arXiv:hep-ex/0008033 18 Aug 2000

DEVELOPMENT OF RF REFERENCE LINE FOR THE LINEAR COLLIDERT.Naito, K.Ebihara, H. Hayano, J.Urakawa, KEK, High Energy Accelerator Organization, 1-1 Oho, Tsukuba, JapanThe distribution system of the line is to supply stable signal 25km lengthwithin o(0.25ps) stability. In to distribution system, an optical link using a optical was The optical fiber has been employed at LEP, KEKB, etc.. the system of the test of the system phase stabilization.The stabilization of the line is a key issueIn the of the total distribution length will is 11.424GHz the of the Damping ring is 714MHz. number of the sector, which consists of 8 klystrons, about 200. The stability of the rf reference line has to kept o(0.25ps) all sectors. In to meet specification, an optical fiber link using a optical fiber(PSOF) with the system The PSOF is at such as LEP, Spring8, The of the optical link using the PSOF is a high stability aattenuation at the an immunity to Usually, the line uses a a to attenuation at the transmission line. In that is at section by conversion. The PSOF has a system the of the PSOF. gain is set to 100 the of fiber is less than 100 between two points, it will be within stability. To get more to the beam, awill be which is in this This of PSOF the 2˚˚SYSTEM LAYOUTFig. 1 shows layout of the JLC distribution. The 11.424GHz of is using the PSOF system twopoints consists of a pair of m moptical links, a shifters. The optical links using transmitters photo both example, Ortel 3541(1.3mmm) transmitter 4518 receiver(1.3m)[7]. The layout of the Fig.2. A loss of the

E-Gun10 GeV Linace+ Target1.98GeV LinacPre-damping Ring

Damping Ring8GeV Pre-linacBC1BC2 Main LinacCollimatorIPMain LinacBC28GeV Pre-linacBC1Damping Ring1.98GeV LinacE-GunSpin RotatorSpin RotatorCollimator

SG Phase stabilized optical fiberOptical link with phase feedback~5km~5km~5km~5kmKlystron

Fig. 1 Overall layout of the JLC and the rf phase reference distribution

fiber is 0.35dB/km for 1.3mm wavelength and 0.20dB/kmfor 1.5mm wavelength. In order to keep the small powerloss and the small phase change, the maximum distancebetween two points should be kept less than 5km. Fig. 2 Phase feedback system using WDM2˚˚DEVICE CHARACTERISTICS2.1˚˚Phase Stabilized Optical Fiber(PSOF)A normal optical fiber usually has a thermal coefficientof the order of +6ppm/oC. The PSOF is compensated thethermal coefficient by coating a liquid crystal polymerwhich has negative thermal expansion coefficient[8][9].The thermal coefficient of the PSOF expansion is lessthan 0.4ppm/oC. The measured thermal expansion of500m sample cable of the PSOF is shown in Fig3. Thedata shows very low thermal expansion at thetemperature range from 10oC to 25oC.Fig. 3 Temperature characteristics of the PSOFThe thermal expansion of long PSOF cable installed inB Factory Accelerator. The length of the cable is 780mand the 6 fibers are connected in series, then, the totallength of the fiber is 4.7km. The cable connects betweenKEKB injector linac and Center Control Room whichgoes through the klystron gallery where the temperatureis controlled at 25+/-1oC, and some part(~500m) with notemperature control. Fig. 4 shows the phase variation andthe temperature in a day. The characteristics according tothe temperature of the outside of the building. The phasevariation was about 120o/4.7km, which will be reducedwhen the cable goes through all temperature controlledarea like a linear collider tunnel.2.2˚˚Phase feedbackThe phase feedback system in optical fiber link wasemployed in LEP rf reference line[10]. The rf choppingmethod of the feedback signal was used in the system toavoid mixing of the forward and the backward signals. Thesystem seems to be complicate and difficult to get highstability for the pulsed phase sampling. In order to avoidthe signal mixing, we use WDM, which is opticalcoupler with wavelength selection function. Thespecification is shown in table 1.Table 1: Specifications of WDMWD-SMF(SWCC)OperationWavelength1.310mm/1.550mmBand width60nmInsertion loss<1.5dBIsolation>50dBDirectivity>50dBThe isolation of the WDM was measured byconnecting different frequency for the forward and thebackward signal. Fig. 5 shows the power spectrum of thereturned signal when connect 509MHz for the forwardsignal and 508MHz for the backward signal. The isolationratio was >60dB.Fig . 5 Isolation measurement of the WDMThe function of the feedback is as follows,•The input rf reference signal is converted to 1.3mmoptical signal, and then the optical signal istransmitted to the other side through PSOF andconverted to electric signal. The phase deviation atthe point is Df which is caused by an expansionof the fiber.•The signal is returned back through the samePSOF after converted to 1.5mm optical signal. Thephase deviation at the returned point is 2Df.

E/O1.3mmWDM

O/E1.3mm

WDMO/E1.5mmE/O1.5mmDf2Df

PhaseDetector

PhaseShifters

-Df-DfGrfPhase Stabilizedoptical fiber

020406080010203040

Transmission delay time, dt(ps/km)�C)

Fig. 4 Characteristics of long cable of the PSOF

- 6 0 - 4 0 - 2 0 02040602 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 Time(hour)

Phase variation(degree)

Temperature

T e m p . 17211751319

•The detected phase deviation of 2Df is compensatedby two phase shifters for each -Df.The feedback gain is supplied by the loop gain G. Theloop gain is limited by the phase noise mainly comesfrom the laser diode of the optical link. 2.3˚˚Feedback performance test at 509MHzThe feedback using optical link was developed as anupgrade of the KEKB rf phase reference line. The KEKBis a 400m injector linac and two 3km circumferencecollider rings complex. The acceleration frequency is509MHz. The present rf reference line of KEKB uses thePSOF without phase feedback and coaxial cables withphase feedback circuit[11]. Each rf station is apart ~1kmdistance and the PSOF is installed outside of theaccelerator to avoid the radiation damage. In order to keepless than 1o(~5ps) stability, the feedback using opticallink was developed[12].Fig.6 Test circuit of the phase feedbackThe test circuit is shown in Fig. 6. The phase changeis made by the delay time of an ordinary optical fiberwhen the temperature is changed. The changed phase isshown as a feedback phase and the compensated phase atopposite side is shown as a received phase. The testresult is shown in Fig. 7.Fig. 7 Performance of the phase feedbackThe variation of the received phase should be reducing1/100 of the feedback phase when the feedback loop gainis set to 100. However the measured feedback gain was~40. This discrepancy is mainly come from thedeviation of the two phase shifters for the control voltage.The phase shifter uses varactor diodes, which has a non-linearity and a strong temperature dependence. The non-linearity is compensated by the linearizer, however thedrift of the non-linear curve destroys the compensation.The temperature compensated phase shifter developmentand total feasibility test is in progress.5 ˚ ˚ S U M M A R Y The development study of the rf reference distributionsystem for the linear collider was done. The PSOF can beused for long distance signal transmission with less than120o/5km stability at 25+/-1oC temperature condition.The phase feedback system at 509MHz can reduce thevariation ~1/40 or more. The combination of thesedevices will be useful to make a stable rf reference line.For the next step, the feedback system using x-bandfrequency is in progress.ACKNOWLEDGMENTSWe would like to express our thanks toProfessors M.Kihara and K.Takata for theirencouragement. We also wish to thank to Dr. Higo andDr. Mizuno for useful discussion about x-bandacceleration system.REFERENCES[1]L. de Jonge et. al., �RF reference distribution for the LEPenergy upgrade ", EPAC’94, London, Jul. 1994.[2]H.Suzuki et. al., �Characteristics of RF Reference SignalDistribution for Spring8", The 9th Symposium onAccelerator Science and Technology, Tsukuba, Japan,Oct. 1993.[3]T.Naito et. al., �Performance of the Timing System forKEKB", ICALEPCS’99, Trieste, Italy, Oct. 1999.[4]T.Naito et. al., �Timing System of the ATF",ICALEPCS’97, Beijing, Nov. 1997.[5]NLC Design group, �Zeroth-Order Report for the NextLinear Collider" SLAC Report 474, May 1996.[6]A.Gamp et. al., �DESIGN OF THE RF PHASEREFERENCE SYSTEM AND TIMING CONTROL FORTEH TESLA LINEAR COLLIDER", LINAC’98, Chicago,Aug. 1998.[7]www.ortel.com[8]T.Kakuta et. al., �LCP coated fiber with zero thermalcoeficient of transmission delay time", InternationalWire & Cable Symposium, 1987.[9]J.Urakawa et. al., �The Development of RF ReferenceLines and a Timing System for Japan Linear Collider",ICALEPCS’91, Tsukuba, Japan, Nov. 1991.[10]E. Peschardt et. al., �Phase Compensated Fiber-opticLinks for the LEP RF Refernce Distribution", PAC’89,Chicago, Mar. 1989.[11]K.Ebihara et. al., �RF reference line for KEKB", The12th Symposium on Accelerator Science andTechnology, Wako, Japan, Oct. 1999.[12]K.Akai et. al., �RF Issues for High IntensityFactories", EPAC’96, Barcerona, June. 1996.

S.G.508MHz

PhaseDetector

E/O1.3mmPhaseShifterWDMFeedbackPhaseReceived Phase

Amp.

O/E1.3mm WDM OVENordinary optical fiberO/E1.5mmE/O1.5mm

Df2Df-Df-DfGPhaseDetector

- 1 . 2 - 1 - 0 . 8 - 0 . 6 - 0 . 4 - 0 . 2 00 . 2 - 4 0 - 3 0 - 2 0 - 1 0 01020

Received phase(degree)Feedback Phase(degree)