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The energy spectra of a

long sequence of relativistic electron bunches at the output of the dielectric resonator

taking into account initial energy spread of the relativistic electron bunches are investigated. It is considered also the

finite value of the Q -factor of the dielectric cavity.
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INTRODUCTION

A characteristic feature of the experimental setup
"Almaz 2" is the presence of energy spread in a relativ-
istic electron bunches. Energy spread will influence on
the process of wakefield excitation in the dielectric cavi-
ty and thus on the acceleration of electrons by these
fields. Not less important is the account of the finite
value of the Q -factor of the dielectric cavity, as it limits

the wakefield excited by a long sequence of relativistic
electron bunches and the maximum energy of the accel-
erated electrons [1].

Let’s consider the process of self-acceleration of rel-
ativistic electron bunches which is realized under condi-
tions when there is a detuning between the repetition
frequency of the relativistic electron bunches and the
frequency of the excited oscillations, which is in che-
renkov synchronism with electron bunches. In this case,
electric field beat is excited. Wherein the first half of the
sequence of electron bunches is in the decelerating
phase and thus losses energy in the excitation of the
electric field. The second half of the sequence of bunch-
es is in the accelerating phase and therefore gaining
energy.

1. STATEMENT OF THE PROBLEM.
BASIC RELATIONS

The dielectric cavity is formed by a metallic cylin-
drical cavity which volume is completely filled a homo-
geneous dielectric with permittivity & The length of the
cavity is L, its radius is a. The cavity has a finite value
of the Q -factor. On the left end of the dielectric cavity

in the axial region periodic sequence of N relativistic
electron bunches with finite longitudinal and transverse
dimensions is injected. In the radial direction of the
charge density is distributed according to a Gaussian
law and in longitudinal direction charge density has a
rectangular profile. In addition, each relativistic electron
bunch has an initial energy spread, which is described
by the model distribution function
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where Ay is characteristic spread of relativistic factor,
7, 1s the average value of the relativistic factor.

Energy i-th particle o f bunch with number « and
having the initial value of the relativistic factor y, at the

input of the dielectric cavity is described by expression
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o,, are frequencies of dielectric cavity oscillations, t,
is the bunch duration, ¢, =1/2 for m=0 and «, =1
for m>0,
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4, are roots of Bessel’s function (J,(4,)=0), r, is
characteristic bunch radius,

(T i T
A = e_ymn(IJ 12) iy (1 ~t/2) € (tonT 0T -1

m,n,a

-Re| e

1_ e(}’mnT_i’”mnT)

Vi =(;—an is damping decrement of the cavity oscilla-
tions, T s the repetition period of the bunches,

t =aT +t; +z/v, is the Lagrangian time of j-th parti-
cle of the bunch with number « ;
6 - 4eQb (ﬂoze—l),
a’me’s’ B’
Q, is charge of bunch, g =v,/c, v, is velocity of
bunches, e,m are charge and mass of electron, c is
light velocity,
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k,=zm/L.

Taking into account initial distribution function (1)
and the expression for the relativistic factor (2) the dis-
tribution function of sequence of N bunches at the exit
of the dielectric cavity can be written as
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2. NUMERICAL RESULTS

Numerical calculations of the energy distribution
function of sequence relativistic electron bunches at the
output dielectric cavity (3) were performed for the fol-
lowing parameters of the dielectric cavity and the se-
quence of relativistic electron bunches: a =4.025cm is
the radius of the cavity, L=31.925cm is the cavity
length, the dielectric constant is ¢ =2.045, the initial
value of the relativistic factor is y, =9.8064, the energy

spread is Ay/y,=3.6%, the charge of the electron
bunch is Q, =0.32nC, longitudinal phase size of bunch
is 60°, r, /a=1/8 is the radius of the bunch. The num-

ber of bunches in the sequence N = 1000, 1500 and the
quality factor of the cavity Q are varied. Simple esti-

mates show that Q -factor has no effect on the process

of self-acceleration of electron bunches sequence when
the condition is satisfied

Q>>7Z'%=7Z’N, 4)

where dw = o, — o, is the detuning between frequency
of resonant oscillation of the cavity o, and the repeti-
tion frequency of bunches @, , and was chosen from the
condition dw/ w, =1/ N . Note that for the chosen pa-

res
rameters of the dielectric cavity and the energy of
bunches the resonant oscillation have indexes
m =26, n=1. Under condition (4) beat waves is formed

before stabilization of field growth due to the finite Q of
the resonator. In opposite case beat of wakefield is not
formed because in this case the field is stabilized at low
level.

Fig. 1 shows the distribution of energy (relativistic
factor) chains of bunches at the input and output of the
dielectric cavity for without ohmic losses. Noticeable
broadening of distribution function takes place.
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Fig. 1. Initial distribution function (magenta line),
distribution function (Ay /y, =0.36%) (brown line),
N =1000
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Thus its maximum value slightly decreased since the
total area (total number of particles) is always con-
served. At half height of distribution function we ob-
serve increasing of energy equal to 34keV, on
0.1 height increasing of energy is 73keV.

For a sequence of N =1000 bunches inequality (4)
takes the form Q >>1000~ . Fig. 2 illustrates the case

Q =9000 when Q -factor has little influence on the

process of self-acceleration of bunches chain.
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Fig. 2. Initial distribution function (magenta line),
distribution function (Ay /y, =0.36%) (brown line),

N =1000, Q =9000
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Fig. 3. Initial distribution function (magenta line),
distribution function (Ay /y, =0.36%) (brown line),

N =1000, Q =3000

Energy distribution has decreased, though not signif-
icantly. The picture radically changes when the ine-
quality (4) is not satisfied. Fig. 3 shows the distribution
function for Q =3000. It can be seen that the accelerat-

ed particles are absent and there are only slow particles.
The maximum of the distribution function is shifted
somewhat to the left.

Let us now discuss effects due to increasing of the
number of bunches (N =1500). Fig. 4 shows the distri-
bution function at the output of the dielectric cavity is
lossless Q = oo . Increasing the number of bunches leads
to a marked broadening of the distribution function. At
half height of distribution function we observe increas-
ing of energy equal to 84 keV, on 0.1 height increasing
of energy is 136 keV.
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SHEPTETUYECKHUE CIHEKTPBI YCKOPEHHBIX 3JIEKTPOHOB HEITOYKH PEJIATUBUCTCKUX
SJIEKTPOHHBIX CI'YCTKOB ITPU BO3BY KIEHUN KNJIBBATEPHOI'O ITOJIA
B JIUDJIEKTPUYECKOM PE3OHATOPE

B.A. bBanaxupees, U.H. Onuwenxo, A.I1. Toncmonyscckuii
HccenenoBanbl SHEPreTHYECKHE CIIEKTPHI JUTMHHOW TOCIIEIOBATELHOCTH PEISITUBUCTCKUX 3JIEKTPOHHBIX CTYCT-
KOB Ha BBIXO/IE AMDJIEKTPHUYECKOTO PE30HATOpa C YYETOM SHEPreTHUEcKOro pazdpoca peNsiTHBUCTCKUX JJIEKTPOH-
HBIX CT'YCTKOB Ha BXOJIHOM TOpILIE PE30HATOpa. YUTEHO TaK)Ke KOHEUHOE 3HaUCHUE IOOPOTHOCTH AUDIIEKTPHIECKOT O
pe3oHaropa.
EHEPTETUYHI CHEKTPU NTPUCKOPEHUX EJIEKTPOHIB JJAHIIIOKKA PEJISITUBICTCBbKUX
EJIEKTPOHHUX 3I'YCTKIB ITPU 3bY/I?’KEHHI KIJIbBATEPHOTI'O ITIOJISA
B JIEJEKTPUYHOMY PE3OHATOPI
B.A. Banaxipes, . M. Onuwienko, O.I1. Toncmonysccokuii
JlocmipKeHo eHepreTHYHI CIIEKTPU JIOBTroi MOCIHIZJOBHOCTI PENSTUBICTCHKUX EIEKTPOHHHUX 3TYCTKIB Ha BUXO/I

JIENIEKTPUIHOTO PE30HATOPA 3 YPaxyBaHHSIM €HEPreTHYHOTO PO3KUAY PESITUBICTCHKUX €JIEKTPOHHUX 3TYCTKIB Ha
BXi/IHOMY TOpIIi pe3oHaTopa. BpaxoBaHO TaKOK CKiHYEHHE 3HAUCHHS JOOPOTHOCTI JiEIEKTPUYHOTO Pe30HaTOPa.
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