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tubes. Finally, we mention our Ku-Band progress before
Abstract closing with our near and long term goals.
At the University of Maryland, we have designed, con-

structed, and tested a number of gyroklystron tubes oper- 2 EXPERIMENTAL TEST FACILITY
ating from X-Band to Ka-Band over the past several

years [1]. The purpose of this effort is to examine the The v_olta_ge pulse is generatgd with a line-type modu-
suitability of gyro-amplifiers as drivers for advanced ac!ator which is capable of producing.2 flat-top pulses at
celerator applications such as the Next Linear Collide}P t0 2 Hz with voltages and currents up to 500 kV and
We are currently conducting a series of experiments witP0 A, respectively. A capacitive voltage divider and a
coaxial tubes which are designed to produce peak powggrent transformer are used to measure the time evqlu—
in excess of 100 MW in X- and Ku-Band, increasing thdon of the voltage and current. Our single-anode MIG is
state-of-the-art by a factor of 3-5. Preliminary results

have indicated peak powers in excess of 75 MW at 8.6 Taple I. The system parameters.

GHz in a three cavity first-harmonic gyroklystron tube
with a gain near 30 dB and an efficiency near 32%. In

Beam parameters

this paper we will detail the experimental results of this | Beam Voltage (kV) 470
tube and discuss designs and preliminary cold test result§ Beam Current (A) 505
of a 3-cavity second-harmonic device, which is expected | Average Velocity Ratio 1.05
to give comparable results at 17.14 GHz. Axial velocity spread (%) 4.4

1 INTRODUCTION Magnetic field parameters

Input ity field (kG 5.69

At the University of Maryland, we have been investi- E|;1pu :aw Y _|e f'(ld )kG 5 38
gating the suitability of high power gyro-amplifiers as | Buncher cavity field (kG) '

drivers for linear colliders for over a decade. [1] To this | Output cavity field (kG) 4.99

end, we have designed, constructed, and tested a variety
of gyroklystron and gyrotwystron tubes operating from

Input and buncher cavity parameters

X-Band to Ka-Band. With a 440 kv, 160-260 A beam, |- oner radius (cm) 1.10
we were able to produce about 30 MW of peak power in | Quter radius (cm) 3.33
1 us pulses near 9.87 and 19.7 GHz with first- and sec- | Length (cm) 2.29
ond-harmonic gyroklystron tubes, respectively. The peak | Quality factor 70+ 15

efficiencies were near 30% and the large-signal gains

. ; : Output cavity parameters
were 25-35 dB. Circular electric modes were used in all P yp

cavities and the average beam velocity ratio was always| nner radius (cm) 1.01
near one. Efficiency was limited by instabilities in the | Outer radius (cm) 3.59
beam tunnel preceding the input cavity and beam power | Length (cm) 1.70
was limited by the electron gun. :

The focus in the past few years has been to upgrade the Quality factor - 135+ 10
system to achieve peak powers approaching 100 MW in Drift tube parameters
X- and Ku-Band. The increase in power results from a | Inner radius (cm) 1.83
larger beam current, which is achieved by maintaining the | oyter radius (cm) 3.33
same current density, but enlarging the average beam Length (between I-B) (cm) 518
radius. Subsequently, the tube cross-sectional dimensions :
are increased and an inner conductor is required to main-_Length (between B-O) (cm) >.82
tain cutoff to the operating mode in the drift regions. To Amplifier Results
date, we have hot-tested a 2-cavity and a 3-cavity first | pyive Frequency (GHz) 8.60
harmonic tube and we are about to test a 3-cavity secon Outbut MW 75
harmonic tube. utput power (MW)

In this paper we first discuss the experimental test fa- | Pulse lengthy(s) 17
cility. Then we discuss the computer simulations before | Gain (dB) 29.7
describing the experimental results from our X-Band | Efficiency (%) 315
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the drift regions. The outer layer is BeO-SiC and the in-
ner layer is CIAS. The 2-cavity circuit omits the buncher
cavity and has a longer drift region.

Customized
Vacuum
Jacket

- T m— The input cavity is defined by a decrease in the inner
e g ) c_onductor radius. The cavity loss is roughly even_Iy di-
vided between the coupling aperture and a CIAS ring on

NN | W\\\A_L\Hﬂ_lkk\t\\ N

Support-

the inner conductor which is placed adjacent to the cavity.
The power to the input cavity is supplied by a 150 kW
coaxial magnetron. The buncher cavity has identical di-
mensions for the metal components. However, the Q is
determined entirely by CIAS ceramics.

The output cavity is defined by radial changes on both
walls and the lip radii are equal to the drift tube radii. The
quality factor is dominated by the diffractive Q which is
adjusted by changing the length of the coupling lip.

B 7

Tungsten OFHC Copper

3 THEORETICAL AND EXPERIMENTAL
RESULTS

capable of producing a 500 kV, 720 A beam with an a . .

erage orbital-to-axial velocity ratio @f = 1.5 and an ax- 3.1 First-Harmonic Results
ial velocity spread ofAv /v, < 10%. The beam parameters
are given in Table | for the operating point where maxia
mum amplification occurs. The voltage and current arg
measured quantities; all other values come from t

EGdU’t\lh 3|mu|at|o?_s z?_nclzldare tf’f;‘sedﬂ?” thi Mll(ihgeorrset etermine the stability properties of the cavities and set
an € magnetic neld profie. € actual theorelicgjits on the cavity quality factors. The solid line in Fig.
fields at the centers of the three cavities are given in Tf'shows the expected performance of the tube as a func-

ble I. The axial field is detuned by -3.5% in the input. . _ . . )
cavity, -8.8% in the buncher cavity and -15.4% in th ion of velocity spread foo=1.5. The simulation predicts

output cavity a zero-spread efficiency of 43%, and an effi_ciency of
The 3-cavity microwave circuit is shown in Fig. 1 an goo/oAfot: 10% Epregd. IFordthe 6% ;preaf(fz! predicted éor a
- : : : 2 eam, the simulated interaction efficiency is about
e Kex dimensions are Gen I Tale 1. e et <o, Allmiciowave cavite are expeced fo be sabl a
the drift tubes to be cutoff to the JEnode at 8.6 GHz %Re design operating point for the quality factors indicated
- : - . _in Table I. The theoretical efficiency for the 2-cavity tube
The inner conductor_ only _extends a few centimeters |nt|o slightly less, but the predicted gain is significantly
the downtaper and is rapidly terminated after the outp wer. Conse L'Jentl the 2-cavity tube was gain-limited
cavity. Lossy ceramics are placed in the drift regions tl%d p.roducedqless t)r/fan 1 MW of )éutput powe?
suppress spurious modes. The rings on the inner conducsx . : '
o generaly llemat betveen caron-mpregnated i [, DT PRAMEITS 20 SXoeirin e e
mino-silicate (CIAS) and 80% BeO-20% SIC. Two layer hoic chamber meaéurements The time dependence of
of lossy ceramics are placed along the outer conductor ' P

Figure 1. The three-cavity microwave circuit.

A partially self-consistent large-signal code is used to
esign the circuit and magnetic field configuration and to
stimate the performance of the tube at the actual operat-
g point. A small-signal start-oscillation code is used to
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Figure 2. Efficiency versus velocity spread. Figure 3. Time dependence of the output pulse.
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the beam voltage (dashed line), beam current (dot-

dashed line), and the amplified signal (solid line) are 4 %2
shown in Fig. 3. There is a slight droop on the flat top 1 —r |
due to mismatches in the modulator. The peak values sl 150 @
indicated in Table | represent the average value of the € B s
signal in the flat top region. The peak power is about % -7 148 @
75 MW, which represents an efficiency of nearly 32%. 3 2 pd LT 2
The corresponding gain is almost 30 dB and the pulse § ,|/ | = qas 2
width is 1.7 us (FWHM). Attempts to increase the At g
peak power further by raising the beam's velocity ratio 44 =
result in a sharp cut in the output signal near the

maximum value which is usually indicative of an in- O T s 4 1 3 5 v o 11 13 15 2
stability (though none were detected by the microwave Axial location (cm)

diagnostics).

An EGUN simulation using the parf?\meters_ of the Figure 4. The shape of the second harmonic tube and the
operating point indicate 'tha_t t-he beam's velocity ratio simulated optimal magnetic field profile (dashed line).
at the entrance to the circuit is near one. There is a rea-
sonably large uncertainty in this ratio due to the neglecétqual on the inner and outer walls naturally leads to a
of the self-axial magnetic field in EGUN and the uncer- e with verv little conversion to the ;I;Esn())/des and
tainty in the applied field at the cathode. In a previous b tl yk field
experiment at the University of Maryland, for example,Su sequent leakage Tields.
the measured average velocity ratio was consistentlyThe principal design parameters for our three cavity
higher than the simulated ratio by about 15%. [.2] Sim.u'econd harmonic tube are given in Table Il along with the
Iat|on§ of thtf atr;r:phger Eecrifczlymancngt th2e qrpheratllng [l)cft'rﬁ'mulated performance estimates. The cavity profile is
are given by the dashed line in Fig. 2. The simulate g . e
cathode magnetic field is adjusted slightly to produce t}i own in Fig. 4. The overall length is very similar to the

best match between the theoretical efficiency and t é;\}ehgggr?rggngffétg tthhlz gg\;ﬂgééhﬁa&ibsegarg%ﬂ?;zgs to
measured efficiency, which is indicated by the cross. T ’ )

required field is about 20 G lower than the calculate chieve the required frequencies and quality factors, and

ideal field and well within the uncertainties of the ex—Coemt;giéi'&S:ﬁge:eQ ;);V:/téeast;‘acnlty. Hot testing should
perimental data. ys.

3.2 Second Harmonic Tube 4 SUMMARY

The second harmonic tube is realized by keeping the In summary, we have developed an X-band coaxial

first harmonic tube’s input cavity but replacing thegyroklystron which has increased the state-of-the-art in

buncher and output cavities with ones that resonate %‘fak power for gyroklystrons by nearly a factor of 3. In

: : : i e near future we will test out"harmonic tube, with the
twice the drive frequency in the T,Emode. Such cavities goal of obtaining about 100-150 MW of peak power at

Table II. The second harmonic desian. 17.136 GHz. We will investigate the limitations on ve-

Beam voltage (kV) 500 locity ratio in greater detail and attempt to increase the
nominal velocity ratio to the original design value. In the

Beam current (A) 770 | i

Velocity ratio 151 ong term we expect to build and power a 17.1_36 GHz
- ; accelerator structure with an accelerating gradient near

Input cavity Q 50 200 MV/m

Buncher cavity Q 389 '

Output cavity Q 320

Gain (dB) 49 5 ACKNOWLEDGEMENTS
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