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Abstract in the resonator. The equation implies that the particles ar

The dfect of transients in the accelerating cavity by Sucl_)unch’ed and the bunches follow at a rate equal to the gen-
rator’s frequency.

cessive switching of generator and beam is discussed. TﬁeI the b dinto short bunch Il particl
possibility of stabilizing energy increase in the proceks o n the beam grouped Into short bunches, ail particles ac-
transition oscillation in the cavity is demonstrated. with!"e the same energy proportional to the accelerating volt

allowance made for the beam current the delay of injectio?lge'

can be chosen in such a way that the amplitude and phase u(t) = /‘”OzeLRe{U(t)}’ @)
of oscillation in the cavity change so that the two factors 2Qo

compensate for each other. It allows to eliminate the eRgnerez, is effective shunting impidance, ardis the res-
ergy spread caused by the transients. onator length.

For a beam grouped into short bunchksis twice as

high as the average beam currént Representing in

) ) _ _ terms of powerP and phasep of the generatorg =
Transients in standing-wave acceleration structures (regj:, exp (%)), Eq. 1 can be written as

onators) are one of the causes for the particle energy spread
to occur in accelerators exited by pulsed microwave field.
y P dv (w0(1+k) i, ) 2w0P
w | =

The energy spread on the trailing edge of the microwave— [ 222~ " ¥ (\/Eequ‘p) _13),
pulse can easily be eliminated by interrupting the beam in- t 2Qo Qo
jection. This work considers possibility of stabilisingeth ) 3)
beam energy on the leading edge of the microwave pulséheres = [ZeLI2/(4P)]*? s the current-load factor (beam
which does not require to interrupt transients in the regurrent-to-critical current ratio &= 1).
onator. The general solution to Eg. (3) has the form

To evaluate the energy spread due to the transients, it is
necessary to take the fact that the accelerating resorsator i

exited by two sources: the external generator and beam

Transients in the resonator can be described in terms of twgerevp is the normalized amplitude of the steady-state

method of counter-propagating waves [1] developed in [ézgscillations,vd is the initial normalized amplitude of the

4]. Further, we use this method to analyze the resonat?f”‘mpeoI etlgetn ?fﬁ'"aﬂons.’"a'gd: 2Qo/[wo(1 + K)]is the
with the beam operated in various modes. |mEe C?]nsfar? 0 T.SedOSCI a(ljons. f
The method of counter propagating waves yields the fol- ach of the amplitudes, andug IS & sum of two terms,

lowing equations for the normalized complex amplitude o!)\/h'Ch refer to oscillations exited by the generator and
oscillationsv in the resonator: €am

u(t) = vp + vaexp [-(1/7 + iAw)t], (4)

WhenAw = 0, the normalized amplitude of steady-state
do . [a)o(l +K) o] wok o " gfgillations exited, respectively, by the generator araibe
— —_— wlv = q|— a—-«a
at ' 2Q Qo >
2 2QokP 28 |2QoP
wherewyg is resonator’s eigenfrequendyjs the coupling Vs = T+k\V wo exple), U=~ o
codfticient between the resonator and the feeder line, (5)

is the diference between the generator’s and resonator fre-By representing the sum of amplitudes in the exponential

quenciesQo is the resonator unloaded factor, anda is  form, the normalized amplitude of steady-state oscillations
the normalized amplitude of the wave in the feeder line. ¢an pe written as

The load due to the current is taken into account by the
termalo, wherelg is the complex amplitude of the funda- 2 2QoP, | >
mental harmonic of current andis the positive real num- °~ 71k V" ap (k=2 inf yo — B cosuo) exp (wo).
ber, which characterizes thfect of current on oscillations (6)
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wherey is determined from the equality after the generator is switched @{Q) = v,(1-exp (~tp/7).
At t > 0 the initial amplitude of the damped eigenoscilla-
cosy = Vkcosp - _ 7 tions is
(k + B2 — 28 Vkcosp)1/2 va = —[vp + vy €XP tp/7)]. (13)

According to the expression (2), normalized amplitude The delayt, can be chosen so thattakes a pure imagi-

of the oscillations corresponds to the accelerating veltag Nary value. Then the accelerating voltage is independent of
time and equalsip. Thus, the energy can be stabilized by

2+Z.LP > properly choosindy, alone. At the optimum coupling co-
to = 1+k —3 i (VK= B sin yo - Beosyo) cosyo.  (8) efficient (9), the necessary delay of the beam engagement
At a givenyy, accelerating voltage (8) attains its maxprelatlve to the microwave pulse is
mum when the resonator’s coupling factor takes the opti- M+ 32 cos +
mum value to=7In A I Sho+p (24)
Kopt = (1 + 28) + 281+ B2 cosyo. 9) As follows from expressions (5), when the phase of the

generator ig = 0, the amplitudes, anduy, are real; there-

Then the accelerating voltage is fore, the energy can only be stabilizedvat= 0. When

VZ-LPco ¢ # 0,04, can take pure imaginary values. In this case, the
= ,—Ze > e . (10) transientis notinterrupted at the moment when the beam is
1+p%+pcospo enabled. The phase and amplitude of oscillations in the res-

To evaluate the energy spread caused by transients gpator change so that the two factors compensate for each

the leading edge of the microwave pulse, it is necessary fer and the change in the particle energy is independent

calculatevg, which depends on the initial conditions. of time.

If the generator and beam are enabled simultaneously at
the moment = 0v(0) = 0. Therwg = —vp and the acceler-
ating voltage changes from zero to a steady-state value.

If the beam is enabled when oscillations produced by the
generator have almost reached their maximum amplitude,
then, taking the beam enabling time as the origin, we obtain
the initial conditionvp = v,. Thenvg = —v, and accelerat-

ing voltage becomes \/

% expEt/r). (12)

u(t) = up +
Figure 1: Complex plane of the normalized amplitudes: (a)
extinction of oscillations produced by the generator befor
the beam is enabled, (b) extinction of the oscillations af-
ter the beam is enabled, and (c) evolution of the resultant
Au _ B (12) oscillations in the resonator.

u M+ 32
K 1+ 5 cosyo The figure gives a graphical interpretation of this ef-

For example, g8 = 0.5 andyo = 3(°, the relative energy fect on the complex plane of normalized oscillation am-
spread is (1 and, ag = 0.5 andyg = 0, it equals (44. plitudes. At the moment when the generator is switched

The energy spread on the leading edge of the microwae®, steady-state oscillations with the amplitugend an-
pulse can be eliminated by enabling the beam with a cetiphase damped eigenoscillations with the initial amplitude
tain delay after the generator is switched on. In the caseyp, build up in the resonator. After the timg, when the
the conditionvy = O (interruption of the transient at the amplitude of damped oscillations exited by the generator
moment when the beam is enabled) can be satisfied. Thiscomes; = —v, exp(-ty/7), the beam is enabled. Steady-
is achieved when the damped eigenoscillations exited Isyate oscillations with the amplitudg and damped oscil-
the beam and generator are equal in amplitude and arelations with the initial amplitude-v, are exited in addition
antiphase. For this situation to occur, the resonator’s frée chose that already exist. A sum of amplitudes of the
qguency must dfer from the frequency of the generator bydamped oscillations at this moment is the initial amplitude
a quantity depending on the phasef the generator. This vq for the subsequent time moments. The damped oscilla-
possibility is addressed in [5]. tions, which have an imaginary amplitude, do niééet the

Let us consider how oscillations in the resonator tunedccelerating voltage.
exactly to the generator frequency«f = 0) come to the Thus, the general expression for the accelerating voltage
steady state. If the beam is enabled atO with a delayt,  obtained in this paper can be used to evaluate the energy

At the optimum coupling cd#cient, the accelerating
voltage spread divided hyy(relative energy spread) is
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spread caused by the transients. It is shown that the energy
spread can be eliminated in the process of transients to the
steady state.
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