Power distribution system for ILC.

Can we avoid expansive circulators ?

S.Kazakov
05-18-06



Baseline design




Alternative schemes:
One big circulator for klystron protection instead of several small ones.

Price of big circulator ~ 4 x small circulator (?)
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No circulators:

lmld:z
o1 3 1 441 d] 1

d® = ©1-02 = mTt/n — no reflection to the klystron (Tantawi)

fh

(Nantista)
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Both schemes (Tantawi, Nantista) work well if all elements ideal:

no crosstalk between structure;

no reflection to klystron if all reflections from structures are equal,;
breakdown in one structure causes (1/n)2 power reflection to the klystron;

Question: How ideal elements (direction couplers, loads) must be?
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Power

Non-ideal elements, -30db directivity and reflection
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WR650 Elements
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Probably the -30db perfection is enough (?)
Design of high perfection direction coupler. Semi-hybrid approach:

EV/m)

1.1736e+006

1.1247e+006

1.075Ee+008

1.0268a+006

8.7796e+005

9.2506e4005

B.8017e4+005

8.3127e+005

7.8237e4+005

7.3347e+005

6. 2457e+005

€.35EEe+005

5.86TBe+005

5.372Ee+005

4.8E9Ee+005 ‘
4.400Be+005

3.9119+005 -

3.422%e+005

2.9338e4005

2.444%e4+005

1.955%24005

1.466%e+005

8.7786e+004

4.8E5Ee4004 - -

Electric field, 5 MW
6.6E6Te+002 =

5.0000=+002 - -

3.3333e+002

Magnetic field, SMW

0.0000e+000

E[A/m]

4,0000e+003
£333e+003
€E6Te+003
5000e+003
3333e+003
1667e+003
0000e4003
£8333e+003
6E6Te+003
S000e+003
3333e+003
1667e+003
0000e+003
£333e+003
E66Te+003
S000e+003
3333e+003
1667e+003
0000e+003
B.3333e+002

e R R R R R R L L L G e e

portl:al port2:ml porti:al portiim2
portl:ml | (C.00361, 128.662) {0.00363, 24.603) {0.70710, 41.523) (0.70708, 170.382)
port2:ml | (0.C0363, 24.603) (0.00361, 129.747) (0.70710, 41.522) (0.70710, -9.618)
ports:mt | (0.70710, 41.523) (0.70710, 41.522) (0.00440, -173.865) (2.74616e-006, -32.361)

portiim2 | (0.70709, 170.382) {0.70710, -9.618) ﬁ;?!ﬂ?rl!“. -32.361)  {0.00575, -6.536)



E[V/m]

1732e+006
243e+008
T54e+006

4
1.

1.

1.0266e+006
3. 7767e+005
9.287%=+005
2.7991e+005
2.3102e+005
7.8214e+005
7.3325e+005
B437e+005
354%e4005
E&6Ce+005
377224005
8884e+005
338522005
9107e+005
3.421%e+005
2.9330e+005
2.4442e+005
1.9553e+005
1.4665e+005
9.7767e+004
4.8884e+004
0. 0000e+000

Wods =0

H[A/m]

4.00008+003
3.8333=4003
3.6667e+003
3.5000e+003
3.3333=2+003
3.1667=+003
3.0000=+003
2.8333e4003
2.66672+003
2.500084003
2.3333e+003
2.1667e+003
2.0000=+003
1.8333e+003
1.666T=+003
1.5000e+003
1.333384+003
1.1667=24003
1.0000e+003
£.3333e+002
6.€667e+002
5.0000e+002
3.3333e+002
1.6667e+002
0.00002+000

‘porti:ml

portd:ml

port3:ml

‘porcd:m2:

(0.00453,-112.5971)
(0.00131, -75.245)
(0.70710, 92.981)
(0.70710, 42.129)

(0.00131, -75.845)
(0.00453,-112.946)
(0.70710, -87.019)
(0.70710, 42.128)

(0.70710, 82.381)
(0.70710, -87.018)
(0.00357, 131.704)

(2.1935%e-006,-138.919)

(0.70710,
(0.70710,

[2.19355e-006,-138.919)

(0.00363,

42.129)
42.129)

9.145)




E[V/m]

T51e-006
281e-006
1.0771e=008
-028Ze-D06
.7922e-005
-302£e+005
-B130e-005
-3234e+005
.3338e+005
-3442e-005
8543e+005
.3645e+205
-8753e+005
+3857e£005
-3361e+005
40658005
-916%e-005
.4273e-005
-9377e-005
+4481e=005
+3584e-005
+46BZe=005
9.7922e+004
4.8961e-004
0.0000e+000

L

3 8D D e
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|
=l

L056%e+008
1.0088e+006
.6078e+005
1274e+005
. 6470e+005
+1666e+005
.6862e+005
.2059%+005
.7253e+005
.2451e+005
. T647e+005
.2843e+005
£0392+005
. 3235e+005
.8431e+005
.3827e+005
.8823e+005
-4020e+005
L9216e+005
1.4412e+005
.6078e+004
.803%e+004
.0000e+000

T

=
&
&
5
5
4.
4
3
3
2

S W

portli:mi

port2:ml

port3:ml

portd:nl

Reflection -48.9dB

Isolation

-49.1dB

Directivity 46.1dB

(0.00357, -88.193)
(0.00350, -2.750)
(0.70734, 109.704)
{0.70686, -31.914)

{0.00350, -8.750)
(0.00362, 170.854)
{0.70685, -31.909)
(0.70734, 6.471)

{0.70734,
(0.70685,
(0.00357,
{0.00360,

108.704)
-31.909)
-94.117)
-15.18§)

(0.70686, -31.914)
(0.70734, 6.471)
(0.00360, -15.188)
(0.00344, 163.942)
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£[vrm]

e T A - - e I - - WS- I SRR

1471e+006
Je+006
0515a+006
003 7e+006
£582e+005
0808e+005
6025e+005
1245e+005
6470e+005
§91e+005
6§911e+005
2132e+005
7353e+005
2573e4+005
T794e+005
3014e+005
B235e+005
3456m+005
E&7Em+005
38978+005
2118e+005
4332e+005
5588e+004
TT9de+004
0000e+000

3dB

portli:mi port2:ml poct3:ml
(0.00290,-163.073) (0.00290, -87.988) (0.70592, 6.437)

(0.00290, -87.988)
(0.70592,  £.437)
(0.70828, -83.563)

(0.00290,-169.177)
(0.70828, -83.563)
(0.70592, 6.437)

{0.70828, -£3.563)
(0.00291,-169.120)
(0.00289, -88.030)

Reflection -49.4dB

Isolation

-43.1dB

Directivity 43.7dB

E[V/m]

1.1715e+006
1.1226e+006
1.0738e+006
1.0250e+008&
9.7621e4005
9.2740e4005
8.7859e+005
8.2978e+005
7.8097e+005
7.3216e+005
£.8335e+005
6.3454e+005
5.8573e+005
5.3692e+005
4.8810e+005
4.392%e+005
3.9048e+005
3.4167e+005
2.9286e+005
2.4405e+005
1,9524e+005
1.4643e+005
9.7621e+004
4.8810e+004
0.0000e+000

porti:mi
portiiml
port3:ml
portd:ml

porti:mi

Reflection -50.7dB
Isolation

-50.7dB

Directivity 47.7dB

porc2:mli

porri:ml

portd:ml

(0.00344,-171.320)
(0.00702, 10.436)
(0.99994, 100.543)
(0.00739, 10.387)

(0.00702, 10.436)
(0.00348,-170.916)
{0.00739,-169.577)
(0.99934, -79.457)

(0.99934, 100.543)
(0.00732,-169.677)
(0.00344,-169.324)
(0.00702,-169.767)

(0.00739, 10.387)
(0.99924, -79.457)
(0.00702,-169.767)
[0.00348,-169.707)



Checking Magic-T — compact device with perfect symmetry
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E[V/m]

0922e+008
0467e+006
0012e+008
5566e+005
1015e+005
6465e+005
1914e+005
7363e+005
2812e+005
£262e+005
3711e+005
9160e+005
4609e+005
0059e+005
5508e+005
095Te+005
6406e+005
1855e+005
7305e+005
2754e+005
8203e+005
3652e+005
1015e+004
5508e+004
0000e+000

O D RS R L) L e U1 NN By By =] = GO DD WD

Power = 1MW

Electric field

H[A/m]

5000e+003
3542e+003
2083e+003
0625e+003
9167e+003
T708e+003
6250e+003
4792e+003
3333e+003
1875e+003
0417e+003
8958e+003
7500e+003
6042e+003
4583e+003
3125e+003
1667e+003
0208e+003
T501e+002
2918e+002
8334e+002
3751e+002
9168e+002
45844002
.1071le-002

FOROR R BN ) 00 R R R R R R R R R W G G L

Magnetic field
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Power = 1MW

E[Vim]

0000e+000

.5000e+002
.0000e+000

H[A/m]
8.4501e+005 4. 600025003
& nam .

B C-0770e+00 3.450024003
[ g 3.30008+003

7.0418e+005 3.1500=+003
£ £89724005 3.00002+003
6.3376e+005 2.8500e+003
5.9855e+003 2.7000e+003
5.6334e4005 2.55002+003
5.28132+005 2.40002+003
4.9292e+005 2.25002+003
4.5772e+005 2.10002+003
4.2251=+005 1.39500e+003
3.87302+005 1.80002+003
3.520%2+003 1.6500e+003
3168824005 1.5000e+0032
2.81672+005 1.35002+003
Ll 1.20002+003
2.1125e+005 1050024003
11;&:33: 9.00002+002
=0 7.5000e+002
e 6§.00002+002
7.0418e+004
3.5209e+004 el DS
o 3.0000e+002

1

0

Electric field

Magnetic field

Maximum electric field at the surface of Magic-T depends on
phases of reflected waves coming from arms. Minimum maximum
for 1 MW is 15.5kV/cm
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Cheap, simple L-band load

165.1

_ Polyethylene

f/f
o

s
~Water

(Eps = 20, tg =1)
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SMW

E [V/m]

.9529e+005
.5799e+005
.206859e+005
.8338e+005
.4608e+005
E878e+005
. T147e+005
.3417e+005
. 9886e+005
.5956e+005
.22268e+005
.3485e+005
.4785e+005
.1034e+0035
. 7304e+005
.35T74e+005
.9843e+005
.8113e+005
.2382e+005
.8852e+005
.4822e+005
.1191e+005
.46808e+004
. 7304e+004
.0000e+000

=1 0o o

R S e e U T U T N . B £ B S-S VS B |

[y

500kW

E[V/m]

.5312e+005
.T132e+003
.5852e+005
.4773e+005
3593e+005
2413e+005
.1234e+005
.00542+005
.8874e+005
. 7895e+005
.8515e+005
.5336e+005
.41562+005
.2976e+005
.1797e+005
.0817e+005
.4372e+004
.2576e+004
.0779e+004
.5983e+004
.T186e+004
.53390e+004
.3593e+004
.1797e+004
.0000e+000

R RN S e e e L e e e S ST O UV S I S A S

[ S N

22




1. We don’t know property of water, but it can be
measured experimentally.
2. More pipes gives less fields and wider passband.
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WR770 Elements
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WR770 semi-hybrid

195.58

280

25



Power

Port 2

Port 1

Hybrid 770_280mm,
Ports 3,4

1.0 1

0.9 -

0.8

0.7 1

0.6

0.5 1

0.4

0.3

0.2 1

0.1

0.0 T T T T T

—f=— port 3
—— port4

820 860 900 940 980

L, mm

1020

1060

T

1100

Port 4

Port 3

dB

Power, Port3 / Port4

Hybrid 770_280mm,

Power Port3 / Port4
16
15
14
13 4
12
11
10
9 g

7
6
5
4 1
3

14
0 » ' r r r T T T

820 860 900 940 980 1020 1060 1100

L.mm

Hybrid 770_280mm,
Ports 1, 2

-34

=36 1

-38

—— Port 1
0— Port 2

o4

820

860 900 940 980 1020 1060 1100

L, mm




E[V/m]

.5459e+005
1889e+005
.8338e+005
.4777e+003
1216e+005
.7655e+003
.4085e+003
0534e+005
.6873e+003
.3412e+003
9851e+003
.6281e+003
.2730e+003
9169e+003
.5608e+003
.2047e+003
8486e+003
.4926e+003
.1365e+003
T804e+003
.4243e+003
.0682e+003
1216e+004
.5608e+004
.0000e+000

[ Ll el S I = N & RV R U S SV T B . RS R )

H[&/m]

0000e+003
8750e+003
T500e+003
©250e+003
5000e+003
3750e+003
2500e+003
1250e+003
0000e+003
8750e+003
7500e+003
©250e+003
5000e+003
3750e+003
2500e+003
1250e+003
0000e+003
T500e+002
5000e+002
2500e+002
0000e+002
T500e+002
5000e+002
2500e+002
0000e+000

L B B B e e e S SR FURNEL I S S SR R S S R S )

Fields for 5MW

E-field

H-field

27



dB

Hybrid 770_280mm,
Example of passband

0
-5
10 -
/_/
-20
-25
s11 w
-30 s12
| || s13
-35 f s14
II II
-4'0 1 1 1 |+ 1 1 1
1.10 115 1.20 1.25 1.30 1.35 1.40 1.45
GHz

1.50
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465.4

/

280

\

195.68

465.2




E[V/m]

8.5408e+005
8.1849e+005
7.8291e+005
T7.4732e+005
7.1173e+005
6.7615e+003
6.4056e+005
6.0497e+005
5.6939e+005
5.3380e+005
4.9821e+005
4.6263e+005
4.2704e+005
3.9145e+005
3.558Te+005
3.2028e+003
2.8469e+005
2.4911e+005
2.1352e+005
1.7793e+005
1.4235e+005
1.0676e+005
7.1173e+004
3.558Te+004
0.0000e+000

E[V/m]

8.5914e+005
8.2334e+005
T7.8755e+005
7.5175e+005
7.1595e+005
6.8015e+0035
6.4436e+005
6.0856e+005
5.7276e+005
5.3696e+005
5.0117e+005
4.6537e+005
4.2957e+005
3.9377e+0035
3.5798e+005
3.2218e+005
2.8638e+005
2.5058e+005
2.1479e+005
1.7899e+005
1.431%e+005
1.0739e+0035
7.1595e+004
3.5798e+004
0.0000e+000

E —fields for 5 MW
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portl:ml
port2:ml
port3:ml
port3:m2

E[V/m]

.5413e+005
.1855e+005
.3296e+005
.4737e+005
.1178e+005
.T619e+0035
.4060e+0035
.0501e+0035
.6942e+005
.3383e+005
.9825e+005
.6266e+005
L2707e+005
.9148e+005
.5589e+005
.2030e+005
.8471e+005
.4912e+005
.1353e+005
. T794e+005
.4236e+005
.0677e+005
.1178e+004
.558%e+004
.0000e+000

O D =] R ORI R R D0 G DO s W W U1 LN h =] =] ] o e

portl:ml portZ:ml port3:ml port3:m2

{0.00385,-139.305) (0.00314, -39.748) {0.70583, 11.835) (0.70837, 2B8.519)
{0.00314, -39.74&) {0.00309, 11.932) {0.70838, -98.575) {(0.70582, 98.009)
{0.70583, 11.935) (0.70838, -98.575) {0.00143, 43.309) {0.00052, 39.190)
(0.70837, 2B8.51%9) {0.70582, 9&8.009) {0.00052, 39.1390) (0.00644, -0.818)
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Shell we use two WR770 instead three WR6507

Electric fields: WR770, 5SMW — 7.0 kV/cm
WR650, 3.3MW - 7.2 kVV/cm
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