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A MECHANICAL SHUTTER FOR A CYCLOTRON BEAM
K. D. Jenking and W, B. Jounes

~ Crocker Laboratory
University of California
Berkeley, Califorunia

April 1988

‘It is desirable to have a method of interrupting the beam of a conventional
C. W, cyclotron. Ideally, the fnterrupter should not disturb the tuning of the
'. accelerator, because that could introduce variations in the cyclotron parameters
which w'axnd_aiinificmtly decrease the alpha beam, However, & mechanical
shutter (axternal to the cyclotron) has the disadvantage that the neutron and the
gamma fluxes can still irradiate the target area even though the charged particles .
.are ttopped. The 60-inch Cyclotron group at Crocker Laboratory has developed
a shutter (internal to the cyclotron vacuum) that does not disrupt the tuning of
the accelerator, and it is located at a point where the beam trajectory ie still
_curving in the magnetic field, @0 the neutron and gamma fluxes are not in line
of sight to the target. The trajectory of the beam {s such that the shutter interrupte
' the beam at aa angle of 45° to the final direction of the particlea.

, An experimeut was performed to check the flux under the following
conditions:

1) A shutter wae placed so that the beam was moving in the direction of

1ine of sight to the target area.

2) A shutter was placed go that the beam was curving in the magnetic

field when it was intercepted.

The results of this test under condition 1 chowed that 5 X 104 fast .
neutrons/cm/sec were tranamitted into the target area, whereas, under
condition 2, the neutron flux was down to background of less thaa 50 fast
noutruno/cmz/ sec for that area. The difference in gamma flux is substantailly
the same as the difference in neutron flux for the two conditions.

The shutter is operated by means of a flip coil (Fig. 1), This flip coil
hao 400 turns of #20 copper wire. When the coil was driven by a 60 volt d. ¢.
source, the closing time was 18 millisecs {Fig. 2). We were able to discharge
a capacitor through the coil with an energy of 75 watt-secs (which is about ten
times a¢ much energy as the 60 volt source offered); in this case, the risiag time
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" of the beam wae 3 millisecs. We feel that it would be very practical to operate |

~ this type di shutter so that 10 millisecond beam pulses are available, |

This shutter proved to be extremely useful in normal operations, It is
used to intercept the beam to reduce the background radiation when beam patterae
are being taken, it enables us to bombard targets with high intensity beams for
" short eprsurvee without sett?ingbup complicated electronic controls, aad it is
useful in general cyclotron tuning. As an example, it has been used to expose
" a sample to the cyclotron beam for two seconds; then the sample was removed
to a ¢ounting cave; then returned for re-exposure on a new cycle. This has proved
. very advantageous in experiments where the half-lives of the radicisotopes
in#oived are of the order of seconds. A '

Figure Captions

Fig. 1. | Shutter mechanism without the vacuum mounting assembly.

Fig. 2. Cloaing time of the shutter. Beam intensity was 40 microamperes of
alpha particles (sweep speed 20 msec/cm). The pulses are due to the
360 cycle ripple of the oscillator rectifier. C
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