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BEVATRON OPERATION AND DEVELOPMENT. 62 

S 

April through June 1969 

Kenneth C. Crebbin 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

August 27, 1969 

ABSTRACT 

During the period covered by this report, the Bevatron provided beam for 

86.87o of the scheduled operating time. During this period, 2.8X 1018  protons 

were accelerated. We achieved a maximum beam intensity of 5.2X 1012  protons 

per pulse. Three primary experiments were completed and three new primary 

experiments were set up. 

The piston rod of a hydraulic cylinder used in plunging the extraction magnets 

for the EPB system failed. 

Vertical beam blowup that occurs on flattop when the rf voltage is turned 

off was correlated to a space-charge phenomenon. 

I. MACHINE OPERATION AND EXPERI- 
MENTAL PROGRAM 

The Bevatron operation record is shown in 

Fig. 1. The beam was TTon" for 86.8 1/o of the 

scheduled operating time. It was "off" 10.7% 

of the scheduled operating time because of 

equipment failure and 2.5% of the time for ex-

perimental setup, tuning, and routine checks. 

During this quarter the Bevatron accelerated 

18 
2.8x 10 protons. The maximum intensity 

beam accelerated this quarter was 5.2x 1012 

protons per pulse. 

Preceding Quarterly Reports: UCRL- 49232, 
UCRL-18890 

The Bevatron provided beam to fourteen 

primary and three secondary experiments dur-

ing the period covered by this report. The 

Bevatron operated for 121 12-hour periods for 

high energy physics, and integrated 407 12-

hour periods of data-taking and 121 12-hour 

periods of experimental tuneup for a total of 

528 periods for primary experiments. An 

additional 42 12-hour periods of operation were 

integrated by the three secondary experiments 

for a total of 570 12-hour periods for high 

energy physics. 

During this quarter three primary exper- 
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ments were completed. Experiment #93,  done 

by the Palevsky group from Brookhaven Nation-

al Laboratory, was completed on June 9, 1969. 

This experiment, a study of p-d scattering, 

was done at the third focus of Channel II in the 

external proton beam (EPB) facility. Experi-

ment #94, by the Jones group from the Uni-

versity of Michigan, was completed on June 26, 

1969. It was a study of neutron cross sections, 

carried out in a neutral beam from an internal 

target near the north straight section. Exper-

imental #106, by the University of Arizona 

(Jenkins group), was completed on June 2, 

1969. This study of K-nucleon cross sections 

was done at the second focus of EPB Channel I. 

Three new experiments were set up this 

quarter, and in one of them (Experiment #107) 

data taking was started by the end of June. 

The other two, Experiments #82 and  #95,  are 

partially set up, and preliminary beam-channel 

tuning and equipment checks have been done. 

A summary of the experimental program 

for this quarter is shown in Table I. 

As reported in the preceding quarterly 

report, the Brookhaven National Laboratory 

group, Experiment #93, needed an rf-off spill 

and lower-energy beam than the rest of the 

experiments. We had therefore set them up - 

on our new Iback_porch  pulsing mode. When 

we originally started back-porch operation, a 

number of pieces of equipment had to be mod-

ified for back porch tracking. All the EPB  

transport magnets had to be reprogrammed to 

track down with the decreasing magnetic field 

of the Bevatron. Several of the magnet power 

supplies had to be modified to drive the magnet 

currents down so that tracking could be main-

tained. During this quarter, the Brookhaven 

group required a primary proton beam energy 

of I GeV. When we tried to go down to this 

energy level on the back porch, the rf final 

amplifier circuit for the Bevatron failed to 

track. We could track down to about 2.5 to 2.0 

GeV, but then lost beam control. 

The Brookhaven group needed only a few 

periods at this energy, level so it was decided 

to operate only for them on a low-energy flat-

top. Later in the quarter they needed some 

additional low-energy periods. This time we 

operated them on a mezzanine. In this mode 

of operation, we turned the Bevatron rf voltage 

back on after the Brookhaven beam spill and 

recaptured and bunched part of the remaining 

beam. This resulted in a beam loss of about 

50%, so we were unable to provide beam to any 

other counter experiments. We operated with 

Brookhaven on the mezzanine at variable 

energies from I to 3 GeV, and accelerated 

some beam to 5 GeV and provided two beam 

spills to the hydrogen bubble chamber on a 

300-msec flattop. 

In the last few years, the operating corn-

plexity of the Bevatron has increased cons i-

derably.. Operating simultaneously for a nurn- 
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ber of experimenters has placed great demands 

upon the operations crew at the Bevatron. The 

new multiple-energy pulsing mode we have been 

trying the last few months has placed even 

greater demands on their skill. In particular, 

the tracking program for the current in the 

EPB transport magnets has caused some diffi-

culties for operation at two different energies 

on the same Bevatron pulse. The tracking pro-

gram for the EPB magnets controls the rate of 

change of current in each of seven zones (Fig. 

2). As a result, any tracking adjustments in 

an early zone affects the tracking for that mag-

net in all subsequent zones. This obviously 

causes problems for experimenters operating 

on a later zone as well as for the operations 

crew. A new method of selecting references 

to eliminate this "series" effect has been 

chosen. Converting this new procedure to a 

working computer program is, however, not 

simple. It is under study and we hope the 

solution will be available within the next year. 

The first two magnets in the EPB extrac-

tion system are plunged 28 inches in about 

0.75 second. The first magnet in the system, 

MI, weighs 2600 pounds. This magnet has 

an additional 2-in, plunge to provide energy 

tracking in the Bevatron. This additional 2-

in. stroke is provided by a 5-in, diameter 

hydraulic cylinder mounted between the main 

plunge hydraulic actuator and the magnet-posi-

tioning jack screw. On April 3, 1969, the  

piston rod of the 5 -in. hydraulic cylinder broke 

in fatigue, after experiencing about 'ix IO 

reversing tension and compression cycles over 

a span of more than 5 years 
2

(Fig. 3). The 

magnet plunge was stopped by emergency crash 

pads, and no other damage occurred. About 6 

hours of down time were necessary to make 

emergency repairs to the system. The 5-in.-

diam hydraulic cylinder was removed and a 

spacer spool was installed. The 2-in, stroke 

has never been used in an energy-tracking mode, 

but has occasionally been used to provide an 

additional 2-in, radial position adjustment dur-

ing extraction studies. 

II. SHUTDOWN 

The Bevatron was shut down from April 7 

to April 14, 1969, as an economy move in the 

present tight fiscal budget. During this period, 

routine quarterly maintenance was done on the 

main motor-generator sets. There was a short 

vacuum shutdown on the Bevatron to replace 

scintillators on the MI and M2 magnets and to 

check the MI magnet system inside the vacuum 

tank after the failure in the plunging system 

reported above. Routine maintenance was 

carried out on the rest of the Bevatron and 

associated equipment. 

Channel I of the EPB system remained shut 

down an additional week because of setup work 

in the backstop region. 

13 
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III. BEVATRON DEVELOPMENT AND 
ST UDIE S 

Bevatron studies continued this quarter 

in four general categories. 

I. Resonant extraction studies continued, 

with some effort being devoted to changes in 

the closed orbit in the Bevatron. These shifts 

were accomplished by shunting part of the cur-

rent in the third quadrant of the Bevatron mag-

net. Shifts of "tune" in the region of the 

resonance and better control of the resonance 

were achieved by pulsing currents up to several 

hundred amperes through some of the pole-face 

windings in the Bevatron. These currents 

cause changes in the field index n of the Bev-

atron and resultant changes in the v value of 

the betatron oscillations. 

One observed phenomenon that gives trouble 

in resonant extraction as well as in normal 

energy-loss extraction is the vertical blowup 

of the beam when the rf is turned off and the 

beam allowed to coast on flattop. This effect 

was studied in detail this quarter. The blowup 

is a space-charge effect. The mechanism is 

still under investigation. 

The remaining areas of Bevatron study 

this quarter were: 

High beam studies and injection phenom-

e na. 

Main motor-generator flattop control. 

Computer control. 

IV. BEVATRON MOTOR GENERATOR 

The magnet pulsing record is shown in 

Table II. 

0 
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Table I. 	Sc oaaey of Brvatrco Experimental Re starch Program April through Jane 1969, 

Beans Time 

This qoartrr 	Start of ron through 
Dates April - Joor June 1969 

• - Primoryor 
Lope esesent 82-Hour 12-Hour Pulse srcocdary 

Groups locat:oc Rut Stact Lcd En periotrot prriodt Hours periods Hours Schedule roperosrets 

Internul Groop L 
Powell-Birge EPO 72 2/21/68 In progreso+ptoteratt•oot 25 258 151 1599 1:1 P 

m (Kolus) 25-in. 	BC 

Poosell-Birge EPB 73 6/8/68 In prorets Kp and Kd reactions 06 268 113 8167 8:1 P 
(Ely-Kalosos) 25-io. 	BC 

Trilling_Goldhaher EPB 76 10/30/68 Ic progress Ap Stattersog 7 77 41 370 1:1 P 
(Kadyh) 25-it. 	SC 

Lofgren EPB 82 5/28/69 In progress K 	- p 0  e, er, pueP 5 69 5 69 1:8 P 
(Weooel) X 1F3 

- branohiog ratios 

Posnell_Birge EPB 87 11/26/68 In pro gress np Interactions 20 897 52 542 1:1 P 
)Gidal) 25-is. 	BC 

Miller EPB 95 5/25/69 In progress K053 charge asymmetry 	 . 84 169 14 169 g:t p 
XIIF3 

Noclear Chem. EPB 104 9/2 1/66 to progress Prodoction of light fragments from 8 88 255 2911 8:1 P 
Hyde-Ponkaorer X1F2 p-N tollisions 

Segrh-Chamherlain EPB 	. 107 6/14/69 In progress Stody of K+ -_ roJ 16 177 16 177 1:1 P 
(Stirnitg) X1F2 

U. Chicago  
)Hildebeacd) 

Miller Intercal sorts P-3Z 5/31/68 In progress K0 p3 charge asymmetry tests for St 531 26 341 1:1 S 
areastraight (95) .. projected Lop. 495 

Lofgren Internal west P-33 80/81/68 to progress Preliminary roonser rhechs for 22 367 32 393 1:1 S 
area straight projected Lop. 	0,82 

EoternalGroun - 

U. Hawaii EPB 60 1/84/69 In progress Ke 4  decays 79 026 98 1083 1:1 P 
(Genre) XIF3 

LRL-Moye r - 
Helsnholc 

(Peree- Mendee) 

UCLA Internal west 88 82/5/68 to progress ep -. -o 	Differential cross 184 1114 857 1682 1:1 P 
(Nettsess) area straight sections 

LRL section 
(Crcwe) 

BNL EPB 93 2/4/69 6/9/69 p-4  Elastic and ioefastic 79 821 III 1188 8:1 P 
)Palevshy) XZF3 scattering 

U. Michigan Internal north 94 7/23/68 6/86/69 N estrcn cross sectsons for p. d, 53 588 192 2182 8:8 P 
(Jones) area straight . and varinos metal targets 

section 

U.Arieona EPB 106 8/16/69 6/2/69 Ku -Nucleoo cross sections 61 626 152 1574 1:1 P 
(Jeohins) X8F2 

------- ---------------------------------------------------------------------------------  -------------------- ------------------------------ 

UCLA (Schlein) EPB 112 2/16/69 In progress Stady of Kr system 24 248 25 261 1:1 P 
CIT (Cornea) 25-in. 	BC 
NAL(Malamod( 

Space Scieoce Internal west P-3t 10/1/68 In progress Coaster tests for balloon 9 113 22 256 8:1 S 
Laboratory area tsroighs roperiment 

(Smith) tecsioo 
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(J Zones of E PB• magnet current control. 

XB L699-37 32 

Figure 2. General magnet pulsing mode showing seven control 
zones. 
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/ 
I 

XBB 694-2304 

Figure 3. Fatigue failure of piston rod from EPB plunged magnet Ml. 
Piston provided 2-in, energy tracking stroke. 

b 



L.L'.JPL i'ILI I IuLw 

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: 

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 in formation, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any in formation, 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 
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