The system:

distribution of the RF signals
from the cavity/klystron

to the low-level loops, measurement
points and interlocks

Some issues:

some signal paths are sensitive to the
reflections from unterminated ends

minimize group delay for critical cables

organization of high number of cables in
one rack

some cables used as attenuators — cooling
and proper laying

custom developed RF manipulation devices
for better performance

use of “intelligent” patch panels

try to prevent any unnecessary transitions
and connections

cost of one coaxial joint: ~40 to ~100 CHF

together ~900 RF manipulation devices, out
of which ~500 developed and built in house

Authors:
- Philippe Baudrenghien

- Luca Arnaudon

- Daniel Valuch

Signals for one unit:

- cavity field (antenna)

- cavity forward

- cavity reflected

- klystron forward

- klystron reflected

- klystron watcher fwd/rfl

- klystron drive fwd/rfl

- cavity HOM narrowband for meas.
- cavity HOM wideband for meas.

- cavity HOM narrowband terminated
- cavity HOM wideband terminated

Signals for one beam:
- RF SUM

- 8 coax links to the surface (RF
MUX)
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Cavity, Low level and Faraday cage
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Cavity controller rack (Faraday cage)
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Cavity field Coupling: 10dB

Cavity field Directivity: 25dB
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Antenna
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for 2MV gap voltage reflection

Power attenuators
installed on top of
the racks (above the
cable trays)

HOMwbA.Cav1.B1 — +40dBm (10W) @400MHz, +57dBm (500W) @800MHz +34.4dBm @400MHz, +48.9dBm @800MHz

for 300kW

-50dB dir. couplers
35dBm (3W)

on the waveguide

CAV RFL
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- HOMnbA.Cav1.B1  +40dBm (10W) @400MHz, +50dBm (100W) @500MHz +34.4dBm @400MHz, +43.6dBm @500MHz

HOMwbB.Cav1.B1_ +40dBm (10W) @400MHz, +57dBm (500W) @800MHz +34.4dBm @400MHz, +48.9dBm @800MHz
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TOP OF RACK TOP OF RACK TOP OF RACK TOP OF RACK TOP OF RACK TOP OF RACK 7
HOM LOADS HOM LOADS HOM LOADS HOM LOADS HOM LOADS HOM LOADS
ACSHOMO07.B2 ACSHOMO07.B2 ACSHOMO05.B2 ACSHOMO05.B2 ACSHOMO03.B1 ACSHOMO03.B1 6
ACSHOMO08.B2 ACSHOMO08.B2 ACSHOMO06.B2 ACSHOMO06.B2 ACSHOMO04.B1 ACSHOMO04.B1 S
@] O
4
3
2
1
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MUX [swAt
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Antenna gg
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s =32 ™
E ﬂ>! oo § 5 Power attenuators
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O/L Sj\ © S the racks (above the

CAVITY

cable trays)

HOMwbA.Cav1.B1  +40dBm (10W) @400MHz, +57dBm (500W) @800MHz

+34.4dBm @400MHz, +48.9dBm @800MHz

HOMnbB.Cav1.B1 +40dBm (10W) @400MHz, +50dBm (100W) @500MHz +34.4dBm @400MHz, +43.6dBm @500MHz

HOMnbA.Cavi.B1  +40dBm (10W) @400MHz, +50dBm (100W) @500MHz +34.4dBm @400MHz, +43.6dBm @500MHz

HOMwbB.Cav1.B1  +40dBm (10W) @400MHz, +57dBm (500W) @800MHz +34.4dBm @400MHz, +48.9dBm @800MHz




TOP OF RACK

Rack: AYACS18
Type: LINEa
Function: Line1.B2

TOP OF RACK

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

Rack: AYACS19
Type: LINEDb
Function: Line2.B2

RF MUX

TOP OF RACK

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

Rack: AYACS20
Type: MODULE
Function: Module1.B2

Rack: AYACS21
Type: LINEb
Function: Line3.B2

TOP OF RACK

HOM LOADS

CAVITY

®

TOP OF RACK

HOM LOADS

TOP OF RACK

HOM LOADS

BEAM 1 RF MUX OUTPUT

Rack: AYACS17
Type: ATMUX
Function: A1Sum.B2

Rack: AYACS16
Type:
Function: PC, BD
intlk

Rack: AYACS15
Type: SRV
Function: Servers,
BD, Timing,

Rack: AYACS14
Type:
Function: PC, BD
intlk

Rack: AYACS13
Type: ATMux
Function: A1Sum.B1

RF MUX:

- two chassis per beam

- ethernet controlled coaxial switch

- four 8:1 coax relays
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Rack: AYACS12
Type: LINEa
Function: Line8.B2

Rack: AYACS11
Type: LINEb
Function: Line7.B2

TOP OF RACK
HOM LOADS
ACSHOMO07.B2

Rack: AYACS10
Type: MODULE
Function: Module2.B2

TOP OF RACK
HOM LOADS
ACSHOMO07.B2

ACSHOMO08.B2

Rack: AYACS09
Type: LINEb
Function: Line6.B2

Rack: AYACS08
Type: LINEa
Function: Line5.B2

Rack: AYACSO07
Type: RFMUX
Function: RFMux.B2

TOP OF RACK
HOM LOADS
ACSHOMO05.B2

ACSHOMO08.B2

TOP OF RACK
HOM LOADS
ACSHOMO05.B2

ACSHOMO06.B2

Rack: AYACS06
Type: RFMUX
Function: RFMux.B1

Rack: AYACS05
Type: LINEa
Function: Line4.B1

Rack: AYACS04
Type: LINEb
Function: Line3.B1

TOP OF RACK
HOM LOADS
ACSHOMO03.B1

ACSHOMO06.B2

TOP OF RACK
HOM LOADS
ACSHOMO03.B1

ACSHOMO04.B1

ACSHOMO04.B1

TOP OF RACK TOP OF RACK | _
HOM LOADS HOM LOADS
ACSHOMO07.B1 ACSHOMO07.B1
ACSHOMO08.B1 ACSHOMO08.B1
N
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Cavity field

Cavity FWD

Cavity RFL

Antenna
27dBm (0.5W) Full
for 2MV gap voltage reflection

I¢I

HOMwbA.Cav1.B1
HOMnbB.Cav1.B1

- HOMnbA.Cav1.B1

HOMwbB.Cav1.B1

-50dB dir. couplers
on the waveguide
35dBm (3W)
for 300kW

CAV RFL

+40dBm (10W) @400MHz, +57dBm (500W) @800MHz
+40dBm (10W) @400MHz, +50dBm (100W) @500MHz
+40dBm (10W) @400MHz, +50dBm (100W) @500MHz

+40dBm (10W) @400MHz, +57dBm (500W) @800MHz

Cavity field

Cavity FWD

+34.4dBm @400MHz, +48.9dBm @800MHz
+34.4dBm @400MHz, +43.6dBm @500MHz
+34.4dBm @400MHz, +43.6dBm @500MHz

+34.4dBm @400MHz, +48.9dBm @800MHz

Cavity SUM

Cavity field to
MUX

Cavity field  AYACS01,08,25,18
INTLK AYACS05,12,29,22

Cavity FWD to MUX

Cavity RFL to MUX

Klystron FWD to MUX

Klystron RFL

+34.4dBm @4POMHz,
+48.9dBm @8pOMHz

HOMwbA.Cav1.B1

HOMnbB.Cav1.B1

Power attenuators
installed on top of
the racks (above the
cable trays)

HOMnbA.Cav1.B1

HOMwbB.Cav1.B1

RfSpare.B1

CavFWDMux.B1

CavRFLMux.B1




TOP OF RACK

HOM attenuators (on top of the racks)

TOP OF RACK

Rack: AYACS18
Type: LINEa
Function: Line1.B2

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

Rack: AYACS19
Type: LINEDb
Function: Line2.B2

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

Rack: AYACS20
Type: MODULE
Function: Module1.B2

Rack: AYACS21
Type: LINEb
Function: Line3.B2

TOP OF RACK

TOP OF RACK

TOP OF RACK

TOP OF RACK

TOP OF RACK

TOP OF RACK

HOM LOADS
ACSHOMO03.B2
ACSHOMO04.B2

HOM LOADS
ACSHOMO03.B2
ACSHOMO04.B2

Rack: AYACS22
Type: LINEa
Function: Line4.B2

Rack: AYACS23
Type:
Function:

Rack: AYACS24
Type:
Function:
CPCI DIAG B1/B2

HOM LOADS
ACSHOMO05.B1
ACSHOMO06.B1

HOM LOADS
ACSHOMO05.B1
ACSHOMO06.B1

Rack: AYACS25
Type: LINEa
Function: Line5.B1

Rack: AYACS26
Type: LINEb
Function: Line6.B1

Rack: AYACS27
Type: MODULE
Function: Module2.B1

HOM LOADS
ACSHOMO07.B1
ACSHOMO08.B1

Rack: AYACS28
Type: LINEb
Function: Line7.B1

HOM LOADS
ACSHOMO07.B1
ACSHOMO08.B1

Rack: AYACS29
Type: LINEa
Function: Line8.B1

Rack: AYACS17
Type: ATMUX
Function: A1Sum.B2

Rack: AYACS16
Type:
Function: PC, BD
intlk

Rack: AYACS15
Type: SRV
Function: Servers,
BD, Timing,

Rack: AYACS14
Type:
Function: PC, BD
intlk

Rack: AYACS13
Type: ATMux
Function: A1Sum.B1

Power attenuators on top of the
Line racks:

- two heatsinks/four attenuators
per cavity

- custom developed attenuators,
should withstand high peak

power

- very robust design, internally five
stage attenuator 1-1-3-3-12dB,

- each chip is 250W Pin capable

- the resistive layeris cast in a

resin to prevent potential arcing

Rack: AYACS12
Type: LINEa
Function: Line8.B2

Rack: AYACS11
Type: LINEb
Function: Line7.B2

TOP OF RACK
HOM LOADS
ACSHOMO07.B2

Rack: AYACS10
Type: MODULE
Function: Module2.B2

TOP OF RACK
HOM LOADS
ACSHOMO07.B2

Rack: AYACS09
Type: LINEb
Function: Line6.B2

Rack: AYACS08
Type: LINEa
Function: Line5.B2

Rack: AYACSO07
Type: RFMUX
Function: RFMux.B2

TOP OF RACK
HOM LOADS
ACSHOMO05.B2

TOP OF RACK
HOM LOADS
ACSHOMO05.B2

Rack: AYACS06
Type: RFMUX
Function: RFMux.B1

Rack: AYACS05
Type: LINEa
Function: Line4.B1

Rack: AYACS04
Type: LINEb
Function: Line3.B1

TOP OF RACK
HOM LOADS
ACSHOMO03.B1

ACSHOMO08.B2

ACSHOMO08.B2

ACSHOMO06.B2

ACSHOMO06.B2

ACSHOMO04.B1

TOP OF RACK
HOM LOADS
ACSHOMO03.B1

ACSHOMO04.B1

Rack: AYACSO03
Type: LINEa
Function: Module1.B1

Rack: AYACS02
Type: LINEb
Function: Line2.B1

TOP OF RACK
HOM LOADS
ACSHOMO01.B1

ACSHOMO02.B1

Rack: AYACSO01
Type: LINEa
Function: Line1.B1

TOP OF RACK
HOM LOADS
ACSHOMO01.B1

ACSHOMO02.B1




TOP OF RACK

Rack: AYACS18
Type: LINEa
Function: Line1.B2

TOP OF RACK

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

Rack: AYACS19
Type: LINEDb
Function: Line2.B2

Cavity “Line A” racks

TOP OF RACK

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

Rack: AYACS20
Type: MODULE
Function: Module1.B2

Rack: AYACS21
Type: LINEb
Function: Line3.B2

TOP OF RACK

HOM LOADS
ACSHOMO03.B2
ACSHOMO04.B2

TOP OF RACK

HOM LOADS
ACSHOMO03.B2
ACSHOMO04.B2

Rack: AYACS22
Type: LINEa
Function: Line4.B2

Rack: AYACS23
Type:
Function:

Rack: AYACS24
Type:
Function:
CPCI DIAG B1/B2

HOM LOADS
ACSHOMO05.B1
ACSHOMO06.B1

TOP OF RACK

TOP OF RACK

HOM LOADS
ACSHOMO05.B1
ACSHOMO06.B1

Rack: AYACS25
Type: LINEa
Function: Line5.B1

Rack: AYACS26
Type: LINEb
Function: Line6.B1

Rack: AYACS27
Type: MODULE
Function: Module2.B1

TOP OF RACK

HOM LOADS
ACSHOMO07.B1
ACSHOMO08.B1

Rack: AYACS28
Type: LINEb
Function: Line7.B1

HOM LOADS
ACSHOMO07.B1
ACSHOMO08.B1

Rack: AYACS29
Type: LINEa
Function: Line8.B1

Rack: AYACS17
Type: ATMUX
Function: A1Sum.B2

Rack: AYACS16
Type:
Function: PC, BD
intlk

Rack: AYACS15
Type: SRV
Function: Servers,
BD, Timing,

Rack: AYACS14
Type:
Function: PC, BD
intlk

Rack: AYACS13
Type: ATMux
Function: A1Sum.B1

Chassis in the Line racks:

- one chassis for two cavities

- cavity field measurement and

Interlock

- HOM fundamental measurement

and interlock for all HOM
antennas

- measurement of HOM power for

one NB and WB channel

BEAM 1 CAVITY 1

TWO CAVITY RF PATCH PANEL
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Rack: AYACS12
Type: LINEa
Function: Line8.B2

Rack: AYACS11
Type: LINEb
Function: Line7.B2

TOP OF RACK
HOM LOADS
ACSHOMO07.B2

Rack: AYACS10
Type: MODULE
Function: Module2.B2

TOP OF RACK
HOM LOADS
ACSHOMO07.B2

ACSHOMO08.B2

Rack: AYACS09
Type: LINEb
Function: Line6.B2

Rack: AYACS08
Type: LINEa
Function: Line5.B2

Rack: AYACSO07
Type: RFMUX
Function: RFMux.B2

TOP OF RACK
HOM LOADS
ACSHOMO05.B2

ACSHOMO08.B2

TOP OF RACK
HOM LOADS
ACSHOMO05.B2

ACSHOMO06.B2

Rack: AYACS06
Type: RFMUX
Function: RFMux.B1

Rack: AYACS05
Type: LINEa
Function: Line4.B1

Rack: AYACS04
Type: LINEb
Function: Line3.B1

TOP OF RACK
HOM LOADS
ACSHOMO03.B1

ACSHOMO06.B2

TOP OF RACK
HOM LOADS
ACSHOMO03.B1

ACSHOMO04.B1

Rack: AYACSO03
Type: LINEa
Function: Module1.B1

N
»

N
(@)

RN
S

-
w

-
N

ACSHOMO04.B1

o LN R Y R 2 R e R =Y




HOM treatment — 4 filter banks in the RF MUX racks

TOP OF RACK

Rack: AYACS18
Type: LINEa
Function: Line1.B2

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

TOP OF RACK

TOP OF RACK

HOM LOADS
ACSHOMO01.B2
ACSHOMO02.B2

Rack: AYACS19
Type: LINEDb
Function: Line2.B2

Rack: AYACS20
Type: MODULE
Function: Module1.B2

Rack: AYACS21
Type: LINEb
Function: Line3.B2

TOP OF RACK

HOM LOADS
ACSHOMO03.B2
ACSHOMO04.B2

HOM LOADS
ACSHOMO03.B2
ACSHOMO04.B2

TOP OF RACK

Rack: AYACS22
Type: LINEa
Function: Line4.B2

Rack: AYACS23
Type:
Function:

Rack: AYACS24
Type:
Function:
CPCI DIAG B1/B2

HOM LOADS
ACSHOMO05.B1
ACSHOMO06.B1

TOP OF RACK

HOM LOADS
ACSHOMO05.B1
ACSHOMO06.B1

TOP OF RACK

Rack: AYACS25
Type: LINEa
Function: Line5.B1

Rack: AYACS26
Type: LINEb
Function: Line6.B1

Rack: AYACS27
Type: MODULE
Function: Module2.B1

HOM LOADS
ACSHOMO07.B1
ACSHOMO08.B1

Rack: AYACS28
Type: LINEb
Function: Line7.B1

HOM LOADS
ACSHOMO07.B1
ACSHOMO08.B1

TOP OF RACK | _

Rack: AYACS29
Type: LINEa
Function: Line8.B1

Rack: AYACS17
Type: ATMUX
Function: A1Sum.B2

racks:

- two chassis per beam

HOM treatment in the RF MUX
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Klystron rack

Legend:

Coupling: 10dB
Directivity: 25dB

SMA [SMA |
Directional
coupler
SMA
Delay
'l Adjustable
delay
Variable
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Klystron racks
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Chassis in the Klystron racks:
- one chassis per klystron

- measurement of klystron pre-drive,
Klystron drive

- measurement of klystron fwd and rfl
- measurement of cavity fwd and rfl
- interlocks for klystron output signal




