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SLAC cavity

Input port

TE5,0-like mode in
a “semispherical”
cavity

Test samples under high
magnetic fields:
o High-Gradient material

o High temperature
superconductor

Test properties:
o No Electric field

Sample o High Magnetic field
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SLAC cavity

] TE3,0-like mode in
a “semispherical”

cavity

Test samples under high
magnetic fields:
o High-Gradient material

o High temperature
superconductor

Test properties:
o No Electric field

o High Magnetic field

o No electric current on
the edge

a 1.5 3(in)

f = 11.3995 GHz

0 15 3 (in)



Solution approaches

Challenge:
o Radius = 0.95in ~ 24 mm
HTS sample radius = 10 mm
o Same set up -> Same RF frequency

Solutions:

d Design a new cavity using
dielectric.

HTS

v

L Next higher order mode with
SLAC cavity using dielectric.

A

HTS 275 |20 mm

AL, 04

[
ul 1 2 (in)

E Field [V/Im]

Max: _1.040E+09

1.1E+09
9.9E+08
8.8E+08
7.7E+08
6.6E+08
55E+08
4 4E+08
3.3E+08

2.2E+08
. 1.1E+08
0.0E+00

Min:  0.000E+00

F| [ =11.0397 GHz

C
0 20 40 (mm)

E Field [V/m]
Max: 9.037E+08
9 10E+08
8.19E+08
7.28E+408
B 37TE+08
5A6E+08
4 55E+08
3 B4E+08
2 7T3E+08
1.82E+08
9.10E+07
0.00E+00
Min: 7 557E-12

f =11.632 GHz




Dielectric resonant cavity

fix)

Ep « jy(kgpr)

E Field [V/im]

Max 2.930E+08

3.0E+08
. 2.7E+08
24E+08
2.1E+08
1.8E+08
1.5E+08

1.2E+08
9.0E+07

6.0E+07
. 3.0E+07
0.0E+00

Min: -5.263E-12
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No dielectric

H Field [A/m]

Max  1.044E+06

1.1E+06
l 9.9E+05
8.8E+05

71.7E+05
6.6E+05
5.5E+05
4 4E+05
3.3E+05

2.2E+05
B o
0.0E+00

Min: 1.022E+00

=

Dielectricry; = 8.79 mm

f = 14.3557 GHz f =11.3996 GHz

0 1 2 (in)

15 3 (in)



Dielectric resonant cavity

Ey < ju(Kgz1) Surface magnetic field along AD

- Field normalization: W = 1 J in the full cavity

—_— SLAC
—— dielectric

g = 8.79 mm

f = 11.3995 GHz

150 ~

|H| (kA/m)

g =0.13

100 ~

30 A
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distance (mm)

E, = 183.4 MV /m H, =2238kA/m




Dielectric resonant cavity

Surface magnetic field along AD

- Field normalization: W = 1 J in the full cavity

— SLAC
200 - —— dielectric

g = 7.25 mm
150 -

f = 11.632 GHz

IH| (kA/m)

B =0.49

100

30 1

| I | I
0 5 10 15 20
distance (mm)

E, = 107.1 MV /m H, =1025kA/m




Dielectric resonant cavity
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Dielectric resonant cavity

E Field [V/m]
Max._1440E+08
1.4405+08 | |
. 5.733E+07
22826407
9.086E+06
3517E+06
1440E+06
[
2.282E+05
9.085E+04
3617E+4
1.440E+04
Min:_1A40E+04
Min: 2.578E+05 | ]

E Field [Vim]
Max.  2.388E+08

2389E+08 | |
. 9.510E+07
3.785E+07
1507E+07
6.001E+06
2.389E+06
[ "
3.785E+05
1507E+05
6.001E+04
2 389E+04
Nin:_2 388E+04

Min: 2468E+05 ||

E| Dielectric ry = 8 mm

f = 11.5615 GHz
Qo = 55051

Qpxe = 53979

B =1.02

f =11.7075 GHz
Q, = 47482
Qoxe = 662120
B = 0.07

H Field [A/m]
Max._1A3BE+06
1.436E+06 | |
. 3.181E+05
T.048E+04
1.561E+04
3459E+03
7.864E+02
[ R
3.7825+01
8.334E+00
1.846E+00
4.091E-01
Min_4091E-01 |
Min: 2578E+05 ||

H Field [A/m]
Max:  2.850E+06

2850E+05 | |
. 5 008E+06
8.799E+04
1.54BE+04
2716E+03
4.TT2E+02
- 8.385E+01
1473E+01
2589E+00
4.548E-01
7.991E-02
Min: 7991E-02 |

Min: 2468E+05 | |

15 3.in)

15 3 (in)



Dielectric resonant cavity

E Dielectricry; = 8.2 mm

Surface Loss ...
[WimA2]
Max_3988E+09 | |

3 988E+09
. 1.588E+09
6.321E+08

2 516E+08
1.002E+08
3 988E+07
1.588E+07
6 321E+06
2 S16E+06
1.002E+06
3 988E+05
Min_3.988E+05 | |

f = 11.3928 GHz

Dielectric

Q, = 49362

Q..; = 38389
B =129

0 15 3 (in}

E Field [V/m]
Max_1 453E+08
1.453E+08 | |
. 5.783E+07
2.302E+07
9.165E+06
3.849E+06
1453E+06
5.783E+05
2.302E+05
9.165E+04
3.649E+04
1453E+04
Min__1453E+04

Min: 6.689E+04 | ]

f =11.6011 GHz

Qo = 52876

Quyt = 538150

="

B =0.10

;’_.-‘Y

0 15 3 (in)

H Field [A/m]
Max: 2.565E+06

2.565E+06

. 5.860E+05
1.339E+05
3.059E+04
6.988E+03
1.596E+03
3.B47E+02
8.333E+01
1.804E+01
4.349E+00
9.936E-01

Min: 3.988E+05

H Field [A/m]

Max: 1.887E+06

1.887E+06
. 3.BT0E+05
7.139E+04

1.380E+04
2.T01E+03
5.255E+02
1.022E+02
1.98BE+01
3.868E+00
7.524E-01

1.464E-01

Min:  1A4G4E-01

Min: B.589E+04 | |

.d_.-.'\'

15 3 (i)

15 3(in)



Dielectric resonant cavity

E Dielectricry = 8.4 mm H

E Field [V/im] H Field [A/m]
Max: 1.979E+08 Max: 2.215E+08

1970E+08 | | 22158405 | |
B o= W e
3.136E+07 2 338E+405

1.248E+07 .
4970E+06 AR+ 0
19798408 8.019E+03

B e | -
31366405 f = 1 1.2 073 G HZ B4B5E+02
12486408 2.750E+02
4.970E+04 8.9355401
1.979E+04 > anmr1

Min: 1.979E+04

Min 2 598E+05 | |

0, = 48346 e

Qure = 18600

B = 2.60

15 3 ;
0 (in) 0 3 (i)
E Field [Vim] A Freld (AIm]
Max__ 1 496E+08 o T 900505

1 496E+08 | G00E 06
. 5.958E+07 . A e01EDE

2372E+07 1.114E+05

9442E+08 2 GASE+04

3.759E+06 6.536E+03

1.486E+06 1 583E+03
- 5.858E+05 - 3.833E+02

f = 11.5467 GHz

9442604 2.248E+01

3.759E+04 5 445E+00

1 496E+04 1.319E+00
Min__1 AGBE+04 WMin._1.319E+00
Min 7 737E+04 Q —_ 5 4_ 7 1 5 Min 7.73TE+04

B =018
:
c g 15 3 (in)




Dielectric resonant cavity

thickness =5 mm

101 _—
102 ’/
1073 //
- 10 /
1078 //
| 6 8 10 12 14 16 18

iris radius (mm)






Dielectric resonant cavity

Tolerance study

11.42 -
Ey o jy(k3,1)
11.41 -
f = 11.3995 GHz
11.40 -
2
9
f " 11.39 -
11.38 -
Ey X jo(k4pT)
11.37 -
8.76 8.78 8.80 8.82 8.84
rg [mm]

f = 11.3996 GHz

df GHz kHz
—— = —482 [—] = —482 |—
dry m um

14

How is the cavity tuned?




Dielectric resonant cavity

Volume Loss D...

A Surface Loss ... Log Scale
[Wim#3] m#
Max. 1.049E+12 \t\ f = 113996 GHZ :::: 1?28909 \X

. 1.0508+12 1628E+09
2:325:“ . 6 481E+08
7 560E+11 W

2 580E+08
B.615E+11 Q = w— 1.027E+08
5 5TOE+11 0 p 4.089E+07
L asee 1.628E+07
3 780B~ 11 - 6 481E+06
283511 2 580E+06
. 1 B90E+11 | 0a7E s
9 450E+10 :
0 000E-+00 . 4.0BIE+05
Min. -0.765E-04 1,628E+05

Min:  1.628E+08

1 70000
60000 -
1 2 0 1 2 {im)
P, = Ea) tan d €g€, | |E[“dV <0000 - R, ,
5 PC = ? |n X Hl dS

40000
30000 -

w oW 15

= W =

Qo P P. + P, 20000 -

108 10~7 10-6 1075 10~4
tan &



