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Abstract

The radiation reaction force distribution
along a traveling path of the electron ring uni-
formly moving through a single cavity with drift
tubes is investigated by means of numerical me=-
thods,The total radiation losses of moving source
per one structure period for a model of periodic
structure with the channel are calculated using
the factorization technique,
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The main task of this work is to clear
up some features of electron ring interac-
tion with an element of accelerating sys—
tem (single cavity) and to carry out a ri-
gorous estimation of energy losses in a
closed periodic structure model.

I. The radiation reaction force in
e single cavity

The calculation of energy losses aris-
ing when a uniformly charged ring moves
through a cylindrical cavity (radius b,
length 2d) with entrance and exit tube of
radii a (see Fig.1) is described in paper?)
The radiastion spectrum consists of a dis-
crete set of structure modes and a conti-
nuous frequency region.

The structure resonant frequencies are
within J,c/b<WmsiVc/a where Y, are the
roots of equation 3oCQ =0. The frequencies
are slightly higher then those of a similar
cloged cavity. Calculations show that the
lowest spectral lines excited by electron
ring can be determined by simple expressions
for closed cavit with good accuracy; the
intensity of higher structure resonant fre-
quencies is well below then that for a
closed cavity. The energy losses on discrete
line excitation very quickly achieve the
limit value and become independent of the
relativistic factor ¥'=1/(f-p2)¥2 (p=1/C).

At relativistic energies ( ¥ >>1 ) the
continuous spectrum radiation (w>Cv,/0)
into the waveguides makes the main contri-
bution to the losses. The upper limit of
the radiation spectrum is by the order of
magnitude equal to
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(p - radius of the electron ring) and in-
creases with » Wwhich gives energy depen-
dence of radiation losses close to linear.
Some numerical data on radiation for va-
rious resonator forms are given in Table.
It is interesting to find the distri-
bution of radiation reaction force along
the source trajectory. The total force
applied from the radiation field to all
elements of the ring with overall charge

Q is determined by the field value of the
ring
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The spectral amplitude of electrical field
induced by the moving ring in the structure
is taken as
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Fig.I. The distribution of radiation reaction
force along the trajectory
a) small ring velocities
b) relativistic ring velocities
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where h,=[(w/c)2~ (Vn/0)21"2 §,=[(W/C)2-(Yn/B)2]V2—
1ongitu31n(a1 Wave nnun)zbers’,g"argg A, anl,) -
Dp - the unknown amplitudes of the wave-
guides modes in different regions of the
structure. Numerical analysis of T(z) in-
volves solution of a linear system of equ-
ation for those amplitudes, presented in
paperl), and computation of the integral (2).

It is worth-while to mention some spe-
cific features of spectral component of
retarding force. It may be shown from the
analysis of the set of equations for the
coefficients that in a frequency region
W/ 'X;{z) is an odd function of vari-
sble z. As a function of frequency QSz)
has simple poles. If the dissipation is
taken into account those poles are replaced
into the lower half-plane of the complex
argument . The integration path in (2)
goes on real axis and bypasses the poles
on semicircles of small radii above them.
Then the integral (2) may be expressed as
the principal value of the integral minus
fL 2 Res"l'z,‘,me 1}(here the direction of poles
turning is taken into account).

One can see from (I) that the main
contribution to (2) for small is deter-
mined by the low frequency region. In this
case the function T(z) is antisymmetric
about the central plane of the structure
and presents the successive ring retarda-
tion and acceleration by the surface charg-
es induced on the wall of the structure
(see Fig.Ia). For larger )y _contributions
from resonant frequencies and from conti-
nuous high-frequency spectrum into (2) be-
come essential., In Fig.Ib the distribution
of the retarding force vs z for three va-
lues of is presented. It may be seen
that the retarding force in the entrance
waveguide and in the first part of the tra-
Jectory in the cavity is negligible. The
length of path without retarding was found
to increase with ' . For the successive
part of trajectory the retarding force act-
ing on the ring is oscillatory, the ampli-
tude of oscillation decreasing with the
distance from the cavity. The meximum of
retarding force along the trajectory for
relativistic energies is weakly dependent
on ¥ , but the period of oscillation in-
creases proportionally to ¥ .

We may find the distribution of retar-
ding force at large distances from the ca-
vity (z/a>> 1) if we evaluate the integral
(2) by the stationary phase method. For the
exit waveguide (z>>d) the stationary points

are determined by dh, _ 1 and hence
n Cfn
dw
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The stationary phase condition means that
the essential part of ring interaction with
radiated field takes place for frequencies
on which the group velocity of waveguide
modes and the ring velocity are equal. If
we take into account only the main term

(n=1) in asymptotic expansion of the integ-
ral (2) then
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It is clear that the retarding force oscil-
lates along the source trajectory with a -
period of zo=2®pya/y, and decreases as 2z ‘2
For the entrance waveguide (z< -d) sta-
tionary points are absent and the asympto-
tic value of T(z) is equal to zero. The ob-
tained distribution of retarding force per-
mits to make some judgements about ring
interaction with structures consisting of
several cavities. The interaction with each
of them may be considered independently
only if retarding force decreases substan-
tionally along the path between neighbour-
ing cavities. The length of effective in-
teraction increases with energy and the
pattern of radiated field is determined by
all elements of the structure. If there is
a long =~ waveguide tract after the accele-
rating structure,the latter may be consi-
dered as a single scattering obstacle of
composite form. In this case the nearly
linear dependence of radiation loss is va-
1id, but the total radiation loss is not
proportional to the number of cavities.

2. The radiation losses in a
channel of per{oaIc structure

The rigorous solution of the boundary
problem of electromagnetic field induced
by a line charge uniformly moving past an
open periodic structure and a crude esti-
mation og the radiative energy loss are
given in3), In paper #) numerical calcula-
tion was carried out and an analytic asymp-
totic evaluation of the loss T ~ ¥~ Y2 was
obtained. It is interesting to obtain the
energy loss dependence for a source moving
through a channel of a periodical structure.
We shall produce the snalysis for twodimen-
sional model of the structure as shown in
Fig.2. As a source of field we assume a
uniformly charged rod with the linear
charge density g, which moves with cons-
tant velocity along the axis of the struc-
ture at a distance b from it.

The periodic structure under exaména-
tion is supplemental (in the sense of the
Babinet principle) to the open g nb struc-—
ture investigated previously in and it
can be described by a similar sys%em of
dual integral equations for the current
density induced at the plates. The formal
solution for the periodic structure with
the channel based on the factor%gation
method was obtained in the work®/,

The spectral amplitude of the current
at the plate z = O is represented as Four-
ier integral
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The unknown functions F(w), G(w) sa-
tisfy the set of integrsl equations
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where the kernel L(w) may be written in the

form:
Lw)= vsinva 2 L,@w)-L,tw
W)= Costo -Cos(kaJp- 0. W2+ KUPIRE -
We shall assume the Fourier amplitude

of 0dd and even parts of the current (with
respect to y) written in the form
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Here the upper string in brackets corres-
ponds to the odd part of current and the
lower to the even part one. The function
Iq(w) may be written in the form of the
infinite product.
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wm=\/k2-(acm/a)i , m=1,23,...

Lw)=

The constant coefficients K,M,Kt,Mt
satisfy the system linear algebraic equs~
tions
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Fig.2. Energy loss per period as a function
of the relativistic factor

Curves are presented for various

values of b/
1.b/f=0; 2. b/f-o 75; 3.b/8=1; 4.0/4=0.95
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It can be seen from (11) that the coeffici-
ents Kp, My become exponentially small when
the pumber m is increased., Hence, the in-
finite system of equations may be replaced
by @a finite one. The radiation loss from
a charged rod per period may be calculated
as a work of the radiated field on the so-
urce and may be represented as

T=- i%@]'ReoiKK*zK:r-art)Shrﬁ

AR (12)
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The spectral distribution of losses

g il +w, L4(L\-)
for various parameters of the problem and
total radiative losses as a function of
the relativistic factor}have been numeri-
cally evaluated by means of a computer. An
example of the radiation loss dependence
versus energy is given in Fig.2. It can be
seen that for low Y the radiation loss in-
creases rather quickly with source energy
and then approaches a certain limit wvalue
which depends on the transverse dimensions
of the structure channel. For small values
of the distance b from the structure axis
the radiation loss was found to increase
monotonically with }* bdbut for bigger b there
is a specific maximum at low energies. It
can be noted that the most part of the ra-
diation for the relativistic case is pro-
vided by the component of the induced cur-
rent, antisymmetric with respect to y. The

limit value of the energy loss was found
to tend to O with increasing the transverse
dimensions of the structure channel;

it gorfesponds to the results given in pa-
per3:»4), The - independent character of
the radiation loss for ultrarelativistic
case is in agreement with calculations ;gr
a more real model of periodic structure’/’.
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Table

Cavity shape factor b/d 4 2 1
Relativistic factor 2 5 10 20 2 5 10 20 2 5 10 20
Radiation to the 0,02 0,25 0.53 0,03 0,30 0,67 0,07 0,50 1,01
entrance waveguide

Radiation to the 0,03 0,30 0.74 0,04 0,40 1,01 0,07 0,77 1l.64

exit waveguide

Continuous spectrum 0,05 0,55 1.27 2,25 0,07 0,70 1,67 2.95 0,13 1.27 2,65 4,71
losses

Discrete spectrum 0,60 0,82 0,85 0,85 0,82 1,33 1l.41 1,43 0,63 1,67 1.83 1.87
losses

Total losses 0.65 1,37 2.12 3.11 0,89 2,04 3,08 4,38 0,76 2.94 3.48 6.57

Notes: 1. Radiation loss
2. Relative waveguide size is a/b = 0,5 ,

values are normalized by Q2/a;



