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Abstract

In an axially symmetric rf cavity, its eigenmodes (resonant modes) are expressed by the TEnmp-like and TMump-like
modes. Even when the axial symmetry of the cavity is weakly broken, the eigenmodes of the cavity are approximately
expressed by the TEnmp-like and TMump-like modes, as is widely applied. However, if the axial symmetry is strongly
broken, the eigenmodes of the cavity cannot be no longer expressed by the TEnmp-like and TMnmp-like modes. In such a
case, we can express the symmetry of the cavity by a group of its symmetry operations. Then, the eigenmodes can be
classified according to the irreducible representations of the group. Using this method, we can classify the eigenmodes in
any cavity having an arbitrary symmetry. This method is also useful for predicting which pair of original eigenmodes can
be coupled, or mixed, after a perturbation is applied to an axially symmetric cavity. We apply above-mentioned method

to a 1.5-GHz harmonic cavity having four HOM couplers.
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Figure 1: Harmonic cavity equipped with HOM couplers.
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Figure 2: Shape of the HOM-coupler equipped cavity and
its symmetry operations.
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Figure 3: A rectangle and its symmetry operations.

Table 1: Irreducible Representations of the Point Group Cay
[5]

E CZ Oy Ox
Al 1 1 1 1
Az 1 1 1 1

Bi 1 -1 1 -1
B> 1 -1 -1 1
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- 962 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

Al X, ETORFREEIZEL TR CHHZEE R T,
Figures 1, 2 {ZRL72ZERAOEAE—RIZX, Z4H 5 DD
BERIZREBL, A1, As, By, Ba, E OWT IS ND,
INHOBERIFRELE . HOM 77 —Z%AH1F DO lxf
FRZE DO AT € — R (TEamp-like, TMump-like) &%} Jix
BAfRAE Z D% TRT,

Table 2: Irreducible Representations of the Group Cay [5]

E Cs, C4 Cs? Ox , Oy Cd, O0d°
Al 1 1 1 1 1
Az 1 1 1 -1 -1
B 1 -1 1 1 -1
B2 1 -1 1 -1 1
E 2 0 -2 0 0
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Table 3: Irreducible Representations of the Point Group
DMh [5 36]

E C(a) Gv I IC(o) Iov
Alg 1 1 1 1 1 1
A 1 1 -1 -1 -1 1
Aoy 1 1 -1 1 1 -1
Aoy 1 1 1 -1 -1 -1
Eig 2 2cos o 0 2 2cos 0
En 2 2cos o 0 -2 -2cosou 0
Eng 2 2cos(not) 0 2 2cos(no) 0
Enu 2 2cos(not) 0 -2 -2cos(no) 0

Table 4: Classification of Eigenmodes in a Pillbox Cavity
[2] according to the Irreducible Representations of Dep

Irreducible Repre. of Deh Eigenmode

Alg TMomp (p: odd)

A TEomp (p: even)

Az TEomp (p: 0dd)

A TMomp (p: even)
Eng(n21) TEnmp, TMamp (n+p: odd)
Ew(m=1) TEnmp, TMamp (ntp: even)

Table4 @ F D 2 47 iR, Bl FRZER Tt n 28 1
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Table 5: Compatibility Relations between the Irreducible
Representations of the Point Group D-, and those of Cay

Irreducible Repre. of Deh Irreducible Repre. of Cay

Alg A

A A

Azg Az

Aoy Al

Eng, Enu (n=4m+1, m > 0) E
Eng, Enu (n=4m+2, m > 0) Bi+B2

Eng, Enu (n=4m+3, m = 0) E
Eng, Enu (n=4m, m = 1) A1t+A:

Table 6: Correspondence between the Eigenmodes of the
Cavities without and with the Four HOM Couplers

Without HOM couplers (Deh) With HOM
couplers (Cav)
TMomp-like A
TEomp-like Ay
TEnmp-like, TMamp-like (n=4m+1, m > 0) E
TEnmp-like, TMimp-like (n=4m+2, m = 0) Bi+B2
TEnmp-like, TMnmp-like (n=4m+3, m > 0) E
TEnmp-like, TMnmp-like (n=4m, m > 1) AitA>
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