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BEVATRON OPERATION AND DEVELOPMENT. 64 

October through December 1969 

Kenneth C. Crebbin, Robert Frias, and Hermann A. Grunder 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 94720 

March 6, 1970 

ABSTRACT 

The Bevatron provided beam to 18 experim'ents this quarter and 
18 

,during two months of operation accelerated 2.4X 10 protons. Eight ex-

,periments were completed. Resonant extraction studies are reported, an'd 

the plans to make the system operational are discussed. The new com

puter control system for the main motor generators is duscussed. 

1. MACHINE OPERATION AND EXPERI
MENT AL PROGRAM 

The Bevatron operation record is shown 

in Fig. 1. The beam was on 88.10/0 of the 

scheduled operating time. The beam was off 

5.50/0 of the scheduled operating time because 

of equipment failure and 6.40/0 of the time for 

experimental setup" tuning, and routine 

checks. The machine operated 2 months of 

this quarter and during this time accelerated 
18 

2.4X 10 protons. 

During the period covered by this re

port we provided beam for 13 primary experi

ments and 5 secondary experiments, a total 

of 18 experiments. Eight experiments were 

completed this quarter. Five of the eight ex

pcrirnents were continuing experiments from 

the previous quarte r and three of the expe ri

ments were started and completed this quarter. 

Three of the experiments--numbers 72, 87, 

and, 122- -were done in the 25-inch hydrogen 

bubble chamber. Experiment No. 119 was 

done by the UCLA (Nefkens)-LRL (Crowe) 

groups in the same setup as had been used for 

their experiment No. 88. Experiment No. 119 

was a study of IT - P -+ IT on. 

Expe riment No. 11 7, a co]laborative ef

fort of the U'C Davis (Lander) and the University 

of Washington (Cook) groups , was done at the 

third focus of the external proton beam (EPB) 

in Channel 1. The ex;periment was a study of 

p-nucleus scattering. The experiment was 

started and completed this quarter and used 

the beam channel and equipment set up for 

Experiment No. P-39, which was also com

pleted this quarter. Experiment No. 107, 

done by the LRL Segr~-Chamberlain (Stiening) 

and University of Chicago (Hildebrand) groups, 

was completed this quarter. This experiment, 

a study ofK+ -+ IT + V v, was done at the second 

focus of E PB Channel 1. 

The Bevatron operated 85 12-hour periods 

outofascheduled10112-hourperiods. During 

this time we integrated 282 12-hour periods of 

data taking and 188 pe riods of tune up for primary 

experiments. An additional 3012 -hour periods 

were integrated by secondary experiments for a 

total of 50012 -hour periods for high energy physics. 
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The primary m'agnet pulsing mode this beam by passing through an ",upstream" tar-

quarter employed a 1500-msec flattop at an get. Complete details of the new system will 

energy of 4.9 GeV. The pulse rate was 10.9 

pulses per minute. In general. the 25":inch 

bubble chamber took two beam spills per 

Bevatron pulse. The first beam spill came 

just after the start of flattop and the second beam 

spill came just bef6re the end of flattop. The long 

beam spill for counter.experiments carne between 

two spills for the bubble, chamber. The long spill 

was shared simultaneously by the two internal 

beam targets and the EPB channel targets. The 

two internal targets provided secondary beams 

to two prirnary eXperi111ents and one secondary 

experimental beam line. The EPB targets pro,. 

vided beam for up tofive primary experiments in 

Channel I and one primary counter experiment 

in Channel II. 
A summary of the experimental pro

gram for this quarter is shown in Table I. 

II. Shutdown 
The Bevatron was shut down on Novem-

ber 27 at 0800 for the Thanksgiving holidays. 

The machine remained shut down through De

cember and was expected to resume operation 

early in January. The shutdown was unusually 

long. and was related to budgetary cutbacks 

this fiscal year. The timing of the shutdown 

was chosen to coincide ,with the holiday season 

in order to minimize the number of interrup

tions to the experimental program. The major 

job that was scheduled for this shutdown was 

the installation of the new septum section of 

EPB Channel I. This modification in essence 

removes the second-focus target station from 

Channel I and relocates 'it in a new and com

pletely independent backstop area. A wide 

choice of multiple secondary beams will em

anate from this target ·station. in contrast to 

the single beam of limited characteristics that 

originated at the Channel I second-focus tar

get. The septum beam, split allows simultane

ous beam sharing at the two Channel I back

stop target areas without degradation of the 

be covered in the next Bevatron Quarterly Re

port. 

The extended shutdown period provided 

the time for a thorough inspection of the main 

motor generators as well as the routine quar

terly maintenance. Routine maintenance was 

done on the Bevatron and associated equipment. 

For a short period during the shutdown 

the Bevatron vacuum tank was open to air. 

Measurements were made to determine the ap

proximate electrical impedance of the pole tips 

in the beam aperture. These l11.eaSUrements 

were taken to check the fit of the Bevatron to 

a calculation for the vertical instability of the 

proton beam due to the" resistive wall ampli

fier" effect. 

During this shutdown the beam-induction 

electrode system was also examined. This 

system is used to measure the number of pro

tons in the internal circulating beam. Slight 

modifications were made in the electronics to 

reduce vhf ringing. At the s arne time, the en

tire system was recalibrated. The recalibra

tion showed that the recently quoted valu~s for 

beam intensity should be multiplied by a factor 

of 1.18 to obtain the actual values. 

III. BEVATRONDEVELOPMENT AND STUDIES 

The bulk of the effort this quarter on 

Bevatron development was again devoted to 

resonant-extraction studies. A progress re

port is given below. Control of the main motor 

generators was put under computer control this 

quarter. The details of this are described·in 

Section IV. 

A. Vertical Beam Clipping 

Vertical beam clipping by the M1 extrac-
. . 1 d 1 hon magnet. as prevlous y reporte. was 

studied in more detail. At high beam intensi

ties (4X10
12 

particles per pulse) about 20% of 

the circulating beam is lost vertically when the 

M1 magnet is plunged into position for beam 

: } 
\i 
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extraction. The M1 magnet has two coils 

placed above and below the circulating proton 

beam to perturb the beam for the resonant e-x

traction process. These coils from a ±1. 75-

in. vertical aperture for the beam. Clipper 

Ineasurements of the beam starting at injection 

showed a normal damping of vertical betatron 

oscillations for the first 250 msec. During 

the next 50 msec the beam grew vertically. 

The beam again followed a normal damping 

curve from about 300 msec after injection to 

the end of the acceleration (1700 msec). This 

beam growth was independent of intensity but 

seemed to be a functiori of radial beam position. 

Although it is possible to affect this phenomena 

by beam-tracking changes, it has not been pos

sible to eliminate it. The beam is larger ver

tically at high intensities because the injected 

beam" intensity is adjusted by vertical clippers. 

New high-current pulsed pole -face

winding power supplies are under construction 

for the resonant extraction studies. These 

supplies will also be able to apply field correc

tions at the time of early beam growth. When 

they are available corrections will be made to 

reshape the guide field in an attempt to elimi

nate the vertical growth. 

B. Resonant Extraction 

With the principles of resonant extrac

tion for the Bevatron understood, the work for 

the past few months ha'S been directed towards 

improving the system. It is the intent of the 

program that the system will be in routine op

e ration in the near future. 

Recent extraction measurements have 

verified the calculated extraction efficiency. 

They have also illustrated a pos sible trans

port problem in the west tangent tank area. 

The beam width in the west tangent tank area 

is wider during resonant extraction that is for 

the energy-loss extraction system. Beam

clipping problems in this area were reported 

in detail in the preceding quarterly report. 1 

-3- UCRL-19720 

Resonant extraction has been accomplished 

for a number of different operating conditions. 

Beam has been successfully extracted at 

5.74 GeV and for two radii at 4.81 GeV. A 250-

to 500-fJ-sec spill, for bubble chambers, has , 
been shown to be no problem when the spille r 

coil S1 is used. 

Because of ave rtical g"rowth of the beam 2 

when the rf voltage is turned off, it may be 

necessary to spill the beam with the rf volt

age on. To reduce beam structure to accept

able levels it will be necessary to eliminate 

noise from the low-level rf stages. This work 

is in progress. 

IV. BEVATRON MOTOR GENERATOR 

A. The Computer Control System, now 

on line in the Bevatron motor generator room, 

provides four basic features to simplify the 

control of magnet pulsing. These features are: 

(a) A profile input routine that reduces set

up time. 

(b) The ability to analyze a profile prior to 

pulsing. 

(c) A method of direct entry of the new pro

file to the active profile. 

(d) An analysis of power-supply response to 

the active profile. 

To provide these features a computer pro

gram called II BMAG" is used in one of the four 

Bevatron PDP-8 digital processors. The sys

tem includes associated peripheral input-out

put equipment. 

The program provid'es a total of 17 op

erational functions that may be requested by 

teletype key commands. 

A brief description of the basic functions 

follows. 

Profile Input 

The pulse profile of the Bevatron mag

net may include combinations of mezzanine, 

flattop, and back porch constant-current re

gions (see Fig. 2). In the past these periods 

have been defined as constant current regions 



starting at a particular time past a current 

level marker. The level was chosen by the 

operator by controlling a series of time de

lays after the current level was reached. In 

the more complex profiles as many.as 11 vari

ables were adjusted to provide the proper pro

file. 

In the BMAG program, the PDP-8 is 

asked to sample, each millisecond, the mag

net field as a function of the integral of E. 
When a selected value is reached a control 

pulse is transmitted to the Bevatron power 

supply. This pulse switches the proper high

voltage cubicles into either rectification or 

inversion, depending upon the required pulse 

profile. Figure 2 also shows the cubicle 

switching used to provide mezzanine, flat

top, and back-porch pulses. A simple pulse 

matrix of five pulses can define the most com

plex profile that is considered functional at 

the Bevatron. 

The method of entering the pulse profile 

to the computer is indicated below. The oper

ator, at the keyboa rd, type s "F," which is 

the command to the computer. The computer 

prints out" profile," and the operator re

sponds by typing a profile number. The com

puter then asks for the first field value. The 

operator types a response; the computer then 

asks for a time, and the operator types it in. 

This proceeds, the .operator entering only nu

merical values, until all the profile informa

tion is in core. 

Output 

~ ...... Keyboard command 

FROFILE= 5 
FI ELD: 7 
TItYJE= 500 
F,I ELD= 12 
II ME= 300 
FIELD= 10 
TIME= 200 
Jot ELD= 

Typed in 

Fields in kG 

Times 
(lengths of 
flat zones) 
in msec 

Profile Analysis Prior to Pulsing 

When a new pulse profile is requested 
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some of the operational parameters that must 

be known are (a) motor power demand, 

(b) pulse length,. (c) whether repetition rate 

is maximum, (d) whether the pulse l.ength is 

too long for a full power repetition rate., 

(e) what magnet current represents the re

quested field. The analysis portion of the pro

gram calculates the answers to these questions 

prior to selection of the profile as an opera

tional mode. 

An analysis readout of a 1.56-sec 5163-A 

flattop is shown below. This mode was one of 

the Bevatron' soperational modes during 

October. 

Here the operator types" A" and the 

computer responds with a request for a pro

file number. When that number has been 

typed in, the computer proceeds to produce 

the. following printout. 

A 
PROFILE= 
RRMAX= 

4 /Maximum repetition rate 

11. 016 ~Megawatts 
M W/MOTOR 2. 72(1 

ZONE FIELOCKG> TIMECMS) AivJPS 

1 • 12.560 1561 • 5163. 
2. 1560. 
3. .000 1824. 

PULSE LENGTH 4946. 

Entering the Active Profile 

When the computer operator has deter

mined that the requested profile is valid and 

within the pulsing capabilities of the power sup

ply, the profile may be selected for pulsing. 

As many as ten independent profiles may be 

stored in memory locations in the PDP-8. 

Entry and recording capability by paper tape 

are also provided. 

The change -of-profile technique is rep

resented below. 

• {-
. , 



8 .. 7 Operator entries 
P ROF'ILE= 4 
RRMAX= 11.016 
* ***TIME**** 12.156 
P ROF'ILE 4. IN USE 

Active Profile Analysis 

When the Bevatron is pulsing with the 

selectedprofile, the program offers the abil

ity to analyze the power supply and magnet 

response to the computer-controlled excita

tion. 

Of immediate interest to the power-sup

ply operator is the actual field value obtained 

at the start of a flat zone. This value isactu

ally defined by turnoff, sequences initiated by 

the control pulse. The program is written to 

read and record" B" values 10 msec into the 

flat zones. Upon command the computer will 

correct for the difference between the profile 

entry value and the actual value, if this much 

accuracy is required; 

In addition to B values, the changes in 

speed of the 124-ton rotating shafts of the two 

motor generators are monitored in this mode. 

This reading is made to insure that centrifugal 

forces due to speed changes are within present 

specifications. 

No pulsing modes are allowed that de

m.and speed ranges of more than 70 rpm per 

pulse. 

The active profile analysis readout is 

shown here: 

X 
•• ~.TIME •••• 12.111 

ZONE YIELD ERROR AMPS DIItil TIME SPEED DS/DP 

I. .~oo -000 
8. 12.561 .007 5168. 5168; 1581; 

12.' 12.'111 .211 5331. 169. 1530). 
SHALL I CORRECT ? I N 

Ope rational Re suIts 

The computer-controlled pulser has 

been used exclusively since its installation on 
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October 9. There have been only a few opera

tional problems,' and these were easily recti

fied within the body of the program.' 

Additional features that have been in

cluded in BMAG and are of importance to the 

operator 'include: 

(a) An exclusive warm-up profile that is 

easily changed to higher or lower current 

levels. 

(b) Automatic "·crash-off" features that 

switch the power supply into full inversion if a 

field higher than the profile entry is· sensed. 

(c) Routines to convert current readings to 

equivalent kilogauss, and kilogauss required 

to current. This conversion provides ease of 

profile input if either current or kilogauss is 

requested. 

(d) Routines to eliminate human error as to 

profile inputs. 

(e) The ability to use a simulator to check 

out all responses to the computer control prior 

to pulsing the magnet. 

After even this short a period of opera

tion it is evident that the motor generator 

room has entered the era of computer control 

quickly and easily. The results substantiate 

the original concepts that, with the use of the 

PDP-8 digital processor, the Bevatron power 

supply could be made more versatile and reli

able. 

B. The magnet pulsing record is shown in 

Table II. 
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Table 1. Summary of Bevat:ron Experimeatal Re.earch Program October through December 1969 . 

Groups 

Internal GrouE 

Powell-Bi.rge 
(Kalmus) 

Moyer_Helmholz 
fJ<f'nney) 

Gr<'IIJP A 
(Prq)f!tl'i~) 

Experiment 
location 

EPB 
25·in. Be 

Internal 
north area 
straight 
l!I(~ction 

Dates 

'Run Start End 

72 2/21/68 tI/26/69 

8/9/69 In progress 

Experiment 

1I'+p interactions 

Study of 
",-p:- ".01TO 

This quarter Start of run through 
October-December December t 9b9 

tZ-Hour 
periods 

22 

57 

t2-Hour 
Hours periods 

220 173 

, 615 78 

Hours 

18tl) 

872 

Primary or 
Pulse secondary 

Schedule experiment 

1:1 P 

1:1 P 

~:'~::r-li: ~~ ;;; --------i.~ PB ----- -- ----81~.- ---- -t-t-/z-ii6-a ----t-l-i 1-;i6-; --------';+; ~;;e-;:;t~~~; ---------------------1;- -------1-8;- -----~ 69 ---------;Z-;; -----t ~ 1- --------1~ --------
(Chl"l) l5-in. BC 

LRI~:M-iiie-;------ ---~PB"""--"-"-"~q5"-- ----5/i5/i9----I~-;;~;;;:;·------K;~;~h~:~~- --- -- ,,- -- -- -- -- ----- ----3~- -- -----;;7--- -·----;0- ---- ----;8; ---- -;~; .. -------f, -- - -- ---
XIIF3 .a.symmetry 

~"u~i;;; -eb:;';:" -" --" "E"PB -- .. -""-"- -t-04- --.,- --qii.t·/66"" -- -I~-;;~;;;;:"-"-" -P;~d~;;l~~-~i ii;ht-i;;;~~~;; -- ----.- --IS- --.... -.. -16-~ ------2~; --------3-;0; -----; ~; .. -------p -- ------
ilyr\f!-Poftkenzcr XIF2 fr~m p"nucl~on collbione 

;.~~-I.:;;~;;-"-""-----;~-J~B--"-------;0;-------6ii/~;i6-9----;I-ii.6-i69-- .. -- .... -St~d~ .. ~iK+~~+:i-----· .. -- .. --·-------95- .. ------99j-- .. ---~~5--------,-·~,~~-----~;;--------;,--------
<:hnlnbt'rlnin XIF2 

(Stit'ninp) 
l·. t:hic-a!!.1 tHilcit'brand) 

Trilling-Goldhaber EPB i2l 9/23/69 10/9/69 Study of d interactions 10 '112 145 t:1 P 
(r::~dyk} 25-in. BC 

----------------- .. -------------~-------------------------------------------------------------.-----------------:.----------------------------------------------------
LRL-Miller 

LRL-Lofgren 

LRL-Alvarez 
(Df'r('nzo) 

II. Hawnii 
(Cf'nce) 

LH I.-Moyer
Hdmholz 
(Perez-Mendez) 

Internal 
west area 
atraight 
section 

Internal 
west area 
straight 
section 

Internal 
west area 
straight 
section 

EPB 
XIF3 

P-3l 
(95) 

P-33 

(,0 

5/31/68 In progress 

10/11/68 In progress 

10/21(69 In progrelU 

'/14/69 In progrCI!I. 

KO .... 3 charge asymmetry tests 
for Exp. 1195 

Preliminary counter checks 
for Exp. H 82 

Teats {or liquid Argon 
Wire spark chamber 

KC
4 

decays 

20 

29' 

32 412 1:1 

50 hZ5 1:\ 

1:1 

1:1 p 

------ .. ---------------------------------------------------------------_ .. --------------------------------------------------------------------------------------------
UCLA I~ternal 88 12/5/68 to/30/69 "If-P - ny differential 21 26z 260 ZH60 1:1 P 

(Nefkens) west area cross sections 
LRL straight 

(Crowe) lIection 
--------------------------------------.-------------_.-----'---------------------------------------------------------------.--- -- ------ -------- ._---- -- - ---- ---- -- ---
UCLA (Schlein) EPB ttl 2/16/69 In progreu Study of K"If system ~t 418 118 1226 1:1 P 
CIT (Gomez) 25-in. BC 
NAL (Malamud) 
-------------------------------------------------------------------------------------._-----------------------------------------------------------------------------
U. C. Davis EPB 117 10/24/69 11/26/69 P nucleus scattering 49 519 4Q 51'"1 1:1 P 

(Lander) X iF3 
U. of Wash. 

(Cook) 
-----------------------------------------------,,-- .. -------------------------------------------------------,,--------------------------- -- --------------- -- ------- ----
UCLA Internal 119 10/31/69 11/17/69 Differential cross flection for 29 317 29 317 1:1 P 

(Nefkins) west area TT-P"" "lf
0 

LRL l!Itra.ight 
(Crowe) section 

---------------.-----.-.------------------------------------_ .. -- .. -------'----_.:._-----------------------------------------.:-------------------------------------------
UCSD Internal P-38 8/13/69 tt/26/69 Counter trigger atudy for.a 19 234. t:1 S 

(Masck) west area. proposed experiment 
straight 
section 

-------- _. ----.- -- -.. -------- _. ---- -- -.:. -- ---- -_ .. ----- -_ .. -.. ,:, --. ---- --- ---- ---- -- ------. -. -- --- --- ----- ------ --_. ---.. ------- ~ - -- --- -. ----- ----------------- --------- - - --
U. of Wash. 

(Cook) 
EPB 
X1F3 

p-39 8/27/69 10/24/69 Testing equipment for 
Exp. # 96 

22 244 38 43" 1:1 5 



Table ll. Bevatron Motor Generator Set Monthly Fault Report. 

4 to 6 pulses/min 7 to 8.7 pulses/min 9.3 to 17 pulses/min 

1.5 to 6.9 kA 7.0 to 9 k..A.. 1.5 to 6.9 kA 7.0to9kA 1.5 to 6.9 kA 7.0 to 9 kA 

Pulses Faults ..E.L.L Pulses Faults ~ ~ ~ EiX... ~~ .J!.l:L Pulses Faults .-2.LL ~ ~ 
.e.Jl a:I . .ML AI... ...t.ll a:L AB AI. .aJ> ..a.I.. AJl.' M 

1969 

Jan. 3979 3979 '- 3307 241713 15 10987 5144 

Feb. 661 1740 21. 868 2 7289 280881 20063 i8290 

Marc:h 12:0914 30228 4212 8 42t2 247406 24741 1738 

April 1022 t 625 812 7288 1 7288 276881 25171 1220 

May 316 316 9 :!63 4632 7928 2 3964 344117 86029 7544 

June 5927 1.0989 10989 373406 H 117 '1793 

July 16007 859 I 859 26576 4-129 

Aug. 1479 16-1051 10 10937 44 654 2 14885 103305 51903 3576 

Sept. 2559 10g279 18213 18741 1 i8Ht 212857 53214 100 

Oct: 124002 24800 860 275575 30619 

Nov. 56848, Z8424 8778 1 8778 290193 58039 

Dec, Shutdown 

c:(, ::;:e 

I Arc-..FlL ElW..e..a...~ 
. .~ 

643 254786 10 

18290 323440 

579 374270 10 

407 288036 . 12 

1257 369168 

89, 392 115 q 

43 442 

317 565 

:)43336 

400437 

355819 

Total 

Arc-
th,rough 

!AIL 

21 

10 

13 

~'" 

EiX... 

8219 

1.7023 

20793 

16943 

l4611 

26141 

6,206 

158,8 

31231 

28603 

44477 

.. 

Ignitrons 
replaced 

I. 
00 
1 

c:: 
() 

::0 
t-' 
1 ..... 
'" --.J 
N 
o 
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Q)IOO 
E 

:;:: 

Q1 

-s 
Actual beam 08 • '-
liON II time 

Q) 
Cl. 
0 

Experimental 
"tl 

0 ~6 
setup time. => 
check .• 8 tuning "Q 

Q) 

.s:::. 
u 

"Off" time due 
U'l 

4 
~ to component Q) 

.s:::. 
failure -.... 

0 
2 

~ 

c: 
Q) 

u 
'-
Q) 

Q 

Week of 
'0/5 '<J,2 '<J,9 '%6 '12 "/9 '~6 "h3 %0 12/7 12/,4 '%, '%8 

Crew hours 168 168 168 169 168 168 168- 120 80 80 80 40 48* 

Turn on 8 main·tenance time (h) 10 10 10 10 10 10 10 a a a a a a 
Scheduled operating time (h) 1158 1158 1158 159 158 158 158 104 a a a a a 
Scheduled Bevatron test time (h) 18 14 14 16 14 16 14 a a a a a a 
Scheduled shutdown time ( h) a a a a a a a 16 80 80 80 48 a 
Holiday a a a a a a a 48 a a a 32 32 
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Fig. 1. Bevatron operating schedule. 
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Fig. 2. A Bevatron pulse profile. 
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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 infoTrria
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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