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24. To get higher beam power at fixed voltage, one must rajse the cyp
Fent. Given that the beam must have some separation from the v
1t seems that one must increase the radius of the drift tube Er¢
the standpoint of basic Klystron operating principl -

‘ ples, what probli
does this raise? P blem

25. To continue to raise beam currents while maintaining cutoff befw
cavities, the triaxial kiystron, with a center conductor in the g;
tube, has been proposed. We want to know the cutoff frequeng
for the triaxial waveguide configuration. To avoid the headaches
cylindrical geometry and Bessel functions, consider the cage Whe

is close to the outer. (a) Derive the normal modes and dispers
relation for the three classes of waves in a planar waveguide.

infinite parallel-plate conductors separated by a distance d: i
verse electromagnetic {TEM), transverse electric (TE), and tra
verse magnetic (TM). (b) Comment qualitatively on the diffic

posed by the TEM waves. If you can, offer a comment abou
probability that these waves will couple to a beam and drive:
density perturbations. '

26. In the reltron, the modulation cavity fill time delays mic;

27. Derive the expression for the space-charge-limiting current
triaxial klystron given in Equations 9.35 and 9.36. '

I T TRy

References

In the following, many publications from the Stanford Linear A
Center, which are available online through the SPIRES database’ h
publication numbers, even if they are also printed in the proceedin
conference at which they were presented. .

1. Varian, R. and Varian, S.=A high frequency oscillator and ampliﬁ
Phys., 10, 321, 1939,




23.

24,

25.

26.

27.

28.

29.

30,

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

: i - ivistic klystron for linear
ilov, G.V. et al., Design of 135 MW X-band relativistic

D‘?ﬁg in Proceedings of the 1997 IEEE Particle Accelerator Conference, Vancouves,

co. d

e, 1997, p. 3126, B

BC.’ cllmaﬂ pM. et al., Relativistic klystron amplifier, Proc. SPIEf 873, 92, 19_88.

Erljine I é High current relativistic klystron research at Physics International,
evine, J.5.,

p 154, 19, 1994. .
i’roc..osfjf% it al., A500 MW, 1 us pulse length, high current relativistic klystron,
AZi0, LY. -7

. Plasma Sci., 22, 740, 1994. ‘ _
IEEEdTTIfS K.J. et al., Gigawatt-class sources, in High-Power Mzcrow&{ve Sources
I‘—'IiinTelzhnoiogies Barker, R.J. and Schamiloglu, E., Eds., IEEE Press, Piscataway,
i 4
i 66. - - « . .
'NLHZI? 0\2/’ End Friediman, M., Development and optimization of the relativistic
g tr:m'ampliﬁer, IEEE Trans. Plasma Sci., 22, 692, 1-99_4.
stman M. et al., Efficient generation of multigigawatt rf power by a
; 1!etronlike amplifier, Rev. Sci. Instrum., 61, 171, 1990. N o
Elesomb.':mi; D.G. et al,, RP converter simulation: imposition of the radiation
ndition, Proc. SPIE, 1629, 15, 1992. - _ ‘
lin, V. et al., Relativistic klystron amplifier. II. High-frequency operation,

. SPIE, 1407, 8, 1991. } . .
fJcfdman M. et al., Relativistic kiystron amplifier. . High power operation,

oc. SPIE, 1407, 2, 1991. . ' '

?g&i;n M. et al,, Intense electron beam modulation by inductively loaded

fde gap; for relativistic klystron amplifiers, Phys. Rev. Lett.., 74, 322, 19.95-. -

iédman, M. et al., Efficient conversion of the energy of intense relativistic

Ton b’eams into 1f waves, Phys. Rev. Leit., 75, 1214, 1995. .

iller, R.B. and Habiger, KW., A review of recent progress in reltron tu_be

I’l in Proceedings of the 12ih International Conference on High-Power Particle

( ' i 740,

ais (BEAMS'98), Haifa, Tsrael, 1998, p. .

ifler. R.B. et al., Super-reltron theory and experiments, IEEE Trans. Plasma

1,20, 332, 1992. _ .

a:ryotakis G. et al., A 2-GW, 1-is microwave source, in Proceedings of the 11th

iternational Conference on High Power Particle Beams (BEAMS'96), Prague, Czech

ublic, 1996, p. 406. .

yotakis, G., A Sheet-Beam Klystron Paper Design, paper presented at the

Medulator-Klystron Workshop for Future Linear Colliders, CERN, Geneva,

( (SLAC-PUB-8967, 2001). . o

151‘ I., Smithe, D., and Ludeking, L., An X-band triaxial klystron, in High

nerey Density and High Power RF, 6th Workshop, Berkeley Springs, WV, 2003,
41,

Friedman, M. et al,, Externally modulated intense relativistic electron
J. Appl. Phys., 64, 3353, 1988.

Lau, YY. et al., Relativistic klystron amplifiers driven by modulated, 111
relativistic electron beams, IEEE Trans. Plasma Sei., 18, 553, 1990, :
Hamilton, D.R., Knipp, J.R., and Kuper, J.B.H., Klystrons and Microwape:
McGraw-Hill, New York, 1948, pp. 77-80.

Lavine, TL. et al., Transient Analysis of Mulficavity Klystrons, Paper pregey
the Particle Accelerator Conference, Chicago, 1989 (SLAC-PUB-4719 [Rev
Miller, R.B. et al., Super-reltron theory and experiments, IEEE Trans..p
Sci., 20, 332, 1992, :
Marder, BM. et al, The split-cavity oscillator: a high-power e-beam mg
and microwave source, IEEE Trans. Plasia Sci, 20, 312, 1992, .
International Study Group, International Study Group Progress Reporg
ear Collider Development {SLAC-Report-559, 2000). .
Sprehn, D., Phillips, R.M., and Caryotakis, G., The Design and Perform,
150-MW S-Band Klystrons, paper presented at the JEEE International §
Development:Meeting, San Francisco, 1994 (SLAC-PUB-6677, 1994,
Sprehn, D. et al., PPM Focused X-Band Klystron Development at the g
Linear Accelerator Center, paper presented at the 3rd International Cop
on RE Pulsed Power Sources for Linear Colliders, Hayama, Japan, 199
PUB-7231, 1996).

Caryotakis, G., Development of X-Band Klystron Technology at SLA;
presented at the Particle Accelerator Conference, Vancouver, BC, 1997
PUB-7548, 1997). .
From the SLAC Web site: http:// www.slac.stanford.edu/grp /Ky /.
Abdallah, C. et al,, Beam transport and RF control, in High-Power M,
Sources and Technologies, Barker, R.J. and Schamiloglu, E., Eds., IEEE P
York, 2001, p. 254, B
Sessler, A. and Yu, S., Relativistic klystron two-beam accelerator, Phyéi |
58, 2439, 1987. -
Allen, M.A. et al,, Relativistic Klystron Research for Linear Collid,
presented at the DPF Summer Study: Snowmass ‘88, High-Energy
the 1990s, Snowmass, CO, 1988 (SLAC-PUB-4733, 1988). _
Allen, MLA. et al., Relativistic Klystrons, paper presented at the Part
erator Conference, Chicago, 1989 {SLAC-PUB-4861 ; Lawrence Live)
tional Laboratory, UCRL-100634; Lawrence Berkeley National 1aboza
27147; all 1989). K
Allen, M.A. et al.,, Recent Progress in Relativistic Klystron Reseéar
presented af the 14th International Conference on High-Energy Pa
erators, Tsukuba, Japan, 1989 (SLAC-PUB-5070; Lawrence Liverm
Laboratory, UCRL-101688; Lawrence Berkeley National Laboratory;
all 1989). o
Houck, T. et al., Prototype microwave source for a relativistic. kl:
beam accelerator, IEEE Trans. Plasma Sci., 24, 938, 1996. i
Haimson, J. and Mecklenburg, B., Design and construction of a cho
11.4 GHz traveling wave RF generator, in Proceedings of the 1989
Accelerator Conference, Chicago, 1L, 1989, p. 243.
Dolbilov, G.V. et alf,"‘iExperimental study of 100 MW wide-ape
klystron with RF absorbing drift tubes, in Proceedin g5 of the Evrope
Conference (EPAC-96), Bristol, UK, Vol. 3, 1994, p. 2143.

o ]

mer, R., Herrmannsfeldt, W., and Eppley, K., An immersed field cluster

tron, Part, Accel., 30, 197, 1990. ‘
or example, Wright, E. et al,, Test results for a 10-MW, L-band multiple

T klystron for TESLA, in Proceedings of EPAC 2004, Lucerne, Switzerland,



reators, Gyrotrons and Electron Cyclotron
sers, and Free-Electron Lasers

Introduction

chapter is devoted to a somewhat briefer treatment of three classes of
whand microwave sources that are unrelated in their underlying oper-
rinciples: virtual cathode oscillators, gyrotrons and electron cyclotron
"and free-electron lasers The reason for collecting these microwave

. -aves (HPM) than the sources of Chapters 7 to 9. Let us consider each
tely and state the reasons for our admittedly subjective judgment,
varies with the source, recognizing that the significance of any one

trons are an extraordinarily mature source for high-average-power
tion at the several-megawatt level to the problem of heating magnetic
plasmas at electron cyclotron resonance frequencies of 100 GHz or
see Chapter 3). In fact, gyrotrons join klystrons as the only sources
¢ produced to confinuously generate power levels at 1 MW or above.
‘variant of this class of electron cyclotron masers, the gyroklystron, has
estigated as an alternative to klystrons for power levels around 100
and frequenc1es in the X-band and above. Another variant, the cyclotron
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