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BEVATRON OPERATION AND DEVELOPMENT. 63 

July through September 1969 

Kenneth C. Crebbin and Don M. Evans 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 94720 

November 21, 1969 

ABSTRACT 

The Bevatron provided beam to 16 experiments this quarter and ac

celerated a total of 1.83 X 10
18 

protons. A new thin-septum magnet (0.130 

in.) was installed in the east straight section of the first magnet in the 

EPB system. This magnet is compatible with the present energy-loss 

extraction system and will be used to continue resonant-extraction 

studies. A quadrupole magnet was also installed just downstream from 

th1s septum magnet. Extraction efficiency using the energy-loss system 

is now about 50o/o. 

Computer control of the external beam transport magnets was ex

panded to include control of more magnets and more versatile program·

ming options. The control system was also expanded toward eventual 

control of the pulse modes of the Bevatron magnet power supply. 

I. MACHINE OPERATION AND EXPERI
MENTAL PROGRAM 

During the period covered by this report 

we provided beam for 11 primary experiments 

and 5 secondary experiments for a total of 16 

experiments. Experim.ents #73 and #76, being 

done with the 25-inch hydrogen bubble chamber, 

were completed this quarter. 

The Bevatron operation record is shown in 

Fig. 1. The beam was on for 82. 5o/o of the 

scheduled operating time. The beam was off 

11. O% of the scheduled operating time because 

of equipment failure and 6.5o/o of the time for 

experimental setup, tuning, and routine checks. 

During this quarter, the Bevatron accelerated 
18 

1.83X10 protons. 

The Bevatron was shut down on July 4, 

1969, and resumed operation for experimenters 

on August 12, 1969. The details of this shut

down are covered in Section II of this report. 

':'Preceding Quarterly Reports;· UCRL-18890, 
UCRL-19299. 

Two new primary and two new secondary 

experiments started operation this quarter . 

The two new primary experiments are: 

(a) Experiment #84, being done by the LRL 

Moyer-Helmholz group: a study of rr-p-rr 0 rr 0 n, 

using a rr beam from an internal target near 

the north straight section of the Bevatron. 

(b) Experiment #122, being done by the LRL 

Trilling-Goldhaber group: a study of Ad inter

actions, being done in the 25-inch hydrogen 

bubble chamber. 



The Bevatron operated 85 12-hour periods 

for high energy physics out of a scheduled 103 

12-hour periods. During this time, we in

tegrated 205 12-hour periods of data-taking 

and 136 periods of tuneup for primary experi

ments. Forty-two more 12 -hour periods were 

integrated by secondary experiments, for a 

total of 383 12-hour periods for high energy 

physics. 

The primary magnet pulsing mode this 

quarter employed a 1500-msec flattop at an 

energy of 4.9 GeV. The pulse rate was 10.9 

pulses per minute (ppm). There were two 

secondary pulsing modes this quarter. First 

was a 1000-msec flattop mode at 5.4 GeV at 

10 ppm. The second mode included a 375-

msec back porch at 4.9 GeV. The pulse rate 

was 9.3 ppm. In general, the 25-inch bubble 

chamber took a beam pulse at the beginning 

of flattop and again at the end of flattop, with 

the long-spill counter experiments operating 

between these two pulses. In the mode em

ploying a 5.4 -GeV flattop followed by a 4. 9-

GcV back porch the 25-inch bubble chamber 

bean1 pulses were at the beginning and end' of 

the high energy flattop, and the counter ex

periments received the long beam spill on the 

back porch. 

A summary of the experimental program 

for- this quarter is shown in Table I. 

ll. SHUTDOWN 

The Bevatron was shut down from July 4 

through August 3, 1969. The major job during 

this shutdown was the replacement of the first 

bending magnet (M1) in the extraction system 

of the external proton bean1. The magnet that 

was removed had been installed during the 

spring of 1967 as a major step in the develop-

-ment of a resonant extraction system. This 

magnet had a half-inch-thick septum. The 

new magnet that was installed during this shut

down has a, 0.130-in. -thick septum. Tests 
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have subsequently shown that this new magnet 

has resulted in significant improvement in the 

extraction efficiency both for the present 

energy-loss system and for the future resonant

extraction system. 

At the time when the first resonant ex

traction test magnet was installed in 1967
1 

it was ne~essary to remove the first quad

rupole magnet (Q1) of the extraction system. 

This was done in order to devote all the elec

trical feed circuits in the drive shaft of the 

magnet plunge system to the resonant-extracted 

magnet system. The septum magnet had two 

additional magnetic circuits on the magnet: 

the perturbation to drive the 2/3 resonance 

and a spiller coil to control the beam spill. 

The magnet is plunged 28 in. each Bevatron 

cycle by a drive shaft that passes through a 

vacuum seal. All the electrical circuits to the 

magnet are carried inside the 6-in. dri.ve shaft. 

There were only enough electrical circuits in 

the drive shaft to provide for the septum mag

net and the perturbation and spiller coils, so 

the quadrupole, Q1, was removed. One of the 

requirements in the design of the n1agnet for 

resonant-extraction studies was that it be 

compatible with the present energy-loss target 

extraction system so that we could continue 

normal-operation of external proton beams for 

experiments while the studies were being con

ducted. 

When we resumed operation in early 

summer 1967, tests were made on the energy

loss-target extraction system with the new 

magnet. The extraction efficiency was about 

35o/o, the san1e as we had previously experi

enced with the original bending magnet (M1) 

and the quadrupole (Q1). The spot size at the 

first focus was slightly larger than it was 

previously, but usable. Prior to the installa

tion of this new extraction magnet, studies had 

been started iri an attempt to improve the ex

traction efficiency of the energy-loss -target 

' 
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system. Iri particular we were unable to ac- this ::nagnet it was necessary to replace the 

count for a large fraction of the missing 65% 6-in. probe tube with a new. tube with more 

of the beam. These studies continued after 

the resonant-extraction test magnet was in

stalled, A scintillator was installed on the 

upstream face of the M1 magnet and was mon

itored by closed-circuit.television, This type 

of monitor system was later extended to the 

second set of plunged magnets, M2 and Q2. 

These diagnostic tools aided considerably in 

determining the beam distribution inside the 

Bevatron during beam extraction, Some modi

fications were subsequently made in relative 

radial positions of the extraction magnets and 

the energy-loss target. However, no increase 

in beam extraction efficiency was achieved. 

Studies we:J;e then directed toward the 

beam exit-port region of the Bevatron. Gold 

and aluminum foil activation runs were made 

at the exit port to measure the beam profile. 

These measurements showed the beam to be 

much wider than had previously been meas

ured. The full ·width at half maximum was 

about 3 in. The beam previously had been 

measured at somewhat less than 2 in. total 

width. This larger-size beam was wider than 

the exit port and M3 magnet-aperture combi

nation. The gold foil activation measurements 

showed a loss of about one-third of the beam 

in going through the M3 and Q3 magnets. The 

aperture of M3 was adequate (5 in.) for the 

beam, but because of space limitations it was 

not possible to get the M3 magnet properly 

aligned. This is shown in Fig. 2, 

As a result of these tests, two changes 

were made to improve extraction efficiency. 

The face plate on the west tangent tank was 

removed and remachined to permit moving 

M3 into better alignment with the external 

proton beam, and as mentioned previously, a 

new quadrupole was designed to be placed in 

the east tangent tank just downstream from 

the septum magnet. To provide power for 

feedthroughs and circuits. These changes 

were made during this shutdown. 

After the shutdown, and when the vacuum 

in the Bevatron had returned to normal.oper

ating levels, the extraction efficiency was 

checked. The beam spot at M3 was back to 

about a 2-in. width and the extraction effi

ciency was up to about 50%. 

The remainder of the manpower effort 

during the shutdown was devoted to routine 

maintenance of the Bevatron main motor gen

erators and associated equipment. 

III. BEVATRON DEVELOPMENT AND 
STUDIES 

The bulk of the effort this quarter on 

Bevatron development was devoted to resonant

extraction studies. A. report on the status of 

resonant extraction will be given in the next 

quarterly report of Bevatron Operation and 

Development. Effort was also devoted to high 

beam studies and to improvement in the com

puter control of Bevatron equipment. 

It was observed that at high beam inten

sities, 4X 10
12 

protons, the vertical height of 

the beam is clipped by the M1 magnet, This 

causes about a 20o/o beam loss in circulating 

beam, and hence a reduction in actual ex

tracted beam relative to total accelerated 

beam. 

IV. COMPUTER CONTROL 

1. System 

The Bevatron digital control' and data 

acquisition facility has recently acquired ad

ditional PDP-8' s to accommodate extension 

of the digital control facilities into new areas 

of Bevatron operations. 2 There are now two 

digital processors in an on-line configuration, 

one in control of EPB extraction and EPB 

transport magnets, the other in programming 



the Bevatron guide field. Continued develop

ment work with a third processor is providing 

new techniques for proton beam parameter 

study, and is moving in the direction of mean

ingful beam diagnostics. 

To facilitate software handling and to 

assist program development, a fixed-head 

disk has been acquired and incorporated into 

the system. Minimal display facilities are 

maintained to assist in operator control and to 

provide near real-time presentation of data in 

both on-line and developmental branches of the 

digital control and data-acquisition field. 

2. EPB 

Necessary peripheral hardware has been 

constructed to extend the digital control pro

vision from the previous 18 energy-tracking 

magnets 3 to an ·additional 10 tracking and 12 

de magnets, bringing the total to 40. The "de" 

control function does not exclude the possibility 

of energy tracking or special function control, 

or both. An extension of the special function 

generation provides the capability of assigning 

any combination of up to 24 perturbation and 

slope units to any magnets under control. 

The perturbation ("P") and slope ("S") 

units are software devices, each of which in

cludes a time delay and a gate. All time 

delays in service, in the program, are started 

from an optional interrupt. The delay and 

gate lengths are adjusted by shaft encoders 

normally used for adjusting magnet current 

levels.· The basic time increment is the time 

between magnet update cycles, so several 

milliseconds is the possible jitter to be en

countered. Numbers are assigned to the "P" 

and "S" units and all parameters associated 

with their operation are adjustable from, and 

monitored at, the EPB control console. No 

reference to a teletype is required. 

The difference between a slope unit and a 

perturbation unit lies entirely with the way the 
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control word for a magnet is handled during 

the gate time. The amplitude adjustment of a 

slope unit determines the signed numerical 

value of the increment to be successively added 

to the currently calculated value for control 

word. In analog terms, the present value of 

the time integral of the increment is algebrai

cally added to the calculated value of the con

trol word. 

The perturbation unit operates the same 

in every respect except that during the gate 

time a fixed offset is added to the currently 

calculated control word. At the conclusion of 

the gate period, the offset is removed and the 

magnet goes back to wherever it might have 

been directed had the perturbation unit not 

existed. By mixing the units, special time

variable functions may be created to provide 

special conditions for proton beam spill con

trol. These units ·can be impressed upon mag

nets that are normally being operated upon by 

some proportion of J:B, i.e., energy tracking. 

So long as the time tolerances noted above are 

acceptable, the inclusion of these provisions 

allows some considerable reduction in the 

amount of hardware otherwise required to im

plement the functions. 

3. Bevatron Guide Field 

In the process of developing the EPB 

magnet control, a high-resolution digital inte

grator for guide field B was developed. This 

consists of a 21-bitup-down scaler driven by 

a voltage-to-frequency converter monitoring 

the B winding within the guide field. 

A natural extension of the use of this de

vice is to control the ignitrons in the cubicles 

associated with the two motor generators pro

viding the excitation to the Bevatron magnet. 

Appropriately, a PDP-8 processor has been 

installed to create the program to provide a 

wide variety of pulsing modes. 

" 

v 
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Currently, the software takes operator 

input in the form of a requested profile, de

fining field levels and durations to be obtained 

for a particular setup. The information is 

analyzed with a view toward establishing maxi

mum repetition rate while keeping power con

sumption within specified boundaries. Motor 

speed is observed along with rates of rise in 

"flat" regions. Presently the loop is closed 

on the integral of B, and overshoots due to 

system inertia can be eliminated upon request. 

Though no closed-loop ,control of rate of rise 

is presently exercised, work toward this end 

is under way. 

4. Beam Diagnostics 

In order to provide closed-loop control of 

spilled beam on experimenters' targets, the 

development of a suitable real-time beam 

position and profile sensor is required. A 

number of potentially useful devices are cur

rently under investigation. A third PDP-8 

digital processor is being utilized to assist in 

data acquisition and reduction to further this 

development procedure. 

One such device is a multiple-strip ion

collection unit that translates the ionic cur+ 

rent from 47 strips in the Bevatron aperture 

to voltages held on capacitors in a parallel 

sample-and-hold configuration. These capac

tors are then scanned through a sequential 

multiplexer and converted to digital data with

in the processor. Necessary parameters are 

then calculated and offered as reduced data 

to the investigator. These parameters in

clude locations of peaks and centroids, the 

integrals of the scanned waveforms, and the 

full-width, half-maximum points. 

Other techniques under investigation in

clude a means of establishing the rate of spill 

of beam. A photomultiplier output is accu

mulated in a fast counter, gated for a short 

time period. The value of counts is read into 
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the digital system and the counter is again 

gated on. By repeatedly collecting the accu

mulated counts, rea1-time data can be pro

vided. Normalized digital inforntation can be 

output to digital-to-analog converters to re

construct an analog waveform which may be 

useful in closed-loop beam spill,· by introduc

tion into the feedback loop of a spilling magnet. 

The 'development of these techniques, and 

a continuously available value of field, together 

with a means of rapid measuring of rf frequency, 

can result in a significant step toward closed

loop control of accelerated beam. 

IV. BEVATRON MOTOR GENERATOR 

The magnet pulsing record is shown in 

Table II. 
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Table I. Summary of Bevatron Experimental Rcncarch Program June through S<:pkmbcl' 1969. 

(~ i'Ullj>,; 

----
lnt..:rnnl Group 

Powcll-Birge 
{Kalmus) 

Powell-Birge 
{Ely-Kalmus) 

~~~)JI~ l' j ll H~ Ill 

lc)Citli<lil 

EPil 
25-in. BC 

EPB 
25-in. BC 

Run 

n 

73 

Start E:ncl E:<pool'in••·nl 

2/21/68 In progress Tf~P Interactions 

6/8/68 7/2/69 K-p and K-d reactions 

\lr;olll! 'l'inw ·-·-----.. ------·-· 
Th11> •tcoul'lo•l' 

·~!..~,;.~·!·'~·.~!~·: ,. 
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11 
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1 1 1"llloo'l'\'"l' 
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So,lwd"l' o•.-;po'l'lll<•'lll 

1:1 p 
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---------!..-----------------------------------------------------------------------.----------------------------------------;::.--------------------- ----------------
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•• 
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'15 
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Laborato1·y 

(Smith) 

UCSD 
(Masek) 

U. of Wash. 
(Cook) 

Internal west P-32 
area straight {95) 
section 

Internal west P-33 
area straight 
section 

EPIJ 
X!F3 

60 

lntcl·nal west KH 
are.1. straight 
section 

EPB 
25-in, BC 

112 

Internal west P-30 
area straight 
section 

Internal west P-38 
area straight 
section 

EPB 
X1F3 

10/30/68 

5/21/69 

H/9/69 

! 9/21/6<) 
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10/11/68 

1/14/69 
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In progress K 0 f.l3·charge asymmetry tests for 
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In pr•~gl·co~.:~ ,-p -~ n-y JJiffcrt:ntial cr(n-1.<1 
St!ClionH 

In progro:ss Study of Krr system 

9/10/69 ss Counter tests for balloon 
el<:peri1nent 

In progress Counter trigger study 
for a proposed experiment 

In progress Testing cquipml!nt 
for Exp. 1196 

24 

12 141 

21 2.57 

'" 
12 135 

74 829 

33 

52 

18 230 

67 7l2 

"' ')15 

52. 547 

11 

19 235 

16 194 

43 468 1;1 p 

16 210 1:1 

21 1:1 

5Z 1:1 I·' 

1:1 p 

266 30-15 1:1 p 

90 1005 1:1 p 

33 1:1 p 

31 393 1:1 

50 624 1:1 

163 17')5 1:1 p 

23') 1:1 ,. 

77 ~08 1:1 p 

22 Z67 1:1 p 

19 235 1:1 

16 194 1:1 
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Jan, 

Feb. 

March 

April 

~ay 

June 

July 

Aug. 

Sept. 

Oct. 

:"iov, 

Dec. 

,.. 
<!_ 

4 to 6 pulses/min 

1.5 to 6.9 kA 

:) 

7.0to9kA 

Table II. Bevatron Motor Generator Set Monthly Fault Report. 

7 to B. 7 pulses/min 9. 3 to 17 pulses/min 

1.5 to 6.9 kA 7.0to9kA t.s to 6.9 kA 1.0 to 9 kA 

Pulses Faults ..2iL 
All .U. 
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AB· ~ ..1lJl <li_ 
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c 
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Arc~ Arc~ 
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18 290 323 440 9 10 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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