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Abstract

The PMERMEx accelerator Is * three-cavity rf llnac
that operates at 50 MHz. Each cavity has a radius of
2.3m and a length of 2.6m. The accolmtor PrOdUC8S
an electron beam with a peak current or 500 A and
energy of 30 Mev.[1,2] RF power is supplied by multl-
ple 2.5-MM tetrodes feeding coaxial ltnes with loops In
the cavity wall. To Increaso tht fields, multlpla
tetrodes and coupllng loops must be used fn each
cavity; the problems assoclatod with multfplc-loop
coupling are inv~stlgated.

Introduction

The PHERMEX accelerator is unique in that It uses
large (4.6 m diameter) resonant cavities to provide the
accelerating gradients for the ●lectron beam. ThQ
cavities are driven in the TMOIO standing wave mode at
so MHZ by 5 ~att rf &mpliflers. The electric fteld IS
along the axis, depends on r only, 1s a mexlmum on the
dXiS, and Is zero on the cylindrical boundary. The
magnetfc ffeld is in the 9 dtrectlon and loops fn the
cylindrical wall couple by the B field to excite the
cavity. The resulting E field on the axis accelerates
the beam. A high Q of more than 10s may be realized
from large cav~tles with a small surface to volume
ratio. This hfgh Q results in a high stored ●nergy ancl
thus large accelerating field. These may be increased
further by multlple power feeds into a single cavity
and Investigation of the power feed, in particular the
coupling loops in the cavity, from the subject
investigated here.

PHERMEX has three cavfties of 2.3 m radius and
2,6 fn length, a O of 1.30 x 105. Total energfes of
near 30 MeV are possible wfth two amplifiers per
cavity. Power is fed from 14.11. codxlal lines. six
ports separated by about 0.7 m are drrenged three on
each side; now only two are used for power feed.
Figure 1 shows a schematic of the accelerator, and
Figure 2 shows the measured output current.
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Fig, 1. PHERMEX
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Fig. 2. Output beam Currmt measured by # monftor;
four of nine bunches are shown.

tnsestlgations

To tnvestlgate coupltng into the PHERMEX cavtties,
am earlier t@St cavity was fed with C.U. low power
(2w?tt) ustng one, two, or three looPs. Cavity fields
and reflected power from each looP were monitored, the
frequency and coupling were varied. The latter could
be accomplished either by rotating the plane of the
loop relat~ve to the cavity ffeld or by changing thp
ared.

To understand the situation, the equivalent cir-
cuit is shown in Fig. 3, The power tubes are assumed
to be constant V, each 100P has Self-induCtdflCeL and
is couplad to the equivalent L of the cavity %y a
mutual inductance M. R represents the cavity wall
losses and C the capacitance such that L,C determine
thtsresonant frequency if the M’s ale zero.

The ci’rcultequations yield an impsidanceZ, whfch
feed l~ne at the 10IJP:

z~ * jwl.o + nM2u0 l-J2a f
-r-TT t (1)

fi = 3t41 ij/~1~ Mk (2)

J, . Current flowtng through each 100P

n ■ number of coupltng loops per cavity (3)

(N.UO
a=— u

ml0

IIIo. (LC)-’/2

(l)

(5)
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Fig. 3. Equivalent circuit for multiple loops feedtng
power !@to a single cavity.

Eq. 1 gtves ‘he impedance tha~ must be matched to
the 60 ohm line and tube to avoid reflection. As n
increases, M must decrease. For identical drtve lines
dnd currents, aach fi IS unity; ff any ltne ts
different from the other, all ft change and affect the
impedance. n~dtrect coupltng between
adjacent 100F!s”i~q’a~~umed; ~nteraction between
loops ts assumed to occur throu9h excttatton of the
cavity mode which then couples to a second loop by
tnductlon, Eq. 1 al~o reveals the bas~c operattng
approach. The second term has a real and tmcglnary
part. The latter ts changed by detunlng (a@O) until
the stzable juLo term is canceled. Then the real Part
of 21 must match the transmission line impedance to
avoid reflection; this matching ts accomplished by
v?rytng M. As n increases, M must,be smaller, e~ther
by varytng the loop area or by rotation such that less
cavtty flux couples tnrcugh the loop. The latter
method does not change Lo.
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Cou@hg Loop

TapWtcl Section

F{gure 4 is a drawtng of a loop In a cavity. The
transmission line is 60 0, 14-in. diameter coaxial line
th!h maintains its 60 W through the taper to the looP.
The angle of loop rotation (0) Is measured from the
fully coupled horizontal position.

Results

One, two, and three looPs were tested; sets of
loops of three different areas kere used.

The coupling looPs used were 0.5-in. Cu rod in a
“U* shape, with a 2.2-in. radius of curvature and totdl

height of 5 in., 3 in., and 2.3 in., designed for 1, 2,
and 3 loop coupling Into the ca~ity, respectively. The
results are as follows.

1.

2.

3.

4.

5.

[1]

~i!]

[3]

For 3-tn. loops, matching was obtained by varying
the frequency and e, for 2 and 3 looPs. M wdS

found to be proportional to cose, as usually
quoted in contrast to a few references stating
that Ml should he proportional to cose.

Comparing different size loops, the effective area
in M = kAecose is gfven by A m A + Ac where
Ac ■ 4.0 In.z and A Is the actual toop area. Ac iS

introduced to represent the area In the throat of
the transmission line taper that also couples into
the cavity.

Two and three loops were mounted in various of the
6 possible cavity ports. No difference was found.
!de conclude that all positions couple equally to
the TMOIO mode and that no direct coupling between
the loops exists; ail coupling occurs Vid

excttatlon of the cavity.

For multiple drives, unequal currents in the drive
lines cause reflections in all drive lines; see
Eq. 1 with fi ● 1.

In result 4, It was noted that if the cavity is
driven by 3 matched lines, all tuned to give no
reflections, that a change In current in one line
will cause reflections in all three. A computer
code was written to check if the resul!iug
reflections would cause current changes dnd lead to
a divergent or convergent d~sturbance. The conver-
gent result was found.
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Fig. 4, Transmission ltne, 10CP, a~!dcavity.


