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Abstract 

Developers at the Proton Storage Ring have long desired 
a modulator and electrode combination capable of kicking 
the 800-MeV proton beam enough to conduct tune mea- 
surements with full intensity beams. At present this has 
been accomplished by reducing the voltage on one extrac- 
tion kicker modulator and turning the other off. This 
method requires that all of the accumulated beam be lost 
on the walls of the vacuuni chamber. In addition to tune 
measurements a more recent desire is to sweep out beam 
that may have leaked into the area between bunches. A 
four-meter electrode has been designed and coustructed for 
this purpose. The design is flexible in that the electrode 
may be split in the center and rotated in order to provide 
vertical and horizontal electrodes each 2 meters long. In 
addition two solid-state pulse modulators that can provide 
1OkV in burst mode at up to 700 KHz have been purchased. 
This hardware and its intended use are described. 

1 Introduction 

A not so obvious use for the pinger is Beam Sweepiuq. 
The design of our storage ring allows some beam to leak 
out of the bunches. This leaves small amounts of beam 
filling the space between bunches and allows electrons to 
be trapped. As long as the space between bunches is 
clean the electrons will hit the beam pipe walls and not 
be trapped. A small amount of beam leaked into the 
space between bunches traps the electrous and may cause 
an instability. We plan to sweep any beam that leaks 
into the space between bunches out of the ring with the 
pinger system. We will produce a string of deflecting 
pulses synchronized t,o the revolution frequency aud kirk 
the beam 011 every 4th turn. One would prefer every turlr 
but the revolution frequency is 2.8 MHz aud the pulsers 
can only run at 700 KHz. 

The Los Alamos Proton Storage Ring (PSR) accuuiulates 
800-McV beam from the LAMPF linear accelerator and 
compresses lnacropulses up to 1 nlsec in length into intense 
250 nsec pulses which drive a spallation neutron source. In 
the past only low-intensity tune measurementr were LOU- 
tinely made. To provide tune data at any time throughout 
the accumulation cycle a pinger system has been devel- 
oped. In addition to tune data the systeln described here 
can provide a series of kicks synchronized with the revo- 
lution frequency and timed to sweep beam from the area 
between bunches. It is believed that electrons trapped by 
the proton beam are causing an instability [I]. By sweep- 
ing bean1 out front the region between bunches we should 
be able to verify this theory. 
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A preliminary test of beam sweeping was performed dur- 
ing the later part of our 1990 run cycle. Fig. 1 is a conl- 
parison of longitudinal bean1 distribution in the PSR with 
the sweeping pulse chain on (A) and off (B). During this 
experiment the uiininum available sweeping pulse was 150 
nsec while the space between bunches was only 100 nsec. 
We actually kicked sonle of the bunch; thus we had more 
beam loss than anticipated. We did make the beam stable 
by sweeping beam from between the bunches but we were 

2 Pinger Uses 

Tune Measurements 

The most obvious use for our pinger is to kick the beam 
and observe the resulting betatron motion. From this 
oscillation oue calculates the tune and cau n~easure tune 
as a function of time into cycle or as a function of 
beam intensity. We plan to use the pingrr in con- 
junction with wide-bandwidth beam-position-sensing elec- 
trodes and very high-speed digitizers to provide a spectral 

display of beam motion. With a total applied voltage of 
20 kV we can provide a 1.1 mrad kick. Folded iuto t.he 
PSR lattice this would provide a uiaximuni deflectiou of 
about 11 umi. 

Beam Sweeping 
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not able to discern whether this was due to an intensity 
decrease or from cleaning out the area between bunches. 

A sweepng PulseChaN” on 

f! h 

I 
I 1 

: 
/I’,, / 

/+‘,, ,f,: :‘:: 

/ 

Rerfln memw 

.+/ 

i: 

.J ,J! “.,,I ,,J 

B s*sepng hiIre C”ll” on 

b 
I ‘, 
, : 

p ;>, p. 
I I I : 

PesarN”e l”!<“117 ,, ,./ ;J *\I ,,,,. I/ I 

7,me I” Nanasmnds 

Figure 1: Comparison of longitudinal beam distribution 
in PSR with the sweeping pulse chain on (A) and off (B). 

Beam Shaking 

It is also possible to shake electrons out of the proton beam. 
The technique is utilized to remove trapped ions at Cornell, 
CERN, and FNAL [2]. We would use the pinger electrode 
for this purpose by powering it from a broadband RF am- 
plifier. In our case we would drive the electrode in the 50 
to 100 MHz range. 

Corona Ring 
-l 

Clearing Fields 

Another way to remove unwanted electrons is to install 
clearing electrodes. We have already completed exprri- 
meuts operating our extraction kicker electrodes at several 
kV with little or no effect. The kicker electrodes are 4 me- 
ters in length and there are two sets. The pinger electrode 
will give us another 4-meter electrode to energize and it is 
located in a different part of the ring. 

3 Electrodes 

Our pinger electrodes are configured as a balanced lOO- 
ohiu transinissioll line. We drive the electrodes from two 
separate sources of opposing polarity such that each pulser 
looks into a 50-011111 termil~atcd line. Each elrct.rnrle is 
back-terminated in 50 ohms through cables long enough 
to prevent any reflections from arriviug back at. t,lte elm-- 
trodes during the flat top portion of the pulse. Termitrat- 
ing resistors are simple carboruudum resistors 2 inches in 
diameter, 12 inches long supplied with integral corolla riljg 
end caps. The resistors are immersed in oil and cooled by 
immersing a water-cooled coil of copper tubing int,o the oil. 

Fig. 2 gives the end view of our piuger electrode showing 
the Macor support hsulators, corona rings that shield the 
triple junction where the stainless steel cud piece contacts 
the Macor insulator, and the adjusting hardware at the 
rear of the insulator. The drawing shows the electrodes in 
their horizontal deflecting orientation, but we will actually 
install the electrodes in their vertical deflection orientation 
with the electrodes at the top and bottom. The ears at, the 
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Figure 2: End view of pinger electrode. 
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edges of the plates were adjusted for best field uniformity 
[3]. In this design the field is uniform to one percent over 
an area of 9 cm horizontally (+ 4.5 cut) 4 cm vertically 
(+ 2.0 cm) and uniform to 6 percent out to f 3 cm verti- 
cally. We have split the housing and the electrodes at the 
cent,er to allow for their use as independent vertical and 
horizontal electrodes of half their present 4-meter length. 
The support insulator design was borrowed from t,he PSR 
Extraction Kicker electrodes to save design time and min- 
imize the number of spare parts required. 

We have set 4 inches as the niiuiniuni allowable aper- 
ture anywhere within the PSR beam pipe. The pinger 
electrodes are set to this 4-inch spacing to niaxiinize the 
available kick. 

Power is supplied to the electrodes through-off-the-shelf 
vacuunl feedthroughs that present a fairly uniform 50-011111 

impedance. The long ports on the housings were included 
to allow the eventual replacenieut of the lower-voltage 
stock feedthroughs with the higher-voltage feedthroughs 
used in our extraction kickers. 

Table I: Pulse Modulator Electrical Specifications 

Mininiunl Output Voltage 1kV 
Maximum Output Voltage 1OkV 
Maxinlum Output Current 200 Amperes 
Minimunt Pulse Width 90 nsec 
Maximum Pulse Width 270 nsec 
Rise Time 40 nsec 
Fall Time 40 nsec 
Pulse Recurrence Frequency 50 Hz 

‘700 KHz Burst 
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4 Pulse Modulators 

We supply pulses at the downstream end of each electrode 
thus taking advantage of both the magnetic and the electric 
fields. We pulse one electrode with a positive IO-kV pulse 
and the other electrode with a negative pulse. Since they 
are produced by separate units that drive a balanced hue 
it is desirable to have the pulses well matched and to have 
them arrive at the electrode at the same time. In our 
application we are not very sensitive to pertubatioas on 
the top of the pulse that niisniatches would cause, but 
still wish to minimize these pertubations. We do uot yet 
have enough experience with these units to know how well 
niatched the pulsers will remain over time. 

Table I gives the specifications for the pulse modulators 
we are using. The modulators are commercial products 
and are all solid-state. The unique feature of these units is 
that they can produce a string of pulses at up to 700-kHz 
repetition rate. Our units have beeu modified to allow up 
to a niillisecond long burst of 700-kHz 90-nsec-long pulses. 
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