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Abstract

The required value of the spread for accelerating field
distribution comes from the beam dynamics conditions and
for cavities in high energy hadron linacs is 1%. The stand-
ard deviation of the accelerating field distribution depends
on the spread in frequencies of accelerating and coupling
cells, stop band width and deviations in coupling coeffi-
cients. The deviations in frequencies for accelerating, cou-
pling cells, coupling coefficients, are directly related with
tolerances manufacturing tolerances for cells. The stop
band width should be adjusted with cells tuning. Relations
between standard deviation of field distribution and devia-
tions in cells parameters, [1], are known. Together with re-
lation between deviations in cells dimensions and cells pa-
rameters, [2], recommendations for cells manufacturing
tolerances could be obtained. In relation to coupling coef-
ficient of compensated accelerating structures (ACS [3],
SCS [4], CDS [5], DAW [6]) for high energy parts of linacs
some recommendations for determination of optimal man-
ufacturing tolerances and acceptable stop band are pre-
sented.

INTRODUCTION

One of the complicated and critical stages of the new ac-
celerating cavity for high intensity hadron linacs develop-
ment is determination of optimal manufacturing tolerances
and acceptable stop band.

As an example, we will consider the recommendations
for selecting tolerances and stop band width in the sketch
project of an accelerating cavity for f ~ 0.43, for which the
CDS structure was considered in comparison with the
structures, proven in acting installations, as shown in
Fig. 1.

Figure 1: Comparison of accelerating structures for hadron
linacs (tuned to identical operating mode frequency).

METHODICAL BASEMENT

To determine the optimal manufacturing tolerances of
the cavity, it is necessary to calculate the influence of the
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deviations introduced into the accelerating field of the
structure by deviations in geometric parameters. This ef-
fect is determined by the spread of the accelerating field
distribution value:
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where Np is the number of accelerating gaps, Fi is the field
strength in i-th gap. As a relative estimation of the the ac-
celerating field distribution spread, one can use the expres-
sion [7]:
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where oz7 is the dispersion caused by frequencies spread
of accelerating and coupling modes, oz’ is the dispersion
caused by coupling coefficient spread. The analytical ex-
pressions for the sensitivity of frequencies and coupling
coefficient to surface displacement for bi-periodic struc-

tures such as CDS were described in [1, 7]:
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where Ax; is the tolerance (displacement) for geometrical
parameters, W, is the stored energy in accelerating and
coupling modes. To determine the manufacturing toler-
ances of the cavity sections, the technique using the AN-
SYS numerical simulations package [8] is proposed. Using
the internal procedures of the package, the frequencies, the
field distribution for the accelerating mode and the cou-
pling mode of the operating n-wave are calculated. The in-
ner surface of the structure is divided into numbered sur-
faces according to the internal ANSYS algorithm, corre-
sponding to the geometric parameters of the structure, as
shown in Fig. 2.

T

Figure 2: The CDS structure surface divided by numbered
surfaces in ANSYS.

THPAB187

Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

@

4139 @



12th Int. Particle Acc. Conf.
ISBN: 978-3-95450-214-1

into the field as shown at Fig. 3.

Min a) b) c) Max

surfaces.

surface that have the largest influence on the dispersions.

NUMERICAL SIMULATIONS FOR CDS

sented in Table 1.

Values of Relative Deviations
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Using the ANSYS macros the distributions of the
mode’s fields are compared and the values of the frequency
shifts and coupling coefficient shifts for each of the sur-
faces are calculated using Egs. (3) and (4). In the calcula-
tion a conditional 4x; = 1 mm was used. In addition, several
macros can be used to visualize the deviation introduced

Figure 3: Density distributions for the sensitivity of the ac-
celerating mode (a), the coupling mode (b), and the cou-
pling coefficient (c) of the structure to the displacement of

Such distributions clearly show the parts of the structure

Using the technique, the frequencies and coupling coef-
ficient shift values were obtained for CDS structure geo-
metrical parameters shown at Fig. 2. These values are pre-

Table 1: The Influence of Geometric Parameters on the
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Param. (A/f)*Afo/Axi (U/f)*Afe/d  AK/AXi,
Xi, mm 1/mm xil/mm 1/mm
dec=2.00 -0.48 -3.31 13.12
dem=2.50 -0.10 104.94 0.00
rap = 17.00 1.45 1.21 0.00
rbl =8.00 -1.35 -19.92 5.19
b2 =2.00 -0.27 -16.26 0.00
rcl =1.50 7.64 0.02 0.01
rc2 =2.00 9.09 0.03 0.00
rce = 76.66 -0.15 -3.50 0.00
w2 =747 -1.00 -6.67 4.46
rwe =7.00 -0.60 -6.98 -1.77
web =12.0 -2.63 -0.58 -0.01
rca=112.8 -12.72 -0.10 0.00
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The value of the frequency shift of the accelerating mode
is most affected by the parameters associated with the ra-
dius of the accelerating cell, the rounding radius of the drift
tube and the coupling windows, the shift of the coupling
mode - with the radius of the coupling cell, the length of
the coupling cell, and the rounding radius of the coupling
window. The shift of the coupling coefficient is most af-
fected by the length of the coupling cell, the parameters of
the drift tube and the coupling windows.

For the manufacturing tolerance of 50 um, which is eas-
ily implemented on modern equipment with digital control,
the value of the stop band based only on the condition of
field uniformity is ~ 2.5 MHz. In reality, it is limited to
other effects. For the RF power distribution along the cav-
ity without phase distortion, it is essential to overlap the
resonant curves of the operating mode and the coupling
mode at a level not lower than 1/N2 [9]. To determine the
relative stop band width Jdf/f,, where f, is operating mode
frequency, for RF power transmission one can use the ex-
pression, which associates acceptable df/f, with quality fac-
tors:

&f Qq+2Q¢
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where Q, . are the quality factors for accelerating and cou-
pling modes.

Tuned to the same operating frequency the DAW struc-
ture and CDS gets the upper limit df/f, = 1.6*10* and
0f/fa=5.1%10", respectively. Thus, the structure with
higher Q has stronger limitation to the stop band and in this
regard smaller manufacturing tolerance condition.

The dependencies between the frequencies, coupling co-
efficient dispersions and accelerating field distribution
spread and the coupling coefficient (K.) at the realistic
8f/f,=4.0%10 are shown at Fig. 4.
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Figure 4: The dependence of the field dispersion on the fre-
quency shift, the field dispersion on the coupling coeffi-
cient shift, the acceleration field distribution spread on the
coupling coefficient K., 8{/f,= 4.0%10™.

At the K¢ < 0.12 largest influence on the dispersion of
the accelerating field is made by the frequency dispersion
of the operating mode and coupling mode. With K> 0.12
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in the dispersion of accelerating field the coupling coeffi-
cient dispersion is more prevalent.

At the same time, when the coupling coefficient de-
creases below 0.1, the dispersion of the accelerating field
increases by an order. If the coupling coefficient is less
than 0.05, the accelerating field distribution spread exceeds
1% with an acceptable Jf/f,=4.0*10*. This justifies the
importance of a high coupling coefficient of more than 0.1
in relation to biperiodic accelerating structures for high in-
tensity hadron linacs and the reasonableness of the
K.~ 0.16 implemented in the CDS structure. At the same
time K.~ 0.40 realized in DAW structure is excessive.

CONCLUSION

The development of new accelerating cavities for the
main parts of hadron linacs is still a topical task associated
with numerous technical difficulties. Determination of the
acceptable and optimal manufacturing tolerances and stop
band is a development step that affects both the complexity
and cost of manufacturing the structure, as well as the fur-
ther tuning and stability of operating regime. The simplifi-
cation of this problem is considered by the example of the
development of a sketch project of the low beta accelerat-
ing cavity. A technique for estimating the effect of shifts in
geometric parameters on the frequency characteristics of a
structure based on previously obtained analytical expres-
sions for biperiodic accelerating structures is proposed and
program implemented on the basis of the ANSYS package.
The advantage of this technique is the necessity of per-
forming only three numerical calculations of the eigenfre-
quencies of the structure. With the proposed technique, the
optimal manufacturing tolerances of the new CDS cavity
are justified with the acceptable stop band value. These tol-
erances are easily implemented on modern digitally con-
trolled equipment.

By the comparison of DAW structure and CDS in upper
limit of relative stop band width for RF power transmission
it is shown that structures with high Q-factors on acceler-
ating and coupling modes has stronger limitation to the ac-
ceptable stop band and in this regard smaller manufactur-
ing tolerance condition.

The influence of the coupling coefficient on the acceler-
ating field distribution spread is considered. It is shown
that at a coupling coefficient less than 0.05, the accelerat-
ing field distribution spread exceeds 1% with
0f/f,=4.0¥10*. The conclusion is made about the im-
portance of a high coupling coefficient value in accelerat-
ing structures for high intensity hadron linacs and the rea-
sonability of the coupling coefficient implemented in the
CDS structure, which reaches 0.16 as opposed to low cou-
pling coefficient in ACS and SCS, and excessive in DAW.
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