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Plasma wake lens in which all short relativistic electron bunches of sequence are focused identically and uniformly is studied
analytically and by numerical simulation. For two types of lenses necessary for these parameters of focused sequence of relativistic
electron bunches are formulated. Verification of these parameters is performed by numerical simulation.

KEY WORDS: plasma wake lens, relativistic electron beam focusing, plasma wakefield, sequence of electron bunches

oJIA, SAKI 3BY IKYIOTBCA 1 3ABE3INEYYIOTh OJHOPITHE ®OKYCYBAHHS KOPOTKHUX
PEJATHUBICTCBKHUX EJJEKTPOHHHUX 3I'YCTKIB VY IITA3MI
B.I. Macuaos, .M. Onumenko, LII. fIpoBa*
HHIJ Xapxigcokuii ¢izuxo-mexuiunuil incmumym
Vxpaina, 61108 Xapkis, eyn. Akademiuna, 1
*Xapxiecvruil Hayionanvrull yiseepcumem imeni B.H. Kapaszina
Yrpaina, 61022, Xapxkis, m. C60600u, 4

AHANITHYHO Ta YMCEIbHHM MOJICIIOBAHHSIM IOCII/DKYETHCS IUIa3MOBa KilbBaTepHa JIiH3a, B SIKii yCi KOPOTKI PEeNsSTHBICTCHKI
€JIEKTPOHHI 3TYCTKH MOCIIIOBHOCTI (POKYCYIOTbCS OJHAKOBO Ta OXHOPiAHO. J[ms ABOX THMIB JIiH3 c(OPMYJIBOBAHO Ta MEPEBIPEHO
YHCENbHUM MOJETIOBAHHAM HEOOXiIHI Uil LBOr0 IapaMeTpH MOCHIZOBHOCTI PEIATHUBICTCBKUX €JIEKTPOHHHX 3TYCTKIB, SKi
(OKyCYIOThCS.
KJIIOYOBI CJIOBA: mia3moBa KidbBaTepHa JIiH3a, ()OKYCYBaHHS PEIISTUBICTCHKOTO €JIEKTPOHHOTO ITydYKa, KiJIbBaTepHE IIOJIC B
ILIa3Mi, TIOCITIJOBHICTD 3TyCTKIB €IEKTPOHIB

10JIsA, BO3BYKJAEMBIE 1 OBECIIEUUBAIOLIUE OJHOPOAHYIO ®OKYCUPOBKY KOPOTKHX
PEJATHBUCTCKHUX 3JIEKTPOHHBIX CI'YCTKOB B IIJIA3BME
B.U. Macaos, U.H. Ounmenxo, U.I1. SIpoBasi*
HHI] Xapvrosckuil (pu3uxo — mexHuyeckuti UHCmumym
Yxpauna, Xapvros 61108, ya. Akademuueckas, 1
*Xapvrosckuil HayuouanvHwill yHugepcumem umenu B.H. Kapasuna
Vipauna, 61022, Xapvkos, nn. C60600vi, 4

AHaINTHYECKH W YHUCICHHBIM MOJEIMPOBAHUEM HCCIEAyeTcsl KWIbBAaTepHas IDIa3MEHHas JIMH3a, B KOTOPOH BCe KOPOTKHE
PEITSITUBUCTCKUE JJIEKTPOHHBIE CTYCTKH IOCIENOBATENIFHOCTH (OKYCHPYIOTCSI OAWHAKOBO M OXHOPOAHO. sl IBYX THIIOB JIMH3
copMyJIUpOBaHbl W TPOBEPEHBI YHCICHHBIM MOJCIMPOBAHHEM HEOOXOAMMBIE [UIi 3TOro Tmapamerpsl  (OKyCHpYyeMoid
MOCJIEI0BATENbHOCTH PETATHBUCTCKHX IEKTPOHHBIX CTYCTKOB.
KJIFOYEBBIE CJIOBA: xuibBaTepHas IIa3MeHHas JHH3a, (POKYCHPOBKA PEISTUBHUCTCKOTO HJIEKTPOHHOTO ITy4YKa, KHIbBATEPHOE
TI0JIe B TUIa3Me, MOCIIEI0BATENFHOCTh CI'yCTKOB 3JIEKTPOHOB

Focusing of relativistic electron bunches of sequence by wakefield, excited in the plasma, is important and
interesting (see [1]). Mechanism of focusing in the plasma, in which all bunches of sequence are focused identically and
uniformly, is proposed and investigated by numerical simulation in [2, 3]. This plasma wake lens for short relativistic
electron bunches is studied in this paper analytically and by numerical simulation by code Icode [4]. Unbounded
nonmagnetized homogeneous plasma is considered. The rectangular in longitudinal direction bunches (i.e. the bunch
current is const along bunch axis) are considered in the fixed their current approximation.

The purpose of this paper is to show analytically and by numerical simulation that one can derive and achieve
conditions of identical and uniform focusing of sequence of short relativistic electron bunches.

UNIFORM FOCUSING OF SEQUENCE OF SHORT BUNCHES
Plasma wake lens with a uniform focusing force for sequence of bunches, whose lengths are equal to half of the
excited wavelength &,=A/2, with the first bunch, whose charge is in 2 times less than the charges of other bunches
Q=0Qy2, i=2, 3, ... , the space interval between bunches equals A, has been numerically simulated in [2,3]. We
consider a homogeneous focusing of sequence of short bunches.
At first we will derive the wakefield inside the 2nd bunch, the charge of which is more in B times than the charge
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of the first bunch. We take into account that between the newly generated wakefield and wakefield, formed by previous
bunch, is the phase difference A. Then in the second rectangular in longitudinal direction bunch (i.e. the bunch current
is const along bunch axis) we have

E,ocZ,(£)=(1/k) V2 cos(ké—m/4+A)+Blo déocos[k(E-Eo)]=(1/k){ /2 cos(ké—m/4+A)+Bsin(kE)}. )

Z,(£) becomes zero, if B=+/2 and A=3n/4.

The same Z,(€) is occurred in each of the following bunches, if they are spaced apart by a kd&=2.

Now we will derive the wakefield inside the 2nd short bunch, §,=A/4, charge of which is in 2 times more than the
charge of Ist bunch, the space interval between it and the first bunch is equal to 6¢=A. We take into account that
between the newly generated wakefield and wakefield, formed by previous bunch, is the phase difference n. Then in the
2nd bunch we have

E,ocZ,(£)=(2/K)sin(x+m)+2J¢ d&ocos[k(E-E0)]=0, )
EyocZ,(£)=-(2/K)cos(x+m)+2[¢ dEosin[k(E-Eo)]=2/k. 3)

The same Z,(€) and Z,(€) are occurred inside the all next bunches, which are identical to 2nd bunch. From Fig. 1
and Fig. 2 one can see that E,=0 in the bunch location areas.
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Fig. 1. The longitudinal distribution of bunch
radius (1), density n, of bunches (2), E, (3) and F, (4), excited by sequence of bunches, length of the 1st bunch is equal to A&, =\/2,
all other bunches are short, Ag,=A\/4, the charge density of all other bunches is in two times larger than the charge of 1st bunch,
space intervals between all bunches are equal to 6=\. The longitudinal coordinate z is normalized on 2n/A. E, and F, are normalized
on mcw,/e. e, m are the charge and mass of the electron, c is the light velocity, o, is the electron plasma frequency
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Fig. 2. The longitudinal distribution of bunch
radius (1), density ny, of bunches (2), E, (3) and F, (4), excited by sequence of bunches, the length of 2nd bunch is equal to A&, =A/4,
lengths of the other bunches are A&, =A/2, the charge density of all other bunches is in two times larger than the charge density of
1st bunch, the space intervals between all bunches are equal to 3=\
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Fig. 3. The longitudinal distribution of bunch
radius (1), density n, of bunches (2), E, (3) and F; (4), excited by sequence of bunches, the length of even bunches is equal to
A&,=M/4, and the length of uneven bunches is equal to A&,=A/2, the charge density of all other bunches is in two times larger than
the charge density of 1st bunch, the space intervals between all bunches are equal to 6=\



94
EEJPVo0l.1No0.22014

V.I. Masloy I.N. Onishchenko et al

T s
VYV VYTV

V4

Fig. 4. The longitudinal distribution of bunch

radius (1), density n, of bunches (2), E, (3) and F, (4), excited by sequence of bunches; the charges of bunches are in \/E times

larger than the charge of 1-st bunch, the space interval between 1-st and 2-nd bunches is equal to A9/8, the space interval between
other bunches is equal to A

From Figs. 1-4 one can see that in the areas of bunch location F, approximately does not depend on the
longitudinal coordinate.

FOCUSING FIELDS FOR SHORT BUNCHES AT SHAPING OF THEIR CHARGE LINEARLY ALONG
A SEQUENCE AND ALONG EACH BUNCH
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Fig. 5. The longitudinal distribution of bunch

radius (1), density n, of bunches (2), longitudinal wakefield E, (3) and focusing field F; (4), excited by sequence of short bunches
(with a certain bunch - precursor) at shaping of their charge linearly along the sequence as well as along each bunch

We consider now the focusing fields, which are formed in the areas of location of short bunches of sequence (with
a certain bunch - precursor) at shaping of their charge linearly along the sequence as well as along each bunch. From

Fig. 5 one can see that the bunches are in small and approximately identical decelerating fields and maximal focusing
fields.

FOCUSING FIELD IN THE CASE OF CONTINUOUS BEAM
We consider now focusing field, which is formed in the area of location of a continuous beam, the front of which
is a half-step density of length of the half-wavelength (see Fig. 6).
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Fig. 6. The longitudinal distribution of beam
radius (1), density n, of beam (2), longitudinal wakefield E, (3)

and focusing field F; (4), excited by a continuous beam the front
of which is a step

z
Fig. 7. The longitudinal distribution of beam

radius (1), density n, of beam (2), longitudinal wakefield E, (3)
and focusing field F, (4), excited by a continuous beam with a
smooth front, the length of which is equal to two wavelengths

One can see that along the whole beam the focusing field is identical (homogeneous). The focusing field reaches
its maximal value at the short spatial interval coinciding with the length of the beam front.
Such a uniform focusing field along the beam is not reached (see Fig. 6b) in the case of a smooth beam density

increase along beam front.
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CONCLUSIONS

It has been shown that all bunches of sequences can be focused identically and uniformly. It has been shown that
there are two types of lenses for a sequence of short bunches. It is necessary that in one case the length of the 1st bunch
A&, should be equal to half of the wavelength Ag,;=A/2, all other bunches are short, AE,<A/2, the charge density of all
other bunches is in 2 times larger than the charge density of the 1st bunch. The space intervals between all bunches
should be multiples of the wavelength 8&=pA, p=1, 2, ... for achievement of:

'Ez:()a

-radial focusing field is the same along the bunch F,=const in areas of location of bunches.

In the second case it is necessary that the charges of all bunches are in V2 times larger than the charge of 1st
bunch. The space interval between the 1-st and 2-nd bunches is equal to (n+1/8)A, n=1, 2, ... The space interval
between the other bunches is multiple to wavelength. It has been shown analytically that only 1st bunch is in the finite
E,#0. Other bunches are in zero longitudinal electric wakefield E,=0. Consequently, the 1-st bunch exchanges by
energy with wakefield. Next bunches do not exchange by energy with the wakefield. Wakefield radial force F, is the
same approximately along the bunch. The focusing field of this value is formed in now widely investigated plasma lens
for a long relativistic electron beam.
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