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ABSTRACT DE87 0 0 8 7 9 9

A new chopper-buncher system has been insta l led in the 25URC

accelerator in ject ion l i ne . The buncher is s imi lar to the one used

previously, but incorporates several s ign i f icant improvements. The

chopper is a new device to provide beam pulses for t ime-o f - f l i gh t

experiments. The accelerator charging system has been modified to

increase r e l i a b i l i t y and improve chain monitoring. A display unit for

beam p ro f i l e monitors (BPM) is being developed. The display w i l l

allow the operator to observe four BPM traces simultaneously.

INTRODUCTION

A new chopper-buncher system has been ins ta l led on the 25URC

accelerator. I t replaces a buncher system which was used for

several years.3 ' 2 The new system u t i l i zes a chopper to eliminate

beam background between bunches, a feature which is necessary for

t ime -o f - f l i gh t experiments. In addi t ion, i t incorporates a much-

improveti control system which has been integrated into the accelera-

tor control system.
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""he charging system for the accelerator has been improved to

increase r e l i a b i l i t y and provide additional monitoring. Shielded

high-voltage cables connecting charge p ick-of f wheels and inductors

in the terminal have proven to be very re l iab le . Circui t ry has been

added to the chain-charge pick-up in the column base to provide

readi ly available information about chain speed and up- and down-

charge. Additional pick-ups in the terminal and a dead section are

being considered to aid in diagnosing charging problems.

A mul t i - t race beam p ro f i l e monitor (BPM) display has been

developed and w i l l be ins ta l led during the year. The c i r cu i t allows the

operator to observe four BPM signals on a single CRT oispley.

CHOPPER-BUNCHER SYSTEM'

A new chopper-buncher system was ins ta l led and tested on the tan-

dem accelerator dun no 1985. The new system provides beam pulses for

t ime-of - f1 ight experiments as well as pulses for in ject ion into the

ORIC.3 Pulses are 1 to 5 ns wide and with the chopper operating,

there is essent ia l ly zero background between pulses. For t ime-of-

f l i g h t work, the pulse repet i t ion rate is ei ther 1 or 4 Mpps, and the

chopper plates are driven at either 0.5 or 2.0 Mhz. Buncher frequency

for th is mode is f ixed at 4.0 Mhz. For in ject ion into ORIC, the

chopper is not -required. The new buncher is s imi lar to the or ig inal

system in being a double-dr i f t harmonic type.14 The tuning range has

been expanded to cover 4 to 16 Mhz, and three buncher tube lengths are

now available' to cover a wider range cf ion ve loc i t ies . Controls for



the buncher have been integrated into the accelerator control system,

resul t ing in more convenient operation.

A s impl i f ied schematic of the chopper-buncher system is shown in

Fig. 1 . The buncher is very s imi lar to the previous system except for

de ta i l s . Three plug-in coi ls provide a frequency range of 4 to 16

Mhz. Coil #1 is tunable over the 4 to 8 Mhz range; co i l #2 is tunable

over 8 to 16 Mhz; co i l #3 is tunable over 16 to 32 Mhz. For buncher

operation in the 4 to 8 Mhz range, coi l #1 is ussd in the I f resonator

and co i l #2 is used in the 2f resonator. For operation in the 8 to 16

Mhz range, coi l #2 is used in the I f resonator and co i l #3 is used in

the 2f resonator. The previous buncher with f ixed coi ls covered a

frequency range of 5 to 14.5 Mhz. The new buncher system also employs

selectable buncher tube lengths of 9, 6 and 4 cm for the I f buncher

ana half these lengths for the 2f buncher. This allows the system to

bunch a wider range of ions. Another s ign i f icant improvement in the

new buncher involves the phase sh i f te rs . In the previous system, con-

t inuously adjustable delay l ines were used as wide-range phase sh i f -

te rs ; however the s l id ing contacts occasionally f a i l e d , resul t ing in

unrel iable operation. The new system employs binary-coded stepped

delay l ines with maximum delays of 235 ns end resolut ion of 5 ns. A

novel continuously adjustable phase sh i f te r was developed for the new

buncher; a c i r cu i t diagram is presented in Fig. 2. This c i r cu i t

provides a phase adjustment of about 30° at 4 Mhz and 60° at 16 Mhz,

values which are more than adequate with the 5 ns resolution of the

stepped delay" l ine.



The beam chopper consists of deflection plates in the beam line

preceding the buncher connected to a balanced resonator outside the

vacuum system. The deflector plates are separated by 3.8 cm and have

a length of 15.2 cm along the beam line. Beam defining slits are

located 155 cm from the deflector. The resonator coil is a commerciel

unit having an inductance of 105 microhenries and a Q of 600 at 2 Mhz.

It is tuned by a 100 pf vacuum variable capacitor from each end to

ground. Adjustment of the resonator frequency to 0.5 Mhz is achieved

by switching a 950 pf ceramic capacitor across the coil. Maximum

voltage and power are required at 0.5 Mhz. For 4kV across the coil,

tne power required is about 65 watts.

Other improvements incorporated in the new buncher include tuner

servos with reduced dead-zone and optimized coupling loops which

require no adjustment over the frequency range. Although the previous

buncher was controlled through a CAMAC system, it was not coupled to

the accelerator control system. Control of the new buncher has been

integrated with the accelerator control system.5

CHARGING SYSTEM

High-voltage cables connecting pick-off wheels and inductors in

the terminal of the 25URC accelerator have been a source of trouble

over the years/ -They were occasionally punctured by surges resulting

in loss of charging and sometimes a tank opening. Most punctures

occurred at points where the cable contacted a corner of the sheave

support structure. Shielded cables were installed about one year ego



in an effort to reduce the gradient on the surface of the cables.

This appears to have alleviated the problem since no breakdowns have

occurred in the past year.

The chain charge monitoring system6 for the 25URC accelerator was

augmented last year as indicated by the schematic diagram in Fig. 3.

Pellet frequency and voltage signals have been produced which are

being added to the accelerator CAMAC monitoring system. These will

then be readily available to the operator. Additional charge pickups

in the terminal and a dead section are being considered. The AC

signal from these devices would be rectified and transmitted to the

console. Information from the additional pickups should aid in

locating causes of chain charge loss.

BPM DISPLAY

The simultaneous display of beam profiles along the beam path of

an accelerator would be very helpful to the operator in "tuning" beam

to the target. Last year a goal of displaying four 8PM signals

simultaneously was established. Initially, it was thought to be a

rather simple task, but it soon became obvious that this was not the

case since the four signals were not synchronized. The period of our

BPK's is about 50 ms, but the differences in period ere such that the

display of four-stationary traces would be impossible by usual means.

One obvious solution is the use of four separate oscilloscopes to

display the signals. The problems with this approach are that a large



panel space is required and the traces are not easily viewed simulta-

neously. Although oscilloscopes with four ver t ica l channels are

avai lable, the t r igger for each trace is derived from only one of the

channels. Unsynchronized signals then appear to move across the

screen^ and only one trace would be stat ionary. A solution to th is

s i tuat ion would be to operate the oscilloscope in the "al ternate

sweep" mode and switch tr iggers external ly . This should result in

stationary traces, but with a sweep length of 50 ms, each trace would

probably occur only three times per second. This scheme would be

pract ical with a variable persistence storage CRT, bur f l i c ke r would

be a problem with common CRTs. Digi ta l storage of the BPM signals

was also considered. This appeared to be feas ib le , but a large amount

of c i r cu i t r y was required. The solut ion f i n a l l y chosen is shown sche-

matical ly in Fig. 4. This c i r cu i t operates in the "chopped", or

sampling, mode. The 8PM (ver t i ca l ) s igna l , the sweep (hor izontal)

s ignal , and the f iduc ia l (Z-axis) signal are sampled simultaneously

for each channel. The sample length is about 12 microseconds. During

the next 12 microseconds, the signals from the second channel are

sampled and so on. In e f fec t , a point is plotted on the CRT every 12

microseconds having a Y value determined by a BPM col lector signal and

an X value determined by the sweep signal for thet senie BPM. The

sweeps are then- completely independent, and stat ionary displays can be

achieved of signals having widely d i f ferent sweep in terva ls . A pho-

tograph o.L two BPM traces displayed with the subject c i r cu i t is shown

in Fig. 5. Four channels were being sampled, but only two BPM signals

were avai lable.
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FIGURE CAPTIONS

1. Chopper-buncher system schematic diagram.
2. Variable phase sh i f te r .
3. Chain monitoring system schematic diagram.
4. Schematic diagram of mult ip le-trace BPM display,
5. Display of two BPM traces.
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Figure 5


