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Abstract

As is well known, circular and square tubes are topologically isomorphic. Furthermore, the overall morphological
characteristics of the electromagnetic modes excited in a tube certainly follow the topological properties of the tube shape.
On the other hand, in terms of structural engineering and manufacturing technology, the circular and square tubes are
sharply distinguished as completely different shapes. However, the fusion of these radically different perspectives may
bring a certain degree of topological freedom in RF structure design and offer a flexible path to solve technical challenges.
This paper presents several specific examples for topological modeling of RF structures, ranging from beam chambers
with radio wave absorbers to a LOM (lower-order mode) -free crab cavity.

1. XU&HIC

<HmsnTnw3 X oI, ME & AEIZAAHRM
FINCIEEIE E S NG, ¥, BRSNS E
Wt — F O KRB TR O LA Sl i 1
BIZHED . . BEETFI S L RSN 72
Bl oliZ, MELAT IR RRS Tkt &
Lf%%%h% HA R, G @&ﬁ
MASIANEBEZEAT 2 2 LIk ) E#HK
ﬁﬁﬁ(%L(d\%ﬁ)wa%&W%%%%%

eI A8 - iR 23EDEHT 2 TH A I,
AER LU R R @T#4/ B D0HR&
A T BRG] 2 W O T 2, WTho

W%*ﬁECM):m%vslv—yaymww
R 7, M A2E TR BEIRADOH Z Ta—
=AY TR —=F v VICEH ) Ny A N—22[
<O T+ohbh ) Z2RLATHINIZNTH 5,

2. BEERERIAGEE—LF T V/I\—

Wit & e —24,%4 7 (GBP: Grooved Beam Pipe)
RIDFEARE D —FlizoT, WilliXK & EHNZBiE T
AR TE € — FO®ES /Y — 2 M 1(a)ITR T,
M, & 150 mm DFE DAL IR 30 mm, HEE
85mm DT 5NT35, ZHIZX > T, mIEX
TE 3 (2 oI MEIE ST AN RER L 72 1% TEL %)
DWW ZHEELMHE D 1.17GHz »» 6
063GHz ¥ T3 ENTES, BNZEHKT S
TE P DWW R 50 T 2 21 chiud, EoWim
TEIRIZR S HEICERTH 2065137 . X1 (b),
() DRRIZ L FRICHFTH R, 612k, M1
(d), (e)Dkk7% T FIXAWAEE D TEETH %,

MWE ST A2 % KPR INICRER L 72 TE € —
R OBEW R DI TITF51ciE, K2 ki
RO EN G & TUERV, 2RI (e)
DGR ZRINFML L 2 b D Th %, FEHE K
MR L 72 TE € — FOEY Y — v %X 2(a), (b)

"kageyama@post kek jp

(b) L-Type (straight): 0.61 GHz  (c) L-Type (arc): 0.61 GHz
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Figure 1: Grooved Beam Pipe (GBP) variations evolved
from the original (a), together with the electric field pattern
of the lowest TE mode on each cross section.

(a) Even mode: 0.61 GHz (b) Odd mode: 0.61 GHz

Figure 2: Electric field patterns of the lowest TE mode for
vertical and horizontal polarizations in a three-fold
symmetrical GBP. The left pattern is even symmetric with
respect to the vertical mid-plane, and the right is odd.
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Figure 3: GBP loaded with SiC plates (shown in gray).

—e— Loss in Dielectrics
—y—

\ —e— Power Stimulated

0.1+

0 i i . : i i
13 14 15 16 1.7 18 19 2
Frequency / GHz

Figure 4: Simulation results for the structure in Fig. 3:
When stimulated at one port (0.5 W constant), the power
loss in the SiC plates and the power escaping from the
structure are plotted as a function of frequency.
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Figure 5: Variations of GBP dampers, where vacuum and
SiC absorbers shown in light blue and black, respectively.

Figure 6: 3D view of three-fold symmetrical GBP shrink-
fitted inside a single SiC cylinder (shown in gray).
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Figure 7: Simulation results for Fig. 6. When stimulated at
one port (0.5 W constant), the power loss in the SiC
cylinder and the power escaping from the structure are
plotted as a function of frequency.
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Figure 8: Transforms from three pairs of flat rectangular
waveguides facing each other across the mid-plane into
three coaxial ones with septum walls at each entrance.
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Figure 9: By limiting the dipole mode polarization to the
vertical direction, the structures in Fig. 8 can be simplified
and split in half at the mid-plane for simulation.
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Figure 10: Simulation results for Fig. 9(a). Transmission
coefficients from the upper waveguide port to the lower are
plotted as a function of frequency for electrical- and
magnetic-short boundary conditions on the mid-plane,
respectively.
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Figure 11: Simulation results for Fig. 9(b). Transmission
coefficients from the upper coaxial port to the lower are
plotted as a function of frequency for electrical- and
magnetic-short boundary conditions on the mid-plane,
respectively.
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Figure 12: Flat rectangular cross-section (cutoff frequency
adjusted to 1.0000 GHz) swept along a circumference
while twisted in half to form a Mobius toroid.
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Figure 13: Contour plot of the electric field distribution for
the lowest TE10 mode (left), and that for the second lowest
(right). Both are half-wavelength resonances.
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Figure 14: Contour plot of the electric field distribution for
the lowest TE20 mode with an infinite wavelength.
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Figure 15: 3D cutaway view of a Mobius toroidal structure
proposed for the LOM-free crab cavity, split at the vertical
mid-plane including the beam pipe (inner diameter:
50mm) axis.
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Figure 16: 3D vector visualization of the magnetic field of
the lowest mode (1.013 GHz) for the structure in Fig. 15,
together with the 2D plot on the vertical cut-plane
including the beam pipe axis.
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