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Summary

The results of the experimentally investigated
properties of the radio-frequency radiation generated
by the relativistic electrons in the waveguide struct-
ures are reported. It is shown that the commensurabi-
ity of the radiators sizes with the radiated wave-
length is responsible for the appearance of character-
jstic peculiarities in the properties of electron
bunch radiation which may have a number of practical
applications.

The radio-frequency region of high energy elect-
ron radiation has a series of interesting properties
ang applications due mainly to the fact that in this
frequency region the characteristic sizes of radiators

are commensurable with the length of the radiated wave.

Among the problems that arose our interest for this
region of radiation spectrum we mention the possibili-
ty of diagnostics of the charged particle beams, the
microwave generation, etc.

Below, we present some results of our works on
the experimental study of the properties of the radio-
frequency radiation generated by the relativistic
electrons in the waveguide structures. These works are
based on the t?eury developed By Ya.B. Fainbgrg and
H.A. Khizhniak*, K.A. Barsukov¢, L.G. Lomise’ and our
gruup4.

tefure proceeding with our report, the following
circumstance should be mentioned. The point is that in
the above-quoted works, they consicered the radiation
of a single charge, assuming that the radiation energy
losses are less than the kinetic energy of the charge.
As to the experiuents, the charged particle beams are
used here. Hence, the experimentally measured values
of the energy losses will be deternined by both the
radiator characteristics and the bean formfactor F(w),

When a continuous (density-uniform) charqed part-
icle flux traverses the radiator, a low radiation
arises, whose intensity is determined only by the flux
density fluctuations.

In case of using electron beams obtained at the
waveguide linacs. these beams represent periodical re-
petition of electron bunches at the accelerating field
frequency &J,.

To estimate the factor F(&'), let us consider the
following sinple model. Let N cylindrical bunches 2 2o
in diameter and 24 in height nove 2 £ spaced from
eacn other at a velocity v=Vva along the 7 axis. Let
each bunch contain n electrons._Then the beam form-
factor F(« ) will have the form”:
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where € 1is the electron charge, b is the Bessel
function.

At frequencies satisfying the conditions
~ @)
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where P =1.2.3...,
and Z(1-p%)1, <1
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the radiated energy will be proportional to the souare
of the charge passed throunh the radiator. (enN)2.

If the charged particle in its motion traverses a
regular rectangular waveouide perpendicularly to its
axis,_then it induces in this wavequide TM and TE
waves”sb. In case of excitation of the main wave. H,,,
the radiation eneray snectral distribution has the
form as shown in fiq. 1.

Fig. 1. Transition radiation eneray as a function of
the wavecuide dispersion at hormoaeneous
fillina.

At the relation é?b 2 0.5, the eneragy snectral
density in the 0.5 £ Xg/A, £ 0.8 rance (i.e. in the
waveguide operatinc rance) has a gond (~f5%) uniformi-
ty. We have used this circumstance for measuring the
phase lenqth of bunches (;“‘-‘c/ ) of the electron beam

accelerated up to 50 MeV in the 1inac’ . The nurher of
bunches N per linac current rulse was ~ 300N, there-
fore, with a good arproxiration (Aw/w = lf‘ . we
could consider the transition radfation snectrum dis-
crete. The radiator was a set of rectanoular wave-
quides whase transverse sizes were chosen so that the
k-th harmonic of the nulse repetition rate should he
excited in the k-th wavenuide, while the (k-1)-th har-
rionfc should be 1imiting. Havina chosen the same ratin
£/a and A./Ac for each waveauide we ensure the
same value of R(@w ). Since the (k+1)-th harmonic can
excite the k-th waveauide. all the wavenuides were
loaded with rejector filters nroviding the (k+1)-th
harmonic attenuation ~ 20 db. The radiator construc-
tion provided a nood current passaae (up to 9N%) o€
the beam throuqh the hole 2 rm in diameter. A diaaram
of the experimental arrannement is shown in fiq, 2.

The performed measurements allowed to establish
that the most statle acceleration mode 1s achieved at
the bunches phase length from 5° to 30°, At lesser and
larger values of {gci the acceleration mode was un-

stable.

After determining the hunch formfactor. Flw) .
we could proceed with the investication of the nro-
nerties of different radiators.

At the beam traversal throuoh the dielectric
plate in the wavenuide a wave is oenerated vhose
nccurence is due to hoth the Ferenkov and transition
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radiation. Botn tae Cerenkeov and transition radiation
power depenvences calculated by the formulae of ref. 9
are presented in fiy. 5.

Fig. 2. 1. Accelerator. 2. Resonator. 3. Beam-turning
magnet. 4, 14. Collimators. 5. Controlling
waveguide. 6, 15. Attenuators. 7. Directional
coupler. 8. Detector. 9. Load. 10. Waveguide-
coaxial junction. 11, 13. Divider. 12. HF ge-
neratur. 16. Matched loauing. 17. Faraday cy-
iinder. 18. Indicator unit.
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Fig. 3. The sumnary power of the transition and Le-
+

renkov radiation B in the waveguide with

dielectric plate ( € = 2.05) as a function

of the plate electrical length. &gf is the

~
theoretical power dependence of the Cerenkov
forward radiation "+" along the beam motion,
and tackwarda one "-".

It was impossible to separate experimentally the
Cerenkov and transition radiation for the qiven rqﬁi—
ator. Therefore, a summary power of the forward @f
and backward l% radiation was measured. The Ef ra-
diation for the small thicknessesg< increases by
the quadratic law, ana Pz =P£ , what is character-

istic of the transition radiatiog. With increasing
yob , the contribution of the Cerenkov forward ra-
diation increases anu @;’ grows almost linearly. In

the hackward radiation ﬁ%’ . which is due mainly to
the transition one, there are ohserved distinct maxima
and minima caused by the wave interference from the
front and back boundaries of the plate.

Ya.B. Fainberq and N.&. Khizhniak! have shown
that at the particle nassage throunh the laminated d4i-
electric, a radiation arises that differs from a usual

erenkov one by a number of peculiarities. The authors
called this radiation parametrical hecause of the na-
ture of rescnance between the freauency of the part-
icle exciting field and the one nf the Taminated me-
dium natural oscillations.

If the particle moves at a velocity V alonag the
axis of a circular waveauide filled with infinite }a-
minated dielectric of the structure period L =a+§
where @ is the air aap thickness ( £,=1, g =1).
is the layer thickness with the dielectric constant
¢ (w), then the narticle eneray total Tosses will
consist of the polarization lnsses, the usual Vavilov-
Cerenkov radiation losses anr the narametrical radiat-
ion ones.

4

Ref. 10 presents the experimental data on the
E, wave excitation in the circular waveauide. The ex-
periment was performed with the above-descrihed
arrancenent. The Taminated medium was created of the
alternating atr and teflon lavers. The nower of the
excited forward and backward E, wave was measured.
The calculational results of ref. 1 and of the exneri-
rent are presented in fiq. 4.

In
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Fiqg. 4. The radiation power in the laminated medium
as a function of the dielectric nlate thick-
ness at the fixed value of the air can
a=3cm. 4 - forward radiation alona the
bunches motion direction; o - backward ra-
diation.

The calculations have shown that for the above-
qiven parameters of the heam and radiater the naramet-
rical racdiation dominates over the usual Cerenkov one
which occurs in the plate due to £ﬁ‘->4.

The range of the values @ =3,7 + 5.1 cm corres-
ponds to the wavequide non-transparency band, A compa-
ratively high level of power renistered in this bhand
is explained by the fact that since the nurmher of ne-
riods of the structure fillina the waveaquide {s finite.
then the forward and backward transition radiations at
the structure boundaries always take place. Fig. 4 {1-

401



Proceedings of the 1984 Linear Accelerator Conference, Seeheim, Germany

lustrates the dependence of the radiation intensity on
thie teflon plate thickness at the fixed value & =3.0cm.
Two parametrical maxima are pronounced, corresponding
to tne first and second spatial harmonics. Unfortunate-
ly, the limitations in the experimental arrangement
lenytn made it impossible to investigate the higher-
order rescnances. The experiment was done with the ra-
adiator. the total length of which was 160 cm, what en-
abled one to take the nunber of layers N no Tess than
12 7or the largest L.

It becanie clear frow the investigation done that
the finite sizes of the laminated medium impose a num-
ver of characteristic peculiarities. In ref. 11 they
nave calculated a rauiation arising in the waveguide
at the charged particle traversal through the finite
stack of dielectric plates, and ref. 12 presents the
experinental results. They measured the dependence of
the radiated energy on both the waveguide dispersion
and the number of periods of the Taminated medium. The
measurement of the quoted dependences in the laminated
medium transparency and non-transparency bands was of
interest. In the transparency band,_the parametrical
resonance condition being fulfilled! , the energy Tosses
in the stack of N plates exceed N? times those in
single plate, and the resonance width is inversely pro-
portional to N. This is illustrated well by the calcu-
lational and experimental dependences shown in fig. 5.
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Relative power of forward radiation in the
stack of N plates as a function of the plate
thickness yd anc of the medium period

2yd =2ra at *o/Ae =0.82 corresponding
to the stack transparency condition.
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Relative power of forward radiation in the
stack of N plates as a function of the wave-
guide dispersion under the stack non-transpa-
rency conaiticn J"L =l = /2
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Fia. 7. The "locked" radiatinn nower S in the dielect-
ric nlate and the radiation nower S 4n the Ai-

electric-filled resonator as functions of the
wavemtide disnersion. S is normalized in the
rower level 200 w,

For the non-transparent stack the radiation enerav

losses (fig. A) in the wide ranne of values of A, /A,
are anproximately eaual to the enerny losses in sinale
nlate excent for the reaion close to the critical wave-
lenath, i.e. for those values of Ao/ A, where the stack
reflection coefficient sharnly increases. This case mav
be interpreted as the case of the "locked"™ radiation,
The "Tocked" rarfation is a phenomenon characteristic of
radiaticn in any vavenuide. 1t occurs when the wave pro-
panation is impossible beyvond the medium (nlate)., 1.e.
in the frequency ranoe lyinn hetween the critical fre-
quencies of the empty waveocuide and that filled with di-
electric?,13, At the charged narticle passaae throunh
the plate the enerny radiated in this freaquency ranae is
"locked" within the nlate. In case of the axial nassace
the plate rescnance Tenoth and the radiatinn enerav can
he calculated by the formulae of ref. 9, Nnte that at

B2 <p*E-1  the Lerenkav racdiation may nccur, which alsa
15 "locked" in the nlate, so the lerenkov radiatinn peat
anpears in the auasf-continucus srectrim of the transi-
tion radiation. In case of the Y, waves excitation
{when the particle passes rernendicularlv tn the wave-
nyide axis) the Yerenkov radiation is fmnossible, sn all
the eneroy of the "lecked! ra-dfation will be Aue onlv to
the transition radiation’ ', The Aenenience nf the
"Tocked" radiation enerny on the waveruide Afsnersinn
was measures exnerirenta11v1‘, Fia. 7 nresents the cal-
culational and exnerimental denendences on hoth Ae/Ac
and the plate resonance aptical length, The ra”{atien
peak due to the Vavilov-Berenknv efect corresnonds tn
Mo/Ac =1.02. In the wavelemth X,/A < 1.1 the "locked"
radiation exceeds that in the resconator.
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