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SUMMARY 

For the U. S. Naval Radiological Defense 
Laboratory's (NRDL) TO-inch sector-focused 
cyclotron a beam-pulse selector system has been 
developed by means of which an individual beam 
pulse or "fish" can be selected near the center 
of the machine and then accelerated to full energy 
and extraction. The beam is normally deflected 
axially into a beam stopper by 8 negative dc 
voltage of 10.5 kV applied to the deflector 
plates via a helically wound coaxial line of 
2000 ohms characteristic impedance. An individual 
fish is transmitted by applying a 5.5 W positive 
pulse of less than 40 nsec duration at the input 
ol the coaxial line. 

INl?RODUCTION 

Proposed time-of-flight experiments with the 
NRDL TO-inch cyclotron require very short 
external beam bursts separated by relatively 
long periods of time.l This beam timing can be 
accomplished by means of a beam pulse selector, 
which is located near the center of the machine 
and which rejects beam pulses by deflecting them 
axially into a beam stopper. Placing the beam 
pulse selector at the center of the cyclotron is 
desirable to minimize the internal circulating 
beam and thus reduce radiation background and 
radioactivity products within the machine. The 
choice of axial deflection to accomplish beam 
pulse selection is suitable because of the low 
magnetic focusing forces and the large orbit 
separation near the center of the cyclotron.2 
For neutron time-of-flight experiments the beam- 
pulse selector must be capable of selecting very 
short individual ion pulses, or "fish", from the 
normally deflected pulse train, for further 
accelerafion. It will be shown thst a high- 
voltage pulse of less than 40 nanoseconds dura- 
tion will be required on the deflector. Cooling 
of the deflector plates is not necessary as the 
plates will never be hit by the beam. One of the 
water-cooled, graphite-lined, dummy dees 
constitutes the beam stopper. 

THE B?W.M PULSE SELECTOR AND TFIT: COAXIAL LI?g 

A layout of the geometrical arrangement of 
the beam pulse selector is shown in Fig. 1. Also 
pictured are three fish at their respective 
positions at a given time for the third-harmonic 
mode of acceleration. The dashed line represents 
the beam orbit center line. The beam is normally 
deflected into the beam stopper by a negative 
dc voltage applied to one of the deflector plates 
vie the helically wound coaxial line. In order 
to let a single fish pass the deflector for 
J?urther acceleration to full energy, the negative 
bias .~oltr~e on the de'lector plate is cancelled 
while the fish passes through the deflector. This 

is accomplished by feeding the coaxial line with a 
positive voltage pulse which equals the negative 
bias volta.ge. This voltage pulse must be short 
enough to insure complete deflection of the two 
fish adjacent to the selected fish. For our 
deflector design of “5O azimuthal extent and an 
ion fish of 10' azimuthal length (30' rf phase 
width in the third-harmonic mode), the maximum 
length of the positive voltage pulse must be less 
than 40 nsec when the operating rf is 33 Mc/sec, 
corresponding to a particle cyclotron frequency of 
11 Mc/sec. 

For our geometry and azimuthal extents, as 
labeled in Fig. 1, the electrical field strength 
Kit needed to deflect the beam an axial distance, 
d, in the presence of focusing field components 
K2 and K3 of the acceleration voltage across the 
succeeding dee gaps, can be found from the 
following equation (in MKSA units), 

d=Z. G-l 2 
u?, 

r @ +w+s*+E)sK2~(~+E+5) 

+y$+5) ] (1) 

where e is the charge to mass ratio of the 
psrticffe ana UI 

P 
is the particle angular frequency. 

Estimating the focusing field in succeedin 
gaps to be K2Z3=(-1.6)10-5V/m, with d=(2.5)10- 5n 
and the angular extents of a, through 5 as iven 
below, we find for protons that Kl=(4.20)10 % /m 
requiring a voltage of Vl=lO.5 kV across the 
deflector plates when the plates 8re separated 
(2.5)10% 

Cy = 0.785 radians 
B = 0.593 radians 
7 = 0.192 radians 
6 = 0.681 radians 
E = 0.200 ra.disns 
6 = 2.000 radians 

(deflector) 

(a= gap) 

(dee gap) 

ThUS , a 10.5kV bias must be applied to the 
deflector plates for complete deflection of the 
beam into the beam stopper. Hsing the advantage 
of voltage doubling at the open end of a coaxial 
line only 5.25kV must be applied to the line if 
I.osses ere neglected along the line. In order to 
reduce the current in the coaxial line the inner 
conductor is helically wound to give a chsrscter- 
istic impedance 01 2000 ohms. ~ormul8s for 

calculating helical lines can be found elsewhere. 3,4 
In our case the helix is wound with copper rrire 
of 0.725 mm diameter on a tube 0: polystflene 0:‘ 
12.5 mm diameter with 1100 turns/m. The inside 
diameter 0-T the grounded copper tube is 44.5 mm. 
The helix is held in place by insulator-spacers 
made from berylliumoxide, see ?ig. 2. 
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In the model version OP the coaxial line of 
2.4 m length the rise time of the output pulse was 
measured to be 15 nsec. Figure 3 shows the output 
of the coaxial line for a 20-nsec square-wave 
input. The peak output to input voltage ratio WRS 
found to be 0.96, i.e., %n attenuation of 0.817 
rlB/m. The attenuation will probably be somewhat 
smaller in the final version where we intend to 
use silver-plated copper wire as well as silver- 
plated inner surface of the copper tube. The time 
delay of the pulse through the 2.1+ m helical line 
was 230 nsec. 

THE PULSE POWER AlQLIFIER 

As the dc bias voltage on the deflector plate 
hss to be negative with respect to ground in order 
to avoid discharge the voltsge pulse fed into the 
coaxial line for cancellation of the dc potentisl 
must be positive. This imposes a problem for 
electron tubes used in the output stage of the pulse 
power amplifier as the output tubes must be 
conducting only during the pulse in order to deliver 
large currents. Thus one h%s either to use a 
transformer for phase inversion or a cathode follower 
in the final stage. With the requirements as given 
above a positive voltage pulse of about 5.5 kV is 
needed. Since the 2000-ohm line is termineted to 
eliminate reflections at the input end, the 
resultant input impedance is 1000 ohms. A voltage 
of 5.5 kxJ across 1000 ohms requires 5.5A %nd 
30.25 kid peak power. Assumirg %n effective pulse 
length of 30 nsec the average power dissipation will 
be 

P~~=(30.25)103(30)10-9.f zz (30.75)10-5., w (2) 

and the average current from the voltage supply 

I&5)(30)10-~ .f zz (1.65)10-7.f A (3) 

where f is the pulse repetition frequency. A tube 
which is found adaptable to pulsing in the nano- 
second region and capable of delivering high 
currents at the high voltages required is the UHF 
Plansr Triode m-8533. This tube allows a maximum 
average plate dissipation of 100 W. Operating at a 
plate voltsge of 7.5 kV the average plste dissipa- 
tion will be 

Pp=(7.5-5.5)103(5.5!(30~10-?f = (33)10-5.f w (4) 

Setting the plate dissipation at its maximum value, 
P :lOO W, the permissible pulse rate will be 
fE3.105 c/set. Substituting this value of f in 
xqs. (2) %nd (3) give Pa=272 W and Ia-50 mA. 

As the voltage pulse has to be properly 
synchronized to the rf, a phase-adjusting circuit 
is incorporated. This is shown in the block 
diagram of the electronic apparatus in Pig. 4. 
A pickup coil, located in the rf system near one 
dee, delivers a signal to a phase-shifting bridge 
circuit which allows phase changes of nearly 180'. 
As can be seen from the block disgram the signal 
from the pickup coil is also fed into a 
frequency-dividing scaler from which output pulses 
can be used to trigger 8 gate circuit, which in turn 
passes the phase-adjusted pulses to a pulse 
shaper and preamplifier. The output pulse from 
the preamplifier is fed to the main power 
amplifier which drives the coaxial line. The main 
power amplifier consists of three stages. The 
first stage uses 8. UHF Planar Triode m-2711 and 
the other two stages use UHF Planar Triodes ML- 
5533. ?hase inversion between the stages is 
accomplished by transformers with ferroxcube cores. 
The length of the wire used in a winding of these 
transformers must be short so that the propaga- 
tion time of the pulse in the winding is short 
compared to the pulse length. Otherwise, the 
reflected pulse in the winding gives rise to a 
douhie pulse in the output. Secsuse the rela- 
tively high power in the output stage requires a 
big core for the transformer, the winding is long 
giving the transformer poor pulse characteristics. 
Therefore, we have eliminated the transformer and 
chosen a cathode follower. The rise time of the 
output pulse is around 10 nsec and the pulses are 
acceptable for driving the coaxial line. 

The pulse power amplifier will be placed 
directly at the input end of the cosxial line 
outside the vertical yoke of the magnet where 
the stray magnetic field is relatively low. 
However, the amplifier will require additional 
magnetic shielding. 
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