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Abstract

The radiation of the non-relativistic electron beam from
[5) .. . . .
=the open end of the resistive circular waveguide is
%presented. The angular and spectral characteristics of the
% radiation are determined. The possibility of producing the
£ focused guasi-monochromatic radiation is discussed. The
& principal scheme of the experiments for 5 and 20 MeV
= AREAL RF photogun linac is presented.
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INTRODUCTION

Proposed in [1] single-mode and single-resonance
structure: two-layer round metal waveguide with low-
conducting internal thin metallic coating (Fig. 1), due to
the unique properties of the wakefield radiation formed
by charge that following along the axis of the structure
£ opens up opportunities for its practical application. One of
5 such opportunities is extracting the radiation from the
= open end of a semi-infinite waveguide to produce the
'é narrow-directed monochromatic radiation [2]. The
S problem in [2] was considered in the ultra-relativistic
& approximation, i.e. the velocity of a point charged particle
2 generating wakefield radiation was equal to the speed of
Elight in vacuum. Such an approximate treatment for cases
S of high energy particle simplifying picture of the process,
Sat the same time with sufficient accuracy describes all the
—~main features of its dynamics for high-energy beams.
However, ultrarelativistic —approximation is not
N applicable to the beams of low-energy particles. In [3] the
5 characteristic features of impedance and wake functions
%for the low energy particles for different configuration of
2 proposed structure were examined. In particular, strict
S dependence of frequency and spatial - temporal
> characteristics of wakefield on its energy has been shown.
S The energy range from 5 to 20 MeV required for
% experimental verification of the results at the accelerator
f complex AREAL [4] has been investigated and acceptable
© (in terms of the experiment) parameters of the waveguide,
£ which is already at a sufficiently small particle energies
%(20 MeV) impedances and wake functions acquire
f resonance properties typical for ultrarelativistic case,
3 studied in [1], have been determined.

In this paper we present the main results of theoretical
calculations of radiation from the open end of a semi-
infinite waveguide with the proposed structure.
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STATEMENT OF THE PROBLEM

We consider (Fig.1) the problem of radiation from the
open end of a semi-infinite circular metallic waveguide
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(internal radius a, ) with perfectly conducting walls and a

thin internal low-conducting metal coating (thickness d
and conductivity o = o).

&3 Perfect conductivity

oy — Finite conductivity d

Figure 1: Geometry of the problem.

Electromagnetic fields are generated by the point
particle, moving along the axis of the waveguide with
arbitrary velocity v. The far radiation fields are obtained
using the near field to far-field recovery technique [5] that
is extended for the non monochromatic waves. It is shown
that the radiation has a narrow-band and narrow
directional character.

NEAR-FIELD TO FAR-FIELD
TRANSITION
If the distribution tangential components E, (x, y),
E,(x,y) (Fig2) of the field of an arbitrary
monochromatic (with harmonic time dependence e’/ )
waves on a flat surface z=0 (Figure 2) is given, the far

field at a point R can be represented by these
distributions as follows [5]:

\4

Figure 2: The radiation from the open end of the
waveguide. Coordinate system and notations.

Ef(w,R):kCOSIQA(kx,ky)% ey

05 Beam Dynamics and Electromagnetic Fields

DO5 Instabilities - Processes, Impedances, Countermeasures



5th International Particle Accelerator Conference
ISBN: 978-3-95450-132-8

where k = w/c - wavenumber, @ - frequency, ¢ - speed
of light in vacuum, and

Jkox—jkyy
I IE a)xy)e dxdy o

—00 —00

) Mk, )k, ek, )

x>y

(kk

x>y

the two-dimensional Fourier transform of the initial
distribution of the Cartesian components of the fields,

k, =ksin@cos ¢, k, =ksinIsing

k. =k’ —k; —k; =kcos 0

The radiation field in the far zone has a single polar
electrical component:

3)

io(R/c—1)
f - e
EJ (R 0) 252 1(0.0)— )
where
1(.0)= j E"@.r)J, (krsin@)rdr )
with [6]
Jh(ar) Zy 1. (1
,=- (©)
o) ) ")
Il(x) d g
Glx y)=2map 2y (x) =+ ==L Io(x)cthy/y | (D)
X acg

Here x=ak,t, y=yd, xlzw/kfrz—j(ouoc, A=k,T,

T=y", k, = w/v . Taking into account (1)-(7), we obtain
the spectral distribution of the radiation field:

0\ F(H a)) eia)(R/c—t)

(@) R

where u=kasin$; in (6)-(8) I, (x) are the modified
Bessel function of the first kind,

F(0, )= 1o(x)J 5 (u)+ 1, (x)7 ()

E} (R,co): —jA( (®)

JHo)=0) ey ) gy ®
X a g
and
Z Lsinf
AG)==0 "~ = 10
() 2 1—,6'200520’ﬁ vle (10

an angular distribution of the transition radiation field of

the point particle on a perfectly conducting flat surface.
Thus, the total radiation field is characterized by a

factor of the angular distribution of transition radiation on
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a perfectly conducting surface (10), modulated by far
range form-factor structure F(9,s)
E} (R): —jAO)F(%5), (11)
~ “ T () sio(Rlce—t)
F(9,5)=T1,+1,, 1, =JQI,2%Q()))era)

0 =1,0, =Iz(x)/10(x)
FAR FIELD STRUCTURE

For small parameter y function cthy/y in (7) can be
replaced by the first two terms of its expansion:
cthy/y=y2+1/3. In this case, the factor J(@) can be

reduced to the form without discontinuity in the complex
plane @ :

Jo)= ) diey B +y2)

(12)
Further transforms include substitution in formulae (11)
the integral forms of the Bessel functions of the first kind

1

o 2(z2)
11(e)= \/_rn+1/2j

0

. cos(zt)dt ,

changing the order of integration and replacement the first
N terms of series expansion (see [3]) in the small

parameter 7 of the denominators in the integrand I,
and in the numerator of the integrand I,. Mentioned

procedure leads to analytisation of integrands in (11):
their denominators are the algebraic polynomials of the
variable @ of the order N +3 with the complex roots

@ = wy(y), respectively.

Explicitly, the radiation field in the far zone at an
arbitrary point R of observation and an arbitrary time ¢
can be written in the following form (s=R-—ct):

2 N+3

EfOR)=-i5 7 MOS Sy vk

I=1 k=1
where: for ¢t >R+asing (“-*), and for ¢z < R+ asing

(“+7):

Fip =201 Sign(ime,, ))s (w‘ SmSJ /wlk

Fyy =20 Sign(ime, ) 0(%&';1‘9} Gi =0;
C

and for the middle region:

Fi = (1 Slgnlma),k)XIIkOI +I,,<(0,i;())>
Gi =(1+S1gn<1ma)lk) Ik X )’ Z=(R—Ct)/aSin:9
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SHere the upper sign corresponds to the region
8 0<ct <R+asing, and the bottom one to the region
£ R-asing<ct <0 with

2ja* . R
,k( )= 3;?;1_281n2 HJ:z(l—tz) oIl g7 ,

2j N2
,k(tl,t2)=E]JZZ(1_t2) V2 o g7

I, =+f asinf/c —(R/c —1).
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Amplitudes A, , arise during of expansion of the outside-

exponential factors in the integrands terms (11) in the
N+3

form of sums of the type U = ZAl,k/(a)—a),‘k). Thus,
k=1

2 the far field is formed by the sum of contributions from a

%discrete set of quasi-monochromatic patterns, frequency

2 characteristics of which are due to the resonant

1 /’\ (\Hm,nﬂm |
4 | |

—asin6| | | asing

tion to the author(s), title of the work, publish

=
(€]
e}
o
[¢]
=
o
C.
a
w2
2
=

=
=

=
=

Ea (V/pCjm)
=
Ea (VipC/m)
i

0.6  -04 02 0.0 0z 0.4 0.6

§ (min)

aSind |

y=d0, @=x/%0 |

TR Ve

© 2014). Any distribution of this work must mainta
"rJ ;
i)
=
=
13
b
—~
g
3
o)
=
=3

(R =1m) distribution of the radiation
‘éﬁelds for different particle energy at fixed angles of
S observation. Lorentz factors of particles and viewing
Zangles are given on the figures, a=lmm, d=1um,

S

; o=5x10°Q " 'm™".

m

@)

z As it can be seen (Fig.3), in the first case (top,
% y=10,5MeV ) the radiation field generated set of

g frequencies and dominant frequency cannot be allocated.
& In the second case (bottom, y =40, 20MeV ), the field has

5] . . P .
< the quasi-monochromatic character and is irradiated onto
8 a specific frequency.

ANGULAR DISTRIBUTION OF
RADIATED ENERGY

The most simple and relatively easy feasible scheme of
S the experiment is a film located at some distance from the
wnaperture of the waveguide perpendicular to its axis.
S Degree of blackening of the film in a given point is
éproporti.onal to the .dengity of energy erpitted by t.he
= waveguide aperture in given direction during the entire
% experiment duration (Fig.4). For the bottom case (7/ = 40)

© TUPRI038

@ 1646

work may be used und

IPAC2014, Dresden, Germany JACoW Publishing
doi:10.18429/JACoW-IPAC2014-TUPRIO38

we have a narrow-directed radiation: its angle of
maximum density 6, substantially less than the

maximum of the
0, ~y~'. As in the first (7/=10) and in the second

orientation transition radiation

(}/ = 40) cases the ring-form blackening with the radius

~ Rsin@,,, formed on the screen.
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Figure 4: The angular distribution of the energy density
incident on a photographic film at the particle
energy: y =10(top), ¥ =40 (bottom);

0=5-10°Q7'm™" (red solid), 5-10°Q7'm™' (dash-
dotted), 5-10*Q7'm™" (dotted); a =1lcm,d =1um .

CONCLUSION

Explicit expressions for the wakefield radiation from
the open end of a two-layer waveguide for particles with
arbitrary energy are obtained, the method for its
decomposition into its spectral components is also
proposed. The acceptable parameters of waveguides for
experimental verification of the results on the accelerator
complex AREAL [4] are obtained. The principal scheme
of the experiment is suggested with predicted results.
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