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We present some results on the short range and long range 
wakefields effects due to the SC cavities on a beam emerging 
from a TESLA linac [ 11. In a first part, the intrabunch energy 
spread, which is affected by the rf curvature of the accelerating 
field and the longitudinal wake, is estimated after the usual 
linac phase optirnisation. In a second part, multibunch 
tranverse instability, which depends on the dipole cavity 
modes and their himping, is studied with several schemes of 
constant beta FODO focusing. In both cases, the parameters 
of a realistic 1.3 Ghz TFSLA cavity [2] and the parameters of 
the two machines “Top-Factory” and “1R TESLA” [3] are 
considered. We conclude that the longitudinal wake effect is 
not a problem in both machines and that a rather weak 
focusing scheme is sufficient to keep the emittance at the 
lo6 m rad &sign value. 

1. THE MACHINE AND CAVITY PARAMETERS 

We consider the two machines “Top-Factory” and “l/2 
Tesla” defined in [3]. The useful parameters for energy spread 
and Beam Break Up calculations are listed in table 1. 

Table 1: IList of the two machine parameters. 

A 9cel1, 1.3 GHz cavity, with a 65 mm iris aperture, 
scaled from ref. [2] is considerd. As the bunchlength is short, 
compared to the structure length, the shorl range longitudinal 
wakes are calculated with the code ABCI 141, which permits 
unequal mesh sires in the axial and radial directions. The 
resulting total loss factors for one cavity are listed in table 2 
and figure 1 shows the longitudinal wake for a u= I mm 
gaussian bunch vs the longitudinal coordinate relative to the 
headofthebunch. 
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ahbez, : loss factors per cavity. 

Figure I : Plot of the longitudinal wake in V/C (o=lmm). 

The dipole modes are calculated with the code URMFL [5] 
and, assuming a magnetic coupling, the anticipated loaded Q 
are estimated according the formulae : 

Qex=F= 2RW 
ex w p* S2 H, 

where W is the mode stored energy, R is the load 
impedance, S is the loop area and H, is the axial magnetic 
field at the coupler location. Table 3 gives the ten fist 
highest coupling impedance non propagating dipole HOMs. 
Our definition for the transverse impedance ( in R/m2 ) is : 

R’/Q = & 11 V,EP+-$ R/QUrlne, 

where a is the distance from the beam axis at which the field 
is integrated. 

Fresuemy R’tQ Qex 
(MHZ) (104) 104) \ 
1890 11.7 5.0 
1898 3.7 8.4 
1881 7.1 3.2 
1764 13.6 0.5 
1906 0.2 34.2 

Table : R/Q and estimated Qex of the 5 
first highest coupling modes. 

Among the propagating modes, we have to worry about 
the trapped 5th passband, because these modes couple very 
poorly to the beam tube. If we assume the HOM couplers are 
located near the peak of the standing wave pattern of these 
modes, we find that only the very small RKj modes are not at 
all damped. 
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2. ENERGY SPREAD CALCULATIONS 

The total rms energy spread induced by the rf wavelength 
and by the longitudinal wake is minimized by proper choice 
of the linac phase. Figures 2 and 3 show the total rms energy 
spread for different longitudinal cuts of the bunch distribution, 
when the rf phase is varied. 
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w : total rms energy spread vs rf phase for 
the “Top-Factory” machine. 
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E&I& : total rrns energy spread vs rf phase for 
the “l/L TESLA” machine. 

The rrns energy spread due to the rf curvature only is 
estimated form the formula : 

di?itk = -ii..- ((E2)-(E)2)t/2 = (ch+ l)1’2 
(E) (E) 

with ‘TO = -uZ ( 
x rf 

The energy spreads due to the rf curvature only and due to the 
wake only and the final rms energy spread for particles 
between -4 o and +4 cs after minimization by proper rf phase 
are listed in table 3. We note that the longitudinal wake effect 
was successfully compensated in the “Top Factory” machine, 
but not in the “l/2 Tesla” machine. In fact, the rf curvature 
effect is the dominant term and the wake is not strong enough 
for an effective compensation. Bunch too long or number of 
particles too low ? We checked that if the bunchlength is 
reduced to o=lmm, the wake effect is higher and is able to 
compnsate effectively the rf curvature effect (final nns energy 
spread = 6. I lOA for rf phase = -3.5 “). 

~;~i3YfW&$~; 1 5.25 lO-4 j 2.1 lO-3 ( 

y;e;yny=didwed 1 1.4 10-3 / 1.2 10-3 1 

I optimal rf phase I - 2.6 ’ I - 1.20 I 

I total rms energy spread 
after minimization 

) 5.15 IO-4 1 1.7 10-3 1 

JY&J& : rms energy spreads for both machines, 

3. -l-HE MULTIBUNCH TRANSVERSE STABILITY 

Following the idea in [6] , we study the multibunch 
instability generated by cavity misalignments rather than by 
offsets of the injected bunches. The train of 800 bunches is 
tracked through the loo00 cavities and the emittance growth 
is computed at the end of the linac. We have to check that the 
resulting emittance growth due to cumulative BBU is much 
smaller than the normalized horizontal emittance design value 
of 106 m tad. 

The coordinates of the bunch k at the entrance of the 
cavity N is given in terms of its coordinates at the entrance of 
the cavity N-l. 

[ :J;; ]= TN-l*N [:yJ+[ *pl;hN] 
where TN- 1, N is the transport matrix from the center of 

the cavity N-l to the center of the cavity N and includes the 
adiabatic damping due to the acceleration. The kick given by 
the cavity N-l is the result of the wakefields induced by all 
the preceding bunches : 

APL = *R;/P”zl s~-~xN-~(L) 
2 L=l 

with SK= e -kwTI*Q sh kw,T 

The cavity alignment errors are randomly generated with a 
gaussian distribution. The standard deviation is fixed to 
ooffset = I mm with a distribution truncated at + 2 u . In the 
same way, as the mode frequency varies from cavity to cavity 
due to fabrication tolerances, each mode has a frequency 
dispersion of Ofreq = 1 MHz. The frequency spread is far 
above the mode bandwidths ( about 50 times for a Q of Id ) 
and is large enough to cancel any resonant buildup of the 
fields. We find that larger frequency spreads have no 
significant effect on the resulting emittance growth. 
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Simulations were performed for the IWO sets of parameters of 
table 1. The emittaoce dilution is larger (by a factor of 2 to 3) 
for the low energy case, as expected. Figure 6 shows for 
example lhe tranverse displacements of the 800 bunches al the 
exit of the lOOOO-cavity linac with 10 HOMs and the phase 
space coordinates, from which the cmittance growth is 
computed, is given on figure 7. 
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Figure : Transverse displacement of the BOO 
bunches emerging from the linac 

M : Phase space coordinates of the 800 
bunches emerging from the linac. 

We studied thle multibunch instability driven by the ten 
first highest coupl.ing impedance non propagating modes. The 
focusing scheme is a constant cell length FODO lattice with 
constant phase advance and beta function all along the linac. 
In order to minimize the sensitivity lo quadrupole 
misalignments, we looked for the lowest focusing strength 
which met the ernittance growth requirement. We compute 
therefore the deplendance of the emillance growth on the 
FODO lattice - length and phase advance - and on the Q of lhe 
modes. 

3.1 The FODO eel’! length dependance 

Since we find that the seed of the random generator, 
particularly for cavity position, has a significant effect on the 
blow up of the beam, the simulations are repeated several 
times with different seeds for each set of paramelers. Figure 8 
gives the normalized emittances for different seeds when the 
number of cavities: between two adjacent quadiupoles is varied. 
The phase advance per cell was set to 90”. A module of 8 
cavities is about 11 m long. The result is that the emillance 
growth vary approximatively linearly with the FODO cell 
length. We conclude that, with the Q’s of table 3, a constant 
beta FOLKI lattice. with one quadrupole every 40th cavity 

(55 m quadrupole spacing) is sufficient to guarantee an 
emittl?nce dilution much smaller than the design value. 
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Figure : Emittance growth vs the number of 
cavities per half FODO cell for p90”. 

3.2 HOM external Q dependance 

The number of cavities per half cell and the total number 
of quadrupoles are again set to respectively 40 and 250 and the 
same seed is used when the Qs are varied. The Qs of all the 10 
modes are varied by the same factor. Figure 9 shows the 
increase of emittance with the Q. The Q value in abscissa is 
the Q of the fust HOM of the table 3. We note a saturation of 
the blow up due to the finite pulse duration and that, as long 
as the Q of the fust mode is lower than 16, the emitlance 
dilution is tolerable. 

Figure : Emittance growth with different Qex. 

If we now include the effects of the six trapped modes plus 
the ten first non propagating modes, we obtain a maximum 
emittance growth of 0.07 10s6, among the tested seeds, about 
2 limes higher than the emillance growth caused by only the 
10 vanishing modes. We conclude that we have lo pay special 
attention to the damping of the 5th passband modes in the 
design of the cavity. 
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