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Experiment and Operation of BEPCII Electron Gun System”
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Abstract The new electron gun system for the BEPCII was tested on the test bench in July, 2004, and

has been put into operation since Nov. 2004. This article describes the experiment results and operation

status of this new system. The design current of the gun is 10A for the pulse length of 1ns single bunch

or two bunches with repetition rate of 50Hz. The gun is operated with a pulsed high voltage power supply

which can provide up to 200kV high voltage. Some important correlation curves are obtained during

the experiment. Two-bunch operation is available and some elementary tests have been performed. The

measurement results including beam current and beam emittance show that the simulations performed

during design stage are roughly consistent with the practice. The practical operation shows that the design

and manufacture are basically successful.
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1 Introduction

The electron gun used for the BEPC is a con-
ventional thermionic triode gun equipped with the
EIMAC Y824 cathode-grid assemblym, been working
at 80kV high voltage with 2.5ns pulse width, and

the beam current is about 5A. In order to increase

Table 1. Main specifications of the electron gun
for the BEPCII .
parameter unit
type thermionic triode gun
cathode Y796 (EIMAC) dispenser
beam current (max.) A >10
high voltage of anode kV 150 ~ 200
bias voltage of grid \% 0~ —400

operation mode 1 1ns single bunch

operation mode 2 Ins two bunches
2.5us single bunch

12.5, 25, 50

operation mode 3

repetition rate Hz
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the injection efficiency of the positron for the
BEPCII, a new electron gun that can emit higher
current is developed, and also the technique of two
] Table 1 lists the
main specifications of the new electron gun for the
BEPCII.

pulse generation[2 is adopted.

2 Experiments on test bench

After physical analysis, computer simulation, me-
chanical design and fabrication, the new electron gun
is tested on the test bench. New pulsed power supply
which can provide 200kV high voltage is used.

One Faraday cup is mounted after the anode of
the electron gun, and a TEK 3054B oscilloscope is
directly connected to it. 10A electron beam was suc-
cessfully obtained when we applied 150kV high volt-
age. The flat top width of the pulsed power supply

output is about 3us, as shown in Fig. 1.
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Fig. 1. HV pulse monitor signal (channel 2)
and beam signal (channel 1).

Typical gun characteristics are shown in Fig. 2,
which shows the gun current as a function of gun high
voltage under different heater power; and in Fig. 3,
which shows the gun current as a function of grid
bias voltage. In Fig. 2, grid bias voltage is set to
a fixed value, —100V; and the pulser output is also
fixed, about 460V. In Fig. 3, filament power is fixed
to about 30W, and the anode high voltage relative to
cathode is 150kV.
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Fig. 2. Beam current as a function of high volt-

age under different heater powers.
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Fig. 3. Beam current as a function of grid bias voltage.

The two bunch generation is also tested. Two
10A, 1.5ns beam pulses are successfully obtained

(shown in Fig. 4). The time interval between these

two pulses is 56ns and can be adjusted with the step
of a few ps, which can meet the requirement of two

bunch injection for the future BEPCII operation.
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Fig. 4. Two bunches with 56ns spacing ob-
tained at the test bench.

3 Operation status

The new electron gun system for the BEPCII is
installed into the linac tunnel in October, 2004.
After some tests and adjustment, it has been put into
practical operation since last Nov.

Fig. 5 is the monitored pulse signal applied on
cathode, which is attenuated about 40dB and then
measured by a TEK 7154B oscilloscope. Because the
lack of fast OE/EO modules, the pulse signal is mea-
sured without high voltage applied. The pulse am-
plitude on the oscilloscope is about 4.6V, so the real
amplitude is about 460V. The pulse width at half
amplitude is about 950ps and the width at 100V is
about 1.5ns. Because the bias voltage is set to about
100V, the beam length from the gun is believed to
be about 1.5ns, which is longer than the expected
1ns, and needs to be shortened by other means in the

future.
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Fig. 5.
ode in the linac tunnel.
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Fig. 6 shows a typical waveform of the first two
beam current monitors-BCT1 and BCT2. BCT1 is
placed after the gun exit, and BCT2 is placed at
the exit of first accelerating tube. The amplitude of
BCT1 signal is about 900mV, which corresponds to
BCT2 signal is about
600mV, which corresponds to about 7.2A beam cur-

about 10.8A beam current.

rent. The result shows that the new electron gun
can provide electron beam greater than 10A and the
beam transport efficiency during bunching process is
about 67%, which is consistent with the computer

simulation results.
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Fig. 6.

Signals of BCT1 and BCT2 on the oscilloscope.

The output range of the bias voltage power sup-
ply is from 80V to 600V, the precision is better than
0.1%, and the long term stability is better than 0.5V,
which are enough for the gun operation.

The filament power supply can provide 0 to 50W
heater power. The filament current during nor-
mal operation is about 5.3A, and the actual voltage
applied on the cathode filament is about 6V.

During normal operation, the pulsed power
supply is working at 150kV high voltage and 25Hz
repetition rate. The preliminary measurement result
of monitoring signals shows that the output high volt-
age stability is better than 0.8%.

Some kind of charge and discharge phenomenon
is observed on the first two PRs (beam profile moni-
tor, also known as screen monitor) during measuring
the beam profile. The beam spot image changes pe-
riodically, as shown in Fig. 7(a). While on the other
profile monitors, such phenomenon does not happen.

The beam profile keeps rather stable, as shown in

Fig. 7(b). The reason is that the low energy electrons
accumulate on the ceramic screen, then the beam feels
the force produced by the accumulated charge and
distortion occurs. When the charge is large enough,
some kind of discharge or arcing will happen, and
the beam will change to its original state. When the
beam energy is high enough, this kind of phenomenon
will not happen. The beam energy is only 150keV at
the first PR and 180MeV at the second PR. That’s
why this kind of phenomenon is only observed on the

first two screens.

(b)

Fig. 7. (a) Beam profile changes periodically on
PR1 and PR2; (b) Beam profile keeps corre-
spondingly stable on PR3 and PRS5.

The beam emittance is also measured during linac
operation, and the measurements are done by the Q-
Scan methodw7 that is measure the beam spot size
on the screen monitor while change the quadrupole
strength. At first, the measured beam emittance
at A, (the first accelerating tube) exit is about
3.96mm-mrad, while the corresponding beam energy
is about 42MeV and the energy spread is about
4.25%. This value is larger than 2.5mm-mrad, which
is the predicted beam emittance including all kinds
of errors such as magnet alignment errors and beam
impedance effect. One reason is the charge and dis-
charge phenomenon mentioned above. Because we
use PR2 as our measuring target, this kind of phe-
nomenon will cause measurement error of the beam
spot size. Another reason is the brightness satura-
tion when we measure the beam spot through opti-
cal lenses and digital camera. Corresponding to the
Gaussian distribution of the beam cross section, the
measured brightness data of beam spot should also be

Gaussian. But because of the limited dynamic range
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of lenses, the captured brightness data has obvious
flat top, which will cause the “measured” beam size
larger than practical value.

Then we turn to measure the beam emittance be-
fore positron target, where the beam energy is about
182MeV and the beam intensity 5.5A. The aperture
of the camera is tuned to be small enough and some
intensity attenuation lenses are added, then we fi-
nally get the peak value of Gaussian distribution on
the beam spot image. The measured emittance is
0.74mm-mrad. Assuming that the normalized emit-
tance will keep constant between A, and positron
target, we can deduce that the beam emittance at
A, exit is about 3.2mm-mrad at 42MeV, which is 1.3
times of the predicted value.

The beam emittance at the exit of linac is
also measured. The preliminary result is about
0.14mm-mrad at 1.3GeV and 500mA. Then we can

deduce that the beam emittance will be 0.10mm-mrad

at 1.89GeV. This elementary measurement result
shows that the emittance of linac beam is satisfac-

tory for the design.

4 Summary

The new electron gun system for the BEPCII is
now operated under 150kV high voltage with repeti-
tion rate of 25Hz. The beam current is about 11A
at the gun exit. Now the beam pulse length is about
1.5ns, which is a little large for our future system,
because our linac is lack of sub-harmonic bunchers
and the ring frequency will be 500MHz in the future.
This problem is expected to be solved in the next
year by means of adding one sub-harmonic buncher.
At this moment, this gun has been operated for more
than half a year, which shows that the design, manu-
facture and operation of the new electron system are

basically successful.

References

1 Eimac Technical Data 8755, Varian EIMAC Division, 301
Industrial Way, San Carlos, California 94070

2 Ohsawa S et al. Pre-Injector of the PF 2.5-GeV Linac for
the KEKB and its Performance. Proceeding of the Inter-

national Workshop on ete™ Sources and Pre-Accelerators

for Linear Colliders. 1994. 465—479

3 PEI Guo-Xi et al. Overview of BEPCII Linac Upgrade.
Preliminary Design Report of BEPCII-Linac: IHEP-
BEPC II-SB-03. 2002

4 WANG Shu-Hong et al. HEP & NP, 2002, 26: 1184 (in
Chinese)
(EPMsE. =R Sy, 2002, 26: 1184)

BEPC Il BEF# R FENiR 51517
g WMEF) EHE mEA HLE BEXE FEE R

(PEERE G E R BT bRt 100049)

WE 200447 A BEPCI # T 16 2 AR & 347 T MK, B F 11 A A BEPCI & 4 fnif 553547, #7
THE T FRANNR G ZTRA. B FHREITE R 10A, Bk 5 1ns, B8 9 % 50Hz, filod & K 200kV, 42 {4 ¥ fik
ARk opBATR R, B LRI T — e E R KR &, B BAT T 40 8 SR K. R R OR A &
MR R R A RAT I B T AV DR 5 S0 1F LA . N T A L IR BT R A, BT 5 #liE
KT

KR wFAe WK EAT N

2005 — 10 — 11 Wk, 2005 — 12 — 22 WIE R
*BEPCII ¥ Bhii H

1) E-mail: gump@mail.ihep.ac.cn



