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Abstract 

Improvements to the monitor system of the KEK 2.5-GeV linac have 

been undertaken. Energy analyzing stations were added to both the positron 

generator linac and the 2.5-GeV electron linac in order to realize easier 

checking of beam energy. Wall current monitors and profile monitors were 

added in the beam transport line between the positron generator linac and 

the 2.5-GcV electron linac in order to realize easier positron-beam transfer. 

As a result of the installation of an automatic beam-current-surveillance 

system and with other existing surveillance systems, more reliable and 

easier operation of the linac is expected. 
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1. Introduction 

The KEK 2.5-GeV linac has been supplying electron and positron beams 

to both the light source ring of the Photon Factory (PF) and the Accumulation 

Ring (AR) of TRISTAN.15 It is required for switching over the following 

beams: (1) the positron beam to the AR (2 nsec, 25 pps), (2) the electron 

beam to the AR (2 nsec, 25 pps), (3) the electron beam to the PF ring (0.7 

usee, 25 pps), and (4) the positron beam to the PF ring (2 nsec at present and 

40 nsec in the near future, 25 pps). For these different kind of beams, the 

following parameters have to be changed from one beam to another: (1) rf 

phase and timing, (2) pulse width (short or long pulse), (3) gun triggers, (4) 

beam transport parameters, and (5) pulse repetition rates (if required). 

Frequent changing of these parameters tends to cause troubles. Though the 

resetting of these parameters usually works well, sometimes it takes several 

hours to find the cause of trouble. In addition, since TRISTAN has started 

routine operation for high-energy physics experiments, the operation time of 

the linac has been increased up to 4,500 hours per year. This long operation 

time increases troubles. It is, therefore, necessary to improve the monitor 

system of the linac for stable operation and fast be*ro recovery. 

There is another reason to improve the monitor system. Although the 

positron intensity has been rapidly increased, the injection time of the 

positron beam to the AR is still of the order of 30 minutes. It is desirable to 

increase the positron intensity for a more efficient operation of TRISTAN. A 

more intense positron beam is also required to be stored in the PF ring in 

order to get rid of beam instability caused by ion and charged particle 

trapping. Measuring the beam characteristics is inevitable in order to 

increase the positron intensity for the proper adjustment of the linac, along 

with additional improvements of the gun, the transport system and so on. 
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A working group was, therefore, organized to improve the monitor 

system in the linac. The following tasks have been undertaken by this 

group: (1) establishing several energy-analyzing stations along the linac, 

making it possible to check the beam energy in case of trouble and also to 

measure the beam characteristics in order to realize a more stable and 

reliable operation, (2) adding and modifying momiors in the so-called 30° 

positron beam-transfer line between the end of the positron generator linac 

and at the 250-MeV point of the 2.5-GeV linac in order to increase the 

transfer efficiency of the positron beam, (3) installation of an automatic 

beam-current-surveillance system, and (4) making it possible to operate 

necessary monitors of the positron generator linac from the 2.5-GeV linac 

main operators console. 

The following sections describe details of these items. 

2. Energy Analyzing Stations 

Figure 1 shows the locations of monitors in the 2.5-GeV linac. 

Underlined monitors are those that have been newly introduced or modified. 

Four energy-analyzing stations (EAS) have been built and installed on 

the accelerator at the following locations:( 1) a target EAS which analyzes the 

beam at the end of a high-current electron linac-just before a positron 

production target (- 200 MeV); (2) a 30° BT EAS at the end of a positron 

acceleration linac (- 250 MeV); (3) a 35-MeV EAS at the 35-MeV point of the 

2.5-GeV linac immediately after the injection system; and (4) a 2.5-GeV EAS 

at the end of the 2.5-GeV linac. A summary of the design parameters for 

these stations is given in Table 1. An energy-analyzing station consists of 

collimators, an analyzing magnet, a slit, profile monitors and current 

monitors. The basic arrangement of the target EAS is shown in Fig. 2 as an 
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example. Each component is briefly described. 

Slits and Collimators 

Computer-controlled variable-aperture slits and collimators have been 

fabricated for EAS.2' Collimators, which are installed in front of the 

analyzing magnet, were designed so as to decrease the beam energy to be 

less than 1% of the incident beam. On the other hand, slits, which are located 

after the analyzing magnet, were designed so as 10 intercept cascade showers 

to be less than 1% of the incident beam. Specifications of the slits and 

collimators for each EAS arc shown in Table 2. Tantalum is used to minimize 

the thickness of the slit block. Tantalum is also used for the collimator of the 

35-MeV EAS because of the limited space. Figure 3 shows a conceptual 

drawing of a slit. 

The controller of slits and collimators comprises an industrial personal 

computer and a cpu-controlled communication unit which enables 

communication with the existing control system by a bit serial 

communication loop. 

Profile Monitors 

Fluorescent screens can be placed into the beam line for observing the 

beam position and profile. Figure 4 shows the profile-monitor assembly. 

The screen is a 1-mm thick alumina ceramic plate involving chromium oxide 

(trade mark = Desmarquest AF99SR) or a fluorescent screen coated with zinc 

sulfide (ZnS) for the positron beam. These screens emit fluorescence with 

the bombardment of an electron or positron beam. The beam spot can be 

observed by a monitor camera with sensitivity of - 10 lux. Table 3 

summarizes the sensitivities of profile monitors used at the incident beam 
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(250 MeV, 10 nsec, 10 pps and 10 ram in diameter). 

Current Monitor 

The beam intensity of a long-pulse (~ 1 usee) beam is monitored by 

current transformers. Figure S shows assembly of the current transformer. 

The transformer, which has a toroidal ferrite core, has a one-turn primary 

winding for test pulse input and a 25-turn secondary winding for signal 

output. The transformer is separable into two pieces for easy setting around 

an insulating pipe of beam duct. 

A current monitor for a short-pulse beam (~ 2 nsec) has been 

developed. This is a wall-current detection type, in which a cylindrical 

resistor (- 2 fl) is surrounded by an annular ferrite core and over-covered by 

a metal shield. The wall current monitor (WCM) is illustrated in Fig. 6. It 

shows a fast response with an excellent signal-to-noisc ratio (sensitivity: - 5 

raV/mA). The signal from the monitor is amplified 5 times in voltage near 

the wall current monitor and transmitted to the sub-control station with 

semi-flexible low-loss (13D) coaxial cable. Using this monitor, a beam 

current of 0.S mA is easily observable. 

. To realize easier beam-energy checking, each EAS is designed so that it 

can be operated from the 2.5-GcV linac main operator's console. Automatic 

degaussing of the analyzing magnet has also been adopted for this purpose in 

the following manner: the exciting field of the magnet is changed so that the 

digital-to-analog converter (DAC) outputs for, the power supply are fixed to 

4059, -1024, 2S6, -64, 16, -4, and 0 (in this order). It takes about 3 minutes 

for automatic degaussing and is easily done by one operator. 
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3 Improvements of Beam Monitors in the 30° BT 

When the first positron beam was transferred from the positron 

generator to the 2.5-GeV electron linac, it took a long time to adjust the beam 

transport for the following reasons: (1) adjustment of the positron beam 

position was very critical owing to the large eminence, (2) it is difficult to 

observe the positron beam profile because of its weak intensity, (3) small 

beam ducts (60 mm in diameter) made it difficult to transport the positron 

beam in the 30° BT, and (4) the beam monitors of the 2.5 GeV electron linac 

immediately after the injection point of the positron beam were insufficient; 

only five profile monitors were installed in every 80 m, and wall current 

signals were only observable at the sub-control stations. 

Following two modifications were made in the 30° BT; change small 

beam ducts to larger ones (114 mm in diameter) and addition of two sets of 

quadrupole magnets for emittance matching. Though these modifications 

surely improved the positron transfer efficiency, it became impossible to 

observe the poistron beam current by changing small beam ducts to larger 

ones, since larger size wall current monitors suitable for beam ducts of 114 

mm in diameter were not available. Since we still could not see the positron 

beam profile either, we decided to improve beam monitors intensively in the 

30° BT. 

Wall current monitors suitable for 114-mm beam ducts have been 

developed (sensitivity : 2.5 mV/mA) and installed in the beam line, Monitor 

cameras with higher sensitivity (- 0.3 lux) have replaced former ones, 

making it possible to observe a positron beam profile with weak luminosity. 

We have also added several profile monitors and slits in order to measure 

the beam characteristics of the positron beam in the 30° BT to enable more 

reliable and easier operation. Figure 7 shows the layout of the beam 
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monitors in the 30° BT. 

4 Improvements on Automatic Surveillance of Monitors and Operational 

Parameters 

For easier operation of the linac, it is necessary to know the cause of 

troubles as quickly as possible. Several improvements had already been 

achieved before our working group was organized. These improvements are 

described briefly. 

An automatic surveillance program executed in MELCOM T'0/30 

minicomputers was improved for klystron modulators, magnet power 

supplies, etc. The surveillance cycle was reduced to 0.5 - 2.5 sec. Any status 

changes in a terminal are quickly transmitted to the main console station and 

displayed on CRT screens of the operator's console. 

An automatic rf surveillance system was constructed to monitor the 

stability of the pulsed rf-power waveforms from 48 high-power klystrons. 

The envelopes of the if pulses, transmitted through the accelerator guides, 

are detected, amplified and digitized by transient digitizers. Local 

minicomputer reads the waveform data and compare them with reference 

data with respect to pulse timing, height and width. " If an instability is 

found, a warning message is sent to the main operator's console. The 

surveillance cycle is about 3 minutes. This system has worked well to 

quickly locate rf trouble during linac operation. 

An automatic rf-phase surveillance system also came on line by using 

an existing phase-control system. ' Although the surveillance cycle is limited 

to more than 10 minutes, because of the lifetime of the rf coaxial switches 

used, this system helps an operator to easily locate rf-phase trouble. 

In addition to these automatic surveillance systems a beam-current 
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display system makes beam handling by the operator easy. An automatic 

beam-current surveillance system available both for short- and long-pulse 

beams is presently under development. This system uses the wall current 

monitors and the current transformers already installed and enables a 

simultaneous monitoring of the beam current along the accelerator. Figure 8 

shows a block diagram of the automatic beam current surveillance system. 

As for short-pulse beam observations, since a beam pulse width of 2 nscc is 

too narrow for obtaining the pulse height by a simple, low-cost electronic 

circuit, a charge-sensitive analog-to-digital converter (ADC : LeCroy 2249) 

was adopted in order to obtain an integrated beam current. It has been 

confirmed that the digitization linearity and the long-term stability are less 

than 1%. As for long-pulse beam observations, a 100-MHz waveform 

digitizer (LeCroy tr8818) was adopted obtaining a digitized beam current. 

The input signal from a wall current monitor or from a current 

transformer is divided by a power splitter with a high isolation of 30 dB so 

as not to disturb signals to a waveform monitor. For monitoring the weak 

positron beam, an amplifier with a 20-dB gain has been inserted between the 

power splitter and the ADC. For synchronization with the beam timing, a 

delay/gate generator (LeCroy 2323) is used for the gate signal. 

An ADC and a waveform digitizer are installed in each sub-control 

room and are connected to a minicomputer (VAX Stationll/GPX) via a serial 

highway through a CAMAC interface. Processed data are displayed on the 

main operator's console. The surveillance cycle was designed so as to be less 

than one second. 

Control system of the positron generator is a newly designed multi-

microprocessor (68000) CAMAC complex system which forms one of sub-

control stations of the 2.5-GeV linac.4),5) Although it was designed to be 
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operable from the 2.5-GeV linac main operator's console, some monitors (like 

profile monitors and wall current monitors) were not operable because they 

lacked modules to switch signals. We therefore installed the necessary 

modules to enable the observation of monitors of the positron generator 

from the main operator's console. 

5 Performance 

Preliminary results obtained by using newly added or modified 

monitors are briefly described. 

Figure 9 shows the energy spectrum of a short-pulse beam at the 

target EAS. The beam has a width of about l.S nsec and a peak current of 9 

A. Two peaks appear in the energy spectrum; each peak probably 

corresponds to a beam bunch. Since it has been pointed out for a long time 

that the adjustment of the primary electron beam of the positron generator 

is very important for obtaining an efficient positron conversion, ' this EAS is 

expected to improve positron intensity. This is also useful for more easily 

checking the beam energy, since the degaussing process takes only 3 minutes 

without any effect on beam trajectory after this process. 

Figure 10 shows a picture of fluorescent screen of the profile monitor 

located immediately after the first bending magnet in the 30° BT. A positron 

beam profile of weak intensity is easily seen by changing the monitor 

camera. The energy spread of the positron beam has been roughly estimated 

to be 10*. Since the energy acceptance of this 30° BT is 5%?^ about one half 

of the current is spilled in the 30° BT (Fig. 11). 

Although the automatic beam current surveillance system is still being 

tested, preliminary tests show that data taking once every second is possible. 

Figure 12 shows an example display of the transmitted current along the 
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2.5-GeV linac. This display will help the operator's beam handling. 

6 Future Plan 

There still remains an important problem regarding the 2.5-GeV linac, 

to accurately determine the transverse position of the beam. Although 

cavity-type position monitors were tested during the very first stage of linac 

construction, they were not used routinely until now. Since the installation 

of position monitors in the linac is essential, the development of a position 

monitor system will soon start. Along with further improvements of the 

linac control system, more reliable and easier operation will be realized in 

the near future. 
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Table 1 Summary of parameters for the energy-analyzing stations 

Parameter 35 MeV EAS Target EAS 30° BT EAS 2,5 GeV EAS 

Energy 

Required field 

Bending radius 

Bending angle 

35 MeV 

6 KG 

20 cm 

45° 

200 MeV 

6 KG 

123.25 cm 

30° 

250 MeV 

7 KG 

123.25 cm 

30° 

2.5 GeV 

13 KG 

6.5 m 

18° 

Table 2 Specifications of collimators and slits for each energy-analyzing 

station 

Parameters 35 MeV EAS Target EAS 30"BTEAS 2S GeV EAS 

Energy 35 MeV 200 MeV 250 MeV/650 MeV 2.5 GeV 

Maximum current 100 mA 15 A 15 A 100 mA 

Thickness/material 
, „ „. 20 mmA'a 70 mm/Cu 70 mm/Cu 70 mm/Cu 
for Collimator 

Thickness/material 
50 mm/Ta 60 mm/Ta 110 mm/Ta 130 mm/Ta 

for slit 
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Table 3 Sensitivity of profile monitors for an incident beam of 250 MeV, 
10 nsec, 10 pps and 10 mm in diameter 

Beam current 0.1 ~ 0.2 mA 0.5 mA 5 mA 

Chromium activated 
alumina ceramics invisible invisible visible 
(Desmarquest AF995R) 

Fluorescent screen 
(Zinc Sulfide, ZnS) invisible visible clearly visible 
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Figure Captions 

Fig. 1 Location of monitors in the 2.5-GeV linac 

PRM: Profile Monitor, WCM: Wall Current Monitor, CM: Current 

Transformer, EAS: Energy Analyzing Station. 

Fig. 2 Layout of the target-energy analyzing station 

PI.M: Profile Monitor, WCM: Wall Current Monitor, CM: Current 

transformer. 

Fig. 3 Conceptual drawing of a slit. 

Fig. 4 Profile monitor assembly. 

Fig. 5 Current transformer. 

Fig. 6 Wall current monitor. 

Fig. 7 Layout of beam monitors in the 30" BT 

PRM: Profile Monitor, WCM: Wall Current Monitor, CM: Current 

transformer, qm: quadrupole magnet singlet, QM: quadrupole 

magnet triplet, ACC. WG: Accelerating Waveguide. 

Fig. 8 Automatic beam current surveillance system. 

Fig. 9 Energy spectrum of a high-current electron beam measured at the 

target energy analyzing station. 

Fig. 10 Positron beam profile taken by the profile monitor immediately 

after the first bending magnet in the 30° BT. 

Fig. 11 Example of transmitted current along the 30° BT. 

Fig. 12 Example display of the automatic beam-current surveillance system. 
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Fig. 10 
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