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1. 1320MHz LO Generation
All the major signals for LCLSII and LCLSI can be considered as the Master Source as seen in P1.  They can be built in several blocks (chassis) as below:
1) 162.5MHz Master Oscillator, which is locked to GPS or Rb Standard.
2) 1300MHz Reference and 1320MHz LO generation Chassis.
3) 1300MHz and 1320MHz Distribution Chassis.
4) 185.7MHz generation and distribution Chassis.
5) 3900MHz and 3920MHz Generation Chassis.
6) 3900MHz and 3920MHz Distribution Chassis.
7) 476MHz Generation Chassis.
8) 476MHz Distribution Chassis.


P1. Master Source Generation and Distribution System
The PLL control and resynch division can be done with certain modification and development of the existing Laser Control System (not sure if the name is correct) in SRS SIM Crate (as shown in green blocks in P1).  The whole Master Source will be in a temperature controlled rack within +/- 2deg C.  It will be located in the Klystron Gallery at Penetration 2-1 to 2-5, which is over the end of 3.9GHz Cryomodule and BC1.  The overview of the Master Source, Phase Reference Line and LO Distribution is shown in P2. 


P2. LCLSII Master Source, Phase Reference Line and LO Distribution Block Diagram
Since this proposal is for 1320MHz LO generation and distribution, the rest of the part will not be described in detail here.  
2. 1320MHz LO Distribution
1320MHz LO signal will be splitted at the Master Source and distributed in two directions in the Klystron Gallery.  7/8” Heliax coax will be used as the transmission line with 20 line couplers.  Since the effect of slow drift from the LO can be cancelled in the algorithm of the LLRF control, the cable will not be insulated and expected working in the environment of about 0-40 deg C.  Each line coupler will deliver the LO to a group of 4 LLRF racks, which locate next to the penetrations.  Then 3/8” Heliax coax will be used for local distribution to each LLRF rack.  
The LCLSII LINAC is briefly separated into the following sections: L0, LH (Laser Heater), L1, HL (3.9GHz), BC1, L2, BC2 and L3.  L0 is not clear at this moment because the Laser, Gun and Laser Heater might not need 1320MHz for their control.  But we just count them for now.
1) Laser, Gun and Buncher -- 1 coupler
2) CM01 -- 1 coupler
3) Laser Heater – 1 coupler
4) CM02 and CM03 – 1 coupler
5) L2 (CM04 to CM15), 4racks x 6groups – 6 couplers
6) L3 (CM16 to CM35), 4racks x 10groups – 10 couplers
We will put the each of the line coupler and the 4-way splitter in the middle rack within the 4 rack group.  Careful engineering design is important to reduce the stress of the cable expansion and contraction due to temperature change and unexpected force.  
The 7/8” Heliax cable needs cable tray or certain structure to support it.  The existing planned cable tray (which is possibly being used as the support) is parallel to the LLRF rack with about 11ft off.  Extra cable support is needed to lead the cables from the main line tray to the LLRF racks.  Cost must be included for this part.  
The straight distance from Master Source (at ~110m) to Gun and to the end of L3 is ~130m and ~557m, respectively.  Relay amplifiers are suggested to be added in the middle of L2 and L3 in some of the LLRF racks.   The couplers are considered to have different coupling ratio for appropriate power balance (trying to avoid too much attenuation and too low power level, the other way is to find low gain high power amplifiers).  Directivity, VSWR and mounting package, etc. are within consideration.
In each LLRF rack, there will rack amplifier with a 3-way splitter to distribute the LO signal to RF Station 1, RF Station 2 and Precision Receiver.  The input power at each of these is about 14dBm.  The isolation between each station should be at least 25dB.  
3. Cost of the engineering design
See excel document “Cost of 1320MHz LO Gen and Distribution”
4. LO Generator
LO Generator specification is based on the “LLRF Requirements for LO and PRL in LCLS-II” document.  A brief spec is described as below. 
1) Output power: > 0dBm.  LO distribution will need a power amplifier and splitter accordingly.
2) Phase noise will have the noise floor: <=-152dBc/Hz roughly at the bandwidth of 20KHz to 200KHz, which is above the closed-loop bandwidth and below the noise-shaping digital filters. The LO amps along the LO distribution line should not add additive noise above the noise floor.  
3) Harmonics: <= -40dBc, port numbers, power supplies, working condition, drift?, 
5. Schedule
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LCLSII LO Generation and Distribution Diagram---11-11-2015
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