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Summary 

An experiment to study excitations of higher 
order modes in a coaxial coupled structure and an on- 
axis coupled structure is in progress. The tuning and 
assembly of these structures is complete. Calculations 
have shown that a coaxial coupled structure is 5% less 
sensitive to beam excitation of its axially symmetric 
modes than an on-axis coupled structure. Low power 
tests have identified mode frequencies above the 
accelerating mode passhand showing that higher order 
modes propagate in an on-axis coupled structure and not 
in a coaxial coupled structure. High power beam tests 
are scheduled for later this year. 

Introduction 

Excitations of higher order modes in accelerating 
structures are important in considering beam loading, 
beam energy loss and beam breakup','. These exci- 
tations are being studied in an on-axis coupled 
structure and a coaxial coupled structure in order to 
obtain information on efficiency and beam stability, 
information that could lead to a preferred biperiodic 
structure for applications in storage rings and 
microtrons. The on-axis coupled structure was chosen 
because it has been used in the University of Main? 
nicrotron2 and the Electron Test Accelerator (ETA)j 
at the Chalk River Nuclear Laboratories (CRNL). The 
coaxial coupled structure was chosen because recently 
reported work showed promising results in reducing beam 
breakup effectsa. The fundamental modes of these 
structures are the d2 nodes of the TMOIO pass- 
bands. 

In the proposed beam tests, the structures will 
be initially studied with a low duty cycle pUl sed beam 
(4 MeV electrons from ETA) that has high enough charge 
per bunch (1011 electro;;) thteo r;ro;;,"ie,i;suffic;;rii; 
sinyle bunch excitation 
allows the energy loss parameters to he measured with- 
out the complication of an enhancement effect from 
closely spaced multiple bunches. The structures will 
then be studied with a 04 beam from ETA. With their 
fundamental frequencies chosen to be the third harmonic 
of the ETA frequency (804.78 MHZ) and with their 
TMIIO-like mode frequencies at approximately 1.7 
tii:les that of the fundamental frequencies, the frequen- 
cies of the TWl Q modes are in the vicinity of the 
fifth harmonic o f the ETA frequency. This choice of 
frequencies provides an opportunity of resonantly 
excitinq both the fundamental and 
modes and, 

the TMllD-like 
as a consequence, of studying 

___ 
the exci- 

tation of the fundamental mode and a typical beam 
breakup mode with enhanced sensitivities. 

For simple cavity geometries, energy loss parame- 
ters and excitation levels of higher order modes can be 
calculated with programs like BCIB and 
1100~6. 

computer 
Results from the proposed beam tests when 

compared to these calculations can provide insight to 
the beam excitation process and validation for the com- 
puter programs. 

This experiment is now in progress. The results 
of low power tests of structures and results from 
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calculations are reported in this paper. High power 
beam tests are scheduled for later this year. 

Calculation Method 

The beam energy loss and excitation levels of 
higher order modes can be well described if the energy 
loss parameters of the cavities are known. The energy 
loss parameter is defined as the proportionality 
constant between the energy lost by a single bunch to 
an empty cavity and the square of the total bunch 
charge. 

The total eneryy loss to exciting the axially 
symmetric modes can be calculated using the computer 
code BC15. This code computes the induced axially 
symmetric electromagnetic fields, when a charge bunch 
traverses a cavity, by numerically 
Maxwell's equations in the time domain. 

integrating 

TBC17, 
Another code, 

which calculates the nonaxially symmetric 
electromagnetic fields has recently become aviilable. 
With this code, the total energy loss parameter for the 
non-axially symmetric modes can be similarly calcu- 
lated. 

The above codes do not provide the energy loss in 
individual modes of the structure. The energy loss 
pm21J, of a single bunch to the mth mode is calcu- 
lated with data frown low power tests and by integrating 
the following differential equation: 

d2q,, Orn dpm 2 ?I +---+u =A 
ii?- Q, dt m p~~ 

t.fd3r 

2”fl 
J- 

m 

where pm = eigenriode expansion coefficients 
%I = mode frequency 
Em = mode electric field 
J = beam current density 
0, = node quality factor 
U,, = Ilode stored energy = l/2 "o 

s 
fm*rmd3r 

This equation is a modified version of the well known 
formula by CondonS that expands the vector potential 
in terms of eigennodes using coefficjents o . In 
this equation, the vector potential, Am, is 'gplaced 
by the electric field, Em, using the fact that Jhey 
are simply related in the Coulomb Gauge, i.e., Em = 
(l/c)(aA /at) 

.? 
for g*A‘m = 0. 

above di ferential 
The integration of the 

equation with values For 
u and E 

yne 0, 
obtained from low power tests is per- 

ftrmed wi?h a computer program, MOOE, developed at 
CRNL. 

To calculate the excitations in the cw case, the 
induced fields of the single bunch are multiplied by 
the resonance function F to account for the contri- 
butions from multiple bunches. The resonance function 
is given by: 

F = FR + jFI @ = tan-I(FI/FR) 

FR = 
1 _ em” 

2(1-2e-Tcos 6 + e -T 

* Sumner visitor frm University of Mainz. 
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FI = 
e-2T sin 6 

2( l-2e-Tcos 6 + dT, 

where 6 = 2n(fm-fb)/fb fm = mode frequency 
81 

-f = (fm/fb)( n/Q) fb = beam frequency 

The cw synchronous field will be IFI times that of the 
single bunch value in magnitude and at a phase lag Q, 
referring to the phase of the beam bunch. 

Experimental Setup 

A schematic of the experimental arrangement for 
testing beam excitations in rf structures is shown in 
Fig. 1. ETA will deliver electrons in CY or pulsed 
mode at energies between 1.5 MeV to 4 MeV. The beam 
will traverse the two structures at displacements from 
the structure axis controlle d by steering magnets and 
measured by beam position mon i tors. 

/ Fig. 1. Experimental arrangement. 

The ETA pulsed electron gun is presently being 
commissioned. It is similar to the Collider Injector 
Gun employed on the Stanford Linear Collide?. It 
can produce electron pulses of 5 ns length which con- 
tain up to IOIl electrons (5 A peak current). 
Cavity excitation from this gun operating at low duty 
cycle (5 kHz) can be considered as that from a single 
bunch, and the energy loss parameters can be extracted 
without considering cw enhancement. 

The ETA cw electron gun can provide accelerated 
currents up to 20 mA. With the energy loss parameters 
obtained from the pulsed beam and the measured exci- 
tations with the cw beam, the enhancement factors in cw 
operation can be determined. 

Accelerating Structures and Low Power Testing 

The structures have been tuned and assembled 
(Fig. 2). Dimensions for the unit cells are shown in 
Fig. 3. Table 1 lists the rf parameters for the copper 
structures made up of 3 accelerating cells and 2 
coupling cells. 

Table 1. Summary of parameters of the on-axis and coaxial structures. 

n/2 Mode Frequency (MHz) 

0, Quality Factor 

First Neighbour Coupling 

Stopbdnd (k!iz) 

Estimated 212 (HJml 

On-axis Coaxial 

2415.0 2415.0 

15ROO 18000 

3% 2.4% 

ho 2150 

!4 74 

Fig. 2. A half cell and the assembled coaxial coupled 
structure. 

L-100,. -1 

co*LiAl ON-*X15 

Fig. 3. Dimensions of the half cells of coaxial and 
on-axis coupled structures. All dimensions 
are in mn. 

Low power testing of the structures is underway. 
Table 2 lists the mode frequencies in the coaxial and 
on-axis coupled structures measured to the TMIIO 
passband. The assignments of structure and cavity 
modes are tentative. Cavity mode is assigned if the 
mode is excited in one cavity and the excitation is not 
detected by probe insertion in other cavities. Data 
show that the higher order modes in the coaxial coupled 
structure, unlike those in the on-axis coupled 
structure, do not propagate because the coaxial 
couplers and the accelerating cavities have relatively 
different frequency spectra. 

Results of Calculations 

Beam bunches were assumed to be Gaussian with 
J~~,~'S of 0.0155 m or 15". An average current of 
2 mA was assumed for the cw beam and total charge of 
1.6 x 10-B C per pulse for the pulsed beam. 
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Table 2. Modes observed between frequenties 2300 and 4200 MHz for the 
on-axis and coaxial structures. The mode assignments are 
tentative. 

On-Axis 

Frequency 0 

2374 5300 
2391 4700 
241s 15800 
2539 4700 
2457 6200 

3908 
3912 
3914 
3933 
3942 

9600 
9500 
9100 
9200 
9200 

4033 
4035 
4046 
4047 
4047 

z 6000 

4123.1 18000 
4124.6 20000 
4125 18000 
4125.3 17000 
4127.4 19000 
4132.5 5000 
4134.7 5000 
4135.4 16000 
4139.7 5000 
4140.7, 5000 

Coaxial 

Frequency 

239 I 
2401 
2415 
2431 
2442 

2733 
2737 

3408 

3966 
3973 

4117 
4110 

0 

5100 
5500 

18000 
5800 
5100 

3500 

3600 

16000 

20300 

bbde hsslgnment 

mole structure 
pdssbdnd 

TM110 coupling 
cavity mode 

TM2lO coupling 
Cavity node 

TElll structure 
passband 

TElil accelerating 
cavity node 

T"Ol1 Str"ctUre 
passband 

TFll10 accelerating 
cavity node 

TM110 structure 
passbdnd 

The energy loss parametsr calculated by MOOE for 
the a/2 mode was 1.73 v.pc-1 for the entire 

(i.e., 9.44 v.pc-l.m-1 which is structure 
agreement with the fields calculated by S"PE;r 
FISHIQ. The synchronous field induced by the cw 
beaNn was 70 kV.m-I and the laaxilnum field by the 
pulsed beam was 300 kV.m-I. The resonance 
function calculated for the cw bean was 1500 by using a 
Q value of 14200 and resonant excitation at the third 
harmonic of the beam frequency. Enercgy loss parameters 
for 0 and 71 modes were only 3.91 x 10e3 and 1.11 x 
10-3 v.pc-1 for the entire structure. They 
are small compared to that of the r/2 mode because of 
the effects of transit time factors and field level 
differences in various cells in the structure. These 
results are applicable to both the coaxial and on-axis 
coupled structures because the differences calculated 
with SIJPERFISHIO are approximately 5%, which is 
comparable to the error of the bead pull data used. 

The total energy loss parameter of all axially 
symmetric modes for the on-axis coupled structure was 
calculated to be 2.04 \/.pc-I over the entire 
structure with the complJt.er code WI. The parameter 
calculated for the coaxial coupled structure was 5% 
lower. Since the energy loss parameter for the n/2 
mode is 1.73 V.pc-I it accounts for more than 80% 
of the beam bunch exditations of the axially symmetric 
modes. 

The excitation of the TMIIQ mode was esti- 
mated for a shaped cavity by using MODE and fields of 
an equivalent cylindrical cavity. The energy loss 
parameter was found to be one order of magnitude 
smaller than that of the n/Z mode when the beam 
trav2rsed the cavity 4.7 mm off axis. 

The magnitude and phase of the resonance 
function, F, for the T['1IIQ mode excitation by the 
fifth harmonic of the ETA beam are shown in Fig. 4, 
indicating that the TM110 mode frequency has to be 
within 10 MHz of the fifth harmonic of beam frequency 
to obtain significant enhancenent. This condition can 
be satisfied during future beam experiments by either 
adjusting the beam frequency or adjusting the mode 
frequency by means of the temperature of the water in 
the cooliny channel. 
70 kIiz,'"C. 

The latter has a sensitivity of % 

Fig. 4. The Imagnitude of the resonance function and 
its phase with respect to the beam is shown as 
a function of the frequency difference between 
the TfSIIQ-like mode frequency and the 
frequency of the fifth harmonic. 
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