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The surface detector of the Pierre Auger Observatory is an array of 1,600 stations using a water

Cherenkov detector (WCD) for particle detection. The array is undergoing a major upgrade known

as AugerPrime that involves adding scintillator surface detectors (SSDs) and radio antennas to

the existing WCDs. Each WCD is also equipped with a smaller photomultiplier tube added to

the original ones. As part of the upgrade, underground muon detectors are being installed in an

area with a higher density of surface detector stations. AugerPrime required the development of

new electronics to process the signals from all the new detectors and handle a higher sampling

rate, a more precise GPS receiver, an extended dynamic range, higher processing capacity, and

improved monitoring systems and memory. The deployment of the SSDs on top of each surface

detector station is currently completed together with the deployment of the new electronics. This

contribution will present the first data from the upgraded stations, emphasizing the performances

of the SSDs and the new electronics.
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additional trigger types. A photo of UUB is shown on the right panel of Fig. 1.

2. The Upgraded Unified Board

The UUB has been designed to process the new signals from the upgraded surface station.

The UUB features a new analog-to-digital converter (ADC) with 120 MHz sampling (instead of the

UB’s 40 MHz) and 12-bit accuracy.

The board’s core is a Xilinx Zynq7020 system-on-chip, an embedded system between an

ARM processor and an FPGA. The firmware implements various digital functions such as the

ADC reading, the triggers generation, and the interfaces to the LED flashers, GPS receivers, and

memories. The UB trigger logic has been ported to the UUB FPGA. To not interfere with the

data taking during the deployment of the UUBs, the ADC traces of the three WCD PMTs are

digitally filtered and downsampled to reproduce the previous trigger characteristics. However, the

120 MHz full bandwidth ADC traces are transmitted and analyzed. Additionally, the enhanced

processing capabilities of the UUB FPGA allow for the implementation of new trigger types,

including combined SSD and WCD triggers acting on the full bandwidth ADC traces.

The UUB utilizes the Xilinx PetaLinux operating system, which runs on the ARM processor.

The local station data acquisition (LSDAQ) software [9] installed on the UUB handles high-level

functions such as data management and radio communication.

The detector synchronization is done by tracking the local 120 MHz clock variations relative

to the GPS 1 PPS signal. For the upgraded electronics, the Synergy SSR-6TF timing GPS receivers

were chosen. The FPGA, through the time-tagging module, manages the GPS and the data timing

in an entirely consistent way with the one designed for the UB. The verification of the timing

performances of GPS SSR-6TF receivers was done by using a synchronization cable to send timing

signals between two closely positioned (≈ 20 m) upgraded stations. With this method, a timing

accuracy of about 5 ns was obtained, a result consistent with the laboratory measurements and the

timing granularity as implemented on the UUB.

The ADCs at the front-end of the UUB receive signals from various components: the four

photomultipliers that detect Cherenkov light from the WCD (the sPMT and the 3 LPMTs) and the

PMT that collects light from the SSD. The LPMTs and SSD PMT signals are divided into four

high-gain and four low-gain signals, respectively. The gain-ratio is set by the electronics design

to be 32 in the case of LPMT channels and 128 in the case of SSD PMT channel to allow for

an extension of the dynamic range up to 20,000 MIP (minimum-ionizing particle) to match the

increased dynamic range of the WCD due to the introduction of the sPMT. The gain ratios were

subsequently measured in the laboratory, obtaining a value of 32.2 with a standard deviation of 0.3

for the LPMT channels, and a value of 126.7 with a standard deviation of 1.3 for the SSD PMT

channel (as shown in Fig. 2)

3. Calibration

The signals in the WCD are quantified in terms of the equivalent charge produced by a vertical-

centered through-going muon, commonly referred to as VEM (vertical-equivalent muon)[10]. The

SSD signals, similarly, are expressed in units of the mean signal charge produced by a MIP.
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Figure 8: Distribution of the average β factors for all sPMTs in the array in the early July 2023. The
distribution shows a mean value of 1.024±0.003 VEM/ADC counts.

5. Summary

AugerPrime involves the introduction of new detectors and upgraded electronics to improve

the discrimination of the electromagnetic and muonic components of EAS. The analysis pipeline

and monitoring software have been upgraded to analyze the data from the upgraded stations.

Currently, the deployment of SSD and UUB is completed, a subset of parameters were continuously

monitored to ensure that the design parameters were achieved and that the stations are properly

operating throughout the array. The results of the commissioning analysis show that the detectors

are performing as expected and good uniformity and long-term stability are obtained.
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