Highly efficient particle detection applying a DALY- Detector operated at high voltages

Werner Schustereder, Institute for Ionphysics, University of Innsbruck

In the frontiers of research, first of all dealing with large ions (clusters, biomolecules), it is clear that there is a need of high sensitivity measuremants. Charged particles with a high m/z ratio can’t be accelerated to velocities where usually used detectors are working sufficiently. There are several studies that the counting loss reaches too high values and therefore the signal can’t be detected anymore.

One solution to this problem is using a detector with a high post- acceleration voltage.

The DALY- Detector:

Slightly left from the middle of the CF 160 six- way cross the conversion dynode is situated. Opposite to that the scintillator detects the secondary electons and a light guide brings the produced photons out of the vacuum to be detected by a photomultilier.

The surrounding of the DALY- Detector is a CF 160 six- way cross. The vertical axis is supposed to provide for the vacuum, the horizontal axis from the back to the front is reserved for the ion beam and the remaining axis from the left to the right contains the main detector part. All vacuum- sided surfaces are electropolished to minimize the microscopic surface area and therefore the amount of adsorpted gas and to remove burrs originating from the manufacturing process to achieve electrically smooth surfaces. The process of particle detection itself is as follows: ions entering the recipient are accelerated towards the conversion dynode where they produce secondary electrons. These are in turn accelerated in the same electric field towards a scintillating foil. There the electrons deposit their kinetic energy and thus generate photons which are guided out of the vacuum chamber and are detected by a photomultiplier. As a result of the comparable large spacing between the conversion dynode and the scintillator it is possible to accelerate both the incoming ions and the resulting electrons with very high voltages of up to 100 kV. Applying such high voltages makes the counting loss to become negligible!

Such kind of detector is well suited to be applied in an intermediate part of a mass spectrometer. Either, if the high voltage is off, the ion beam passes through the DALY- Detector or, if the high voltage is on, the ions are detected. Hence by simply switching off the high voltage the ion beam is available for experiments. Summarizing one has to say that there are more advantages than disadvantages of the DALY- Detector. The high exceleration voltage makes the counting loss to become negligible because of the high secondary electron emission obtained at the conversion dynode. Electrons are impinging on the phosphor which gives less damage than hitting the scintillator with ions. This results in a longer lifetime of the device and beyond it the conversion efficiency is about ten times higher than for heavy ions. Also the bigger chemical stability compared to a channeltron- type secondary electron multiplier is of advantage. The fact that the photomultiplier is situated outside the vacuum makes it easy to exchange and the scintillator at earth potential means that no insulating light guide is required and therefore the photon collection efficiency is high. The only problems that arise are the need of well defined surfaces since contamination as well as sputtering effects influence the conversion coefficient and if the surfaces are not very smooth the high post acceleration voltage gives rise to electrical sparks.

All in all the DALY- Detector is a promising technique for measuring large ions such as big clusters and biomolecules.