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1 INTRODUCTION with gradedB (S,), which accelerates the beam up to 500
keV. The output beam of the first structure passes
Driven by the needs of new industrial technologies, thetirough a cooled aperture (A) which serves as a low-
is an increasing effort to raise the average beam powanergy filter and enters the second accelerator structure
of proton and electron accelerators. These high beg@®,) with taperedd. This structure is used as a test-bed
power accelerators will most likely be linear and, out ofor investigations of beam phasing for auto-oscillating
necessity, have many structures, each of which will kg/stems. Beam power and current at the accelerator
driven by a separate RF source. One of the obstaclesoiiitput are measured by the Faraday cup (FC). To focus
constructing such machines is the availability of a simplge peam solenoidal lenses &nd L, are used. Beam

and reliable RF power supply system. alignment is carried out by steerers &id Si.
Self-excitation in a positive klystron-structure

feedback loop is the simplest and most reliabl
excitation mode for a high duty factor, single-structur?'2 RF Power Supply System |

accelerator. Here, the system oscillates at the structurF kedi f the RE [ f
resonant frequency with the Kklystron frequenc ock-diagram of the power Supply system 1ot

following it automatically [1]. We suggest to use Self_mvestigating beam phasing of self-excited systems is

excited mode of klystron-structure operation for a multiShown in Fig. 2. 22 kW RF klystrons {knd K) at the
structure accelerator. The main problem which should Beequency 2,450 MHz [1] are used to drive the
solved for this method of building the RF systems i@ccelerator structures. The first structurg (erates in
phasing of the independent self-excited systems [2].  a self-excited mode and forms a reference signal for the
We suggest two methods of phasing the autgrebuncher (PB). The signal of the first structure which
oscillating systems, first - using the interaction of thés taken from the RF probe passes through the
accelerated beam with the accelerating structure, astkctrically driven p-i-n attenuator (A and coaxial

seqonq - t_Jsing_ external si.g.nal of a master oscillatgjhase-shifter @) and enters the Klystron. Phase
which is mixed into the positive feedback loop betweeBgngitions of self-excitation are chosen by the phase-
klystron and accelerating structure. shifter. The feedback p-i-n attenuator regulates the

output power of the klystron and, consequently, the
2 MEASUREMENTS AND RESULTS amplitude of the accelerating field.

2.1 Experimental Layout

Experimental investigations of the proposed RF systems
were made at a prototype two-structure CW electron
accelerator [3] whose block-diagram is shown in Fig. 1.
A DC electron beam of the gun (E-gun) [1] with the
energy from 70 to 100 keV, current from 0 to 16 mA,
and normalized transverse emittance 5[imrad enters
the prebuncher cavity (PB), a cylindrical resonator with
TM,_,, mode at a frequency of 2,450 MHz. After the Fig. 2. Block-diagram of the RF power supply system

010
prebuncher the beam enters the first accelerator structure I

e 52 A2 s U pggy EOU D,-signal is used by the system of amplitude
stabilization, which controls a p-i-n attenuator )(A

I I current stabilizing the amplitude of the accelerating field
E=600 ke’ E-80 keV in the first structure at the level of 10Such a

Lgi:\:“ 1=0-T6mA stabilization compensates beam loading. A part of the

Fig. 1. Block-diagram of the accelerator. Klystron's - power (60 W) is used to drive the



prebuncher. The Klystron K operates without a in the experiments are -- operation frequencigsf(,),
circulator. accelerating field amplitudes (PD,), phase difference

The second structure jSs used to test the process of
beam phasing of self-excited systems. The structure is
driven by the klystron (¥ which operates in a self-
excited mode at a power level approximately defined by
the equation from [2]:

P, = (i52)/ (4B) (1)
We made the measurements at a value of average
currenti, = 5 mA. For our accelerator structure with
experimental values of shunt impedaZce 14 MQ and

coupling constanp = 1.0, required operational level of rig 3 Bjock diagram of the RF power supply system I.
the klystron power at a non-linear part of the amplitude

characteristic isP, [J 200 W. To get about 300 W petween the structuresAf, ), and RF powers at
klystron output in saturation using a 22 kW klystron WEf(Iystron inputs P 1 p 2)

introduce into the feedback loop a RF amplifier with i n

strongly non-linear characteristic which limits RF signa . . .
amplitude at the Klystron output. ba Experimental Results and Discussion

RF system of the second structure is designed in a wa h ) ith |
which allows to measure the RF power balance in tH the experiments with RF power supply system | we

system. Half of the RF signal of the structure taken frorﬁweasured depen(_jencies of system parameters on
the RF probe is used to measure power dissipated in lfﬁgdbaCk attenuation, feedback phase, and frequency

structure walls R,) and phase difference between thé}letuning between structuresahd S.

structures &0, .) via phase detector (PD). The rest of To define parameters describing beam interaction _W|th
S1-52 o the accelerator structure we measured dependencies of
the structure’s signal enters a 5-W amplifier (Amp)

. . . [ issi in th | fl
passes the electrically driven p-i-n attenuator,),(A power dissipated in the structure wallg,) reflected

coaxial phase shiftep() and enters the klystron. Phas ower £), and phase differencéds, ;) on frequency

conditions of self-excitation are chosen by the phasdﬁetunli(r:g 0 =20, - 1)/ 1) l_Jn(:]er thef?onditions V:]hen
shifter, output power of the Klystron - by p-i-nt€ Klystron K was switched off. From these

attenuator. Klystron poweP() and operation frequency dependencies we estimated |oaded quality facpr

(f,,) are measured from a waveguide directional coupl&P00+ 500, coupling constanf = P, /P, = 0.9+ 0.1,
and shunt impedancg= 14 MQ, of the structure.

(PC“)' In the_ RF system O.f this structure we use % At the next step we measured starting beam current
circulator, mainly for measuring reflected powey) (and when the self-excited oscillations at the resonant
beam induced power when the feedback l00p is Ngloqency of the second structure pass to the forced
closed. Diode Dis used to control accelerating field ggcillations at a bunch frequency. These measurements
amplitude. were made at different values of frequency detuning in
To change the resonant frequency of the seconfe range -@0* + +1.310°. Transition to the forced
structure in the range of 500 kHz (and, hence, frequengy asions at different values & was observed at
detuning) we introduced thermoelectric heaters with ”\ﬂitial beam currents of 2.5 3.0 mA for the klystron

power 0+ 14 kW into the cooling circuit of this o er of 200+ 400 W. For further measurements we
structure. chose the beam current of 5 mA.
The question of particular interest for the proposed

2.3 RF Power Supply System II method of phasing the self-excited systems is

experimental observation of beam acceleration and
Block-diagram of the RF power supply system foineasurements of acceleration efficiency. To demonstrate
investigating phasing of self-excited systems withhe validity of our approach we measured power balance
external signal is schematically shown in Fig. 3. Rk, the system depending on frequency detundig
signal of the master oscillator with regulated amplitudgjeasured dependencies are shown in Fg. Two
(A.) and phase for S9.,) is mixed into the feedback cyryes for the changes of beam powa?, and AP,

loop of the first and second accelerating structur§gere optained by two independent methods. The first

through the 3 QB-coupIers. Other elements of the Rtlj;ependencé‘be1 was calculated from power balance in
system and their functions correspond to those used

) :
method I (Fig. 2). RF parameters which can be measured >

AP =P -P -P, )



measurements the phase difference between the
and the second\P,”, was calculated as a difference ~ accelerating structures was regulated by changing the
w0 1 P, W phase of the external signal mixed into the feedback of
the second section (phase shifpgyin Fig. 3). Measured
dependence of beam power on phase differgce,, is
shown in Fig. 5. The measurements were made at the

8 x 10E+04 average beam current 2 mA. It is seen from the figure

—— ;1 that with mixed external signal the self-excited
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Fig. 5. Dependence of beam power/un, .,
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in both accelerating structures become phased and

—+—Fa provide full acceleration of the beam.
——Fw
—a—Pr
I —e 2P 3 CONCLUSION
Fig. 4. Dependence of system parameters on frequency
detuning: a) - experiment, b) - calculations. Two methods of phasing the self-excited systems using

1) - interaction of the accelerated beam with the
between the measured beam powrer,and calibration accelerating structure, and 2) - external signal which is
Va|ue of beam poweercal, measured W|th Second mixed intO the pOSitive feedbaCk |00p - haVe been
klystron switched off: shown to provide efficient beam acceleration. Both
AP2=p .p®@ 3) methods considerably simplify the design of RF systems

b, B P Jpr multi-structure linacs making them simple, reliable,

Darkened areas in the figure show the range . :
ignd inexpensive.

frequency detuning where beam acceleration
experimentally observed, > 0.810" andd < - 1.010".
Maximum increase of beam powerA®, = 70 W £ 5

W (from power balance, eqgn. (2)), which gives the _
acceleration efficiency: The authors would like to thank Prof. Peter Trower

World Physics Technologies, Inc.) for his contribution
£= AP, /P.[100% = 58% 4%. ( i s g )
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