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MEASUREMENT OF A PHASE POSITION OF ELECTRON BUNCHES
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Presented technique allowed to measure the phase position of electron bunch
relative to accelerating wave.
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The feasibility study of Terahertz Free Electron Lasers (THz FELs) on the
basic of 20 MeV electron linac LUE-20 [1, 2] is developing in Yerevan Physics
Institute. The special-purposed test-facilities will be created for experimental
precheck of the adopted technical decisions. The important are the time-structure
diagnostics of a train of relativistic electron bunches including the bunch phase
position relative accelerating wave. There are many methods for phase position
determination, but these methods are awkward and could not be used for on-line
monitoring and adjustment of the linac. Some other approach is suggested in
present paper.

The method is based on the known effect of disturbance of the field of an
electromagnetic wave in a cavity by the field of electron bunch [3]. Measuring the
exact phase of the disturbance makes it possible to define the phase of bunch
relative to the wave.

Let us assume that at some point of an electrical circuit a harmonic signal
e(t)=E,cos(2xnt/T,) is disturbed by any given periodic signal x(f)=x(z+m T)), where
Ty is the period (wo=27/Tp) and m ==+1,42,£3,... In this case the total signal can
be written as

u(t)=u(t+mTo)=ule(t), x(t)]. (1)

It is completely clear that two realizations of a signal u(f) are possible:
additive, if u(f)=e()+x(f) and multiplicative u(?)=e(?)*u(f). Without loss of
generality we can limit our consideration to the additive case, assuming also that
7 <<Tp. Our aim will be the definition of #, (see Fig. 1).

If the signal u(f)=e(¢)+x(t)=E,cosw, t+x(¢), its spectrum will be equal to the
sum of the spectra of components. Because x(#)=x(t+mT}) is a periodic function,
we can write
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x(6) = Ay + A, cos(@yt—0) + S 4, cos(kayt—6,), @)
k=2

w(t)= Ay + C, cos(ayt — @) + S A, cos(kayt —6,), 3)
k=2

where C, = \/Eg + A’ +2E,A4,cos6, and

sin g,

Al
@, = arctg| —- y
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4

Fig. 1. Periodic perturbation of a harmonic signal.

Let us note that in the case of negative polarity of x(¢) it is necessary to
change the variable 9,—(6,+x) in eqgs. (2)—(4). Generally the phase 6; is determined
by the expression

T
_f x(t)sin kaoytdt
0, = arctg —T(Z : Q)
j x(t)cos kaytdt
0

In the case of symmetric signal tg6,=— tgkwot,. The definition of #, in the
case of an arbitrary form of the signal requires a refinement of the problem, as 6,
will depend not only on ¢, but also on the shape of x(¢). As follows from (5), the
information on the moment of disturbance is contained with certain difficulties,
because the phase ¢; depends not only on &), but also on the relation of the
amplitudes 4,/E, (4). The following conclusion can be drawn from formula (4): the
definition of the moment of perturbation on the first harmonic is inexpedient, since
in view of the unknown value of 4,/E, it is impossible to define ¢z, measuring ¢;.
Thus, we have to measure ¢, using the higher harmonics of w, (£>2). Let us
consider now how to choose the number of a harmonic by looking at the circuit
given in Fig. 2.

The disturbed harmonic signal u(f)=e(f)+x(¢) acts on the frequency filter
F(kaw,) resulting in a signal 4,cos(kwy — kwy t,) at the output, which then acts on the
first input of phasemeter ®@. The signal Ejcoskw, ¢, resulting from the multiplication
of frequency w, of the signal e(f), acts on the second input of the phasemeter. Thus,
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the signal at the output of phasemeter will be 6,=kw,t,, whence the moment of
perturbation can be defined. If the phasemeter range for a unique measurement is
limited to £180°, this means that —180° < 6, < 180° and, hence for the measurement
of the k-th harmonic, that the limits of a single valued definition of ¢, are reduced
by a factor kto -1/ 2k < t,< Ty / 2k. The narrowing of the single-valued definition
of ¢, means that any two other perturbations x; and x, at distance T,/ 2k of each
other will give the same signal indication of phasemeter. Besides, with the growth
of k the amplitude A; decreases and for a small perturbation amplitude the
measured signal can be below the threshold of sensitivity. At the same time, the
more number of harmonics, the better the resolution of the ¢, measurement. Based
on this we can choose as an operating harmonic k=2 or £=3. Let us consider now a
scheme that allows to expand the limits of the single valued definition of the
moment of perturbation (Fig. 3).

u(t)y=e(t)+x(t Arcos(kwot—kwot,
(O=e(t)+x(2) Fhaop) (kewot—kaot,)
v
o O=kwyt,
A
e(1) (0o
—»

kaw Ecoskawgt

Fig. 2. The circuit for the measurement of the moment of perturbation on the k-th harmonic.

@o 2mg 2(or1 oot t i) 2

u(t)—»[F(2w) » FC2 > IFF2 > | FD
T 20y OMF=201MF1
2 (wvF1tt oot W)
! y
T wy ol
d —r
y CH WIMF1 (wIMF1 1 ,//H)
o
e(f)————| FC1 »| IFF1

Fig. 3. The block-diagram of the device with expanded limits of the single-valued definition of the
moment of perturbation. F(2w,) — frequency filter, FC — frequency converter, IFF — intermediate
frequency filter, H — heterodyne oscillator, FD — frequency divider, ® — phasemeter.

The reference signal e(?) acts on the input of the frequency-converter FC2,
where it mixes with the heterodyne signal. At the output of the intermediate
frequency filter IFF2 the signal Eocos(wivr+yy) will be received, where wpr =
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=wo—wy and yy is the phase of the heterodyne oscillations. This signal acts on
one of the inputs of a phasemeter ®. The disturbed harmonic signal u(¢) acts on the
input of the frequency filter F(2w,), at the output of which the signal with
frequency 2w is received. This signal in the frequency converter FC2 mixes with
oscillations of frequency 2wy, i.e. twice the heterodyne frequency. The difference
frequency signal A>(2wmr—2wot,—2 yy), selected by the intermediate frequency
filter IFF2, acts on frequency divider FD, at the output of which we get the signal,
acting on the second input of the phasemeter. After calibration of the phasemeter
its indication will be equal to wyt,. Thus, if the phasemeter has limits for the single
valued definition of a phase +180°, the complete interval of the single valued
definition of ¢, will be Tj,.
The experimental layout of the proposed scheme is given on Fig. 4.

KU dB — ¢ —{ Dr— ¢ —1 dB
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Fig. 4. Experimental layout. AS — accelerating section, R — RF-resonator, Dr — RF-preamplifier,
KIU - 20 MW S-band klystron , MS — magnet spectrometer, SC — slit collimator, FC — Faraday cup.

The proposed scheme considerably facilitates the construction of phaso-
metric part has high sensitivity and allows to make easy necessary transformations
of signals in RF-channels.
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U.L. Unjuhujui, E.2. Ujkpuwiyw

Eitinpntught putidpnifubph thntjught phpph swihnudp
wpwqugunn whph yupwunnid

UnwownplJws E dbpnn, npp pnyp £ wwhu hwpdnuhl] wqpubpwth
fununnpdwi thnyyuyghtt nhpph dhwpdbpnipyut vwhdwbtbph plngjuyund:

M.JI. Moscucsn, D.0. AnekcaHsH.
W3mepenue Ga3oBOro mojioKeHUs AIEKTPOHHBIX CTYCTKOB

B 10JI€ YCKOPSIFOUIEH BOJIHBI

[IpennoskeH MeTo, MO3BOJISIOMINI PACIIUPUTE MIPEACIIBI OJHO3HAYHOCTH (ha30BOTO
MIOJIOKEHHS BO3MYIIIEHUS TAPMOHHYECKOTO CHT'HAJIA.



