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What has been achieved so far ?

Installed state of the art operational 32 cavity capable LLRF
system for CM1

Operated individually 6 cavities
Interface to ACNET for control parameters and data logging
LabView expert operator interface

RF calibration chain of power couplers, cables and LLRF
systems

Design + test of RF reference line
LLRF receiver chain stability measurements
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Advances for ILC

FNAL LLRF system provides proof of principle for ILC LLRF

— Demonstrates all major components (Master Oscillator, Receivers, transmitter,
controller, cable plant, external system interfaces)

— Control includes filter for 8t/9 and 7t/9 modes
— Exceeds main linac requirements
— Dramatically reduces costs
Development of simulators
— for multi-cavity control (incl. microphonics, LFD, operating gradient spread)
— HLRF distribution simulation using Agilent ADS
Numerous built-in diagnostics
— (i.e. Live FFT display of any test point)

Cavity control performance (open and close loop)
— see performance picture slide (at the end)

Training of next generation of RF scientists and engineers with the
intangible value of direct experience
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33 Channel Controller (MFC)
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R3-MFC Circuit Board
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Firmware — DAQ
Flexible and Programmable
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LLRF Data Flow Diagram

ACNET Datalogger

(Scalars, waveforms) Pulsed linac data rate
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LabView Operator Interface
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* Closed loop
operation with
8pi/9 mode
uncontrolled

e Top level
control page

LabView Operator Interface
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Amplitude waveform Under Regulation
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Zooming on the flat top regulation x100
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Receiver Chain Stability Measurement vs Building Temperature
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High Stability Reference Line

< 0.001° (_ L =0.23mm) phase change between
taps over L = 100m with 5°K temp. change
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Lab Measurements of Phase Averaging Reference Line Beams docDB # 3806-v1

Network Analyzer

0.141 tin coated cable (replaces 7/8" heliax cable that will be used in actual reference line)

ortl port2 port3
P R P ( 1 meter of 0.141 ~= 25 meters of 7/8" )

Narda 3022

S WP f—in— —1n— P im — —n—

rll | | || [ ||

j M 3 A % 5 A A R 517N Y P A
To Master AP V\’.\ 4 AP . v\*x {‘ ] yy Ve |

Oscillator Laser ™, L

ElectroiiGun___ cetice? Instrumentation CM1ICM2ICM3 (instrumentation )

n port over a 20 degree

Phase difference between Laser port and Instrumentatio
temperature change (85 - 105 deg F)

* Measured in the lab using a network
analyzer in a temperature controlled
oven.

* Long sections of 7/8 " RFS cable
replaced with short sections of tin
coated .141 cable that has similar
temperature characteristics.

* Measurement may have small
T T uncertainty due to calibration drift of
N the network analyzer.

it L s
il

vy wfn,.imﬂn\'m\-,«‘.' VA

40 00m * Oven temperature ramped from
. 85 to 105 degrees F in first twenty
minutes of measurement.

* Total measurement time is 1 Hour




Reference Line Cost Analysis

Reference Line Diagram

150 ft

Ed Cullerton
6129110 HD Communications  Raditek
10 Watt A Circul. ke
1.3 GHz i
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+12 dBm Sd8
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NF =4 dB
Narda 3022
Dual Directional
Coupler —
il
To Master ”}"‘
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Feedback +16 dBm
Power
Combiner

Electron Gun
+16 dBm

30 M section for 1 RF station:

1 directional coupler .......oeeeeveeeeeeeeeeerennne. $700
1 power COMbBINEr ....c.ooveeeveeiereeece e S30
1 variable attenuator .......ccccceevvieece v, $200
1 fixed attenUAtOr ooveeeeeeeeee e S20
30 meter section of RFS 7/8” cable ................ S200
2 ft of times Microwave phase track cable ... S50
1 mounting plate and hardware ..................... $250

1 heater control circuit and power supply ..... $250

-

Total hardware cost per tap
COSt PEF MELET ..ttt esee v S57

7/8 " RFS CellFlex Coax
Atten = 0.4 dBIft

Instrumentation CM1ICM2ICM3 Instrumentation
+16 dBm +16 dBm +16 dBm




What are the issues ?

Obtaining flat gradient and phases in
multicavity operation

“N” different 8/9 and 71t/9 mode frequencies
— Large observed spread in frequencies
Understanding limitations of weak performing
cavities (Q, drop)

Operation with spread in cavity gradients



What are the improvements we are
looking to make in the future ?

Resonance control integration into LLRF system
Cryomodule level full vector sum control

— Ready for 24 cavities (3 cryomodules)
Installation of RF reference line

Resume operation of CCl|

Quench detection & recovery algorithm

Long term stability/operability studies

Prepare for gun operations (Beam)
— Beam based calibration
— Operation with gradient spreads
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