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Introduction.

In o previous note,[1],a rough estimate of the cavity shunt impedance was obtained by com-
paring the simple one —resonator model with somc measurements of the loading angle @, in the
prescnce of the beam. In this note a two — resonator model is presented which is more suitable
to describe the EPA RF system than the R1.C lumped circuit. The reason for introducing this
model here is basically that the rather unconventional design of the system may tum out to be
the source of deviations with respect to the standard theory,as far as the beam — cavity interac-
tion is concerned. In particular it has been suggested [2] that the beam loading instability lim-
its,as predicted by Robinson’s criterion,would change considerably if a more complicate model
of the RF cavity were assumed. In fact some measurement of the instability threshold seems not
to agree with Robinson’s criterion. To verify this hypothesis,a detailed study of the model is
needed,in order to get an accurate description of the RF system,what is essential for the subse-
quent analysis.
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1. The cavity model.

The 1:PA RF system [3], consists of an accelerating cavity coupling through a magnetic loop to
an amplificr cavity ,where the power tetrode is located. the equivalent lumped circuit of the system
without beam is shown on Fig. 1. ‘The power tubce (tetrode) is represented by a current generator with
its plate resistance Rp added in parallcl. Using Kirchhofl's laws the following complex quantities can
be calculated:
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7:1 = is the anode impedance, i.e. the impedance scen by the power generator. Z~2l = —1-’- is the
1

~
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anodc impedance transformed to the accelerating gap. + = is the voltage step —up (transforma-

Af}

. ~ v, . .
tion ratio) hetween the anode and the gap. Z, = 72_ is the gap impedance (as scen by the beam).
2

The analytical expressions are given in Appendix I. With the beam, the equivalent lumped cir-
cuit is outlined in Fig.2. The following equations apply:
Vi=Z 1, +Z,«1,, V,=2Z, 1 +Zy*I, with ,
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and I, = I, the fundamental component of the beam current (for short bunches).

Owing to the symmetry of the circuit, the impedance seen by the beam can be calculated by inter-
changing thc indexes 1 and 2 in the expression of Z,. The parameters involved in the calculations of
Appendix | are evaluated as follows: R,, = Zn,, * O, , are the shunt impedances of the 2 isolated cav-
ities; the quality factor @, , have becn measured scveral times with the high resolution Network Ana-
lyzer 11P 3577A, while the characteristic impedances (on the axis) are computed by SUPERFISH for
the main cavity (Zn,), and known since a long time for the amplificr cavity,[4].

Using the following cquations ( and the measured values of the two rcsonant frequencies o, ,, the

' 1 .
other parameters are determined @ @, = ————=, @), = @, * (), * R,,

V6L ,*C, ’

M= (2 o 2 JL, + L, is the mutual inductancc cocfficient. The * big Omega ° Q is half the
@

distance between the two resonant peaks when both circuits arc tuned to the same resonant fre-
quency (19 MIIz in our casc) and its relationship with the mutual inductance coefficient is
derived in the theory of transformer — coupled amplifiers,[5].

‘I'he numerical valucs of the relevant paramcters have been used in a FORTRAN program
(BM1.13) which computes the complex polynomials of Appendix 1. The results are comparcd
again with somc mcasurcments, and the best sctting of input parameters is chosen. An example
is shown if Fig.3,where a typical resonance curve of the cavity is displayed,as measured by the
Nectwork Analyser. This illustratcs the cavity responsc (as measurcd by a magnetic pickup in the
cavity) when a frequency span of 10 Kz around the central frequency (here = 19080 kiiz)
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was cxecuted at constant excitation voltage on the control grid of the tube. This plot has been
taken with about 25 kV on the gap. The loaded Q is 3446 as measured with the 3 dB method.
Some points calculated by the program are also shown, for 3 different values of Q, (i.e. the Q of
isolated cavity when powcered). Obviously,this last parameter is not directly mcasurable. The
input and output parameters,as used in the program,are shown in Table I for the casc of Fig.3.

‘The plate resistance Rp can only be estimated from the tetrodc characteristics. A program
has been written for a HIP Desktop computer by A. Susini and R.Giannini to calculate the first

three Fourier components of the plate current for a given grid voltage,as a function of the plate
-1
voltage, This is just the definition of the plate resistance,as W) = R, whose valuc

P " VG = const.

depends on the plate voltage and on the phase angle of the load. Typical values are between 4.7
kQ, and 11 kQ,[4].

In Fig.3, R’ was chosen to be 7.2 kQ.

The results of BMLD can be compared with some ‘cold’ mcasurements taken in the labo-
ratory. The anode impedance(i.e.,the load impedance) was measured with the HP Vector

Impedance Meter at 19.1 MHz and found to be =~ 5kQ at the maximum (i.e. phase = 0%in
agrcement with the model (sec Table I), also the transformation ratio t has been measured by
exciting the cavity at the gap with a matched loop and looking at the response of two pick-
ups,one located in the main cavity,the other located near the anode. By measuring the attenua-
tion bctween the two with a Network Analyser, the transformation ratio Vgap / V anode is easi-

4
ly dctermined. We have found |[—£%-| = 6.5 at 19.1 MHz.

onode

2. Measurements with the beam.

Somc measurcments of the cavity voltage ¥V and the loading phasc angle @, as functions of the
average beam current /% have been presented in a previous note,[1]. In the case of no control loops
they can be used to get an estimate of the paramcters involved in our model. Two examples (‘a’ and
) of such measurements arc shown in Fig.4 to 7,werc the measured @, = f(/5) and V, = f(I7) are

represented by solid lines and the theoretical predictions arc represented by stars. From the usual pha-
sor diagram (Fig.8),the following cquations are derived (with thc usual meaning of the symbols):

R
" tan®,, — 4 2 cosdg
1 (o5
I cos®, = 7(£ + Isindg tan®, = TR
f 1 + 2—Ss5ind;
c
4 1N .
with /, = R—C , @ =arccos| — 1- ( v ) , where U, is the encrgy loss per tum per
S Ve

particle in 1PA. Since /@, and R arc constant, the loading angle @, can be climinated from the

above cquations to get a polynomial of the 4" order in ¥V, which contains only /, as a variablc. The
resolution of this system has been included in a FORTRAN program which computes the shunt
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impedance R as a function of the parameters of the transformer —coupled system and finally performs
a stability test of the system applying the Routh — Hurwitz criterion.

The sct of parameters used to produce the curves in Fig.4 and 5 is shown in Table Il and the one
uscd in Fig. 6 —7 is shown in Table III. It is clear from Fig. 4 — 5 that the agreement with the model is

rather good for the V. = f(I¥) curve, but it is very bad for the ®, = f(/¥) curve. The opposite is
true for the data in Fig. 6—7. In particular, the values of R, and Zn,as given in tables Il and III are
quite different between the two cases. The resulting shunt impedances R are about 140 kQ (from
Table 1) and 77kQ (from table I1I). The value of Zn, in Tablc 11 is 41Q,which is exactly the value
predicted by computation, while a value of a few kQ for R, secms rcasonable in both cases.

It should be mentioned that the measurement of V. seems more reliable than that of @, since

the cavity voltage has been checked by measuring both the top energy of the spectrum of the X —rays
leaving the accelerating gap [3] and the synchrotron frequency at various voltages. The measurements
of @, instcad might be affected by non — linearities of the power tetrode, since the phase measurent is

made betwcen the cavity voltage V. and the grid voltage V,, taken as reference.

Anyhow it is impossible to come to a definitive conclusion at this level also because all the mea-
surements (aken in these conditions confirm this discrepancy. A more accurate measurement of D, is
certainly nccded.

3. Results of the fit.

To further investigate the relative consistency of the V. and ®, measurements we tried a lest square fit
of these data to the theoretical model, described in Chapter 2.

The MINUIT package was used. We tried first a fit of ®, = f{I5) and of V. = f(I¥) one at a
time. The fitted parameters were the frequency of the isolated cavity /3 +its quality factor Q, ,the plate
resistance X, and the cavity characteristic impedance Zn,.

The results are shown in Fig.9— 10 for the fit on V. only and in Fig. 11— 12 for the fit on ®,, for

the curve "+". They produce two sets of best fit parameters, shown in the figures,which are definitely
incongruous. Again, the best fit of @, gives numbers which arc distant from thc expectations. The

same holds truc for the curve ‘b’, although the corresponding plots arc not included in the text. A fit
of both @, and V_ together was also tried, giving unsatisfactory results.

4. Conclusions.

The transformer — coupled resonator model of the EPA RF cavity was presented. The validity of this
modecl is confirmed by “ cold ‘(i.c. without beam ) mcasurements. Furthermore the measurements of
the cavity voltages V. and of the loading angle @, as functions of thc beam current /% | which have
been taken during the running — in of EPA, were used to asses the main parameters of the cavity. Since
no clear and dcfinite indication comes out from this analysis,a lcast — squarc fit of thesc data to the
theoretical modcl was tricd. The results show the need of further measurements and undcrstanding.
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Table I: Input and output parameters of BLMD

Jy
A

£ 335.5kHz [ = 19079.33 kiiz
2n 0

16857 kl{z Q, = 1000 Zn = 45Q
190253 kHz Q, = 6000 Zn, = 41Q

Results of the calculations for RP = 7.2kQ)

-~

V| = 2710 Omega, Arg(Z) = 0.5 | = 7.15.

V.
Ar;:(-l> =26
[

Results of the calculations for Rp = ono.

-~

12 = 435702, Arg(Z) = 25 I =1.14.

v, o
Arg(-—-—) = 4.6
I
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Table 2:  Input data to producc Fig. 4—5
J, = 16857 kliz, 0, = 1000, Zn = 45Q
S, = 1902830 kiizfor‘a’, Q, = 6000, Zn, = 41Q
19029.34 kHz for °b’, Rp = 72kQ
?Q- ~ 335.5kHz, f, = 19085.24 kliz bunch frequency in EPA
T
Table 3:  Input data to produce Fig. 6—7
J, = 16857 kliz, 0, = 1000, Zn = 45Q
F, = 19028.30 kH{zfor ‘a’, Q, = 6000, Zn, = 35Q
19029.54 kHz for ‘b, Rp = 3kQ
2 3355kHz,  f, = 19085.24 kliz
2n
6. Appendix I
Since the calculation are long and very tedious, only thc final rcsults are given : 7:, = -1-'—
5 1
.r2+a2s+
= (‘i - 2 2 = 2 2 )1 thre
- +w a,w;+ a,w (0@
t+fa+a+:2< 0, z)+.‘.<|z zn>+ 192
(it o)+ l—k’ - & |- &
=-.—_&—.. o = L Oy = T, S =j(1)
\/1;” 2 RICI chz
V. —ks 1

C, ,\/ L, (r’+ a,s+ w,)(\l+a S+mz) sz(a + \')(a2+.s‘)

T === 2L =22 jsnot explicity given.
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