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BEVATRON OPERATION AND DEVELOPMENT. IX. 

February; March, April 1956 

Walter Hartsough 

Radiation Laboratory 
University of California 
Berkeley, California 

June 6, 1956 

ABSTRACT 

The counter lifetime measurements of 'T+, Kfl
2 

+, and K1T
2 

+ mesons 

were continued during this quarter. A search was also made for the Lee
Orear y ray. K- -meson absorption in hydrogen was done, using the 10-inch 
liquid-hydrogen bubble chamber. A cloud-chamber mass spectrometer was 
used to study K-meson production, interaction, .and decay. 

The properties of the new Quadrant III forward-angle K- -meson beam 
were investigated, using emulsions and counters. Total and absorption 
cross -section studies for (fl)-~esons continued. Identification of heavy 
mesons and a study of their 1T modes of decay were done. A study was made 
of the dual nature of e0 mesons. Proton-proton scattering measurements 
were continued at 2, 4, and 6.1 Bev, using counters. The following emulsion 
exposures were made for groups outside the laboratory; emulsion exposures 
in the neutron beam for two groups; internal exposures to protons for five 
groups; twenty· emulsion exposures to K± mesons and KO mesons for nine 
groups; exposures to 1T- mesons for seven groups. 

Studies were made of the slow and fast structure of secondary-particle 
beams. 

The effectiveness of the beam clipper was measured for three energies. 

The production of a spatially uniform beam distribution on a target 
was investigated. 
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BEVATRON OPERATION AND DEVELOPMENT. IX. 

February, March, April 1956 

Walter Hartsough 

Radiation Laboratory 
University of California 
Berkeley, California 

June 6, 1956 

INJECTOR 

The injector performance durinf this period was similar ~o the ope ration 
as reported for the previous quarter. No. significant changes in the in-
jection system were made during this period. 

EXPERIMENTAL F AGILITIES 

The experimental facilities were as shown in Figs. 1 and 2. 

BEAM MONITORING 

New Split-Beam Induction-Electrode Design 

A new design of beam induction electrode for radial beam-position dis
crimination has been installed in the south straight section. Two design re
quirements were optimized empirically during a series of model tests. The 
first was that the configuration yield the maximum radial beam-position dis
crimination. The second was that the sum signal be independent of the radial 
position of the beam. Figure 3 shows the relative signal amplitude vs beam 
position for the configuration that gave the best compromise of the above de
sired characteristics. Figure 4 pictures the induction electrode assembly. 

To minimize the signal lead lengths, transistor cathode followers were 
installed on each of the two indue tion -electrode halves, and the signals were 
brought out of the vacuum on 200 -ohm coaxial cable. 

DEVELOPMENT 

Internal Beam -Deflecting Magnet 

Construction of the internal beam-deflecting magnet 2 was completed 
during this quarter, and magnetic measurentents are now in progress. The 
magnet is scheduled for installation in the south straight section during a shut
down in June of this year. 

Walter Hartsough, Bevatron Ope ration. and Development. VIII, UCRL-3332, 
March 1956 
2 

Bruce Cork, Warren Chupp, and Edward J. Lofgren, Bevatron Operation 
and Development. IV, UCRL -29 54, April 19 55. 
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Fig. 3. New split induction electrode in the south straight section. 
Sum and radial discrimination curves. 
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ZN -1539 

Fig. 4. Beam induction signal electrodes in the south straight section. 
/ A member of the bevatron crew points to one of the trans is tor 

cathode followers on the radially split electrode. 
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Transistor Cathode Followers 

Transistor cathode followers suitable for installation in vacuum were 
built and installed on the south straight section induction electrodeso In this 
manner the signal lead lengths between the induction electrode and the cathode 
follower were kept to an absolute minirriumo A transistor cathode -follower 
de sign was chosen because it satisfied requirements that could not be satisfied 
by present vacuum -tube cathode -follower designso A greater band width could 
be obtained than was possible with the available vacuum tubes that could operate 
in vacuumo The transistor assembly was easily potted for installation in 
vacuum. The reliability of the transistor assembly should be much greater 
than that of a vacuum tube assembly, because of the long life of its componentso 

The noise level (thermal agitation noise and semiconductor noise) is 
higher for trans is tors than for 

6
vacuum tubes, and in this case corresponds 

to a background level of 5 x 10 protons per pulseo 

BEAM STUDIES 

Spatially Uniform Beam 

For internal emulsion exposures, it is desirable to be able to distribute 
the circulating proton beam on the emulsion stack in a uniform manner, both 
radially and verticallyo To achieve this uniform spatial beam distribution at 
the west straight section target area, the following method was explored. 

The proton beam was allowed to spiral inward onto a plunged "lucite
lip copper-shoulder11 target in the south straight section (90° upstream from 
the west target area). The protons that passed through the copper shoulder 
had their equilibrium orbit shifted inward, and followed trajectories that had 
a radial spread about this orbit. The uniformity of this smearing process was 
measured by plunging a two -dimensional array of plastic scintillators into the 
west straight section and measuring the beam-induced activity in the crystalso 
For a proton beam energy of 3 Bev, the peak of this induced activity was 
shifted radially inward 6 inches by the shoulder targeL The spatial distri
bution of activity was "bell-shaped about this peak, with a fall-off of about 
l:o/o'3:inches from the peak and 40o/o 5 inches from the peako Over the uniform 
region L3 ± 0.6o/o of the beam incident. on the shoulder target in the south 
straight section was delivered per sqo ino on the west target. The results 
for 4.5 and 6 Bev were similar. 

Figure 5 shows the shape and Table I gives the dimensions of the lucite
lip copper-shoulder target for the three beam energies that were usedo 
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Fig. 5. Target with beam-spreading "shoulder". 

Table I 

Dimensions of lucite -lip copper-shoulder target for different beam energies 

a 

b 

c 

d 

Proton beam energy 
(B-ev) 

1/ 4•i6.ch ... 3/8 :lnch' :: 

1/4 inch 3/8 inch 

1-1/4 inch 1-1/4 inch 

3/4 inch 1-1/2 inch 

3/8 inch 

3/8 inch 

1-1/4 inch 

1-1/2 inch 
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Slow and Fast Structure of Secondary-Particle Beams 

Beams of secondary particles havebeen produced in the Bevatron by at 
least five methods. In ¢ach case, however, the primary proton beam was_ 
caused to strike an inner-radius target, eitl)er by tracking the· beam into the 
target with the accelerating voltage on ... or hy allowing the magnetic field to 
increase with the accelerating voltage· off. All secomiary-particle beams, 
therefore, have time -depehd¢rit s true ture due to magnet -field ripple, which 
modulates the rate of contraction of the equilibrium orbit. Where the 
accelerating voltage is left on, the secondary-particle beams exhibit strudltire 
due to rf bunching and synchrotron oscillation, as well as the structure due 
to magnet -field ripple. Th~ duration and energy spread of the secondary
particle beams are also functions of the method in which the beams are pro-
duced. · 

The various experiments in progress at the Bevatron require secondary 
beams having one of four characteristics: 

1. Scintillation counter experiments generally require high primary 
beam intensity. The secondary beams should have a pulse duration 
of 50 to 100 milliseconds, minimum structure, and minimum energy 
spread .. 

2. Time-of-flight experiments require very well-bunched secondary
beam pulses. 

. . ~· 

3. Cloud-chamber and bubble -chamber operation require single beam 
pulses whose duration is of the order of one· millisecond;; 

4. Emulsion exposures to secondary beam:s require high primary and 
secondary beam intensities. Energy spread of the secondary beam 
should be minimized. 

During this qu-arter an investigation was made of the secondary beams 
that have been extensivelyused to satisfy some of the above requirements. 
Three ne'V'-( methods of secondary-beam production were also studied. This 
work has been reported separately. 3 . 

. The following studies were made: 

l. · De bti.nchi ng tirrie of the primary be am . 

.z.· Du·ratiori of secondary-beam pulse with abrupt .. rf turnoff. 

3. Strucy;U!re of secondary beams p.roduced by causing synchrotron
oscillation amplitude to increase. 

4. Structar.e of the toroidal beam produced by a step in magnet current. 

Harry G. Heard, Slow and Fast Structure of Secondary-Particle Beams of 
the Bevatron, UCRL-3428, May 1956. 
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5. Structure of secondary beams produced by tracking the circulating 
b'eam into a target. 

A summary of the ~xperimental results of the above studies appears in Table II. 

Effectiveness of a 4-Inch Copper Beam Clipper at 2, 4, and 6 Bev 

Measurements of the effectiveness of a 180° beam' clipper for preventing 
multiple beam traversals through a target have been made for three beam 
energies (2.24, 4.40, and 6.2 Bev). 

A monitor counter-telescope viewed a west straight section polyethylene 
target, 3 in. long by 1 by l in. , with a plastic "lip" 1 in. high that protrudes 
0.5 in. into the aperture and is 0.25 in. thick. The purpose of the lip was to 
damp the betatron oscillations of the circulating proton beam as the beam moved 
onto the target. A 4-in. -thick plunged copper clipper was located in the east 
straight section, 180° from the target. The telescope counting rate, which 
was proportional to the amount of beam passing through the target, was 
measured as a function of the radius to which the clipper was plunged. The 
radial position of the target remained the same for each·,measurement. A 
proton that had made a single traversal through the target in the west straight 
section should have lost enough energy to have passed through the east straight 
section several inches inside the target radius. The appearance of a fair 
plateau in the counting rate for clipper positions several inches inside the target 
radius demonstrated that this actually happened. That the copper clipper was 
effective in degrading or stopping the beam was indicated by the fact that the 
counting rate fell to about 2% of the maximum value when the clipper was 
plunged to a radius outside the target radius. Figures 6, 7, and 8 show curves 
of the measured monitor counting rate vs clipper position for the three beam 
energies. Also shown for each case are the calculated radial position and 
radial spread of the target-degraded beam in the east straight section for a 
value of the magnetic field index, n = 0.6. (The indicated radial spread was 
due to the calculated beam scattering in the target.) 

It should be noted that the clipper is probably most effective at about 
4 Bev. At lower energies the scattering in the target is a large effect and 
probably causes some of the beam to miss the clipper and return to the target 
for second and third traversals. At high energy the reasons for the ineffective
ness of the clipper is notknown. The rate of change of the value of n with 
radius becomes large. It may, therefore, be possible for large radial and 
vertical oscillations to occur that would return beam particles to the target. 

At high energies, if the clipper is not plunged, more than two target 
traversals on the average per beam particle seem to occur for the target 

thickness and location used in this experiment; 



Table II 

Ejected pion beam structure 

Method of ejection · . Radiofrequency structure · Synchrotron oscillation 
structure · 

Abrupt rf turnoff 

Reduced synchrotron ' 
damping. (Reduce drift
tube voltage on RC 

. -rder-a., ..... ) 
:. • •.. ---:- ·.:"C.: ~:J} 

Driven synchrotron 
oscillations. (Phase~ 
modulate frequency 
tracking) 

Toroidal beam 

Thin foil 

Beam tracked 
into target 

10:1·· 

10:1 

none 

500:·-1 to 800: 1 

> 25:1-

none~' '·' _: 

1380 cps 
ripple 

Structure at frequency 
of driving oscillator 
( 8 30'<~') 

none 

1380 cps 
ripple 

1380 cps
ripple 

- ----------------------------. 

Low-frequency 
· structure 

L .. ;;,:dDuration -of 
ejected beam pulse 

__ (msec-) 

Magnet-current 
(~~"200 cps). Causes 
time jitter in arrival 
of beam on target. 

Magnet-current 
ripple (~~"180 cps). 
VVeldtronics supply 
ripple ( ""120 cps). 

Magnet-current 
ripple (li!\200 cps). 

Magnet-current 
ripple (v-165 cps) 

500 "' ripple 

Magnet-current 
ripple (""200 cps) 

1 - 2 

50 ~100· 

> 500 

v-1oo 

so-

50 

. I -w 

c::: 
() 
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Fig. 7. Counting rate vs clipper radial position; beam energy 
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MAGNET POWER SUPPLY 

Repair of the damaged east generator stator
1 

was completed during the 
first part of February" Stator winding ·wedges were replaced in both generators" 
Subsequent checks after the motor generator sets were returned to operation 
disclosed that several stator winding wedges had moved in the west generator, 
and one in the east generator" Routine checks have been made of the move
ment of these wedges; they will be replaced during the next shutdown" 

Bearing overheating again necessitated the rolling out and redressing of 
bearings on both machines" 

Fault Report 

The magnet pul~ing record and ignitron fatilt rate appear in Table IIL 

Ignitrons 

Four ignitrons failed and were replaced during this quarter" It is 
probably significant that all the failures occurred at the same tube 'position 
( 1-B Bank, Position No" 2). In each case the tubes failed to hold anode volt
age because of a metallic plating that formed on the anode seal. 

The first tube had been in service in Position 1-B, 2 for about 2 years" 
The second tube had been in service for 3 to 3-1/2 years on another bank, but 
had been out of service for the past 3 months. The third tube was a new tube; 
the fourth, a factory-rebuilt tube" Each ignitron had been vacuum outgassed 
6n a· low -voltage high -current degassing power supply before it was placed in 
service" A tube was considered to be outgassed when it was able to carry 
300o/o of its rated load for one minute without a rise in pressure" 

In actual service, however, local outgassing in the confined space around 
the anode stem combined with the higher voltages encountered in normal 
operation probably resulted in local glow discharges in this region and the 
sputtering of metal on the anode seaL Because the volume of the space around 
the anode stern is. small compared with the volume of the ignitron tank, a local 
pressure rise in this- space would probably not be evidenL 

In the future a more careful outgassing at high voltage (in actual service) 
will follow the degassing at low voltage" Careful attention will be given to the 
cleanup of the anode seal as evidenced by its ability to hold high volt age" 
Defective ignitrons are now being rebuilt at the Westinghouse Plant at Sunnyvale, 
California" Arrangements have been made to bake the graphite electrodes in 
a hydrogen furnace on the University of California. Campus" After firing, the 
electrodes are degas sed in a vacuum furnace before the ignitrons are re
assembled" At the present time, the effectiveness of the above cleaning 
process has not been evaluated" · 
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Ignitron fault rate 
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A continuing program of ignitron water-:temperature regulation and 
monitoring is in progress. It has been determined that at ignitron barrel 
temperatures below 40°C, the fault rate becomes very high. The present 
normal ope rating range is 48° to 50°C. 

BEVATRON SHUTDOWNS 

The rebuilding of the east generator stator that was begun last quarter 1 

was completed, and the Bevatron was in operation on February 13. In addition 
to the generator repairs, the following jobs were accomplished during this 
shutdown. A peaking ... strip well wa8 installed between magnet Sectors 12 and 
13 in Quadrant I. A new beam induction electrode for beam radial-position 
information was installed in the south straight section. Scintillator probes 
were installed in the south inside and in the east outside straight sections to 

·monitor beam spill to the inside and outside radius. The west outside transition 
tank port extension was cut away. This port extension had been an obstruction 
to negative particle beams at the west experimental area. The Quadrant III 
K- -meson experimental area was completed. All flip coil targets were 
checked for proper operation. Installation of the outer-radius stanchion load
measurement cell in Quadrant III was completed. 

No other shutdown occurred ~uring this quarter. 

OPERATING AND RESEARCH PROGRAM 

The scheduled Bevatron operating time was increased on March 11 
from 81 to 95.5 hours per week by extending the operating week to seven days, 
two shifts a day. Figure 9 indicates the percentage of the scheduled beam 
time that was available, for physics research. The scheduled operating time. 
of 95.5 hours per week was reduced by the magnet power-supply warm-up 
period of 1/2 hour per day. 

10 
The maximum recorded beam amplitude at 6.2 Bev was 2 x 10 protons 

per pulse. 

During this quarter, K-meson production, K-meson interactions, and 
decay modes were investigated by many groups. The production of K mesons 
by neutrons was studied with a cloud-chamber mass spectrometer and with 
emulsions. The interactions and decay modes of K mesons were investigated 
with counters, cloud chambers, a 10-inch liquid hydrogen bubble chamber, 
and with emulsions. Emulsion exposures to the focused and analyzed 90° 
K-meson beam from the west plunged target were made for two groups at 
this laboratory and for nine groups outside this laboratory (250 to 600 Mev/ c). 
The Alvarez Group, Crawford, Cood, and Stevenson continued the 
'T+, K +,and K 

2
+ lifetime measurements, using counters. They also 

lookeJ11or the Le;[.-Orear '{ray that is predicted.in a decay scheme forK mesons. 

Emulsion exposures for seven outside groups were made in the 4. 5 -Bev 
. TT- -mesons· beam. 
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Table IV 

Bevatron Experimental Research Program 
February, March, April 1956 

IN'TERNAL GROUPS 

:Exi>e t-hn.e·nte rs 
di-aui> 
ALVAREZ 

Crawford, Good, Stevenson 

Gow, Re.senfeld 

Gow, Rosenfeld, Tripp 

Bradner 

LOFGREN 

S. Goldhaber, Iloff 

Causey, Cork, Wenzel· 

Horwitz, Murray 

Cork, Wenzel 

Hartsough, Heard 

Heard 

Cork, Heard, Wenzel 

Experiments 

T+, Kll2 +, K11'2 +detection and 

lifetime measurement using 
counters (385 Mev/ c). 

Search for the Lee -Orear y ray 
(associated with the decay of 
K mesons). 

Test of the 10-inch liquid hydrogen 
bubble chamber in the 
2 Bev/ c 11'- beam. 

Counter and emulsion investi
gation of the Quadrant III 
K-meson beam (430 Mev/c). 

K- absorption in hydrogen using 
the 10-inch liquid hydrogen 
bubble chamber (430 Mev/c). 

Search for magnetlcmonopoles 
using emulsions. 

Emulsion exposure in the 
K--meson beam (400 Mev/c). 

Proton-proton scattering at 2, 4,, 
and 6.1 Bev. 

Beam dispersion with 90° 
betatron defocusing. 

Effectiveness of 4-inch copper 
clipper at 2, 4, and 6 Bev. 

Beam-vs -aperture measurements. 

Acceptance time measurements 
for 8- and 16 -kv magnet ex
citation. 

Fast and slow structure of 
secondary beams of the 
Bevatron. 



Expe :d.:rnenters 
t .•. 

Group 
MOYER 

Osher, Parker 

Bostick, Wikner 

Hess, Patterson, Wallace 

Brabant, Kenney 

Brabant, Squires 

POWELL 

Courant, Fowler 

RICHMAN 

Kerth 

Perkins, Sahdweiss 
/ 

WINS BERG 

Barr 

Benioff 

Barr, Benioff 
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Counter investigation of '( rays 
and charged partiCles from the 
displaced decay of hyperons 
and K mesons. 

Identification of heavy mesons and 
hyperons. 

Investigation of 1r
0 decay modes 

of heavy mesons and hyperons. 

Inves tifation of the dual nature 
of 9 mesons. 

1T--p, 1T- -n, and 1T- -D total cross 
section (2.8 Bev/c). 

Total and absorption cross section 
for 1T- on Al, Be, C, and Cu. 

Calibration of Bi fission counters 
in the neutron beam. 

Instrumentation of a lead-glass 
Cerenk~ov -y-ray specfrometer. 

Cross section for -y-pair production 
in the Bev energy range. 

Measurement of the fast structure 
of the proton beam, using a 
counter telescope. 

Magnet expansion cloud chamber 
and a multi plate cloud chamber 
used as a mass spectrometer 
to investigate K-meson pro
duction by neutrons; K-meson 
decay and interactions. 

Emulsions in the K-meson beam. 
Background studies for future 
emulsion exposures. 

Emulsion exposure in the 4. 5 -Bev 
1T- beam. 

Cu foil bombardment (4.8, 5. 7 Bev). 

Oxalic acid, Cu foil bombardment 
(2.2, 5.7Bev). N, Cufoil 
bombardment (5. 7 Bev). 

Cu, 5 -aminotetrazole target 
bombardment (2.2 Bev). 



:Expe :trmente rs 
dtoup 

WINSBERG (cont.-) 

Care 'ito 

Carnahan 

Carnahan, Shudde · 

Grover 

. Wi~:sberg 

EXT,ERNAL 'GROUPS 

Experirnen~r$ 

Institution 

CARVALHO 

University of Chicago 

GEORGE 

'University of Sydney, Australia 

NIER 

University of Minnesota 
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U foil bombardment ( 3. 2 Bev). 

U foil bombardment (S. 7 Bev). 

Al f()il bombardment ( S. 7 Bev). 

Ta foil bombardment· ( 5. 7 Bev). 

Mn foil bombardment (6.2 Bev). 

Experiments 

Emulsion exposure in the neutron 
beam (6.2 Bev). 

Emulsion exposure ir the neutron 
beam. Determination of the 
K+/K- ratio from neutron bom
bardment (6,2 Bev). 

Proton bombardment of a·vacuum
outgassed copper target (5. 3 Bev). 
Ap analysis willl be made for He 
and other rare gases. 

Emulsion, exposures .to the internal 6.2-Bev proton beam were made for the 
following groups: 

CARVALHO 
University of Chicago 

FRY. SCHNEPS 
University of Wisconsin· 

HILL~' JOHANSSON 
University of Illinois 

KAPLON, HOANG 
Rochester University 

KING ' ' 

University of Termessee 

',' 

· .. ' .. 

.I, 
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Institution 

Emulsion exposures in the focused and analyzed 90° K-meson beam were 
made for the following groups: 

FRY, SCHNEPS 
University of Wisconsin 

GOTTSTEIN 
Max Planck Institute, Gottingen 

HARRIS, OREAR 
Columbia University 

HOANG, KAPLON 
Rochester· University 

OSBORNE, RITSON 
M. I. T. 

POWELL 
Bristol, England 

SCHEIN 
University of Chicago 

SHAPIRO 
Naval Research Laboratory 

VANROSSUM 
University of Paris 

K 

170 Mev 
445 Mev/c 

400 Mev/c 

360 Mev/c 

350 Mev/ c 
350 Mevjc: 

400 Mev/c 
600 Mev/c 

300 Mev/ c 

300 Mev/ c 

250 Mev/c 
300 Mev/ c 

400 Mev/c 

Emulsion exposures in the focused and analyzed 4.5-Bev 1r- -meson beam 
were made for the following groups: 

CARVALHO 
University of Chicago 

FRY 
University of Wisconsin 

HILL, JOHANNS ON 
University of Illinois 

LEPRINCER!NGUET 
Ecole Pol ytechnique, Paris 



i~pe ri.me nte r s 

Institution 

LORD 
University of Washington 

SCHEIN 
University of Chicago 

TELEGDI 
Enrico Fermi Institute, Chicago 
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Internal emulsion exposures to 6.2-Bev protons were made for five 
groups outside this laboratory. 

The characteristics of the Quadrant III K- -meson beam were investi
gated, using counters and emulsions. The target was copper, 1 in. wide, 
0. 5 in. high, and 3. 5 in. long. The negative particle beam, as it left the 
aperature in the Bevatron magnet, was :4 in. high and 2.4 in. wide. The 
K-j'IT- ratio was 1/2500. At the quadrupole focus, 8ft. from the Bevatron 
magn~t ap.etture, the beam was 1 in. high ar:d 2 in. wide. At this !'o~.ntl the 
K-cf'IT ratlo was 1/10,000. The measured 'IT -mesons flux was l 'IT /em per 
10 protons in the circulating beam. The measured momentum spread for 
the 430 Mev/c beam was >A± 5 Mev/c. A 10% to 20% contamination of the 
beam by electrons was observed. A lighter target material will be tried in 
order to reduce the percentage of beam contamination by electrons. 

Table IV summarizes the research activity during this quarter. 
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