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Summar,

A cavity with 3 series gaps was designed and
modeled to operate at 70 MHz as a SuperitILAC post
acceleration buncher (8.5 MeV/A). Because of a
cross—coupling scheme, the 3 cells operate in the
1/2 BA mode instead af the BA mode of an Alvarez
cavity. This coup!ing results in a cavity with
diameter reduced from 3 te less than one meter and a
lungth half that of an Alvarez cavity for the same
energy pgain. The 3 gaps are electrically in parallel
but m:chanically in series. The cavity has high Q
and shunt impedance. This type of cavity appears to
be useful for low velocity beams with < 0.2,

Introduction

In connection with post-buncher design studies
tor time=of-flight experiments at the SuperHiLAC, we
iuvestigated a possibility of feeding R-F voltage
inte a pair of 1/2 ga drift tube structures from an
Alvarce cavity.

1/2 gx accelerating structures orginated by
Wideroe in 1928 is being used at a low frequency of a
tew Mliz with lump circuit oscillators. At a higher
frequency (10 ~ 30U MHe), one way feed R-F voltage
into several accelerating gaps from a common
resonating line as in a pre-accelerator for the
SupertLLAU, Toae sill higher frequencies,
utilizing TE modus of a cavity, interdigital K type
structures= and RFQ- have been developed. Al. of
thuse #-~vices are primarily tor low 8 accelerations.
As the energy of the particle increases drift tubes
are longer and the resultant capacitive currents give
poor shunt iwpedences compared to Alvarez structures.

In the Alvarez lincar accelerators which are
using TMg1p modes and have acceleration gaps 82
apart, the shunt impedance 1s higher than 1/2 82
modes at the intermediate energies. The total encrgy
loss in an Alvarez accelerator will be turther
decrvased with a lower accelerating voltage but this
mahes a longer accelerator. Therefore, at a higher
evergy, it is a general practice to push the R=F
voltage to near the electric bre: kdown limits to wake
a shorter accelerator. Since the 1/2 B3 structures
have two times wmore accelerating gap. compared Lo 8)
structures at the same wavelength, we have a
relatively high shunt impedance if we introduce
1/2 8\ structure inside of the Alvarcez cavity.

A toupling of Wideroe drifi tube structures and a
TN cavity has been praposed by R. W. Miller® at a
low frequency application. The basic idea behind the
structure can be applied at a higher {requency as a
cell of an accelerating structure with a reduced
utmbel of drift tubes in a evll,

The SupertilLAC is an Alvarcz linear accclerator
operating at a {requency 1 = 0.0 M4z, outpul encrgy
ot 8.5 MeViAa { 8 = L.1V}, The diameaer of the
resonating tank with drift wwdbes is alwut 3m and at
i output encorgy che cell lengih is about 0.5w.  For

*This work was supported by the Director, Office of
trergy Rescvarch, Office of High Enmergy and Nuzlear
fhrsics, Nutlear Science Division U.S. Departmezt of
Tnergy under Coniract No. wW-JLQS-ENC-4Y.

a compacl post buncher wi multiple accelerating
gaps it Is desired to red. e spacial dimensions and
this has been achieved by introducing a pair of
coaxial 1/2 BX structures in the axias of the Alvarez
cavity as showt in Fig. l. The diameter of the
cavity will be considerably decreased by higher
capacitive loading and 3 gap accelerations in a
distance of } BA give shorter accelerating discance.
The cavity seems also to have -elatively high shunt
impedance at the SuperHILAC en-rgy.

In the following sections, present a view of
inteial design and test resuvle:  f a 3 gap, 3/2 8)
full size model cavity. In the end a possibility of
extending SuperHILAC vutput energy by introducing
this new cavity is also given.

A Foreshortened Radial Tramsmissions Line

A cell at the Alvarez cavity with drift tubes
could be viewed as a foreshortened radial
transmission line with o load impedance due (o a
dritt tube structure. Introduclion of 1/2 B
structures shown in Fig. } makes a different load
impedance than a simple drift tube with an
accelerating gap. A resonant cavity rad.us could be
approximately calculaved from the total load
impedance Zp at the input of the radial line.

We give the tullowing notations used in a radial
transmission line:

x = 2—; r (1
B(x) = tan L [%?5%1] (2a)
40 = tan”! [%gll—@"(i)] {2m)

Where J,, J), Ny and N) are usual Bessel and
Neuman functions, The characteristic impedance
Zp(x) is defines as:

- _ ., Gatx) (3
2 =y ;‘]"(—xy

wher¢
6,00 = [ 700 + 8 01 (4a)
6, = 132 + 820012 (45)

¥y = 120 = ohms

Then the resonant condition of Ty made of the
vavity is given by:

2y L sinvy + &7 2n r] cos’y (5)
2,1 L cosép -} BT 2% ry singy

-1
a
2, = tan [
vhere 97, #), and 351 are 9, ¢ , 4o values at
r=r) and ¢ =8 (xc). For a given r), L,
and Z7 x¢ will be obtained using Eq. 5 and Eq.

2. For a given sct of 7, L and ) , when the
effective capacitance at the center of cavity :«
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increased the cavity radius r, will be decreased.

Introduction of 1/2 BAStructures in the Cavity

We took a cylinder cf a height L and the radius
ro. Next we put a pair of co-axial intermediate
cylinder of radius r) extending from the end wall:
znd having a middle gap as shown in Fig. 2. Inside
i these intermediate cylinders, we insert a pair of
1/2 BX drift tubes along the axis of the cylinder and
cross-connect to the intermediate cylinder., Thus we
obtain 3 accelerating gaps which are coupled to the
outer TMy)g mode cavity, As a single cavity, the
length of che cylinder L could be any value larger
than the central gap, However, as a cell of an
accelerating structure, we may take L = BA or L =
3/2 BA . For a low B, the total central capacitance
Cr is small and the main ohmic loss is at the outer
walls (r = rc), and L = 3/2 BA gives a better shunt
impedance. As B increases, the ohmic loss at che
central structure increases and L = BA will be the
better choice for a high shunt impedance. For a
first model cavity we took L = 3/2 BA to see the
characteristics of the cavity though the final
buncher cavity could be L = BA at the SuperlilLAC
output energy.

The total load impedance Zp of the radial line
used in Eq. 5 could be found by the measurement from
a model. For an approximate calculation we assumed
the impedance Zp is made out of three parallel
impedance of which two are from the two coaxial lines
and the one is from the central gap and connections.
When the end gap impedances Z, are much higher than
the characteristic coaxial line impedance Z¢,, then:

a. = B Bp5 cot ng . (6)
T~ 2] 3, + B¢, cot uf

where Zgg = 60 1nlr)/r,) and 2. is the

impedance from the central gap and connections. And
the central potential V. is related to the end gap
potential V as:

v, =V cos (nB) n

The total obmic louss except the end walls can oe
divided into three parts. The power loss P. at the
outer walls (r = r.) is:

G,
P =Ic gy 2 [ oc ]2
c L 5 "¢ "G,y cos(@1-¢)) Boc

o L cos(el-Q ) + sin (¢ -d&l)}z
IEMEIEN < ¢

x [

where Gyey Zge and ¢c are taken at X = Xea
Gy and Zo) are taken at x = x|, og is 2
surface resistance.

siext the power loss P] at the outer surface of
the 1ntermediate cylinder {r = r}) is approximated

Ja:

L Ve,2

P, o (37} os
3

1 anry x,r

finully, the power loss in the coaxial parts is:

. V.2 3t ox, _ Sin 278
l"c:o °s (i ) 2x,x s a 28
ot o

Thea the total energy loss Pr is:

P, =P, +P

T c 1 ¥ P, (8)

Examples

We take f = 7 x 107 and we assume 2p2> 2¢qo
and also we assume Zg>> Zgg

a) B= 0.lr°=5cmr1=20cmL=EX

Then ro = 1.32m and which is somewhat smaller than
the drift cube loaded Alvarez cavity radius 1.5m and
from Eq. 8, Pp is:

Ppo=6x 107 ggv2

The energy gain of the new structure is about 3 times
of V, the shunt impedance of the new structure is
about 3.5 rimes better than Alvarez structure.

b} 8= 0.13 r, = 5 cm, T, = 20 em, L = 3/28)

This is a scet of parameters for a model cavity, When
we assume the impedance of the central gap Z. as

Ze 3> Loy Eq. b gives Zp 96 ohms.

However, in the model used for present studies, the
cross connecting rods are cxtending inside of the
r = r] cylinder to the point 1/4 gx and, it
virtually, has an effect ol increasing rg.
Initially we build a cavity of ro = 0.5m, which is
corresponding to Zp = 70 ohms, and it resonated at
a trequency of 56.2 Miz, inscead of 70 Mi{z. Using
this frequency we calculated back the impedance Zyp
from ¢q. 5. Its value is about 45 ohms, and this
impedance gives 35.5 ¢cm at 70 MHz. Then we build the
second model with r. = 35.5 cm then the resonance
[requency was measured to be by MHz which was closc
to the designed value even if outer cavity was near
to the coaxial line than s radial line., The
calculated shunt impedance is about one half of a
normal Alvarez cavity. However the shunt impedance
could be above the Alvarcez cavity if we change 1)
from 20 e¢m to 30 cm with 10 increased r..

Model studies

& tall scale, 3 gap, prototype buncher shown by
Fig. 3 was constructed to determine resonant
frequencies, Q values and shunt impedances, relative
gap valtages and phases, and coupling and tuning loop
size. The results of the modei studies are
sumnarized in Table l. The cavity was made of 0.032"
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Table 1 - Cavity Dimensions {cm} & Resulcs

copper sheet metal. The resonant frequencies and Q
values were mcasured with a HP 8640B signal gemerator
and a HP B40S5SA vector voltmeter as a detector of
amplitude and phuse. A 0.25" diaceter by 0.25" long
brass bead was intreduced into the gaps aleng the
cavity center line. Tnis purturbation methed

causes a resonant frequency change in proportion Lo
the square of the gap electric fields. This data
together with the ccvity Q also aliowed the shurt
imprdance 10 be estimated. By integrating the
measured electric fileds acToss each gap we found the


file:///-oltages

relative gap voltages to be equal within 5%. The
phase of the gap fields were decermined by adding a A —

capactive voltage divider to each gap and observing
the relarive phase with the vector volcmeter. They
were found to agree with predictions. 4 10 cm x 10
€3 suare tuning loop of 1/4% diamerer cooper tubing
wis tested in the H field at one end of the cavity.
-ax range of resonant frequency change was aboutr 76
KHz. A 50 ohm coupling loop was faound to be
approximately 4 ecm in diameter. [t appears there are
no other resonant modes near the vperating

trequency, e.g. In our tirst model of § = 56.2 Miz, AN
the nexe higher mode was at € = 17¢ Mia,

-
=

The shunt impedance, Ry, shown in Table 1 at
f = 69.9 Miz is better than the estimated values from
E4. 8 and comparable to the alvarez cavity. This
ditierence could orginate in .n overestimate of the
puker loss Py of the intermediate eylinder.

Fig. 1 L = 8% Ccell

Discussiuns
AL

. , . L ———ﬂ
A puir of coaxial 1/2 »- accelerating structure

with J gaps excited by oute: ™1y cavity, modeled
ws o capacitively loaded radial transmission line,
Tesonated at the calculated frequency oncu rhe load —h

tipedance was known.,  The present wodel, L = 3/2 ga
Ty =5 cm, r] = 20 cm, re = 35 cm at g =0.13

resonating ac 70 M4z is a compact cavity with a
cumparable shunt impedance of Alvarez cavity.
However, the shunt impedance will be considerably
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increased 1f:

a) We change the cross connection method of which
the rod is now extending to the inside r = 1 2
cylincer.

b) We change r) = 20 cm to the bigger value to
increase 2.4 and at the same time reduce the
resistance of the r = r] cylinder.

Fig. 2 L = 3/2 B} Cell

€) We change L = 3/2 g) to L = B8A in order to reduce
chmic heating at r = ry cylinaer,

Finally if we introduce this new structure for
SuperHILAC acceleration scheme, the same energy could
be reached in one-half of the presenc leng.h with
about the same electric power. When we extend
applying this structure to a higher vnergy, for an
eadaple, B = 0.2 (220 MeV/A), we may take g =
5 ¢m, v] = 50 em, then 27 could be made about
bl ohms, When we take L = B3 , then xg =
.5 (rg @ lm if £ 5 7 x 1U%), the calculated
shunt impudance is comparable to the corresponding
alvarez cavity. Therefore, the length of the machine
could be reducad one-half of the Alvarez accelerator
with 4 modest increase of R-F power,
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