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DEVELOPMENT OF RF REFERENCE LINE FOR THE LINEAR COLLIDER

T.Naito, K.Ebihara, H. Hayano, J.Urakawa, KEK, High Energy Accelerator Organization,

1-1 Oho, Tsukuba, Japan

Abstract

The distribution system of the réferenceline for the
linear collider is required to supply stable x-
band(11.424GHz) rfeferencesignal over 25km length
within 1°(0.25ps) stability. Inorder to realize the
distribution system, an opticdiber link using aphase
stabilized optical fiber was tested. The phasabilized

interferenceUsually, the rfreferenceline uses acoaxial
cable and a down-converted frequency teduce the
attenuation at the transmission line. In tlwase, the
acceleratingfrequency is made at eadection by up-
conversion. Th&SOF has good temperaturatability
compared to a coaxial cable. An additional pHasdback
systemcanreducethe phasehange otthe PSOF. If the
feedbackgain is set to 10@nd the phasechange of the

optical fiber has been employed at LEP, KEKB, etc.. Thigper is less than 10etween two points, it will beept

paper describethe proposechardwaresystem and result
of the preliminary test of thdéeedbacksystem for the
phase stabilization.

1 INTRODUCTION

The stabilization of the nfeferencdine is a key issue

for the large scalaccelerator. Irthe case ofJapanLinear
Collider(JLC), the total distribution length will

be

within 1° stability. To get moreccuracy tathe beam, a
beam basefeedback[5][6]will be adoptablewhich is not
mentioned inthis paper. Thispaper describes the
characteristics oPSOF and the phasefeedbacksystem
tested at 509MHz frequency.

2 SYSTEM LAYOUT
Fig. 1 showsoverall layout of the JLCand the

25km. The main accelerating frequency is 11.424GHz apfoposed rfreferencedistribution. The 11.424GHz of if
the rf frequency ofthe Damping ring is 714MHz. The reference isdistributed directlyusing the PSOF with

number of the sector, which consists of 8 klystrons,

{shasefeedbackOne phasédeedbacksystembetween two

about 200. The stability of the rf reference line has to Bgjints consists of a pair ofVave-length Division

kept 2(0.25ps) for all sectors. lmrder to meet the
specification, an optical fiber link using a phasabilized
optical fiber(PSOF) with the phageedbacksystem was
proposedand tested. ThePSOF isalready used ahuge
scale acceleratorsuch as LEP, Spring8KEKB and
KEK-ATF[1][2][3][4]. The advantage othe opticalfiber
link using the PSOF is a higphasestability for a
temperature change, a low attenuation evetheak-band
frequency and animmunity to electro/magnetic
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wavelength opticallinks, a phasedetector andphase
shifters. The optical links usindistributedfeedback laser
transmitters and microwave photo diodes are
commercially  available forboth wavelength, for
example, Ortel 3541(118n)/3741(1.5um) transmitter and
4518 receiver(1i3m/1.5um)[7]. The layout of the@hase
feedback is shown ifig.2. A powerloss of theoptical
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Fig. 1 Overall layout of the JLC and the rf phase reference distribution
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fiber is 0.35dB/km for 1.8m wavelengthand0.20dB/km goes through the klystron gallewhere the temperature

for 1.5um wavelength. Irorder tokeepthe smallpower is controlled a5+/-1°C, andsomepart(~500m)with no

loss andthe smallphase change, thmaximum distance temperature control. Fig. 4 shows the phase variation and

between two points should be kept less than 5km. the temperature in a dayhe characteristics according to
PhaseShifters the temperature of the outside of the building. phase

4 . . . .
/
o 40 - WOM WO variation was about 12@.7km, which will bereduced
R T DH when thecable goes through altemperature controlled
Fo] ( pres s[5l
g
2

area like alinear collider tunnel.
- o 2.2 Phase feedback
Detectol

The phasdfeedbacksystem in opticafiber link was
employed inLEP rf referenceline[10]. The rf chopping
method of thefeedbacksignal wasused inthe system to
avoid mixing of the forward and the backward signals. The
. . . system seems to be complicaied difficult to get high
2.1 Phase Stabilized Optical Fiber(PSOF) stability for the pulsed phase sampling. ohder to avoid

A normal optical fiber usually has a thernoakefficient the signal mixing, we use WDM, which isptical
of the order of+6ppmPC. ThePSOF iscompensated the coupler with wavelength selection function. The
thermal coefficient by coating aliquid crystal polymer Specification is shown in table 1.
which has negative thermal expansiooefficient[8][9]. Table 1: Specifications of WDM
The thermalkoefficient ofthe PSOFexpansion is less _ WD-SMF(SWCC)
than 0.4ppm?C. The measuredthermal expansion of Operation 1.31Qum/1.55Qum
500m samplecable ofthe PSOF is shown in Fig3. The Wavelength

Fig. 2 Phase feedback system using WDM
2 DEVICE CHARACTERISTICS

data shows very low thermal expansion at the ﬁ]zgc:t\i,(\;igtlgss <6102qu

¢ t from °Mto 25C. '

emperature range fromDto Isolation >50dB
e Directivity >50dB

The isolation of the WDM wasmeasured by
connecting different frequencyfor the forward and the
backward signal. Fig. 5 shows the power spectrum of the
returnedsignal whenconnect 509MHz forthe forward

] signal and 508MHz for the backward signal. Téelation
ratio was >60dB.
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Fig. 3 Temperature characteristics of the PSOF

The thermal expansion of long PS@&ble installed in
B FactoryAccelerator.The length of thecable is 780m
andthe 6 fibersare connected irseries, then, the total
length of the fiber is 4.7km. Theable connectbetween
KEKB injector linac and Center Control Roonwhich
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Fig . 5 Isolation measurement of the WDM

o ta The function of the feedback is as follows,

e The input rf referenceignal isconverted to 18m
optical signal, and then the optical signal is
transmitted to the otheside through PSOF and
converted to electrisignal. Thephase deviation at
the point isA@ which is caused by aexpansion

1= of the fiber.

e * The signal isreturnedback through the same

v PSOF after converted to Ju optical signal. The

phase deviation at the returned pointAgp2
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Fig. 4 Characteristics of long cable of the PSOF

THAO4 743



XX International Linac Conference, Monterey, California

* The detected phase deviation difds compensated deviation of the two phase shifters for the control voltage.

by two phase shifters for eache:

The phase shifter usesractor diodes,which has anon-

The feedback gain is supplied by the loop gain G. Thigearity and astrongtemperaturalependenceThe non-

loop gain is limited by the phase noise maimgmes
from the laser diode of the optical link.

2.3 Feedback performance test at 509MHz

The feedbackusing optical link wageveloped as an

upgrade of the KEKB rf phageferencdine. TheKEKB

is a 400m injector linaand two 3km circumference
collider rings complex. Theaccelerationfrequency is
509MHz. The present rf referentiee of KEKB uses the
PSOF withoutphasefeedback andcoaxial cableswith

phasefeedbackeircuit[11]. Each rfstation isapart ~1km
distance and the PSOF
accelerator to avoid the radiation damageoriter to keep
less than A~5ps) stability, the feedbackusing optical
link was developed[12].
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Fig.6 Test circuit of the phase feedback

The test circuit is shown ifig. 6. The phasehange
is made bythe delay time of anordinary optical fiber
when thetemperature is changedl'he changedphase is

shown as a feedback phassmdthe compensated phase at[4]
The test

oppositeside is shown as areceived phase.
result is shown in Fig. 7.

0.2

oL

-0.2 1

04l

-0.6 -

Received phase(degree)

-0.8 |-

a1

1.2 L L L L L
-40 -30 -20 -10 0 10 20

Feedback Phase(degree)

Fig. 7 Performance of the phase feedback

The variation of theeceivedphase should besducing
1/100 of thefeedbackphase when thé&eedbackoop gain
is set to 100.Howeverthe measured feedbadjain was
~40. This discrepancy

THAO4

isinstalled outside of the

ismainly come from the

linearity is compensated byhe linearizer,however the
drift of the non-linearcurve destroyshe compensation.
The temperature compensated phabéter development
and total feasibility test is in progress.

5 SUMMARY

The development study othe rf referencedistribution
system for the linear collider was done. The PSOF can be
usedfor long distancesignal transmission with leghan
12C¢°/5km stability at 25+/-%C temperature condition.
The phasdeedbacksystem at 509MHzan reduce the
variation ~1/40 or more. The combination dfiese
deviceswill be useful tomake a stable rfeferenceline.

For the next step, théedback system usingx-band
frequency is in progress.
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