
Design Calculations of the CLlC Transfer Structure 
1;rk densen 
C L II N 

CI I- 121 I Geneva 23 
Switzerland 

Ahso-act 

‘I’hc power required for acceleration in the main linac 
of Cl I(: (CJlRN I ,inear Collider, see eg. [I J) is gencr- 
atcd by a high current, modcratc energy drive beam. 
‘I’he transfer structure will extract this power at 30 GJlz 
from the drive beam. A design presently under study 
consists simply of a circular cylindrical beam tube of rcl- 
atively large dlamctcr (16 mm) which is coupled to the 
wide side of one or more rectangular output waveguidcs 
through rows of coupling holes. Output waveguide 
cutoff and coupling hole spacing are chosen such that 
the beam is synchronous with the backward ‘I&, wave 
of the output waveguide at 30 GIIz. The RF pulse 
length is controlled by the length of coupling sections. 
Dy placing output wavcguidcs on both sides of the beam 
tube, 160 MW/m can be extracted with section lengths 
of 3s cm. Numerical studies show that the desired 
power level can be reached with small coupling holes. 
fixcitation and propagation of parasitic higher order 
modes in the beam tube limit the design. The TM,, 
backward wave in the beam tube can efficiently be sup- 
pressed using “staggered coupling.” 

1. INTRODIJCTION 

Synci~ronism is a necessary condition for continuous 
interaction of the drive beam and some electromagnetic 
wave in tire transfer structure. In a straight cylindrical 
tube, synchronism is impossible. Periodic disturbances 
or dielectrics are necessary; we use a periodic structure. 
In the transfer structure, the synchronism condition 
determines the frequency of the output signal. 

‘J‘hc CI,l(: drive beam should persist over the whole 
accelerator length of ~13 km. In order not to detcrioratc 
the beam over this length, not more than the required 
power of = 160 MW/m should be extracted, i.e. the struc- 
ture should exhibit a low beam impedance (the drive 
beam current peak value is ~20 kA!). Particularly dan- 
gerous are transverse wakefields which might cause beam 
break-up. ‘l’hey scale with the inverse 3rd power of the 
aperture diamrtcr. I;or these reasons the transfer struc- 
ture should have quite a large inner cross s&ion, and 
the periodic disturbance should be very shallow. 

As a third condition, the output pulse length should 
be exactly 85 RI; periods, because the drive beam is 
accclcrntcd at the 85th sub-harmonic (at 350 MIIz), and 
the timc gaps in the drive bunch train have to be 
spanned by energy storage in the transfer structure. ITour 
of these 2.X ns bunches make up the fill time of the 
CI ,I(: main linac structure. 

‘I’hc most obvious type of structure satisfying the 
above conditions is a wide circular tube with very 
shallow wall corrugations [2]. We have analyzed this 
type of structure in some detail. The output waveguidc 
was aligned in parallel to the beam tube and coupled to 
it by a series of coupling holes spaced by the structure 
period. It turned out that the periodic disturbance 
caused by the coupling holes thcmsclves is sufJicicnt to 
attain the necessary power level with a hcam tube diam- 
ctcr of 16 mm. This makes the bcnm tube cylindrical. 

‘t‘hc output pulse length 7’ (2.8 ns) is given by 

(1) 

whcrc 1, is the length of the structure and bkr the group 
velocity of the synchronous wave. The minus (plus) sign 
holds for the forward (backward) wave. ‘1’0 attain the 
required pulse length with a forward wave calls for a low 
group velocity which seems not realizable in this case. 
Backward wave operation allows for a group velocity in 
the order of 0.7 c with a section length of 35 cm. 

2. SIMI’i,Il~JJIJ~ MODI-I, 

In a first, simplified model the excitation of modes in 
the beam tube is rlcglcctcd. ‘1’1~ field incident on the 
holes is just the ‘I’JJM field around the beam. ‘i‘hc cou- 

pling to the output wavcglliclc is caiculatcd by Betke 
theory [3]. ‘i‘he contributions coupled through the holes 
arc then just phase-shifted due to the output waveguide 
dispersion and added at the output. 

The resulting amplitude of the ‘I’IS,, wave at the 
output is simply 

h/t’ d+))) c- I(i~r- I)+(~~,) -- 
sin(f$(fll)) 

the output power is l,4(0)12. ‘I‘hc other paramctcrs arc: 

1” I~hurier componcnl of bcnm current at 0, 
%” cpn = 377 sz 
ri beam tube radius 

a (6) output wavrguide width (height) 

ri1 coupling hoic radius 
%w; W”lBWG 
N cells per section 
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(t(f~l) 
B WC. 

P struct.ure period = cell length 

‘I’he sin(N$)/ sin $-term in (2) accounts for the finite 
length of the structure. The proportionality of the 
output power to the 6th power of the coupling hole 
radius is due to flrtlze theory. In a refined theory [4], 
where also the coupling hole depth is considered, this 
dependence bcconics even stronger. 

3. MODAI, ANAI,YSIS for ‘l’Mni modes, and zero otherwise. 

I)uc to its large diameter the beam tuhc represents a 
wavcguidc well ahovc cutoff. ‘I‘he field of the beam inci- 
dent on the coupling holes will not only be coupled to 
the output wavcguidc, but also be scattered back into the 
beam tube, exciting waves in both forward and backward 
direction. Also, the wave in the output guide will be 
coupled back into the beam tube. ‘I‘hc field thus gcner- 
atcd in the hcam tube (the wakeficld) might act back on 
the beam and hence must not bc neglected. 

‘1‘0 account for thcsc effects we use as a second, 
relined model, a modal presentation of the total field 
consisting of the “space charge field” around the bcarn 
plus the “wakefield” excited by the coupling holes in 
both the beam tube and the output waveguiclc. In this 
representation, the fields are given by 

0) 

6 and h, are the normalized clcctric and magnetic modal 
fields of mode i rcspcctivcly. The last term in (3) assures 

that only the divergcncc-free part of t is expanded. It 
remains to determine the z-dependent amplitudes A,. 

The current density .i’ is assumed to have only a 
z-component and a (;nus.rian transversal distribution. If 
all particles move with c it is given by 

a/, = +exP( -f(g)“-j%z). (4) 
27rn 

‘I’he finite beam width has been introduced here not only 
for a more realistic model, but also substantially 
improves the numerical convergence. 

Sections hetMleen holes: The excitation of a mode i in a 
straight beam tube of length z is described by 

A,(z) = 
ItI 

Ai - -zj- 
KiO 

j+-yj I 
ev( - vi4 

10 
VI 

KiO 
+2 .w 

I,-Yi 
exp(-j+z). 

‘I’hc integrals for the excitation coefficients )cio can be 
evaluated analytically, for TMoi modes they arc 

XOi ni 
Kio = 

jw R2 JF .J’,(xoi) vE ’ 
6) 

where the factor 0; accounts for the transverse position 
and shape of the beam, for a centered beam (4) it is 

‘I’hc result (5) consists of a homogeneous solution 
with the propagation constant yl, and a particular sol- 
ution propagating oc cxp( - j,z/c) with the exciting 
beam ‘I’hc first part dcscribcs the wakefields. It is 
excitated only at discontinuities (at the holes) and van- 
ishes for an infinitely long beatn tube. ‘I’he particular 
solution is just the modal expansion of the TEM field of 
the beam. 

CouplinK hole sections: ‘I’he wave amplitudes A, after a 
(short) coupling hole section arc given in terms of the 
amplitudes A,, before it by 

A, = ,di, & q ~{,O~~k ’ g-i + pn,$< t-i} Akl . c8) 
k 

p and p,,, arc the electric and magnetic hole 
polarizabilitics respectively. The plus (minus) sign is 
valid if i is a forward (backward) wave. 

/Watt-ix of a cell: If the beam is treated as another 
waveguide mode with amplitude I0 and propagation con- 
stant j,,/c, the results of (5) and (8) can be combined in 
matrix form; this is the transmission matrix of a cell of 
the periodic structure - its N-th power is the matrix of 
the transfer structure section consisting of hi cells. 
‘l’aking the boundary conditions into account, the overall 
behaviour of the structure is calculated. 

4. SAMI’IAS RI’SIJL’I‘S 

The actual transfer structure cross section is sketched 
in 15gure 1. Opposite coupling holes assure the sup- 
pression of unwanted dipole modes. A second pair of 
coupling holes is staggered by half a cell period. 

Figure 2 shows as an example the inverse Fourier 
transform (time domain) output at one of the 4 output 
waveguides of a transfer section. The beam tube diam- 
eter is 16 mm, the coupling hole diameter 2.8 mm. The 
assumed drive bunch train is as foreseen for CI,IC: 11 
bunchlets of 160 nC each with a repetition rate of 
30 GIIz, repeated 4 times with a repetition rate of 
350 MIIz. 

A power of 40 MW (76 dBW = 76 dB above 1 W) 
is attained. The results are in good agreement with 
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l;igurc I. Cross section of the transfer structure. 4 output 
waveguides are coupled to the beam tube. One 
pair of coupling holes is ofFset from the other by 
half a cell length (staggered). 

measurements of a scaled model [S], but predict a by 
about 2 dU higher output level. 
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ITigurc 2. %npk time domain output. The output power [31 

in 1 of 4 waveauides is nlottcd versus time. I’rcdic- 
t.ion by a) sim&ilied model, and b) modal analysis. 

Cdl 

in l;igure 1, the cffcctive structure period for monopole 
modes inside the beam tube is halved, thus pushing their 
synchronous frcquencics much higher. ‘l’hc cffcct of this 
staggering on the spectrum of the ‘I‘M”, backward wave 
is sketched in Figure 3. ‘I‘he peak at 27 Gliz vanishes 
completely, the peak at 30 G I Iz is dccrcascd by N 15 dD, 

I 
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I;igure 3. liffect Of staggered coupling. J’hc relalive power 

in the ‘I‘M”, backward wave J>lottcd versus frc- 
quency. a) opposite, and b) evenly staggcrcd cou- 
pling hole pairs. 
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5. Sl‘AGGEREI1 COIJI’I,ING 

‘I‘hc most dangerous spurious mode is the ‘TMo, back- 
ward wave of the beam tube. For the considered gcom- C51 
ctry, it is synchronous at about 27 GIIz. The power in 
this mode is lost and might destroy the beam. 11~ stag- 
gering 2 rows of coupling holes [6] as already indicated 161 
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