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Proposition for the electronic set-up of EUSO


I propose a modification to the actual electronic set-up to allow the sensitivity of the telescope to Cherenkov light and also improve the information on the shower profile.


The EUSO telescope, when mounted on the ISS, will be one of the components of the new astronomy of the end of the decade. When in operation, it will be a drastic complement to photons and radio telescopes, and to gravitational wave detectors as well, giving access to the detection of mediators other than photons and produced by cosmic active objects or violent phenomena in the universe. Such a potential will be based on the large statistic available in this detector for extreme energy cosmic rays and neutrinos, but also on the precision of the reconstructed trajectories and on its ability to tag the nature of the detected particles. 


For astronomy and fundamental physics, the observation of extreme energy neutrinos is of major interest since they are stable particles, insensitive to GKZ effect and their insensitivity to perturbations of trajectories (electromagnetic and gravitational fields) ; they point to their production.

For the detection of extreme-energy neutrinos, having interacted in the atmosphere or in the crust of earth, EUSO relies on its sensitivity to the Cherenkov light, both from direct observation and from reflected light on the earth is of major interest. The detection of Cherenkov light is also of major interest for showering particles, it will increase the precision of the energy measurement and provide a reference time for the depth profile.

In EUSO the Cherenkov photons burst will arrive in a short window (10ns) and the amplitude of this pulse is expected to be a few tens of photons.


In the actual set-up, the acquisition is triggered (trigger Ts in the figure, corresponding to a shower candidate) when the number of successive photoelectrons arrived in a given time (GTU) is bigger than a given preset number (Ns). A photoelectron is defined as a pulse bigger than a given analog threshold (As) detected by a pixel of the telescope.

 I suggest to add a specific trigger (Tc, corresponding to a Cherenkov candidate) if, at any time, a photo-electrons burst, bigger than a given threshold (Ac) touch the telescope.


As shown in associated figure, this is done by addition on the front-end chip of a second analog threshold Ac, adjusted to several photoelectrons (~10). This trigger is connected to a sort of OR logic, after the counter. 


In order to keep the maximum of information, at the level of the Macro-Cell, the “timing word” is changed to an “information word”, That contains the origin of the trigger (Ts or Tc), the position of the cell (i,j) , the number of photo-electrons measured for Ts events and the time information. In such a design, the OR X and OR Y are useless and can be cancelled. The depth of the memory determines the maximum number of photoelectrons taken into account per trigger. 


The drawback of such a modification is the increases in power consumption due in particular to the front-end chip that has to stay linear in a range 1 to 20. This increase has to be evaluated.

The above system does not contain the information of the amplitude of the Cherenkov signal. To do so, I propose to use the common dynode signal, available on each MAP, and send it to an ADC, that integrates the charge during one GTU. This ADC is added as a specific “information word”. The number of these channels will be a trade off between the needed precision and the power consumption. We have started simulations at LAPP on these 3 propositions.
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