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ABSTRACT 

The beam was on for experimenters 87,1% of the scheduled operating 
time. During the second half of 1965 a beam loss at 40 to 50 msec after in-
jection had sporadically appeared and disappeared causing a number of 
hours of lost operating time. It was determined this quarter that the new 
values of pole -face -winding currents set in July 1965 were in part responsible 
for this loss. By changing to a previous set of operating values, we were 
able to eliminate this sporadic loss, and have had no further outages due to 
early beam-loss problems. Damage was disqovered in the epoxy coil potting 
on the septum of the first magnet in the external proton beam extraction 
system. It was not clear whether it was a radiation, thermal, or potting 
problem. A noise pickup problem that existed for some months was eliminated 
in the Bevatron beam induction-electrode system by the installation of a new 
cathode-follower circuit. This permitted us again to use the radius feed- 
back system (Autotrack) to coitrol the radial position of the beam during 
acceleration, The Autotrack system is necessary for beam tracking through 
a new mode of magnet pulsing known as 'mezzanin 	Final tests of this mode 
of pulsing were made and mezzanine is about to become an operating mode 
at the Bevatron, 
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I. MACHINE OPERATION AND EXPERIMENTAL PROGRAM 

The Bevatron operation record is shown in Fig. 1. The beam was on 
87.1% of the scheduled operating time. The beam was off 9.4% of the time be-
cause of equipment failure and 3.5% of the time for experimental setups, 
tuning, and routine checks. 

Two new experiments were set up using secondary-particle beams 
from targets inside the Bevatron, The Moyer Group experiment, number 
47A, was set up at the north straight section area, and the University. of 
Washington experiment, number 50, was set up in the west straight section 
area. The Segr-Chamberlain experiment, number 37, at the external proton 
beam (EPB) third focus ended this quarter. A summary of the experiment 
program for this quarter is shown in Table I. 

The operating modes of the Bevatron this quarter were essentially the 
same as described in the preceding quarterly report. 

Pole face windings (pfw) are used in the Bevatron to control the spatial 
shape of th.emagnetic. field at and shortly after injection; the pfw power 
supply wasmodified in July 1965. 2  This modification permitted ramping of 
the pfw currents after injection and provided better control mode of individu-
al windings. Experience to date has not shown any advantage in ramping of 
currents. However, someminor changes were mac1ein the distribution of 
currents in the windings. These changes occurred during the month of July 
and August 1965, and were believed to have improved the capture efficiency. 
Subsequent to these changes we started to have unexplained beam losses at 
about 40 to 50 msec after injection. The rf system and auxiliary tracking 
equipment were all checked forspurious operation or noise.. Changes that 
were..made never seemed to correlate with either the beam loss or the return 
to normal conditions.. . Early this quarter the operation crew found that the 
beam-loss effect was changed by changing the pfw current level. Retracking 
of the beam also tended to reduce the loss, Once the crew started using the 
pfw current level asa tuning control, the situation became greatlyaggravated. 
A search through the operating record on outages yielded the following infor-
mation about time lost searching for unexplained causes of beam loss. During 
the first quarter of 1965 we lost 0,75 hour searching for rf noise and 0.25 
hour looking for a ground loop. There were no outages during the second 
quarter of 1965 from unexplained beam loss, The readjustment of pfw cur-
rents was finished in August 1965. From that time on up to oux Christmas 
shutdown we had 11 outages for a total of 21,5 hours of lost experimental 
time searching for unexplained beam loss. During the first three weeks of 
January we lost another 5,25 hours of experimental operation time for the 
same unexplained beam loss, . These periods are only the periods experi-
menters were actually shut down and we took controlling time to study the 
problem. There were many more prime hours lost due to intensity variations 
that were not sufficiently bad to suspend operation but which certainly reduced 
the level of taking good data, . It was still not clear what was changing and 
causing the early beam loss, but it was quite apparent that it was aggravated 
by the distribution of pfw currents. The changes in the pfw power supply 
the previous July made it impossible to return to exactly the same  conditions 
under which we had previously operated. The new supply caused the currents 
to vary in time, during the magnet pulse, in a different manner than previously. 
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Week of 112 1/9 1/16 1/23 1/30 2/6 2/13 2/20 2/27 3/6 3/13 3/20 3/27 
Crew hours 144 168 168 168 168 168 168 144 168 168 168 168 168 
Turnon&mojntenance time(h) 60 6 9 10 10 9 II 10 9 10 8 10 6 Scheduled operating time 	(h)795 133 151 149 151, 150 146 136 131 152 145 152 90 
Scheduled Bevatron test time (h) 4.5 9 8 9 7 9 II 6 28 6 15 6 0 Scheduled shutdown time 	(h) 0 20 0 0 0 0 0 0 0 0 0 0 72 
Holiday 	 (h) 24 0 0 0 0 0 0 24 0 0 0 0 0 

MU B-11176 

Fig. 1. Bevatron operating schedule. 

41 



UCRL- 16809 

Table I. Summary of Bevatron experimental research program, 
January through March 1966. 

Beam time 
a 

' a 

- This quarter Start of run 
•g. 

(Jan-Mar) through 
March 1966 

Group Start of 	End of Il-Hour 12-Hour 
exp. 	experiment Experiment periods Hours periods Hours 

Internal Run 
Groups No 

Alvarez - 45 5/2/65 	In progress Studies of p-p and 11+_p  and 44 49 91 1:1 P 
LRL In progress 'r -p interactions, using 21 233 1:1 S 

72-in. bubble chamber 

Moyer- 47A 1/28/66 In progress Investigation of 12 139 12 139 1:1 P 
Kenny neutral particles s 

using a 71 	beam 

Alvarez- 39 
- 

8/5/65 	In progress Study of K°-
e
K 

interferenc 	using 
52 441 127 1125 1:1 P 

Murray 5 ZS-in. bubble- chamber 

Segr- 40 9/2/65 	In progress Polarization of 83 928 88 994 1:1 P 
Chamberlain K-3 decays in 
Stiening spark chambers 

Lofgren- 48 9/16/65 In progress Diboson test 8 77 10 107 1:1 S 
Cork- Wenzel 

Segrè- 37 8/21/65 3/14/66 Elastic scattering 95 749 180 1195 1:1 P 
Chamberlain- of pion S and K+  in 43 436 1:1 
Steiner polarized proton target 

Powell- 55 1/18/66 2/22/66 Study of 7r 	and P+  in- 39 420 39 420 1:1 p 

Liege teractions at bubble 
chamber and 4.1BeV/c. 

Powell-Birge 56 1/5/66 	1/12/66 Investigation of Gin- 4 51 4 51 1:1 5 
- variance in decay of no  

External 
Groups 
Alvarez- 45 5/7/66 	In progress 72-in. H2  bubble chamber 0 0 47 1:1 P 

UCLA-Ticho 21 233 

Masek- 50 3/18/66 an progress Studies of magnetic 1 31 I 31 1:1 5 
U. of Wash, moment of the cascade 

particles (a) using 
spark chamber - 

Alvarez- 45 5/7/65 	In progress Studies of p-p and 11+_p 21 212 31 1:1 P 
Tautfest-Kruse interactions using 72-in. 

• Purdue-Illinois bubble chamber 

*Alvarez_IJCLA_ 45 5/7/65 	In progress Total time shown for 65 261 169 1382 1:1 P 
Ticho this run No. 45 21 233 1:1 S 
.LRL- Purdue - 
Illinois 
Tautfest-Kruse 

I 
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Fig. 3. Damage to EPB magnet Ml. 
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longer confused by the spurious noise, and there are no restrictions on the 
use-of Autotrack for programming. 

A basic reason.for making Autotrack operational is the advent of 
"mezzanine" in. the-magnet current waveform. Proper tracking of the proton 
beam through this region of the magnet pulse is facilitated by Autotrack. In 
fact, at this time, Autotrack is essential to the success of this mode of opera-
tion, since no special open-loop programming devices have yet been built, 
and.most of the existing.program devices must be called into operation merely 
for beam survival in the -mezzanine region. 

IV. MAGNET POWER SUPPLY: BEVATRON MEZZANINE PULSING 

Robert Frias 

1. History  

The shape of the Bevatron magnet current has been limited to two 
basic configurations. Figures 4-and 5 show these,.two op-eratingmodes. 
Figure 4 is.a normal pulse-which all&.vs'.current to.tise to a peak and -then 
return to-zero. - Figure -S - shows the.flat-top.mode, in -which -the -peak current 
time is extended to allow an increased beam-spill period. 	- 

- Peak-current;, flat-top length, and pulsing rate -are limited by the 
power - capability of the- two Bevatron 3600-hp-motors. An example -of the-full- 
load operational flat top is a 6200-A peak extended-for 900 msec, at 10 pulses 
per'minute. 	 -- 	 -- 	 - 	 - 	 - 	 - 	 - 

In-January of 1964 an-additional pulsing - mode, the -mezzanine, was 
first tested. 	The mezzanine current waveform is shown in Fig. 6. - In this 
mode, current rises to a plateau as in-flat-top operation, but instead of de-
creasing at the end of the -flat period, it is again allowed to increase. 

The-mezzanine -mode -makes an extended beam spill available at two 
different energy levels during - a single -pulse. Pulsing combinations of 
mezzanine rising to a normal peak current or -mezzanine -rising to a flat top 
can be programmed as long.:as the power capability of the motors is not ex-
ceeded, 

2, Mezzanine Operations 	 - 

The Bevatron power supply-is shown in Fig. 7. The two separate and 
independent units of this system are controlled by gate-information from the 
Bevatron-magnet pulser. - Rectification and inversion of the units are pro-
grammed to give the -desired current configuration. A mezzanine or flat-top 

() 	period-is obtained by delaying the start of inversion of one-power supply with 
- 	respect to the second, 

- In order to provide the proper programming for - mezzanine operation, 
as, well as all previously required timing-functions, a new magnet pulser-was 
-designed, built, and installed in the -motor generator room. Figure 8 shows 
the power supply switching necessary to develop a mezzanine followed by a 
flat top during the same pulse. - In conjunction with these basic switching 
parameters, the pulser includes the following features, 
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ZN-5 558 

Fig. 4. A Bevatron normal pulse. Both machines begin 
inversion at the same time. (Only one photo is 
used to describe the normal pulse.) 
Total magnet current: the peak is at 8333 A. 
Each machine voltage: rectification = 8000 V; 

inversion = - 6500 V. 
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ZN.-55 57 

I 
Fig. 5. A Bevatron flat-top pulse. Machine A (upper) 

inverts first. Machine B (lower) shows delayed 
inversion. 
Total magnet current: 300-msec flat top at 8000 A. 
Machine voltage: rectification = 8000 V; 

inversion = - 6500 V. 
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ZN-5559 
Li 

-J 

Fig. 6. A Bevatron me.zzariine and flat-top pulse, Mchirie A 
(upper) inverts at the st.rt of both modes. Mchjne B 
(lower) does not invert until the end of fla.t top. This 
indicates it was the faster machiie at both modes. On 
the next pulse M3chiie AL will probably be the rectifier 
during both modes. 
TotLl magnet current: mezzanine - . Q msec at 600 A, 

flat top -- 	ms ec at 80Q A. 
Machine voltage, rectification 8QQQ V, 

inversion - 6500 V. 
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Half of Bevatron magnet 
MG-I 

46,000-KVA 	Four 3-phase(4))ignitrOfl 
3600-h.p. 	12-phase 	half-wave rectifiers and 
induction 	a.cgenerator 	 ..- inverters 

motor 	
/ 	

+ 	 - 

DJL 
M 	F.W. 	G 	P.S. A 	 P.S. B 

12KV 
60N 
34) 	70-Ton \ 	 I=8400A) 	+ 

M.C. flywheel 	 maximum 
Im  

Four 3-phase 
outputs 

Half of Bevatron magnet 
Kramer 
motor 
control 	 F i r i n g 	 Firing 

c i r c u i t s 	 circuits 
for 	

Magnet 	for 
ignitron 	pulser 	ignitron 
rectifiers 	 rectifiers 

MG-2 

MG shaft 

MFAMPjM 

M.C. 

MU B-11178 

Fig. 7. Bevatron magnet power supply. 
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Toblo II. Bevotroo ocotor g 	rotor cot oocth1y bolt roport. 

966 
4 to 6 puloro/min 7 to 9 p1tn,/.oiu 00 to 17pulocs/mio 

Totot 4,5 to 6.9 6,5 	 7.0 to 9 kA 1.5 to 6.9 kA 	 7.0 to 9 kA 1.5.to 6.9 kA 	7.0 to 9 kA 

Put,,, 	Fcult, 	P/F 	Pulceo FOolt, 1/F Pulsos Fou1t 	P/F Pulses 	tilts P/F Pulcos Foolto P/F Pul,os 	butts 	P/F Totol Arc 	Arc P/F 	Igoitront 
reploced 

Jon. 4,576 	t - 440 - 	 422,184 	4 	13 996 209,883 	13 	2 338.079 17 	16 10,245 ZAt-Igo..Chg. 
33 t/ti/66 

Fob. 2, 744 144,584 	5 	5 177,870 	2 	t 9.519 334,70 7 	6 25,747 
0 

Mar. 53 . 60 44,306 	6 	6 078.891 	4 	10 045,699 	7 	6 369,020 17 	22 9.462 
39 

April  

Muy 

July. . 

Aug. - \. 

Spt. . 

Oct. 

Non. - 

Or c. 
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