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RF distribution system at STF-1

 A klystron drives 4 cavities via 
hybrid.
 Circulators are installed before the Circulators are installed before the 
cavities.

③

circulator

 Eliminate 4 circulators (step by step) 

① ② ③ ④

Hybrid



Effects Without Circulators



Variable hybrid

① ② ③ ④① ② ③ ④

B changing a knob on h brid e can change the rf distrib tion ratio 2 4 4dBBy changing a knob on hybrid, we can change the rf distribution ratio 2.4-4dB
(+/-15% in power)



Comparison of Acc Field Stability

With Circulators Without Circulators

rms=0.038% rms=0.037%

Stabilities of the Acc fields 
are almost same.

0 022drms=0.022deg rms=0.025deg



Cavity Input Signals

With circulators Without circulators

Cavity input
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the reflection



Results of Loaded Q measurement for cav1

Error of QL  ±0.002ｘ106

condition Loaded Q
(cav. #1) Pf_rf_off

(1) With circulators 1.28E+06 0.206%
(2) Without #1 circulator 1 22E+06 7 06%(2) Without #1 circulator 1.22E+06 7.06%

(3) Without #1 and #2 circulators, cavity #2 
detune 1.40E+06 6.86%

(4) Without all circulators, only cavity #2 detune 1.47E+06 5.02%( ) , y y
(5) Without all circulators, cavities #2,#3 detune 1.34E+06 6.19%

(6) Without all circulators, cavities #2,#3,#4 
detune 1.35E+06 7.35%

With t ll i l t l it #2 d t(7) Without all circulators, only cavity #2 detune 
(poor hybrid isolation 35dB ->25dB) 1.26E+06 20.3%

(8) Without all circulators, cavities #2,#3 detune
(poor hybrid isolation 35dB ->25dB) 1.23E+06 18.0%(poor hybrid isolation 35dB 25dB)

(9)
Without all circulators, cavities #2,#3,#4 
detune
(poor hybrid isolation 35dB ->25dB)

1.17E+06 24.6%

■Results of ((2), (3), (6)) are expected to be the same, but quite different.



⑤

Hybrid_C

L d A

Load_C

Low power measurements
Stub-length@Hybrid (A, B, C)

Hybrid_A Hybrid_B

Load_A Load_B
Isolation Tests of Tree-type waveguide system

<default> <poor isolation for each Hybrid>

④③②①

T T

<default> <poor isolation for each Hybrid>

(0 mm, 10 
mm, 0 mm)

（9.5 mm, 
10 mm, 0 

)

(-5 mm, 10 
mm, 0 mm)

(-5.5 mm, 
+10 mm, +9 

) Tree-Type system
, )

mm)
, )

mm)
dB deg. dB deg. dB deg. dB deg.

Port 1 S11 -44 -78 -24 151 -22 -41 -22 -9 
P tPort 
1-2

S21 -29 122 -21 145 -27 -21 -33 -41 

Port 
1 3

S31 -34 78 -35 75 -34 69 -28 133 
1-3
Port 
1-4

S41 -35 -15 -34 36 -33 30 -29 40 

Port

The reflection |Vr| just after Power off is twice or less
bigger than forward |Vf|

Port 
1-5

S51 -6 19 -7 26 -6 20 -6 16 

bigger than forward |Vf|



Calibrations of cavity, forward and reflection

VVV


 refforcav VVV 

 Cavity pickup signals were calibrated with the power meter.
 Fitting to the cavity pickup was carried out for forward and reflection signal.
 It is possible to compare the forward and reflection at different cavities.



Comparison between high power and low power test

⑤

Hybrid_C

Load A Load B

Load_C

Hybrid_A Hybrid_B

Load_A Load_B

④③②①
<default> <poor isolation for each Hybrid>

(0 mm, 10 mm, 0 mm) (-5 mm, 10 mm, 0 mm)

low-level w/circulators w/o cir #1 low-level w/o cir #1

de au t <poor isolation for each Hybrid>

low-level w/circulators w/o cir.#1 low-level w/o cir.#1

Port 1 S11 -44 -45 -29 -22 -20 
Port 1-2 S21 -29 -43 -30 -27 -26 
P t 1 3 S31 34 42 31 34 31Port 1-3 S31 -34 -42 -31 -34 -31 
Port 1-4 S41 -35 -49 -34 -33 -34 
Port 1-5 S51 -6 -6 

When the isolation is worse, high-power and low-power results agree well.



Comparison between high power and low power test (2)

⑤

Hybrid_C

Load A Load B

Load_C

Hybrid_A Hybrid_B

Load_A Load_B

④③②①

i l ti f h H b id
w/ cir. w/o cir.1 w/o cir.1,2

(0,10,0) (0,10,0) (-5,10,0) (0,10,0) (-5,10,0)

~30,000
<default> <poor isolation for each Hybrid>

cav.1 136 944 3115 500 3722

cav.2 166 844 1448 474 3152

cav.3 196 756 866 138 389

cav.4 86 541 611 140 292

When two circulators were removed, effects to cav.#3 and #4 decreased. 
(~6dB less)



Summary Without Circulators

Stabilities of the Acc fields are almost sameStabilities of the Acc fields are almost same.
Vector sum amplitude: 0.038-0.037%rms.
Vector sum phase:0.02-0.018deg.rms

Due to reflection wave, ue to e ect o a e,
Detune and QL can not be determined accurately.

Hi h d l lt ll i fHigh power and low power results agree well in case of 
poor isolation.
High power effects (temperature, high-rf fields) induce the 
difference in isolatiion(?) 


