOJITY KOCHHYCa AJIsl YCYHEHHs OCLHJIIOI0YOro TalbMyIOYOTo KiJbBAaTEPHOTO IOJS MOXKHA OOIWTHCS Oe3 3rycTKy -
nepezasicHuka. [Ipu 1pomy koeditieHT TpaHcdopmaliii ychoro Juiie B MiBTOpa pa3u MEHIIe, HDK Y BUMAKY 3 IEPeIBICHUKOM.
KJIFOUYOBI CJIOBA: kinbBatepHe nosne, koediuieHT Tpanchopmarii, peisTHBICTCHKHIA eIeKTPOHHHIN 3TYCTOK

The transformation ratio TR, defined approximately as ratio TR=E, /E, of the wakefield E,, which is excited in

plasma by driver-bunch, to the field E,, in which an electron bunch is decelerated, determines the maximal energy &,., to
which the electrons are accelerated in the excited wakefield, for some energy of electron driver-bunch g4, (see [1-12]).
Surely that g,c>>¢,, if TR > 1. The large transformation ratio has been achieved at the linear driver-bunch shaping
with the use of bunch-precursor before driver-bunch [3, 4]. This rectangular bunch-precursor of a small charge and of
length, equal to one fourth of wavelength /4, is injected before the driver-bunch. Here A =2m/k =2nV, / ®,, V, 1s

the velocity of the driver-bunch, ®, is the electron plasma frequency. Because bunch-precursor is technologically

pe ?

difficult in experiments to prepare and place before driver-bunch, and natural in experiment longitudinal electron
distribution is Gaussian, and cosine distribution is closed to Gaussian, we consider cosine distribution. We show
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analytically that approximately similar, as in [3, 4], transformation ratio can be derived simpler: at the use of driver-
bunch, the charge of which is shaped along bunch accordingly to the shortened bell-shaped distribution (accordingly to
the shortened half-cosine (Fig. 2 and (9)). The use of long electron bunch, shaped accordingly to half-cosine, has been
discussed in [5].

The bunch length L is selected to be much more than wavelength L>>\ as in [3-5]. We show that the decelerating
field in the area of the driver-bunch location is small and poorly inhomogeneous. The large transformation ratio TR=4N
is achieved in the approximation of a given current of bunch, more precisely in the approximation of non-deformable
bunch, N>>1 is the number of wavelengths on the length of driver-bunch. Optimal shortening of half-bell-shaped
distribution is considered. Charge of this optimal bunch is shaped so that it is distributed accordingly to shortened on
both-sides half-bell-shaped distribution (Fig. 2 and (9)).

We consider wakefield distribution in one-dimensional approximation, or more exactly wakefield distribution
along axis without specifying the transverse structure of wakefield. The purpose of this paper is investigation of the
possibility of the use of long driver-bunch of relativistic electrons, charge of which is shaped accordingly to half-cosine
(see Fig. 1 and (1)) for achievement of the large transformation ratio at electron acceleration by wakefield, excited by
this driver-bunch in plasma.

TRANSFORMATION RATIO IN THE CASE OF LONG HALF-BELL-SHAPED DISTRIBUTION OF
ELECTRONS

n,

>
L

g
Fig. 1. The density distribution of bunch, shaped accordingly to half-bell-shaped distribution

We consider at first the current distribution of bunch electrons I(t) accordingly (similar to [5]) to half-bell-shaped
distribution (Fig. 1)

I(t):%{l—cos(%j},0<§<L, €

where &=2z-V,t. One can see that the current I and density n, of relativistic electrons equal zero (maximum) on the first

(back) front of the driver-bunch.
n,

3

Fig. 2. The distribution of electron bunch density, shaped accordingly to the shortened on both-sides long half-bell-shaped
distribution of electrons

Here I, is the current, corresponding to the linear density of charge n,,. For analytical calculation of longitudinal on-

axis electric wakefield, excited by long bunch, the charge of which is distributed accordingly to half-bell-shaped
distribution, we use the expression, derived in [13], for longitudinal wakefield, excited by “point” bunch. Using this
expression and integrating along the driver-bunch one can derive that this longitudinal wakefield E, is proportional into

the driver-bunch to (Fig. 3)
E, (&) ], (%j {1 - [%) :I K%) sin (k&) + sin(%ﬂ : )

One can see that the field equals zero E,=0 on the first front of the driver-bunch &=0 and approximately equals zero E,~0,
in approximation L>>A neglecting the first term in (2), on the back front of the driver-bunch £=L. The maximal
decelerating wakefield into the bunch is small and at &=L/2 proportional to

s (& 1-(4 ] o

Using the expression, derived in [13], for longitudinal wakefield, excited by “point” bunch, and integrating along
the driver-bunch one can derive that the wakefield after £&>L the bunch is proportional to (Fig. 3)

E, (&), {1—(%)2}1 K;Tzz}in(k&h(I—QTZZ]sin(k(i—L))} :
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Fig. 3. The distribution of longitudinal on-axis electric wakefield, excited by long bunch, the charge of which is distributed
accordingly to half-bell-shaped distribution, and corresponding to (4) and (2) in approximation L > A neglecting the first term (2)

For L/A=p, p=1, 2, ... we derive from the last expression
-1

E, (&) Io{l—%ﬂ sin (kg). )

-1
Thus, the amplitude of wakefield after &L the shaped bunch is proportional to I [1—(7\,/2L)2} . And the

transformation ratio approximately at L >> A equals
4L
TR = ®)
a
It is less in 1.57 times than the maximal known transformation ratio 2L/ in the case of triangle-bunch with a precursor
[3, 4]. However it is more in 1.27 times, than the transformation ratio nL/A in the case of triangle-bunch without a

precursor.

THE WAKEFIELD DISTRIBUTION IN THE CASE OF SHORTENED HALF-BELL-SHAPED LONG
DISTRIBUTION OF ELECTRONS
We have shown that the field approximately equals zero E,~0 at the end of long bunch &=L, where the electron
density of bunch is maximal. Hence these electrons do not excite the wakefield. Then it is useful to shorten the long
half-bell-shaped distribution. We consider following distribution of electron current I(t)

I(t):%’[l—cos(%&ﬂ,O<§<X,X<L. (6)

One can derive similar to (2) that the longitudinal on-axis electric wakefield into the bunch is proportional to

- (832

The field equals zero E,=0 at &=0 and does not equal zero E,#0 at £&=X, because X<L. The maximal decelerating field
equals (3).
One can derive similar to (4) that the wakefield after the bunch £>X is proportional to

E,(g)or [gj@{ﬂ(kg)(kgz_xﬂ
+[—%+kj_ {sm(ki %—ZTCTX)—Sl (kf;)}-(%H(j_ {sm(kc’;)ﬂm(kg—%_znTXﬂ . ®

THE WAKEFIELD DISTRIBUTION IN THE CASE OF SHORTENED ON BOTH-SIDES LONG HALF-
BELL-SHAPED DISTRIBUTION OF ELECTRONS
We consider the following electron current distribution I(t)

I(t)= 12[1 cos(fﬂ Y<E<X,X<LY>0. )

It corresponds to shortened on both-sides long half-bell-shaped distribution of electrons. Thus shortening from one side
is performed more, than on a half. L.e. the distribution is a trapezoid with smooth one side (see Fig. 2).
One can derive that the wakefield into the bunch is proportional to

e @3 5)E ) () fEre)(-Ersntae i ()
{%H(Jsin(k&—kYJr%)-(_IH(jsm(k& ky_%J}

At Y~k'<<L we have approximately
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Ez(g)oc[%’j(%j {—(%jsin[k(%—Y)J+sin(%j}. (10)

One can see that the oscillating field does not exceed the non-oscillating one and phase of oscillating field has been
changed in comparison with phase of oscillating field in (2).

CONCLUSIONS
So, it has been shown analytically that at the use of charge shaping of long driver-bunch accordingly to the
shortened half-cosine distribution one can do without a bunch — precursor to eliminate oscillating decelerating wakefield. Thus
the transformation ratio is only in one and a half times less, than in the case of linear shaping with a bunch-precursor.
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