Usage of  Silicon PhotoMultipliers for the CEDAR Differential Cherenkov Counter in the NA62 experiment at the CERN SPS

The NA62 Collaboration
The K+  +  bar rare decay experiment NA62 at CERN will exploit an unseparated beam of positive hadrons (75 GeV/c in momentum) derived from the primary protons at the CERN SPS. The K+  component in the beam can be tagged positively by using an improved version of the existing CEDAR-type differential Cherenkov counters. The CEDAR volume (5 metres long) will be filled with hydrogen at a pressure below 3 bars. The optical system, consisting of a Mangin mirror and a chromatic corrector reflects and focuses the light on to a narrow and adjustable ring diaphragm, behind which 8 condensor lenses and the readout photodetectors are located (on a circle).

The expected K+ rate is 50 MHz and the full beam almost 1 GHz. Approximately 10 Cherenkov photons per K+  will illuminate each of the 8 light spots which are 12 x 12 mm2 wide. We are investigating the use of matrices of silicon photomultipliers (SiPM) to detect Cherenkov photons at the mentioned rates, with a single photon time resolution below 50 ps and with very high efficiency (above 50%), which cannot be accomplished with conventional (UV sensitive) photomultipliers. 

The individual detection of the more than 30 photo-electrons will result in a extremely clean kaon tagging and in a resolution on the single kaon timing at a level better than 10 ps rms. 

Silicon photo-multipliers (SiPM) are semiconductor devices consisting in matrices of tiny avalanche photo-diode pixels (103 / mm2) grown on a common Si substrate and connected in parallel via integrated resistors. The diodes are operated in Geiger mode (i.e. biased at few Volts above breakdown) so that any single carrier, generated either by photons or thermally in the depletion region, might trigger a self-sustaining avalanche which is quenched by the integrated resistors. Because all SiPM pixels work together on a common load, the output signal is a sum of the signals from all fired pixels. So, while each pixel is an independent binary photon counter the SiPM works as an analogue detector able to stand very high rates (several tens MHz) with almost no dead-time. High gain (106) and high efficiency (up to 80%) in detecting low optical photon fluxes with unprecedented charge resolution, extreme single photon timing resolution, low voltage operation and insensitivity to magnetic fields and EM pickup, make SiPM suitable for many applications, as an alternative to vacuum photo-multiplier tubes, and in particular an excellent detector for Cherenkov counters.

Two are the issues for the use of SIPM's in our (NA62) CEDAR application:

· the radiation hardness, as the SIPM devices will be illuminated by the halo of an intense hadron beam; 

· the reduction of the dark count rate, which is easily accomplished by moderate cooling.

To this purpose it has to be noted that the coincidence of the signals of more than 30 photo-electrons produced by the 80 cherenkov photons per Kaon will allow a very good signal to background ratio.

In the talk we'll discuss the first results of the tests finalized to the CEDAR (Cherenkov) application made on Hamamatsu and FBK-IRST (Italy) SiPM devices concerning response to UV light, cooling, ageing, radiation hardness, efficiency and timing properties of the detectors.

First results on matrices of SiPM recently produced (only) at FBK-IRST and covering an area 

of 4 x 4 mm2 (16 channels) will be also discussed in detail.

Finally the fast, low-noise front-end electronics and the high performance 1 GHz 

sampling FADC system that is being tested for the signal readout will be discussed.

More information about SiPM and the CEDAR project can be found at the web page:

http://collazug.home.cern.ch/collazug/seminario_sipm.pdf

