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NEXT-DEMO, a prototype of NEXT, is equipped with two sensor planes in oppo-
site sides of the detector vessel. One plane will measure event energy with 
PMTs, detecting also the primary scintillation light [2-3]. The other plane will use 
a SiPM array to follow the primary electron paths and to help in the discrimina-
tion of interesting events from the background [4]. 

Primary electrons that result from background events and double-beta decays in 
the TPC active volume follow random paths due to multiple scattering, ionizing 
the gas in their movement. The secondary electrons produced by this ionization 
drift towards the anode following the electric field lines in the TPC. Electrolumi-
nescence is then used at the anode to amplify these weak signals and produce 
photons that impact on the SiPM plane array. About 1,000 photons are produced 
per drift electron (about 104 detected photon-electrons for a 511 keV event). 

NEXT-DEMO DAQ and Trigger Systems for NEXT-DEMO are based on the Scalable Readout System (SRS) jointly developed with CERN-PH in 
the framework of the RD51 collaboration [5-6]. Specific adapter modules have been developed to interface the PMT and SiPM front-end electron-
ics to the SRS Front-End Concentrator (FEC) card [7], which in turn is interfaced via Gigabit Ethernet to the DAQ PC farm. In the case of NEXT, 
the FEC card is used as DAQ  and Trigger module.  

DAQ modules interface the two different front-ends through a set of adapter cards. SiPM plane does it through the SiPM Front-End Board (FEB) 
[8] and a 16-LVDS add-in card buffering data, clock and configuration commands (DTC card). The PMT front-end is interfaced directly through a 
16-channel digitizer card (ADC card) [5]. 

Each DAQ module also has 4-LVDS-pair point-to-point connection (DTC link) to the Trigger module. This connection provides clock, synchronisa-
tion, system configuration and trigger commands to the DAQ modules, while trigger candidates and command responses are sent to the Trigger 
module. The Trigger Module is also used for trigger management. Trigger candidates received are processed by means of a fast and re-
configurable algorithm implemented itself in the module FPGA. Additional trigger sources include external NIM and LVDS inputs. 
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NEXT-DEMO is a prototype of NEXT [1] (Neutrino Experiment with Xenon TPC), 
an experiment to search for neutrino-less double beta decay using a 100kg ra-
dio-pure, 90% enriched (136Xe isotope) high-pressure gaseous xenon TPC with 
electroluminescence readout. The detector is based on a PMT plane for energy 
measurements and a SiPM tracking plane for topological event filtering. The ex-
periment will be located in the Canfranc Underground Laboratory in Spain. 

Front-end electronics, trigger and data-acquisition systems (DAQ) have been 
built. The DAQ is an implementation of the Scalable Readout System (RD51 col-
laboration). Our approach for trigger is to have a distributed and reconfigurable 
system that allows on-line triggering based on the detection of primary or sec-
ondary scintillation light, or a combination of both, that arrives to the PMT 
plane.  

NEXT-DEMO System Architecture 

In NEXT type detectors, secondary scintillation light provides topological information. To identify an 
event, the DAQ must send extra-data that allows searching for the primary scintillation light off-line. To 
avoid this, the trigger system should detect events with the highest efficiency through the primary scin-
tillation light. This would help to avoid an excess of off-line data analysis as well.  

The Trigger System is 
distributed among dif-
ferent modules and im-
plemented on FPGA. 

The front-end electronics 
work in push mode. DAQ 
modules readout, process 
and store data coming 
from the front-end in a re-
configurable-length circu-
lar buffer, whose maxi-
mum size corresponds to 
approximately twice the 
maximum detector drift 
time (up to 800 µs). DAQ 
modules also generate 
trigger candidates, based 
on the early energy esti-
mation of the events re-
ceived from the PMT 
plane.  

The Trigger module processes all the trigger candidates received and generates a trigger accept sig-
nal. Upon arrival of a trigger accept signal, buffered data stored are formatted and sent to the PC farm 
for off-line analysis. 

The Trigger module implements a reconfigurable hardware algo-
rithm (Trigger Processor) that is also able to accept an external 
trigger source, besides internal trigger candidates. This allows dif-
ferent trigger modes of operation: 

1.  Single trigger (external trigger or internal trigger type A). 
2.  Double trigger (a combination of type A and B). 

 In this mode, when trigger type A is detected, the trigger sys-
tem waits a maximum pre-configured time for a  trigger type B. 
In case this second trigger happens, the trigger module sends 
a trigger accept to the system. In this case, data stored in the 
DAQ modules are sent to  the PC farm. In other case, the sys-
tem  looks for another trigger of type A, starting the trigger ac-
cept searching process. 

Two more levels of discrimination are available since it is possible to select the minimum number of channels 
per trigger candidate type in a configurable time window to produce a trigger accept.  

PMT channels in each module can be configured to generate trig-
ger candidates. They must also be marked as type A or B. This 
facility allows configuring the trigger to detect two different type of 
events. 

Trigger candidates are generated for each PMT channel (Event 
Processing unit) by means of configurable thresholds on maxi-
mum amplitude, maximum and minimum energy, baseline devia-
tion and maximum time of the event, combined with the energy 
estimation of the events. Energy estimation is based on a self-
calculated or a fixed baseline. This allows an efficient rejection of 
background and non-interesting event. 

NEXT-DEMO Trigger Scheme 

Test runs using the Trigger System in NEXT-DEMO have shown that it is possible to trigger on the primary 
scintillation light (S1). This will improve the efficiency of event selection in the different runs. It also implies an im-
portant reduction in the data to be processed off-line (almost a factor 2) since the search for the primary scintillation 
light off-line from the detected secondary scintillation light (S2) can be avoided. 

These tests have been run with a Na22 source, 
which produces two anti-collinear 511 keV gammas 
from e+e- annihilation. One of these gammas was 
tagged with a NaI scintillator (also connected to the 
front-end), the other interacted inside the detector 
fiducial volume. 

The system has been configured to trigger on the 
coincidence of the NaI signal and the S1 detected 
with a single PMT in the chamber. The trigger mode 
selected has been single trigger (type A), 2 chan-
nels in coincidence in a time window of 25 ns 
(minimum time window possible since the sampling 
frequency is 40 MHz). 

This configuration has shown that it is possible 
to trigger on events as small as 5-6 photoelec-
trons per PMT. 

The results obtained have helped to characterize 
the detector technology and its tracking capabilities. 

Trigger Candidates Generation 

Trigger Algorithm - Double Trigger 

Double trigger is useful when a defined type of event has to be studied, rejecting other type 
of events that would produce an increase in the system throughput and an overhead in the 
off-line analysis. 

This mode allows detecting the primary scintillation light and wait for the secondary 
scintillation light, filtering non-desired events. The maximum time between events Is con-
figurable. 

In NEXT-DEMO, the double trigger mode has been set to  study events of interest as Na22 
511 keV gamma and Rn222 alpha. 

The different topology of this events has shown the efficiency of the double trigger, since 
more than 85% of the events collected per run have been suitable for off-line study. 
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