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BEVATRON OPERATION AND DEVELOPMENT. 61 

January through March 1969 

Kenneth C. Crebbin, Don M. Evans, and Robert Frias 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

June 1969 

ABSTRACT 

The beam was on for experimenters 81.9% of the scheduled operating 

time. During this period the Bevatron accelerated 1. 9 X 10 18 protons. 

We provided beam for 12 primary experiments and completed three primary 

experiments. 

The external beam transport magnets have been placed under computer 

control. This, coupled with new Bevatron main magnet pulsing modes, has 

greatly increased the flexibility of machine operation and the ability to sat

isfy simultaneously the needs of a number of experiments. 

The extraction efficiency, for short beam pulses as required by the bub

ble chamber, has been doubled by going to an outer-radius target. 

1. MACHINE OPERATION AND EXPERI
MENTAL PROGRAM 

A. Physics Research 

The Bevatro.n.operation record is shown 

in Fig. 1. The beam was on for 81. 9 % of the 

scheduled operating time. The beam was off 

8.9% of the scheduled operating time because 

of equipment failure and 9.2 % of the time for 

experimental setup, tuning, and routine 

checks. During this quarter the Bevatron 

accelerated 1.9 X 10
18 

protons. 

During the period covered by this report, 

we provided beam for twelve primary experi

ments and three secondary experiments. 

Three primary experiments were completed 

this quarter: (a) Experiment 79, being done 

by the University of California-San Diego 

Masek Group, was completed on March 17, 

1969. This experiment was done in the ex

ternal proton beam channel I at the third focus. 

The experiment was a study of KOe3 charge 

asymmetry. (b) Experiment 91 was completed 

on February 24, 1969. This experiment was 

a collaborative effort of the LRL Segr~

Chamberlain group and the University of 

Michigan (Longo) group. This experiment, 

a study of polarization in the np -+ pn charge

exchange scattering, was done at the third 

focus of channel I in the external proton beam 

facility. (c) Experiment 97 was completed on 

March 24. 1969. This experiment was a col

laborative effort of two LRL groups: Group A 

(Pripstein) and the Moyer-Helmholz group 

(Kenney). This experiment, a study of differ

ential and total cros s sections for 'IT - P -+ nn, 

was done in a secondary 'IT beam from an in

ternal target near the north straight section 

of the Bevatron. 

During this quarter, we provided 106 12':' 

hour periods of Bevatron operation for high 

'~Preceding Quarterly Reports: UCRL-18890, UCRL-18864 
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energy physics. We integrated 267 12-hour The data-sampling rate is adjusted to conform 

periods of data taking, 222 periods of tuning to the firing period of the three-phase SCR-

c" 

by primary experimenters, and 14 12-hour 

periods ~~r secondary experiments, for a total 

of 503 12-hour periods of experimental physics. 

A summary of the experimental program 

for this quarter is shown in Table I. 

B. Bevatron Operation Modes 

1. Control of External Proton Beam Trans
port Magnets 

A computer-based digital-struCtured data

acquisition and control system has been devel

oped for the purposes of on-line programmed 

control of external proton beam (EPB) trans

port magnets. 

The control algorithm accommodates all 

modes of Bevatron operation by separating the 

operating cycle of the accelerator into several 

zones. This technique allows independent 

pr.ocessing of Bevatron field values within 

each zone and the introduction of zone -related 

time -variable functions in each of the con

trolled magnet currents. 

With expansion of the EPBfacilities the 

operator-controlled beam transport system 

has become sufficiently complex to warrant 

consolidation from the former "'several-knob

per-magnet" technique to a single multiplexed 

knob, applicable to any magnet in anyone of 

the several zones. 

The digital system has been in operation 

full time, controlling 18 magnets, since Jan

uary 27, and will be extended to the remaining 

unpulsed magnets in the system during the 

month of May. 

The hardware . capability has been based 

upon a total capaCity requirement of 64. This 

provides control capability of 64 magnets of 

either pulsed or dc operation and 64 channels 

of analog data monitoring. All data transfers 

are on a direct memory-access basis to a 

PDP-8 12-bit 4096-word digital processor. 

type power supplies, i. e., approximately 3 

milliseconds. 

The digital transmission device is a 

parallel-data dc -line twisted pair per bit type, 

providing excellent noise immunity. Digital

to-analog conversion ·is done at remote loca

tions, as close as practicable to the power 

supplies under control. There are presently 

four widely separated areas in which power 

supplies are located, and each area has a 

single transmitter-receiver combination. 

The Bevatron field value at each 3 -msec 

period is obtained by monitoring the B-dot 

windings in the magnet gap with a voltage-to

frequency converter and accumulating counts 

at approximately a 2-MHz rate in a digital up

down scaler. This scaler then contains the 

instantaneous value of the integral of B-dot 

(quantized to 500 nsec). 

During the initial period of operation, an 

all-out program of interpreting operator needs 

and desires and converting them into hardware 

and software has been in progress. This has 

resulted in continuously inc reasing the flexi

bility of the controller and eVCllving a more 

useful data-display and diagnostic capability. 

A "perturbation" mode has been included, 

together with a series of software time delays 

and gates. This provides the capability of 

stepping or offsetting magnets for operator

determined time periods to accommodate 

special extraction techniques and SWitching of 

beam paths in EPB channels. 

Work has begun on a program aimed at 

controlling pulsing· modes of the Bevatron 

guide field which should result in faster setup 

and eventual substitution of smoother progre s

sion for the quantized pulse rate of the 

Bevatron. 

• 

• 
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Z. Bevatron Main Magnet Pulsing Modes 

The new method of providing Bevatron 

main magnet flattop modes has been described 

in a previous quarterly report. 1 The new 
" flexibility in control of the EPB transport 

magnets was described above. These two 

improvements provided a major gain in op

erating flexibility at the Bevatron. It is now 

possible to provide beam in the EPB system 

'at several different energies on the same 

magnet pulse. For example, Experiment 93, 

being done by the Palevsky group from Brook

haven National Laboratory, required protons 

at a lower energy than the rest of the experi

ments. In addition the experimenters needed 

an rf -off type of spill, which required that 

their beam spill be after all the other beam 

spills. ,If the rf-off type of spill were given 

first the beam would have to be recaptured 

and bunched by the rf, with resultant beam 

losses. To satisfy the needs of both groups 

of experiments, we provided beam spills for 

the bubble chamber and other counter experi

ments on flattop at 4.8 GeV. We provided a 

3-GeV rf-off spill for the BNL group on a 

flat portion of magnetic field generated during 

the decreasing portion of Bevatron field. This 

flat region (we call it a back porch) is shown 

in Fig. Za. 

A second dual-flat-portion mode of magnet 

pulsing was used this quarter to provide a 

higher-energy proton beam for the bubble 

chamber operation than was need for the 

counter experiments. We normally provide 

the bubble chamber with a short beam spil( at 

the beginning of flattop and a second beam spill 

at the end of flattop. Beam is spilled for the 

counter eXperiments between the two bubble 

chamber beam spills. Because of power re

quirements' the higher the energy of beam 

the shorter the flattop portion we can provide. 

Because of the K yield, the bubble chamber 

needed 5.3-GeV protons. The counter exper-

UCRL-19232 

iments were satisfied with 4.8 -GeV protons 

and wanted the maximum possible length of 

beam spill. We therefore operated a flattop 

at 5.3 GeV for the bubble chamber and a back 

porch at 4.8 GeV for the counter eXperiments 

(Fig. Zb). The counter experiments had a 

shorter beam spill at 4.8 GeV than they nor

mally would have with a 4.8 -GeV flattop, but 

it was longer than they would have had if we 

had operated them between the two bubble 

chamber pulses at 5.3 GeV. 

3. Outer-Radius Targetry and Extraction of 
RBE Pulses. 

A new and more efficient mode of produc

ing and extracting short beam spills from the 

Bevatron has been successfully tested and 

placed in operation this January. The scheme 

employs the RBE (rapid beam ejector, a fast 

pulsed magnet), the conventional two-magnet 

extraction system, but with the inner-radius 

energy-loss target replaced by an energy-loss 

target outboard of the circulating proton beam. 

The significant advantages of this new mode 

are two: The extraction ,efficiency for short 

beam pulses (ZOO to 500 usec pulse duration for 

bubble chamber operation) is increased from 

less than 10% to about 40% for typical opera

tion compatible with long-beam-spill uses; 

and the flexibility of operating both long- and 

short-spill experiments on the same Bevatron 

pulse is greatly improved. 

When an inner -radius target is used for 

RBE operation, as was previously the case, 

a lip is required to damp betatron oscillations. 

Beam from such an inner-radius target sweeps 

across the aperture of the first extraction 

magnet (M1) and only a fraction of the beam is 

transmitted. Therefore the extraction effi

ciency when such a target is used is low. The 

improvement in extraction efficiency for RBE 

pulses using outer-radius targetry, comes 

about because a lip is not required. In this 

case the RBE spill doe,s not sweep the aperture 

. ~. 
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of Mi. A large fraction of the beam that hits 

the target, therefore, can be made to fall 

within the aperture of the first extraction mag

net (M1) and is effiCiently extracted. 

Another factor that had influenced RBE 

extraction efficiency when an inner-radius 

target was used was target radius. Extraction 

efficiency had been critically dependent on 

target radius, dropping rapidly as the energy

loss target and the extraction magnets moved 

radially inward. This factor severely influ

enced the efficiency of compatible operation 

within long-spill users. The present outer

radius target mode allows a large degree of 

independence of RBE-spill users and long

spill users. The long beam spill counter 

experiments frequently require variations in 

beam intensity. The internal target experi

ments and EPB experiments simultaneously 

share the long beam spill. Variations in in

tensity to these experiments are achieved by 

adjusting the relative radial positions of the 

targets. With a separate target for the RBE 

spills, these adjustments can now be made 

with little effect on the RBE spill to the bub

ble chamber. 

In order to achieve good extraction effi

ciency for both the short and long beam pulses 

on the same Bevatron pulse using this system, 

magnet-current programming had to be pro

vided for extraction magnets M1 and M2 such 

that the current could be different in the mag

nets during the short spills from what it is 

during the long spill. Provision for this cur

rent programming was made during the shut

down early in January. In March this current 

programming was provided by the "perturba

tion" mode in the computer programming 

described in IB1 of this report. 

4. Bevatron Experimenters I Meeting 

On January 18, 1969, a Bevatron Exper

imenters I Meeting was held. A total of 108 

persons attended, 73 from LRL and 35 from 
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outside institutions. Three papers were pre

sented on theoretic~l and experimental high 

energy physics. Present Bevatron operations 

and the current high energy experimental 

physics program were discussed. Future 

Bevatron developments were taken up, and two 

papers on advanced accelerator studies were 

presented. 

II. SHUTDOWN 

The shutdown that started on December 20, 

1968, ended on January 12, 1969. The first 

week of January, after the Christmas holidays, 

was spent on routine inspection and mainte

nance of the Bevatron, the motor generator 

sets, and other related equipment. Extensive 

modifications were made to'the backstop 

region of Channel II in the external proton' beam 

facility, as required by the two new experi

ments being set up in that area. 

During the week of February 10 most of 

the Bevatron operations periods were devoted 

to machine development and studies. This 

was part of the slowdown in the high energy 

physics program because of budgetary 

problems. 

III. BEVATRON' DEVELOPMENT AND 
STUDIES 

A number of projects continued through 

this quarter directed toward general improve

ment and upgrading of Bevatron operation. 

Testing and updating the features of the new·' 

computer control of the external beam trans

port magnets continued. Some time was 

devoted to main motor generator tests to up

grade their pulsing control and flexibility. 

Study continued on extraction efficiency and 

on beam tracking for the new "back porch" 

mode of ope ration. The major effort of the 

Bevatron development program was again 

devoted to the resonant-extraction studies 

and to high-beam studies. 

• 
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IV. BEVATRON MOTOR GENERATOR 

A. Pulsing Modes 

The new method of flattop pulsing has 

simplified the development of mezzanine and 

back porch constant-current regions during a 

Bevatron pulse. It is now possible to initiate 

as many "flat" current regions as found com

patible with both beam distribution techniques 

and maximum power limits. Combinations of 

mezzanine, flattop, and back porch periods 

have been operated in order to distribute a 

variety of. beam energies during a single pulse. 

Figure 3 shows magnet voltage and current 

waveforms of recent pulsing modes. 

B. Tap #5 Operation 

The continued effort to reduce ignitron 

faults to a minimum has prompted te sts of 

Bevatron ope ration at reduced nlagnet voltage 

excitation, Tap #5 operation is 2000 volts less 

than the 16 -kV excitation of Tap #3, No signif

icant beam loss was attributed to the longer 

current rise time of the Tap #5 excitation. 

Tap #5 has been used exclusively during this 

quarter, 

UCRL-19232 

C. Tap #5 Pulsing Graphs 

The graphs in Figs. 4 through 7 represent 

full-load pulsing curves at Tap #5 excitation. 

Full load is defined as rated +10"/0 or 3 mega

watts per M. G. s"et. If a pulsing mode other 

than full load is requested,various limitations 

prevail which make the selection of operational 

points more critical. Limiting parameters 

would include repetition-rate time limits and 

machine speed range limits. 

The new power supply connection allows 

magnet pulsing without regard to machine 

speed except at 8000" -A current levels. The 

maximum speed range change per Bevatron 

pulse has been set at 70 rpm. This value is 

approached only when high-current long flat

tops are operated. 

A line denoting the intersection of full

power .pulsing curves and curves representing 

maximum flattop length as a function of re

petition rate is shown on the flattop graph. This 

is the only exception to the full-load criterion, 

and is added bec:ause "of the interest in long 

low-current flattop modes that do not approach 

full power demands. 

D. "Magnet Pulsing Record 

The magnet pulsing record is shown in 

Table II. 
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Table 1. Summary of Bevatron Experimental Research Program - January through March ~969. 

Beam Time 

This quarter Start of run through 
Dates January - March March 1969 

", 
Primary or 

Experiment fl.-Hour 12 -Hour Pulse secondary 
Groups location Run Start End Experiment periods Hours periods Hours Schedule experiment 

Internal Groues ,) 

Powell-Birge EPB n 2/21/68 In progress ,/p interactions 31 314 126 1341 1:1 P 
(Kalmus) 25" Be 

Powell-Birge EPB 73 6/8/68 In progress K-p and K-d reactions 87, 899 1:1 P 
(Ely-Kahnus) 25" Be 

Trilling/Goldhaber EPB 76 10/30/68 In progress Ap Scatte ring ,24 270 34 374 1:1 P 
(Kadyk) 25" Be 

Powell-Birge EPB 87 11/26/68 In progress 'I\'+p Interactions 32 345 1:1 P 
(Gidal) 2.5" Be 

Segr~-Chamberlain EPB 91 7/20/68 2/24/69 Polarization in np __ pn charge 52 531 108 1166 1:"1 P 
(Chamberlain) XI F3 exchange scattering. 1-6GeV 

U, Michigan 
(Longo) 

Moyer-Hehnholz Internal north 97 11/1/68 3/24/69 TT - P - "n differential cross sections 66 691 90 962 1:1 P 
(Kenney) area straight 

Group A section 
( Pripstein) 

Nuclear Chemistry EPB 104 9/21/66 In progress Production of light fragments. from 56 617 247 2823 1:1 P 
(Hyde -Poskanzer) Xl F2 p-nueleon collisions 

Miller Internal west P-3Z 5/31/68 In progress KO ",3 Charge -asymmetry tests for 76 15 210 1:1 
(Miller) area straight (95) future Exp. #95 

section 

LRL-Lofgren Inte rnal we st P-33 10/11/68 In progress Preliminary counter checks for 9-1/4 103 10' 126 1:1 
(Wenzel) area straight futur.e Exp. #82 

section 

Group A Internal north P-37 11/27/68 12/14/68 Scintillation counter te sts for future 1-1/4 I! 1:1 
(Flatte) area straight experiment at SLAG 

External GrouEs 

U. Hawaii EPB 60 8/27/68 In progress Ke 4 Decays 19 257 19 257 1:1 P 
(Cence) X!F3 

LRL-Moyer-
Hehnholz 

(Perez-Mendez) 

U. C. San Diego EPB 79 3/27/68 3/17/69 KO 2(c
3

) charge asymmetry 87 904 256 2738 1:1 P 
(Masek) Xl F3 

UCLA (Nefk.ens) Internal west 88 12/5/68 In progress 'If - P - ny Differential cross 52 561 53 568 1:1 P 
LRL (Crowe) area straight sections 

section 

BNL EPB 
(Palevsky) XlIF3 

93 2/4/69 In progress p-d Elastic and inelastic scattering 31 367 31 367 1:1 P 

U. of Michigan Internal north 94 7/23/68 In progress Neutron cross sections for P. d, 26 345 139 1594 1:1 P 
(Jones) area straight and vari.ous metal targets 

section 

U. of Arizona EPB 106 1/16/69 In progress K* -Nucleon cross sections 91 948 91 948 1:1 P 
(Jenkins) X1F2 

UC LA (Schlein) EPB 112 2/16/69 In progress Study of kTT system 13 13 1:1- P 
CIT (Gomez) 25" BC 
NAL (Malamud) 

Space Science Internal west P-30 10/1/68 In progress Counter tests for balloon experiment 69 12 I/Z 143 1:1 
,. 
V 

Laboratory area straight 
(Smith) section 

" 
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Table II. Bevatron Motor Generator Set Monthly Fault Report •. 
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21. 868 2 7289 I 28088t 8 20063 18290 

4212 8 4212 I 247406 24741 f 738 

, ·,t ..• _. 

.ElL 

643 

f! 

Arc
.&l<=..~ 

lAID-

254786 1.0 

f8290 1·323440· 

579 374270 fO 

Total 

Arc
through 

UUL 

21 

10 

• 
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Q) 

E 
Actual beam e. • "ON" time 01 

c: 
+- 1,.) 

Experimental 

D setup time, 
check, a tuning 

"Off" time due 

~ ta component 
failure 

00-
0 

::!! 0 0 

Week of '% 27 'is /12 j19 ~S % % 9 ~S %3 % % 311's %3 

Crew hours 120 IS8 IS8 IS8 IS8 IS8 144 IS8 IS8 IS8 IS8 IS8 144 

Turn on 8 maintenance time (h) 0 30 0 13 10 10 20 10 10 10 10 10 14 

Scheduled operating time (h) 0 0 IS8 155 158 158 124 158 158 158 158 158 130 

Scheduled Bevatron test time (h) 0 0 .18 14 14 80 22 14 14 14 14 14 

Scheduled shutdown time ( h) 120 138 0 0 0 0 0 0 0 0 0 0 0 

Holiday ( h) 124 0 0 0 0 0 24 0 0 0 0 0 24 

x e L S 9 8 - 3 4 79 

Fig. 1. Bevatron operating schedule. 
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..--------,- RBE spill to bubble 
chamber 

r--i--- Long spill 

ru==::t::::lJ 4.8 G e V 

1400 
msec 

rf- Off spill 

(0) 

Je==~- RBE spill to bubble chamber 
---5.3 GeV 

spi II 
~~'5::::~~"'::'!'~_ 4.8 G eV 

(b) 

XBL698- 3480 

Fig. 2. New pulsing modes used this quarter. 
(RBE = rapid beam ejector.) 

UCRL-19232 

XBB 699-5891 

Fig. 3. Magnet voltage and current waveforms for., various types of 
operation: (a) mezzanine and flattop, (b) flattop and back porch, 
(c) flattop and double back porch. 
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Voltage Tap #5 

Zero current rise 
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Flat~()p Pulsing 
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limit curves 
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Fig. 5. Full-load flattop pulsing at Tap #5 excitation. 
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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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