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PHASE CONTROL OF THE MICROWAVE RADIATION IN FREE ELECTRON LASER TIJO-BEA.t-1 ACCELERATOR 

Y. Goren and,A.M. Sessler 

Lawrence Berkeley Laboratory, University of California, Berkeley, CA 94720 

Abstract 

A phase control system for the F.E.L. portion of Two-Beam Accelera

tor is proposed. The control keeps the phase error within accept

able bounds. The control mechanism is analyzed, both analytically 

in a "resonant particle" approximation and numerically in a multi-

particle simulation code. Sensitivity of phase errors to the 

F.E.L. parameters has been noticed. 

l. INTRODUCTION 

The two beam accelerator (T.B.A.) which utilizes the free electron laser (F.E.L.) has 

been proposed for future high gradient linear colliders. 1 ) To operate the T.B.A. a tight 

electro-magnetic phase control in its F.E.L. portion is needed.2,3) Phase deviation results 

from accumulating errors in the F. E. L. section. Error sources are continuous current loss_, 

wiggler field inaccuracy, or spatial fluctuation of the accelerating voltages across the 

induction units. Of particular concern is phase deviation resulting from shot-to-shot 

jitter in current, magnetic wigglers, and accelerating voltages. In this paper we propose a 

solution to the phase error caused by shot-to-shot jitter, via a "phase injection" mechan

ism. In this mechanism a number of correction stations will be spaced along the F.E.L. 

drift tube. At each station the microwave power flow will be replaced with microwave radia

tion of the same intensity, but with the phase expected from an ideal run (Fig. 1). In Sec

tion 2 we represent an analytical solution in the resonant particle approximation. A 

multi-particle numerical analysis is given in Section 3. In this section the results for 

phase error evolution from 1000 particles 1-D F.E.L. code will be presented and compared 

with the analytical results~ 
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Fig. 1 Conceptual configuration of the phase injection system. 



2. PHASE INJECTION IN THE RESONANT PARTICLE APPROXIMATION 

To make the analysis easily tlnderstandable we shall treat the phase control mechanism 

only in the case of a current jitter. The same procedure applies in the other cases of 

fluctuations in the physical parameters. We shall use the resonant particle approximation 

with the standard K.M.S. notations. 4 •5) The equations of motion are: 
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where continuous acceleration, !::.', is assumed. The quantity !::.' is related to the microwave 

power extracted a through energy conservation: 

6.' - Q • (5) 

With periodic replacement of ~e microwave radiation with radiation of the expected 

phase (phase injection) Eq. (4) should be changed into: 
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where t::.¢M is the phase deviation at the M-th port and we assume in this analysis that all 

connected stations are equally spaced with a distance L between successive parts. The 

equilibrium condition (ideal run) is given by: 
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We now study phase errors by assuming a small change from equilibrium originating from 
t.I a small deviation r---- in the injected current. Expanding all dynamical variables in 1. 
10 

we may write: 

( 8) 
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s so 

To first order in r. we obtain four linear equations: 
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where we use the notations: 
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w w so 0 

and have assumed the following expansion for the phase deviation: 

(13) 
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The phase injected term in Eq. (12) acts as a periodic driving force initiating spatial 

oscillations of the dynamical variable. We expand the perturbated variables (Eqs. (9)-(12)) 

in a discrete Fourier expansion of the form: 

n-1 

{i km·z} 8(Z) - I 8 m•exp 
m-0 

(14) 

where k - 211'•M/L m 
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We obtain the four algebraic equations: 
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where we drop the subscript "m" in the dynamical variables and the wave number k, and toJe 

assume the same phase deviation, to first order in 1. in each section L. The solution for 

the electromagnetic phase shift ¢
1 

in terms of the equilibrium parameters is given from 

Eqs. (15)-(18): 
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where we use the following notations: 
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For the zero oscillation mode, m- 0, the l.h.s. of Eq. (19) vanishes and we end up 

with an equation for the phase shift: 

(20) 

In our parameter region (see Table 1) the wave numbers qa , q"Y , qtP and the parameter 
0 0 0 

P0 can be approximated by: 
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The average phase deviation, to first order in 1, is given by substituting Eq. (21) in 

Eq. (20): 

(22) 

Hence the peak to peak phase oscillation is: 

6.1/J • 2 D.~ - I • L4> ' ( 2 3 ) pp 

In the next section we present numerical results from a many particle simulation coda. 

We shall see that analytical approximation given in Eq. (23) is in a good agreement with the 

numerical results. 
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3. MANY PARTICLE SIMULATION 

In this section a many particle simulation code is used to study the behaviour of the 

electromagnetic phase in the phase injection scheme. Detailed description of the code is 

found in Ref. 6. The simulation uses discrete replenishment of the beam energy in the 

F.E.L. section. The code simulates the microwave propagation for different initial condi-

tions and according to our phase injection scheme it replaces, at each correction station, 

the electromagnetic phase with the phase calculated from the optimum run. 

In Fig. 2 we present the evolution of the phase error with distance along the F.E.L. 

drift tube, for the case of initial current deviation 1- 0.13% and without phase correc

tion. The parameters of the run are given in Table 1. In Fig. 3 a phase injection has been 

applied at correct stations 60 m apart. One can see from the figure that the phase is con

fined in this case to A~ < 8.8". The analytical prediction for this set of parameters, 
pp -

given from Eq. (23), is A~ - 7.4". Each phase correction initiate a synchrotron oscillapp 
tions, which results from the phase shift between the bunch center of gravity and the center 

of the potential well. The power extraction, represented by the parameter a in Eq. (3), 

tends to suppress these oscillations. We can see from the figure that after 3 to 4 e folds 

(15 to 20 m) the oscillations disappear and the phase deviation increases linearly with Z up 

to the next correction station. 

Parameters of the F.E.L. portion in 
two-beam accelerators 

Average beam energy (units of mc2) 
Beam current 
Bunch length 
Wiggler wavelength 
Peak wiggler field 
Average beam power 
Power production 
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Fig. 2 Phase error vs. distance for 0.13% error in current r
0

- 2.4 k~. 
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Fig. 3 Phase error vs. distance with phase injection stations 60 m apart. 

To improve on this scheme we must increase the distance between correction stations 

without increasing the phase error. For this purpose we reduce the current flow from 

r0 - 2.4 kA (see Table 1) to r
0 

2.0 kA and the wiggler to 2.5 kG. In this mode of opera-

tion we could confine the phase error to~¢ < g• for 100m between stations, and for the 
pp -

current deviation 1 .- 0.13%. Figure 4 describes the phase vs. Z for this case. Thus we see 

that phase error is rather sensitive to TBA parameters, and since phase control is a central 

issue in a TBA perhaps parameters should be chosen with careful attention to phase control. 
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Fig. 4 Phase error vs. distance for 0.13% in current r
0

- 2 kA, and 
phase injection stations 100 m apart. 
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