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Construction of the Phasing System for BEPC/// Linac
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Abstract In order to get high beam quality, a RF distribution system is required, with minimal phase

drifts and errors in the BEPC/ linac. The additional installation of phase reference cables and monitoring

equipments and stable RF distribution for BEPC linac are finished. The master oscillator is chosen to offer

RF signal with low phase noise and a stable phase distribution system is built to deliver RF signal to each

klystron. A phase and amplitude detector is constructed to measure the phase precisely and an IΦA unit is

used for a phase shifter. Control software based on EPICS is used to connect all the units of the system, and

a phasing method based on BPM is adopted to optimize the phase of each klystron. Now the phasing system

is installed and tested in the klystron gallery of the BEPC/ linac.
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1 Introduction

In a linear accelerator, as the phase drift, the cen-

tral energy of the beam will change and the energy

spread will get worse, the beam orbit and current

will change, and much instability will rise. The RF

phase drift will cause many problems on beam quality.

The BEPC/ linac requires much higher beam qual-

ity than BEPC[1], especially for the positron beam,

which is shown in Table 1. To meet these require-

ments, it is necessary to build a phase control system

for 200m long linac. The RF phase control system is

established to compensate the phase drift due to var-

ious change factors. The phasing procedure can get

the optimized phase for improving the beam qual-

ity, and the phase feedback control will maintain the

Table 1. Positron beam quality of BEPC and BEPC/.

BEPC BEPC/

energy of e+ 1.3GeV 1.89GeV

current of e+ 4—5mA 40mA

(∆E/E)+ > 0.8% 6±0.5%

filling rate of e+ 1—5mA/min > 50mA/min

running status for long-term stability.

2 Phase distribution system design

and construction

The BEPC linac consists of approximately

563.05m-long disk-loaded accelerating sections, pow-

ered by approximately 16 high-power klystrons. This

signal is distributed along the 200m length on a spe-

cial Phase Reference Line (PRL), and is supplied to

the first klystron through 1kW pulse solid amplifier

for generation of the pulsed drive for the accelerator

klystrons. The pulsed drive signal is distributed along

the 200m length by a small (1.75 inch) rigid coax-

ial waveguide and the coaxial waveguide was used to

deliver the high-power pulsed drive signal from the

first klystron to the other 15 main klystrons by the

main drive line in the linac. Each klystron is instru-

mented with a phase detector (PAD) which measures

the difference between the phase of the reference line

and the RF entering the accelerator
[2]

, as shown in

Fig. 1.
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Fig. 1. BEPC linac RF distribution.

2.1 Master oscillator and PRL

Agilent E4438C ESG and AR CW solid ampli-

fiers were chosen as the system master and were put

in the thermostatic chamber. The Phase Reference

Line (PRL) is Andrews Heliax coaxial cable, hung

from the ceiling, and each length is insulated. Narda

RF couplers are installed between lengths. The ca-

ble has a temperature coefficient of 5ppm/◦C. That

means for the 200m-long klystron gallery with a tem-

perature fluctuation of ±1.0◦C, the reference phase

will drift more than ±4.0 RF degree. So we must put

the cable in a water pipe to limit its temperature to

within ±0.2◦C. The operating temperature is 21◦C for

the PRL cooling system.

2.2 IΦA unit and PAD

IΦA unit is composed of an isolator and one mo-

torized (stepper) phase shifter and one continuously

variable attenuator. It’s a controlled unit. The phase

and amplitude detector (PAD) consists of an analog

I/Q demodulator and a two-channel virtual oscillo-

scope with 12-bit ADCs, which is shown in Fig. 2.

The virtual oscilloscope is put in a shield box to avoid

strong EMI. The I/Q demodulator down converts the

RF signal directly to the base band. Virtual oscillo-

scope digitalizes the base band signals and then trans-

fers them to the computer, where the phase and am-

plitude are calculated.

Fig. 2. The PAD unit.

The I/Q demodulator is the key part of the PAD,

but it suffers from amplitude and phase imbalances,

in which it may draw remarkable error to the mea-

surements. To reduce the influence of the imbalances,

an on-line calibration method is adopted. The cali-

bration formula is shown below
[3]

[

I0

Q0

]

=

[

1 0

a1 a2

][

I +a3

Q+a4

]

, (1)

where I and Q are the base band signals measured

respectively in practice. I0 and Q0 are the signals af-

ter calibration. And a1, a2, a3 and a4 are calibration

coefficients to be decided.

At each klystron station, there is a motorized

phase shifter, which has been carefully calibrated by

the network analyzer. The phase shifter is moved by

a certain angle θi, and the phase shift measured with

the PAD. Assume the measured I/Q data before and

after one movement are (Isi, Qsi) and (Iei, Qei), then

the non-linear fitting can be carried out:

erri = θi−

{

atan

[

a1(Iei +a3)+a2(Qei +a4)

Iei +a3

]

−

atan

[

a1(Isi +a3)+a2(Qsi +a4)

Isi +a3

]}

,

f(a1,a2,a3,a4) =
∑

i

err2
i

,

(2)

The calibration result is shown in Fig. 3. The

upper part of the figure shows the I/Q trace before

and after calibration, and the lower part of the Fig-

ure shows the residual phase error after calibration,

which is less than 1.5 RF degree.

Fig. 3. PAD calibration.
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2.3 EPICS based control software

The control software structure of the phasing sys-

tem is shown in Fig. 4. There is an IPC near each

klystron station and the phase and amplitude of each

MK could be measured at real time. The phasing sys-

tem server is placed in the linac central control room

as shown in Fig. 5.

Fig. 4. Control flow from/to IPC.

Fig. 5. Phasing control unit distribution.

3 The phasing method (energy maxi-

mizing method for phasing)

Even with the phasing system and such auto-

matic stabilization tools, however, phasing of the ac-

celerator is still periodically required to correct many

changed factors which could not be compensated for;

for example, those caused by these components which

are beyond the phasing block loop on the BEPC RF

distribution systems. So, an automated procedure

has been developed to allow the phasing of the linac

using the beam as the primary phase reference. Anal-

ysis is done using model driven analysis of the Beam

Position Monitor data for determination of the ob-

servable beam parameters: coordinates X , X ′, Y , Y ′

are position and angle, and dE is energy error. By

moving the phase shifter of the IΦA within a certain

range of the phase (or angle of the rotary vane), mea-

suring the beam energy using the BPM and using the

least square fitting of the measured data, the maxi-

mum position from the fitting function is found. All

of these sequence procedures are to adjust the phase

for each section to maximize the beam energy.

4 System test

The hardware of the phase control system has

been installed in the klystron gallery. And the con-

trol software has been developed and tested. The to-

tal system has been running for almost three months

and proved to be reliable.

4.1 Phasing of the linac

By energy maximizing method, the phase of each

klystron is optimized. Both the data acquisition and

curve fitting are done automatically by an EPICS

based program. Fig. 6 shows the phasing result of

one of the klystrons.

Fig. 6. Phasing result of klystron No. 12.

4.2 Phase feedback test

To compensate the phase drift of the klystron, a

feedback loop is added to each klystron station. The

PAD measures the phase of the klystron output, and

then compares it with the reference phase, which can

be drawn from the phasing procedure. If the phase

error exceeds the range allowed, the phase shifter in
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IΦA will be adjusted to remove the error. In Fig. 7(a),

the phase of klystron No.12 was measured for one day

Fig. 7. (a) Phase of klystron No.12 with no

feedback; (b) Phase of klystron No.12 with

feedback on.

with no feedback, while Fig. 7(b) shows the phase of

the same klystron for one day with feedback on. The

effect is obvious.

5 Conclusion

Each klystron is equipped with an independent

phase read back and control instrumentation (PAD),

which provides the operation staff of the accelerator

with nearly 16 phase parameters to adjust for op-

timal machine operation. The RF controls and the

linac control system are designed to maintain the RF

phase output of each klystron at the values in the on-

line database, as compared to a local RF reference.

The control system maintains the phase of the ma-

chine, directly compensating for changes induced by

weather, temperature, modulator voltage, and other

factors out of our control. In any way the function

of the phasing system is to optimize and adjust the

phase of the 16 klystrons so that the energy of accel-

erated electron or positron beam is maximized and

energy spectrum width is held to a minimum[4].
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