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Abstract due to the collective effect of space charge strongly deter-
. .. mine the spatial spreading of the bunch. Hence both the
We report on a research program to increase the eﬁ'C'en%sition and size of the bunch with respect to the radia-

?Vzgeslta;glésgfngﬁ;{ee:'r;%nv;gz (?fn;pltl)zirshitr?g ‘22?0 di-[:hsetru Ctjon wave nged to be. considgr_ed for designing an _efficient
amplifier. Single particle or rigid bunch models which are

velocity and a decelerating section with phase velocity sin&}ften used the design of high efficiency devices, frequently

eglect the effects of the quasi-static bunch forces on the

tnr:gcgggglcla?\gt?r: thset12 t:?/vitt)re] arrgsvzlcotct';y'thzh;uEgﬁ;:}'ons; e(leectron dynamics. These fields are frequently comparable
g stag P 9 the radiation fields in TWT's operating at a few 100 kV

is chosen such that the narrowest bunches are sustaine M few 100 A's. In order to design a high efficiency and
the decelerating field for the longest possible time beforﬁ ’ y

significant debunching occurs. Two schemes are under mi-gh power TWT, itis necessary to use a fully non-linear
gninca ng ' - . and self-consistent analysis. This is best achieved by the

vestigation. In the first scheme, a resistive sever is placeud

Se of PIC codes.

between the two stages to suppress temporal phenomena.

In the second scheme, the bunching and deceleration stages

merge into each other by a gradual change in the iris radius 2 CONCEPTUAL ILLUSTRATION

over a wavelength. An absorbing section in this case is )

placed before the start of the bunching stage. Coaxial el @ traveling wave tube the electron beam bunches gradu-

traction geometry [1] is used in both schemes. Efficienciedly accumulate in the decelerating phase as a result of in-

obtained from MAGIC simulations are comparable to thosEraction with the co-propagating structure wave. Uniform

obtained in high efficiency Klystrons [2] (50-60%) but Carrystructure TWTs are usually operated such that the beam

the important advantage of broad-bandwidth, low sensiti/€10City is equal to or greater than the cold phase velocity
ity on dimensions, low surface fields, and simplicity of de.n the supporting slow-wave structure. Typical efficiencies

sign. for synchronous structures are about 25%,'WhICh can be in-
creased to 30-35% by use of a structure with a lower phase
velocity. We propose to use a structure with phase velocity

1 INTRODUCTION fasterthan that of the beam electrons to produce efficient

The TWT is a potentially viable ultra-high power mi- bunching followed t?ya Iowgr phase velocity region to ex-
crowave source for various applications if the beam-tgfact bunch energy into RF field.
electromagnetic energy conversion efficiency can be raisedT0 illustrate the effect of different phase velocities on
to over 50%. Specific advantages offered by the TWT, ovdtunching and the self-consistent generation of rf power
other sources, include low surface electric fields, broafom bunch deceleration, we consider three PIC simula-
bandwidth, and low sensitivity to dimensions and bearf{ons performed with MAGIC code. For ease of presen-
quality. In this paper, we present a simple design of a higl@tion, we use a dielectric slow-wave structure. A uniform
efficiency TWT based on a traveling wave bunching sectiofircular waveguide of radius 15.5 mm lined with a dielec-
merging into a traveling wave deceleration section. tric of radius 6 mm, and operated at 9 GHz. The system

The efficiency of a TWT is limited by inefficiencies in €nds with a non-reflecting termination. A 700 kV, 500 A,
the bunching process, spatial and momentum spread of thén™ radius pencil beam is chosen for all simulations. In
bunches, and the entry of the bunches into the acceleratifilg-1 &b and c, the axial electric field and the instantaneous
phase of the RF field. The usual technique suggested for if€am current are shown, from simulations corresponding
creasing the efficiency involves tapering of the wave phad@ cold wave phase velocities 001c, 0.90c and0.82c re-
velocity so that the decelerated bunches remain within ttPectively. &, of the dielectric = 1.8, 2.1, and 2.4 respec-
decelerating phase of the wave. tively). Consider Fig.1a, corresponding to the ‘fast wave’

The electric field in the amplifier arises from the quasi€@Se- Even though the radiation wave grows at phase ve-
static fields of bunches and the radiation field from decel9Ciy < ¢, the the bunches lag the wave more than in the
erated electrons. The spatial position of bunches with r@ther two cases. This causes reduction in growth rate and
spect to the wave can be changed by changing the locdflow spatial rise in current. However, the peak purrent in
phase velocity in the slow-wave structure. This fact wilithe fast-wave case exceeds the peak current achlgved in the
be used in the design described here. However, the forc@dchronous and slow-wave cases. Becduistor a given
rf current is the least in this case, the bunch energy spread
*Work supported by U.S. D.O.E. & AFOSR MURI Program as well as its average energy drop (and hence rf power) is
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Figure 1: Current (top curve) anil, (bottom curve) pro-
files for cases with cold phase velocities ¢g)= 1.01c (b)
vp = 0.9¢, and (c)v, = 0.82¢, indicating highest bunching
level and lowesf’, for the ‘fast-wave’ case.

also the lowest for the fast-wave case. These conditions
are desirable for a good buncher, but not for extraction of
bunch energy into the electromagnetic field. As expected,
the initial growth rate is highest for the synchronous case
(Fig. 1b) and the saturation power is highest for the low-
est phase velocity case (Fig. 1c¢). The latter result follows
since the bunches are taken to lower velocities before they
enter the accelerating phase of the wave.

We conclude that the amplifier in Fig. 1a is an efficient
beam buncher and the amplifier in Fig. 1c is an efficient
decelerator (hence rf converter). A combination of the two
may be expected to result in a high efficiency amplifier. To
make use of the bunching in Fig. 1a, a change in phase
velocity in the slow-wave structure is needed close to the
point where the bunches are beginning to enter the accel-
erating phasez ~ 42 cm). At this point we use a 4 cm
long transition to a region with,,;, = 0.82¢. This transi-
tion and its corresponding effect on the amplifier dynamics
is illustrated in Fig. 2. The narrow bunch from around
z ~ 40 cm slips back into the center of the decelerating
field within the transition region and rapidly loses energy
to the electromagnetic field. This yields over 50% effi-
ciency. Note that when the bunch has spread to a width
that is comparable to a half-wavelength, then no real ad-
vantage is gained by further lowering the phase velocity
since part of the bunch has inevitably entered the accelerat-
ing phase. Power should therefore be extracted close to the
E-field maximum in Fig.2.
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Figure 2: (c) Phase velocity6:90c¢ for z < 42¢m and 0.82
for z > 46em
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3 EXPERIMENTAL IMPLEMENTATION I 1.0r
The two-phase velocity concept is implemented with an 0.0k
iris-loaded waveguide periodic structure. The change in 1.0 w
cold phase velocity fronl.2 ¢ to 0.75 ¢ is produced by F
changing the iris aperture while keeping the outer wallra- -2 .0F
dius constant (Fig.3 top). The tapering at the ends is done : \ [
to reduce reflections. An coaxial inner conductor placed -3.0p

in the output tapered section is used to shield the particles _4 b o .. ¢ . . L
from the wave close to the power maximum, so that no re- 50 100 150 200
acceleration occurs and hence the peak power is extracted. Time (ns)

The coaxial extraction scheme, described previously [1],

provides a broad-band, low-reflection coupling of peak rf  Figure 4: (Top) Beam current (Bottom) Output RF
power into a TEM coaxial mode. A SiC absorber is also

placed at the input end of the amplifier to further absorb

any residual reflections from the output of the system. \ypper pa;tﬂ?f thet f|gtu;e sholws tZetbetanJ t;:urrent rgnd the
present, a short traveling wave section is used to provi guer part the output rt envelope detecte ynprobe,

a few percent initial modulation to the system. A MAGICmou”ted in the side wall of the coaxial output section. The

simulation with this structure demonstrates 200 MW powe-[?,ower level at the end of the first stgge is a few MW V(Y'th a
at 9 GHz into the coaxial guide, when a 700 KV, 500 Asmglefrequencyoutput. The pulse is phase stabledté°,

beam is launched into the system. This corresponds to 57% ich lies within error range of the diagnostic. At present

- o . : k output power is found to be 45 MW for beam in-
efficiency. The amplifier described has been fabricated arjge pea . X .
test ty i to check th lidity of thiut of 800 kV.at '300 A. Simulation QOne v'th 1000 kV,
ests are presently in progress o check the validity o h%OO A beams indicates an rf conversion efficiency of 50%

design. . !
g ' with output power of 250 MW. Experiments are underway
aboorber TTTTTATATAATTA T AT to change the modulator output voltage and current closer
TEM mode to the intended design.
—
weekly modulated beam ¢ 5 CONCLUSION

We have proposed TWT configurations based on a two
RALD ||H||"" section slow-wave structure, such that the first section op-
& ST TTTTTTTITETOTT --u||||||||| timally bunches the beam, while the second section effi-
— > absorber (G ciently decelerates the bunches. The bunching and deceler-
e T ation aspects of the problem are therefore treated on equal
unmodulated beam . . L - .
footing in order to maximize efficiency. MAGIC simula-
tions indicate that 50-60% beam-to-electromagnetic effi-
Figure 3: Experimental Implementation | (top) and Il (bot-ciency can be achieved in both experimental designs de-
tom) scribed. Because of the pure traveling-wave nature of the
interaction, the designs are not sensitive to input frequency
or system dimensions. For example, a few centimeters
4 EXPERIMENTAL IMPLEMENTATION II change in the transition point of the structure only alters
) L , the efficiency by a few percent. Also a wide range of phase
Fig.3 (bottpm) ShOW,S a variation of the above idea. In th_'@elocities can be chosen for the design of the two sections.
case, a SiC sever is placed between the TWT bunchifg,q gimpjicity of the design, combined with all the de-
a}nd decele_,-ratlon sect_lons. The 1f power pbtalned n th§ able properties of the traveling wave interaction could
first stage is dumped into the absqrber while th.e bunch uld make this scheme a viable and efficient ultra high
beam tr'averses 'the sever and excites thg r.eqw.red elec Swer microwave source in X-band. Design studies have
magnetic mode in the 2nd stage. The radiation field reco Iso indicated that similar designs at 35 GHz are experi-

structs from zero such that the bunches automatically ”r%entally feasible and should yield efficienciesoft0%
in the decelerating phase of the electric field. This results - '

in rapid growth of the rf field. The. si.ze of .the_first s.tage 6 REFERENCES
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