ILC-Asia-2006-01
May, 2006
Linac, Cavity, Tuning

Estimation of Lorentz Detuning and Related

Tuning Characteristics of ICHIRO Cavity

T. Higo, Y. Higashi, Y. Morozumi, H. Yamaoka and K. Saito (KEK)



8. Frequency compensation methods
8.1 Static frequency compensation

The frequency of a cavity can be increased by axially pulling the cavity. The
sensitivity was calculated in Chapter 4. The uniformity of this tuning is very good
except for the left end cell, whose sensitivity is 70% of the other cell. This deviation of
cell frequency is only ~100Hz in case of 3kHz tuning as a whole, which is negligibly
small comparing to the bandwidth of the accelerating mode passband. Therefore, the
field uniformity is kept preserved.

8.2 Transient compensation

Response to bare cavity by pushing end flange

Firstly, a bare cavity (without tuner nor jacket) is analyzed on transient linear tuner
response. Here the left end flange is fixed and the right end flange is moved linearly in
time by 1 micron during 1 msec.

The associated deformation is shown in Fig. 18, where only right end and the next
cell are perturbed. The time evolution of the deformation is found in Fig. 19. In 0.5msec
duration, the deformation appears in the last cell fully and the next a little. At 1 msec
later, the deformation appears in the 7" cell and the right two cells are deformed fully.
The resultant frequency change is also shown in the same figure and the above
description of the propagation of the deformation appears in the cell frequency shift,
also shown in the same figure with red dots.

The summary of this transient frequency shift is listed in the column of “without
jacket” in Table 4.
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Fig. 18 Cavity deformation by pushing right end flange with left end fixed in z-direction.
Left: cell #8, next from the right end cell. Right: Right end cell.
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Fig. 19 Deformation in z-direction at time 0.5 and 1 msec by pushing right end. Red dots are
associated cell frequency change.

Response to tuner with jacket

Transient tuner response in a realistic configuration shown in Fig. 20 is then
calculated. The tuner is assumed to be expanded as shown in the figure with linear
ramping in time within 1 msec. The deformations at the time 0.5 msec and 1 msec are
analyzed to estimate the amount of the frequency tuning. The typical deformation
pattern of the left side of the cavity at 0.5msec later is shown in Fig. 21. It is seen that
only the left side cell is deformed. At the right end, the situation is the same that only
the right end cell is deformed. Very little movement occurs in the middle cells.
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Fig. 20 Configuration of the cavity system, tuner, end plates and He jacket, for tuner
transient calculation with ANSYS.
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Fig. 21 Deformation of left end cell and the next cell at the last moment of the linear ramping
at the time 0.5msec.



This situation is clearly shown in Fig. 22, where the deviation in z-direction is shown
along whole cavity. When 1 msec passes, we estimate that the next cell from the end
cell will begin deformed a little, which is speculated from Fig. 19. The corresponding
frequency shift for each cell at 0.5 msec is shown in Fig. 23. As anticipated, only both
two end cells contribute to the frequency shift. The obtained tuner responses on
frequency shift at 0.5 msec and 1 msec are summarized in Table 4.
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Fig. 22 Deformation of a cavity in z-direction at the time 0.5msec after tuner linear ramping.
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Fig. 23 Cell frequency shift due to transient tuning after linear ramping for 0.5 msec.

Table 4 Frequency change due to linear movement of tuner.

Timing 0.5ms 1.0ms Static
Total deformation 0.5micron 1.0micron 1.0micron
Without jacket (bare cavity) 136 Hz 332 Hz 368 Hz
Freq. perturbed cell #9 #8, #9 All cells
With jacket 125 Hz 280 Hz
Freq. perturbed cell #1, #9 #1, #2,#8,#9




To summarize visually, the external compensation mechanism and associated frequency
is shown in Fig. 24. As shown in the figure, it was found that the ratio of the frequency
shift with respect to the static value increased from 68% to 76% during ramping time
from 0.5ms to 1ms for the case of realistic configuration of cavity with tuner and jacket.
Therefore, the tuner should be designed with an overhead of about 30% depending on
how quickly the cavity should be tuner according to the ramping pattern of the
accelerating field. It is to be noted that this rather fast frequency tuning is realized
because the main contribution to this tuning comes from the deformation only at the end
cells and NOT from the deformation at the middle of the cavity, where more time is
needed for the mechanical deformation wave to propagate to reach.
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Fig. 24 Transient frequency response to linear movement of tuner moving at 1um/msec.



7. Summary

The Lorentz detuning of a low-loss cavity system, ICHIRO cavity, was estimated.
The Lorentz detuning amounts to 3kHz when operated at very high field such as
45MV/m.

The compensation of this frequency detuning is performed by pulling cavity with
tuner equipped in a Helium jacket. For the static estimation, the amount is almost
proportional to the product of total length of the cavity and the static frequency
sensitivity. In the transient tuning case with ramping time of the order of 1 msec, the
loss in frequency shift with respect to the static value is 24% at 1 msec or 32% at 0.5
msec. In this time range, only the end cells and the next cells are deformed by tuner
transient movement.
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