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Resonant cavity design evolution
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Resonant cavity design evolution

outer

cone [/
% L Moving the 4
/ inner cone )
cavity 4 vertically )
space P
7 4 half-angle a
, 4
Vo10~C/2w
/ { va corrugations
. 4 for E-field
solenoid / / confinement
magnet { iif )
sub-wavelength gap for tuning
c Im ,, T, M
fimn = 5—F/—=|(7)*+(=)*+(5)
f c (pnm)z +(l7’[)2 27TV Erly L w h
nml = 7 ;
2T0\[€- Uy r h Frequency tuning TM,,, mode pattern

mechanism ’]‘

Y
T
7N
[ Y
] )
L v
d
'

Frequency tuning
mechanism

uning rod

TMy,o mode pattern

©OC

TASEH collaboration, RS/ 93, 084501 (2022) Chao-Lin Kuo, JCAP02(2021)018




Prototype of cone shell cavity

E-field distribution TM,,

= T P gabout 0.01 mm  Contact
/

10 mm thkout

«——1— A/4 Choke 15
8 thk;, <—m mm

mm 9gapin 1.5mm I

Cavity space
1.67L RF choke
Outer cone >
. h 200
3.57 deg Outer cone Tunlrg -
Half-angle 0, ' vertica
I fimn = _°c (l_n)2+(m)2+(ﬂ)2
Inner cone i y T 2m €y A L w h
3.50 deg — !
half-angle 6;, | 31 Forw <<h,
| il foio ~¢/2w
e 4 <
thiin i N\ gapin :

thk A/4 Choke
" Ex 9aPout :

i\_lr

vV -

P
<«

70 mm



Design of RF leakage prevention mechanism
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Outer cone angle optimization

— Form factor of different outer cone angle
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Comparison of 2 Cavities

9 Tesla Magnet & Conic Shell Cavity
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Mode crossing of cone shell cavity
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Comparison between simulation and measurement
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Eigenmode

of Cone Shell Cavity
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E-field measurement - Coaxial Cable Coupling Measurement

Measurement results




HFSS simulation results

Bead-pull Measurement

E Field [Vim] 6000 e l L l o l S l o [ o
l:;z::: E .’__-——‘_\.
9.7113E+07 5000;_ .
Z-motor - i E-field at cavity center
h 276E+07 ;—_
block 9 o i 40001 .
staoE07 ~ KJ
and device under test kevlar i = 3000f
F_ﬁ 9.7308E+06 NO —
tackle e o threa - o . .
4 C
! \\ 2000(—
T
L. . I
___-:l C—_ (»] E e
- 1000—
D .bead § B W emm Emaer mese e ¥
—  pulley === - = !
= pulley — c- - . ® R
3 r b < avity length z [mm)]
» 4 / = ®.
~ ) — o)
: \ S “ = Measurement results
T NG |:| 5 %108 fundamental cavity
At )

Unperturbed cavity Perturbed cavity

1
N
T

Material perturbatio

frequency shift (Hz)
A b

'
(3]
T

Aw [(A€|Ey|%) dAV

e

wo  [(€|Ey|? + u|Hy|?) dV

1
(=]
Ir

-20 0 20 40 60 80
distance (mm)

X |E{)|2

A
)



E-field Measurement Bead-pull Measurement

Probe Measurement




Bead-pull Measurement
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Inner & outer cone misalignment
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Material selection issues for cavity fabrication
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Eddy currents generated during
superconducting magnet
quenching cause RD damage

Stainless steel 316

OFHC = + coated copper

A cylindrical cavity made of stainless
steel 316 and then coated with copper.

Copper Coating Methods:

1. Traditional Electroplating

2.Cold Spray Coating

3.Cold Spray Coating + Traditional Electroplating
4.Hot Isostatic Pressing (HIP)



Gearbox Design and Manufacturing

Inner cone weight = 2.7 kg



summary

e Completed the theoretical design and prototype model fabrication of
the cone shell cavity, verifying its feasibility. The sensitivity Is
estimated to improve by a factor of 2.56.

e A complete electric field distribution measurement system has been
established.

e Improved material selection and manufacturing processes for
resonant cavity fabrication.

e Completed the gearbox design and initiated the production of a
prototype model .
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